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(A(OC)), and advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)). ....... 276 

Figure 5.20: Cumulative C/Co under diffusion with organic carbon sorption (D(OC)), diffusion with 

organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon 

sorption (A(OC)), and advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)) 

in all sediment cores as predicted from the Monte Carlo 95
th
 percentile transport parameter values for 
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Figure 5.21: Cumulative Peclet number in all sediment cores under advection-diffusion with organic 

carbon only sorption (A(OC)) (a,c) and organic carbon and black carbon co-sorption (A(OCBC)) (b,d) 

predicted by the Monte Carlo 95
th
 percentile transport parameter values for PBDE (a,b) and PCB (c,d) 

homologs. .................................................................................................................................................. 279 

Figure 5.22a: Predicted flux of PBDE homologs in core ACL under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 283 

Figure 5.22b: Predicted flux of PBDE homologs in core AED under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 
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indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 284 

Figure 5.22c: Predicted flux of PBDE homologs in core AFR under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 285 

Figure 5.22d: Predicted flux of PBDE homologs in core AJL under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 286 

Figure 5.22e: Predicted flux of PBDE homologs in core AMW under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 287 

Figure 5.22f: Predicted flux of PBDE homologs in core AOT under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 
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boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 288 

Figure 5.22g: Predicted flux of PBDE homologs in core CBC under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 289 

Figure 5.22h: Predicted flux of PBDE homologs in core CLC under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 290 

Figure 5.22i: Predicted flux of PBDE homologs in core CWP under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 
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grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 291 

Figure 5.22j: Predicted flux of PBDE homologs in core IGC09 under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 292 

Figure 5.22k: Predicted flux of PBDE homologs in core IGC13 under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 36100, 60, and 0.2 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 293 

Figure 5.22l: Predicted flux of PCB homologs in core ACL under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 294 



xxiii 

 

Figure 5.22m: Predicted flux of PCB homologs in core AED under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 295 

Figure 5.22n: Predicted flux of PCB homologs in core AFR under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 296 

Figure 5.22o: Predicted flux of PCB homologs in core AJL under advection-diffusion with organic carbon 

only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, 

and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment boundary layer 

(Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of 

aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 297 

Figure 5.22p: Predicted flux of PCB homologs in core AMW under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 
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(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 298 

Figure 5.22q: Predicted flux of PCB homologs in core AOT under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 299 

Figure 5.22r: Predicted flux of PCB homologs in core AMW under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 300 

Figure 5.22s: Predicted flux of PCB homologs in core CBC under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 
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upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 301 

Figure 5.22t: Predicted flux of PCB homologs in core CWP under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
th
 percentile transport parameters values are represented by the grey triangle while 

upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are 

indicated by the vertical lines. Lines that did not appear in figure are below the minimum y-axes values. 

X-axes are homologs 1 to 10 (H1 to H10). ............................................................................................... 302 

Figure 5.22u: Predicted flux of PCB homologs in core IGC09 under advection-diffusion with organic 

carbon only sorption (A(OC)) conditions for initial sediment concentration of 1640, 262, and 19 ng/g at 

40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving the sediment 

boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), 

and ratio of aqueous phase concentration under local equilibrium assumption to saturation concentration 

(Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, hollow sphere, and star, 

respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and 

ratio of mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as 

grey triangle with vertical lines and hollow sphere, respectively. For Caq|x=0.02m,t and Mt|t, median values as 

predicted by the 50
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CHAPTER 1. INTRODUCTION 

 

 In the United States, flammability standards such as defined in the California Technical Bulletin 

117, were imposed on consumer products to better protect life and properties from fire hazards. 

Polybrominated diphenyl ethers (PBDEs) are one of the halogenated flame retardants incorporated into 

various consumer products and can be found in common household items including textile, couches and 

mattress foams, and electronic components.
(1)

 PBDEs, as well as other flame retardants have played an 

important role in minimizing life and economic losses due to fire; however, the mass production and 

incorporation of PBDEs into many consumer products have resulted in environmental dissemination 

which can pose human and/or ecological health risks.
(2,3)

    

 The structural similarities between PBDEs and hormones suggest that PBDEs may act as  

endocrine disruptors in addition to acute health impacts.
(2)

 In response to toxicology studies showing 

higher toxicity and bioaccumulative potential of some low molecular weight (LMW) PBDE congeners, 

the DE-71 and DE-79 technical mixtures (TM) (composed primarily of penta- and octa-PBDE congeners, 

respectively) were banned by the State of California in 2003 resulting in voluntary industry withdrawal in 

the United States by 2004.
(2)

 The most prevalent PBDE TM formulation, Saytex 102E is composed 

primarily of the deca-PBDE congener. Saytex 102E TM formulation is argued to be safer due to its low 

bioavailability and apparent stability; however, potential environmental transformation of deca-PBDE to 

more toxic PBDE compounds has fueled public health concerns and controversies into its continued 

usage.  In 2007, the Saytex 102E formulation was banned in Sweden and partial bans have followed in 

four U.S. states by 2010.
(3)

 

 Polychlorinated biphenyls (PCBs) were commercially produced starting in the 1930s and were 

widely used as coolant fluid in transformers, dielectric fluids, and solvents owing to their high heat 

resistance and stable properties. Despite industry-related incidences demonstrating compelling evidences 

of the detrimental health effects of PCB exposures, commercial use of PCBs continued into the 1970s 
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with an overall estimate of 570 million kg sold in the U.S.
(4)

 Public concerns grew from a multitude of 

studies demonstrating high PCB body burdens in biota finally resulting in a U.S. PCB production ban in 

1979.
 (4)

 It is important to note that the production ban did not remove PCB-containing products in use at 

the time of the ban. The result is that PCBs continue to be a legacy problem especially in sites exposed to 

high level of PCBs. As but one example, sediments from the Hudson River which received more than 

680,000 kg of PCBs from 1947 to 1977 via waste discharge streams still contained PCB levels that 

exceeded the Toxic Control and Substances Act (TSCA) standards.
(5)

  

 Discharges of PCB-laden waste streams directly into the aquatic systems were not deemed 

problematic as PCBs were previously not legally classified as a toxic contaminant. Often, when the 

toxicity of a contaminant is not properly understood and/or characterized, fewer regulations are enforced 

to control the disposal, as was the case for PCBs. This resulted in the global-scale dissemination of PCBs. 

PCBs provide a precautionary tale against the manufacture and release of synthetic chemical without an 

effective waste stream capture and treatment plan for end of life product disposal. Similar to the case of 

PCBs, PBDEs have also been mass produced and incorporated into various consumer products prior to 

proper toxicological and environmental risk assessment analyses. Large data gaps still exist on PBDE 

physico-chemical properties, rendering environmental fate modeling inaccurate, and with high 

uncertainty. 

 Sediments can act as the final reservoir for hydrophobic contaminants that have been released 

into the environment. In the sediment phase, both PBDEs and PCBs are susceptible to transformation and 

transport processes which have implications on the final fate and exposure risk. Applying a 

multidisciplinary approach, the unifying theme of this thesis is to characterize sediment phase PBDE and 

PCB contamination from urban and rural geographical locations to investigate the potential of sediment 

phase microbial facilitated transformation and in-situ mass transport. The overall objectives of this thesis 

are listed below:  
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A) Characterize PBDE and PCB distributions in sediments from the Metropolitan Chicago area and 

AR (near and distant from PBDE manufacturing facilities) to determine if location characteristics (urban 

versus rural, production versus non-production area, dissipative versus point source) have an impact on 

the contaminants’ distributions. 

B) Determine the potential for transformation of sediment phase PBDEs and PCBs by evaluating 

geochemical properties (e.g., organic matter level, oxidation-reduction potential) in tandem with 

interpretation of multivariate least square regression (MLSR) analysis quantifying the disparity between 

observed sediment phase PBDE and PCB distributions to PBDE TMs and PCB Aroclor mixtures, 

respectively. 

C) Using high yield pyrosequencing technology to investigate the microbial community structure in 

PBDE and PCB contaminated sediments. Of particular interest is to track the abundance of known 

dehalorespirers (or lack thereof) in sediment segments with potential PBDE and PCB transformation 

processes inferred from geochemical and physico-chemical properties to provide some insight into the 

role of microorganisms in transforming sediment phase PBDEs and PCBs. 

D) Quantifying the magnitude of diffusion, advection, and black carbon (BC) adsorption on in-situ 

mass transport of PBDEs and PCBs in the sediment column by applying the diffusion and advection-

diffusion transport models. The results are used to evaluate the contribution of in-situ PBDE and PCB 

mass transport in shaping the observed PBDE and PCB sediment profiles. Mass transport modeling result 

will also evaluate if in-situ PBDE and PCB mass transport can shift the deposited PBDE and PCB 

distributions in the sediment. 
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CHAPTER 2. LITERATURE REVIEW 

 

2.1.1. Polybrominated Diphenyl Ethers (PBDEs) 

 

 Flame retardants are chemicals added or bound to plastics, polymers, textiles, and coatings to 

inhibit or impede the spread of fire during combustion. There are four steps in the combustion process; 

preheating, volatilization or decomposition, combustion, and propagation.
(6)

 Halogenated flame retardants 

work by capturing highly oxidizing free radicals thus inhibiting the flame propagation process.
(7)

 All 

halogens are effective at capturing free radicals; however, their stability and radical trapping efficiency 

are key factors in determining their suitability as flame retardants.
(7) 

For example, iodide is not stable and 

decomposes under very low temperature.
(7)

 In contrast, the high stability of fluoride results in late halogen 

delivery which is ineffective in impeding flame propagation.
(7)

 The combination of stability and high 

trapping efficiency of both bromine and chlorine render these two halogens appropriate as flame 

retardant. Currently, there are more than 75 different aliphatic, aromatic, and cyclo-aromatic brominated, 

and chlorinated compounds synthesized as flame retardant chemicals.
(7)

 These include polybrominated 

diphenyl ethers (PBDEs), hexabromocyclododecane (HBCD), tetrabromobisphenol A (TBBPA), and 

polybrominated biphenyls (PBBs). Among these chemicals, PBDEs represent the highest flame retardant 

in North America as of 2001 (Production volume is shown in Table 2.1).
(8)

  

 Transporting large quantity of bromine whether in gaseous or bromide form presents a large 

hazardous waste spill risk; therefore, brominated compounds are synthesized in the vicinity of their 

source.
(7)

 Given the reactivity of bromide, it exists naturally as salts and alkali/alkaline earth metals.
(7)

 The 

Organization for Economic Cooperation and Development (OECD) reported that the Arkansas (AR) 

bromine brine has 0.38 to 0.5% bromine concentration. The high level of bromine coupled with 

accessibility have led to the mass production of PBDEs in El Dorado, AR by Albermarle Corp. (formerly 

Ethyl Corp.) and Great Lakes Chemical Company.
(9)

 PBDEs are manufactured in three technical mixtures 
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(TMs); the Saytex 102E TM comprised mostly of the deca-PBDE congener (BDE209), the DE-79 TM 

comprised mostly of octa-PBDE congeners, and the DE-71 TM comprised mostly of penta-PBDE 

congeners.
(10)

 Detailed TM compositions as reported in La Guardia et al.(2006) are shown in Table A2.1 

and Figure 2.1. 

 

Table 2.1. Reported production of TBBPA, HBCD, and PBDEs in the Americas, Europe, and Asia 

in metric tons in the year 2001.  

 

 
Production (metric tons) 

Compound Americas Europe Asia 

TBBPA 18000 11600 89400 

HBCD 2800 9500 3900 

PBDEs 33100 8360 24650 

 

 

 

Figure 2.1: Homolog distribution in the three PBDE technical mixtures (Saytex 102E, DE-79, and DE-

71) manufactured in North America.  
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PBDEs are synthesized from diphenyl ethers in the presence of a Friedel-Craft catalyst in 

brominated solvents such as dibromomethane.
(7, 9)

 Larger homologs are synthesized by subsequent 

bromination. The DE-71 TM is almost exclusively incorporated into polyurethane foam found in 

beddings, furniture and vehicle upholstery 
(1, 7, 9, 11, 12)

 while the DE-79 TM is commonly used in electrical 

wiring and similar products.
(7, 9, 11)

 Saytex 102E TM is a general purpose flame retardant mixture and is 

incorporated into various polymers used in electronic equipment such as polycarbonate, polyester resins, 

polyolefins, polyamides, and polyvinyl chloride.
(7, 9, 11, 12)

  

 

2.1.2. Polychlorinated Biphenyls (PCBs) 

 

 From 1929 to 1970, polychlorinated biphenyls (PCBs) were widely used as coolants, dielectric 

fluids, solvents, and lubricants in electrical equipment such as transformers and capacitors owing to their 

ability to resist high heat and  high thermal heat capacity.
(13)

 However, PCBs have been found to be toxic 

and potentially carcinogenic to humans and wildlife.
(14)

 In addition to suspected carcinogenicity,  

occupational and inadvertent exposure to PCBs have resulted in adverse health impacts including liver 

damage, thyroid gland injuries, compromised immunities, and impaired reproduction.
(14)

 Because of their 

toxicity and environmental recalcitrance, PCBs have been classified as a persistent organic pollutant. 

Concerns on PCB toxicity and its environmental persistence have led to the ban of PCB production in the 

U.S. in 1970, followed by a worldwide ban by the Stockholm Convention on Persistent Organic 

Pollutants in 2001.
(13)

   

 In North America, Monsanto Corp (St. Louis,MO) was the primary PCB manufacturer.
(4, 13)

  Of 

the 570 million kg of PCBs that were sold in the U.S. up to 1975, approximately 68 million kg are 

estimated to be mobile in the environment and 130 million kg are estimated to be in landfills.
(4)

 Similar to 

PBDEs, PCBs were manufactured as formulation trade-named as Aroclor. Specific PCB Aroclor mixture 
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is identified by a series of four numbers; the first two numbers generally denote the number of carbon 

atoms in the PCB structure (12 carbons) and the latter two numbers denote the mass percent of chlorine in 

the mixture.
(15,16)

 The composition of eight PCB Aroclor mixtures manufactured in North America is 

shown in Table A2.2 and illustrated in Figure 2.2. 

 

 

Figure 2.2: Homolog distribution in eight selected PCB Aroclor mixtures manufactured in North 

America. 

 

 

2.2. PBDE and PCB Chemical Properties 

  

 

PBDEs and PCBs each have 209 different congeners; the congeners from these two classes of 

polyhalogenated aromatic compounds followed the naming convention stipulated by The International 

0%

20%

40%

60%

80%

100%

1221 1232 1016 1242 1248 1254 1260 1282

W
ei

g
h

t 
C

o
m

p
o

si
ti

o
n

 (
%

)

H10

H9

H8

H7

H6

H5

H4

H3

H2

H1



8 

 

Union of Pure and Applied Chemistry (IUPAC).
(15)

 The phenyl rings are connected by an ether and 

carbon linkage in PBDEs and PCBs, respectively. The deca-PBDE and deca-PCB structures are shown in 

Figure 2.3 below. 

 

 

Figure 2.3: Structure of a) decachlorobiphenyl (PCB-209) and b) decabromodiphenyl ether (BDE-209). 

These are the complete halogenated structure of PCBs and PBDEs with the maximum ten chlorine or 

bromine substitutions, respectively.  PBDE and PCB congeners can have 0 to 10 bromine or chlorine 

substitutions. Structure was generated in National Center for Biotechnology Information (NCBI) 

PubChem Sketcher.
(17)

 

 

 As with other polyhalogenated aromatic compounds, PBDEs and PCBs physical and chemical 

properties are influenced by the number of halogens on the molecule. Several studies have measured the 

physicochemical properties of selected PBDE congeners. In Tittlemeir et al. (2002), the melting 

temperature (Tm), enthalpies of vaporization (h), solid aqueous solubility at 25°C (CSOL25), and Henry’s 

law constant at 25°C (H25) of select PBDE congeners were experimentally measured using the gas-

chromatography column retention and generator column techniques.
(18)

 Braekevelt et al. (2003) employed 

the slow stir technique to experimentally measure the octanol-water partition coefficient (KOW) of several 

a) b)
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PBDE congeners.
(19)

 The measured physicochemical properties of selected PBDE congeners are 

summarized in Table 2.2. 

 

Table 2.2. Physical properties of selected PBDE congeners. 

 

Congener Tm(
0
C)  h(kJ/mol)

(18)
  CSOL25°C(g/L)

(18)
 H25(Pa m

3
/mol)

(18)
 Log KOW

(19)
 

15 57-58  48  1.3x10
-4

 ± 2x10
-5

        21  na 

28 64-65  80  7.0x10
-5

 ±  1x10
-5

 5.1  5.94 ± 0.55 

47 84-85  95 1.5x10
-4

 ±  2x10
-6

 1.5  6.81 ± 0.08 

66 104-108  98  1.8x10
-4

 ±  3x10
-6

 0.5  na 

77 97-98  99  6.0x10
-5 

±  1x10
-7

 1.2  na 

85 119-121  110  6.0x10
-5

 ±  1x10
-7

 0.11  7.37 ± 0.12 

99 91-95  108 9.4x10
-4

 ±  1x10
-5

 0.23  7.32 ± 0.14 

100 100-101  102  4.0x10
-5

 ±  1x10
-5

 0.069  7.24 ± 0.16 

153 160-163  110  8.7x10
-7

 ±  6x10
-8

 0.067
 
 7.90 ± 0.14 

154 131-133  113  8.7x10
-7

 ±  9x10
-8

 0.24  7.82 ±0.16 

183 171-173  118  1.5x10
-6

 ±  3x10
-7

 0.0074  8.27 ± 0.26 

  

 na: Not available   

 

 

As a legacy contaminant with many decades of research interest, a much larger body of physical 

property measurements are available for PCBs. A summary of the Tm, CSOL25, H25, and log KOW for select 

PCB congeners are provided in Table 2.3. 
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Table 2.3 (Cont.). Physical properties of selected PCB congeners. 

 

Congener Tm(
○
C)

(4) 
CSOL25(mmol/m

3
)

 (4) 
H25(Pa m

3
/mol)

 (4) 
Log KOW

(4) 
 

1 307 29.5 ± 2.6 74.58 4.30±0.50 

2 298 13.3 ± 6.4 62.11 4.60±0.31 

3 351 6.4 ± 1.6 58.06 4.50±0.30 

4 334 4.5 ± 0.9 22.29 4.91±0.50 

6 

  

21.28 4.80±0.30 

7 297 5.6 ± 0.7 96.66 5.00±0.30 

8 316 4.5 ± 1.8 

 

5.10±0.40 

9 

 

8.9 ± 0.5 

 

5.10±0.20 

10 308 6.3 ± 0.04 5.00±0.20 

11 302 

  

5.30±0.10 

12 323 

  

5.30±0.20 

14 304 

  

5.40±0.20 

15 422 0.3 ± 0.1 

 16 301 

  

5.60±0.40 

17 

   

5.60±0.10 

18 317 1.6 ± 0.8 20.06 5.60±0.10 

19 

   

5.60±0.60 

20 

   

5.60±0.50 

22 346 

  

5.60±0.50 

24 

   

5.50±0.50 

26 

   

5.50±0.50 

28 330 0.6 ± 0.4 

 

5.80±0.20 

29 351 0.5 ± 0.2 

 

5.60±0.30 

30 335.5 

  

5.50±0.20 

31 340 

 

20.26 5.70±0.20 

32 

   

5.80±0.30 

33 333 0.3 ± 0.08 15.21 5.80±0.30 

36 

   

5.70±0.50 

37 360 0.06 ± 0.04 5.90±0.20 

40 394 0.1 ± 0.01 5.60±0.30 

41 

   

6.00±0.30 

44 320 0.3 ± 0.2 24.32 6.00±0.30 

47 356 0.3 ± 0.1 5.90±0.30 

49 337 0.06 ± 0.002 20.27 6.10±0.20 

52 360 0.1 ±0.07 22.29 6.10±0.20 

53 

  

30.40 

 54 

   

5.90±0.20 

60 415 

  

5.90±0.30 

61 365 0.07 ± 0.07 5.90±0.30 

66 397 0.1 ± 0.1 

 70 

 

0.1 ± 0.03 20.26 

 74 398 

  

6.10±0.30 

77 453 0.003 ± 0.003 6.10±0.40 

80 437 

  

6.10±0.40 

82 

  

20.27 

 84 

   

6.10±0.40 

85 

   

6.20±0.40 

86 373 0.06 ± 0.03 6.20±0.40 
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Table 2.3 (Cont.). Physical properties of selected PCB congeners. 

 

Congener Tm(
○
C)

(4) 
CSOL25(mmol/m

3
)

 (4) 
H25(Pa m

3
/mol)

 (4) 
Log KOW

(4) 
 

87 387 0.01 ± 0.03 33.44 6.50±0.40 

88 373 0.04 ± 0.003 6.50±0.40 

91 

   

6.30±0.50 

92 

   

6.50±0.50 

95 

   

6.40±0.50 

97 354 

  

6.60±0.60 

99 

   

6.60±0.60 

101 350 0.03 ± 0.03 35.46 6.40±0.50 

116 397 0.01 ± 0.006 6.30±0.30 

118 378 

 

40.53 6.40±0.30 

128 423 0.001 ± 0.001 50.66 6.30±0.30 

129 358 0.0006 ± 0.001 7.30±0.50 

130 

   

7.30±0.50 

134 373 0.001 ± 0.001 57.76 7.30±0.50 

135 

   

7.30±0.60 

136 387 0.002 ± 0.0006 6.70±0.20 

137 350 

  

 7.0±0.60 

138 352 

 

48.64  7.0±0.50 

141 

  

40.53 

 144 

  

60.8 

 149 

  

30.4  6.80±0.50 

151 

  

30.4 

 153 376 0.003 ± 0.001 35.46  6.90±0.20 

155 387 0.002 ± 0.0005  7.00±0.40 

156 

  

88.15 

 157 

  

58.77 

 158 

  

64.85 

 163 361 0.01 ± 0.006 

 165 

   

7.00±0.50 

171 395 0.005 ± 0.002 6.70±0.40 

179 

   

7.00±0.60 

183 

  

63.84 

 185 422 0.001 ± 0.0005 7.00±0.50 

194 432 0.0005 ± 0.0002 7.10±0.50 

202 435 0.0007 ± 0.0002 7.10±0.20 

206 479 0.0002 ± 0.00007 7.20±1.0 

208 456 0.00004 ±0.000002 8.16±0.10 

209 579 0.000002 ± 0.000001 8.26±0.20 
 

 

 

 

As is clear in the data from Tables 2.2 and 2.3, PBDEs and PCBs are highly hydrophobic 

compounds with low water solubility that are characterized by high KOW values (log KOW >5 for most 
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homologs). These characteristics are similar to other flame retardants such as TBBPA (log KOW =4.5-

5.3)
[20]

 and HBCD (log KOW = 5.8).
(21,22)

 Tm and log KOW increase with increasing bromine substitution in 

PBDEs whereas CSOL25, h, and H25 decrease with increasing bromine substitution. PCBs also showed 

similar trend for Tm, log KOW, SW25, and H25 with increasing halogenation. 

While more experimental values are reported for PCB congeners relative to PBDE congeners, 

there are still data gaps in PCB physical properties. Not all PBDE and PCB congeners can be individually 

synthesized for experimental measurement. Measurement of parameters such as CSOL25 and log KOW for 

highly hydrophobic organic contaminants (HOCs) can also be experimentally challenging and produce 

erroneous results with high uncertainty. 

 Unfortunately, knowledge of these physicochemical properties is necessary to accurately predict 

partitioning, degradation rate, and environmental fate of these contaminants. Quantitative structure-

property relationships (QSPRs) that exist between molecular structure and chemical property is a 

commonly utilized technique to fill in the data gaps in physicochemical properties of PBDE and PCB 

congeners. Primary among them is log KOW, perhaps the most important parameter in assessing the fate of 

PBDEs in the environment, especially in the sediment medium. Several QSPR equations have been 

developed to predict the log KOW values for PBDEs (Equations 2.1-2.2) and PCBs (Equations 2.3-2.4).
(4, 

19, 23,24) 

    Log KOW = 0.0051Mm + 3.8091      (2.1) 

    Log KOW= 0.621NBr + 4.12     (2.2) 

    Log KOW=0.45NCl + 4.36     (2.3) 

    Log KOW=0.40NCl + 4.33     (2.4) 

 

In Equations 2.1 to 2.4, Mm is molecular mass, NBr is number of bromines, and NCl is number of 

chlorines. Equations 2.1 to 2.4 were derived at 25°C from the linear free energy relationship (LFER) 

observed between experimental PBDE and PCB log KOW values.
(23,19)

 Predicted log KOW values from the 

QSPR empirical correlations in Equation 2.1 to 2.4 are shown in Figure 2.4. 
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Figure 2.4: PBDE and PCB predicted log KOW values as a function of homolog number from QSPR 

empirical correlations. 

 

For LMW PBDEs and PCBs (homologs 1 to 3), all QSPR empirical correlations predicted 

relatively similar log KOW values. With increasing homolog however, the predicted log KOW values 

showed greater deviation between Equations 2.1 to 2.2 and Equations 2.3 to 2.4, respectively. Overall, the 

deviation in predicted log KOW values was larger for PBDE homologs relative to PCB homologs.  

Estimation software such as the Estimation Program Interface (EPI) can also be used to determine 

the physicochemical properties of PBDEs and PCBs in lieu of experimentally measured and QSPR 

derived values.
(25)

 The EPI was developed by the USEPA Office of Pollution Prevention Toxics and 

Syracuse Research Corporation.
(25)

 EPI can estimate a suite of environmentally relevant parameters such 

as CSOL, KOW, and H using estimation methods published in scientific literature. Estimated environmental 

parameters from the EPI have been used in several scientific publications, particularly for experimentally 

data-sparse compounds such as PBDEs and PCBs.
(26,27)

 

 The EPI Suite Version 4.11 has 11,200 built in chemical compounds including BDE209.  Other 

PBDE congeners not included in the library can be inputted using the Simplified Molecular Input Line 

Entry System (SMILES). The SMILES system was developed by Weininger (1988) specifically for 

coding molecular structure into computers.
(28)

  With SMILES, the two dimensional molecular structure is 
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depicted similar to the way it is drawn on paper.
(28)

 Selected PBDE and PCB environmental parameters 

estimated from the EPI program are shown in Tables A2.3 and A2.4. 

 

2.3. PBDE and PCB Environmental Releases 

 

 Among the primary sources of PBDE environmental releases are effluents and emissions from 

PBDE manufacturing facilities.
(29-31)

 For example, sediments from the River Skerne and River Tees in the 

UK that receive effluent from a brominated flame retardant (BFR) manufacturer (the main producer of 

penta-BDE TM in the UK and the sole producer of octa-BDE TM in the European Union) have high 

concentrations of both penta and octa-BDEs. 
(29)

 However, the ubiquitous detection of PBDEs in various 

environmental media 
(7,11,32)

 indicates that effluents and emissions from PBDE manufacturing facilities are 

not the only sources of PBDEs contamination. 

Secondary manufacturing facilities that incorporate PBDE technical products into polymer, 

textile, and final consumer products can also be a significant source for PBDE environmental release.
(11, 

31) 
For example, Sellstrom et al. (1998) collected sediment samples from the River Viskan upstream and 

downstream of several textile manufactures that use PBDEs in their final product.
(33)

 Among the main 

observations of this study is that PBDE levels in the sediment increased progressively downstream as 

more textile manufacturers were passed. Manufacturing facilities that incorporate PBDEs into various 

consumer products are more widely distributed relative to PBDE or BFR manufacturing facilities 
(11)

 and 

can contribute towards the widespread contamination of PBDEs in the environment.    

Another source that contributes towards PBDEs widespread contamination is the post-

manufacture use of consumer products. PBDEs can reach up to 14600, 16400, 19400, and 109000 ppm in 

mattress pads, pillows, sofas, and computer housings, respectively.
(1)

 As PBDEs are additives, they can 

separate or leach out from product surfaces
(9)

 and can continue to be released throughout the entire 
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products’ life cycle 
(11, 31)

 PBDEs are released indoors directly from consumer products
(34)

 and up to 85% 

can be distributed into the environment via air advection.
(35)

 In Massachusetts, PBDE concentrations in 

house dust reportedly ranged from non-detect to 10, 23, and 3 ug/g for BDE-47, 99, and 100, 

respectively.
(36,37)

 These values are much lower than those reported in a California study with reported 

dust PBDE concentrations ranging (median [range] in ng/g) from 2700 [112 to 10700], 3800 [102 to 

107000], and 684 [non-detect to 30900] for BDE-47, 99, and 100 respectively.
(36,37)

 The higher levels in 

the California study were attributed to the higher furniture flammability standard imposed by the state of 

California;
(36, 37)

 this suggest that levels of PBDEs in indoor house dust is dependent on amount of bound-

PBDEs present in the household. PBDE use patterns not only affect concentrations in indoor house dust, 

but also affect the congener composition. In the U.K., house dust was dominated by BDE209; in contrast 

PBDEs in U.S. house dust was enriched in penta-PBDE congeners.
(38)

 Furthermore, principal components 

analysis (PCA) indicated that PBDEs in U.S. house dust originated from penta- and deca-PBDE TMs 

whereas PBDEs in U.K. house dust originated primarily from the deca-PBDE TM.
(38)

 These observations 

are consistent with the ban on penta- and octa-PBDE TM placed by the European Union since early 2004. 

Wastewater treatment plant (WWTP) aqueous discharges and application of sludge as land 

disposal can also result in widespread PBDE release.
(11, 39-42)

 In aqueous phase WWTP influent and 

effluent, PBDEs are bound to suspended particulate matters, consistent with their high KOW values.
(42)

 It is 

estimated that 0.9 kg/year of PBDEs are discharged into the San Francisco Estuary via the Palo Alto 

WWTP aqueous effluent.
(40)

 Oros et al. (2005) found that sediment collected near the WWTP discharges 

had the highest total PBDE concentration in the San Francisco Bay Estuary area.
(43)

 This finding formed 

the hypothesis of the present study that anthropogenic hydraulic discharges such as WWTP effluents can 

be significant source of PBDEs release into the environment. With a treatment capacity of 22 million 

gallons per day (MGD),
(39)

 the Palo Alto WWTP capacity is >50 times smaller than the capacities of the 

two main WWTPs in the Chicago area. It is possible that the amount of PBDEs discharged via WWTP 

aqueous effluent increases with treatment capacity, rendering larger WWTPs serving large metropolitan 

areas as an important release source of PBDEs to the environment. 
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Although PCB production has been banned in the U.S. in 1970s, PCBs are still present 

prominently in the environment.  Production and manufacturing facilities that use PCBs are no longer the 

source of PCB environmental emission since they were globally banned in the late 1970s. Continued use 

of PCB-containing products resulting in subsequent transport to WWTPs has been identified as a source 

of PCB environmental release. Releases of PCB into the environment from PCB-containing products are 

mostly inadvertent.
(44)

 Plasticizers with PCBs are estimated to release 1000 to 2000 tonnes of PCBs 

annually.
(44)

 Up to 1970, almost 60% of the PCB produced by Monsanto Corp. (St. Louis, MO) was used 

in dielectric, coolant, or conductor applications in closed systems such as transformers that could still be 

in active use.(44) It is estimated that PCB release into the environment due to leaks and improper disposal 

of PCB-containing products is between 4000 to 5000 tonnes per year.
(44)

 

Overall, studies point towards various PBDE and PCB release mechanisms and sources; either via 

direct releases from chemical manufacturing facilities and industrial effluents from manufacturing 

facilities that incorporate PBDEs in its production, or from indirect releases from post-manufacture use in 

consumer products and releases from WWTPs. These various release mechanisms result in the ubiquitous 

detection of PBDEs and PCBs in the environment.  

 

2.4. PBDEs and PCBs in Sediments 

  

 Organic-rich sediments are highly susceptible to PBDE and PCB contamination given the 

hydrophobic nature of the contaminants. While PBDEs and PCBs are environmentally ubiquitous, this 

research focuses primarily on sediment contamination, and thus my focus here is on the level of PBDEs 

and PCBs in sediments, particularly in the North America geographic region. 

 In Lake Ontario, ∑10PBDEs surface concentrations ranged from 216 to 248 ng/g; 4 to 40 times 

higher than concentrations reported in the other Laurentian Great Lakes.
(45,46)

 These high concentrations 
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were attributed to proximity to several urban areas such as Toronto, Hamilton, Buffalo, and Rochester on 

the Lake Ontario shoreline. In 1998, BDE209 surface concentration in the west basin of Lake Ontario of 

112 ng/g; in 2002, BDE209 surface concentration at the same spot was observed.
(47)

 In Samara et al. 

(2006), as high as 148 ng/g of LMW PBDE congeners were reported in the sediments of the Niagara 

River.
(48)

 Given that the Niagara River flows into Lake Ontario, it is probable that municipal and 

industrial discharges into the Niagara River contribute to the accumulation of PBDEs in Lake Ontario,
(48)

 

consistent with the claim that anthropogenic aqueous discharges can disperse PBDEs in the aquatic 

environment. Lake Michigan had the second highest reported PBDE surface concentrations (∑10PBDEs 

ranging from 48 to 98 ng/g).
(49)

 The effects of urbanization and industrialization on PBDE concentrations 

are well illustrated in Lake Michigan sampling sites.
(49)

 In Lake Michigan, the two sampling sites closest 

to the cities of Chicago, IL and Green Bay, WI have the highest PBDE surface concentrations.
 (49)

 The site 

in the northern basin located furthest away from Chicago and Green Bay had lower reported ∑10PBDEs 

surface concentrations.
 (49)

 Lake Erie, surrounded by urbanized areas such as Toledo, OH,  Detroit, MI,  

and Cleveland, OH also had high ∑10PBDEs surface concentrations.
(47)

 The ∑10PBDEs surface 

concentrations in Lake Michigan and Lake Erie reported by Song et al.(2005a and 2005b) is in agreement 

with concentrations reported by Zhu and Hites (2005).
(47, 49, 50)

 Lake Huron and Lake Superior had 

relatively lower PBDE concentrations compared to the other Great Lakes.
(47, 49)

 Studies in other sediment 

sites in the United States including the Saginaw River Watershed, MI, San Francisco Bay Estuary, CA, 

and Hadley Lake, IN have reported similar surface PBDE concentrations to those reported for the Great 

Lakes.
(43, 51, 52)

 A summary of the surface sediment PBDE concentrations reported in the literature is 

shown in Table 2.4.   
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In contrast to the relatively recent scientific study of PBDEs in the Laurentian Great Lakes, the 

accumulation of PCBs in the Laurentian Great Lakes sediments has been documented since the late 

1960s.
(54-57) 

In more recent studies, PCBs can still be detected at significant levels in the Great Lakes 

sediments
(58)

 four decades after the U.S. PCBs ban. This exemplifies the persistent nature of PCBs. 

Although PCB levels were high in the Great Lakes sediments in the 1970s, in more recent studies, PCB 

Table 2.4: Reported PBDE concentrations in surface sediments in the U.S. 

 

Location 

Sampling 

Locations
(1)

 

Analyzed 

Congeners
(2)

 

Concentration (ng/g d.w) 

ΣPBDE
(3)

 BDE-209 Total 

Great Lakes 

     Lake Michigan
(49) 

3 10 1.67-3.97 43.9-95.6 47.87-97.57 

Lake Huron
(49)

  3 10 1.02-1.87 21.5-36.0 23.15-37.87 

Lake Superior
(45) 

6 10 0.49-3.14 4.3-17.5 5.3-20.64 

Lake Erie
(45) 

2 10 1.83-1.95 50.2-55.4 51.83-57.35 

Lake Ontario
(45)

 2 10 4.85-6.33 211.2-242.0 216.05-248.33 

Inland Lake 

Michigan
(53)      

     White Lake 1 23 2.10 NAN 2.10 

Muskegon Lake 1 23 2.10 NAN 2.10 

Saginaw River MI
(51)      153 

    Shiawasse River 

 

10 0.03-3.57 0.15-12.8 NR 

Saginaw River 

 

10 0.04-2.54 0.17-49.44 NR 

Saginaw Bay 

 

10 0.01-0.92 0.05-6.51 NR 

      Niagara River
(48) 

11 9 0.72-148 NAN 0.72-148 

      San Francisco 

Estuary
(43) 

 

22 0.2-211.8 BDL 0.2-211.8 

      Hadley Lake, IN
(52) 

4 7 5 to 38 19-36 24-71 

 
(1)

 Number of sampling locations  

 
(2)

 Number of congeners analyzed  

 
(3)

 PBDE concentration except BDE-209 

 



19 

 

concentrations in the Great Lakes surface sediments were less than the archived PBDE concentrations. 

For example, 19 to 42 ng/g in Lake Michigan, 8 to 19 ng/g in Lake Huron, 3 to 28 ng/g in Lake Superior, 

23 to 28 ng/g in Lake Erie, and 58 to 64 ng/g in Lake Ontario.
(58)

 As was the case with PBDEs, the 

highest PCB concentrations were observed in Lake Ontario. Although PCBs are still detected in the Great 

Lakes sediments, several studies have shown reduction in the inventory of sediment and water phase 

PCBs attributed to in-situ degradation and air volatilization, respectively.
(58,59)

 

While PCB levels in the Great Lakes are lower than PBDE levels, different results have been 

observed in industrialized areas and historically contaminated sites. For example, total PCB 

concentrations in the Indiana Harbor and Canal (IHC) was 1200 ng/g.
(60)

 In the Houston Ship Canal, total 

PCB concentration peaked at 4600 ng/g in active and heavily trafficked area. PCB discharges to the 

Hudson River in New York State by General Electric Inc. from 1947 to 1977 resulted in PCB hot-spot 

locations in the Thompson Island Pool; recent surveys showed that PCB concentrations in the Thompson 

Island Pool were greater than 20000 ng/g.
(5)

 Table 2.5 provides a summary of PCB concentrations 

reported in surface sediments in recent literature. 
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Table 2.5. PBDE and PCB concentrations in the U.S. surface sediments reported in selected recent studies. 

Contaminant Area Location 
Sampling 

locations
(1)

 

Analyzed 

congeners
(2)

 

Concentration 

(ng/g d.w.) 

PCBs 

Great Lakes 

Texas 

New York 

Lake Michigan
(58)

 

Lake Huron
(58)

 

3 38 18.6-41.6 

3 38 7.8-18.7 

Lake Superior
(58)

  4 19 3.4-27.5 

Lake Erie
(58)

 2 38 23-28.3 

Lake Ontario
(58)

  

Houston Ship 

Canal
(61)

 

2 38 58.3-63.6 

98 209 4 to 4601 

Thompson Island 

Pool
(5)

 
1 28 20,140 

Indiana 

Indiana Harbor and 

Canal
(60)

 
2 209 1200 

    
(1)

 Number of sampling locations ; 
(2)

 Number of analyzed congeners 

 

 

2.5. Microbial Facilitated PBDE and PCB Transformation 

 

 In the sediment phase, PBDEs and PCBs can be transformed by selected microorganisms with 

partial and/or full degradation capability verified in numerous laboratory scale studies of biostimulation, 

bioaugmentation, and biomimetry experiments; these studies are reviewed in the sections that follow.  

 

2.5.1. Microbial Facilitated PCB Transformation  

  

 The potential for in-situ PCB dechlorination can be deduced from the distribution of PCB 

concentrations and congeners in the sediment column.
(62)

 For example, comparison of PCB contaminated 

sediments collected from 16 locations in Canada, Japan, the Netherlands, and United States showed that 

there were significant decreased in PCB concentrations in the older sediments from recent collection 

compared to archived sediment data indicating natural attenuation of PCBs was occurring.
(62)

  Various 

studies have shown that PCB congeners deposited in sediments are different than the Aroclor mixtures 
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either via the presence of congeners absent in the Aroclor mixtures and/or disproportionate presence of 

congeners.
 (58,63, 64) 

The differences in PCB congeners in sediment to Aroclor mixtures can be quantified 

using positive matrix factorization
(65)

 and multiple least square regression (MLSR). To date, most 

identified microorganisms capable of PCB dechlorination preferentially favors meta- and para-chlorine 

removal whereas ortho-chlorines are more recalcitrant towards biotransformation.
(58,63)

 Distribution and 

relative abundance of meta-, para-, and ortho-chlorine congeners can also be used to evaluate in-situ PCB 

degradation.
 (58,63)

 For example, in Lake Ontario and Lake Hartwell, the decrease in meta- and para-

chlorine fractions with increasing sediment depth was interpreted as strong indication of in-situ PCB 

degradation.
 (58,63)

  

 PCBs can be biotransformed by both aerobic and anaerobic microorganisms.
(70-83,87,88,92-96)

 Under 

aerobic conditions, PCB degradation typically occurs via the formation of chlorinated dihydro-

dihydroxybiphenyl through a dioxygenase attack on an unsubstituted biphenyl ring.
(66-69)

 Further 

enzymatic cleavage of the dihydro-dihydroxybiphenyl compound into chlorobenzoic acid and biphenyl 

yields a compound that can be mineralized by indigenous microorgansisms.
(70,71)

 Hence, aerobic PCB 

degradation is sometimes referred to as aerobic PCB mineralization. Research to date suggests that 

aerobic PCB degradation is more common for PCB congeners with five or fewer chlorine branches due to 

the necessity of having open carbons for oxygenase attack.
(68,69)

  

 Among the isolated aerobic PCB degraders are Burkholderia spp., Acinetobacter spp., Alcaligene 

spp., Ralstonia spp., Pseudomonas spp., and Rhodococcus spp.;
75-83

 the Burkholderia xenovorans strain 

LB400 which has been genetically and phenotypically characterized
(72)

 is among the most well studied 

micoroorganism capable of PCB degradation. Inoculation of Burkholderia xenovorans strain LB400 was 

shown to be capable of removing 54 and 57% of the spiked Aroclor 1242 in a two stage anaerobic/aerobic 

process.
(73)

 Another study found that degradation was retarded using PCB as the sole carbon source and 

addition of sodium pyruvate was necessary to increase the degradation rate of Aroclor 1242 by 

Burkholderia xenovorans, resulting in 85% removal.
(74)

 Acinetobacter spp. strain P6 was shown to be 
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capable of reducing PCB Aroclor mixtures composed primarily of tetra- and smaller PCBs (Kaneclors 

200 and 400) after only four hours incubation.
 (75)

 However, no dehalogenation of PCB Aroclor mixtures 

composed of high molecular weight (HMW) PCBs was observed (Kaneclor 500 composed primarily of 

penta-PCB).
(75)

 Examination of 31 PCB congeners degraded by Alcaligenes spp. strain Y42 and 

Acinetobacter spp. strain P6 consistently showed that PCB aerobic dechlorination increases with 

decreasing PCB molecular weight.
(76)

 Several Pseudomonas spp. strains have been identified as capable 

of LMW PCB aerobic degradation.
 (77)

 This includes Pseudomonas aeruginosa which is capable of cell 

growth on di- to hexa-PCB as the sole carbon source.
(77)

 Another study showed that Pseudomonas spp. 

strain LB400 has a more diverse PCB degrading capability compared to Pseudomonas pseudoalcaligenes 

strain KF707.
(78,79)

 The broad PCB degradation capability of Pseudomonas spp. has led to the 

demonstration of successful ex-situ bioremediation in soils and sediments through surfactant washing 

process.
(80)

 Ralstonia spp. strain SA-3 and Ralstonia spp. strain SA-4 were shown to prefer meta-chlorine 

removal; consistent with other studies.
(81)

 Similar to strain LB400, the Rhodococcus spp. strain RHA1 was 

found to be capable of di- to hexa-PCB congeners in PCB Aroclors (Kaneclors 200,300,400, and 500).
(82)

 

Rhodococcus erythropolis and Rhodococcus ruber extracted from marine sediments were also capable of 

substantial PCB degradation.
(83)

 Genetic studies showed that all these aerobic microorganisms capable of 

aerobic mineralization of LMW PCBs share the bphA gene cluster.
(73,84)

 Interestingly, identified PCBs 

degraders such as Rhodococcus spp. and Pseudomonas spp. are quite common and abundant in natural 

sediment and soil environments.
(85,86)

 

 Under anaerobic conditions, PCBs degrade via sequential reductive dehalogenation where a 

chlorine accepts an electron from an electron donor and is replaced with a hydrogen.
(87)

 In contrast to 

aerobic mineralization, HMW PCB congeners are found to be more amenable to degradation under 

anaerobic conditions.
(69,87,88)

 Anaerobic degradation also preferentially favors meta- and para-chlorine 

removal.
(66,69,71,87,88)

 While ortho-chlorines are more recalcitrant towards removal, ortho-dechlorination is 

not entirely impossible.
(89-91)

 Indigenous microorganisms from Baltimore Harbor, Wood Ponds 
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(Housatonic River, Lenox, MA), and Silver Lake (Pittsfield, MA) can remove ortho-chlorine from 

selected PCB congeners (PCB-26, 32, and 73).
(89-92)

  However it is worth mentioning that these microbial 

consortia did not show substantial amounts of ortho-chlorine removal from Aroclor 1260 congeners.
(89-91) 

 

 Among the first study to evaluate anaerobic dehalogenation of PCBs was by Quensen et al. 

(1988); indigenous microorganisms from the PCB-contaminated Hudson River sediments were enriched 

into a reduced medium with PCB-free sediment.
(93)

 Dechlorination of HMW PCB congeners in Aroclor 

1242 into mono- and di-PCBs were observed after a 16 weeks incubation period (53% removal) with 

highest dechlorination rate observed in the consortium spiked with the highest total PCB concentration 

(700 ppm).
 (93)

 As expected, meta- and para-chlorine removal were the primary reduction pathways. 

Dehalococcoides spp. from the Chloroflexi phylum in particular have been shown to have a very 

diverse ability to degrade PCBs.
92-97

 Dehalococcoides derived from Woods Pond (Housatonic River, 

Lenox, MA) was able to dechlorinate 64 PCB congeners in Aroclor 1260 in sediment-free culture.
(92)

 In a 

more recent publication, Dehalococcoides spp. strain CBDB1 was shown to extensively degrade  43 

congeners from  Aroclors 1248 and 1260.
(94)

 Competitive polymerase chain reaction (PCR), denaturing 

high performance liquid chromatography (HPLC), and denaturing gradient gel electrophoresis (DGGE)  

of enriched microbial communities from contaminated sediments (Grasse and Buffalo River, NY and 

Anacostia River, DC,
(95)

 and Baltimore Harbor, Palos Verdes, and Hudson River sediments 
(96)

) indicated 

the presence of Dehalococcoides-like microorganisms. It is possible that yet unidentified microorganisms 

capable of extensive PCB degradation could still exist in the sediment phase. In addition to 

Dehalococcoides spp., some sulfate reducers can also anaerobically reduce PCBs.
(97)

 Desulfovibrio spp. 

was shown to be capable of reducing weathered Aroclor 1260 under anaerobic conditions.
(97)

 All of the 

anaerobic microorganisms discussed here preferentially removed meta- and para-chlorines.
 92-97

 

 PCB degradation is a very beneficial process from the standpoint of risk and toxicity. Anaerobic 

reductive dehalogenation favors meta- and para-removal, thus “dioxin-like” PCB congeners (i.e., PCB 
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congeners with meta- and para-chlorine) are more likely to be removed through biotransformation 

mechanisms.
(62,67)

 As an added benefit, reductive dechlorination of HMW PCB congeners result in the 

formation of LMW PCB congeners that are more amenable to aerobic mineralization.
 (62,67)

  

 

2.5.2. Microbial Facilitated PBDE Transformation 

 

 Many laboratory scale studies have focused on identifying microorganisms capable of reductive 

dehalogenation for their potential PBDE degradation. He et al. (2006) investigated PBDE debromination 

by Sulfurosprillum multivoran, a strain capable of dechlorinating  perchloroethylene (PCE) to 

trichloroethene (TCE),
(98,99)

 Dehalococcoides ethenogenes strain 195 which has been shown to 

dechlorinate chloroethenes (CEs), chlorobenzenes (CBs), and polychlorinated dibenzodioxins 

(PCDs),
(100,101)

 and Dehalococcoides strain BAV1 which can degrade dichloroethylenes (DCEs) and vinyl 

chloride (VC).
(102)

 Deca- and octa-BDE mixtures in 500 uM TCE solvent were added to initial growth 

medium with  H2/CO2 (80/20% v/v).
 (102)

 While Sulfurosprillum multivorans culture showed reduction of 

TCE to cis-dichloroethene (cis-DCE) and acetate within one week, no PBDE debromination was 

observed. After 2 months, deca-BDE was no longer detected without additional TCE. With the octa-BDE 

mixture, no new debromination product was observed even after one year of incubation. In the 

Dehalococcoides ethenogenes strain 195 culture, TCE solvent was completely dechlorinated after 8 

weeks. The lower rate of TCE dechlorination by Dehalococcoides ethenogenes strain 195 compared to 

Sulfurosprillum multivorans suggests that the deca- and octa-BDE mixtures inhibited TCE degradation 

reaction. After 6 months of incubation, octa-BDE mixture containing hexa- through nona-BDE congeners 

were debrominated to hepta-, hexa-, and penta-BDE congeners. Debromination of the deca-BDE mixture 

was not observed even after 1 year of incubation. In Dehalococcoides strain BAV1 amendment, no 

debromination of octa- or deca-BDE mixture was observed after 1 year of incubation period; however 

addition of Dehalococcoides strain BAV1 to Dehalococcoides ethenogenes strain 195 promoted further 
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debromination of octa-BDE mixture indicating that Dehalococcoides ethenogenes can degrade HMW 

PBDE congeners whereas Dehalococcoides strain BAV1 can degrade LMW PBDE congeners.  In 

addition, the lack of accumulation of hexa- and penta-BDE congeners showed that Dehalococcoides 

strain BAV1 reduction rate was faster. In all cultures, chromatograms observation suggested sequential 

reductive debromination of PBDE congeners.  

 The anaerobic degradation pathway of seven PBDE congeners (BDE-196, 203, 197, 183, 153 , 

99, and 47) was studied in Robrock et al. (2008) using three TCE enriched consortia of Dehalococcoides 

spp. strain ANAS195,  Dehalobacter restrictus strain PER-K23, and Desulfitobacterium hafniense strain 

PCP-1.
(103)

 All seven congeners were reduced to LMW PBDE congeners within three months of 

incubation. While extent of debromination varies by congeners and cultures, similar kinetic pathway was 

observed. The Dehalococcoides spp. ANAS195, Dehalobacter restrictus PER-K23, and 

Desulfitobacterium hafniense PCP-1 often share similar reduction pathways; however, several 

degradation pathways were unique to specific culture. For example, the Dehalococcoides spp. ANAS195 

was the sole culture in this study capable of reducing BDE-153 to BDE-118, and BDE-47 to BDE-28, 

whereas the Dehalobacter restrictus strain PER-K23 was found to be capable of reducing BDE-196 to 

BDE-191, and BDE-183 to BDE-139. BDE-197 was debrominated in equal amounts into BDE-183, 184, 

and 176 by ortho, meta, and para-substitution, respectively. Debromination of BDE-203 however, had 

meta and para-debromination bias, as evidenced by the production of large amounts of BDE-183 and 187 

relative to BDE-180 (the ortho-substitution product). Debromination of BDE-196 to BDE-183, 182, and 

175 in all three cultures were observed. An additional ortho-product, BDE-180, was also produced in 

BDE-196 debromination with Desulfitobacterium hafniense and Dehalococcoides strain ANAS 195. 

Debromination of BDE-183 to BDE-154 (through meta-removal), BDE-153 (through ortho-removal), and 

BDE-149 and 144 (through para-removal) were observed in all three cultures. Dehalobacter restrictus 

was also able to produce BDE-139 through meta-removal. All three cultures debrominated BDE-153 to 

BDE-99 and 101. BDE-118 formation was observed in the Dehalococcoides ANAS195 culture 
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incubation. BDE-99 was debrominated to BDE-47 and 49 by meta- and para-removal. Dehalobacter 

restrictus and Desulfitobacterium hafniense produced BDE-48 via para-debromination of BDE-99. 

Ortho-debromination of BDE-99 to BDE-66 was only observed in Dehalococcoides strain ANAS195 and 

Desulfitobacterium hafniense cultures. Desulfitobacterium hafniense and Dehalobacter restrictus 

debrominate BDE-47 to BDE-17 and sequentially to BDE-4.  

 Overall, the first order PBDE debromination rate typically decreases with increasing bromine 

substitution.
102,103

 To date, most anaerobic microbial facilitated reduction pathways suggest favorable 

para- and meta-bromine removal with preferences defined as relatively higher congener production 

resulting from para- and/or meta-bromine removal.
102,103

  Bromines located in doubly-flanked position are 

more susceptible to debromination, consistent with increased in enthalpies of formation resulting from 

repulsion between adjacent bromines.
102,103

  While ortho-bromine removal does occur, the kinetic rate is 

much lower than para- and meta-bromine removal, as evidenced by lack of substantial formation of 

ortho- substituted products.
102,103

 Preferential removal of para- and meta-substituted halogens over ortho-

debromination is similar to the case of PCBs.
(104 ,105)

  

 In the case of PCBs, biphenyls with three to six chlorines are widely known to be aerobically 

mineralized by common soil microorganisms.
(85,86,101,106)

 In contrast, although aerobic oxidation typically 

yields more energy than anaerobic catabolism, little is known about aerobic PBDE degradation. Among 

the first identified aerobic bacterium capable of PBDE degradation was Sphingomonas spp. strain SS3, 

which is capable of degrading monobromodiphenyl ether.
(107)

 A different strain, Sphingomonas spp. SS33 

was later isolated that can aerobically reduce di-BDE congeners.
(107)

 Aerobic degradation of HMW 

PBDEs was not confirmed until recently.
(108)

 Robrock et al. (2009) investigated the debromination 

potential of mono- to hexa-BDE congeners by several aerobic strains; Rhodococcus jostii strain RHA1, 

Burkholderia xenovorans strain LB400, and Pseudonocardia dioxanivorans strain CB1190.
 (108)

 The first 

two bacteria are known PCB degraders and the last strain is an ether degrader. Rhodococcus jostii strain 

RHA1 and Burkholderia xenovorans strain LB400 transformed more than 90% of the mono- and di-BDE 
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within three days. Over the same time, only 10 to 45% of the penta-BDE was transformed. The most 

resistant PBDE congeners were the hexa-BDEs. LB400 was capable of reducing 18% of BDE-138, but 

was not able to degrade other hexa congeners (BDE-153 and 149). Rhodococcus jostii strain RHA1 was 

only able to degrade mono-BDEs and BDE-7. Only 16% of the mono-BDEs were reduced by 

Pseudonocardia dioxanivorans strain CB1190. Rhodococcus jostii strain RHA1 appeared to be most 

versatile in terms of PBDE degradation capability based upon studies of its debromination activity with 

DE-71 TM. Results showed the same general pattern as observed in individual PBDE congeners 

experiment; 95, 78, and 45% of BDE-47, 99, and 100 were removed, respectively. In general, 

transformation of mono to hexa-BDE was inversely proportional to the degree of bromination. This is 

expected as PBDE congeners are expected to be less bioavailable with the increasing size and 

hydrophobicity of higher brominated congeners. A similar trend has been observed in aerobic PCB 

degradation by Rhodococcus jostii strain RHA1 and Burkholderia xenovorans strain LB400.
(79,84)

 

 Deng et al. (2011) evaluated the aerobic degradation potential of BDE-209. 
(109)

 Out of the 155 

bacterial colonies isolated from sediments contaminated with high levels of PBDEs, Lysinibacillus 

fusiformis strain DB-1 showed the highest efficiency for BDE-209 degradation. Accumulation of bromide 

ion was observed within four weeks of incubation. While this strain can grow on acetate and pyruvate, the 

highest growth rate was observed with lactate as carbon source. Isolation of a bacterial strain from PBDE-

contaminated sediments suggests that PBDE degradation can take place in-situ in the environment. While 

environmental conditions may not be favorable, bacterial adaptation can lead to significant in-situ 

debromination.   

 In-situ microbial degradation reaction is likely a more complex process than just one bacterial 

species or strain reducing a particular PBDE congener. Bioreactors, such as the fixed-film plug flow 

biological reactor is often used for enrichment of wild-type microbial consortia to stimulate the natural 

biodegradation process. Several studies have demonstrated the efficacy of the bioreactor to reduce 

chlorinated organic pollutants such as PCBs and chlorophenols under anaerobic conditions.
(110- 113) 

Rayne 
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et al. (2003) was among the earliest to evaluate PBDE degradation potential in wild-type microbial 

consortia. In this study, indigenous microbial community from a wetland located down-gradient of a 

historical munitions dump was colonized in a bioreactor to quantify the microbial degradation of BDE-15. 

The possibility of bromine transfer was eliminated by extensive analysis of 32 congeners from the same 

or lower homolog group. The study found substantial ratios of BDE-3 and diphenyl ether (non-

brominated form of PBDE congeners) with respect to BDE-15 initial concentration which suggests 

increasing debromination rate with decreasing bromination; it is postulated that debromination rate 

increased due to less steric hindrance in smaller compounds which makes the bromine atom more 

susceptible to microbial attack.
 (112,113)

 

 Although Rayne et al. (2003) demonstrated the reductive debromination of a di-PBDE congener, 

the possibility for microbial reduction of HMW PBDE congeners by microbial consortia was not 

demonstrated until Gerecke et al. (2005).
(114, 115)

 They demonstrated that BDE-209 in sewage sludge can 

be reduced under anaerobic conditions after 238 days incubation period.
(115)

 In the presence of five 

different set of possible dehaloprimers (4-bromobenzoic acid 2, 6-dibromobiphenyl, tetrabromobisphenol 

A, hexabromocyclododecane, and decabromobiphenyl), approximately 30% of amended BDE-209 

concentration was removed at a pseudo first order reaction rate constant of 1X10
-3

 d
-1

. Analysis of gas 

production showed that reduction reaction took place under methanogenic conditions. Formation of two 

nona- and six octa-BDE congeners was observed. Although incubation in the absence of primers resulted 

in a 50% slower reaction rate, the same nona- and octa-BDE congeners were observed after the same 

incubation period. In both the presence and absence of primers, removal of bromine from the meta- and 

para-positions were favored whereas ortho-removal was insignificant. 

 The low bioavailability of PBDEs is also likely a limiting factor in their biotransformation 

potential. Both Rayne et al. (2003) and Gerecke et al. (2005) spiked the microbial cultures with PBDEs.
 

(114, 115)
 Bioavailability however, is not the only factor affecting microbial PBDE degradation process. 

Presence of the appropriate electron donors and competing electron acceptors could also affect PBDE 
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degradation kinetics. For example, Lee and He (2010) collected 28 sediment samples from 3 regions 

(Wuhan in Hubei, China; Guiyu in Guangdong, China; Singapore and San Francisco in California, North 

America) with different characteristics. The samples were enriched with three electron donors (lactate, 

pyruvate, and acetate) prior to addition of octa-BDE TM in TCE or nonane solvent.
(116)

 The octa-BDE in 

nonane solvent enabled the investigation of PBDE debromination without any external electron acceptors. 

In microcosms supplied with octa-BDE in TCE, debromination products were observed in 20 out of 28 

microcosms within one month, as measured by appearance of new product peaks in gas chromatography. 

Penta- and tetra-BDE congeners were also detected in most samples whereas tri- and di-BDE were rarely 

detected. The large number of microcosms with debromination activity indicates that PBDE-reducing 

bacteria can be found in sediment samples from various regions.  For microcosms supplied with octa-

BDE TM in nonane, only 11 out of 28 microcosms had active debromination. After two months, hexa-

BDE was detected in all active samples whereas penta- and tetra-BDEs were only detected in five 

samples. The smaller amount of active microcosms coupled with the less extensive debromination (as 

compared to microcosms enriched with octa-BDE TM in TCE) suggested that the presence of external 

electron acceptors other than PBDEs can stimulate degradation. Interestingly, microcosms with high 

debromination rate in octa-BDE TM in TCE showed no activity when enriched with octa-BDE TM in 

nonane. The reverse trend was also true for microcosms with high degradation rate in octa-BDE TM in 

nonane. Electron donors also played a key role in PBDE degradation; microcosms enriched with acetate 

showed a wider range of debromination products compared to microcosm enriched with lactate and 

pyruvate. Lee and He (2010) transferred the most active microcosm enrichment to sediment-free culture 

for further study. After 42 days, concentrations of octa-BDE decreased; however no debromination 

beyond tetra-BDE was observed, even after eight months of incubation. PBDEs in the sediment-free 

culture had a faster degradation rate, although with a limited degradation ability. This suggests that 

certain components exist within the sediment matrix that can limit the PBDE degradation rate. On the 

other hand, microbial components that can enhance the degradation of smaller PBDE congeners are 
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potentially present in the sediment matrix, as evidenced by the wider ability of PBDE degradation in 

sediment culture relative to sediment-free culture.  

 Thus far, studies summarized in this section have focused on the changes in contaminant 

composition due to specific microorganism and/or microbial consortia activities. Complete 

characterization of the microbial community structure in a contaminated environment was previously an 

experimentally challenging and time consuming process.
(117)

 This typically required PCR of denaturing 

gradient gel electrophoresis bands followed by extraction, purification, and amplification of the genomic 

DNA.
(117)

 In the advent of next generation sequencing technology such as pyrosequencing, complete 

microbial community characterization can be accomplished rapidly while providing higher resolution 

data.
 (117)

 The research in this thesis was designed to take advantage of rapid and high throughput next 

generation sequencing technology to characterize the microbial community composition in PBDE and 

PCB contaminated sediments and shed some light on the potential of in-situ microbial facilitated diphenyl 

and biphenyl ether degradation.  

 

2.6. PBDE and PCB Transport Processes In The Sediment Phase 

 

 Transport processes in saturated sediment environment driven by partitioning, chemical gradients, 

and porewater advection promote the movement of contaminants such as PBDEs and PCBs in the 

sediment phase.
(118)

 In the sediment phase, PBDEs and PCBs can migrate from one contaminated 

sediment segment to another sediment segment. Of particular interest in this study is the vertical 

migration of PBDEs and PCBs in the sediment column obtained from core sampling in depositional 

environments. These samples are sectioned and dated as a proxy measurement of age.  This section 

provides an overview of the known mechanisms for PBDE and PCB movement and/or transport in the 

sediment column.   
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2.6.1. Partitioning between solute and solid phase 

 

 Partitioning of contaminants between the pore water and solid phase can have a substantial effect 

on the mobility, fate, and transport potential of pollutants.
(118)

 Sorption to sediment particles can retard 

migration and is typically the most significant control on mobility
(118-121)

 Equation 2.5 can be used to 

express the equilibrium partition coefficient of an organic chemical between the porewater and sediment 

particle phases (Kd).
 (118)

  

         
  

  
     (2.5) 

 In Equation 2.5, CS is the sediment phase concentration (g/g) and CW is the aqueous phase 

concentration (g/cm
3
).

(118)
 This Kd has units of volume/mass (cm

3
/g). For HOCs, Kd value can be 

approximated by the sorption to the organic carbon (OC) and mineral phases of the sediment
(118)

 as 

expressed in Equation 2.6 below.   

                                (2.6) 

 In Equation 2.6,  fmin and foc are mineral and OC fraction in the sediment and the sum of fmin and 

foc equals 1, SA is the specific surface area (cm
2
/g), Kd,min (cm

3
/g) is the mineral equilibrium partition 

coefficient and KOC (unitless) is the OC partition coefficient. In sediment with high OC content 

(foc>0.1%), the mineral sorption can be neglected (i.e.,             <<      ) which simplifies 

Equation 2.6 to the equation below. 

                     (2.7) 

 Current understanding of HOCs transport in sediments typically assumes that Equation 2.7 

governs partitioning in the absence of detailed characterization. Thus, KOC values can be obtained from 

the literature. When experimental KOC values are not available, KOC values can be estimated from KOW 

values using linear free energy (LFER) empirical correlations. Table 2.6 provides a comprehensive 
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summary of the empirical correlations that can be used to estimate KOC values for PBDEs and PCBs. 

LFERs shown in Table 2.6 are for compounds that share structural, hydrophobicity, and/or aromaticity 

similarity to PBDEs and PCBs.  In addition, KOC values can also be estimated from quantitative structure 

activity relationship (QSAR) as utilized in the USEPA Estimation Program Interface Suite (EPI) in the 

KOCWIN™ program.
(122)

 KOC values estimated by the USEPA EPI program for PBDE and PCB 

congeners are summarized in Tables A2.3 to A2.4. 
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Table 2.6. Summary of reported empirical correlations to estimate KOC values from KOW values 

for hydrophobic and halogenated compounds. Number of compound (n), regression coefficient (R
2
), 

and standard error (SE) is included when available. 

 

Correlation
(1)

 Description 

Log KOC=0.81 Log KOW + 0.09  

(n=118; R
2
=-.89, SE= ± 0.42) 

(123)
 

Regression analysis of aggregated literature data for various 

HOCs 

Log KOC =1.08 Log KOW + 0.41
 (123)

 

Recommended upper limit from statistical analysis of 

aggregated literature data for various HOCs 

Log KOC=0.99 Log KOW - 0.81
(123)

 

Recommended lower limit from statistical analysis of 

aggregated literature data for various HOCs 

Log KOC =0.90 Log KOW + 0.09  

(n=72, R
2
=0.91) 

(124)
 

Regression analysis for 11 classes of organic chemicals 

including 6 PCB congeners 

Log KOC =0.68 Log KOW + 0.66 

(n=419, R
2
=0.83) 

(125)
 

Regression analysis for >400 compounds including aromatic 

halogenated compounds 

Log KOC =0.72 Log KOW + 0.42 

(R
2
=0.86) 

(125)
 Regression analysis for aromatic halogenated compounds 

Log KOC =0.54 Log KOW + 1.38 

 (n=45, R
2
=0.74) 

(126)
 

Regression analysis for  pesticides including organochlorine 

pesticides 

Log KOC =0.81 Log KOW + 0.10 

 (n=81, R
2
=0.89)

 (127)
 

Regression analysis for hydrophobic compounds including 

aromatic halogenatic compounds 

Log KOC =0.63 Log KOW + 0.90  

(n=54, R
2
=0.87)

 (127)
 

Correlation for phenolic, anilines, nitorbenzenes, and 

chorinated benzonitriles 

Log KOC =0.90 Log KOW - 0.54 

 (n=12, R
2
=0.99)

(128)
 Correlation for PAHs and chlorinated hydrocarbons 

Log KOC =1.00 Log KOW - 0.21  

(n=10, R
2
=1.00)

(129)
 

Regression analysis for chlorinated hydrocarbons and 

pesticides 

Log KOC =0.72 Log KOW + 0.46  

(n=65, R
2
=0.93, SE=0.44)

(130)
 

Multiparameter regression analysis on polychlorinated 

organic compound 

Log KOC =0.99 Log KOW - 0.35 

(R
2
=0.98)

(131)
  

Regression analysis for 7 class of compounds including 

chlorinated hydrocarbons 

Log KOC =0.72 Log KOW  + 0.49 

(R
2
=0.95) 

(132)
 Regression analysis for methylated and halogenated benzenes 

  

 
(1)

Log KOC when expressed as A*log Kow ± b have A value ranging from 0.63 to 1 (average ± 

standard deviation as 0.96±0.60) and b value ranging from -0.81 to 1.38 (average ± standard 

deviation as 0.22±0.58).  
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2.6.2. Chemical Diffusion Process 

 

 

 Once in the porewater, contaminants move through the sediment via diffusion and bulk 

advection. Chemical diffusion is driven by a concentration gradient between defined transport 

boundaries.
(118, 133)

 The sediment phase is a highly porous and tortuous medium.
(118)

 As a general rule, 

compounds with LMW has a higher diffusive mobility.
(133, 134)

 Additionally, a larger concentration 

gradient will drive faster diffusion.
 (133, 134)

 Chemical diffusion flux occurs through random Brownian 

motion of ions and/or molecules in the sediment phase and can be mathematically expressed using Fick’s 

first law shown in Equation 2.8.
(134)

  

      diff -D
 C

 x
      (2.8) 

 In Equation 2.8, the Jdiff  is the mass flux density (g m
-2

 s
-1

), D is the diffusion coefficient (m
2
 s

-1
) 

and the differential 
 C

 x
 is the change in concentration over diffusive path length. The chemical flux 

through a defined segment of length x over a defined period of time t can be mathematically described by 

differentiating the flux with time as in Fick’s second law of diffusion shown in Equation 2.9.
(133, 134)

 

     
  

  
  

   

         (2.9) 

 In cases where boundary conditions are defined as CW (x,0) = CW ( ,t)=0 and CW (0,t)=C0, the 

close form solution for Equation 2.9 can be expressed as shown in Equation 2.10.
(135)

 

     
 

  
      

 

      
      (2.10) 

 In Equation 2.10, C0 is the initial aqueous phase concentration (g/cm
3
), erfc is the complimentary 

error function, and Dobs is the observed diffusion coefficient (m
2
/year) defined in Equation 2.11.

(135)
 

          
    

 
      (2.11) 
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 In Equation 2.11, R is the retardation factor (unitless) which represents the slower rate of 

chemical diffusion relative to water given sorption or partitioning into solid phase and Deff  is the effective 

diffusion coefficient (m
2
/year) in porous media of tortuosity (τ). Deff  captures the slower diffusion process 

relative to molecular diffusion (Dmol) (m
2
/year) attributed by diffusion occurring over a tortuous 

path.
(118,134)

 The sediment matrix is an example of a media where tortuosity has an impact on the chemical 

diffusion process.
132

 Deff  can be obtained by correcting Dmol as shown in Equation 2.12.
(135)

 

                     (2.12) 

 In Equation 2.12, τ is the tortuosity of the diffusion past length (m/m) in the porous medium. τ is 

difficult to measure, and is typically estimated from porosity. One of the most widely used is the 

empirical correlation shown in Equation 2.13.
(135)

 The R term in Equation 2.11 can be estimated from Kd, 

dry bulk density (    ), and    as in Equation 2.14. 

         
 
        (2.13) 

           
 

  
      (2.14) 

 Substitution of Equations 2.11 through 2.14 into Equation 2.10 results in an expanded equation 

for diffusive concentration as a function of distance and time as shown below. 

    
 

  
      

 

        
 

  

       

  
     (2.15) 

 

2.6.3. Advection process 

 

 

 Advection describes the movement of chemical species in the sediment phase induced by bulk 

porewater movement.
(118, 133, 134)

 When both advection and  molecular diffusion are occurring, Jdiff  through 
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the bulk fluid movement typically exceed that of molecular diffusion.
(118)

 In one dimensional (1D) flow, 

the advection-diffusion process can be incorporated into Fick’s second law to yield the 1D advection-

diffusion equation shown in Equation 2.16.  

    
  

  
  

  

  
  

   

            (2.16) 

 In Equation 2.16, the term  
  

  
 represents the advection process where   is the porewater 

chemical velocity (m/s). The porewater velocity is calculated using hydraulic gradient (
  

  
), hydraulic 

conductivity (  ), R,  and    from Darcy’s law as shown in Equation 2.17. 

       
  

  
  

   
      (2.17) 

    is a function of particle size and distribution where    increases with more coarse and well- 

sorted sediment particles.[118] When introducing chemical mass in a uniform vertical sediment column to 

initial boundary condition of CW(0,t) = C0, the closed form analytical solution for Equation 2.18 is as 

shown below. 

   
C

Co
 

1

2
 erfc  

x-vt

 4Dobs

  exp (
xv

Dobs
)erfc  

x-vt

 4Dobs

      (2.18) 

 Equation 2.18 can be expanded to measurable parameters by substituting Equation 2.11 through 

2.14 into Equation 2.18. 

C

Co
 

1

2
(erfc(

        

        
 

  
  -

  

       

  
  

        
 

  
  ) …… 

exp(
    

  
  

 

      
 

  
)erfc(

        

        
 

  
   

  

       

  
  

        
 

  
  )))     (2.19) 
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2.6.4. Adsorption To Black Carbon 

 

 

  OC structure plays a key role in partitioning that is not characterized by simple fOC equations 

shown in Table 2.6. 
(136)

  In particular, condensed phase soots, chars and cenospheres, collectively known 

as black carbon (BC) act as a “super sorbent” to HOCs.
(136)

 Diffusion and advection-diffusion processes 

are also affected by adsorption to the BC. Partition coefficients of HOCs to BC (KBC) can be expressed 

using the non-linear Freundlich sorption isotherm shown in Equation 2.20.
 (137-139)

 

                    
         (2.20) 

 In Equation 2.20, fBC is black carbon fraction, KFBC is the Freundlich constant accounting for non-

linear adsorption to BC, CW is the dissolved aqueous concentration as before, and NF is the Freundlich 

number.
 (137-139)

 Regression analysis of PBDEs and PCBs between porewater and the sediment phase 

provided KFBC estimation from KOW via Equations 2.21 and 2.22 for PBDEs and PCBs, respectively.
(139)

 

                                    (2.21) 

                                   (2.22) 

 Absorption of PBDEs and PCBs to organic matter phase of the sediment is expected to be linear. 

In contrast, PBDE and PCB adsorption to BC is expected to follow a non-linear Freundlich isotherm.
 (137-

139)
 In linear sorption, the NF value equals one.

(140)
 The affinity for sorption to the solid and aqueous phase 

depends on the NF value; when NF value is larger than 1, the sorbate will have a larger affinity for the 

solid phase, whereas when NF value is smaller than 1, the sorbate will have a larger affinity for the 

aqueous phase.
(140)

 Sorption can also be limited by surface saturation, which is modeled using the 

Langmuir isotherm.
(140)

 Due to the low levels of HOCs in sediments relative to sorption sites, it is unlikely 

that saturation will be approached in the sediment environment. Illustrations of these concepts are shown 

in Figure 2.3. 
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Figure 2.3: An illustration of the isotherm sorption model. Adapted from Alvarez and Illman (2005).
(140)

 

 

  

When considering both absorption to OC and adsorption to BC, the Kd expression can be 

expanded as shown in Equation 2.23 to include HOCs partitioning to BC. 

                               
       (2.23) 

 To model diffusion and diffusion-advection vertical migration that take into consideration both 

the OC and BC portions, Equation 2.23 can be substituted in lieu of Equation 2.7. As part of this thesis, I 

will model PBDE and PCB vertical migration using established transport models. There are substantial 

uncertainties due to data gaps in PBDE and PCB physicochemical properties needed for these models, as 

well as variability in sorbent (sediment column) properties. Therefore, I will employ a Monte Carlo 

approach to deal with these uncertainties. With Monte Carlo, a set of values (e.g. range, average, standard 

deviation) can be used to guide random resampling or bootstrapping to obtain a distribution for each 

parameter. The results for the vertical migration modeling will be a distribution of output reflecting the 

probability associated with its predicted value.  

 Monte Carlo approach has been used successfully to model mass transport of HOCs 
(120, 121)

 and 

organo-metals
(119, 141)

 from contaminated underlying sediment across different capping materials. In Viana 

NF=1: Linear sorption

NF>1: Freundlich

sorption

NF<1: Freundlich

sorption

Langmuir sorption
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et al. (2008), Monte Carlo approach was used to model diffusion and advection-diffusion of a suite of 

heavy metals (Cadmium, chromium, lead, silver, arsenic, barium, mercury, methyl mercury, and cyanide) 

across several different capping materials including sand, granular activated carbon (GAC) , organoclay, 

shredded tires, and apatite.
(118,140) 

Under diffusion only conditions, the lowest breakthrough for all heavy 

metals was observed in the sand cap. This was attributed to longer diffusive path length in sand.  

Organoclay and apatite showed high affinity for different heavy metals under the advection-diffusion 

conditions. Mass transport of silver, arsenic, barium, methyl mercury, and cyanide was best controlled by 

organoclay whereas apatite showed high affinity for cadmium, chromium, and lead.  The main drivers for 

heavy metals mass transport across the cap material were Kd and Kh. Using similar modeling approach, 

shredded tires was predicted as the best cap material among sand, GAC, organoclay, and apatite to control 

the mass transport of twelve HOCs (benzene, toluene, ethylbenzene, naphthalene, phenanthrene, pyrene, 

dichlorobiphenyl, tetrachlorobiphenyl, hexachlorobiphenyl, octane, dodecane, and tetradecane) under 

diffusion conditions.
(120, 121)

 The increased performance of shredded tires under diffusion condition was 

attributed to thickness of the shredded tire active caps (conventionally, shredded tire active caps are 

thicker compared to the other cap materials) and higher R values. Predicted HOCs mass transport was 

lowest in the organoclay and GAC caps under the advection-diffusion condition due to the low Kh in these 

cap materials. The Monte Carlo approach has enabled the mass transport prediction of data-spare HOCs 

and organometals under diffusion and advection-diffusion conditions. Adopting this approach, one of the 

goal of this research is to gain better insight into the drivers of in-situ PBDE and PCB mass transport in 

the sediment column. 
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CHAPTER 3. CHARACTERIZATION OF URBAN CHICAGO SEDIMENTS CONTAMINATED 

WITH POLYBROMINATED DIPHENYL ETHERS (PBDEs) AND POLYCHLORINATED 

BIPHENYLS (PCBs) 

 

3.0. Abstract 

 

 Urban areas can be susceptible to polybrominated diphenyl ether (PBDE) and polychlorinated 

biphenyl (PCB) contamination. In this study, characterization of five cores from the Chicago metropolitan 

area showed elevated PBDE and PCB levels. PBDE concentrations peaked at ~2500 ng/g and were higher 

than reported values for the Great Lakes and other areas in North America.
(45,47,49)

 PCB concentrations 

peaked at >2000 ng/g. PCB concentrations in the Chicago metropolitan sediments were comparable to 

reported value from other industrial areas; 
(60, 61)

 however, these concentrations were still lower than PCB-

historically contaminated sites.
(5)

 Relative enrichment of tetra- and penta-PBDE congeners were observed 

in Chicago sediment cores exposed to anthropogenic hydraulic discharges such as wastewater treatment 

plant (WWTP) effluent, stormwater discharges, and combined sewage outfalls (CSOs).  

 Multiple least-square regression (MLSR) analysis was performed to quantify the differences 

between PBDE and PCB sediment profiles to PBDE technical mixtures (TMs) and PCB Aroclor 

mixtures, respectively. The site with the highest PBDE and PCB MLSR residuals also experienced 

increase in low molecular weight (LMW) PBDE and PCB homologs concomitant with decrease in high 

molecular weight (HMW) PBDE or PCB homologs; this observation is consistent with in-situ 

dehalogenation. Additionally , analysis of ortho, meta, and para-substitution pattern showed increase in 

ortho-PCBs concomitant with a decrease in meta-PCBs provides strong evidence in support of microbial 

facilitated PCB dehalogenation. 
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3.1. Introduction 

 

 Rapid urbanization surrounding the Pearl River Delta area in China rendered the soil, air, 

sediment, and even biota with high levels of various persistent organic and inorganic pollutants.
(142-144)

 

The Pearl River Delta is not a single case study; a multitude of environmental studies showed that many 

urban areas across the globe are also facing the threat of declining environmental quality stemming from 

the accumulation of various synthetic, organic, and in-organic contaminants.
(145-150)

 Rapid urban 

development, along with historical and on-going presence of various industries such as refineries, 

chemicals, and consumer goods manufacturers in the Chicago metropolitan area make it susceptible to 

accumulation of various hydrophobic organic contaminants (HOCs) such as polybrominated diphenyl 

ethers (PBDEs) and polychlorinated biphenyls (PCBs).  

 PBDEs are brominated bicyclic compounds used as additive flame retardants incorporated into 

various consumer products in the textile, plastic, and electronic industries that have been used since the 

early 1970s.
(7)

 Historically, PBDEs were manufactured in three forms of technical mixtures (TMs): DE-71 

comprised mostly of penta-BDE congeners, DE-79 comprised mostly of the octa-BDE congeners, and 

Saytex102E comprised mostly of deca-BDE (BDE-209) congener
(10)

 by the Albermarle and Chemtura 

Corp.
(151)

 in two facilities in southern Arkansas (AR). Productions of DE-71 and DE-79 TMs were 

voluntarily ceased in 2004 in response to concerns about the higher toxicity and bio-accumulative 

potential of several small BDE congeners.
(152,153)

 The discovery that BDE-209 can rapidly form lower 

brominated BDE congeners when exposed to sunlight
(154,156)

 and the demonstrated ability of certain 

microorganisms to partially or completely debrominate BDE-209 into smaller congeners under laboratory 

conditions
(102,103,108)

 has fueled the controversies on the continued use of the Saytex 102E TM.  

 PCBs are a suite of chlorinated semi-volatile bicyclic compounds used as early as the 1920s as 

dielectric and coolant fluid in transformers and electric systems.
(16)

 Historically, PCBs were manufactured 

as Aroclors;
 (16) 

 the first two digits in the Aroclor mix generally refers to the number of carbon atoms in 

the phenyl ring and the last two digits generally refers to the average  percent chlorination in the mixture 
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by weight. Studies have established the adverse health effects from incidental and occupational exposures 

to PCBs;
(14)

 in response, active production of PCBs in the USA ceased in the 1970s. However, PCBs 

continued to be released into the environment from past usage and are continuously detected in various 

environmental media.
(157,163) 

 In this study, sediment cores collected from five urban waterways impacted by storm and sanitary 

sewage outfalls, urban/industrial runoff, and air deposition were characterized in an effort to understand 

the recent depositional trends of the so-called “emerging pollutant” PBDEs and the “legacy pollutant” 

PCBs in the metropolitan Chicago area. This study compliments our previous study on PBDE production 

area in southern AR
(151)

 with the ultimate goal of understanding the distribution, trends, potential sources, 

and fate of PBDEs in the metropolitan Chicago aquatic environment. 

 

3.2. Objectives  

  

 This study is a continuation of a previous study characterizing the magnitude of PBDE and PCB 

contamination across AR including in locations proximate to two PBDE manufacturing facilities.
 (151)

 For 

the purpose of this study, five urban waterways in the metropolitan Chicago area were characterized for 

PBDE and PCB contamination. Contaminant levels were interpreted in light off the previous study with 

an overall goal to identify drivers for PBDE and PCB contamination in the metropolitan Chicago area and 

to evaluate the potential for in-situ sediment transformation. There are four objectives for this study:  

 Understand the extent of PBDE and PCB sediment phase contamination in the metropolitan 

Chicago area. Land use characterization by the United States Geological Services (USGS) 

showed that the metropolitan Chicago area is highly urbanized and industrialized (see Figure 

3.1b); this is hypothesized to drive high levels of sediment phase PBDE and PCB contamination. 

PBDEs in Chicago sediments are expected to originate from diffusive sources. In contrast, the 

dominant sources for PBDEs contamination in southern AR sediments are large point sources 
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(i.e., emissions from PBDEs manufacturing facilities).
(151)

 While a high level of sediment-phase 

PBDE concentrations are expected in the metropolitan Chicago area, it is hypothesized to be 

relatively lower than southern AR sediments. Given the more robust urbanization and 

industrialization in the metropolitan Chicago area, sediment phase PCB concentrations are 

expected to be relatively higher than AR. 

 Examine the recent PBDE and PCB depositional trends in the metropolitan Chicago area. PBDEs 

are still actively manufactured and used in various consumer products, while PCBs are no longer 

manufactured. As an emerging contaminant, PBDE depositional rates are hypothesized to have 

increased rapidly in recent years. On the other hand, given its status as a legacy contaminant, 

PCB depositional rates are hypothesized to substantially decline in recent years.  

 Compare PBDE and PCB congener distributions in the metropolitan Chicago area sediments to 

the AR sediments. The metropolitan Chicago area sediments are expected to have two pathways 

for PBDE and PCB exposures; through anthropogenic waterborne deposition (i.e., storm and 

sanitary sewage outfalls, urban/industrial runoff) and through atmospheric deposition. PBDE and 

PCB congener distributions are hypothesized to differ reflecting the exposure pathways and 

sources (i.e., diffusive versus point sources and waterborne versus atmospheric deposition).  

 Evaluate PBDE and PCB in-situ sediment transformation potential by interpreting trends in 

PBDE and PCB homolog fractions, assessment of changes in ortho, meta, and para (OMP) 

distributions, and multivariate least square regression (MLSR) comparing sediment phase PBDE 

and PCB distributions to PBDE TM or PCB Aroclor profiles. Given the stronger carbon to 

chlorine chemical bond relative to carbon to bromine chemical bond, PBDE in-situ degradation is 

hypothesized to be more likely and to a larger extent than PCB in-situ degradation. 
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Legend:

3.3. Experimental Section 

 

3.3.1. Sampling Sites 

 

 Several criteria were used to guide the selection of the sampling locations. Sampling sites should: 

(I) be within the Chicago metropolitan region in urbanized and industrialized areas to obtain sediment 

samples with high PBDE and PCB concentrations, (II) have high sedimentation rates to provide accurate 

sediment dating resolution, (III) have no known sediment disturbance events such as dredging and/or 

large scale remediation for the past ~50 years, (IV) have no or minimal bioturbation, and (V) have a 

sediment-water interface below the sunlight penetration depth as determined by Secchi disk. These 

guiding characteristics represent the ideal for the sampling locations; compromises are often necessary as 

some sampling locations do not fulfill all the ideal characteristics listed above. The sampling locations are 

shown in Figure 3.1. 

 

Figure 3.1:  a) Sampling sites located in the metropolitan Chicago area and b) land use categorization by 

the United States Geological Services 2006 National Land Cover Database. Higher levels of development 

correspond to darker hue. Land use map was generated using ArcMap version 10. 

 

b) a) 
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 Coordinates and sampling dates are summarized in Table 3.1. Information and detailed map 

(including recorded sampling coordinates) for each site are provided below and in Figure B3.2. 

 

Table 3.1. Site identifiers and latitude and longitude for sampling sites in Chicago (CBC, CWP, 

CLC) and IGC (IGC09 and IGC13).  

 

ID Site Latitude Longitude Sampling Dates 

CBC Bubbly Creek 41.8325 -87.6583 8/14/2008 

CWP Calumet Wetland Pond 41.6706 -87.5656 9/11/2008 

CLC Lake Calumet 41.6957 -87.5964 5/7/2009 

IGC09 Grand Calumet Site 09 41.6159 -87.4914 3/9/2010 

IGC13 Grand Calumet Site 13 41.6174 -87.4964 3/9/2010 

 

Bubbly Creek (CBC): Site CBC is the south branch of the Chicago River and has a long contamination 

history. The Chicago Union Stockyard which is no longer operational used CBC as a main discharge 

point since 1865 for a little over a century.
(119,141,164)

 Previous studies have characterized high levels of 

heavy metals, PCBs, and polycyclic aromatic hydrocarbons (PAHs) contamination in CBC.
 (119,141,164)

 

Currently, various industrial facilities line the banks of CBC including metal plating, scrap metal yards, 

and trucking yards. CBC is largely quiescent except during large volume release events from the Racine 

Avenue Pumping Station (RAPS), the largest pumping station in the world. High volume release events 

occurred on average 13 times per year.
 (119,141,164)

 Sediment cores for this study were collected 300 m north 

of the RAPS discharge point. 

 

Lake Calumet (CLC) and Calumet Wetland Pond (CWP): Located 24 km southeast of Chicago, CLC 

and CWP are located in the Calumet area in the midst of a heavily populated and industrialized area. 

Among the prominent industrial activities in the area include active and inactive coke mills, coke ovens, 

petroleum refineries, chemical plants, building material companies, grain processing facilities, 
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incinerators, and landfills. Pullman Creek is a tributary into Lake Calumet carrying runoff from nearby 

expressways, industries, and landfills into the northwest corner of the lake. 
(166,167)

 The sediment is known 

to be highly contaminated with PAHs and PCBs.
 (166,167)

 Site CWP, also known as Gun Club Pond, is ~4 

km east of site CLC. This pond receives no continuous inflow and is bordered by rail tracks and a 

wastewater treatment sludge drying bed. An active municipal solid waste landfill is also nearby. CWP is 

approximately ~3000 m
2
 and the sampling spot is near the center of the pond. The Calumet water 

reclamation plant (CWRP) is located on the west of both sampling sites. CWRP serves a 777 km
2 

area in 

Chicago and southern suburbs, and on average processes 238 MGD.
(168)

  

 

Grand Calumet River site 09 (IGC09) and site 13 (IGC13): Sites IGC09 and IGC13 are located on the 

west branch of the Grand Calumet River (WBGCR), a heavily polluted waterway with documented 

polyaromatic hydrocarbons (PAHs), PCBs, metal, mercury, and arsenic contaminations.
(169,170)

 The 

WBGCR flows through heavily industrialized areas in Gary and Hammond, IN and receives substantial 

recharge from the Hammond Sanitary District Wastewater Treatment Plant (HSD WWTP) before 

draining into Lake Michigan via the Indiana Harbor Canal (IHC). The HSD WWTP treats wastewater 

originating from mixed municipal and industrial sources.
(171)

 

 In this study, sites CBC, CLC, and CWP located within the Chicago city limit boundary are 

collectively referred as Chicago sites whereas sites IGC09 and IGC13 situated on the WBGCR are 

collectively referred as IGC sites. 

 

Sediment coring and extrusion: Whenever possible, sediment cores were obtained from the center or at 

known deepest water depth. Sampling personnel on a boat operated a hand push corer with a 6.6 cm I.D. 

polycarbonate tube to obtain the sediment cores at all sites except for core CLC, which was obtained 

using the vibra-core and box core located on board of the EPA R/V Mudpuppy. We would like to 
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acknowledge the EPA R/V Mudpuppy crew for their assistance. Four to five sediment cores were 

collected per site. Sediment cores remained in the vertical position and were brought to shore for 

extrusion using hydraulic pressure extruder. Sediment cores were extruded into 0.5 to 5 cm sections. 

Sections from the same depth were combined and homogenized in amber glass jars. Sediment sample jars 

were kept on dry-ice during transport to UIC laboratory, where they were stored at -4°C until analysis.  

 

Oxidation reduction potential (ORP): One sediment core from each site was used for oxidation 

reduction potential (ORP) measurement. An electrode probe (Jensen Instruments, Tacoma, WA) was used 

with a reference electrode HI5312 (Hanna Instrument, Woonsocket, RI). Measurements were made using 

a portable pH/ORP/ISE HI98185 meter (Hanna Instrument, Woonsocket, RI). ORP measurement 

followed the vertical electrode insertion method described in a previous study.
(172)

 Sediment cores 

remained vertical at all times. A scale was placed on the side of the polycarbonate core tube to mark 

depth. Electrode probe was inserted in the middle of the sediment core to the desired depth in 0.5 to 2 cm 

intervals. Measurement was recorded after stabilization before inserting the electrode probe deeper. Care 

was taken to minimize sediment disturbance when inserting and removing the electrode probe. 

 

Sulfide Measurement: Sulfide measurement followed the method recommended in another study.
(173)

 2 

mL aliquot from the extruded and homogenized sediment sample was used for sulfide measurement. The 

sample was mixed with an equivolume sulfite antioxidant buffer solution HI4015 (Hanna Instrument, 

Woonsocket, RI). Sulfide was measured using the portable pH/ORP/ISE meter HI98185 (Hanna 

Instrument, Woonsocket, RI) with a silver/sulfide combination ISE electrode HI4115 (Hanna Instrument, 

Woonsocket, RI).  

 

 

 



48 

 

3.3.2. Physical Characterization 

 

 Physical characterization of the sediments included wet and dry density (ρW and ρD) , solid and 

moisture content, and particle density (ρP), total organic carbon (OC), black carbon (BC), non-soot 

organic carbon (NSOC), organic matter (OM), and particle size distribution (PSD). All methods for bulk 

sediment properties and carbon measurement were commonly employed in the Applied Environmental 

and Biotechnology Laboratory (AEBL, Department of Civil and Materials Engineering, University of 

Illinois in Chicago) described in previous studies;
(45-47, 49, 174, 175)

 methods are briefly described below. 

 

Bulk measurement: Sediment samples in amber jars were first homogenized using a clean spatula. A 

clean spatula was used for each sediment sample. Using an open ended syringe (1 or 3 cm
3
 for bottom and 

top sediment segment, respectively), sediment samples were volumetrically sub-sampled. Aliquots were 

placed on a clean, tared aluminum boat for weighing. Sediment samples were then dried in an oven at 

100°C until no change in weight was observed. For quality control purposes, measurement was conducted 

in triplicate.  

 The ρW and ρD were calculated using Equations 3.1 and 3.2 whereas solid and water contents 

were calculated using Equations 3.3 and 3.4.  

         
    

  
      (3.1) 

         
   

 
      (3.2) 

                     
       

   
         (3.3) 

                                                (3.4) 

 In Equations 3.1 to 3.4, WWS is weight of wet sediment (g/ cm
3
), V is volume (cm

3
), and WDS is 

weight of dry sediment (g/ cm
3
).  
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Carbon measurement: Two out of the triplicate set of dried sediment samples were used for OC 

measurement and one was used for BC measurement. For BC measurement, sediment samples pulverized 

with a clean mortar and pestle were further combusted at 375°C for 24 hours in a muffle furnace to 

remove NSOC through low temperature oxidation using a modified version of the Gustaffson et al. (1996, 

1998) methods.
(176, 177)

 The mass of combusted sediment sample was recorded.  

 Sediment samples for both OC and BC measurements were pulverized using a glass mortar which 

was cleaned thoroughly between samples. A small aliquot of the pulverized sediment samples (between 

5-10 mg for OC and 10-20 mg for BC) was weighed and sealed in a 10X12mm tin capsule 

(ThermoQuest/CE Elantech, Lakewood, NJ) for carbon measurement on the Flash EA1112 

(ThermoQuest/CE Elantech, Lakewood, NJ). Analysis was conducted using automated 

combustion/reduction at 900°C followed by molecular sieve gas chromatography and thermal 

conductivity detection system at 60°C. Carbon peak areas were compared to a six point acetanilide 

standard curve with size integration performed using the Eager version 5.0 software. A new standard 

curve was made every 80 to 100 samples to protect against run-to-run inaccuracies. For quality control, at 

least one of ten sediment samples and acetanilide were analyzed as unknowns to determine the accuracy 

and precision. The carbon measurement has bias value ranging from 3 to 8% and precision between 4 to 

8% yielding a 95
th
 percentile total uncertainty of 5 to 11% in all the sediment columns. 

 

Particle size distribution (PSD): PSD of suspended dried sediment agglomerates was determined by 

laser diffraction on the Mastersizer 2000 (Malvern Instrument, Worchestershire, UK). Dried sediment 

samples (5 to 30 mg) were suspended and homogenized in 1 L beaker filled with clean, aerated water 

until the rarefraction index reading was stable. It is recognized that this measurement reflect the 

agglomerate nature of sediment due to particle to particle attraction. No attempt was made to chemically 

remove organic matter to more accurately characterize the in-situ PSD for mass transport modeling. 
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3.3.3. Sediment Dating 

 

 I would like to acknowledge our collaborators at the Earth and Environmental Sciences 

Department, University of Illinois in Chicago for performing sediment dating measurement and analysis. 

Air dried sediment samples were weighed (0.70 to 8.07 g) and sealed in aluminum counting cans prior to 

gamma activity measurement of selected radionuclides (
210

Pb, 
137

Cs, and 
226

Ra at 46.5, 186.2 and 661.6 

keV, respectively) using the GR3020 reverse-electrode intrinsic Ge detector system interfaced with a 

DSA-2000 digital spectrum analyzer. Both the Constant Initial Concentration (CIC) and Constant Rate of 

Supply (CRS) were used to determine sedimentation date.
(178)

 

 

3.2.4. Chemical Characterization 

 

 I would like to acknowledge that chemical characterization was performed by collaborators at the 

School of Public Health, University of Illinois in Chicago. 49 PBDE congeners and 132 PCB congeners 

were measured; target analytes are summarized in Table B3.1 to B3.2. 

 

Chemical purchase. PBDE and PCB congeners, as well as analytical standards, were purchased from 

Accu Standard (New Haven, CT) and Cambridge Isotope Libraries (Andover, MA). HPLC-GC/MS and 

OptimaP grade solvents, silica gel (100-200 mesh, Davisil grade 644) and anhydrous sodium sulfate 

(Na2SO4) were purchased from Fisher Scientific (Pittsburgh, PA). Bio-beads S-X3 (200 – 400 mesh) were 

purchased from Bio-Rad Laboratories (Richmond, CA). 

 

Sample pretreatment. Sediment samples were thawed, air dried, and mixed with Na2SO4 (drying agent) 

prior to spiking with surrogate analytes. Soxhlet extraction used 150 mL hexane-DCM (1:1,v/v) for 20 

hours. Elemental sulfur was removed by addition of granular copper. Soxhlet extracts were concentrated 

to 2 mL using a rotary evaporator  and cleaned with solvent elution through a glass column (40 cm length, 
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11 mm I.D.) packed with 1 g neutral, 2 g basic, 4 g acidic, and 1 g neutral silica gel cleanup. Elution 

solvents were 80 mL hexane for silica gel cleanup and 140 mL hexane/DCM (1:1,v/v) for gel permeation 

column. Eluent volume was reduced to 2 mL with the rotary evaporator. Internal standards of PCB-209L 

and BB-209 were added prior to instrumental analysis.  

 

Instrumental analysis. PBDEs, PCBs, and DBDPE were analyzed on the Agilent 6890 GC coupled with 

5973N MS with electron capture negative ionization (ECNI) using gas chromatography/mass 

spectrometry (GC/MS) parameters optimized in previous studies.
(45,47,49,58)

 

  BDE-30 and 190 were surrogates analytes for PBDE analysis. A 20 uL extract with a total of 3 

injections was introduced to the programmable temperature vaporization injection port in solvent vent 

mode. Injection port temperature was 40°C and was increased to 300°C at a rate of 600°C/minute with 

1.5 minute holding time. Flow was maintained at 100 mL/minute for 1.4 minute and purged at 50 mL/min 

from 2.75 to 10 minutes. Separation with helium gas carrier at flow of 1.5 mL/minute was introduced in 

an Rtx-1614 capillary column with dimensions of 30 m length, 0.25 mm I.D., and 0.10 um film thickness.  

The oven was set to 90°C for 3 minutes followed by a temperature ramp to 200°C at 10°C/minute to 300 

°C at 2°C/minute for 15 minutes. MS ion source, quadrupole, and interface temperatures were 200, 106, 

and 280°C, respectively. Analysis was in selected ion monitoring mode, with  m/z 486.6 and 488.6 (BDE-

209), 79 and 81 (other BDEs, DBDPE, and BB-209), and 510, and 512(PCB-209L), respectively.  

 For PCB analysis, two sediment standard reference materials (SRM1941b and SRM1944; NIST 

Office of Reference Materials, Gaithersburg, MD US) were used. 2 uL extracts were injected in pulsed 

splitless injection mode and separated on a DB-5MS capillary column (60 m length X 0.25 mm I.D. X 

0.25 μm film thickness) with helium carrier gas at a constant flow of 1.2 mL/minute.  The initial oven 

temperature was 50°C for 3 minute, and then increased to 140°C at 15 °C/minute, and further to 290°C at 

1.5°C/minute. The total run time is 109 minute. The MS ion source, quadrupole, and interface 

temperatures were 200, 106, and 280°C, respectively. The MS was operated with multiple reaction 

monitoring mode in electron impact. The MS ion source, quadrupole, and interface temperatures were 
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230, 150, and 300°C, respectively. Nitrogen was used as the collision gas at 1.5 mL/minute and helium as 

quenching gas at 2.25 mL/minute. 

3.4. Results and Discussion 

 

3.4.1. Field Measurement 

 

Oxidation Reduction Potential (ORP). ORP characterizes the oxidation-reduction status of the sediment 

and can be used as a diagnostic to predict the predominant microbial metabolism process occurring in the 

respective sediment segments. It has been reported that anaerobic metabolism has ORP below -150 mV, 

facultative metabolism has ORP between -150 to 400 mV, and aerobic metabolism has ORP above 400 

mV.(179) Chicago surface sediments have ORP consistent with facultative metabolism; ORP gradually 

decreased into the anaerobic metabolism region at approximately 15, 20, and 23 cm in CBC, CWP, and 

CLC sediment columns, respectively (Figure 3.2, Table B3.3). Interestingly, the Chicago sediment 

columns have ORP levels that were comparatively lower than ORP levels observed in AR sediment 

columns which were all in the facultative region (Figure B3.3); these results were consistent with 

expectation given the darker black color, organic texture, and frequently-observed sulfide smell (from 

metal-sulfides) in the Chicago sediments. In the ACL sediment column, ORP increased with increased 

sediment depth (Figure B3.3c); this trend was unexpected as sediment columns generally shift towards 

anaerobic metabolism region with increased depth. In other AR sediment columns, ORP levels were 

relatively similar with increased sediment depth possibly indicating that the upper and lower sediment 

segments of these columns remained in the facultative region. 
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Figure 3.2: Oxidation reduction potential (ORP) in sediment cores CBC, CWP, and CLC. Shaded areas 

represent ORP levels consistent with anaerobic metabolism and non-shaded areas represent ORP levels 

consistent with facultative metabolism. 

 

Sulfide concentration. Sulfide concentrations in the Chicago and IGC cores varied greatly (Figure 3.3). 

In CBC sediment column, sulfide concentrations increased between surface sediments to near mid-core 

where sulfide concentration peak values exceeded 300 ppm. Sulfide concentration gradually decreased 

between ~12 cm to ~25 cm and remained relatively constant in sediment segment deeper than 25 cm in 

CBC sediment column. In contrast, sulfide concentration was relatively similar at ~100 ppm throughout 

CLC sediment column. Sulfide concentration peak value exceeded 400 ppm in deep CWP sediment 

segment (~27 cm). In general, sulfide concentration in the IGC sediment columns which ranged from 15 

to 40 ppm were relatively lower than the Chicago sediment columns. The presence of heavy hydrocarbon 

as evidenced by the strong gasoline smell and “black mayonnaise” appearance of the IGC sediment 

columns could be interfering with the sulfide electrode probe sensing probe which was coated with sheen 

of oil during sulfide measurement.  
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Figure 3.3: Sulfide concentrations in cores CBC, CWP, CLC, IGC09, and IGC13. Note the different 

scale on the x-axes for cores CBC, CLC, and CWP compare to cores IGC09 and IGC13. 

 

 In AR sediments, sulfide concentrations generally increased rapidly from the surface sediment to 

~5 to 8 cm to reach peak sulfide concentrations (Figure B3.4). Peak sulfide concentrations do not exceed 

150 ppm in all AR cores. Sulfide concentrations remain relatively constant in deeper sediment depth in all 

AR cores. The relatively lower sulfide concentration in AR cores compared to Chicago cores is consistent 

with the lower ORP in AR cores.  

 

3.4.2. Physical Characterization 

 

Bulk sediment characteristics in Chicago and IGC sediment cores. Generally, ρw and ρD do not 

change appreciably with depth in the Chicago and IGC sediment cores (Figure 3.4a-e). In general, the 

Chicago and IGC sediments were low in solids content at the surface and become more compacted with 

depth (Figure 3.4f-j). The high water content in the Chicago and IGC sediment cores reflect high porosity 

with great implications for porewater transport (discussed in Chapter 5). CBC core was an exception to 

trend observed in ρw , ρD, and solids and water content (Figure 3.4a and f). The increased in ρw ,ρD,  and 
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water content and decreased in solids content suggest differences in the sediment particle composition in 

the 10 to 15 cm region in core CBC. 

 ρw and ρD in core AMW and AOT also do not change appreciably with depth (Figure B3.5b and 

e). Cores AED, ACL, and A L have higher ρw and ρD in the lower sediment segments compared to the 

upper sediment segments whereas core AFR have lower ρw and ρD in the lower sediment segments 

compared to the upper sediment segments (Figure B3.5a, c, d, and f). Solids and water content in AMW 

was relatively constant with depth (Figure B3.6b). Solids content in the upper sediment segment of cores 

AED, ACL, AJL, and AOT were substantially higher compared to the lower sediment segment (Figure 

B3.6 a, c, d, and e). In core AFR, solids content exceeded water content throughout the sediment column 

(Figure B3.6f).   
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Figure 3.4: Wet and dry densities (ρW and ρD, respectively) (a-e), and solids and water content (% Solid 

and % Water, respectively) (f-j) in cores CBC (a,f), CWP (b,g) , CLC (c,h) , IGC09 (d,i), and IGC13 (e,j). 

Error bars represent the standard deviation of triplicate measurements. These error bars were typically 

smaller than the data symbol.  

 

Carbon Concentration. OM and OC concentrations in IGC cores were higher than Chicago cores 

(Figure 3.5b-e). CBC had fairly low levels of OM and OC except for the peak at 10 to 15 cm; 

interestingly, this corresponded to a large increase in ρW and water content at this depth.  This result 

together with the ρW and water content data, indicate the presence of a sediment layer of significantly 

different composition at site CBC in the 10 to 15 cm depth region. Almost no change in OC and OM was 

observed in cores CWP and CLC except for a higher level in OC and OM concentrations in CWP surface 
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sediment. IGC09 and IGC13 sediment cores have higher OC and OM concentrations relative to Chicago 

sediments. There does not appear to be any significant trend in BC with depth in the Chicago and IGC 

columns indicating that BC deposition has been largely unchanged in the sedimentary record (Figure 3.5 

a-j). The BC level in cores CWP and CLC were ~ two times higher than cores CBC, IGC09, and IGC13. 

 

 

Figure 3.5: Organic matter (OM), organic carbon (OC), and black carbon (BC) concentrations in 

CBC(a,e), CWP (b,g), CLC (c,h), IGC09 (d,i), and IGC13 (e,j). Error bars represent the standard 

deviation of triplicate measurements. These error bars were typically smaller than the data symbol.  

 

 In general, the OC and OM levels in AR sediment cores decreased with increased depth (Figure 

B3.7a-f). OC and OM levels in the upper sediment segments of core AED and AOT were two to four 
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times higher than the lower sediment segments. While OC and OM levels decreased with depth in cores 

AMW and AOT, the difference in the upper and lower sediment segments was not as pronounced as 

observed in cores AED and AOT. In core ACL, OC and OM levels generally decreased with depth; 

however, OC and OM levels increased and peaked between 15 to 25 cm depth. In core AFR, the OC and 

OM levels were relatively constant with depth. BC level only showed small variation with depth in cores 

AED, AMW, AJL, and AFR (Figure B3.8a, b, d, and f). In core ACL, BC increased between the surface 

sediment to approximately 20 cm before gradually decreasing to constant level of ~2 mg/g in deeper 

sediment segment (Figure B3.8c). In core AOT, the upper sediments have BC levels two to four times 

higher than the lower sediments (Figure B3.8e).  

 The BC levels in the Chicago and IGC cores were statistically significantly higher than BC levels 

in the AR cores; average BC concentration in Chicago and IGC cores was ~25 mg/g (n=85) whereas 

average BC concentration in AR cores was ~ 3 mg/g (n=2.18). This observation was consistent with the 

higher level of urbanization in metropolitan Chicago and IGC relative to AR (as can be observed in 

differences in USGS land use categorization in Figure 3.1 and Figure B3.1). 

 

Agglomerate Particle Size Distribution (PSD): Sediment particles are not expected to be uniformly size 

particularly in fluvial systems like sites CBC, IGC09, and IGC13. Although sediment particles are not 

homogenous in terms of size, the size of the sediment particles can be described by the PSD. The 

agglomerate PSD data were classified using the United States Department of Agriculture (USDA) soil 

classification criteria which state that particles smaller than 2 µm are clay, between 2 to 63 µm are silt, 

between 63 to 250 µm are fine sand, and larger than 500 µm are coarse sand. Cores CLC and CWP 

primarily from lacustrine sites (Figure 3.6b and c), have a very homogenous PSD dominated by some 

clay and >80 % silt. As expected, cores IGC09, 1GC13, and CBC (riverine sites with major CSO sources 

and flows) have highly graded PSDs with depth. Changes in particle characteristics mid-depth at site 

CBC are consistent with the PSD data (Figures 3.4a and f, Figures 3.5a). The 10 to 15 cm sediment 
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segment is quite different from all other segments, with nearly equal amounts of silt and sand, and large 

amounts of coarse sands. This trend of marked changes in PSD with depth was also observed at IGC09 

and IGC13. Again, sand made up a large percentage of the sediment particles (up to 80 %) at these fluvial 

sites.  

 

Figure 3.6: Particle size distributions in cores a) CBC, b) CWP, c) CLC, d) IGC09, and e) IGC13. 

Particle sizes for sand, silt, and clay were based on United States Department of Agriculture (USDA) 

classification. 

 

 

3.4.3. PBDEs and PCBs in The Metropolitan Chicago Sediment Cores  

 

PBDE and PCB concentrations vary with depth and location. PBDE and PCB concentrations vary 

with depth and location in the metropolitan Chicago and IGC cores (Figure 3.7a and b).  PBDE 

concentrations generally increased towards the sediment-water interface (Figure 3.7a, panels a-e). PBDE 

surface concentrations increased in the order of CLC < CWP < CBC < IGC09 < IGC13 (Table 3.2). In 

contrast to other sites, CBC had higher PBDE concentrations in sediment segments deeper than 10 cm. 
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However, the previous discussion of the physical and chemical characteristics of CBC sediments provided 

strong evidence for sediment mixing in the 10 to 15 cm sediment zone. If that were the case, the PBDE 

data are likely an artifact of sediment mixing (perhaps from RAPS combined sewage outfall (CSO) high 

volume discharge event). It is known that one had occurred less than 24 hours prior to sampling. Further 

details on evidence of sediment mixing in core CBC is discussed in a later section. Although PBDE 

concentrations in the metropolitan Chicago cores vary substantially between cores, similarities were 

observed in the ratio of PBDE congeners (Figure 3.7a, panels f-j; PBDE congeners grouped into 

homologs 1-4(1-4), homologs 5-7(-7), homologs 8-9(8-9), and homolog 10 (H10)) in cores 

CBC, CLC, CWP, IGC09, and IGC13.  BDE-209 was the dominant congener except in mid-core of 

IGC09 (10-17 cm) and bottom sediment segments of IGC13 (sediment deeper than 25 cm). The relative 

congener variation in these samples was driven from the lack of BDE-209 rather than changes in the other 

PBDE homologs.  

 Similar to the case with PBDEs, PCBs also vary with depth and location in the metropolitan 

Chicago cores. However, PCB concentrations generally decreased toward the sediment water interface in 

marked contrast to the case with PBDEs. The higher PCB concentrations in the mid to bottom sediment 

segments was apparent in cores CBC and CLC, and to a certain extent in core IGC13 (Figure 3.7b, panels 

a-e). PCB surface concentrations increased in the order of CWP < CLC < CBC < IGC09 < IGC13 (Table 

3.2). Unlike PBDEs (which were clearly dominated by BDE-209), PCBs were more enriched in the LMW 

homologs (Figure 3.7b, panels f-j, PCBs grouped into 1-3, 4-6, 7-9, and H10). Generally, 

concentrations of homologs decreased in the order 4-6 >7-9 >1-3 > H10 in all metropolitan 

Chicago sediment cores. A deviation from this trend was observed in core IGC09 between 10 to 30 cm 

depth, where concentrations of 4-6 <7-9. This may have been due to sediment mixing or changes 

in historical PCB Aroclors usage. Overall, more than 90% of the PCBs were composed of 1-3 and 

4-6. The higher composition of LMW PCB homologs in surface sediments was reflective of the 

composition of some known PCB Aroclors. For example, Aroclors 1221, 1232, 1016, and 1242 are 
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composed of more than 90% PCB homologs 1-4, Aroclors 1248 and 1254 are composed of more than 

90% PCB homologs 1-7, and Aroclor 1260 is composed of more than 90 % PCB homologs 5-7.
(16)

 

 In IGC09, deviation in ratio of 1-4, 5-7, and 8-9BDEs homologs were observed 

between 5 to 20 cm sediment segment (Figure 3.7a, panel i). As mentioned previously, PCB homolog 

composition between 10 to 30 cm sediment segment in IGC09 was different than the other Chicago cores 

and IGC13 (between 10 to 30 cm sediment segment in IGC09: 4-6 <7-9PCBs; other sediment 

cores: 4-6 >7-9PCBs). Interestingly, in IGC09 sediment segment deeper than 30 cm, the homolog 

composition was reversed where4-6 <7-9PCBs. These deviations were not observed in IGC13, 

located in very close proximity to IGC09 (~400 m). Given the oddity in PBDE and PCB homolog 

composition in in-depth IGC09 sediment core, it is suspected that the PBDE and PCB concentrations in 

IGC09 do not reflect the actual PBDE and PCB depositions nature in the metropolitan Chicago area.  

IGC09 is excluded from further discussion in subsequent sections. 

                                           

 

Table 3.2. Summary of PBDE and PCB concentrations in Chicago and IGC sediment cores. 

Core Average Concentration ± 1 (ng/g) Peak concentration ng/g (depth in cm) 

 

49BDEs 132PCBs 49PBDEs 132PCBs 

CBC 207 ± 114 820 ± 650 3440 (15-20) 2220 (10-15) 

CWP 120 ± 120 57 ± 6 404 (0-1) 70 (15-20) 

CLC 65 ± 21 400 ± 100 96   (26-28) 580 (32-34) 

IGC09 328 ± 910 989 ± 676 3461 (0-2) 2062 (4-6) 

IGC13 1195 ± 940 2410 ± 2540 2630 (2-4) 11,300 (35-40) 
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Figure 3.7a: a-e) Concentrations of PBDE homologs (∑H1-4,∑H5-7, ∑H8-9, and H10) and f-j) homolog compositions  in cores a,f) CBC, b,g) 

CWP, c,h) CLC, d,i) IGC09, and e,j) IGC13. The lower x-axes scales in panels a-e and f-j are for H10 concentration and composition, 

respectively. Note the different upper and lower x-axes scales for panels a-c and d-e. 
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Figure 3.7b: a-e) Concentrations of PCB homologs (∑H1-3,∑H4-6, ∑H7-9, and H10) and f-j) homolog compositions  in cores a,f) CBC, b,g) 

CWP, c,h) CLC, d,i) IGC09, and e,j) IGC13. The lower x-axes scales in panels a-e are for H10 concentration.  
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  High amounts of PCB-209 (peak concentration of 153 ng/g) was observed in IGC09 between 5 to 

30 cm (Figure 3.7b, panel d); interestingly, PCB-209 concentration was low ranging only from 1 to 12 

ng/g in the nearby IGC13 (Figure 3.7b, panel e). PCB-209 was only present in Aroclor 1268 in low 

amounts (4.8% by mass) 
(16,180) 

and only accounted <0.5% of the total U.S. produced PCB.
(13)

 Despite the 

small historical usage of Aroclor 1268, several studies found high sediment phase PCB-209 

concentrations in several industrial areas in the U.S. For example, PCB-209 accounted for approximately 

10% of ∑209PCBs in a sediment sample from the Houston Ship Channel, and was also detected in water 

and biota samples from the same location.
(61)

 Marsh sediment in a Superfund site in coastal Georgia has 

PCB-209 concentration up to 2500 ng/g suspected due to application of Arochlor 1268 to electrical 

equipment in a chlor-alkali manufacturing facility.
(180)

 A titanium dioxide purification plant was suspected 

to be the source of high PCB-209 concentrations in suspended solid from the Delaware River.
(181)

 

Recently, PCB-209 was reported to account for 66, 33, and 50% of ∑209PCBs in commercial paints 

containing phthalocyanine green pigment in Sherwin Williams, PPG, and Vogel brand, respectively.(182) 

Coincidently, it is possible between 1970 to 1992 the HSD WWTP treated wastewater originating from 

various industries
(171)

 which could include a former paint manufacturer. As PCB-209 is not expected to 

occur in high amount in the environment, it is often used as a surrogate for PCB analysis
(58,183)

 The results 

reported here build upon other recent studies
(61,180,181)

 and questions the validity of using PCB-209 as a 

surrogate congener in chromatography analysis especially for urban and/or industrially exposed 

environmental samples.  

 

Inverse relationship between net deposition of PBDEs and PCBs. Radionuclides activities of 
210

Pb, 

137
Cs, and 

226
Ra as a function of depth are shown in Figure B3.10.  Cores CWP and IGC13 had an 

expected trend of decreasing 
210

Pb activity level to 
226

Ra activity level at depth (i.e., achieving fully 

supported 
210

Pb). CBC did not have a discernible trend in 
210

Pb/
226

Ra ratio, consistent with a suspected 

mid-core mixing/scouring event at this site in the 1980 to 2000 time frame. PBDE and PCB 
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concentrations and composition also support the notion of a mid-core mixing/scouring event in CBC 

(Figure 3.7a-b, panels a and e). The trend in 
210

Pb/
226

Ra in CLC was inconclusive for dating purposes 

consistent with a suspected mixing in deeper sediment depth (Figure B3.10c).  

 Whole core net sedimentation rates estimated from CRS method were larger than rates estimated 

from the CIC methods for cores CBC, CLC, and IGC09; rates estimated from both methods differ by 32 

to 77% (Table B3.5). Comparison of whole core net sedimentation rate using CRS and CIC methods 

resulted in similar values only for cores CWP and IGC13. None of the Chicago and IGC cores had 

significantly large 
137

Cs peaks to enable confirmation of peak/onset deposition dates. Therefore, net 

sedimentation (deposition minus any resuspension) was calculated from the top five segments in all cases. 

Reported net sedimentation rate, shown in Table 3.3, were corrected for estimated minimal focus factors 

using the method described in Zhu and Hites (2005). 
(50)

 This was done because fully supported 
210

Pb may 

not have been reached in all cores.
 (50)

 Comparison of the whole-core CIC and CRS methods to the net 

sedimentation rate estimated from the top five sediment segments resulted in a difference of 0.4 to 36% in 

all cores (Table B3.5). 

 In Table 3.3, the surface net deposition (as estimated from the top five sediment segments and 

focus factor corrected) and core inventories of BC, PBDEs, and PCBs from the metropolitan Chicago 

cores were compared to data from southern AR cores near the PBDE production area. The estimated net 

sedimentation rate from the top five sediment segments for core CBC was 1.40 g/cm
2
/yr; substantially 

higher than the other cores which ranged from 0.06 to 0.30 g/cm
2
/yr . This result is consistent with known 

high loadings from high volume RAPS CSO releases.  Core CWP has net deposition rate of 0.08 

g/cm
2
/yr, similar to core AMW with net deposition rate of 0.06 g/cm

2
/yr; CWP and AMW had the lowest 

net deposition rate in the Chicago and IGC cores and in the AR cores, respectively. Cores CLC and 

IGC13 had net deposition rates of 0.30 and 0.15 g/cm
2
/yr, respectively, similar to cores AED and ACL 

with net deposition rates of 0.12 and 0.12 g/cm
2
/yr, respectively.  

 BC can be viewed as a proxy measurement for industrial and/or transportation activities. 

Although BC levels were lower in CBC than in CWP, net BC deposition were higher in cores CBC and 



66 

 

CLC, exceeding 10 mg/cm
2
/yr. This clearly indicates that these cores were highly affected by industrial 

and/or transportation activities. For perspective, BC deposition in the Great Lakes ranged only from 0.02 

to 0.89 mg/cm
2
/yr.

(46) 
Net BC deposition in CWP and IGC13 cores were lower (even though CWP had 

higher BC concentrations), but typical for an urban air shed. For comparison, net BC deposition in 

southern AR (cores AED, AMW, and ACL) was less than 0.5 mg/cm
2
/yr,  as expected from the non-

urban AR locations which is synonymous with a less industrial and/or transportation-related activities. 

 Core AED located closest to the PBDE manufacturing facilities in southern AR has the highest 

48PBDEs and BDE-209 deposition rates.
(151)

 In the absence of industrial and or transportation activity 

(implied from the low BC deposition), the high 48PBDEs and BDE-209 deposition rates were likely due 

to large PBDE manufacturing facilities.
(151)

  48PBDEs and BDE-209 deposition rates in cores AMW and 

ACL were also high and suspected to be influenced by the two PBDE manufacturing facilities.
 (151) 

48PBDEs and BDE-209 deposition in cores AMW and ACL were in the same magnitude as in cores 

CBC and IGC13. Although urban Chicago is lacking in PBDE point sources of the same magnitude as in 

AR, both CBC and IGC13 were highly impacted by industrial activities as indicated by the high BC 

deposition rate. Therefore, the high 48PBDEs and BDE-209 deposition rates observed in CBC and 

IGC13 are possibly from industrial origins. If that is the case, the similarity in PBDE deposition rate 

suggests that post-manufacture industrial discharges can be a large contributor towards PBDE 

contamination in the metropolitan Chicago area.  

 BDE-209 and 48PBDEs net deposition rates in AR cores from PBDE production area were >100 

times higher than core CWP (urban site with primarily airborne deposition). This pronounced difference 

is consistent with the recorded BDE-209 industrial releases reported to Toxic Release Inventory (TRI) 

system.  For example, in 2011, reported BDE-209 released from the two PBDE manufacturing facilities in 

AR were >11000 kg; three orders of magnitude higher than reported BDE-209 releases in IL. 

Additionally, BDE-209 was released from industrial facilities at distal locations from the sampling sites in 

metropolitan Chicago cores. Overall, BDE-209 deposition rates were 10 to 40 times higher than 
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48PBDEs net deposition rates in all the sediment cores. This could be due to the dominant usage of 

Saytex 102E TM relative to the other two PBDE TMs in Chicago. 

  132PCBs net deposition rates in cores CBC and IGC13 were much higher than the other sites. 

This is consistent with discharges of an industrial origin into CSOs and other discharges into the 

industrial waterways. Generally, 132PCBs net deposition rates were substantially higher for urban 

Chicago and IGC cores compared to AR cores. This is expected as PCBs historical usage is largely 

associated with industrial applications. The large discrepancy in 132PCBs net deposition rates between 

Chicago and IGC cores to AR cores are consistent with TRI data of PCB discharges. Total release for IL 

was 70 kg whereas AR had no reported industrial related PCB emissions in 2008. 

 In AR sediment cores, the PBDE/PCB net deposition ratios were at least two orders of magnitude 

higher than the urban Chicago and IGC cores. These were driven by the substantially higher 49PBDEs 

net deposition in the PBDE production area, coupled with the lack of PCB deposition in AR sediments. 

Comparison of PBDE/PCB net deposition ratios in Chicago and IGC cores revealed that core CWP had 

the highest ratio. Observation of the PBDE and PCB concentration data with depth indicate that this trend 

emerged from the rapid increased in PBDE concentration rather than a substantial decline in PCB 

concentration (Figure 3.7a-b, panels d). This result demonstrates that prevention of release in the first 

place is the most effective remedial strategy. Four decades after the PCB ban, substantial amounts still 

enter the sediments.  

 In the metropolitan Chicago cores, 49PBDEs and 132PCBs inventories span two orders of 

magnitude and followed a similar decreasing trend of IGC13 > CBC > CLC > CWP. Maximum PCB and 

PBDE inventories were in core IGC13 with 14,700 ng/cm
2
 and 130,800 ng/cm

2
 for 49PBDEs and 

132PCBs, respectively.  Although the 49PBDEs inventory in IGC13 was within the same order of 

magnitude to AMW and ACL, this was still one order of magnitude lower than core AED in the AR 

PBDE production area. Although there are no 132PCBs inventory for AED and ACL (PCB 

concentrations were only analyzed at the surface due to low concentration), AR cores were expected to 
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have low 132PCBs inventory compared to Chicago and IGC cores, as was observed in core AMW. Cores 

AED and ACL were expected to have high ratios of PBDE/PCB inventory as was observed in core 

AMW. The lowest PBDE inventory was in core CWP, the sole metropolitan Chicago core not influenced 

by any direct industrial or CSO discharges.  As an interesting note, core CWP also had the lowest 

132PCBs inventory. Given the trend in increasing PBDE and declining PCB concentrations in recent 

years (Figure 3.7a-b, panels b), the PBDE/PCB ratios in core CWP are expected to increase in the future. 
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Table 3.3. Sedimentation and chemical loading for Chicago, IGC and Arkansas sample sites. Shown are net deposition rates of black carbon (BC), 

49PBDEs, and 132PCBs in surface sediment, and inventories for core depth as shown.  

Core 

Core 

length 

(cm) 

Net 

sedimentation 

rate
a
 

(g/cm
2
/yr) 

Focus 

factor
b
 

Net surface deposition rate
c
 

49PBDEs 

inventory 

(ng/cm
2
) 

132PCBs 

inventory 

(ng/cm
2
) 

PBDE/PCB 

Net 

deposition 

ratio 

PBDE/PCB 

Inventory 

ratio 
BC  

(mg/cm
2
/yr) 

48PBDEs
d
 

(ng/cm
2
/yr) 

BDE 209 

(ng/cm
2
/yr) 

132PCBs 

(ng/cm
2
/yr) 

CWP 30 0.08 0.76 3.80. 2.7 31.5 4.0.0 778 1540 8.1 0.51 

CLC 34 0.30 0.86
b
 15.4. 9.6 21.5 84.3.0 2005 20200 0.4 0.10 

CBC 35    1.4044 1.40
b
 22.4. 40.4 235.0.0 740.1.0 9540 66200 0.8 0.14 

IGC13 60 0.15 2.50 1.20. 22.4 86.7 180.6.0 14700 130800 1.8 0.11 

AED 

[151] 
25 0.12 ND

e
 0.90 298.0.0 6690.0 0.1 289300 ND

e
 9300.0.0 ND

e
 

AMW 

[151] 
56 0.06 ND

e
 0.20 78.4 346.0 4.2 67200 4650 100.0.0 14.40 

ACL 

[151] 
45 0.12 ND

e
 0.20 13.2 298.2 0.4 10300 ND

e
 870.0.0 ND

e
 

a 
Calculated from top five segments in all cases. 

b 
Estimated minimum as full unsupported 

210
Pb may not have been reached.

 c 
Focus factor corrected net deposition 

rate. 
d 
Sum of mono- through nona-BDEs. 

e 
ND = Not determined.
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Comparison of PBDE and PCB concentrations. Surface PBDE concentrations in the Chicago and IGC 

cores were compared to other selected studies in the U.S. (Table 3.4). The highest surface PBDE 

concentration in the present study was observed in core IGC13; an order of magnitude higher than levels 

observed in the Great Lakes.
(45,49,47) 

PBDE concentrations in cores CBC, CLC, and CWP were higher than 

those observed in the Great Lakes with the exception of Lake Ontario.
(47)

 The highest reported PBDE 

concentration in the U.S. was observed in core AED (6950 and 57193 ng/g at surface and peak 

concentrations, respectively).
(151)

 Cores AMW and ACL (located proximate to the two PBDE 

manufacturing facilities) have high PBDE concentrations as well; 35600 and 48481 ng/g for surface and 

peak concentrations in core AMW, and  2503 and 2580 ng/g for surface and peak concentrations in core 

ACL.
(151)

 While PBDE levels in the Chicago and IGC cores were higher than recent values reported in 

Lake Michigan,
(53)

 Saginaw river watershed,
(51)

 and Hadley Lake, IN
(52)

, the values observed in the current 

study were still one to two orders of magnitude lower than the AR cores proximate to the PBDE 

manufacturing facilities. In eastern and northern AR locations, PBDE concentrations were significantly 

lower. For example, total PBDE concentration in core AFR was less than 10 ng/g at all sediment depth; at 

least an order of magnitude lower than PBDE levels observed in the Chicago and IGC sites. This was 

expected as these northern AR sampling locations are less developed relative to the Chicago and IGC 

immediate surroundings (Figures 3.1 and A3.1) and outside the area of high atmospheric deposition near 

the PBDE source zone (i.e, at a location distal from the two PBDE manufacturing facilities). PCB levels 

in the Chicago and IGC cores were lower than the Great Lakes (Table 3.4).
(58)

 In IGC13, surface 

132PCBs concentration was two orders of magnitude higher than total PCB concentrations in the Great 

Lakes
(58)

 and much higher than the AR sediment cores. PCB concentrations in cores CBC, CWP, and 

CLC were one to two orders of magnitude lower than PCB levels from other industrialized areas such as 

the IHC
(60)

 and the Houston Ship Channel.
(61)

 Although PCB concentration in IGC13 was comparable to 

these industrial areas, it was still an order of magnitude lower compared to PCB legacy sites such as 

Thompson Island Pool in the Hudson river, NY.
(5)
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Table 3.4. PBDE and PCB concentrations in selected recent studies of surface sediments in the U.S. 

Contaminant Area Location 
Sampling 

locations 

Analyzed 

congeners 

Concentration 

(ng/g d.w.) 

PBDEs Great Lakes 
Lake Michigan

(49,50)
 

3 10 47.9-97.3 

1 18 2.6 

Lake Huron
(49)

 3 10 23.2-37.9 

Lake Superior
(45)

 4 10 7.1-20.6 

Lake Erie
(47,50)

 
2 10 52.0-57.4 

1 18 1.1 

Lake Ontario
(47)

 2 10 217.5-246.8 

Inland Lake 

Michigan 
White Lake

(53)
 1 23 0.39-2.4 

Muskegon Lake
(53)

 1 23 0.98-3.9 

Saginaw River, 

Michigan 
Shiawasse River

(51)
 28 10 0.2-12.8 

Saginaw River
(51)

  20 10 0.2-49.4 

Saginaw Bay
(51)

  5 10 0.05-6.5 

Indiana Hadley Lake, IN
(52)

 4 7 34-71 

Arkansas Lake Calion (ACL) 
(151)

 1 49 2500 

Lake Jack Lee (AJL)
 (151)

 1 49 402 

West Lake of El Dorado 

(AED) 
(151)

  
1 49 6950 

Magnolia WWTP Pond 

(AMW)
 (151)

  
1 49 35,600 

Lake Old Town (AOT)
 

(151)
  

1 49 11.8 

Lake Frierson (AFR) 
(151)

  1 49 4.28 

PCBs Great Lakes Lake Michigan
(58)

 3 38 18.6-41.6 

 Lake Huron
(58)

 3 38 7.8-18.7 

 Lake Superior
(58)

 4 19 3.4-27.5 

 Lake Erie
(58)

 2 38 23-28.3 

 Lake Ontario
(58)

 2 38 58.3-63.6 

Texas Houston Ship Canal
(58)

 98 209 4 to 4601 

New York Thompson Island Pool
(5)

 1 28 20,140 

Indiana 
Indiana Harbor and 

Canal
(60)

 
2 209 1200 
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Airborne versus waterborne PBDE and PCB Exposure Pathways. Two modes of PBDE and PCB 

exposures were postulated for Chicago and IGC cores; 1) anthropogenic discharges including combined 

sewage outfall (CSO) and WWTP effluent and 2) atmospheric deposition. Cores CBC and IGC13 are 

riverine systems which are predominantly recharged by anthropogenic discharges. As previously 

discussed, site CBC is primarily fed by large volume CSO discharges from RAPS whereas site IGC13 

originated primarily from HSD WWTP effluent, effluent from other WWTP and industries, as well as 

multiple CSO discharge points along its bank. Cores CBC and IGC13 are thus referred collectively as 

waterborne deposition-dominated cores.  

 Studies characterizing PBDE and PCB occurrences in WWTP effluent and CSOs are abundant; 

recent studies are summarized in Table A3.6. For example, discharges of up to 29 ng/L total PBDEs from 

a Palo Alto, CA WWTP facility was estimated to contribute 0.9 kg of PBDEs annually into the San 

Francisco estuary.
(40)

 CSOs discharging into the Columbia River Basin and in Switzerland have 

documented PCB concentrations as high as 440 and 403 ng/L, respectively.
(184,185)

  Analysis of the 

scientific literature identified relatively few studies characterizing the level of PBDEs and PCBs in non-

WWTP discharges. This limits the ability to compare PBDE and PCB levels in these non-WWTP 

discharges. In core CWP, the primary PBDE and PCB deposition pathways are via wet and dry 

atmospheric depositions as natural and anthropogenic hydrologic inflow are absent to site CWP. 
(166,167) 

Core CWP is thus referred to as an airborne deposition-dominated. The documentation of PBDEs and 

PCBs in remote areas that is unlikely to be influenced by industrialization and urbanization (such as in 

Lake Siskiwit and the Arctic) are among the strongest evidence of long range atmospheric transport of 

PBDEs and PCBs. 
(186,187,188,189)

 CLC has aspects of both types of sites; receiving waterborne runoff from 

Pullman creek, as well as a substantial airborne component due to its lacustrine environment and 

proximity to local airborne sources. 

 An interesting trend emerges when observing the 48PBDEs, BDE-209, and 132PCBs net surface 

deposition rates, 49PBDEs and 132PCBs inventories, and PBDE/PCB net deposition and inventory ratios 
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(Table 3.3). In urban waterborne deposition-dominated cores (CBC and IGC13), 48PBDEs, BDE-209, 

and 132PCBs net surface deposition rates were substantially higher compared to the atmospheric 

deposition-dominated core (CWP), which results in a relatively larger 49PBDEs and 132PCBs 

inventories in cores CBC and IGC13. All urban cores that receive some form of aqueous discharge have 

high 132PCBs deposition rates. PBDE/PCB net deposition ratios in urban waterborne deposition- 

dominated cores were much lower compared to atmospheric deposition-dominated core. However, 

PBDE/PCB inventory ratio was much higher in the atmospheric deposition-dominated core. Overall, 

these observations suggest that urban aqueous discharges such as CSOs, stormwater discharges, and 

WWTP effluent can be a major of PBDEs and PCBs in the sediments of urban waterways. However, 

atmospheric loadings in such environments are still high compared to rural AR and the Great Lakes. For 

example, core CWP had high PBDE deposition (2.7 and 4.0 ng/cm
2
/yr for 48PBDEs and BDE-209 net 

surface deposition rates, respectively) but much lower for PCBs (4.0 ng/cm
2
/yr 132PCBs net surface 

deposition). This indicates that current atmospheric deposition of PCBs is not as high as in the past and is 

now greatly exceeded by PBDEs. 

 In AR sediment cores, 48PBDEs and BDE-209 net surface deposition rates were one to three 

orders of magnitude larger than 132PCBs net surface deposition. This results in a very high PBDE/PCB 

net deposition ratio. Interestingly, BDE-209 net surface deposition rates were similar in the AR and urban 

Chicago and IGC sediment cores. This may reflect the dominance of Saytex 102E in consumer products 

in metropolitan Chicago and/or a result from the differential transport of PBDE homologs. Driven by the 

large PBDE concentration, the 49PBDEs inventories in AR sediments were one to three orders of 

magnitude larger than the Chicago and IGC sediment cores. In contrast to the case with PBDEs in riverine 

sediments, the 132PCBs inventory in core AMW was similar to levels observed in core CWP, indicating 

that aqueous discharge is not a major contributor of PCBs to the sediment phase. 

 Radionuclide data enabled accurate sediment dating only for cores CWP and IGC13; thus the 

PBDE and PCB depositional trends in these cores were compared to core AMW to better understand 
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recent trends in atmospheric deposition. Core CWP, the only atmospheric deposition-dominated 

metropolitan Chicago core has increasing 49PBDEs at a rate of 9.2 ± 1.1% per year since the 1980s 

(Figure 3.8a). Tracking of cumulative PBDE congeners in Saytex 102E, DE-71, and DE-79 TMs showed 

that all three TMs experienced increased deposition rates in recent year with the rates increasing in the 

order of DE-79 > DE-71 >> Saytex 102E (Figure 3.8d). In contrast, 49PBDEs deposition has been 

increasing by only 1% per year at core IGC13 during this time (Figure 3.8b). The three PBDE TMs in 

core IGC13 also experienced an increase in deposition rates in similar order albeit at a less pronounced 

rate relative to core CWP (Figure 3.8e). In core IGC13, only DE-79 TM has a statistically significant 

regression.  Over the same time, 132PCBs deposition has declined by approximately 1% per year in cores 

CWP and IGC13 (the rate was only statistically significant at CWP at the 90% CI). Depositional trends 

for PCB Aroclors in recent years were not tracked because of the large number of congeners that overlap 

in the PCB Aroclor mixtures which makes reliable regression analysis difficult. The relatively slow 

decline in 132PCBs deposition compare to the rapidly increasing rate of 49PBDEs deposition provides 

further proof that the higher ratio of PBDE/PCB deposition in core CWP in recent years was driven 

primarily by the rapid increase in PBDE deposition rather than a decline in PCB deposition. PBDE 

deposition rate in the atmospheric deposition-dominated urban sediment was twice as high compared to 

the waterborne deposition-dominated urban sediments (CBC and IGC13). The increasing PBDE 

concentration and net deposition rate observed in core CWP does not match the fluctuating levels of 

atmospheric PBDE concentration in the Chicago area as recorded by the Integrated Atmospheric 

Deposition Network.
(190-193)

 However, it should be noted that air measurements respond much more 

quickly to changes than do integrated sediment core measurements over yearly to decadal time frames. 

 Sediment at site AMW provided an interesting point for comparison. While it received Magnolia 

WWTP effluent from 1952 to 1989 (i.e. waterborne-source dominated), and after the pond was no longer 

actively used for WWTP, PBDEs and PCBs would be expected to come primarily through airborne 

deposition. Core AMW had two dramatically different PBDE deposition regimes; this expectation is 
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consistent with observation. During the pond active use, PBDE deposition increased at a rate of 7.6% per 

year, and decreased by 4.9% per year since 1989 when the pond no longer received treated WWTP 

effluent from the Magnolia facility (Figure 3.8c). While 49PBDEs net deposition rates were increasing, 

all three PBDE TMs also experienced an increase in deposition rate (Figure 3.8f). It is interesting to note 

that DE-79 increased at a faster rate compared to DE-71 in core AMW. Concomitant with the decline in 

49PBDEs net deposition rate, the decline in the net deposition rates of Saytex 102E and DE-79 were also 

observed. In contrast, there was no discernible trend in net deposition rate (either upward or downward) 

for DE-71. Since WWTP loading to site AMW ceased after 1989, core AMW has a similar 49PBDEs 

deposition rate as core ACL, likely reflecting the predominance of PBDE atmospheric sources shared by 

these sediment columns (Table 3.3). Over both the pre- and post-1989 time periods, 132PCBs declined at 

7.6% per year; consistent with PCB usage decline since the U.S production ban took effect in the 1970s.  
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Figure 3.8: a-c)49PBDEs and 132PCBs in 1960-2010 and d-f) Saytex 102E,DE-71, and DE-79 TMs in 

cores a,d ) CWP, b,e) IGC13, and c,f) AMW. DE-71 TM contains congeners 17, 28/33, 47, 49, 66, 85, 99, 

100, 126/155, 138, 139, and 154. DE-79 TM contains congeners 138, 153, 183, 196, 197, 201, 203, 207, 

and 208. Saytex 102E TM contains congeners 206 and 209. Statistically significant regressions at the 

95% CI are in bold and 90% CI are non-bold. Regressions were split between periods of active pond use 

(pre-1989) and non-active use (post-1989) in AMW. Note the different scale on the y-axes in panels a-f.  
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 A second major difference between waterborne- and atmospheric-sourced sites is the enrichment 

of LMW PBDE homologs in waterborne deposition-dominated cores. In the metropolitan Chicago cores, 

surface sediments in the waterborne deposition-dominated cores have higher tetra- and penta-PBDE 

homologs compared to surface sediment in atmospheric deposition-dominated core. For example, the 

tetra- and penta-BDE homologs have 4 to 5% composition in core CBC and 5 to 6% composition in core 

IGC13. In contrast, tetra- and penta-BDE homologs comprised only 1.8% each in core CWP (Figure 3.9). 

Core AMW had similar tetra- and penta-BDE compositions prior to 1989 as those observed in the 

waterborne deposition-dominated cores in metropolitan Chicago (4.7 and 3.4% tetra- and penta-BDE 

congeners, respectively). Previous study in the Great Lakes provide insight into the accumulation of 

LMW PBDE congeners observed in sediments influenced by waterborne deposition (the comparisons in 

this section only use 10PBDEs and 8PCBs congeners measured in common between all studies). Lake 

Superior sediment cores from sites SU-08, SU-12, and SU-16 located towards the middle of the lake have 

lower surface fluxes of BDE homologs 1-9 (8 - 13 µg/cm
2
/yr) whereas core SU-22 located comparatively 

close to the Duluth, MN metropolitan area had higher surface fluxes of BDE homologs 1-9 (31 

µg/cm
2
/yr); 

(45)
 possibly reflecting influence of waterborne sources. Anthropogenic discharges can carry a 

higher relative abundance of LMW PBDE congeners consistent with the increasing hydrophobicity and 

much lower aqueous solubility of the HMW PBDE congeners.
(19)

 For example, the dominant congeners in 

the DE-71 TM (BDE-47, 99, 100, 153, and 154) constituted 88% of the total PBDEs in a Palo Alto, CA 

WWTP effluent stream.(40)
 However, caution should be exercised in drawing too broad a conclusion 

without considering the impact of local PBDE sources. Marlowe Creek, NC, a site primarily fed by  

WWTP effluent that potentially treats wastewater originating from a plastic goods manufacturer,
(194)

  has 

lower relative abundance of tetra- and penta-PBDE homologs (0.7 and 1.4% tetra- and penta-PBDE 

homologs, respectively). Additionally, hexa- and hepta-PBDE homologs were also absent in Marlowe 

Creek sediments;
(194)

 indicating local sources of PBDEs unique to the site. 

  Cores CWP and northeastern AR (cores that were likely dominated by atmospheric-deposition) 

have similar homolog profiles to those observed in the Great Lakes. This similarity can arise due to 
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differential long distance PBDE atmospheric transport. In the Great Lakes region, detection of PBDEs in 

remote sediment cores at locations absent of anthropogenic contaminant sources demonstrates the 

substantial long-range transport potential of LMW and HMW PBDE congeners.
(26,45,47,49,186) 

The 

northeastern and southern AR sediment cores have distinctively different PBDE homolog profiles. In 

particular, LMW PBDE homologs were substantially lower in southern AR surface sediments near PBDE 

manufactures compared to northeastern AR surface sediments. The lack of LMW PBDE homologs in 

southern AR cores can be attributed to several factors: 1) low atmospheric concentrations of less 

brominated PBDE homologs stemming from voluntary industry bans on DE-71 and DE-79 TMs resulting 

in lower loadings of LMW PBDE to the sediment phase, 2) the short distance between the PBDE point 

source emissions and deposition sites resulting in little/no photolytic transformation from large to small 

BDE homologs prior to sedimentation, and 3) less partitioning to the sediment phase by LMW PBDE 

congeners such as BDE-47 and 99 relative to HMW PBDE congeners.
(190-193)

 This would result in greater 

mobility and thus dispersion of the lesser brominated congeners.   
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Figure 3.9: a) Compositions and b) BDE-209 normalized compositions of tetra-, penta-, hexa-, and hepta-

PBDE homologs in Chicago, IGC, AR, MC, and Great Lakes surface sediments. In a) 10PBDEs 

represent sum of commonly analyzed PBDE congeners in all the studies (BDE-28, 47, 66, 100, 99, 85, 

154, 153, 183, and 209). In the Great Lakes, composition values shown represent average of all sampling 

sites within the lake. References: (1)
(151)

; (2) 
(194)

; (3) 
(45)

; (4) 
(49)

; and (5): 
(47)

. 

  

 It is also notable that cores from southern AR near the PBDE production areas (AED, AMW, and 

ACL) have 10PBDEs/8PCBs ratios greater than 10:1; in contrast to the Great Lakes sites that have 

10PBDEs/8PCBs ratios less than unity (Figure 3.10). The 10PBDEs/8PCBs ratios in the metropolitan 

Chicago cores were in between 1 and 10, but typically closer to the 1:1 line.  The largest change in 

10PBDEs/8PCB ratio was observed in core CWP; the vertical series data point towards a clear temporal 

trend. Higher ratio on the y-axis corresponds to more recently deposited sediments. 
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Figure 3.10: Ratio of 10PBDEs and 8PCBs concentrations in sediments from the metropolitan Chicago, 

AR, and the Great Lakes.10PBDEs represent sum of commonly analyzed PBDE congeners in all the 

studies (BDE-28, 47, 66, 100, 99, 85, 154, 153, 183, and 209). URB-W are Chicago metropolitan 

waterborne deposition-dominated cores (CBC, CLC, and IGC13), URB-Atm is Chicago metropolitan 

atmospheric-deposition dominated core (CWP), AR-W is AR waterborne deposition-dominated cores 

(AMW), AR-Source are southern AR production area cores (AED and ACL), AR-Atm are northeastern 

AR atmospheric-deposition impacted cores (AJL, AOT, and AFR), and the Great Lakes. Lines represent 

1:1 and 10:1 ratios of 10PBDE:8PCBs.  
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3.4.4. Evaluating evidence of in-situ degradation of PBDEs and PCBs 

 

Enrichment of low molecular weight congener. Dehalogenation of PBDEs and PCBs over time would 

be expected to result in enrichment of LMW congeners that are observable in undisturbed cores. I 

investigated this possibility by analysis of the degree and type of halogen substitution. Such an approach 

was used in Lake Ontario, where increased in PCB homologs (, , and ) with 

increased sediment depth was interpreted as signs of in-situ PCB dehalogenation in Lake Ontario.
(58)

 

Using the same approach, PBDE degradation in core AMW was also suspected  based on an apparent 

increased in the relative abundance of LMW PBDE homologs (and ) with increased 

sediment depth.
(58)

  

 In the Chicago metropolitan sediment columns, there was no clear increase in 

and or clear decrease in H10 (BDE-209) with depth in cores CBC, CWP, and 

IGC13 (Figure 3.7a, panels f, g, and j). As a note, increased in H10 (BDE-209) composition in IGC13 

sediment deeper than 25 cm stemmed from the low amount of BDE-209 rather than changes in the other 

PBDE homologs as was explained in Section 3.4.3. In core CLC, increased in and PBDE 

homologsand to some extent increased in  PBDE homologs concomitant with a decrease in H10 

(BDE-209) composition were observed towards the upper sediment segment; these trends in homologs 

distributions are similar to core AMW and can be an indication of in-situ PBDE dehalogenation in core 

CLC. 

  The composition of and PCBs were relatively constant with depth in 

core CWP and IGC13; more degree of fluctuations were observed in core IGC13 (Figures 3.7b, panels g 

and j). Increased in and decreased in were observed towards the upper sediment segments 

in core CBC (Figure 3.7, panel f). Generally, decrease in HMW homolog concomitant with increase in 

LMW homolog towards the upper sediment segment is observed under in-situ degradation, as was the 

case with PBDEs in core AMW and PCBs in Lake Ontario sediments;
(58,151) 

The increase in LMW 

homolog towards the surface sediment is attributed to degradation of the HMW congener. Given that in 
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core CBC, have a higher molecular weight than , increased in and decreased in 

observed towards the surface sediment is not attributed to in-situ degradation and is more likely a 

response to PCB deposition at site CBC. In core CLC, increased in and   towards the 

surface sediment were observed concomitant with decreased in  (Figure 3.7b, panel h). The trends 

in homolog composition in core CLC can be interpreted as partial PCB dehalogenation of to 

; although this is noted as not a strong indicator given the rapid decreased in concentration 

which could have influenced the homolog distribution in core CLC. 

 

Comparison of PBDE TMs and PCB Aroclor mixtures to PBDE and PCB sediment profile. The 

increase in the relative abundance of LMW PBDE or PCB homologs concomitant with a decrease in 

HMW PBDE or PCB homologs towards the upper sediment segment should not be presented as a single 

indicator of in-situ dehalogenation; multiple lines of evidence are necessary to strengthen the argument 

in-favor in-situ dehalogenation. In an effort to better evaluate in-situ dehalogenation, the whole core mean 

PBDE and PCB congener profile in sediment was compared to PBDE TMs and PCB Aroclor mixtures 

profiles, respectively, using multiple least square regression (MLSR). The MLSR method was applied to 

previous studies to compare whole core mean PCB congener profile and a suite of PCB Aroclor mixtures 

to evaluate the contribution of PCB Aroclor mixtures to the observed PCB congener profile in the 

sediment.
(10, 16, 65)

 In-situ degradation can result in large MLSR residual between PBDE TMs and PCB 

Aroclor. However, it should be noted that discrepancy between PBDE TMs and PCB Aroclor mixtures to 

congener profile in sediment can be attributed to several other factors such as differential homolog 

transport rate and homolog transformation from source sites to receptor site, and homolog transport in the 

sediment column. In this study, MLSR analysis was applied to both PBDEs and PCBs. The DE-71, DE-

79, and Saytex 102E were the model profiles for PBDEs, and Aroclor mixtures 1016, 1242, 1248, 1254, 

and 1260 were the model profiles for PCBs.  
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 The weighted average of PBDE congener profile in Chicago and IGC13 cores are compared to 

PBDE TMs as shown in Figure 3.11. PBDE homologs 1 to 3 were observed in cores CBC, CWP, CLC, 

and IGC13; these LMW PBDE homologs were not present in the DE-71, DE-79, and Saytex 102E TMs. 

Although absent in the three PBDE TMs composition, BDE-49, 28/33, and17 were consistently present in 

cores CBC, CWP, CLC, and IGC13. BDE-47, 100, and 99 which were the dominant congeners in the DE-

71 TMs were present at much lower composition in the Chicago and IGC13 sediment cores. BDE-183 

which is the most dominant congener in the DE-79 TM was only present in Chicago cores. The higher 

composition of PBDE congeners from the DE-71 TM relative to the DE-79 TM indicates that the PBDEs 

in the Chicago and IGC sediment cores were exposed to higher level of DE-71 compared to DE-79. 

Although the Saytex 102E was composed primarily of BDE-209 (> 96%), BDE-206 and BDE-207 were 

detected at ~2 % and ~0.02% , respectively. Interestingly, BDE-206 and BDE-207 compositions were 

higher in the Chicago and IGC13 cores compared to the compositions in the Saytex 102E TM. 

 MLSR residual, calculated as site average congener minus the sum of MLSR regression model 

represent the difference between the PBDE congener profile in sediment and the three PBDE TMs. The 

MLSR regression model assumes a linear mixing model (LMM). AMW MLSR residual provided an 

interesting comparison point as PBDE degradation is suspected in AMW. PBDE congeners absent in the 

three PBDE TMs but present in high compositions in the Chicago and IGC13 sediment cores such as 

BDE-49, 28/33, and 17 have high MLSR residual (Figure 3.12). Overall, the PBDE MLSR residuals were 

generally higher in the Chicago and IGC13 cores relative to AMW core. PBDE congeners that were 

present in the sediment cores at noticeable composition (Figures 3.11 a-d), but absent in the three PBDE 

TMs such as BDE-49, 28/33, and17, have high MLSR residuals in the metropolitan Chicago and AMW 

cores. Dominant congeners in the DE-71 TM such as BDE-47 and BDE-99 have higher MLSR residuals 

than dominant congeners in the DE-79 TM such as BDE-183. Generally, nona-PBDE congeners (BDE-

208, 207 and 206) have high MLSR residuals that increase in the order of BDE-206 < BDE-208 < BDE-

207. Interestingly, BDE-209 MLSR residual in the Chicago metropolitan and AMW cores were negative. 

This trend would be consistent with a degradation of BDE-209 in the sediment phase. 
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Figure 3.11: Weighted average PBDE congener mole fractions at a) CBC, b) CWP, c) CLC, and d) 

IGC13 compared to PBDE TMs congener mole fractions in e) DE-71, f) DE-79, and g) Saytex 102E. 

BDE-209 is shown on right y-axes; note different left y-axes for a) to d) and e) to g). 
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Figure 3.12: PBDE MLSR residuals calculated as site average congener mole fraction minus MLSR 

regression model assuming LMM in cores a) CBC, b) CWP, c) CLC, d) IGC13, and e) AMW. Note that 

BDE-209 is shown on the right y-axes at a 10x scale. 
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 Comparison of the weighted average of PCB congener profile in sediment to four PCB Aroclor 

mixtures showed that both LMW and HMW PCB congeners were present in the Chicago and IGC13 

cores (Figure 3.13 a-d). In contrast to the case of PBDEs, not one congener was highly dominant over the 

other in the sediment cores. Core CBC was enriched in HMW PCB; Generally, PCB congeners with six 

or more chlorine substitutions have high composition in core CBC. Medium PCB congeners (PCB 

congeners with four to six chlorine substitutions) were enriched in all the Chicago and IGC13 cores. 

LMW PCB congeners, in this case referring to PCB congeners with one to three chlorine substitutions 

were more enriched in cores CWP and CLC. PCB Aroclor mixtures also have a wide range of congeners; 

this is in contrast to PBDE TMs which are highly dominated by one to three congeners. Aroclor mixtures 

1016 and 1242 have LMW PCB congeners, Aroclor mixtures 1248 has low to medium molecular weight 

PCB congeners, Aroclor mixture 1254 has medium molecular weight PCB congeners, and Aroclor 

mixture 1260 has HMW PCB congeners (Figure 3.13 e-i).   

 PCB MLSR residuals for the Chicago metropolitan and AMW cores are shown in Figure 3.14. 

HMW PCB congeners generally have positive residual values and were the highest residual in core CBC. 

Generally, most of the PCB congeners in core CWP have low MLSR residual relative to cores CBC, 

CLC, IGC13, and AMW. In core CLC, LMW PCB congeners (in this case referring to PCB congeners 

with one to three chlorine substitutions) have high MLSR residuals compared to medium and HMW PCB 

congeners (PCB congeners with four to six chlorine substitutions and six and more chlorine substitution, 

respectively). In cores IGC13 and AMW, LMW PCB congeners have high negative MLSR residual 

values whereas medium PCB congeners have high positive MLSR residual values. The trends in PCB 

MLSR residual values indicates that if in-situ PCB degradation is occurring, CBC has HMW PCB 

congeners degradation, CLC has LMW PCB congeners degradation, CWP is unlikely to have PCB 

degradation, and IGC13 and AMW has low and medium PCB congeners degradation. 
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Figure 3.13: Weighted average PCB congener mole fractions at a) CBC, b) CWP, c) CLC, and d) IGC13 

compared to PCB Aroclor mixtures congener mole fractions in e) Aroclor 1016, f) Aroclor 1242, g) 

Aroclor 1248, h)Aroclor 1254, and i) Aroclor 1260. Note the y-axis scale for a) to d) and e) to i).  
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c) CLC
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Figure 3.14: PCB MLSR residual values calculated as site average congener mole fraction minus MLSR 

regression model assuming LMM in cores a) CBC, b) CWP, c) CLC, d) IGC13, and e) AMW. 
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b) CWP
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 While the MLSR residual value represents the difference between PBDE or PCB sediment 

congener profile to PBDE TMs or PCB Aroclor mixtures congener profiles, the MLSR coefficient 

represent the loadings of model profiles into the sediment distribution. Cores CBC and IGC13, the two 

urban waterborne deposition-dominated cores had the highest DE-71 TM loading whereas core CWP, the 

urban atmospheric deposition-dominated core has the lowest DE-71 TM loading (Table 3.5). MLSR 

predicted low loadings of DE-79 TM in all sediment cores. AMW is the only core where DE-79 TM 

loading exceeded DE-71 TM loading; this is consistent with the higher deposition of DE-79 TM 

congeners relative to DE-71 TM especially during core AMW active use period (Figure 3.8c). Saytex 

102E has the highest MLSR predicted loading consistent with the dominance of BDE-209 in all cores.  

 MLSR predicted loadings for PCB Aroclor mixture were more complex. Core CWP which is the 

only atmospheric deposition-dominated core has the lowest Aroclor 1016 predicted loading. Aroclor 1242 

was not expected to contribute to PCB distributions in cores CBC, IGC13, and AMW whereas in cores 

CWP and CLC, predicted MLSR loadings were low (< 1%). MLSR predicted Aroclor 1248 to be the 

dominant PCB contributors in all sediment cores except for CBC. MLSR predicted high loadings in cores 

CWP, IGC13, and AMW and low loadings in cores CBC and CLC for Aroclor 1254. Aroclor 1260 was 

predicted to have high loadings in all sediment cores and expected to be dominant in core CBC. The 

MLSR predicted loadings for PCB Aroclor mixtures highlights the complex nature of sediment deposited 

PCBs which can originate from many PCB Aroclor mixtures. 

 The highest PBDE MLSR residual values were observed in core CLC; a high residual would be 

consistent with dehalogenation activity producing congeners not found in PBDE TMs.  On the other hand, 

the highest PCB MLSR residual values were observed in core CBC. Overall, the MLSR fit was better for 

PBDEs relative to PCBs (PBDE R
2 

= 0.776 – 0.974; PCB R
2
 = 0.443 – 0.919). Given that PCBs have 17 

Aroclor mixtures, 
(16)

the relatively poor MLSR fit for PCBs could be due to other Aroclor mixtures not 

considered in this analysis.  
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Table 3.5. Multiple linear square regression (MLSR) predicted loading for PBDE TMs and PCB 

Aroclor mixtures, PBDE and PCB MLSR residuals and MLSR fit in Chicago metropolitan and 

AMW sediment cores. 

Site BDE TMs Residual R
2
 

 
DE-71  DE-79  

Saytex 

102E   

CBC 0.173  0.003  0.736 0.088 0.974 

CWP 0.028  0.003  0.904 0.065 0.776 

CLC 0.082  0.009  0.751 0.158 0.863 

IGC13 0.140  0.003  0.779 0.054 0.967 

AMW 0.016  0.027  0.903 0.078 0.842 

 
PCB Aroclor Mixtures 

  

 
1016 1242 1248 1254 1260 

  
CBC 0.248 0.000 0.189 0.072 0.327 0.165 0.443 

CWP 0.059 0.005 0.383 0.197 0.262 0.094 0.919 

CLC 0.271 0.002 0.480 0.091 0.133 0.025 0.895 

IGC13 0.220 0.000 0.354 0.165 0.165 0.101 0.609 

AMW 0.242 0.000 0.257 0.242 0.219 0.039 0.672 

 
 

 

Ortho, meta, and para-substitution. Microbial reductive dehalogenation can favor meta- and para-

halogens removal,
(62,67,102,103)

 a relative enrichment of ortho-halogens along with a lower degree of 

halogenation are expected if substantial reductive dehalogenation was occurring in these sediment cores.  

 In most cores, there were no observable temporal trends in ortho-substitution or average 

chlorination (Figure 3.15 a-e). Site CLC was an exception; decreased in degree of chlorination was 

observed along with increased in ortho-substitution and decreased in meta-substitution (Figure 3.14c). 

This could be the best evidence for microbial facilitated in-situ PCB dehalogenation. 

 No change in cores CBC and CWP degree of bromination or clear trends in ortho-, meta-, and 

para-substitutions (OMP-substitution) were observed in cores CBC and CWP (Figure 3.14 f-g). In core 

CLC, increase in degree of bromination with depth was observed (Figure 3.15h); this is possibly due to 

the increased composition of BDE-209 with depth (Figure 3.7h). Decreased in para-substituted congeners 

with sediment depth was observed along with increase in meta-substituted congeners; this trend does not 
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fit into the observation that microbial reductive dehalogenation favors meta- and para-halogens removal. 

While the decreased in para-substituted congeners could be facilitated by microbial reductive 

debromination, it could also be an artifact of change in PBDE congener deposition in core CLC. Overall, 

the potential for PBDE degradation in core CLC was inconclusive from the OMP-substitution pattern.  In 

core IGC13, decreased in degree of debromination along with decreased in meta-substitution concomitant 

with increased in para-substitution was observed in the lower sediment segment (Figure 3.15 i). Although 

this trend is in favor of microbial facilitated PBDE degradation in the lower sediment segment, further 

observation into the PBDE concentration showed that the decreased in degree of bromination is attributed 

to the rapid decline of BDE-209 in the lower sediment segment (Figure 3.7a, panel j) rather than actual 

loss of halogen; at best, the potential for PBDE degradation in IGC13 based on trends in OMP-

substitution is inconclusive. In core AMW, increased in degree of debromination was observed between 0 

to 10 cm depth (Figure 3.15 j); this is consistent with increased of BDE-209 composition in the same 

region. 
(151)

 Increased in meta-substitution was observed along with decreased in para-substitution; while 

this observation contradicts expectation of microbial facilitated PBDE degradation, this does not suggest a 

lack of degradation either. The potential for PBDE degradation in core AMW was inconclusive from the 

OMP-substitution analysis as was the case with CLC.  

  

 

 

 

 

 

 

 



92 

 

 

 

Figure 3.15: Concentration of ortho- (red), meta- (blue), and para- (green) chlorines (a-e) and bromines (f-j) in non-co-eluting PCB/PBDE 

congeners, as well as mean Cl/PCB or Br/PBDE molecule (yellow) as a function of depth in cores  a, f) CBC, b, g) CWP, c, h) CLC, d,i) IGC13, 

and e, j) AMW. Co-eluting congeners are not included as their substitution pattern is not certain. Note the different scale on the x-axis for cores 

IGC13 and AMW. 
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3.5. Conclusion 

 

 

 PBDEs and PCBs concentrations in sediments from five urban waterways in the metropolitan 

Chicago areas were characterized. Out of these five cores obtained in this tudy, core IGC09 was found to 

have signs of severe sediment mixing and disturbance based on physical, chemical, and radionuclide 

profiles and was thus not discussed in detail. While criteria were defined to aid selection of the optimal 

study sites, confirmation of the suitability of each study site can only be evaluated a posteriori.  

 This study showed that PBDE and PCB contamination in the metropolitan Chicago area 

sediments are ubiquitous. High levels of PBDEs and PCBs were found in all the characterized sediment 

cores. Although PBDE concentrations in the Chicago and IGC cores were not as high as southern 

ARcores proximate to the PBDE manufacturing facilities,
 (151)

 these concentrations were higher compared 

to other areas in the U.S. reported in previous studies.
(51-53)

 PCB concentrations in Chicago and IGC cores 

were generally higher relative to AR cores. Comparison showed that PCB contamination in the Chicago 

and IGC cores are comparable to other industrial areas, such as the IHC and the Houston Ship 

Channel.
(58,60) 

However, PCB concentrations observed in the metropolitan Chicago cores were lower than 

known legacy PCB contaminated sites such as the Thompson Island Pool in the Hudson River.
(5) 

Generally, sediment phase PBDE concentrations have been gradually increasing following the widespread 

utilization of PBDEs in various consumer products starting in the early 1970s. Given that PBDEs are still 

actively produced and utilized, PBDE concentrations are expected to keep increasing in the near future. In 

contrast, a reverse trend was observed for PCBs. This would indicate that the ban on PCB manufacture 

starting in the 1970s has resulted in gradually decreasing PCB concentrations. Although the PCB 

manufacture was over four decades ago, PCBs can still be detected at high concentration in the sediment 

phase reflecting the highly persistent nature of PCBs.  

 Two routes of PBDE and PCB deposition to aquatic sediments were ascertained from this study; 

waterborne deposition-dominated in cores CBC and IGC13 which are riverine sites with substantial 
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contribution of anthropogenic hydraulic discharges, and atmospheric deposition-dominated core CWP 

which has no natural inflows and outflows. Core CLC was likely influenced by both deposition pathways. 

Waterborne deposition-dominated cores have higher PBDE and PCB net surface deposition rates and 

inventories, indicating urban anthropogenic discharges are a major contributor to PBDE and PCB 

dissemination in the aquatic environment. It is interesting to note that waterborne deposition resulted in a 

higher percentage of tetra- and penta-PBDE congeners (which are more toxic) compared to air deposition. 

From a risk perspective, the higher loadings of smaller, more toxic, and more labile PBDE congeners, 

coupled with study sites located in the midst of highly populated areas may translate into higher exposure 

risk. Although PBDE net surface deposition and inventory in atmospheric deposition-dominated core 

CWP was relatively lower than waterborne deposition-dominated cores, a sharp increased in PBDE 

depositions was observed in recent years. Given continuous usage of PBDEs, PBDE atmospheric 

deposition rate is likely to increase. Overall, PCB loadings for waterborne-deposition sites substantially 

exceeded PCB loadings observed in atmospheric deposition-dominated sites, indicating that hydraulic 

discharges are a major source of urban sediment phase PCB contamination. 

 Several analyses were provided to evaluate the potential for in-situ PBDE and PCB 

transformations in the Chicago metropolitan cores; these analyses were summarized in Table 3.6. All the 

sediment cores have quantifiable MLSR residual values. High PBDE and PCB MLSR residuals can be 

indicative of in-situ transformation; however, other factors including differential transport rates and 

transformation between source sites to receptor sites of PBDE or PCB homologs, as well as PBDE or 

PCB in-column mass transport could also contribute towards high MLSR value. Therefore, MLSR 

residual should not be directly interpreted as signs of in-situ dehalogenation and should be interpreted in 

light of other indicators. In-situ PBDE or PCB dehalogenation is suspected to form LMW PBDE or PCB 

congener and show a decrease in HMW PBDE or PCB. This was observed only in CLC and AMW 

sediment columns for PBDEs and only in CLC sediment column for PCBs. PBDE OMP-substitution in 

CLC and AMW sediment columns showed decreased in para-substitution, consistent with microbial 

facilitated PBDE dehalogenation; however, the increased in meta-substitution was not consistent with 
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reported microbial preferences for meta-halogen removal. PCB OMP-substitution in core CLC showed 

decreased in meta-substitution concomitant with increased in ortho-substitution; this was among the 

strongest support of microbial facilitated PCB dehalogenation. 

 

Table 3.6. Indicators of PBDE and PCB in-situ transformation. 

Site 
PBDEs PCBs 

Δ Hom 
(1)

 MLSR Residual 
(2)

 OMP 
(3)

 Δ Hom 
(1)

 MLSR Residual 
(2)

 OMP 
(3)

 

CBC 

 

0.088 

  

0.165 

 CLC √ 0.158 ○ √ 0.025 √ 

CWP 

 

0.065 

  

0.099 

 IGC13 

 

0.054 ○ 

 

0.101 

 AMW √ 0.078 ○ 

 

0.439 

 
(1) Check indicates enrichment of LMW PBDE or PCB homologs concomitant with decrease in HMW 

PBDE or PCB homologs in the sediment column.  
(2) MLSR residual quantifying differences between PBDE and PCB congener profile in sediment to 

PBDE TMs and PCB Aroclor mixtures. 
(3) Check indicates that OMP-substitution patterns support PBDE or PCB in-situ transformation and 

decrease in PBDE or PCB degree of halogenation. Hollow circle indicates that OMP-substitution 

patterns provide inconclusive support of PBDE or PCB  in-situ transformation.  

 

 

 Multiple lines of evidence provided by PBDE and PCB homolog distribution, MLSR analysis, 

and OMP-substitution pattern, are consistent with PBDE and PCB in-situ transformation in cores CLC 

and AMW, and CLC, respectively. It is acknowledge that the MLSR analysis performed only confirmed 

the differences between PBDE TMs or PCB Aroclor mixtures to PBDE or PCB congener profile in 

sediment and does not distinguished between contributing factors such as in-situ PBDE and PCB 

microbial dehalogenation. In addition to consistency with in-situ transformation, OMP-substitution 

patterns consistent with microbial dehalogenation were observed especially for PCB in core CLC. In the 

next chapter, microbial community structure in these PBDE- and PCB-impacted sediments will be 

characterize to shed further light into the role of indigenous microbial community in facilitating in-situ 

transformation.  

 



96 

 

CHAPTER 4. INDIGINEOUS MICROBIAL COMMUNITY IN PBDE AND PCB IMPACTED 

SEDIMENTS IN METROPOLITAN CHICAGO AND ARKANSAS 

4.0. Abstract 

  

 Microbial degradation of polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls 

(PCBs) has an important impact on their environmental fate. Data is, however, lacking on the composition 

of the indigenous microbial community in PBDE- and PCB-impacted sediments. In this study, DNA was 

extracted from eleven surface sediments: six cores from AR in varying distance from the only two PBDE 

manufacturers in North America, five cores from the highly urbanized Chicago metropolitan area, as well 

as ten sediment segments from a core in a former municipal wastewater treatment plant (WWTP) in 

Magnolia, AR. These DNA extracts were subjected to high yield pyrosequencing in an effort to 

characterize the indigenous microbial community composition in sediments impacted with varying levels 

of contamination  from 4 to 60000 ng/g PBDEs and 1 to 1980 ng/g PCBs. The overall objective was to 

evaluate the presence of microbes capable of PBDE and PCB degradation based on chemical and physical 

indicators of dehalogenation activity.  

 Although  potential PBDE and PCB degraders were identified in varying amounts in all surface 

sediments (10 to 28% and 10 to 27% of potential PBDE and PCB, respectively), only sites AMW and 

CLC displayed strong evidence for PBDE and PCB degradation such as increased in low molecular 

weight (LMW) homolog composition concomitant with decreased in high molecular weight (HMW) 

homolog composition, increased meta or para-substitution concomitant with decreased ortho-substitution, 

and decreased in mean halogenation degree. This study illustrates the importance of interpreting multiple 

lines of evidence to accurately evaluate the possibility of in-situ degradation in organic-rich sediments. 
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4.1. Introduction 

  

Laboratory scale bioaugmentation and biostimulation studies have provided ample demonstration 

of microbial dehalogenation of polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls 

(PCBs); 
(79,102,103,108,195-198)

 however, the feasibility of in-situ microbial facilitated PBDE and PCB 

degradation is not fully understood, partially stemming from existing data gap on the indigenous 

microbial community composition in PBDE- and PCB-impacted sediments.  

 Investigation of microbial community composition using conventional DNA sequencing methods 

(such as the Sanger’s method) can be time consuming and cost prohibitive. The advent of high throughput 

DNA sequencing technology such as 454-pyrosequencing enables a faster and more comprehensive 

snapshot of the in-situ microbial community. Additionally, the availability of powerful bioinformatics 

programs has removed the expensive computational cost associated with analyzing the large volumes of 

nucleotide data generated from metagenomics analysis. 

 There are few, if any, reported studies on the indigenous microbial community composition in 

PBDE and PCB contaminated sediments. In this study, the microbial communities in eleven surface 

sediments from AR and Metropolitan Chicago area with varying levels of contamination (4 to 60000 ng/g 

PBDEs, and 1to 1980 ng/g of PCBs) were characterized to provide a better understanding of the microbial 

community in these sediments. In addition, microbial communities in ten sediment segments at 

approximately five year time interval from site AMW, a former wastewater treatment plant (WWTP) 

lagoon in Magnolia, AR with PBDE and PCB concentrations ranging from 1400 to 51000 ng/g and 4 to 

1000 ng/g, respectively were characterized to provide a temporal record of the microbial community 

structure in a sediment column with expected active PBDE dehalogenation. The focus of this chapter was 

to characterize the microbial community composition and to quantify known PBDE and PCB potential 

degraders to evaluate the feasibility of in-situ dehalogenation in light of other indicators of in-situ 
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dehalogenation including PBDE and PCB concentrations, homolog compositions, congener substitutions, 

and physico-chemical properties. 

 

4.2. Objectives and Hypotheses 

 

 The overall objective of this study was to address the data gap on the in-situ microbial community 

composition in PBDE and PCB-impacted sediments. This study was divided into two parts; 1) evaluation 

of the microbial community in eleven surface sediments aimed at understanding the spatial variation in 

microbial community composition driven by physico-chemical and spatial differences, and 2) evaluation 

of the microbial community composition in AMW sediment segments with depth aimed to understand the 

temporal variation in microbial community composition driven by physico-chemical differences. Specific 

objectives and hypotheses for this study were as follows: 

 

 Detailed characterization of the microbial community in all the sediment samples impacted by 

varying levels of PBDE and PCB contamination. Sediment samples selected in this study have 

PBDE and PCB concentrations ranging from 4 to 60000 ng/g and 1 to 1980 ng/g, respectively in 

the eleven surface sediments. AMW sediment segments have PBDE and PCB concentrations 

ranging from 1400 to 51000 ng/g and 4 to 1000 ng/g, respectively. High total PBDE (∑49PBDEs) 

and PCB (∑132PCBs) concentrations were hypothesized to impact the in-situ microbial diversity. 

This hypothesis was derived from a study showing impaired and irreversibly transformed 

microbial community composition of a pristine mountain soil after elongated exposure to 

different levels of BDE209 and BDE15 concentrations.
(199)

  

 Identify and quantify potential PBDE and PCB degraders abundance in the sediments. PBDE and 

PCB degraders were hypothesized to be common in all the sediment segments. A previous study 
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showed that sediments collected from three different geographical regions in East Asia, Southeast 

Asia, and North America demonstrated extensive hexa- to octa-PBDE degradation after two 

months incubation period. In addition, the abundance of potential PBDE and PCB degrading 

communities were also hypothesized to correlate with ∑49PBDEs and ∑132PCBs concentrations. 

The feasibility of in-situ microbial degradation will be assessed based upon trends in microbial 

community composition in light of other physico-chemical dehalogenation indicators. 

 Evaluate the changes in the microbial community composition in AMW sediment segments in 

response to changes in physico-chemical properties to understand the temporal microbial 

evolution in core AMW spanning over 40 years. It was hypothesized that microbial diversity 

decreases with increasing sediment depth as electron donors and high energy electron acceptors 

were expected to decrease in deeper sediment. A gradual change in microbial community with 

depth was also expected. Initial physical characterization in core AMW suggested PBDE 

degradation in the upper five cm sediment segments. These sediment segments were 

hypothesized to have higher abundance of microbes capable of PBDE degradation.  

 

4.3. Experimental Method 

 

Sediment samples: Selected sediment segments for this study and their associated physico-chemical 

properties are summarized in Table 4.1. AMW sediment segments selected were at approximately five 

years interval. 
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Table 4.1. Physicochemical properties of sediment segments selected for DNA extractions. 

Sample 
Sediment 

age
(1)

 

∑49PBDEs 
(2)

 

∑132PCBs 
(3)

 

Organic 

carbon 

(OC) 

Organic 

matter 

(OM) 

Black 

Carbon 

(BC) 

(ng/g) (mg/g) 

AED0-1cm 2009 35635 4 52 81 4 

AMW0-2cm 2009 6950 69 312 474 3 

AMW8-10cm 2005 14440 87 284 439 2 

AMW18-20cm 2000 21050 107 204 388 2 

AMW24-26cm 1995 23745 106 178 349 2 

AMW30-32cm 1990 51785 222 176 314 3 

AMW34-36cm 1985 48643 267 206 349 3 

AMW 38-40cm 1981 34622 288 204 329 3 

AMW42-44cm 1974 19352 506 204 346 3 

AMW46-48cm 1969 11058 998 241 436 3 

AMW48-50cm 1965 1427 1517 262 421 3 

ACL0-1cm 2008 2503 3 8 18 5 

AJL 0-1cm 2009 402 5 22 32 2 

AOT 0-1cm 2010 12 3 74 141 2 

AFR0-1cm 2009 4 1 52 80 9 

CBC 0-1cm 2009 313 403 25 40 22 

CLC 0-1cm 2009 90 236 99 176 41 

CWP0-1cm 2008 404 43 89 141 40 

IGC09 0-1cm 2010 3461 4979 142 245 16 

IGC13 0-1cm 2010 1908 1075 140 234 20 

    
(1)

: Sediment age for AMW sediment segments as determined by single and multi-slope CIC and CRS 

models. Details were previously provided in Wei et al. (2012) [151] 
(2):

 Total concentration of 49 PBDE congeners 
(3)

: Total concentration of 132 PCB congeners 

 

 

DNA isolation: The Mobio PowerSoil® DNA isolation kit was used to extract nucleic acids following 

the manufacturer’s instruction (Mo Bio Laboratories, Carlsbad, CA). Sediment samples kept at -40°C was 

homogenized and 0.25 g was used for extraction, the maximum sediment mass suggested by the 

manufacturer. Approximately 0.25 mL of homogenized sediment sample was added to Power Bead 

extraction tubes with buffer solution to disperse the soil particles, dissolve humic acids, and protect the 
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nucleic acids from degradation. Sediment samples in the Power Bead tubes were subjected to gentle 

vortexing after addition of 60 µL of lysis solution (solution C1) containing sodium dodecyl sulfate 

followed by 20 minutes of vortexing at high rate. Following centrifugation at 10000 x for one minute, 

supernatant was transferred to clean 2 mL collection tube before addition of 250 µL lysing solution 

containing proprietary Inhibitor Removal Technology®  (Mo Bio Laboratories, Carlsbad, CA). 

Centrifugation followed by addition of lysing solutions C3 and C4 at 200 and 1200 µL, respectively. 

After centrifugation at 10000 x for one minute, the supernatant was loaded into the spin filter in 

increments of 675 µL each for three consecutive times. 500 µL of solution C5 was added to the spin filter 

followed by 30 seconds of centrifugation at 10000 x. Filtrate from the spin filters was discarded and the 

filter was placed in a clean 2 mL collection tube and was centrifuged for 30 seconds at 10000 x with 

addition of the final C6 DNA coeluting solution of 50 µL of sterile solution buffer. DNA concentrations 

were determined using the nanodrop 2000 spectrophotemeter (Thermo Scientific, Waltham, MA) and 

quality was checked using the optical density ratio OD260/OD280. Only DNA extractions with OD260/OD280 

between 1.7 and 1.9 were selected to ensure high quality DNA extracts. DNA extracts were stored at -20 

°C until further analysis.  

16s rRNA gene tag sequencing and data analysis: DNA extracts were sent to the Research and Testing 

Laboratory (Lubbock, TX, USA) for bacterial tag-encoded FLX454 pyrosequencing (bTEFAP) and data 

processing on Roche 454 FLX platform (Roche, Indianapolis, IN). Procedures were described previously. 

(200,201)
 Titanium reagents were applied to amplicon sequencing to accommodate longer generation of 

average read lengths. Amplification targeted the variable V1 to V3 regions in relation to the 16s Escheria 

coli  gene
(202)

 with the primers Gray28F and Gray519R (Table 4.2)  optimized for bacterial amplification.  

Each amplification was performed using a 35 cycle single PCR step with Qiagen HotStar Master Mix 

with addition of 0.5 µL of Hot Star HiFidelity Polymerase (Qiagne Inc., Valencia,CA).  
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Table 4.2. Barcode sequences for primers Gray28f and Gray519R used in Roche 454 

pyrosequencing. 

Primer Sequence (5’-3’) 

Primer 

Location 

Annealing Temperature 

(°C) 

Gray28F GAGTTTGATCNTGGCTCAG 9-27 60 

Gray519R GTNTTACNGCGGCKGCTG 536-519 60 

 

Estimates of Microbial Diversity: Sequences obtained from the tag-encoded Roche 454 pyrosequencing 

were submitted to the MGRAST pipeline at Argonne National Laboratory.
(203)

 Low quality sequences and 

tags were removed. To ensure enough discriminating data from the variable V1-V3 regions, sequences 

shorter than 300 bp after trimming were removed from further analysis.  

 Pyrosequencing nucleotide data were initially identified using four RNA databases (SSU, RDP, 

m5RNA, and  Greengenes) at 1x10
5
 maximum cutoff, 60% minimum identity cutoff, and 15% minimum 

alignment length cutoff. Overall, 2 to 37% percent of the submitted sequences were unclassified and/or 

unassigned. Unclassified and unassigned percentage in the selected sediment samples are shown in Figure 

4.1. Comparison to the RDP database consistently resulted in the smallest percentage of unassigned and 

unclassified sequences in all the sediment samples. Additionally, sequence identification based on RDP 

database also resulted in the lowest unclassified Bacteria percentage compared to the other three 

databases.  

 In this chapter, sequences identified from the RDP database were used for microbial 

characterization purposes. In the RDP database, phylogenetic alignment of bacterial 16s rRNA gene 

sequences used the Bayesian rRNA classifier with 80% boostrap cutoff.
(204)

  Sequences were compared 

using the complete-linkage clustering (also known as the farthest neighbor linkage)and similar sequences 

were assigned to the same phylotype clusters at a 3% cutoff level.  
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Figure 4.1: Distribution of unassigned and unclassified sequences, and unclassified Bacteria in selected 

sediment samples as identified by a) SSU, b) RDP, c) m5RNA, and d) Greengenes databases in 

MGRAST.  

 

4.4. Results and Discussion 

 

4.4.1. Indigenous Microbial Community In Surface Sediments 

 

4.4.1.1. General Sequence Statistics In Surface Sediments 

  

 Pyrosequencing data submitted to MGRAST were subjected to stringent quality control to ensure 

high quality data classification. Table 4.3 is a summary of pre- and post-quality control sequence statistics 

for microbial community in the surface sediments. During quality control, sequence lengths that deviate 

by greater than two times the standard deviation of the average length were discarded.  In all surface 

sediments, >95%  of the total sequence  submitted to MGRAST passed quality control (only CBC had 

<95%).  
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Table 4.3. Pre- and post-quality control sequence statistics for surface sediments. 

 

Pre-quality Control Post-quality Control 

Site bp
(1)

 Sequence Length GC (%)
(2)

 bp
(1)

 Sequence Length GC (%)
(2)

 

ACL 3161214 7469 423 ± 67 57 ± 2 3093175 7141 433 ± 54 57 ± 2 

AED 2905639 6921 419 ± 69 56 ± 2 2838957 6582 431 ± 2 56 ± 2 

AFR 1350204 3165 426 ± 70 56 ± 2 1311237 2998 437 ± 53 56 ± 2 

AJL 1853398 4385 422 ± 68 56 ± 2 1802860 4150 434 ± 49 56 ± 2 

AMW 1407698 3339 421 ± 74 55 ± 2 1375415 3184 431 ± 60 56 ± 3 

AOT 2432288 5617 433 ± 79 56 ± 3 2368481 5322 445 ± 60 57 ± 3 

CBC 1195435 2813 434 ± 90 54 ± 2 1159489 2617 443 ± 61 54 ± 2 

CLC 1677997 3953 424 ± 69 55 ± 3 1636509 3767 434 ± 55 55 ± 3 

CWP 1426842 3357 425 ± 76 55 ± 3 1390768 3177 437 ± 58 55 ± 3 

IGC09 1493375 3581 417 ± 76 55 ± 2 1455669 3395 428 ± 62 55 ± 3 

IGC13 1152621 2808 410 ± 82 54 ± 3 1125304 2663 422 ± 66 54 ± 3 
 

(1)
 Basepairs 

(2)
Guanine and cytosine nucleic acids 

 

4.4.1.2. Species Richness and Abundance In Surface Sediments 

 

 A rarefaction curve which plots the number of microbial taxa as a function of sequence count 

provides a graphical overview of the species richness in a sample. The rarefaction curves for the 

microbial community in the surface sediments are provided in Figure 4.2. Rarefaction curves for ACL, 

AED, and AOT surface sediments almost reached the plateau point indicating that most bacterial species 

were sampled by the pyrosequencing cycle. In all other surface sediments, the slopes of the rarefaction 

curves indicate that the species diversity was not yet completely sampled during the pyrosequencing 

cycle; however, they were sufficient for characterization purposes. 
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Figure 4.2: Rarefaction curves measuring microbial species richness in all surface sediments.  

 

 The alpha diversity is a quantitative measure of microbial species diversity; microbial alpha 

diversity for the surface sediments is shown in Figure 4.3. The alpha diversity values increased in the 

order of AED (7.6) < ACL (9.8) < IGC09 (20.5) < AJL (24.0) < CLC (24.3) < AFR (27.0) < AMW (41.1) 

< CBC (41.2) < AOT (44.9). In general, the microbial diversity was typically higher in Chicago 

metropolitan surface sediments compared to AR surface sediments.  

 With the exception of core AMW and AOT, microbial diversity generally increased with 

increasing average distance from the southern AR PBDE manufacturing facilities (Figure 4.3a) and 

consequently with decreasing ∑49PBDEs surface concentrations. Correlations between alpha diversity to 

∑49PBDEs surface concentrations and average distance from the southern AR PBDE manufacturing 

facilities have R
2
 values of 0.85 and 0.83. This trend suggests that PBDEs may influence the microbial 

community distribution. This may be particularly the case in the AR sediment cores with very high PBDE 

levels, which may provide a niche environment for the microorganisms.  Core AMW was not included in 

the distance–concentration and distance-bacterial diversity analyses as it is a sediment column with 

unique physical properties stemming from the its origin as a treated WWTP effluent. A detailed 

description of core AMW as a WWTP effluent lagoon was discussed previously in Chapter 3. Core AMW 
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was characterized with high OM and OC content, as well as having an ORP level consistent with 

facultative metabolism. The OM-enriched environment in the AMW sediment column was a likely 

contributor towards the high alpha diversity observed in these samples (Figure 4.3a).  Although 

∑49PBDEs surface concentrations in core AOT conformed to the distance-concentration correlation,
(151)

 

the microbial diversity and indigenous microbial community composition were clearly impacted by 

factors other than PBDE concentration(Figure 4.3a). More detailed investigation of the microbial 

community composition in AOT surface sediment discussed in the later sections will further highlight the 

unique microbial community in this surface sediment.  Microbial diversity is a complex function of many 

factors including physicochemical properties and bioavailability of nutrients and substrates. 

  

 

Figure 4.3: Microbial species diversity, as alpha diversity based on RDP database classification
(204) 

in a) 

AR and b) Chicago metropolitan surface sediments. Grey bar indicates primarily atmospheric- deposition-

dominated cores, hollow bar indicates primarily hydraulic-deposition-dominated cores, and patterned bar 

indicates likely mixed exposure pathways. AR sites are in order of increasing distance from PBDE source 

zone. 

 

 As discussed in Chapter 3, sources of PBDEs and PCBs to the sediment likely came from two 

exposure modes. Waterborne deposition-dominated sediment columns are water bodies impacted by 

anthropogenic aqueous discharges such as treated WWTP effluent, stormwater, and combined sewage 

outflows(CSO). Atmospheric deposition-dominated sediments were not primarily impacted by 
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anthropogenic aqueous discharges, but rather through wet and dry depositions. There does not appear to 

be a dependence of microbial diversity to PBDE and PCB exposure pathways (Figure 4.3 a-b). 

Additionally, no trend was observed between microbial diversity in all surface sediments to other physical 

parameters such as ORP, carbon content (OC, OM, and BC), and bulk sediment column properties (wet 

and dry densities, moisture and solid contents, porosity, and particle density) (data not shown).  

 

4.4.1.3. Dominant Microbial Community Distribution In Surface Sediments 

 

 This section provides an overview of the microbial community composition in the surface 

sediments. The microbial community composition in the surface sediments is shown in Figure 4.6a-k and 

the complete microbial community distribution in the surface sediments is provided in Table C4.1 in the 

appendix.    For clarity, only the dominant phyla (ad-hoc defined as having phylum abundance >1% of the 

total bacteria) are further discussed in this chapter.  

ACL: Ten phyla were identified in core ACL with four phyla having >1% of the total distribution (Figure 

4.6a). Dominant phyla increased in the order of Firmicutes < Acidobacteria < Bacterioidetes < 

Proteobacteria. The Proteobacteria phylum was further classified into four phyla which increased in the 

order of unclassified Proteobacteria < Deltaproteobacteria < Alphaproteobacteria < 

Gammaproteobacteria < Betaproteobacteria. The Bacteroidetes phylum was composed of one class, the 

Sphingobacteriia.  Additionally, all the Bacteroidetes sequences were from the order Sphingobacteriales. 

The phylum Acidobacteria was composed of two classes which increased in the order of Solibacteres 

<<< Acidobacteriia. Further classification indicates the Acidobacteriia and Solibacteres were composed 

of the order Acidobacteriales and Solibacterales, respectively. In the Firmicutes phylum, the order 

Clostridiales which made up all of the Clostridia class was much larger than Thermoanaerobacterales 

and Natranaerobiales microbial orders. 
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AED: Of the 14 identified bacterial phyla, only five has >1% dominance (Figure 4.6b). Dominant phyla 

increased in the order of Bacteroidetes < Firmicutes < Nitrospirae < Acidobacteria < Proteobacteria. 

The Proteobacteria phylum consisted of four microbial classes which increased in the order of 

Alphaproteobacteria < Gammaproteobacteria < Deltaproteobacteria < Betaproteobacteria. The 

Acidobacteria phylum was dominated by the Acidobacteriia and Solibacteres microbial classes. The 

Nitrospirae phylum was composed only of the Nitrospira class. The Firmicutes phylum constituted of 

Clostridia < Bacilli < Negativicutes in increasing microbial class order. In the Bacteroidetes phylum, 

class dominance increased in the order of Flavobacteria < Cytophagia < Bacteroidia < Sphingobacteriia.  

AFR: The dominant phylum in AFR surface sediment increased in the order of Aquificae < 

Cyanobacteria < Bacteroidetes < Firmicutes < Actinobacteria < Acidobacteria < Verrucomicrobia < 

Nitrospirae < Proteobacteria; an overview of the microbial community composition is provided in 

Figure 4.6c. The Aquificae and Cyanobacteria phyla were not further classified into microbial order. The 

Bacteroidetes phylum was composed of the Flavobacteriia < Bacteroidia < Sphingobacteriia < 

Cytophagia microbial classes. The Firmicutes phylum was composed of Negativicutes < Bacilli < 

Clostridia. The Actinobacteria phylum was composed of the Actinobacteria class which included 

Bifidobacterialies < Coriobacteriales < Actinomycetales families. The Acidobacteria phylum was 

composed of Acidobacteriia < Solibacteres < unclassified Acidobacteria microbial classes. The 

Verrucomicrobia was composed primarily of the Opitutae class.  

AJL: Only four phyla were dominant in AJL surface sediment (Figure 4.6d). Phylum dominance 

increased in the order of Bacteroidetes < Acidobacteria < Firmicutes < Proteobacteria. In the 

Proteobacteria phylum, class dominance increased in the order of Epsilonproteobacteria < unclassified 

Proteobacteria < Gammaproteobacteria < Deltaproteobacteria < Alphaproteobacteria < 

Betaproteobacteria. The Firmicutes phylum was composed of increasing order of Negativicutes < 

Erysipelotrichi < Clostridia < Bacilli. Microbial classes increased in the order of unclassified 

Acidobacteria < Solibacteres < Acidobacteriia in the Acidobacteria phylum. In the Bacteroidetes 
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phylum, class increased in the order of unclassified Bacteroidetes < Cytophagia < Flavobacteriia < 

Bacteroidia < Sphingobacteriia.  

AMW: In the AMW surface sediment, phylum dominance increased in the order of Cyanobacteria < 

Planctomycetes < Actinobacteria < Verrucomicrobia <Firmicutes < Bacteroidetes < Proteobacteria 

(Figure 4.6e). Class in the Proteobacteria phylum increased in the order of unclassified Proteobacteria < 

Epsilonproteobacteria < Alphaproteobacteria < Gammaproteobacteria < Deltaproteobacteria < 

Betaproteobacteria. The phylum Bacteroidetes was composed of unclassified Bacteroidetes < 

Bacteroidia < Cytophagia < Sphingobacteriia  in increased order. Firmicutes was composed of 

Erysipelotrichi < Negativicutes < Bacilli < Clostridia in increased order. Class dominance in the 

Verrucomicrobia phylum increased in the order of Verrucomicrobiae < Opitutae. The Actinobacteria and 

Planctomycetes phyla were not assigned to microbial class. 

AOT: The dominant phylum in core AOT increased in the order of Planctomycetes < Nitrospirae < 

Actinobacteria < Cyanobacteria < Firmicutes < Bacteroidetes < Proteobacteria (Figure 4.6f). The 

Proteobacteria phylum increased in the order of unclassified Proteobacteria < Epsilonproteobacteria < 

Betaprotoebacteria = Alphaproteobacteria < Gammaproteobacteria < Deltaproteobacteria. In the 

Bacteroidetes phylum, class dominance increased in the order of unclassified Bacteroidetes < Bacteroidia 

< Sphingobacteriia < Flavobacteriia < Cytophagia. Firmicutes was composed of Negativicutes < 

Erysipelotrichi < Bacilli < Clostridia classes.  The Actinobacteria and Cyanobacteria phyla were not 

identified by microbial class. The Nitrospirae and Planctomycetes phyla were composed entirely off the 

Nitrospira and Planctomycetia class, respectively.  

CBC: Microbial community distribution for CBC surface sediment is shown in Figure 4.6g. In CBC 

surface sediment, phylum dominance increased in the order of  Aquificae < Spirochaetes < 

Actinobacteria < Cyanobacteria < Firmicutes < Bacteroidetes < Proteobacteria. Microbial classes in the 

Proteobacteria phylum increased in the order of Epsilonproteobacteria < unclassified Proteobacteria < 
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Alphaproteobacteria < Gammaproteobacteria < Deltaproteobacteria < Betaproteobacteria. Microbial 

classes increased in the order of unclassified Bacteroidetes < Cytophagia < Bacteroidiia < 

Sphingobacteria < Flavobacteriia in the Bacteroidetes phylum. The Firmicutes phylum consisted of the 

class Negativicutes < Erysipelotrichi < Bacilli < Clostridia in increased dominance. The phyla 

Cyanobacteria,  Actinobacteria, and Spirochaetes were not further classified into microbial class. 

CLC: Of the 12 phyla, four phyla were dominant which increased in the order of Firmicutes < 

Nitrospirae < Bacteroidetes < Proteobacteria (Figure 4.6h). The Proteobacteria phylum consisted of 

five classes (excluding unclassified Proteobacteria) which increased in the order of 

Epsilonproteobacteria < Alphaproteobacteria < Gammaproteobacteria < Deltaproteobacteria < 

Betaproteobacteria. The phylum Bacteroidetes has a high abundance in CLC surface sediment; the 

phylum Bacteroidetes consisted of Bacteroidia < unclassified Bacteroidetes < Sphingobacteriia < 

Flavobacteria < Cytophagia in increasing order. The phylum Nitrospirae was not further classified into 

microbial class. The phylum Firmicutes consisted only of the Clostridia class.  

CWP: In CWP surface sediment, phylum dominance increased in the order of Nitrospirae < Firmicutes 

< Bacteroidetes < Proteobacteria (Figure 4.6i). The phylum Proteobacteria consisted of five microbial 

classes (excluding unclassified Proteobacteria) which increased in the order of Epsilonproteobacteria = 

Gammaproteobacteria < Deltaproteobacteria < Betaproteobacteria < Alphaproteobacteria. Classes in 

the Bacteroidetes phylum increased in the order of Flavobacteriia < Sphingobacteriia < Bacteroidia < 

Cytophagia. The class Clostridia was highly dominant over the class Bacilli in the Firmicutes phylum. 

The Nitrospirae phylum consisted entirely of the class Nitrospira.  

IGC09: Of the 14 phyla in IGC09 surface sediments, only three had >1% abundance (Figure 4.6j). These 

dominant phylum increased in the order of Firmicutes < Bacteroidetes < Proteobacteria. Microbial 

classes in the Proteobacteria phylum increased in the order of unclassified Proteobacteria 

=Alphaproteobacteria < Epsilonproteobacteria < Gammaproteobacteria < Deltaprotoebacteria < 
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Betaproteobacteria. The Bacteroidetes phylum consisted of four classes which increased in the order of 

Cytophagia < Sphingobacteriia < Bacteroidia < Flavobacteriia. Microbial classes dominance in the 

Firmicutes phylum increased in the order Negativicutes < Bacilli < Erysipelotrichi < Clostridia.  

IGC13: Five phyla were dominant in core IGC13 (Figure 4.6k); these phyla increased in the order of 

Spirochaetes < Actinobacteria < Firmicutes < Bacteroidetes < Proteobacteria. In the Proteobacteria 

phylum, microbial classes increased in the order of unclassified Proteobacteria < Epsilonproteobacteria 

< Alphaproteobacteria < Gammaproteobacteria < Deltaproteobacteria < Betaproteobacteria. Classes in 

the Bacteroidetes phylum increased in the order of unclassified Bacteroidetes < Cytophagia < 

Sphingobacteriia < Bacteroidia. The Firmicutes phylum was composed of Negativicutes < 

Erysipelotrichi < Bacilli < Clostridia microbial classes.  The Actinobacteria phylum was not further 

classified into microbial class. The Spirochaetes phylum was composed entirely of the Spirochaetia class.  
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Figure 4.6a: Overview of the microbial community in ACL surface sediment as characterized by the RDP database
(204)

. Visualization was 

generated in Krona.
(205)
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Figure 4.6b: Overview of the microbial community in AED surface sediment as characterized by the RDP database
(204)

. Visualization was 

generated in Krona.
(205) 
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Figure 4.6c: Overview of the microbial community in AFR surface sediment as characterized by the RDP database.
(204)

 Visualization was 

generated in Krona.
(205)
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Figure 4.6d: Overview of the microbial community in AJL surface sediment as characterized by the RDP database.
(204)

 Visualization was 

generated in Krona.
(205)
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Figure 4.6e: Overview of the microbial community in AMW surface sediment as characterized by the RDP database. 
(204)

 Visualization was 

generated in Krona.
(205) 
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Figure 4.6f: Overview of the microbial community in AOT surface sediment as characterized by the RDP database. 
(204)

 Visualization was 

generated in Krona.
(205) 
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Figure 4.6g: Overview of the microbial community in CBC surface sediment as characterized by the RDP database.
(204)

Visualization was 

generated in Krona.
(205)
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 Figure 4.6h: Overview of the microbial community in CLC surface sediment as characterized by the RDP database.
(204)

 Visualization was 

generated in Krona.
(205) 
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Figure 4.6i: Overview of the microbial community in CWP surface sediment as characterized by the RDP database.
(204)

 Visualization was 

generated in Krona.
(205) 
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Figure 4.6j: Overview of the microbial community in IGC09 surface sediment as characterized by the RDP database.
(204)

 Visualization was 

generated in Krona.
(205) 
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Figure 4.6k: Overview of the microbial community in IGC13 surface sediment as characterized by the RDP database.
(204)

 Visualization was 

generated in Krona.
(205) 
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 The dominant microbial phylum distribution in all the surface sediments is compared in Figure 

4.7. One of the most striking features of the microbial phylum distribution was the high abundance of 

unclassified Bacteria in the surface sediments. This was also previously highlighted in section 4.2 where 

sequences identified from four different RNA databases all resulted in high abundance of unclassified 

Bacteria. The RDP database identified 39 to 74% unclassified Bacteria in the sediment samples. A 

detailed discussion of the distribution of unclassified Bacteria in AR, Chicago, and IGC surface 

sediments is given in Chapter 4.4.1.4. 

   The Proteobacteria, Firmicutes, and Bacteroidetes phyla were consistently the dominant 

identified phyla in all the sediment samples. Eilers et al. (2000), Spain et al. (2000), and Fierer et al. 

(2007) have argued that the Proteobacteria phylum is consistently the most abundant microbial taxa in 

soil and sediment samples.
(206-208)

 Although the Proteobacteria phylum was consistently dominant in all 

the sediment samples, the microbial class distribution varied substantially in the surface sediments 

(Figure 4.7a-k) .In AED, AFR, AMW, CBC, CLC, IGC09, and IGC13 surface sediments, the microbial 

classes dominance increased in the order of Gammaproteobacteria < Deltaproteobacteria < 

Betaproteobacteria. In the ACL, AJL, AOT, and CWP surface sediments, microbial classes in the 

Proteobacteria phylum increased in the order of Alphaproteobacteria < Gammaproteobacteria < 

Betaproteobacteria, Gammaproteobacteria < Deltaproteobacteria  < Alphaproteobacteria, 

Alphaproteobacteria = Betaprotoebacteria < Gammaproteobacteria < Deltaproteobacteria, and 

Deltaproteobacteria < Betaproteobacteria  < Alphaproteobacteria.  

 As was the case with the Proteobacteria phylum, the dominant microbial classes in the 

Bacteroidetes phylum also varied from core to core. The Sphingobacteriia class was the most dominant in 

the Bacteroidetes phylum in all AR surface sediments except for AOT. In AOT, CLC, and CWP surface 

sediments, Clostridia was the most dominant class in the Bacteroidetes phylum. The Flavobacteriia 

phylum was the most dominant class in CBC and IGC09 surface sediments. The Bacteroidia class was 

the most dominant class in the Bacteroidetes phylum in IGC13.  
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   The Firmicutes phylum was primarily dominated by the Clostridia class in most of the surface 

sediments (ACL, AFR, AMW, AOT, CBC, CLC, CWP, and IGC09). In AED, AJL, and IGC13 surface 

sediments, the most dominant microbial class in the Firmicutes phylum was the Negativicutes and Bacilli. 

 The high abundance of unclassified Bacteria combined with observations of the microbial taxa 

constituents in the sediment samples painted a very diverse picture of the microbial community structure 

in the AR, Chicago, and IGC surface sediments. These observations are consistent with those in other 

studies which also found highly diverse microbial communities in soil and sediment.
(209-211)

 Overall, the 

microbial community structure in these sediments likely result from the varying physico-chemical 

attributes of the sediment samples.  
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Figure 4.7: Visual comparison of the microbial phylum composition in all surface sediments as classified by the RDP database 
(204)

 through 

MGRAST interface.
(203)

 The unclassified notation in the legend refers to unclassified sequences of the Bacteria origin. 
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4.4.1.4. Similarity In Microbial Community Composition In Surface Sediments 

 

 A hierarchical cluster map was generated to facilitate characterization and comprehension of the 

microbial community distribution in the surface sediments. The results are shown in Figure 4.8. Grouping 

and distance were measured using the Manhattan method.
(203) 

Results from the hierarchical analysis were 

interpreted along with principal component analysis (PCA) results which are shown in Figure 4.9.    

 The hierarchical cluster analysis resulted in two main groups. The first group consisted of AED, 

ACL, AJL, and AFR surface sediments. The surface sediments grouping in this particular cluster 

corresponded to increased average distance from the two PBDE manufacturing facilities and 

consequently, decreased ∑49PBDEs concentrations. 
(151)

The PCA results reflected the same trend with a 

decreased in factor one and an increased in factor two observed with increased average distance from the 

PBDE point sources. This trend is noted with an arrow in Figure 4.9. The high correlation between 

microbial diversity and ∑49PBDEs concentrations, and grouping by hierarchical cluster map and PCA 

provided collective support indicating that PBDEs impact the microbial community composition in these 

four surface sediments (ACL, AED, AFR, AJL). It is important to note that although lines of evidence 

point towards PBDE influencing the microbial community composition in these surface sediments, other 

factors not considered here can also play a role.  

 The second group in Figure 4.8 was composed of the remaining six cores. One hierarchical 

branch grouped the microbial community in AOT to CWP and CLC. In Chapter 3, two PBDE and PCB 

exposure pathways for the sediments were postulated based on PBDE homolog distributions. These 

exposure pathways were anthropogenic hydraulic deposition primarily impacted by WWTP effluent, 

stormwater discharges, and CSOs; and atmospheric deposition-dominated sources via wet and dry 

deposition. CWP is an urban Chicago site with no anthropogenic and natural hydraulic inflow and 

outflow, and was thus postulated as an atmospheric deposition-dominated site (detailed description on site 

CWP provided in Chapter 3.3.1.). The site history at CLC suggests a mixed atmospheric and hydraulic 
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exposure pathways (Chapter 3.3.1). However, the observed PBDE and PCB homolog distributions in the 

CLC sediment core were more reflective of a hydraulic deposition-dominated site (Chapter 3.4.4.). In 

contrast, the microbial community composition in CLC surface sediment bore closer resemblance to the 

urban, atmospheric deposition surface sediment, CWP. Site AOT was postulated to be atmospheric 

deposition-dominated; similar to sites AED, ACL, A L, and AFR. Additionally, ∑49PBDEs surface 

concentrations in AOT fit into the distance-concentration correlation along with sites AED, ACL, AJL, 

and AFR. Despite the similarity between site AOT to sites AED, ACL, AJL, and AFR, the microbial 

community composition in AOT surface sediment bore closer resemblance to CWP, the urban 

atmospheric deposition-dominated surface sediment and CLC, the urban mixed influenced surface 

sediment. This deviation from the expected trend highlights the complexity of microbial community 

structure in these diverse sediment samples.  

 Another branch in the second cluster consisted of the AMW, CBC, IGC09, and IGC13 surface 

sediments. This grouping is also reflected in the PCA analysis (Figure 4.9). Sites AMW, CBC, IGC09, 

and IGC13 are all anthropogenic hydraulic deposition-dominated. Site AMW had previously received 

WWTP effluent from the Magnolia WWTP, site CBC received large volume discharges from the Racine 

Avenue Pumping Station (RAPS), and sites IGC09 and IGC13 located on the West Branch of the Grand 

Calumet River (WBGCR) which is primarily fed by Hammond Sanitary District (HSD) WWTP effluent. 

Details on the site history and characteristics of these anthropogenic hydraulic discharges are provided in 

Chapter 3.3.1.  The hierarchical cluster analysis indicated that microbial community composition in 

AMW was more similar to CBC, while the microbial community composition in IGC09 was more similar 

to IGC13, reflecting the origin from the anthropogenic hydraulic discharges. AMW and CBC received 

municipal WWTP and stormwater discharges, respectively whereas IGC09 and IGC13 received HSD 

WWTP effluent with municipal and industrial origin. The hierarchical cluster map and PCA results 

showed that the microbial composition clustering in these surface sediments is a reflection of a shared 

origin and similar niche environment provided by the different waste discharges. 
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 Generally, the overall microbial community composition gradually change with increased 

average distance from the two PBDE manufacturing facilities, and thus with decreased ∑49PBDEs 

concentrations in AR surface sediments (AED, ACL, AJL, and AOT surface sediments). The microbial 

community in Chicago surface sediments showed no correlation to ∑49PBDEs concentration. In general, 

the hierarchical cluster and PCA differentiate the microbial community composition in Chicago sediments 

by exposure mode. These trends suggest that ∑49PBDEs concentration can influence the microbial 

community composition in AR surface sediments, while mode of exposure pathway is a driver affecting 

the microbial community composition in Chicago surface sediments. 
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Figure 4.8: Hierarchical cluster map analysis performed in MGRAST
(203)

 and microbial community 

composition at the class operational taxanomic unit (OTU) level for all surface sediments. The 

hierarchical cluster map used the Manhattan method to cluster and measure distance or similarity in the 

microbial community composition in the surface sediments.   
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Figure 4.9: Result of principal component analysis (PCA) of microbial community distribution 

performed in MGRAST.
(203)

 Arrow points in the direction of average increased distance between four AR 

sites to two PBDE manufacturing facilities. Dotted lines reflect surface sediment grouping in the 

hierarchical cluster map shown in Figure 4.8.   
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4.4.1.5. Microorganisms With Confirmed PBDE and PCB Degradation Capability  

 

 Table 4.4 is a summary of microbial species present in the sediment samples with confirmed 

PBDE degradation capability. To date, microbial species from five phyla were identified as confirmed 

PBDE degraders. In the Proteobacteria phylum, all the Sphingomonas sp. identified have demonstrated 

low molecular weight (LMW) PBDE congeners degradation capability (<5 bromines) and diphenyl ether 

degradation capability (i.e., the non-brominated form of PBDE).
(107, 212, 213)

 Similarly, Burkholderia 

xenovorans LB400 have confirmed LMW PBDE congeners degradation capability as well (<6 bromines). 

(108)
 In the Proteobacteria phylum, Sulfurospirillum multivorans from the Epsilonproteobacteria order 

demonstrated high molecular weight (HMW) PBDE congeners  degradation capability (6 to 10 bromine 

susbstitutions).
(102)

 Rhodococcus jostii RHA1, Rhodococcus sp RR1, and Pseudonocardia dioxanivorans 

CB1190 were capable of degrading mono- to hexa-, mono- to di-, and mono- to di-BDE congeners, 

respectively.
(108)

 Lysinibacillus fusiformis strain DB-1 was isolated from PBDE-contaminated sediments 

in China and was able to degrade the deca-BDE congener (BDE-209) provided with the carbon sources 

lactate, acetate, and pyruvate.
(109)

 Microbial species from the Firmicutes and Chloroflexi phyla have 

confirmed capability to dehalogenate HMW PBDE congeners.
(102,103)

 A detailed review on microbial 

facilitated PBDE degradation is provided in Chapter 2.5. 
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Table 4.4. A summary of reported microorganisms and the associated microbial taxa with 

confirmed PBDE degradation capability under laboratory simulations. 

Microbial Strain Taxa (Phylum/Class/Order/Family) 

Sphingomonas sp. strain SS3
(107)

, 

Sphingomonas sp. strain SS33
(213)

, 

Sphingomonas sp. PH-07
(212)

 

Proteobacteria/ Alphaproteobacteria/ 

Sphingomonadales/ Sphingomonadaceae 

Sulfurospirillum multivorans
(102)

 
Proteobacteria / Epsilonproteobacteria / 

Campylobacterales / Campylobacteracaea 

Burkholderia xenovorans LB400
(108)

 
Proteobacteria / Betaproteobacteria / Burkholderiales / 

Burkholderiaceae,  

Rhodococcus jostii RHA1
(108)

,  

Rhodococcus sp RR1
(108)

 

Actinobacteria /-/ Actinomycetales (Corynebacterineae) 

/ Nocardiaceae 

Pseudonocardia dioxanivorans CB1190
(108)

  
Actinobacteria / - /Actinomycetales /  

Pseudonocardiaceae  

Lysinibacillus fusiformis strain DB-1
(109)

 Firmicutes / Bacilli / Bacillales / Bacillacaea 

Desulfitobacterium chlororespirans Co23)
(103)

, 

Desulfitobacterium dehalogenans JW/IU-

DC1),
(102)

,  

Dehalobacter restrictus PER-K23)
(103)

, 

Desulfitobacterium hafniense strain PCP-1
(102)

  

Firmicutes / Clostridia / Clostridiales / Peptococcacea 

Dehalococcoides ethenogenes 195
(102)

 , 

Dehalococcoides sp. strain BAV1)
(102)

  

Chloroflexi / Dehalococcoidetes / Dehalococcoidetes / 

Dehalococcoidetes  

 

 Decades of research on PCB degradation have resulted in the identification of more microbial 

species with confirmed PCB degradation capability. In general, microbial species with confirmed PCB 

degradation capability were from the Proteobacteria, Actinobacteria, Chloroflexi and Firmicutes phyla. 

(198)
 A sample subset of these microorganisms and their associated microbial taxa are summarized in 

Table 4.5. Several of the identified PCB degraders traced their phylogenic root to the Proteobacteria 

phylum, which is the dominant phylum in many sediment and soil samples,
 (206-208)

  as in the present study 

(Figure 4.7a-k). With the exception of Dehalococcoides spp. and Desulfovibrio spp.,
(96, 97)

 most of the 

microorganisms identified in Table 4.5 have confirmed LMW PCB congener (< 6 chlorines) degradation 
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capability  under biostimulation or bioaugmentation laboratory scale experiments.
(69,75,77,79,81,214-216)

 A 

detail review of the literature on PCB biodegradation is provided in Chapter 2.5. 

 Microorganisms with confirmed PBDE and PCB degradation capability were observed to share 

common phylogenic roots. To illustrate, microbial species from the Proteobacteria, Firmicutes, and 

Chloroflexi phyla have confirmed PBDE and PCB degradation capability. Although common phylogenic 

roots were observed, these identified microorganism species can differ in the smaller operational 

taxanomic unit (OTU) classification. For example, microbial species with confirmed PBDE degradation 

capability from the Proteobacteria phylum were classified into the Alphaproteobacteria, 

Epsilonproteobacteria, and Betaproteobacteria class, whereas microbial species with confirmed PCB 

degradation capability from the Proteobacteria phylum were in the Betaproteobacteria, 

Gammaproteobacteria, and Deltaproteobacteria classes. Additionally, confirmed dehalogenation 

capability is not equal within the same phylum. To illustrate, the Lysinibacillus fusiformis strain DB-1 

from the Bacilli order has confirmed HMW PBDE congener (>6 bromines) degradation capability.
(109)

 On 

the other hand, the Bacillus brevis strain B-257, also from the Bacilli order, has confirmed LMW PCB 

congener (<6 chlorines) degradation capability.
(216)
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Table 4.5. A summary of reported microorganisms and the associated microbial taxa with 

confirmed PCB degradation capability under laboratory conditions 

Microorganism Strain Taxa (Phylum/Class/Order/Family) 

Burkholderia cepacia
(214)

 
Proteobacteria/Betaproteobacteria/Burkholderiales/ 

Burkholderiaceae/  

Ralstonia spp. strain SA-3 and Ralstonia 

spp. strain SA-4
(81)

 Proteobacteria/Betaproteobacteria/Burkholderiales/Ra

lstoniaceae 

Comamonas testosteroni
(69)

 
Proteobacteria/Betaproteobacteria/Burkholderiales/ 

Comamonadaceae 

Achromobacter sp.
(215)

 
Proteobacteria/Betaproteobacteria/Burkholderiales/ 

Alcaligenaceae 

Alcaligenes sp. strain Y42
(75)

 
Proteobacteria/Betaproteobacteria/Burkholderiales/Al

caligenaceae 

Desulfovibrio spp 
(97)

 
Proteobacteria/Deltaproteobacteria/Desulfovibrionale

s/Desulfovibrionaceae 

Acinetobacter sp. strain P6
(75)

 
Proteobacteria/Gammaproteobacteria/Pseudomonadal

es/Moraxellaceae 

Pseudomonas aeruginosa
(77)

, 

Pseudomonas putida
(69)

,  

Pseudomonas sp. 7509
(69)

, 

Pseudomonas strain LB400
(79)

 

Proteobacteria/ Gammaproteobacteria / 

Pseudomonadales / Pseudomonadaceae /  

Rhodococcus erythropolis & Rhodococcus 

ruber
(83)

, 

 Rhodococcus rhodochrous
(69)

 

Actinobacteria/- /Actinomycetales ( 

Corynebacterineae)  /  Nocardiaceae 

Bacillus brevis strain B-257
(216)

 Firmicutes/Bacilli/Bacillales/Bacillaceae 

Dehalococcoidetes spp.
 (96)

 

Chloroflexi / Dehalococcoidetes / Dehalococcoidetes / 

Dehalococcoidetes  

 

 

 



135 

 

4.4.1.6. Composition of PBDE and PCB Potential Degraders In Surface Sediments 

 

 To evaluate the potential for in-situ PBDE and PCB degradation, the presence of known PBDE 

and PCB potential degraders in the surface sediments were evaluated. The class OTU was chosen because 

it provides a high level overview of the potential for PBDE and PCB degradation in the surface 

sediments. As demonstrated by Tables 4.4 and 4.5, several microbial species with confirmed PBDE or 

PCB degradation capability could exist within the same phylogenic root. This is consistent with the fact 

that phylogenically close microorganisms can share the same dehalogenase enzyme that enables PBDE 

and PCB dehalorespiration.
(217,218)

 Decreasing the analysis resolution by looking at higher OTU (i.e., 

phylum and class) provides results that are too generic for interpretation. On the other hand, increasing 

the analysis resolution by looking at smaller OTU (i.e., family, species, and genus) could result in 

dismissal of some microorganisms capable of PBDE and PCB degradation.  

 The distribution of potential PBDE and PCB degraders in the surface sediments are shown in 

Figure 4.10a and 4.12a, respectively. As it was desired to capture as many potential PBDE and PCB 

degraders, the distribution of the unclassified microbial class of constituent with confirmed PBDE and 

PCB degradation capability was also included. For example, these OTUs include unclassified 

Betaproteobacteria, unclassified Epsilonproteobacteria, and unclassified Chloroflexi. It is noted that this 

grouping likely overestimate the actual PBDE and PCB degraders abundance. Since the objective of this 

study is to provide new in-sight into in-situ microbial facilitated PBDE and PCB degradation in the 

sediment phase and not to quantify in-situ degradation rates, interpretation was based upon observed 

trends and not a quantitative relationship. The abundance of PBDE or PCB degraders was compared to 

∑49PBDEs or ∑132PCBs concentrations (panel b) and to the residual values of multiple linear square 

regression (MLSR) analysis (panel c); MLSR analysis is discussed in section 3.4.4. and 5.6. The MLSR 

analysis quantifies the difference between model profiles to sediment profile; large residual value 

indicates a large difference between model and sediment profile and vice-versa for smaller residual value. 
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Three PBDE TMs (DE-71, DE-79, and Saytex 102E TMs) and four PCB Aroclors (Aroclors 1016, 1248, 

1254, and 1260) were used in the MLSR analysis for PBDEs and PCBs, respectively.  

 

 

Figure 4.10: a) Abundance of potential PBDE degraders by the microbial class operational taxanomic 

unit (OTU) level, b) ∑49PBDEs concentration and total abundance of potential PBDE degraders, and c) 

residual value of multiple linear square regression (MLSR) between three PBDE technical mixtures (DE-

71, DE-79, and Saytex 102E TMs) versus total abundance of potential PBDE degraders in surface 

sediments. Note that the surface sediments in the x-axis of panel a) are arranged by hierarchical cluster 

map in Figure 4.7. In b) and c), vertical bold lines represent the 50
th
 percentile value of the abundance of 

potential PBDE degraders and horizontal lines represent the 50
th
 percentile value for ∑49PBDEs 

concentration and PBDE MLSR residual value, respectively, in all surface sediments.  
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 The fraction of all microbial class OTUs that are potential PBDE degraders in the surface 

sediment ranged from 10 to 28% and increased in the order of AFR (10%) < AED (11%) < IGC09 (11%) 

< CBC (13%) < AOT (13%) < CLC (16%) <  AMW (18%) < IGC13 (20%) <  CWP (20%) < ACL (26%) 

< AJL (28%) (Figure 4.10a). The unclassified Betaproteobacteria constituted 20 to 84% of the microbial 

class OTUs designated as PBDE degraders and was the most dominant OTU in all the surface sediment 

samples. There was a general trend of increased abundance of potential PBDE degraders with increased 

∑49PBDEs concentrations as observed within the dotted gray oval in Figure 4.10b (Spearman coefficients 

between abundance of potential PBDE degraders and ∑49PBDEs are -0.3, 0.1, and 0.22 for all surface 

sediments, respectively).  

 For the purpose of discussion, high ∑49PBDEs concentrations was ad-hoc defined as having 

∑49PBDEs concentration >50
th
 percentile value, high abundance ad-hoc was defined as having abundance 

>50
th
 percentile value, and high MLSR residual was ad-hoc defined as having >50

th
 percentile value; low 

∑49PBDEs, abundance, and MLSR residual were ad-hoc defined as having <50
th
 percentile value of the 

respective parameters.  AED and IGC09 have high ∑49PBDEs concentrations; however, potential PBDE 

degraders abundance was small. In contrast, AMW, IGC13, ACL, and CWP have high ∑49PBDEs 

concentrations and high abundance of potential PBDE degraders in the surface sediments. Generally, 

surface sediments with low ∑49PBDEs concentrations such as AOT, AFR, and CLC have low abundance 

of potential PBDE degraders. In Figure 4.10c, a general trend of increased MLSR residual value with 

increased potential PBDE degraders abundance was observed (Spearman coefficients between MLSR 

residual value and abundance of potential PBDE degraders are -0.06, 0.05, 0.07, and 0.34 for all surface 

sediments, excluding ACL, excluding AJL, and excluding ACL and AJL, respectively). CBC, IGC09, 

CLC, and AFR surface sediments have low abundance of potential PBDE degraders and high MLSR 

residual values whereas AED and AOT surface sediments also with low abundance of potential PBDE 

degraders have low MLSR residual values. In surface sediments with high abundance of potential PBDE 

degraders, AMW, IGC13, and CWP surface sediments have high MLSR residual values whereas AJL and 
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ALC surface sediments have low MLSR residual values. The trend in Figure 4.10b suggests that higher 

∑49PBDEs concentrations may enrich for the presence of potential PBDE degraders. Additionally, Figure 

4.10c suggests that the increased residual values between the three PBDE TMs to the PBDE congener 

distribution in the sediment profiles are correlated with increased abundance of potential PBDE 

degraders. 

 Comparison of the PBDE degradation ability by pure cultures to mixed enrichment cultures often 

revealed that mixed cultures have a wider range of PBDE degradation capability.[102] This suggests that 

microorganisms with confirmed PBDE degradation capability generally can only degrade PBDEs within a 

specific range of bromine substitution. For example, the Dehalococcoides spp. ANAS culture which 

contained multiple Dehalococcoides strains produced a diverse range of debromination products from 

octa-PBDE. In contrast to pure cultures of Dehalococcoides ethenogenes, Dehalococcoides spp. strain 

BAV1, and Dehalococcoides sp. strain CBDB1 produced only a limited number of debromination 

products.
(102)

 

 The potential PBDE degraders abundance was divided into OTUs capable of LMW PBDE (1-6 

bromines) and HMW PBDE (>6 bromines) degradation (Figure 4.11); these classifications were noted as 

∑LMWPBDE potential degraders and ∑HMWPBDE potential degraders, respectively. Unclassified 

Protoebacteria were not included in this analysis because microorganisms with confirmed PBDE 

degradation capability from the Proteobacteria phylum showed a wide range of degradation capability. 

For example, Alphaprotoebacteria and Betaproteobacteria classes are capable of LMW PBDE 

dehalogenation whereas microorganisms with confirmed PBDE degradation capability from the 

Epsilonproteobactaria class are capable of HMW PBDE dehalogenation.
(102,107,213)

 

 Overall, abundance of ∑LMWPBDE potential degraders ranged from 5 to 24% and abundance of  

∑HMWPBDE potential degraders ranged from 1 to 10% (Figure 4.11a). The abundance of ∑LMWPBDE 

potential degraders to abundance ∑HMWPBDE potential degraders (∑LMW/HMWPBDE potential degraders 
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ratio) ranged from 0.75 to 16 (Figure 4.11b). Only AOT surface sediment has ∑LMW/HMWPBDE potential 

degraders <1. No observable trend was discerned between ∑LMW/HMWPBDE potential degraders ratio in 

relation to microbial community clustering (Figure 4.11b). 

 With the exception of ACL surface sediment, ∑LMW/HMWPBDE potential degraders ratio did not 

vary significantly with concentration and MLSR residual value (Figure 4.11c, e, and f) (Spearman 

coefficients between ∑LMW/HMWPBDE potential degraders ratio to  ∑LMW/HMWPBDE potential degraders 

ratio and MLSR residual values are -0.05 and 0.10 for all surface sediments and excluding ACL, 

respectively), nor with  homolog 1 to 6 composition (∑H1-6BrPBDEs) (Figure 4.11d) (Spearman 

coefficients between ∑LMW/HMWPBDE potential degraders ratio to ∑H1-6BrPBDEs are of -0.06 and 0.15 for 

all surface sediments and excluding ACL, respectively). The trends observed in Figure 4.11c and f 

suggest that the higher abundance of ∑LMWPBDE potential degraders does not correlate to decreasing ∑H1-

6BrPBDEs debromination. Further, the lack of correlation between PBDE MLSR residual values and 

∑LMW/HMWPBDE potential degraders suggests that increased abundance of ∑LMWPBDE potential degraders 

does not enhance the dehalogenation of LMW PBDE congeners in any observable way. This is in contrast 

to expectation from laboratory scale experiments.
(102,103,108)

 While in-situ microbial facilitated PBDE 

degradation is possible in the surface sediments, it does not appear to favor the formation of LMW PBDE 

congeners. This unexpected trend could arise from several reasons; the possibility may be low 

concentrations of PBDE congeners amenable to dehalogenation, and low bioavailability due to solid 

phase binding, and/or sediment column properties that do not support degradation such as lack of electron 

donors. 
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Figure 4.11: a) Abundance of ∑LMWPBDE  and ∑HMWPBDE potential degraders, b) ∑LMW/HMWPBDE 

potential degraders ratio, c)∑49PBDEs concentration versus ∑LMW/HMWPBDE potential degraders, d) ∑H1-

6PBDEs versus ∑LMW/HMWPBDE potential degraders, e) MLSR residual value versus ∑LMW/HMWPBDE 

potential degraders, and f) a scale-up of the region surrounded by bold grey oval in e) in all surface 

sediments. In c) through f), vertical bold lines represent the 50
th
 percentile value of ratio of ∑1-6BrPBDE 

potential degraders over ∑>6BrPBDE potential degraders and horizontal lines represent the 50
th
 percentile 

value of ∑LMW/HMWPBDE potential degraders ratio, ∑H1-6PBDEs composition , and MLSR residual value 

(e-f). Note the different scales on the x and y-axes. 

 

0%

6%

12%

18%

24%

30%

A
b

u
n

d
n

a
ce

 (
%

)

1 to 6 Substitutions

>6 Substitutions
a)

AED

ACL

CWP

AFR

AJL

CLC

IGC09
IGC13

AOT

CBC

AMW

1

10

100

1000

10000

100000

0 5 10 15 20

∑
4

9
P

B
D

E
s 

(n
g
/g

)

∑LMW/HMWPBDEs ratio

c)

AED ACL

CWP AFRAJL

CLC

IGC09

IGC13

AOTCBC

AMW

0

0.01

0.02

0.03

0.04

0.05

0 5 10 15 20

M
L

S
R

 R
es

id
u

a
l

∑LMW/HMWPBDEs ratio 

e)

AED ACL

CWP

AFR

AJL IGC09
AOT

CBC

0.000

0.002

0.004

0.006

0.008

0.010

0 5 10 15 20

M
L

S
R

 R
es

id
u

a
l

∑LMW/HMWPBDEs ratio 

f)

0

4

8

12

16

20

∑
L

M
W

/ 
H

M
W

P
B

D
E

s 
ra

ti
o

b)

AED

ACL

AFR
AJL

CLC

IGC09

IGC13

AOT

CBC

0%

3%

6%

9%

12%

15%

0 5 10 15 20

∑
H

1
-6

P
B

D
E

s 
(%

)

∑LMW/HMWPBDEs ratio

d)



141 

 

  Abundance of microbial class OTUs capable of PCB degradation ranged from ~10 to 27% and 

increased in the order of AMW (10%) < IGC09 (10%) < ACL (10%) < AED (13%) < AFR (13%) < AOT 

(16%) < AJL (17%) < CWP (20%) < CBC (21%) < CLC (21%) < IGC13 (2 %) (Figure 4.12a). With the 

exception of IGC09 surface sediment, Chicago and IGC13 surface sediments have much higher 

abundances of potential PCB degraders relative to AR surface sediments suggesting that PCB degraders 

are enriched in the Chicago metropolitan sediments due to the higher ∑132PCBs concentrations. Similar to 

the case with PBDEs, there was a  general trend of increasing abundance of potential PCB degraders with 

increased ∑132PCBs concentrations and MLSR residual values (Spearman coefficients for ∑132PCBs and 

abundance of potential PCB degraders are -0.2 and 0.33 for all surface sediments and excluding IGC09; 

Spearman coefficients for PCB MLSR residual and abundance of potential PCB degraders are -0.14, 0.08, 

and 0.23 for all surface sediments, excluding AOT, and excluding AOT and CLC, respectively). This 

trend is denoted by the grey dotted oval in Figure 4.12b and c.  

 Most microbial PCB degradation studies in the literature focused on degradation of LMW PCB 

homologs.
(73-75,77-79,82,83,89-91)

 In contrast, relatively little information is available on the degradation of 

HMW PCB congeners; therefore, abundance of potential  PCB degraders was not further evaluated by 

chlorine substitution degradation capability. 
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Figure 4.12: a) Abundance of potential PCB degraders by the microbial class operational taxanomic unit 

(OTU) level, b) ∑132PCBs concentration and  abundance of potential PCB degraders, and c) PCB MLSR 

residual value and abundance of potential PCB degraders in all surface sediments. Note that surface 

sediments in a) were arranged by hierarchical cluster map in Figure 4.7. In b) and c), vertical bold lines 

represent the 50
th
 percentile value of PBDE potential degraders abundance and horizontal lines represent 

the 50
th
 percentile value for ∑132PBDEs concentrations and MLSR residual values, respectively, in all 

surface sediments.  
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degraders to potential PCB degraders. ACL and AJL surface sediments have lower than a 2:1 ratio while 

AMW surface sediment has a slightly higher than 2:1 ratio.  

 

 

Figure 4.13: Abundance of potential PBDE and PCB degraders OTUs in all surface sediments. Also 

shown are the 1:2, 1:1 and 2:1 slopes as bold lines.  
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4.3), a large fraction of the total bacterial community is not yet identified suggesting that the microbial 

diversity in these surface sediments could be largely underestimated. While increased in the unclassified 

Bacteria abundance was observed along with increasing ∑49PBDEs concentration, the opposite was true 

for ∑132PCBs concentration (Spearman coefficients between abundance and ∑49PBDEs are -0.03 and 0.37 

for all surface sediments and excluding AMW, respectively; Spearman coefficients between abundance 

and ∑132PCBs are -0.07 and 0.29 for all surface sediments and excluding IGC09, respectively). These 

trends were noted by the bold dotted grey oval in Figure 4.14a and c. Generally, increased in the 

unclassified Bacteria abundance corresponded with a decrease in the PBDE MLSR residual values 

(Figure 4.14e), whereas no trend was apparent between unclassified Bacteria abundance and PCB MLSR 

residual values (Spearman coefficient between abundance to PBDE and PCB residual values are -0.02 

and 0.41, respectively) (Figure 4.14f). The increased in unclassified Bacteria abundance with increased 

∑49PBDEs concentrations suggest that high PBDE levels may select for these unclassified Bacteria; 

however, given that the unclassified Bacteria abundance decreased with increased PBDE MLSR residual 

value suggests that these unclassified Bacteria are not active PBDE dehalorespirers. The decrease in 

unclassified Bacteria abundance with increasing ∑132PCBs levels was unexpected. As previously shown 

in Tables 4.4 and 4.5, PBDE and PCB degraders generally share the same phylogenetic root, suggesting 

that phylogenetically close microorganisms can adapt to both PBDEs and PCBs. Therefore, if the PBDE 

contamination provided a niche environment for the enrichment of these unclassified Bacteria, PCBs also 

would be expected to have the same effect on the unclassified Bacteria, which does not appear to be the 

case. 
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Figure 4.14: a)Abundance of unclassified Bacteria, b) microbial alpha diversity as a function of 

unclassified Bacteria abundance, c) ∑49PBDEs concentration as a function of unclassified Bacteria 

abundance d) ∑132PCBs concentration as a function of unclassified Bacteria abundance, e) PBDE MLSR 

residual value versus unclassified Bacteria abundance, and f) PCB MLSR residual value versus 

unclassified Bacteria abundance in all surface sediment samples. Y-axes on c) and d) are in log scale. 

Note the different scale of the x and y-axes. 
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4.4.2. Indigenous Microbial Community In AMW Sediment Segments 

 

4.4.2.1. General Sequence Statistics 

 

 Pyrosequencing data from the AMW sediment segments submitted to MGRAST were also 

subjected to similar quality control as the pyrosequencing data from the surface sediments. Quality 

control details were previously provided in Chapter 4.4.1.1. Table 4.6 is a summary of pre- and post-

quality control sequence statistics for microbial community in AMW sediment segments. In all AMW 

sediment segments, >96% of the total sequence submitted to MGRAST passed quality control. 

 

Table 4.6: Sequence statistic for AMW sediment segments. 

Site 

Pre-quality Control Post-quality Control 

bp
(1)

 Sequence Length GC(%)
(2)

 bp
(1)

 Sequence Length GC(%)
(2)

 

AMW 2010 1407698 3339 421 ± 74 55 ± 2 1375415 3184 431 ± 60 56 ± 3 

AMW 2005 1266461 2983 424 ± 69 56 ± 2 1228057 2822 435 ± 52 56 ± 3 

AMW 2000 1806166 4612 391 ± 46 56 ± 2 1686827 4317 390 ± 44 56 ± 3 

AMW 1995 1730652 4174 414 ± 71 56 ± 2 1691845 3987 424 ± 61 56 ± 3 

AMW 1990 1840200 4404 417 ± 67 56 ± 2 1800550 4211 427 ± 54 56 ± 2 

AMW 1985 1296905 3105 417 ± 75 56 ± 2 1264292 2936 430 ± 57 56 ± 2 

AMW 1980 1380473 3429 402 ± 84 55 ± 2 1336033 3175 420 ± 63 56 ± 2 

AMW 1975 3925355 9852 398 ± 86 55 ± 2 3786252 9049 418 ± 64 55 ± 2 

AMW 1970 2417370 5998 403 ± 65 55 ± 2 2362540 5712 413 ± 2 55 ± 2 

AMW 1965 1508169 3687 409 ± 81 54 ± 2 1461597 3426 426 ± 30 54 ± 3 
(1)

 Basepairs 
(2)

Guanine and cytosine nucleic acid composition 
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4.4.2.2. Microbial Species Richness and Abundance In AMW Sediment Segments 

 

 The AMW sediment segments were divided into two categories that spanned a 15 and 25 year 

period. The upper sediment segments consisted of AMW 2010 to AMW 1995, and the lower sediment 

segments consisted of AMW 1990 to AMW 1965. The rarefaction curves for the microbial community in 

the AMW sediment segments are shown in Figure 4.15a-b. Generally, the upper sediment segments did 

not reach a plateau. More sequences were sampled in the lower sediment segments allowing the 

rarefaction curve to approach the plateau. The rarefaction curves shown in Figure 4.15a-b indicate that 

substantial microbial species richness has not yet been sampled in the upper AMW sediment segments, 

whereas the microbial species richness was relatively better captured in the lower AMW sediment 

segments.  

 

 

Figure 4.15: Rarefaction curves for a) the upper AMW sediment segments with sediment age of 2010 to 

1995, and b) the lower AMW sediment segments with sediment age of 1990 to 1965. 
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depth and age in the AMW sediment segment (R
2
=0.84). This is consistent with the trend in rarefaction 

curves in Figure 4.15a-b which indicated that lower sediment segments better capture the microbial 

species richness relative to the upper sediment segments; fewer species in the lower sediment segments 

resulted in better capture of species richness. Other studies characterizing soil and sediment microbial 

community composition also reported decreased microbial diversity with increasing sediment depth and 

age.
(219-221)

  

 

 

Figure 4.15: Microbial species diversity as measured by the alpha diversity index for the AMW sediment 

segments.  

 

4.4.2.3. Dominant Microbial Community Composition In AMW Sediment Segments 

 

 Similar definition of dominant microbial phyla was used as described previously as having >1% 

of the total bacterial abundance. The dominant microbial phyla in AMW 2010 (0-2cm) was previously 
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sediment segments. The complete microbial distributions in all AMW sediment segments are shown in 

Table C4.2 in the appendix. 

AMW 2005 (8-10cm): The RDP databases identified 18 phyla (excluding unclassified bacteria) in AMW 

2005 sediment; among these phyla, six were dominant. Phylum dominance increased in the order of 

Cyanobacteria < Actinobacteria < Spirochaetes  < Firmicutes < Bacteroidetes < Proteobacteria. In the 

Proteobacteria phylum, class increased in the order of unclassified Proteobacteria < 

Gammaproteobacteria < Alphaproteobacteria=Epsilonproteobacteria < Deltaproteobacteria < 

Betaproteobacteria. Microbial classes in the Bacteroidetes phylum increased in the order of Cytophagia 

< unclassified Bacteroidetes < Sphingobacteriia < Flavobacteriia. Microbial classes increased in the 

order of Negativicutes < Erysipelotrichi < Bacilli < Clostridia in the Firmicutes phylum. The 

Spirochaetes phylum was composed entirely of Spirochaetia class whereas the Actinobacteria and 

Cyanobacteria phyla were not further classified into smaller microbial taxa. 

AMW 2000 (18-20cm): Excluding unclassified Bacteria, phylum dominance in the AMW 2000 sediment 

segment increased in the order of Spirochaetes < Firmicutes < Bacteroidetes < Proteobacteria. 

Microbial classes abundance in the Proteobacteria phylum increased in the order of unclassified 

Proteobacteria < Alphaproteobacteria < Epsilonproteobacteria < Gammaproteobacteria < 

Betaproteobacteria. The Bacteroidetes phylum was composed of Cytophagia < unclassified 

Bacteroidetes < Sphingobacteriia < Flavobacteriia < Bacteroidia class in increased order. Microbial 

classes abundance in the Firmicutes phylum increased in the order of Negativicutes < Erysipelotrichi < 

Bacilli < Clostridia.  

AMW 1995 (24-26 cm): Phylum dominance increased in the order of Actinobacteria < Bacteroidetes < 

Firmicutes < Proteobacteria. In the Proteobacteria phylum, microbial classes abundance increased in the 

order of unclassified Protebacteria < Epsilonproteobacteria < Alphaproteobacteria < 

Gammaproteobacteria < Betaproteobacteria. Microbial classes abundance increased in the order of 
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Spinghobacteria < Cytophagia < Bacteroidia < Flavobacteriia. The Clostridia class in the Firmicutes 

phylum was substantially larger than the Bacilli, Negativicutes, and Erysipelotrichi. The Spirochaetes 

phylum was composed entirely of the Spirochaetia class. The Actinobacteria phylum was not further 

classified into microbial classes.   

AMW 1990 (30-32 cm): Phylum abundance increased in the order Actinobacteria < Firmicutes < 

Verrucomicrobia  Bacteroidetes < Proteobacteria in AMW 1990 sediment segment. In the 

Proteobacteria phylum, microbial classes abundance increased in the order of unclassified Proteobacteria 

< Epsilonproteobacteria < Alphaproteobacteria <Gammaproteobacteria < Deltaproteobacteria < 

Betaproteobacteria. In the Bacteroidetes phylum, microbial classes increased in the order of unclassified 

Bacteroidetes < Cytophagia < Flavobacteriia < Bacteroidia < Sphingobateriia. The Opitutae microbial 

class was highly dominant over the Verrucomicrobiae microbial class in the Verrucomicrobia  phylum. 

The Firmicutes phylum consisted only of the Clostridia class. The phylum Actinobacteria was not 

classified into microbial class but consisted of sequences from the Actinomycetales order which was 

highly dominant over the   Bifidobacterales order. 

AMW 1985 (34-36 cm): Excluding unclassified Bacteria, there were 14 phyla in the AMW 1985 (34-

36cm) sediment segment. Of these, five phyla were dominant. Phylum dominance increased in the order 

of Spirochaetes < Actinobacteria < Firmicutes < Bacteroidetes < Proteobacteria. The Spirochaetes 

phylum consisted entirely of the microbial class Spirochaetia. The microbial class in the Actinobacteria 

phylum consisted of the Actinomycetales order which was further classified into Dermatophilaceae = 

Corynebacteriaceae < Segniliparaceae < Nocardiaceae < Frankiaceae < Intrasporangiaceae < 

Nocardiopsaceae < Streptomycetaceae microbial classes. Microbial classes abundance in the 

Bacteroidetes phylum increased in the order of Cytophagia < Flavobacteriia < Bacteroidia < 

Sphingobacteriia. The Protebacteria phylum consisted of the Epsilonproteobacteria < 

Deltaproteobacteria < Alphaproteobacteria < Gammaproteobacteria < Betaproteobacteria.  
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AMW 1980 (38-40 cm): Excluding unclassified Bacteria, five of the twelve microbial phyla were 

dominant in the AMW 1980 sediment segment. Dominant phylum increased in the order of Firmicutes < 

Nitrospirae < Bacteroidetes < Proteobacteria. The Clostridia microbial class was more dominant than 

the Bacilli microbial class in the Firmicutes phylum. The Nitrospirae phylum consisted of Nitrospira 

class only. The microbial classes in the Bacteroidetes phylum increased in the order of Cytophagia < 

Flavobacteriia < Bacteroidia < Sphingobacteriia. In the Proteobacteria phylum, microbial classes 

abundance increased in the order of unclassified Proteobacteria < Alphaproteobacteria < 

Epsilonprotebacteria = Deltaproteobacteria < Gammaproteobacteria < Betaproteobacteria. 

AMW 1975 (42-44 cm): Dominant phylum increased in the order of Firmicutes < Bacteroidetes < 

Preoteobacteria. The Proteobacteria phylum consisted of six microbial classes which increased in the 

order of unclassified Proteobacteria < Deltaproteobacteria < Alphaproteobacteria < 

Gammaproteobacteria < Epsilonproteobacteria < Betaproteobacteria. Microbial classes in the 

Bacteroidetes phylum increased in the order of unclassified Bacteroidetes < Cytophagia < Bacteroidia < 

Flavobacteria < Sphingobacteriia. The microbial classes increased in the order of Negativicutes < Bacilli 

< Clostridia  in the Firmicutes phylum.  

AMW 1970 (46-48 cm): Dominant phylum increased in the order of Bacteroidetes <  Firmicutes < 

Proteobacteria. The Proteobacteria phylum consisted of microbial classes that increased in the order of 

Alphaproteobacteria < unclassified Proteobacteria < Deltaproteobacteria < Gammaproteobacteria < 

Epsilonproteobacteria < Betaproteobacteria. Microbial classes in the Firmicutes phylum increased in the 

order of Negativicutes < Bacilli  < Clostridia. The Bacteroidetes phylum consisted of microbial classes 

with increasing abundance in the order of Cytophagia < unclassified Bacteroidetes < Bacteroidia < 

Sphingobacteroidiia < Flavobacteriia.  

AMW 1965 (48-50 cm): Dominant phylum in the AMW 1965 sediment segment increased in the order of 

Spirochaetes < Bacteroidetes < Firmicutes < Proteobacteria. The Proteobacteria phylum consisted of 
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unclassified Proteobacteria <  Deltaprotoebacteria < Gammaproteobacteria < Alphaproteobacteria < 

Betaproteobacteria < Epsilonproteobacteria. Microbial classes abundance in the Firmicutes phylum 

increased in the order of Negativicutes < Bacilli < Clostridia. The Bacteroidetes consisted of unclassified 

Bacteroidetes < Cytophagia < Bacteroidia < Sphingobacteriia in increasing order of microbial class. The 

Spricohaetes phylum consisted entirely of the Spirochaetia microbial class.  
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Figure 4.16a: Overview of the microbial community in AMW 2005(8-10cm) sediment segments as identified by the RDP database.
(204) 

Visualization was generated in Krona.
(205) 
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Figure 4.16b: Overview of the microbial community in AMW 2000 (18-20cm) sediment segments as identified by the RDP database. 
(204)

 

Visualization was generated in Krona.
(205)
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Figure 4.16c: Overview of the microbial community in AMW 1995 (24-26cm) sediment segments as identified by the RDP database.
(204)

  

Visualization was generated in Krona.
(205) 
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Figure 4.16d: Overview of the microbial community in AMW 1990 (30-32cm) sediment segments as identified by the RDP database.
(204)

  

Visualization was generated in Krona.
(205) 

 



157 

 

 

Figure 4.16e: Overview of the microbial community in AMW 1985 (34-36cm) sediment segments as identified by the RDP database. 
(204)

 

Visualization was generated in Krona.
(205) 
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Figure 4.16f: Overview of the microbial community in AMW 1980 (38-40cm) sediment segments as identified by the RDP database. 
(204)

 

Visualization was generated in Krona.
(205) 
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Figure 4.16g: Overview of the microbial community in AMW 1975 (42-44cm) sediment segments as identified by the RDP database. 
(204)

 

Visualization was generated in Krona.
(205) 
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Figure 4.16h: Overview of the microbial community in AMW 1970 (46-48cm) sediment segments as identified by the RDP database. 
(204)

  

Visualization was generated in Krona.
(205) 
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Figure 4.16i: Overview of the microbial community in AMW 1965 (48-50cm) sediment segments as identified by the RDP database. 
(204)

 

Visualization was generated in Krona.
(205) 
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4.4.2.4. Similarity in Microbial Community Composition In AMW Sediment Segments 

 

 A hierarchical cluster map measuring the similarity in AMW sediment segments is shown in 

Figure 4.17. The Manhattan method was used to predict clustering and calculate clustering distance.  The 

PCA of the microbial community structure is also included in Figure 4.18.  The hierarchical analysis 

grouped the AMW sediment segments into two main clusters; the first group included AMW 2010 to 

AMW 1995 sediment segments and the second group included the remaining AMW sediment segments. 

 The grouping of microbial community composition by sediment depth or age observed in the 

hierarchical cluster map in Figure 4.17 was also reflected in the PCA results (Figure 4.18). Generally, 

upper sediment segments (AMW 2010 to AMW 1995) were low in factors one and two while deeper 

sediment segments (AMW 1990 to AMW 1965) were higher in factors one and two. Within each group 

cluster (i.e, grouping of AMW 2010 to AMW 1995 and AMW 1990 to AMW 1965), factor one values 

increased with increased sediment depth and age. The inverse trend was observed for factor two. 

Although both hierarchical cluster map and PCA were performed independent of sediment age and depth, 

both resulted in similar microbial community grouping based on sediment age or depth. This provided 

strong support for the hypothesis of gradual changes in microbial community composition with sediment 

age or depth in AMW sediment segments  
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Figure 4.17: Hierarchical cluster map analysis performed in MGRAST
(203)

 and microbial community 

structure at the class operational taxanomic unit (OTU) level for AMW sediment segments. The 

hierarchical cluster map used the Manhattan method to cluster and measure distance or similarity in the 

microbial community structure in the surface sediments.   
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Figure 4.18: Principal component analysis (PCA) of the microbial community structure in AMW 

sediment segments. Dotted hollow spheres reflect the grouping based on microbial community clustering 

(Figure 4.17). Dark grey shaded area represents the upper sediment segments (AMW 2010 to AMW 

1995) and light grey shaded area represents the lower sediment segments (AMW 1990 to AMW 1965).  

 

Temporal Changes In The Microbial Community Composition Of AMW Sediment Columns.  

Gradual changes in microbial community composition with increased sediment depth or age was 

observed in the AMW sediment segments. Similar to the case of the surface sediments, unclassified 
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Bacteria in the AMW sediment segment was present in high abundance ranging from 30 to 80% and 

generally increased with increased sediment depth and age. More detailed discussion on the unclassified 

Bacteria distribution is provided in Chapter 4.4.2.6. The Proteobacteria phylum abundance ranged from 

13 to ~45%. Unlike unclassified Bacteria, the Proteobacteria phylum decreased with increased sediment 

age or depth. Within the Proteobacteria phylum, the Gammaproteobacteria and Deltaproteobacteria 

microbial classes increased with sediment age or depth, whereas the inverse trend was observed for 

Epsilonproteobacteria. Other bacterial phyla that decreased with increasing sediment depth or age were 

the Actinobacteria, Planctomycetia, Bacteroidetes, and Aquificae. No observable trend was observed with 

Acidobacteria, Cyanobacteria, Tenericutes, Synergistetes, Chlamydia, Chlorobia, 

Thermodesulfobacteria, and Gemmatimonadales phyla. The Spirochaetia and Verrucomicrobia phyla 

were only enriched in the upper sediment segments and generally not present in the lower sediment 

segments. On the other hand, the Thermotogales and Nitrospira phyla were only enriched in the three 

lowest sediment segments (AMW 1975, AMW 1970, and AMW 1965). Interestingly, Cyanobacteria 

phylum (phylum including photosynthetic bacteria) were found below sunlight penetration depth. 

 Previously, physico-chemical characterization in Chapter 3 revealed that the AMW sediment 

column generally has oxidation-reduction potential (ORP) levels consistent with a facultative metabolism 

(-20 to -80 mv) (Figure B3.3b). These sediments also have low sulfide concentrations in the surface 

sediments (~10 ppm) and relatively constant sulfide concentration between 2.5 to 11 cm and in deeper 

sediment segment (~25 and ~100 ppm, respectively) (Figure B3.4b). They also have a relatively constant 

wet and dry density (ρW and ρD of ~1 and 0.05 g/mL, respectively) with depth (Figure B3.5b) and high 

water content in all the sediment segments (>98%) (Figure B3.6b). The AMW sediment column also has 

high organic matter (OM) and organic carbon (OC) level that gradually decrease with increased sediment 

depth (160 to 320 mg/g and 240 to 480 mg/g for OC and OM, respectively) (Figure B3.7b), relatively low 

and constant BC concentration (<5 mg/g in all AMW sediment column) (Figure B3.8b), and homogenous 

grading of particle size distribution (PSD) with increased sediment depth (Figure B3.9b). They also have 
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increased BDE-209 concentrations (5666 and 48181 ng/g at the surface sediment and peak concentration, 

respectively) and increased composition of PBDE homologs 1-4, 5-7, and 8-9 concomitant with decreased 

composition of BDE-209 with depth,
(151)

 and decreased ∑132PCBs concentrations with depth. It is possible 

that the adaptations of the Spirochaetia and Verrucomicrobia phyla, and the Thermotogales and 

Nitrospira phyla in the upper and lower AMW sediment segments, respectively were a response to 

changes in OM, OC, ∑49PBDEs, or ∑132PCBs.  While no observable trend was observed in the 

Chloroflexi phylum, it was present in all AMW sediment segments and abundance reached up to 0.23%. 

The Firmicutes phylum abundance ranged from 1 to 10% and was present in all sediment segments. 

 

4.4.2.5. Potential PBDE and PCB Degraders In AMW Sediment Segments 

 

 The abundance of microbial taxa with potential PBDE and PCB degradation capabilities 

(capabilities were inferred from demonstrated PBDE and PCB degradation under laboratory scale studies) 

was monitored to better understand the potential for microbial facilitated in-situ PBDE and PCB 

degradation. Abundance was also similarly evaluated at the microbial class OTU as was previously done 

in section 4.4.1.6. 

 Abundance of potential PBDE degraders in the AMW sediment segments ranged from 6 to 31%; 

the highest abundance was observed in AMW 2000 and the lowest abundance was observed in AMW 

1990 (Figure 4.19a).  The most dominant OTU was the unclassified Betaprotoebacteria (Figure 4.10a). 

Unclassified Betaproteobacteria constituted 11 to 61% of the total potential PBDE degraders abundance 

in AMW sediment segment. The highest abundance of unclassified Betaproteobacteria was observed in 

AMW 2000. Additionally, Burkholderiales, Campylobacterales, Clostridia, and unclassified Chloroflexi 

OTUs were also present at the highest levels in segment AMW. Unclassified Epsilonproteobacteria and 

unclassified Actinobacteria phyla abundance decreased with increasing sediment depth and age. This is 
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consistent with the general trend of total Epsilonproteobacteria and total Actinobacteria phyla described 

previously in Section 4.4.2.4. The Campylobacterales order was only enriched in the upper sediment 

segments (AMW 2009 to AMW 1990). No trend was observed in the distribution of unclassified 

Alphaprotoebacteria, Sphingomonadales, and Clostridia. The Bacilli microbial order abundance was <1 

% in all AMW sediment segments except in AMW 1965, where the abundance was ~4%. The 

unclassified Proteobacteria, unclassified Actinobacteria, and unclassified Chloroflexi phyla were only 

found in AMW 2005, AMW 1965, and AMW 2000 and AMW 1990, respectively. The 

Dehalococcoidetes microbial order was present in low amounts (<1%) in all AMW sediment segments 

except AMW 2005 and AMW 1990. Further observation indicated that the sequences in the 

Dehalococcoidetes class were not resolved at the smaller OTU (i.e., at the order, family, genus, and 

species level).  

 In contrast to the surface sediments, a general trend of decreasing abundance of potential PBDE 

degraders with increased ∑49PBDEs concentration was observed (Spearman coefficients between 

abundance and ∑49PBDEs are -0.3 and -0.44 for all AMW sediment segments and excluding AMW2000, 

respectively) (Figure 4.19b). AMW 2009, AMW 2000, and AMW 1965 have high abundance of potential 

PBDE degraders and low∑49PBDEs concentrations. AMW 2005, AMW 1974, and AMW 1969 have high 

potential PBDE degraders compositions and low ∑49PBDEs concentrations. AMW 1995, AMW 1990, 

AMW 1985, and AMW 1981 have high potential PBDE degraders compositions and low ∑49PBDEs 

concentrations. No AMW sediment segment has high potential PBDE degraders abundance and high 

∑49PBDEs concentration.  
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Figure 4.19: a) Abundance of potential PBDE degraders at the class operational taxanomic unit (OTU) 

level, b) ∑49PBDEs concentration and total abundance of potential PBDE degraders, and c) PBDE MLSR 

residual value versus total abundance of potential PBDE potential degraders in AMW sediment segments. 

In b) and c), vertical bold lines represent the 50
th
 percentile value of the potential PBDE degraders 

abundance and horizontal lines represent the 50
th
 percentile value for ∑49PBDEs concentration and MLSR 

residual value, respectively, in all AMW sediment segments. 

 

 In general, increased potential PBDE degraders abundance coincided with increased PBDE 

MLSR residual value (Spearman coefficient between abundance and PBDE MLSR is 0.39 for all AMW 

sediment segments) (Figure 4.19c). No AMW sediment segments have high abundance of potential 

PBDE degraders and low PBDE MLSR residual value. AMW 1995, AMW 1985, AMW 1981, and AMW 

1974 have low abundance of potential PBDE degraders and low PBDE MLSR residual values. AMW 

2005 and AMW 1969 have low abundance of potential PBDE degraders and high PBDE MLSR residual 

values. AMW 2009, AMW 2000, and AMW 1965 have high abundance of potential PBDE degraders and 

high PBDE MLSR residual values. The trend between PBDE MLSR residual value and potential PBDE 

degraders abundance observed in Figure 4.19c would be consistent with in-situ microbial facilitated 
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PBDE degradation. This trend suggest that the increased in PBDE MLSR residual values which indicated 

larger disparity between the three PBDE TMs to the sediment profile can be attributed to the increased 

PBDE dehalogenation by indigenous sediment microorganisms.  

  Abundance of ∑LMWPBDE and ∑HMWPBDE potential degraders are shown in Figure 4.20. 

Composition of ∑LMWPBDE potential degraders ranged from 3 to 21%. The highest abundance was 

observed in AMW 2000 and the lowest in AMW 1981. Abundance of ∑HMWPBDE potential degraders 

ranged from 2 to 22%; the highest abundance was observed in AMW 1965 and the lowest abundance was 

observed in AMW 1990. No observable trend in abundance of either ∑LMWPBDE and ∑HMWPBDE 

potential degraders were found with depth. Ratio of ∑LMW/HMWPBDE potential degraders ranged from 0.2 

to 14.3%- the highest ratio was observed in AMW 2009 (surface sediment) and the lowest was observed 

in AMW 1965 (bottom sediment) (Figure 4.19b); in AMW 2005 to AMW 1985, the ratio increased with 

increasing sediment depth and age, whereas the ratio in AMW 1985 to AMW 1965 decreased with 

increasing sediment depth and age. In contrast to the surface sediments which have ratios of 

∑LMW/HMWPBDE potential degraders >1 (except AOT), many AMW sediment segments have ratios <1, 

especially towards the bottom. 
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Figure 4.20: a) Abundance of ∑LMWPBDE and ∑HMWPBDE potential degraders, b) ratio of 

∑LMW/HMWPBDE potential degraders, c)∑49PBDEs concentration versus ratio of ∑LMW/HMWPBDE potential 

degraders, d) ∑H1-6PBDEs composition versus ratio of ∑LMW/HMWPBDE potential degraders, e) PBDE 

MLSR residual value versus ratio of ∑LMW/HMWPBDE potential degraders, and f) a scale-up of the region 

surrounded by bold grey oval in e) for all AMW sediment segments. In c) through f), vertical bold lines 

represent the 50
th
 percentile value of ratio of ∑LMW/HMWPBDE potential degraders and horizontal lines 

represent the 50
th
 percentile value for ∑49PBDEs concentration (c), ∑H1-6PBDEs composition (d), and 

MLSR residual value (e-f). Y-axes in c) is in the log scale. Note the different scales on the x and y-axes in 

c) through f). 
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 With the exception of AMW 2009 and AMW 1965, increased in ∑49PBDEs concentration 

corresponded with increased in the ratio of ∑LMW/HMWPBDE potential degraders (Spearman coefficients 

between ∑49PBDEs  and ∑LMW/HMWPBDE are -0.001, 0.11, and 0.37 for all AMW sediment segments, 

excluding AMW 1965, and excluding AMW 1965 and AMW 2000, respectively) (Figure 4.19c).  A trend 

of decreasing abundance of ∑H1-6PBDEs with increasing ratio of ∑LMW/HMWPBDE potential degraders was 

observed  (Spearman coefficient  between  ∑H1-6PBDEs  and ∑LMW/HMWPBDE is 0.21 for all AMW 

sediment segments)(Figure 4.19d). A lower ∑H1-6PBDEs abundance would be expected due to 

degradation of PBDE with 1 to 6 bromine substitutions by LMW PBDE degraders. With some exception 

(AMW 2009 and AMW 1990), increased ratio of ∑LMW/HMWPBDE potential degraders corresponded to 

decreased MLSR residual value (Spearman coefficients between ∑LMW/HMWPBDE and MLSR residual 

values are -0.04, 0.19, and 0.28 for all AMW sediment segments, excluding AMW 1990, and excluding 

AMW 1990 and AMW 2000, respectively) (Figure 4.19 e and f). Generally the ∑LMWPBDE potential 

degraders abundance increased between AMW 2005 to AMW 1985, whereas the ∑HMWPBDE potential 

degraders abundance increased between AMW1985 to AMW1965. Although the potential PBDE 

degraders abundance had an inverse relationship to ∑49PBDEs concentration, taken together these results 

suggest the possibility of in-situ microbial dehalogenation of PBDEs in AMW sediment segments.  

 Abundance of potential PCB degraders in AMW sediment segments ranged from 6 to 26% as 

shown in Figure 4.21a. The highest potential PCB degraders abundance was observed in AMW 2000 with 

unclassified Betaproteobacteria as the dominant OTU contributing ~10 to 72% of the total. Both of these 

observations were consistent with trends observed for PBDEs. No trend with increased sediment depth or 

age was apparent in unclassified Proteobacteria, unclassified Betaprotoebacteria, Burkholderiales, and 

unclassified Gammaproteobacteria. The unclassified Deltaprotebacteria, Pseudomonadales, and 

Actinomycetales all decreased with increased sediment depth and age. The Desulfovibrionales microbial 

class was generally present in all AMW sediment segments in very low amounts (<1%), except in AMW 

1995 and AMW 1990 where abundance were ~5% and ~4%, respectively. The unclassified 
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Actinobacteria OTU was only present in low abundance (<1%) in AMW 1969 (bottom sediment). The 

microbial class Bacilli was present in all AMW sediment segments in low amounts (<1%), except in 

AMW 1969 (bottom sediment) where the composition was ~4%. 

 Increased in ∑132PCBs concentration corresponded to decreased in potential PCB degraders 

abundance (Spearman coefficient of -0.01, -0.17, and -0.23 for all AMW sediment segments, excluding 

AMW 1969, and excluding AMW 2000, respectively) (Figure 4.21b); however, this inverse trend is likely 

due to the effect of high ∑49PBDEs concentration on the microbial community given the phylogenetic 

root shared by many of the potential PBDE and PCB degraders (for example, unclassified Chloroflexi, 

Dehacoccoidetes, unclassified Betaproteobacteria). The ∑132PCBs concentrations in AMW sediment 

segments were one to three orders of magnitude lower than ∑49PBDEs concentrations and thus, PBDEs 

would likely have a greater impact on the microbial community. Increased in MLSR residual value 

coincided with decreased potential PCB degraders abundance (Spearman coefficient of -0.02 and -0.27 

for all AMW sediment segments and excluding AMW 1965, respectively) (Figure 4.21c). This was in 

contrast to the trend observed between PBDE MLSR residual value and potential PBDE degraders 

abundance (Figure 4.19c). The trend in Figure 4.21c suggests that the deviation between PCB Aroclor 

profile (Aroclors 1016, 1248, 1254, and 1260) and PCB sediment congener profile may not be due to 

dechlorination by a PCB degrading community. 
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Figure 4.21: a) Abundance of potential PCB degraders by the microbial class operational taxanomic unit 

(OTU) level, b) ∑132PCBs concentrations and total abundance of potential PCB degraders, and c) PCB 

MLSR residual value versus total abundance of potential PCB degraders in all surface sediments. In b) 

and c), vertical bold lines represent the 50
th
 percentile value of the potential PCB degraders abundance 

and horizontal bold lines represent the 50
th
 percentile value for ∑132PBDEs concentration and MLSR 

residual value, respectively, in all AMW sediment segments. 

 

 In Figure 4.22, the abundance of potential PBDE and PCB degraders in the AMW sediment 

segment were compared. Generally, the abundance of both PBDE and PCB degraders in the AMW 

sediment segments were clustered around the 1:1 line except for AMW 1965 which had twice the 

abundance of potential PCB degraders compared to potential PBDE degraders. 
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Figure 4.22: a) Abundance of PBDE and PCB potential degraders in all surface sediments, and b) a scale 

up of the area bounded by the bold grey oval in a). Also shown are the 1:2, 1:1 and 2:1 slopes in bold 

lines. Note the different scale in x- and y-axes in a) and b).  

 

4.4.2.6. Unclassified Bacteria Composition In AMW Sediment Segments 

 

 The unclassified Bacteria OTU was highly abundant in the AMW sediment segments as shown in 

Figure 4.23a. Overall, unclassified Bacteria abundance ranged from 30 to 76%. Generally, unclassified 

Bacteria abundance increased with increasing sediment depth and age (R
2
=0.81).  This trend was also 

observed in other studies characterizing soil and sediment microbial community population with depth. 

(219-221)
 Increased alpha diversity also corresponded with decreasing unclassified Bacteria abundance 

(Spearman coefficient of 0.33) (Figure 4.23b). Given that microbial diversity decreased with increased 

sediment depth, the trend in Figure 4.23b suggests that the microbial diversity in the lower sediment 

segments could be largely underestimated. Increased ∑49PBDEs concentration corresponded with 

decreased unclassified Bacteria abundance whereas increased ∑132PCBs levels corresponded with 

increased unclassified Bacteria abundance (Figure 4.23 c and d). Increased PBDE MLSR residual value 

corresponded with decreased unclassified Bacteria abundance; the inverse trend was observed for PCBs. 

The trends in Figures 4.23c and e suggest that the high ∑49PBDEs concentrations in AMW do not enrich 

for the microorganisms represented by the unclassified Bacteria OTU and that the greater residual values 

AMW 2009

AMW 2005

AMW 2000

AMW 1975
AMW 1990

AMW 1985
AMW 1981

AMW 1974

AMW 1969

AMW 1965

0%

10%

20%

30%

40%

0% 10% 20% 30% 40%

P
o
te

n
ti

a
l 

P
C

B
 D

eg
ra

d
er

 (
%

)

Potential PBDE Degrader (%)

AMW 2009
AMW 2005

AMW 1995

AMW 1990
AMW 1985

AMW 1981

AMW 1974

AMW 1969

3%

6%

9%

12%

15%

5% 10% 15% 20%

P
o
te

n
ti

a
l 

P
C

B
 D

eg
ra

d
er

 (
%

)

Potential PBDE Degrader (%)

1:1

2:1

1:2 1:1a) b) 



175 

 

between the three PBDE TM profiles (DE-71, DE-79, and Saytex 102E TMs) and PBDE congener 

distribution in AMW sediment segments were not due to activity by unclassified Bacteria. Given these 

observation, it would not appear that the unclassified Bacteria are active dehalorespirers of PBDEs in 

AMW sediment. On the other hand, the increased in unclassified Bacteria abundance with increased 

∑132PCBs concentration and increased PCB MLSR residual value, would be consistent with PCB 

dehalogenation. 

 

 



176 

 

 

Figure 4.23: a)Abundance of unclassified Bacteria, b) alpha diversity as a function of unclassified 

Bacteria abundance, c) ∑49PBDEs concentration as a function of unclassified Bacteria abundance, d) 

∑132PCBs concentration as a function of unclassified Bacteria abundance, e) PBDE MLSR residual value 

versus unclassified Bacteria abundance, and f) PCB MLSR residual value versus unclassified Bacteria 

abundance in AMW sediment segments. Y-axes on c) and d) are in log scale. Note that the y-axes in e) 

and f) and x-axes on c) and d) are not in the same scale.  
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4.5. Conclusion 

 

 MLSR analysis comparing PBDE TMs and PCB Aroclors to PBDE and PCB sediment  profiles 

in conjunction with  observations of changes in PBDE and PCB homolog and congener substitution 

patterns can be used to provide multiple lines of evidence to evaluate the possibility of in-situ microbial 

PBDE or PCB dehalogenation. Throughout this chapter, the indigenous microbial community 

composition in all the surface sediments and at 5-years interval in AMW sediment column were 

characterized to better understand the presence of microbial class OTUs capable of in-situ 

dehalogenation. These observations together with other indicators of dehalogenation help further our 

understanding on in-situ microbial facilitated PBDE and PCB transformation processes. 

 Utilization of high yield pyrosequencing analysis resulted in high quality sequences with a 

majority exceeding the stringent quality control parameters. As expected, the geospatial differences and 

variant physico-chemical properties resulted in a very diverse microbial community structure in each of 

the surface sediments. The low microbial diversity and high abundance of unclassified Bacteria in AED 

and ACL surface sediments suggest that the microbial diversity and in general, the representative 

microbial community structure in these PBDE rich surface sediments was under predicted and not 

adequately understood. 

 In the AR surface sediments, high levels of PBDEs can be an important driver in influencing the 

microbial community composition. The microbial diversity in AED, ACL, AJL, and AFR in general 

increased with increased average distance from the two PBDE manufacturing facilities, and consequently 

with decreased ∑49PBDEs concentration. Microbial community composition hierarchical cluster analysis 

and PCA grouped these surface sediments in order of increased average distance from the PBDE 

manufacturing facilities even though these analyses were performed independent of distance or 

∑49PBDEs concentrations.  
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 Microbial community composition in the surface sediments also showed similarity based on the 

contaminant source pathway. IGC09 and IGC13 located proximate to each other (~400 m) on the 

WBGCR that is fed predominantly by treated effluent from the HSD WWTP are similar in the microbial 

community structure as shown by hierarchical cluster analysis and PCA. The microbial community 

composition in AMW and CBC that are both exposed to anthropogenic hydraulic discharges also bore 

close resemblance. The hierarchical cluster analysis and PCA also highlighted the unique microbial 

community composition in AOT surface sediments. Although AOT is located in AR, the microbial 

community composition resembled the urban CWP and CLC microbial community compositions.  

 Microorganisms capability for PBDE and PCB degradations were inferred from laboratory scale 

studies. Overall, potential PBDE and PCB degraders OTUs were present in varying abundance in all the 

surface sediments. Generally, increasing potential PBDE degraders abundance coincided with increasing 

∑49PBDEs concentration and increasing PBDE MLSR residual value. These results are consistent with in-

situ PBDE dehalogenation. A similar trend was observed for PCBs with increasing ∑132PCBs 

concentration and PCB MLSR residual value corresponding to increasing potential PCB degraders 

abundance. 

 The presence of the potential PBDE and PCB degraders should not be misinterpreted as active 

microbial facilitated PBDE and PCB dehalogenation. PBDE and PCB microbial facilitated degradation is 

a complex process that is dependent upon factors such as bioavailability, substrate and nutrient 

availability, and presence/absence of inhibitor. Most of these factors cannot be evaluated given the data 

resolution of this study. It is therefore important to interpret the microbial community results in light of 

other indicators.  
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Table 4.7a: Overview of potential PBDE and PCB degraders in all surface sediments in relations to other in-situ microbial facilitated 

dehalogenation indicators. 

 

Sample 

Potential 

degraders (%) 
Physico-chemical properties and analysis 

Sediment column indicators 

PBDEs PCBs 

PBDEs PCBs 

∑49PBDEs 

(ng/g) 

∑132PCBs 

(ng/g) 

PBDE 

MLSR 

Residual 

PCB 

MLSR 

Residual 

ORP 

(mV)
(1)

 

OC 

(mg/g)
(2)

 

OM 

(mg/g)
(3)

 

BC 

(mg/g)
(4)

 

ΔHom 
(5)

 OMP
(6)

 

ΔHom 
(5)

 OMP
(6)

 

AED 11% 13% 35635 4 0.003 0.010 -80.7 52 81 4 

    ACL 25% 10% 2503 3 0.003 0.010 -100.1 8 18 5 

    AJL 28% 17% 402 5 0.004 0.030 -34.4 22 32 2 

    AFR 10% 13% 4 1 0.007 0.020 -84.6 52 80 9 

    CWP 20% 20% 404 43 0.006 0.040 -84.4 89 141 40 

    CLC 16% 21% 90 236 0.050 0.060 -77.8 99 176 41 √ √ √ √ 

IGC09 11% 10% 3461 4979 0.006 0.230 NA 142 245 16 

    IGC13 19% 27% 1908 1075 0.017 0.190 NA 140 234 20 

    AOT 13% 16% 12 3 0.006 0.060 -73.3 74 141 2 

    CBC 13% 21% 313 403 0.009 0.170 -59.5 25 40 22 

    AMW 18% 10% 6950 69 0.021 0.020 -22.5 312 474 3 √ √ 

  
(1) Oxidation reduction potential 
(2) Organic carbon 
(3) Organic matter 
(4) Black Carbon 
(5) Change in small (homologs 1-4 and homologs 5-7 for PBDEs and homologs 1-3 and homologs 4-6 in PCBs) and large (homologs 8-9 and 

homolog 10 in PBDEs, and homologs 7-9 and homolog 10 in PCBs)  PBDE or PCB composition with increased sediment depth. Check mark 

indicates observed increased in small PBDE or PCB homologs concomitant with decreased in large PBDE or PCB homologs with increased 

sediment depth. 
(6) Composition of ortho, meta, and para-substituted PBDE or PCB congeners. Check mark indicates observed increased in meta and ortho-

substituted PBDE or PCB congener substitution concomitant with decreased in para-substituted PBDE or PCB congener substitution.  
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 Previously, in-situ PBDE and PCB degradations were evaluated based upon increasing 

composition of LMW PBDE and PCB homologs concomitant with decreasing HMW PBDE and PCB 

homologs (Figure 3.7a-b).
(151)

 This trend was only observed in AMW sediment column for PBDEs and 

CLC sediment column for PBDEs and PCBs.  Although potential PBDE and PCB degraders were present 

in all surface sediments, active/ongoing microbial facilitated PBDE dehalogenation does not appear to be 

occurring at observable rates in the other nine surface sediments given the absence of increased LMW 

PBDE and PCB homolog that should manifest from microbial facilitated degradation of large PBDE and 

PCB homologs.  The lack of dehalogenation activity despite high abundance of potential PBDE and PCB 

degraders in some surface sediments such as AED could be attributed to many factors including low 

bioavailability, lack of suitable electron donors, presence of dehalorespiration inhibitors in the sediment, 

or competition with other high energy electron acceptors. 

 In the AMW sediment column, para-substituted PBDE congeners decreased concomitant with 

increased meta-substituted PBDE congeners (Figure 3.14j) in the top 10 cm sediment segment. The 

decrease in para-substituted PBDE congeners is consistent with microbial facilitated PBDE 

dehalogenation; however, the increase in meta-substituted PBDE congeners contradicts expectation of 

microbial PBDE dehalogenation which was reported to favor para-and meta-bromine removal.
(102,103, 

108)
AMW sediment segments generally have high PBDE MLSR residual values. Physico-chemical 

properties in AMW surface sediments such as ORP values consistent with facultative metabolism, high 

OM and OC, and high ∑49PBDEs concentrations may also favor of in-situ PBDE dehalogenation. Taken 

together, the possibility of in-situ microbial facilitated PBDE dehalogenation at site AMW is likely. 

 In the CLC sediment column, decreased in para-substituted PBDE congeners concomitant with 

increased in meta-substituted PBDE congeners with sediment depth were observed (Figure 3.14h).  As 

was discussed for the AMW sediment column, the decrease in para-substituted PBDE congeners is 

consistent with microbial facilitated PBDE dehalogenation whereas the increase in meta-substituted 

PBDE congeners contradicts expectation of microbial PBDE dehalogenation. This trend, however, was 
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accompanied by increased in mean degree of bromination which was attributed to the rapidly increasing 

BDE-209 concentration and abundance with depth as previously discussed in Chapter 3.4.4. Observation 

of the PCB OMP-substitution pattern shed some light on PBDEs. Increased in ortho-substituted PCB 

congeners concomitant with decreased in meta-substituted PCB congeners with increased sediment depth 

was observed in CLC sediment column (Figure 3.14c). This phenomenon was accompanied by an 

observable decreased in mean degree of chlorination with sediment depth (Figure 3.14c). These are 

among the best evidence of microbial facilitated PCB dehalogenation. In the CLC surface sediment, 

potential PCB degraders abundance exceeded that of PBDEs. Additionally, ∑132PCBs concentrations 

were four times higher than ∑49PBDEs concentrations. Given these trends, microbial facilitated PCB 

degradation may be more likely than microbial facilitated PBDE degradation in the CLC surface 

sediment. While some of the constituents comprised by the potential PBDE and PCB degraders are the 

same (for example, Dehalococcoidetes and unclassified Chloroflexi), these microorganisms may exhibit 

preferential PCB dehalogenation given the potentially greater PCB bioavailability.   

 Through multiple lines of evidence, in-situ microbial facilitated PBDE degradation in AMW 

surface sediment seems likely. Further observation of the microbial community composition in AMW 

sediment segments can provide a temporal snapshot and a visualization of the microbial community 

evolution in a sediment column that demonstrates active PBDE degradation.  The microbial species 

richness in the AMW upper sediment segments was not entirely captured by the pyrosequencing analysis. 

In contrast, the rarefaction curves for the lower sediment segments in AMW approached a plateau 

indicating most species richness was captured. Microbial diversity decreased with increased sediment 

depth in the AMW sediment column consistent with other published studies of the microbial community 

in soil and sediment with depth.
(219-221)

  Hierarchical cluster analysis and PCA performed independent 

from sediment depth and age showed microbial community grouping based on depth confirming the 

hypothesis of gradual changes in the microbial community structure in response to changes in the AMW 

sediment column.  
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 Potential PBDE and PCB degraders were present in all AMW sediment segments (Table 4.7b 

summarizes the potential PBDE and PCB degraders in relation to other microbial facilitated 

dehalogenation indicators).  As can be observed in Table 4.7b, potential PBDE degraders abundance 

generally decreased with depth. In the AMW sediment segments, increased in ∑49PBDEs concentration 

and PBDE MLSR residual value corresponded to increased potential PBDE degraders abundance 

consistent with the hypothesis of in-situ PBDE dehalogenation in the AMW sediment column. In the 

AMW sediment column, composition of homologs 1 to 4 and homologs 5-7 decreased with increasing 

sediment depth up to ~30 cm,
(151)

 consistent with the expectation of dehalogenation of LMW PBDE 

congeners(1 to 6 bromine substitutions) in AMW upper sediment segments. The decreased in LMW 

PBDE congeners with depth correlated with increased in ∑LMWPBDE potential degraders abundance. In 

AMW sediment depth >30cm, the small decreased in BDE-209 composition corresponded with increased 

composition of homologs 8-9 and to some extent, increased composition of homologs 5-7.
(151)

 It is 

possible that this trend was facilitated by the increased abundance of ∑HMWPBDE potential degraders in 

the lower sediment segments. 

 Although the abundance of potential PCB degraders exceeded those of PBDEs in the lower 

sediment segments, indicators of in-situ microbial facilitated PCB dehalogenation such as increased 

LMW PCB concomitant with decreased HMW PCB, decreased in average degree of chlorination, or 

decreased in meta and para-substituted congener concomitant with increased in ortho-substituted 

congener was not observed in the lower AMW sediment segments. Given the lack of supportive 

indicators, in-situ microbial facilitated PCB degradation does not seem likely in the AMW sediment 

column. 
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Table 4.7b:Overview of potential PBDE and PCB degraders in AMW sediment segments in relations to other in-situ microbial facilitated 

dehalogenation indicators. 

 

Sample 

Potential 

degraders (%) 
Physico-chemical properties and analysis 

Sediment column indicators 

PBDEs PCBs 

PBDEs PCBs 
∑49PBDEs 

(ng/g) 

∑132PCBs 

(ng/g) 

PBDE 

MLSR 

Residual 

PCB 

MLSR 

Residual 

ORP 

(mV)
(1)

 

OC 

(mg/g)
(2)

 

OM 

(mg/g)
(3)

 

BC 

(mg/g)
(4)

 

ΔHom 
(5)

 

OMP 
(6)

 

ΔHom 
(5)

 

OMP 
(6)

 

2009 18% 10% 6950 4 0.021 0.020 -22.5 312 474 3 

√ √ √ √ 

2005 12% 9% 14440 69 0.012 0.050 -22.0 284 439 2 

2000 31% 26% 21050 87 0.010 0.060 -34.9 204 388 2 

1995 11% 13% 23745 107 0.010 0.070 -47.8 178 349 2 

1990 6% 9% 51785 106 0.098 0.130 -52.3 176 314 3 

1985 8% 10% 48643 222 0.005 0.170 -50.1 206 349 3 

1981 6% 7% 34622 267 0.007 0.140 -48.7 204 329 3 

1974 10% 7% 19352 288 0.007 0.150 -45.5 204 346 3 

1969 9% 6% 11058 506 0.016 0.160 -41.9 241 436 3 

1965 27% 8% 1427 998 0.020 0.140 -54.1 262 421 3 
(1) Oxidation reduction potential 
(2) Organic carbon 
(3) Organic matter 
(4) Black Carbon 
(5) Change in small (homologs 1-4 and homologs 5-7 for PBDEs and homologs 1-3 and homologs 4-6 in PCBs) and large (homologs 8-9 and 

homolog 10 in PBDEs, and homologs 7-9 and homolog 10 in PCBs)  PBDE or PCB composition with increased sediment depth. Check mark 

indicates observed increased in small PBDE or PCB homologs concomitant with decreased in large PBDE or PCB homologs with increased 

sediment depth. 
(6) Composition of ortho, meta, and para-substituted PBDE or PCB congeners. Check mark indicates observed increased in meta and ortho-

substituted PBDE or PCB congener substitution concomitant with decreased in para-substituted PBDE or PCB congener substitution. 
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 Overall, characterization of the microbial community composition in the surface sediments and in 

AMW sediment segments have provided insight into the role indigenous microorganisms may play in 

sediment phase transformation of PBDEs and PCBs. Potential PBDE and PCB degraders were present in 

all surface sediments and in all AMW sediment segments indicating that microorganisms capable of 

PBDE and PCB dehalogenation may be common in the sediment environment. While the occurrences of 

these class OTUs are common, active PBDE and PCB dehalogenation were not as common. It is 

important to note that presence of microorganisms capable of PBDE and PCB degradations does not 

equal active degradation. Other indicators, such as high MLSR residual value, increase composition of 

LMW PBDE or PCB concomitant with decrease composition of HMW PBDE or PCB, decrease 

composition of meta and para-substitution concomitant with increase composition of  para-substitution 

should be provided in order to provide strong support for in-situ microbial facilitated PBDE or PCB 

degradation. Future studies should focus on identifying trace indicators of microbial facilitated PBDE and 

PCB degradation to enable better prediction of PBDE and PCB fate in environmental fate modeling.  

 

 

 

 

 

 

 

 

 

 

 

 

 



185 

 

CHAPTER 5. MODELLING POLYBROMINATED DIPHENYL ETHER (PBDE) AND 

POLYCHLORINATED BIPHENYL (PCB) IN-SITU MASS TRANSPORT IN NATURAL 

SEDIMENT COLUMNS 

 

5.0. Abstract 

 

 The mass transport of PBDEs and PCBs in eleven sediment columns under diffusion and 

advection-diffusion conditions with organic carbon (OC) and organic carbon and black carbon (OCBC) 

co-sorption was modeled using known transport equations. The sediment columns modeled in this study 

exhibited a wide range of physical properties. A Monte Carlo approach was taken to address existing 

chemical data gaps. In an effort to provide a conservative estimate, the modeling approach simulated the 

most mobile contaminant transport conditions.  

 Overall, PBDE homologs have lower mobility potential compared to equivalent PCB homologs. 

The reduced mobility potential of PBDE homologs can be attributed to high molecular weight (HMW) 

and higher hydrophobicity which increased solid phase partitioning and reduce aqueous phase mobility. 

Consideration of OCBC co-sorption substantially reduced the mobility of PBDE and PCB homologs 

especially in urban sediment columns with high BC fraction. The highest contaminant mobility scenario 

was achieved under advection-diffusion condition with OC only sorption (A(OC)). The low aqueous 

saturation concentration for hydrophobic contaminants was identified as a major transport limitation 

especially in high molecular weight PBDE and PCB homologs. Hydraulic conductivity (KH) and organic 

carbon fraction (fOC) were major drivers for PBDE and PCB transport under the A(OC) transport scenario. 

Under the 40 year model simulation, fraction of mass loss through A(OC) transport was very small for 

PBDE and PCB homologs 1 and 2, and was negligible for HMW homologs. Superimposition of the mass 

simulation results on sediment PBDE and PCB concentrations demonstrate that in-situ mass transport 

does not shift the deposited PBDE and PCB sediment profiles even under highly optimum transport 

conditions. 
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5.1. Introduction 

 

 Sediment can frequently serve as the final sink for hydrophobic organic contaminants (HOCs) 

such as polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls (PCBs) in the aquatic 

environment. Although the use of mixing models for source apportionment is commonly employed, there 

are typically disparities between PBDE and PCB source profiles of technical mixtures (TMs) and Aroclor 

mixtures and the distribution of congeners in the sediment. Such disparity (or residual between the model 

prediction and values) can either result from pre-deposition differential transport or transformation, or 

post-depositional transport and/or transformation. 

 Pre-depositional transport processes may include differential transport rate and potential 

transformation occurring between the source and receptor sites. In the Lake Superior atmosphere, >95% 

of BDE209 can be removed from the atmospheric phase via and wet and dry deposition.
(186)

  This rate is 

much larger than the atmospheric removal rate of the smaller BDE-47 congener.
 (186)

 Further, it is likely 

that differences in volatility and air/solid partitioning (KOA) would result in differences in congener 

pattern during transport to the receptor. Photolytic transformations of PBDE and PCB congeners during 

atmospheric transport have been studied extensively.
(154,186)

 Post-depositional transport and transformation 

processes in sediment include in-situ mass transport (advection or diffusion) and microbial facilitated 

transformation. Contaminants deposited in sediments are susceptible to transport processeses induced by 

concentration gradient (diffusion) and bulk porewater movement (advection).
(119,121,141,222)

 Additionally, 

substantial microbial facilitated PBDE and PCB transformations have been demonstrated in bio-enriched 

(biostimulation and bioaugmentation) PBDE and PCB laboratory scale studies.
(68,91,102,103,223)

 Post-

depositional transport processes are expected to have comparatively longer time frames relative to pre-

depositional transport processes. Therefore, pre-depositional transport processes, if substantial, should 

have relatively rapid kinetics. 
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 Previously in Chapter III, indicators of PBDE and PCB transformations suggested by multivariate 

least square regression (MLSR) analysis, changes in homolog distribution, and differences in ortho-, 

meta-, and para- (OMP) substitution patterns were observed in cores AMW and CLC. While these 

analyses provide evidence in support of PBDE and PCB environmental transformations, these results 

alone cannot differentiate and quantify the contribution of pre- and post-depositional transport processes 

to the observed sediment phase PBDE and PCB concentrations and distributions. The focus of this 

chapter is on modeling the in-situ PBDE and PCB mass transport equations together with a stochastic 

parameterization in natural aquatic sediments by applying known diffusion and advection-diffusion mass 

transport principals to evaluate the contribution and role of in-situ mass transport on the observed PBDE 

and PCB congener profiles in the sediment columns. 

 

5.2. Objective and Hypotheses 

 

 In this chapter, the magnitude of sediment phase PBDE and PCB in-situ mass transport in natural 

aquatic sediment columns was evaluated through application of known mass transport equations. The 

predicted mass transport of PBDE and PCB homologs was used to assess the contribution of in-situ mass 

transport in influencing the observed PBDE and PCB sediment profiles. Specific objectives and 

hypotheses are listed below.  

 Investigate the difference in transport mobility between low molecular weight (LMW) and high 

molecular weight (HMW) PBDE and PCB homologs under diffusion and advection-diffusion 

conditions. As HMW can result in decreased mass transport rate, it was hypothesized that LMW 

PBDE and PCB homologs have a larger potential for mass transport relative to HMW homologs. 

Additionally, as HMW PBDE homologs are more hydrophobic than their respective HMW PCB 

homologs, PCBs were expected to show higher overall mass transport mobility. Advection-

diffusion transport process is generally of much greater magnitude than diffusion alone; hence, 
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advection-diffusion transport process was hypothesized to be the major driver for in-situ PBDE 

and PCB mass transport in natural aquatic sediments. 

 Evaluate the effect of PBDE and PCB adsorption to black carbon (BC) on the diffusion and 

advection-diffusion transport processes. Typically, only absorption to organic carbon (OC) is 

considered. As PBDEs and PCBs are highly hydrophobic compounds, adsorption to BC were 

expected to increase PBDE and PCB solid phase partitioning substantially and thus reduce 

aqueous phase mobility. This will reduce the magnitude of PBDE and PCB in-situ mass transport. 

PBDE and PCB mass transport in urban Chicago and IGC sediment cores with higher BC levels 

were hypothesized to be much less than AR sediments. 

 Investigate the effect of varying sorbent properties including octanol-water partition coefficient 

(KOW) and initial sediment starting concentration,  and sorbate properties including porosity (ϕ), 

bulk and particle densities (ρWBD and ρPD, respectively), composition of OC and BC (fOC and fBC), 

and hydraulic conductivity (Kh) on the magnitude of PBDE and PCB in-situ mass transport in 

natural aquatic sediments. Increasing KOW values with increasing PBDE and PCB molecular 

weight were hypothesized to reduce in-situ mass transport. Higher initial sediment starting 

concentration was expected to increase PBDE and PCB mass transport. Sediment cores with high 

ϕ and Kh , as well as low ρPD, fOC , and  fBC were hypothesized to have more mobile PBDE and 

PCB mass transport. In-situ mass transport of LMW PBDE and PCB congeners were expected to 

substantially change PBDE and PCB sediment profiles given their high mass transport likelihood. 

  

5.3. Materials and Methods 

 

5.3.1. Overview 

  

 PBDE and PCB vertical migration in 0.02 m sediment segments in eleven sediment cores (six 

from AR and five from metropolitan Chicago) were modeled under diffusion and advection-diffusion 
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conditions. Sampling sites, field sampling methodologies, and sample characterization were discussed in 

detailed in Chapter 3.3. Each model simulation separately considers sorption only to organic carbon (OC), 

and sorption to both OC and BC (OCBC) components measured in the sediment. The mass transport 

modeling effort presented in this chapter assumed a sediment segment in a vertical sediment column 

contaminated with a homogenous fixed mass of PBDEs or PCBs. Flux occurred by diffusion or 

advection-diffusion in both directions (upwards and downwards) across the sediment segment into 

neighboring sediment segments. Figure 5.1 is a schematic of the modeled mass transport processes. The 

quantitative prediction derived from this modeling effort is for the most mobile case possible where the 

maximum concentration gradient exists between the contaminated sediment segment and neighboring 

“clean” sediment segments. In other words, the predicted PBDE and PCB mass fluxes are the maximum 

amount of PBDEs and PCBs that are expected to migrate in a natural sediment column. In actual 

sediment, adjacent sediment segment will likely have contaminants present and thus the concentration 

gradient would be less than maximal. Therefore, the model results here would be a “worst case” of 

maximal mobility. 

 

Figure 5.1: Schematic showing the hypothetical scenario used to model PBDE and PCB mass transport 

through diffusion and advection-diffusion transport in natural sediment column provided with the most 

mobile mass transport conditions. Boundary conditions are shown on the left and segment boundary 

layers are bounded by the box with dotted lines. It is assumed that contaminants move equally in both 

upward and downward directions.  

 

x=0

x=+L

x=-L

C|x=+L,t=0 =0

C|x=0,t=0 =C0

C|x=-L,t=0 =0
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 Monte Carlo simulation was required to address the gaps in data and variability in PBDE and 

PCB physico-chemical properties, as well as to address variability within individual sediment columns. 

Relevant sorbate (PBDEs and PCBs) and sorbent (eleven sediment columns) parameters were subjected 

to 50,000 random Monte Carlo samplings each to obtain a probabilistic distribution function (PDF). 

Monte Carlo simulation was guided by experimental and literature values. Application of Monte Carlo 

simulation to diffusion and advection-diffusion transport processes was performed in Matlab version 

R2012b. Statistical analysis was performed in Systat version 13. 

 

5.3.2. Mathematical Model Development 

 

 Diffusion and advection-diffusion can be mathematically described by Fick’s law (Equation 2.9) 

and the expanded form of Ficks’ first law (Equation 2.16), respectively.
(133,134)

 Provided initial condition 

of c(x,0) = c( ,t) = 0 and c(0,t) = C0, closed form analytical solutions for Equation 2.9 and 2.16 are 

shown in Equations 5.1 and 5.2, respectively.  Expanded solutions for Equations 5.1 and 5.2 are provided 

in Equations 2.15 and 2.19, respectively. 

     
 

  
      

 

       
      (5.1) 

   
C

Co
 

1

2
(erfc  

x-vt

 4Dobs 
  exp (

xv

Dobs 
)erfc  

x-vt

 4Dobs 
 )    (5.2) 

 In Equations 5.1 and 5.2, x is the length of migration. Dobs is the observed diffusivity (m
2
/year) 

expressed as a function of molecular diffusivity (Dmol), tortuosity (τ), and retardation factor (R); Dobs 

expressions are included in Equations 2.11 through 2.14. The advective velocity term, ν (m/year) was 

previously defined in Equation 2.17 as a function of hydraulic gradient (dh/dx), hydraulic conductivity 

(Kh), and porosity (ϕ) of the sediment with a retardation factor (R) . C/Co is the aqueous phase 

breakthrough concentration, defined as the ratio of concentration in the aqueous phase at length x=±L, 
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where L is diffusion or advection-diffusion transport length, over the initial concentration in the aqueous 

phase at x=0 and  t=0. Under local equilibrium assumption (LEA), Co is the initial concentration in the 

aqueous phase that depends on the homogenous concentration of contaminant in the sediment phase. Co at 

a given time t (           can be described using Equation 5.3.  

                
           

  
     (5.3) 

 In Equation 5.3, Kd (L/kg) is the sediment-porewater partition coefficient as defined in Equation 

2.7 for absorption to OC and can be expanded to Equation 2.23 to include OCBC co-sorption. In this 

chapter,     at a specific time is referred to as             ,  where n is the transport time in years. 

 The aqueous concentration predicted by the LEA is used to determine the aqueous concentration 

leaving the boundary layer at length ±L after a period of a given time              , using Equation 5.4 

for diffusion and Equation 5.5 for diffusion-advection. The modeling effort in this chapter specifically 

looks at a transport length (i.e., sectional sediment segment length) equal to 0.02 m, therefore 

             is represented as                . 

                                     
 

       
      (5.4) 

                              
1

2
(erfc  

x-vt

 4Dobs 
  exp (

xv

Dobs 
)erfc 

x-vt

 4Dobs 
 )]   (5.5) 

 The mass flux leaving the defined boundary layer in the aqueous phase (          
  can be 

derived from the predicted             . For diffusion only transport, a closed form solution adapted 

from Crank (1976), was used to estimate mass flux leaving the boundary layer under diffusion only 

condition (Equation 5.6).
(133)

 For advection-diffusion, mass breakthrough was estimated from the 

porewater Darcy velocity as shown in Equation 5.7.
(119,141)

 Given the fixed sediment segment used in this 

chapter,              is represented as                 and           
 as              

. 
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                                     (5.6) 

               
    

  

  
   

  

  
                         (5.7) 

 In Equations 5.6 and 5.7,               
 is the predicted mass flux moving out of the boundary 

layer via the aqueous phase,      is the observed molecular diffusivity (m
2
/year), dh/dx is the hydraulic 

gradient across the sediment layer (m/m), and Kh is the sediment column hydraulic conductivity (m/year). 

In Equation 5.6,               
 is the mass flux leaving the boundary layer between t=n to t=n+1. The 

cumulative mass flux can be obtained by summing up the               
 over the time period of interest.  

Equation 5.7 is thus an expression of the cumulative mass flux leaving the boundary layer over a period 

of defined time.  

 The mass leaving the boundary layer in the aqueous phase reduced the equilibrium contaminant 

concentration in the sediment phase with increasing transport time. The new contaminant concentration in 

the sediment phase (                 can be derived from mass balance. The resulting equation is shown 

below.  

                   
                                 

  

    
   (5.8) 

 In Equation 5.8,       is mass of sediment which can be calculated from wet bulk density (ρWD) 

multiplied by a fixed volume, and A is the cross sectional area (Length
2
). The new 

adjusted                is substituted into Equation 5.3 in finite difference form to determine the 

adjusted               . The process is repeated at fixed time interval between n=0 to the desired time 

length to obtain a time dependent profile of sediment and aqueous phase contaminant concentration. 

Figure 5.2 illustrates the application of Equations 5.1 to 5.8 to evaluate PBDE and PCB in-situ mass 

transport in natural sediment columns. 
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Figure 5.2: Application of known transport processes equations to evaluate PBDE and PCB in-situ mass 

transport in natural sediment columns. Note that diffusion and advection-diffusion can occur in both 

upward and downward directions. 

 

5.3.3. Model Parameterization 

 

 For modeling purposes, the area and volume of the boundary layer were kept constant to enable 

equivalent concentration and mass flux comparison between different sediment columns. A is chosen as 

the area of the cylindrical polycarbonate tube used for sampling (I.D. 0.066 cm, Chapter 3.3.1). The 

transport length is 0.02m rendering the volume of the layer at 5.6x10
-5

m
3
. 

 

5.3.3.1. Sorbate Properties 

 

  Sorbate properties that affect diffusion and advection-diffusion mass transport are organic carbon 

partition coefficient (KOC) and molecular diffusivities (Dmol). When sorption to BC is considered, black 

carbon partitioning coefficient (KBC) is also important. KOC, KBC, and Dmol are independent of the sediment 

x=0m

x=+0.02m

x=-0.02m

1) Initial Condition:

Homogenous concentration; 

fixed mass with Csed|x=0m,t=0

2) Aquoues phase concentration:

Caq|x=0m,t=0=Csed|x=0m,t=0/Kd

3.1) For diffusion to x= 0.02m

)

3.2) For diffusion to x= 0.02m

2.1) Mass leaving:

4.2) Mass leaving:
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column properties and are the same across the eleven sediment columns. It was assumed that congeners 

from the same homolog share roughly similar properties (i.e., variability within the homolog is exceeded 

by parameter uncertainty) and consequently, exhibit the same transport behavior. Synergistic or 

antagonistic effects between PBDE and PCB homologs currently are not known. Therefore an additional 

assumption posited is that the in-situ mass transport of one homolog does not affect the other homologs. 

 KOC was estimated from the octanol water partition coefficient (KOW). Quantitative structure 

property relationships (QSPRs) shown in Equations 2.1 through 2.4 were used to estimate PBDE and 

PCB log KOW values. Literature values and estimates from the USEPA EPI suite v4.11 were also obtained. 

These values were previously summarized in Table A2.5 and A2.6. Overall, 90 and 221 log KOW values 

were obtained for PBDEs and PCBs, respectively. These KOW values were subjected to regression analysis 

and the results are shown in Figure D5.1. Only KOW values within the lower 5% confidence interval (CI) 

and upper 95% CI were used to guide the Monte Carlo simulations. Following regression analysis, 79 and 

111 discreet KOW values for PBDEs and PCBs were used to guide the Monte Carlo simulations and these 

values are summarized in Table 5.1. 

 

Table 5.1. Summary of 79 and 111 discreet log KOW values for PBDEs and PCBs used to guide Monte 

Carlo simulations for mass transport modeling. 

 

PBDE PCB 

Homolog Minimum Maximum Average 

Std. 

Dev Minimum Maximum Average 

Std. 

Dev 

1 4.59 5.00 4.80 0.15 3.75 4.81 4.52 0.25 

2 5.03 5.72 5.44 0.12 3.55 5.58 5.09 0.31 

3 5.41 6.60 6.04 0.29 4.34 6.22 5.61 0.28 

4 5.87 7.49 6.70 0.46 5.08 7.12 6.12 0.25 

5 6.3 8.38 7.33 0.65 5.37 7.64 6.61 0.31 

6 6.39 9.27 7.96 0.86 6.11 8.35 7.15 0.36 

7 7.14 10.20 8.62 1.06 7.05 8.27 7.62 0.47 

8 5.5 10.88 9.06 1.48 7.10 9.77 8.08 0.65 

9 8.22 11.77 9.9 1.46 7.21 9.14 8.28 0.54 

10 7.37 12.66 10.57 2.10 8.20 11.19 8.95 0.96 
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 The log KOW PDFs generated from the Monte Carlo simulation were used to derive log KOC PDFs. 

Empirical correlations relating KOW to KOC were available for PCBs.
(124)

 However, as yet there are no 

similar correlations for PBDEs. To generate KOC distributions for PBDE and PCB homologs, empirical 

correlations for other compounds that share similarities to PBDEs (e.g., aromaticity, halogenation, and 

degree of hydrophobicity) were used. These compounds included organopesticides, polyaromatic 

hydrocarbons (PAHs), and halogenated benzenes.
(123-126,128-130,132)

 A summary of the empirical correlations 

relating log KOW to log KOC is included in Table 2.6.  Expressing the empirical correlations as A*log  KOW 

+B, where the A value ranged from 0.63 to 1 (average±sd) (0.96±0.60) and the b value ranged from -0.81 

to 1.38 (0.22±0.58). The log KOC distribution generated from the Monte Carlo simulations and fraction 

organic carbon (fOC) were used to estimate sediment water partitioning coefficient (Kd) as shown in 

Equation 2.7. 

 While it is common to express Kd as a function of KOC and fOC, adsorption of sorbates (PBDEs and 

PCBs) to BC was also considered. This can be achieved by expanding Equation 2.7 to include BC 

adsorption component as shown in Equation 2.24. The porewater-BC partitioning coefficient (KBC) was 

defined in Equation 2.20.  Adsorption to BC is expected to behave as a Freundlich isotherm; empirical 

correlations to predict the Freundlich constant for PBDE and PCB adsorption to BC are shown in 

Equations 2.22 to 2.23. A more detailed explanation of the PBDE and PCB BC adsorption was included 

in Chapter 2.6.4.  

 For diffusion and advection-diffusion modeling purposes, the dissolved aqueous phase 

concentration (CW) was set to saturation concentration (Csat). As the goal of this study is to predict the 

most mobile PBDE and PCB diffusion and advection-diffusion transport processes,  CW were 

approximated as Csat. . Increased CW values ensure higher mass flux out of the boundary layer from the 

aqueous phase therefore inducing the most mobile contaminant migration scenario from the standpoint of 

the aqueous phase mobility. 

 Csat values were estimated in USEPA EPI v4.1 program via two methodologies (WSKOW 

estimates Csat concentration from KOW values and WATERNT estimates Csat concentration from bond 
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contribution method).
(25)

 The predicted values for each PBDE and PCB congeners are shown in Table 

A2.5 and A2.6.  For model simplification, Monte Carlo simulation used the same value for congeners 

from the same homolog. USEPA EPI predicted Csat values for PCB homologs were generally close to 

literature values; these values are summarized in Table 5.2. 

 

Table 5.2: CSat values (ug/L) predicted by USEPA EPI v4.11 software. Comparison to 

literature values is included when available.  

 PBDE PCB 

Homolog Avg Sd 

Literature 

values Avg Sd 

Literature 

values
(1)

 

H1 2238 826 

 

3454 1850 1269-5860 

H2 386 196 

 

961 384 60-2089 

H3 68 56 70-130 220 116 15-414 

H4 13 12 60-150 48 37 1-103 

H5 2.5 2.5 40-94 12 15 5-20 

H6 0.6 1.2 0.9 2.7 2.1 0.2-5 

H7 0.09 0.09 1.5 1.1 2.1 0.3-2 

H8 0.02 0.02 

 

0.13 0.11 0.3-2 

H9 0.003 0.003 

 

0.04 0.05 0.02-1 

H10 0.001 0.001 

 

0.04 0.03 0.001 

 

References: 
(1)

: From 
(18)

 

  

 Absorption of PBDEs and PCBs to OC was expected to be linear. However, PBDE and PCB 

adsorption to BC was expected to better fit a Freundlich isotherm.
(27,224)

 The NF term in Equation 2.20 

reflects the adsorption degree. In sludge, NF values for PBDEs ranged from 0.2 to 0.6.
(27)

 It is also 

observed that the NF values for individual congeners were larger than congeners mixed in TMs,
(27)

 

indicating that PBDE homolog partitioning can be a synergistic process. To the best of my knowledge, 

there are not yet literature reports of NF values for PCBs. Literature values for NF for phenanthrene 

adsorbed to lacustrine sediments and soils, spiked sediments or soils, soot (pure and isolated), and 

charcoal have variability between 0.24 to 0.79.
(137,138,225)

  Given that the PBDE NF values were similar to 

reported NF values for other organic compounds, it is assumed that PCB NF values are also within a 
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similar range. The structural similarities between PBDEs and PCBs provide support for the posited 

assumption that PCB NF values ranged from 0.2 to 0.8, similar to PBDEs. The uncertainties in NF were 

addressed via Monte Carlo simulation.   

 Dmol  is another sorbent parameter that is specific to each PBDE and PCB homolog. Dmol can be 

estimated using the Hayduk-Laudie method shown in Equation 5.9.
(226)

 

          
            

                (5.9) 

 In Equation 5.9, Dmol is molecular diffusivity in water (m
2
/year), µ is viscosity (g/m/second), and 

V is the molar volume (m
3
/mol). The calculated Dmol at 25°C is summarized in Table 5.3; overall the Dmol 

values for PCBs calculated using the Hayduk-Laudie method (Equation 5.9) were close to those reported 

in the literature
(227)

 and were larger at higher temperature as expected. Overall, PBDE Dmol values were 

smaller than PCB Dmol values for the same homolog. This is consistent with expectation given that PBDEs 

have a larger molecular weight than PCBs. PBDE and PCB homologs 1 have similar Dmol values to 

tetrachlorobiphenyl (Dmol=0.0138 m
2
/yr), PBDE and PCB homologs 4 and 5 have similar Dmol values to 

dodecane and tetradecane (Dmol=0.0161 m
2
/yr and Dmol=0.0161 m

2
/yr for dodecane and tetradecane, 

respectively), and PBDE and PCB homologs 8 and 9 have similar Dmol values to phenanthrene and pyrene 

(Dmol=0.0139 m
2
/yr and Dmol=0.0142 m

2
/yr for phenanthrene and pyrene. respectively).

(120,121,222)
 A 

comparison of the Dmol values is shown in Figure 5.3. 

 

 

 

 

 



198 

 

Table 5.3. Predicted Dmol (m
2
/year) at 25°C for PBDE and PCB homologs as calculated by the 

Hayduk-Laudie method. When available, predicted values were compared to literature value. 

Homolog 

PBDE PCB 

Calculated Calculated Literature Values
(1)

 

1 0.0190 0.0191 

 2 0.0180 0.0182 0.0152 

3 0.0171 0.0174 0.0144 

4 0.0163 0.0167 0.0137 

5 0.0156 0.0160 0.0131 

6 0.0150 0.0154 0.0126 

7 0.0145 0.0149 0.0121 

8 0.0140 0.0144 0.0116 

9 0.0135 0.0139 

 10 0.0131 0.0135 

  

Reference: 
(1) Reference [227] 

 

 

 

Figure 5.3: Molecular diffusivities (Dmol) at 25°C for PBDE and PCB homologs as predicted by Hayduk-

Laudie method compared to literature PCB molecular diffusivities at 15°C.
(227)

 Molecular diffusivities 

(Dmol) values for phenanthrene, pyrene, tetrachlorobiphenyl, dodecane, and tetradecane were indicated by 

horizontal lines. 
(120, 121,222)
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5.3.3.2. Sorbent Properties 

  

 The sediment columns have variable values of fOC, fBC, ϕ, ρPD, and Kh. Monte Carlo simulations 

were applied to these sorbent parameters to address the variability by producing PDFs that are expected to 

mirror the actual distribution in a particular sediment column. Table 5.4 is a summary of the sediment 

column properties used to guide the Monte Carlo simulations. 

 

Table 5.4. Sediment column properties used to guide the Monte Carlo simulations. 

Column 
fOC fBC ρPD (kg/L) ϕ 

Avg
(1)

 SD
(2)

 Avg
(1)

 SD
(2)

 Avg
(1)

 SD
(2)

 Avg
(1)

 SD
(2)

 

ACL 0.041 0.011 0.003 0.001 2.523 0.037 84.68 15.38 

AED 0.033 0.017 0.002 0.001 2.553 0.047 83.69 10.94 

AJL 0.047 0.029 0.002 0.001 2.500 0.082 76.62 11.27 

AFR 0.016 0.002 0.002 0.001 2.602 0.005 80.13 11.35 

AMW 0.211 0.067 0.003 0.001 2.124 0.144 95.67 6.83 

AOT 0.032 0.008 0.005 0.003 2.556 0.025 92.28 3.67 

CBC 0.037 0.028 0.018 0.003 2.550 0.058 57.76 10.04 

CWP 0.074 0.014 0.038 0.002 2.442 0.041 83.44 7.04 

CLC 0.061 0.002 0.035 0.003 2.486 0.009 63.87 1.5 

IGC09 0.122 0.016 0.012 0.003 2.314 0.043 87.49 4.67 

IGC13 0.128 0.023 0.022 0.005 2.300 0.057 85.72 6.51 

 
(1)

 Average 
(2)

 Standard deviation 

 

 Kh measures the upward porewater movement and submarine downward advective water 

movement in the sediment column. Kh depends partially on the particle size.
(118)

  The eleven sediment 

columns modeled contain agglomerate particle size in the silt to sand size ranges (very fine sand to very 

coarse sand) range using the USDA size definition. Particle size characterization results were previously 

summarized in Figure A3.9. Review shows that silt- and sand-sized particles have a wide range of 

reported Kh values. These reported values were used to estimate the sediment column Kh values. Silt has 
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Kh values ranging from 1X10
-7

 to 1X10
-2

 cm/sec and sand (very fine sand to very rough sand, clean and 

mixed) has Kh values ranging from 1X10
-5

 to 1 cm/sec.
(118,228,229)

 It is assumed that Kh values are 

proportional to the composition of silt and sand in the sediment columns.  The composition of silt and 

sand in the sediment columns, and the predicted range of Kh values for the sediment columns in this study 

are shown in Table 5.5. Monte Carlo analysis was applied to generate a cumulative Kh PDF for each 

sediment core.   

  

Table 5.5. Range of silt and sand composition in the sediment columns (as determined by 

agglomerate particle size distribution analysis and USDA particle size classification) and predicted 

range of Kh values (assuming linear proportionality to agglomerate particle size). 

Column 

Silt composition 

(min-max) 

Sand composition 

(min-max)
(1)

 
Kh(m/yr) 

(min-max) 

ACL 90-100 0.01 0.037-994.00 

AED 41-100 0.00-58.56 0.037-750.00 

AFR 80-99 1.25-20.19 0.77-211.00 

AJL 85-100 0.00-14.83 0.037-151.00 

AMW 21-38 61.56-79.36 0.23-800.00 

AOT 92-100 0.00-8.48 0.03-80.90 

CBC 4-45 54.56-95.90 20.10-960.00 

CLC 97-97 1.39-3.13 0.77-41.00 

CWP 67-95 4.86-32.56 1.86-331.00 

IGC09 50-98 2.10-49.95 1.13-501.00 

IGC13 9-92 8.19-90.72 3.32-910.00 

 
(1)

 Includes very fine sand to very rough sand as classified by the USDA 

 

 Hydraulic head gradient, dh/dx results in the movement of porewater induced by differential 

surface elevation or pressure.
(230)

 In a previous modeling effort by Viana et al. (2011), dh/dx was given a 

fixed value of 0.005 and 0.05 m/m
-1

 which was assumed to cover the range of typical hydraulic gradients 

for North America near shore areas.
(119)

 In this study, Monte Carlo analysis was applied to generate a PDF 

composed of 50,000 dh/dx values between the specified dh/dx interval. 
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5.3.3.3. Initial Sediment Concentration 

 

 In an effort to provide a more realistic simulation condition, initial sediment concentration 

(             ) was defined from the range of ∑49PBDEs and ∑132PCBs concentration in the sediment 

columns. A detailed description of the PBDE and PCB distributions was included in Chapter 3. PBDEs 

have a wider concentration range relative to PCBs. Both contaminants have a left-skewed distribution; 

however, PCB distribution was extremely left-skewed. Distribution of the ∑49BDEs and ∑132PCB 

concentrations in the sediment columns is summarized in Table 5.6.  

 

Table 5.6. Distribution of ∑49PBDEs and ∑132PCBs concentrations (ng/g) in the sediment samples 

at specific percentile. 

Percentile ∑49PBDEs ∑132PCBs 

0.05 1.52E-01 0.00E+00 

0.25 9.63E+00 0.00E+00 

0.5 6.01E+01 1.91E+01 

0.75 1.74E+03 2.62E+02 

0.95 3.61E+04 1.64E+03 

 

5.4. Results and Discussion  

 

5.4.1. Sorbate Properties 

 

 Site independent PBDE and PCB properties which included KOW, KOC, and KFBC partitioning 

coefficients are discussed in the following sections in this chapter. 

Octanol Water (KOW) and Organic Carbon (KOC) Partitioning Coefficient: Monte Carlo simulation 

generated 50,000 discreet log KOW values per PBDE and PCB homolog. A summary of the distribution is 

included in Table D5.1. Log KOW values predicted by Monte Carlo simulation, empirical correlations 
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(Equations 2.1 and 2.2 for PBDEs and Equations 2.3 to 2.4 for PCBs), and USEPA EPI program are 

shown in Figure 5.4a-b. Overall, the USEPA EPI v4.11 log KOW predicted values were higher than the 

Monte Carlo predicted values at the 95
th
 percentile. Empirical correlation predicted log KOW values 

(Equations 2.1 to 2.2 for PBDEs and Equations 2.3 to 2.4 for PCBs) generally were within the Monte 

Carlo 25
th
 and 5

th
 percentile predicted values. When available, comparison to average literature log KOW 

values was also included. Generally the literature log KOW values were lower or close to the Monte Carlo 

5
th
 percentile predicted values.  

 50,000 discreet log KOC values were generated per each PBDE and PCB homolog by Monte Carlo 

simulation. A summary is provided in Table D5.2. PBDE and PCB log KOC values predicted by Monte 

Carlo and USEPA EPI v4.11 program are shown in Figure 5.4c-d. In the USEPA EPI v4.11 program, 

PBDE and PCB log KOC values were predicted using two methods; the bond contribution method (MCI) 

and using built-in empirical correlations relating log KOW to log KOC.
(25)

 For both PBDEs and PCBs, the 

USEPA EPI predicted KOC values were between the Monte Carlo 25
th
 percentile and 5

th
 percentile 

predicted values. 

 Application of Monte Carlo simulation resulted in a wider range of log KOW and log KOC PDFs 

with increasing PBDE and PCB homolog size. Overall, PBDE homologs have a wider range of PDFs 

compared to their counterpart PCB homologs.  This is an artifact of the log KOW values used to guide the 

Monte Carlo simulations (Table 5.1). The uncertainty as measured by standard deviation was larger for 

PBDE homologs compared to PCB homologs and increased with larger homologs. 
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Figure 5.4: Distribution of log KOW (a-b) and log KOC (c-d) as predicted by 50,000 Monte Carlo 

simulations for PBDEs (a,c) and PCBs (b,d). The 5
th
 and 95

th
 percentiles are shown by the error bars, the 

box covers the 25
th
 to 75

th
 percentiles, and the middle vertical bar in the box is the 50

th
 percentile. For log 

KOW, average values used in Monte Carlo simulations are denoted by a hollow triangle. Log KOW values 

predicted by empirical correlations are denoted by * and 
X

 (* is Equation 2.1 and 
X

 is Equation 2.2 for 

PBDEs; * is Equation 2.3 and 
X

 is Equation 2.4 for PCBs). USEPA EPI predicted log KOW values are 

denoted by hollow sphere. Average literature log KOW values are denoted by hollow diamond. For log 

KOC,  
X

 are values predicted by EPI MCI method and * are values predicted by EPI KOW method. 

 

Black Carbon Freundlich Adsorption Partitioning Coefficient (KFBC): The porous nature of BC 

promotes solid phase partitioning of HOCs, such as PBDEs and PCBs. Increased solid phase sorption can 

effectively retard aqueous phase migration. KFBC was predicted from Equations 2.21 to 2.22 for PBDEs 

and PCBs, respectively.
(139) 

Application of the Monte Carlo simulation resulted in the distribution shown 

in Figure 5.5. A summary of PBDE and PCB KFBC distributions are also included in Table D5.3. The 

Monte Carlo predicted distribution range was wider for larger PBDE and PCB homologs, and was 

consistently larger for PBDE homologs relative to PCB homologs. The similarity in KFBC distribution to 

KOW distribution is an artifact of the dependence of KFBC on KOW.  
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Figure 5.5: Black carbon Freundlich adsorption constant (KFBC) for PBDE (a) and PCB (b) homologs as 

predicted from literature empirical correlations.
(139)

 

 

5.4.2. Sorbent Properties 

 

 Monte Carlo simulations were used to address the parameter variability within a particular 

sediment column to generate a representative PDF for each parameter. Among the sorbent properties that 

affect PBDE and PCB in-situ mass transport are fOC, fBC, ϕ, ρPD, and Kh. The following sections in this 

chapter detail the results from the Monte Carlo simulation for these site specific parameters. A summary 

of the distribution of these site specific properties is included in Table D5.4. 

Fraction Organic Carbon (fOC) and Fraction Black Carbon (fBC): Previous physical characterization 

detailed in Chapter 3.4.1 showed that the sediment columns have a wide range of fOC and fBC values. 

Additionally, large variation of fOC and fBC values can exist within a particular sediment column. Monte 

Carlo analysis was used to provide PDFs that reflect the actual distribution in the sediment columns. 

Results for the Monte Carlo analysis for fOC and fBC are shown in Figure 5.6 (fOC and fBC in panel a and b, 

respectively). The highest 95
th
 percentile Monte Carlo predicted fOC values were observed in column 

AMW, followed by IGC13 and IGC09. This is consistent with the physical characterization results (Table 

5.4) which indicated that AMW, IGC13, and IGC09 have among the highest fOC values. Monte Carlo 
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simulation resulted in substantially higher fBC values at the 95
th
 percentile for urban Chicago and IGC 

sediment columns compared to AR cores, consistent with the higher fBC in Chicago and IGC sediment 

columns. 

 

 

Figure 5.6: Distribution range of fraction organic carbon (fOC) (a) and fraction black carbon (fBC) (b) in 

the sediment columns as predicted by 50,000 Monte Carlo simulations.  

 

Porosity (ϕ) and Particle Density (ρPD): ϕ and ρPD affect mass transport processes by controlling 

transport length or route. The distribution of ϕ and ρPD generated from Monte Carlo analysis is shown in 

Figure 5.7 (ϕ and ρPD in panel a and b, respectively). The low ϕ in columns CBC and CLC resulted from 

the particle size distribution in these columns composed primarily of sand particles.  Other sediment 

columns have comparable ϕ values. AMW has the lowest ρPD while other rural AR sediment columns 

have ρPD values comparable to urban (Chicago and IGC) sediment columns.  
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Figure 5.7: Porosity (a) and particle density (b) distribution range in the sediment columns as predicted 

by 50,000 Monte Carlo simulations.  

 

Hydraulic Conductivity (Kh): Literature review indicates that sand and silt has a wide range of Kh 

values; Monte Carlo analysis was applied to obtain a representative Kh  PDF for each sediment column 

assuming linear proportionality to agglomerate particle size. Kh distributions are shown in Figure 5.8. 

Generally, sediment columns with higher silt composition have a lower 95
th
 percentile predicted Monte 

Carlo Kh values as silt tends to reduce fluid conductivity.  Cores that have highly graded PSDs such as 

CBC, ACL, and AED have a wider range of predicted Monte Carlo Kh values and cores with homogenous 

PSDs such as CLC, CWP, and AOT have a narrower range of predicted Monte Carlo Kh values. Monte 

Carlo predicted Kh values at the 95
th
 percentile for the sediment columns in this study were generally 

larger than saturated material such as organoclay (Kh= 10±207 m/yr), apatite (Kh= 22±25 m/yr), and 

granular activated carbon (Kh= 60±25 m/yr).
(119-121)
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Figure 5.8: Hydraulic conductivity (Kh) distributions in the sediment columns as predicted by 50,000 

Monte Carlo simulation.  

 

 

5.4.3. Sediment Porewater Partitioning Coefficient (Kd) 

 

 PBDE and PCB Kd PDFs considering only OC sorption (Kd (OC)) and under OCBC co-sorption  

(Kd (OCBC)) was predicted via Monte Carlo simulation guided by Equation 2.7 and 2.27, respectively. 

Monte Carlo predicted log Kd (OC) and log Kd (OCBC) values at the 25
th
 , 50

th
 , 75

th
 , and 95

th
 percentile 

are summarized in Table D5.5a-d (PBDEs: a-b; PCBs:c-d; OC sorption: a,d ; OCBC co-sorption: b,d) and 

distributions are included in Figure D5.2a-h (PBDEs: a-d; PCBs: e-h; OC sorption: a-b and e-f; OCBC 

co-sorption: c-d and g-h). PBDE and PCB Monte Carlo predicted log Kd (OC) and log Kd (OCBC)  values 

at the 95
th
 percentile are summarized in Figure 5.9a-d (PBDEs:a-b, PCBs:c-d) and Table 5.7a-b. 
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Table 5.7a (Cont.): PBDE and PCB Monte Carlo predicted log Kd values at the 95th percentile for 

organic carbon (OC) only sorption, and organic carbon and black carbon (OCBC) sorption. 

PBDE log Kd values for OC only sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 3.82 4.41 5.29 6.18 6.59 7.48 8.2 8.86 9.48 10.99 

AED 3.84 4.43 5.3 6.19 6.61 7.49 8.22 8.88 9.5 11.01 

AFR 3.31 3.9 4.78 5.67 6.08 6.97 7.7 8.36 8.97 10.49 

AJL 4.02 4.61 5.49 6.38 6.79 7.68 8.4 9.07 9.68 11.2 

AMW 4.56 5.15 6.03 6.92 7.33 8.22 8.94 9.61 10.22 11.73 

AOT 3.7 4.29 5.16 6.05 6.47 7.35 8.08 8.74 9.36 10.87 

CBC 3.97 4.56 5.44 6.33 6.74 7.63 8.35 9.01 9.63 11.14 

CLC 3.86 4.45 5.32 6.22 6.63 7.51 8.24 8.9 9.52 11.03 

CWP 4.03 4.62 5.5 6.39 6.8 7.69 8.41 9.08 9.69 11.21 

IGC09 4.22 4.81 5.69 6.58 6.99 7.88 8.6 9.26 9.88 11.39 

IGC13 4.26 4.85 5.73 6.62 7.04 7.92 8.65 9.31 9.92 11.44 

PBDE log Kd values for OCBC co-sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 6.6 8.07 10.23 12.4 13.45 15.61 17.4 19.07 20.57 24.2 

AED 6.42 7.89 10.04 12.22 13.27 15.43 17.22 18.88 20.39 24.02 

AFR 5.76 7.23 9.39 11.57 12.62 14.77 16.56 18.23 19.74 23.37 

AJL 6.6 8.07 10.23 12.4 13.45 15.61 17.4 19.07 20.57 24.2 

AMW 7.34 8.81 10.96 13.14 14.19 16.35 18.14 19.81 21.31 24.94 

AOT 6.92 8.39 10.55 12.72 13.77 15.93 17.72 19.39 20.89 24.52 

CBC 7.52 8.99 11.15 13.33 14.38 16.53 18.32 19.99 21.5 25.12 

CLC 7.41 8.88 11.04 13.22 14.26 16.42 18.21 19.88 21.38 25.01 

CWP 7.84 9.31 11.47 13.64 14.69 16.85 18.64 20.31 21.81 25.44 

IGC09 7.63 9.1 11.26 13.43 14.48 16.64 18.43 20.1 21.6 25.23 

IGC13 7.94 9.41 11.57 13.74 14.79 16.95 18.74 20.41 21.91 25.54 

 

 

 

 

 

 

 

 

 



209 

 

Table 5.7a (Cont.): PBDE and PCB Monte Carlo predicted log Kd values at the 95th percentile for 

organic carbon (OC) only sorption, and organic carbon and black carbon (OCBC) sorption. 

PCB log Kd values for OC only sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 3.09 3.63 4.19 4.65 5.19 5.68 6.28 6.65 7.39 7.84 

AED 3.01 3.55 4.11 4.57 5.11 5.6 6.2 6.57 7.31 7.76 

AFR 2.68 3.22 3.78 4.24 4.78 5.27 5.87 6.24 6.98 7.43 

AJL 3.17 3.71 4.27 4.73 5.27 5.75 6.36 6.72 7.47 7.91 

AMW 3.81 4.34 4.9 5.36 5.91 6.39 6.99 7.36 8.1 8.55 

AOT 2.98 3.52 4.08 4.54 5.08 5.57 6.17 6.54 7.28 7.73 

CBC 3.08 3.62 4.18 4.64 5.18 5.67 6.27 6.64 7.38 7.83 

CLC 3.26 3.8 4.36 4.82 5.36 5.85 6.45 6.82 7.56 8.01 

CWP 3.35 3.89 4.45 4.91 5.45 5.94 6.54 6.91 7.65 8.1 

IGC09 3.57 4.11 4.67 5.13 5.67 6.16 6.76 7.13 7.87 8.32 

IGC13 3.59 4.13 4.69 5.15 5.69 6.18 6.78 7.15 7.89 8.33 

PCB log Kd values for OCBC co-sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 3.09 4.31 5.71 6.93 8.27 9.55 10.9 12.07 13.75 14.6 

AED 3.01 4.16 5.56 6.77 8.12 9.39 10.74 11.92 13.59 14.44 

AFR 2.68 3.64 5.04 6.26 7.6 8.88 10.22 11.4 13.08 13.93 

AJL 3.17 4.21 5.61 6.83 8.17 9.44 10.79 11.97 13.64 14.5 

AMW 3.81 5.05 6.45 7.67 9.01 10.29 11.64 12.81 14.49 15.34 

AOT 3.18 4.5 5.9 7.11 8.46 9.73 11.08 12.26 13.93 14.79 

CBC 3.81 5.12 6.52 7.74 9.08 10.36 11.71 12.88 14.56 15.41 

CLC 3.99 5.31 6.71 7.92 9.27 10.54 11.89 13.07 14.74 15.59 

CWP 4.4 5.72 7.12 8.34 9.68 10.95 12.3 13.48 15.15 16.01 

IGC09 4.13 5.45 6.85 8.06 9.41 10.68 12.03 13.21 14.88 15.73 
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Figure 5.9a: The 95
th
 percentile PBDE log Kd values as predicted by 50,000 Monte Carlo simulations for 

organic carbon only sorption (Kd (OC)) and organic carbon and black carbon co-sorption (Kd (OCBC)) in 

AR sediment columns. Y-axes are homologs 1 through 10 (H1-H10). 
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Figure 5.9b: The 95
th
 percentile PBDE log Kd values as predicted by 50,000 Monte Carlo simulations for 

organic carbon only sorption (Kd (OC)) and organic carbon and black carbon co-sorption (Kd (OCBC)) in 

Chicago and IGC sediment columns. Y-axes are homologs 1 through 10 (H1-H10). 
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Figure 5.9c: The 95
th
 percentile PCB log Kd values as predicted by 50,000 Monte Carlo simulations for 

organic carbon only sorption (Kd (OC)) and organic carbon and black carbon co-sorption (Kd (OCBC)) in 

AR sediment columns. Y-axes are homologs 1 through 10 (H1-H10). 
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Figure 5.9d: The 95
th
 percentile PCB log Kd values as predicted by 50,000 Monte Carlo simulations for 

organic carbon only sorption (Kd (OC)) and organic carbon and black carbon co-sorption (Kd (OCBC)) in 

Chicago and IGC sediment columns. Y-axes are homologs 1 through 10 (H1-H10). 
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 Overall, Monte Carlo predicted log Kd (OC) and log Kd (OCBC) values for PBDE homologs were 

larger than the respective PCB homologs. Log Kd (OC) and log Kd (OCBC) values increased with 

increasing PBDE and PCB homologs. This is expected as log Kd (OC) and log Kd (OCBC) values are a 

function of log KOW.  Due to their lower hydrophobicity, small PBDE and PCB homologs can partition 

better into the aqueous phase reflected by their smaller log Kd (OC) and log Kd (OCBC) values, whereas 

large PBDE and PCB homologs tend to partition into the solid phase as shown by their large log Kd (OC) 

and log Kd (OCBC) values. 

 PBDE and PCB Monte Carlo predicted log Kd (OC) values for the sediment cores increased in the 

order of AFR < AOT < AED < CBC < ACL < CLC < AJL < CWP < IGC09 < IGC13  < AMW. This is 

consistent with the increased order of fOC. The globular, porous structure of BC increases the sorption of 

hydrophobic organic contaminant to the solid phase which results in larger log Kd. (OCBC) values relative 

to log Kd (OC) values. For PBDE and PCB OCBC co-sorption, log Kd. (OCBC) values increased in the 

order of AFR < AED <AJL <ACL <AOT <AMW <CBC <CLC <IGC09 <IGC13 < CWP which closely 

resembled the increasing order of fBC which is AFR < AED=AJL < ACL < AOT < AMW < CBC < CLC 

< IGC09 < IGC13 < CWP. The increased order of fBC did not mirror that of log Kd. (OCBC) because log 

Kd. (OCBC) is not just a function of fBC,but also of fOC  and other sediment properties (Equation 2.27). 

 The ratios of PBDE and PCB log Kd.(OCBC)  to log Kd.(OC) are shown in Figure 5.10a-b. Log 

Kd.(OCBC) values were determined by expanding the log Kd.(OC) expression to include the BC 

adsorption component (log KBC) which can be mathematically expressed as            
     (Equation 

2.20). The 95
th
 percentile Monte Carlo predicted log KBC values are summarized in Figure 5.11a-d 

(PBDEs:a-b; PCBs:c-d) and Table 5.8; the complete distributional values are provided in Table D5.6a-b 

(PBDEs:a; PCBs:b). Log KBC values for small PBDE and PCB homologs were smaller in rural AR 

compared to urban Chicago and IGC sites. For example, PBDE homolog 1 in AR, Chicago, and IGC  

sediment cores have log KBC values ranging from 0.69 to 1.24, 1.77 to 2.09, and 1.60 to 1.85, respectively 

whereas PCB homolog 1 in AR, Chicago, and IGC sediment cores have log KBC values ranging from 0 to 
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0.20, 0.72 to 1.05, and 0.56 to 0.80, respectively. In large homologs such as homolog 10, only a small 

disparity in log KBC values exist between rural AR to urban Chicago and IGC sites. For example, PBDE 

homolog 10 in AR, Chicago, and IGC  sediment cores have log KBC values ranging from 9.86 to 10.42, 

10.94 to 11.27, and 10.77 to 11.02, respectively whereas PCB homolog 10 in AR, Chicago, and IGC 

sediment cores have log KBC values ranging from 6.50 to 7.06, 7.58 to 7.91, and 7.42 to 7.66, respectively. 

 Given the more hydrophobic nature of PBDEs, the log KBC values for PBDEs were larger than 

PCBs. Log Kd.(OCBC) values of small PBDE and PCB homologs (H1 to ~H3) were only slightly larger 

or overlap with log Kd.(OC) values; however the disparity between log Kd.(OCBC) values and log Kd.(OC) 

values increased with increasing PBDE and PCB homologs. This trend is driven by the KFBC and CW 

values. Large PBDE and PCB homologs have large log KFBC values as can be observed in Figure 5.5 

which resulted in large log KBC values and consequently large log Kd. (OCBC) values. Additionally, the Cw 

values which were approximated as Csat values were small for HMW PBDE and PCB homologs. This 

resulted in large   
     values. In LMW PBDE and PCB homologs, the small log KFBC values led to small 

log KBC values and consequently small log Kd. (OCBC) values. Additionally, the higher Csat in LMW 

PBDE and PCB homologs resulted in small   
    and in some cases, negligible log KBC values for small 

PBDE and PCB homologs.  The combination of these two factors resulted in lower ratios of log Kd.(OC) 

to log Kd.(OCBC) for small PBDE and PCB homologs and higher ratio of log Kd.(OC) to log Kd.(OCBC) 

in large PBDE and PCB homologs. This observation indicates that mass transport processes of small 

PBDE and PCB homologs are primarily driven by the OC component whereas the presence of BC can be 

a control mechanism for the transport processes of large PBDE and PCB homologs. 
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Figure 5.10a:  Ratios of PBDE and PCB sediment porewater partitioning coefficient under sorption to 

organic carbon only and organic carbon and black carbon co-sorption (log Kd (OCBC)/log Kd (OC)) in 

AR sediment cores.  
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Figure 5.10b:  Ratios of PBDE and PCB sediment porewater partitioning coefficient under sorption to 

organic carbon only and organic carbon and black carbon co-sorption (log Kd (OCBC)/log Kd (OC)) in 

Chicago and IGC sediment cores. 
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Table 5.8. Monte Carlo predicted PBDE and PCB log KBC values at the 95
th

 percentile in all 

sediment cores. 

PBDE log KBC values 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 2.78 3.66 4.94 6.22 6.86 8.13 9.20 10.20 11.09 13.21 

AED 2.58 3.46 4.74 6.03 6.66 7.93 9.00 10.00 10.89 13.01 

AFR 2.45 3.33 4.61 5.90 6.53 7.80 8.87 9.87 10.76 12.88 

AJL 2.58 3.46 4.74 6.02 6.66 7.93 9.00 10.00 10.89 13.01 

AMW 2.78 3.66 4.94 6.22 6.86 8.13 9.20 10.20 11.09 13.21 

AOT 3.22 4.10 5.38 6.67 7.30 8.57 9.64 10.64 11.54 13.65 

CBC 3.56 4.44 5.71 7.00 7.64 8.91 9.97 10.98 11.87 13.98 

CLC 3.56 4.44 5.71 7.00 7.64 8.91 9.97 10.98 11.87 13.98 

CWP 3.81 4.69 5.97 7.25 7.89 9.16 10.23 11.23 12.12 14.24 

IGC09 3.41 4.29 5.57 6.86 7.49 8.76 9.83 10.83 11.73 13.84 

IGC13 3.67 4.56 5.83 7.12 7.75 9.03 10.09 11.10 11.99 14.10 

PCB log KBC values 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 1.64 2.20 2.81 3.34 3.90 4.48 5.07 5.75 6.75 7.16 

AED 1.44 2.00 2.61 3.14 3.70 4.28 4.88 5.56 6.55 6.96 

AFR 1.31 1.87 2.48 3.01 3.57 4.15 4.75 5.43 6.42 6.83 

AJL 1.44 2.00 2.61 3.13 3.70 4.28 4.87 5.55 6.55 6.96 

AMW 1.64 2.20 2.81 3.33 3.90 4.48 5.07 5.75 6.75 7.16 

AOT 2.08 2.64 3.26 3.78 4.34 4.92 5.52 6.20 7.19 7.61 

CBC 2.42 2.98 3.59 4.11 4.68 5.26 5.85 6.53 7.53 7.94 

CLC 2.42 2.98 3.59 4.11 4.68 5.26 5.85 6.53 7.53 7.94 

CWP 2.67 3.23 3.84 4.36 4.93 5.51 6.10 6.78 7.78 8.19 

IGC09 2.27 2.83 3.45 3.97 4.53 5.11 5.71 6.39 7.39 7.80 

IGC13 2.54 3.10 3.71 4.23 4.79 5.38 5.97 6.65 7.65 8.06 

 

 

 

 

 

 



219 

 

 

Figure 5.11a: The 95
th
 percentile PBDE and PCB black carbon-porewater partitioning coefficient (log 

KBC) as predicted by Monte Carlo simulation in AR sediment cores.  
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Figure 5.11b:  The 95
th
 percentile PBDE and PCB black carbon-porewater partitioning coefficient (log 

KBC) as predicted by Monte Carlo simulation in Chicago and IGC sediment cores.  
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5.4.4. PBDE and PCB Diffusion And Advection-Diffusion Transport Processes 

 

5.4.4.1. Observed Diffusivities (Dobs)  

 

 Dobs quantifies the aqueous phase mobility of the contaminant driven by the concentration 

gradient.  Dobs values were calculated from predicted Kd (OC) and Kd (OCBC) values. The Monte Carlo 

predicted Dobs distributions under OC only sorption (Dobs (OC)) and under OCBC co-sorption (Dobs 

(OCBC)) are included in Table D5.7a-d (PBDEs: a-b ; PCBs:c-d; OC sorption: a,c ; OCBC co-sorption: 

b,d), distributions of the Dobs (OC) and Dobs (OCBC)  values are included in Figure D5.3 a-h (PBDEs: a-d; 

PCBs: e-h; OC sorption: a-b, e-f; OCBC co-sorption: b-d, g-h). A summary of the Dobs (OC) and Dobs 

(OCBC) values at the 95
th
 percentile is provided in Figure 5.12a-d (PBDEs:a-b, PCBs:c-d) and Table 5.9. 

 Overall, PBDE Dobs (OC) and Dobs (OCBC) values were smaller than PCBs. The relatively HMW 

of PBDEs can retard diffusion process. With increasing PBDE and PCB homologs, Dobs (OC) and Dobs 

(OCBC) values decreased as expected. In the eleven sediment cores, PBDE and PCB Dobs (OC) and Dobs 

(OCBC) values can span >5 and >10 orders of magnitude, respectively. Generally, PBDE and PCB Dobs 

(OC) values increased in the order of CLC < IGC09 < IGC13 < AMW < CWP < ACL < CBC < AFR < 

AJL < AOT < AED; however, PBDE and PCB Dobs (OCBC) values increased in the order of CWP < CLC 

< IGC13 < IGC09 < CBC < AMW < ACL < AFR < AED < AJL < AOT. BC inclusion substantially 

reduced the magnitude of PBDE and PCB mass transport via diffusion as evidenced by the much smaller 

Chicago and IGC Dobs (OCBC) values relative to AR sediment cores.  

 As was previously discussed, BC inclusion can more than double the log Kd (OCBC) relative to 

log Kd (OC) values in large PBDE and PCB homologs. This effect was also observed in Dobs (OC) and 

Dobs (OCBC). Large log Kd (OCBC) and log Kd (OC) values corresponded to small Dobs (OC) and Dobs 

(OCBC) values, respectively; therefore Dobs (OC) and Dobs (OCBC) values decreased with increasing 
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PBDE and PCB homologs in addition to decreased ratio of Dobs (OCBC) to Dobs (OC)  with increasing 

PBDE and PCB homologs (Figure 5.13a-d). 
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Table 5.9 (Cont.): The 95
th

 percentile Monte Carlo predicted PBDE and PCB observe diffusivity (Dobs) values for organic carbon only 

sorption (OC), and organic carbon and black carbon co-sorption (OCBC). 

 

PBDE Dobs values for OC only sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 2.81E-06 5.49E-07 2.47E-07 1.16E-07 3.73E-08 1.70E-08 1.25E-08 7.94E-09 4.35E-09 2.36E-09 

AED 9.46E-06 1.85E-06 8.30E-07 3.89E-07 1.26E-07 5.74E-08 4.21E-08 2.67E-08 1.47E-08 7.95E-09 

AFR 5.14E-06 1.00E-06 4.51E-07 2.11E-07 6.82E-08 3.12E-08 2.28E-08 1.45E-08 7.96E-09 4.32E-09 

AJL 6.57E-06 1.28E-06 5.77E-07 2.70E-07 8.72E-08 3.98E-08 2.92E-08 1.86E-08 1.02E-08 5.52E-09 

AMW 1.92E-06 3.76E-07 1.69E-07 7.91E-08 2.55E-08 1.17E-08 8.55E-09 5.43E-09 2.98E-09 1.62E-09 

AOT 8.15E-06 1.59E-06 7.15E-07 3.35E-07 1.08E-07 4.94E-08 3.62E-08 2.30E-08 1.26E-08 6.85E-09 

CBC 4.24E-06 8.27E-07 3.72E-07 1.74E-07 5.62E-08 2.57E-08 1.88E-08 1.20E-08 6.56E-09 3.56E-09 

CLC 1.20E-06 2.35E-07 1.05E-07 4.95E-08 1.59E-08 7.29E-09 5.34E-09 3.40E-09 1.86E-09 1.01E-09 

CWP 1.98E-06 3.86E-07 1.74E-07 8.14E-08 2.62E-08 1.20E-08 8.79E-09 5.59E-09 3.06E-09 1.66E-09 

IGC09 1.44E-06 2.80E-07 1.26E-07 5.90E-08 1.90E-08 8.70E-09 6.38E-09 4.05E-09 2.22E-09 1.21E-09 

IGC13 1.56E-06 3.05E-07 1.37E-07 6.43E-08 2.07E-08 9.47E-09 6.95E-09 4.42E-09 2.42E-09 1.31E-09 

PBDE Dobs values for OCBC co-sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 2.81E-06 1.21E-07 4.07E-09 1.64E-10 2.73E-12 1.25E-13 1.25E-14 5.67E-16 4.86E-17 3.53E-17 

AED 9.46E-06 2.99E-07 1.01E-08 4.04E-10 6.75E-12 3.09E-13 3.10E-14 1.40E-15 1.20E-16 8.73E-17 

AFR 5.14E-06 2.96E-07 9.99E-09 4.01E-10 6.69E-12 3.06E-13 3.07E-14 1.39E-15 1.19E-16 8.65E-17 

AJL 6.57E-06 3.89E-07 1.31E-08 5.27E-10 8.79E-12 4.02E-13 4.03E-14 1.82E-15 1.56E-16 1.14E-16 

AMW 1.92E-06 6.80E-08 2.29E-09 9.21E-11 1.54E-12 7.03E-14 7.05E-15 3.19E-16 2.74E-17 1.99E-17 

AOT 8.15E-06 5.65E-07 1.91E-08 7.65E-10 1.28E-11 5.84E-13 5.86E-14 2.65E-15 2.27E-16 1.65E-16 

CBC 4.24E-06 2.23E-08 7.53E-10 3.02E-11 5.05E-13 2.31E-14 2.32E-15 1.05E-16 8.99E-18 6.53E-18 

CLC 1.20E-06 6.34E-09 2.14E-10 8.58E-12 1.43E-13 6.56E-15 6.57E-16 2.97E-17 2.55E-18 1.85E-18 

CWP 8.34E-07 3.87E-09 1.30E-10 5.23E-12 8.73E-14 4.00E-15 4.01E-16 1.81E-17 1.56E-18 1.13E-18 

IGC09 1.44E-06 1.23E-08 4.15E-10 1.67E-11 2.78E-13 1.27E-14 1.28E-15 5.77E-17 4.95E-18 3.59E-18 

IGC13 1.56E-06 8.24E-09 2.78E-10 1.11E-11 1.86E-13 8.52E-15 8.54E-16 3.86E-17 3.31E-18 2.41E-18 
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Table 5.9 (Cont.): The 95
th

 percentile Monte Carlo predicted PBDE and PCB observe diffusivity (Dobs) values for organic carbon only 

sorption (OC), and organic carbon and black carbon co-sorption (OCBC). 

 

 

PCB Dobs values for OC only sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 5.10E-06 1.40E-06 3.98E-07 1.43E-07 3.93E-08 2.89E-08 1.39E-08 1.32E-08 4.39E-09 3.05E-09 

AED 1.72E-05 4.71E-06 1.34E-06 4.81E-07 1.32E-07 9.72E-08 4.69E-08 4.46E-08 1.48E-08 1.03E-08 

AFR 9.37E-06 2.58E-06 7.28E-07 2.61E-07 7.19E-08 5.28E-08 2.55E-08 2.42E-08 8.03E-09 5.58E-09 

AJL 1.19E-05 3.27E-06 9.31E-07 3.34E-07 9.19E-08 6.75E-08 3.26E-08 3.10E-08 1.03E-08 7.13E-09 

AMW 3.49E-06 9.57E-07 2.73E-07 9.77E-08 2.69E-08 1.98E-08 9.53E-09 9.06E-09 3.00E-09 2.09E-09 

AOT 1.48E-05 4.06E-06 1.16E-06 4.14E-07 1.14E-07 8.38E-08 4.04E-08 3.84E-08 1.27E-08 8.84E-09 

CBC 7.68E-06 2.11E-06 6.00E-07 2.15E-07 5.92E-08 4.35E-08 2.10E-08 1.99E-08 6.62E-09 4.60E-09 

CLC 2.18E-06 5.98E-07 1.70E-07 6.10E-08 1.68E-08 1.24E-08 5.95E-09 5.66E-09 1.88E-09 1.30E-09 

CWP 3.59E-06 9.84E-07 2.80E-07 1.00E-07 2.77E-08 2.03E-08 9.80E-09 9.32E-09 3.09E-09 2.15E-09 

IGC09 2.60E-06 7.14E-07 2.03E-07 7.29E-08 2.01E-08 1.47E-08 7.11E-09 6.76E-09 2.24E-09 1.56E-09 

IGC13 2.84E-06 7.78E-07 2.22E-07 7.94E-08 2.19E-08 1.61E-08 7.74E-09 7.36E-09 2.44E-09 1.70E-09 

PCB Dobs values for OCBC co-sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 5.10E-06 1.40E-06 2.84E-07 1.04E-08 2.58E-10 1.96E-11 1.18E-12 1.30E-13 6.93E-15 2.12E-16 

AED 1.72E-05 4.71E-06 7.03E-07 2.56E-08 6.38E-10 4.84E-11 2.91E-12 3.21E-13 1.71E-14 5.24E-16 

AFR 9.37E-06 2.58E-06 6.97E-07 2.54E-08 6.32E-10 4.80E-11 2.89E-12 3.18E-13 1.70E-14 5.20E-16 

AJL 1.19E-05 3.27E-06 9.15E-07 3.34E-08 8.31E-10 6.30E-11 3.79E-12 4.18E-13 2.23E-14 6.83E-16 

AMW 3.49E-06 9.57E-07 1.60E-07 5.84E-09 1.45E-10 1.10E-11 6.63E-13 7.30E-14 3.90E-15 1.19E-16 

AOT 1.48E-05 4.06E-06 1.16E-06 4.85E-08 1.21E-09 9.15E-11 5.51E-12 6.07E-13 3.24E-14 9.91E-16 

CBC 7.68E-06 2.11E-06 5.26E-08 1.92E-09 4.77E-11 3.62E-12 2.18E-13 2.40E-14 1.28E-15 3.92E-17 

CLC 2.18E-06 5.98E-07 1.49E-08 5.44E-10 1.35E-11 1.03E-12 6.18E-14 6.81E-15 3.64E-16 1.11E-17 

CWP 3.59E-06 3.71E-07 9.10E-09 3.32E-10 8.26E-12 6.26E-13 3.77E-14 4.15E-15 2.22E-16 6.79E-18 

IGC09 2.60E-06 7.14E-07 2.89E-08 1.06E-09 2.63E-11 1.99E-12 1.20E-13 1.32E-14 7.06E-16 2.16E-17 

IGC13 2.84E-06 7.78E-07 1.94E-08 7.07E-10 1.76E-11 1.33E-12 8.03E-14 8.84E-15 4.73E-16 1.45E-17 
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Figure 5.12a: The Monte Carlo 95
th
 percentile predicted PBDE Dobs (m

2
/yr) values for organic carbon 

only sorption (Dobs (OC)), and organic carbon and black carbon co-sorption (Dobs (OCBC)) in AR 

sediment columns. 
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Figure 5.12b: The Monte Carlo 95
th
 percentile predicted PBDE Dobs (m

2
/yr) values for organic carbon 

only sorption (Dobs (OC)), and organic carbon and black carbon co-sorption (Dobs (OCBC)) in Chicago 

and IGC sediment columns. 
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Figure 5.12c: The Monte Carlo 95
th
 percentile predicted PCB Dobs (m

2
/yr) values for organic carbon only 

sorption (Dobs (OC)), and organic carbon and black carbon co-sorption (Dobs (OCBC)) in AR sediment 

columns. 
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Figure 5.12d: The Monte Carlo 95
th
 percentile predicted PCB Dobs (m

2
/yr) values for organic carbon only 

sorption (Dobs (OC)), and organic carbon and black carbon co-sorption (Dobs (OCBC)) in Chicago and 

IGC sediment columns. 
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Figure 5.13a: Ratios of observed diffusivity under organic carbon and black carbon co-sorption (Dobs 

(OCBC)) to observed diffusivity under organic carbon only sorption (Dobs (OC)) for PBDE and PCB 

homologs in AR sediment columns. 
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Figure 5.13b: Ratios of observed diffusivity under organic carbon and black carbon co-sorption (Dobs 

(OCBC)) to observed diffusivity under organic carbon only sorption (Dobs (OC)) for PBDE and PCB 

homologs in Chicago and IGC sediment columns. 
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5.4.4.2. Advective Velocity (v)  

 

 Advective velocity, v, quantifies the bulk porewater movement in the sediment column and is an 

important parameter in advection-diffusion transport process. v is influenced by R values which are 

different for OC only sorption (v(OC)) and OCBC co-sorption (v(OCBC)). Complete v(OC) and 

v(OCBC) distributions, as predicted by 50,000 Monte Carlo samplings are included in Table D5.8a-d 

(PBDEs: a-b; PCBs:c-d; OC sorption: a, c; OCBC co-sorption: b,d) and Figure D5.4 a-h (PBDEs: a-d; 

PCBs: e-h; OC sorption: a-b, e-f; OCBC co-sorption: b-d, g-h). A summary of the Monte Carlo predicted 

v(OC) and v(OCBC)  values at the 95
th
 percentile is provided in Figure 5.14a-d (PBDEs:a-b, PCBs:c-d) 

and in Table 5.10. 

  PBDE v(OC) and v(OCBC)  values were smaller compared to PCBs. As PBDEs are more 

hydrophobic than PCBs, their mass transport via porewater advection is much less compared to PCBs 

advection. v(OC) and v(OCBC)  values decreased with increasing PBDE and PCB homologs. The HMW 

of large PBDE and PCB homologs retard the advective transport process. For PBDE and PCB homologs 

1 to 10, v(OC) and v(OCBC)  values span >4 and >12 orders of magnitude, respectively.  

 PBDE and PCB v(OC) values increased in the order of CLC< AJL< AOT< CWP< IGC09< 

AMW< IGC13< CBC< AFR< AED< ACL. PBDE and PCB v(OCBC) values increased in the order CLC 

< CWP < IGC13 < IGC09 < AOT < CBC < AJL < AMW < AFR < AED < ACL. v (OCBC) values were 

smaller than v (OC) values, reflecting the role of BC in increasing contaminants adsorption to the solid 

phase and thus effectively reducing the magnitude of transport via aqueous phase. In PBDEs and PCBs, 

ratio of v (OCBC) to v (OC) decreased with increasing homologs as shown in Figure 5.15a-b. This effect 

was similarly realized in Dobs (OCBC) and Dobs (OC). 
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Table 5.10 (Cont): Monte Carlo predicted PBDE and PCB v values at the 95th percentile for organic carbon only sorption (OC), and 

organic carbon and black carbon (OCBC) co-sorption. 

 

PBDE v values for OC only sorption. 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 2.80E-03 6.40E-04 1.60E-04 2.89E-05 1.01E-05 2.63E-06 7.43E-07 5.99E-07 1.92E-07 1.13E-07 

AED 1.79E-03 4.09E-04 1.02E-04 1.85E-05 6.93E-06 1.71E-06 4.74E-07 3.92E-07 1.22E-07 7.21E-08 

AFR 9.49E-04 2.17E-04 5.43E-05 1.37E-05 4.98E-06 8.02E-07 1.65E-07 1.40E-07 4.63E-08 3.83E-08 

AJL 2.11E-04 4.83E-05 1.21E-05 2.31E-06 8.17E-07 2.04E-07 5.60E-08 4.63E-08 1.45E-08 8.51E-09 

AMW 4.72E-04 1.08E-04 2.70E-05 4.79E-06 1.68E-06 4.42E-07 1.25E-07 1.04E-07 3.24E-08 1.91E-08 

AOT 2.47E-04 5.65E-05 1.41E-05 2.59E-06 1.00E-06 2.19E-07 6.55E-08 4.38E-08 1.69E-08 9.96E-09 

CBC 8.96E-04 2.05E-04 5.13E-05 1.02E-05 3.57E-06 8.62E-07 2.38E-07 1.97E-07 6.14E-08 3.62E-08 

CLC 3.15E-05 7.21E-06 1.80E-06 4.25E-07 1.64E-07 2.43E-08 7.40E-09 4.23E-09 2.08E-09 1.27E-09 

CWP 3.66E-04 8.37E-05 2.09E-05 4.74E-06 1.83E-06 2.90E-07 9.46E-08 4.82E-08 2.51E-08 1.48E-08 

IGC09 3.91E-04 8.93E-05 2.23E-05 4.95E-06 1.91E-06 3.10E-07 1.01E-07 5.07E-08 2.68E-08 1.58E-08 

IGC13 6.82E-04 1.56E-04 3.90E-05 8.04E-06 3.10E-06 5.64E-07 1.81E-07 9.87E-08 4.68E-08 2.75E-08 

PBDE v values for OCBC co-sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 1.56E-04 4.00E-06 6.31E-08 1.06E-09 4.26E-11 5.39E-13 7.37E-15 1.49E-15 5.19E-17 8.55E-18 

AED 1.36E-04 3.03E-06 4.79E-08 8.03E-10 3.23E-11 4.09E-13 5.59E-15 1.13E-15 3.93E-17 6.48E-18 

AFR 6.03E-05 1.29E-06 3.90E-08 6.55E-10 2.63E-11 3.33E-13 4.55E-15 9.19E-16 3.21E-17 5.29E-18 

AJL 1.95E-05 4.59E-07 7.24E-09 1.22E-10 4.89E-12 6.18E-14 8.45E-16 1.70E-16 5.95E-18 9.81E-19 

AMW 2.71E-05 6.36E-07 1.00E-08 1.69E-10 6.78E-12 8.58E-14 1.17E-15 2.37E-16 8.26E-18 1.36E-18 

AOT 1.14E-05 1.79E-07 2.83E-09 4.74E-11 1.91E-12 2.41E-14 3.30E-16 6.65E-17 2.32E-18 3.83E-19 

CBC 1.53E-05 1.94E-07 3.07E-09 5.15E-11 2.07E-12 2.62E-14 3.58E-16 7.22E-17 2.52E-18 4.15E-19 

CLC 5.39E-07 5.32E-09 1.08E-10 1.81E-12 7.29E-14 9.22E-16 1.26E-17 2.54E-18 8.87E-20 1.46E-20 

CWP 2.96E-06 2.52E-08 5.92E-10 9.93E-12 3.99E-13 5.05E-15 6.90E-17 1.39E-17 4.86E-19 8.01E-20 

IGC09 9.79E-06 1.19E-07 1.96E-09 3.29E-11 1.32E-12 1.67E-14 2.28E-16 4.61E-17 1.61E-18 2.65E-19 

IGC13 9.70E-06 1.23E-07 1.94E-09 3.26E-11 1.31E-12 1.66E-14 2.26E-16 4.57E-17 1.59E-18 2.63E-19 
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Table 5.10 (Cont): Monte Carlo predicted PBDE and PCB v values at the 95th percentile for organic carbon only sorption (OC), and 

organic carbon and black carbon (OCBC) co-sorption. 

 

 

PCB v values for OC only sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 5.83E-03 1.68E-03 4.64E-04 1.61E-04 4.63E-05 1.50E-05 3.77E-06 1.55E-06 2.27E-07 7.98E-08 

AED 3.72E-03 1.07E-03 2.96E-04 1.03E-04 2.96E-05 9.60E-06 2.41E-06 1.03E-06 1.46E-07 5.12E-08 

AFR 1.98E-03 5.71E-04 1.57E-04 5.45E-05 1.57E-05 5.10E-06 1.28E-06 5.47E-07 9.41E-08 3.38E-08 

AJL 4.39E-04 1.27E-04 3.50E-05 1.21E-05 3.49E-06 1.13E-06 2.85E-07 1.22E-07 1.82E-08 6.40E-09 

AMW 9.84E-04 2.84E-04 7.83E-05 2.71E-05 7.81E-06 2.54E-06 6.37E-07 2.49E-07 3.77E-08 1.32E-08 

AOT 5.14E-04 1.48E-04 4.09E-05 1.42E-05 4.08E-06 1.33E-06 3.33E-07 1.42E-07 1.87E-08 6.55E-09 

CBC 1.87E-03 5.39E-04 1.49E-04 5.15E-05 1.48E-05 4.82E-06 1.21E-06 5.17E-07 8.01E-08 2.81E-08 

CLC 6.57E-05 1.90E-05 5.23E-06 1.81E-06 5.22E-07 1.69E-07 4.25E-08 1.82E-08 2.50E-09 8.99E-10 

CWP 7.62E-04 2.20E-04 6.07E-05 2.10E-05 6.05E-06 1.97E-06 4.93E-07 2.11E-07 2.79E-08 1.00E-08 

IGC09 8.13E-04 2.35E-04 6.48E-05 2.24E-05 6.46E-06 2.10E-06 5.27E-07 2.25E-07 2.92E-08 1.05E-08 

IGC13 1.42E-03 4.11E-04 1.13E-04 3.92E-05 1.13E-05 3.67E-06 9.20E-07 3.93E-07 4.81E-08 1.70E-08 

PCB v values for OCBC co-sorption 

Site H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 1.79E-03 1.11E-04 1.39E-05 6.56E-07 2.58E-08 1.65E-09 6.78E-11 4.75E-12 8.84E-14 1.24E-14 

AED 1.53E-03 1.00E-04 1.05E-05 4.20E-07 2.33E-08 1.18E-09 6.36E-11 3.10E-12 7.99E-14 1.12E-14 

AFR 5.91E-04 9.83E-05 4.96E-06 3.83E-07 1.67E-08 1.19E-09 5.63E-11 3.73E-12 5.53E-14 7.60E-15 

AJL 1.91E-04 1.34E-05 1.59E-06 9.65E-08 3.12E-09 2.00E-10 7.98E-12 5.59E-13 1.47E-14 2.06E-15 

AMW 3.02E-04 1.87E-05 2.21E-06 9.36E-08 4.35E-09 2.75E-10 1.02E-11 7.12E-13 1.49E-14 2.09E-15 

AOT 7.19E-05 5.93E-06 6.22E-07 3.76E-08 1.71E-09 7.91E-11 3.57E-12 2.24E-13 5.74E-15 8.03E-16 

CBC 1.66E-04 1.69E-05 6.76E-07 4.09E-08 1.35E-09 8.64E-11 3.41E-12 2.38E-13 6.23E-15 8.72E-16 

CLC 3.87E-06 4.96E-07 1.29E-08 9.35E-10 5.33E-11 2.48E-12 1.56E-13 7.79E-15 1.76E-16 2.42E-17 

CWP 2.25E-05 2.39E-06 7.04E-08 5.43E-09 2.75E-10 1.54E-11 8.54E-13 4.84E-14 9.08E-16 1.25E-16 

IGC09 6.64E-05 6.80E-06 2.88E-07 1.60E-08 9.57E-10 4.59E-11 2.58E-12 1.26E-13 3.28E-15 4.61E-16 

IGC13 6.29E-05 1.07E-05 3.48E-07 1.52E-08 9.07E-10 4.84E-11 2.29E-12 1.25E-13 3.10E-15 4.36E-16 
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Figure 5.14a: Monte Carlo predicted 95
th
 percentile PBDE v values for organic carbon only sorption (v 

(OC)), and organic carbon and black carbon co-sorption (v (OCBC)) in AR sediment columns.  
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Figure 5.14b: Monte Carlo predicted 95
th
 percentile PBDE v values for organic carbon only sorption (v 

(OC)), and organic carbon and black carbon co-sorption (v (OCBC)) in Chicago and IGC sediment 

columns.  
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Figure 5.14c: Monte Carlo predicted 95
th
 percentile PCB v values for organic carbon only sorption (v 

(OC)), and organic carbon and black carbon co-sorption (v (OCBC)) in AR sediment columns.  
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Figure 5.14d: Monte Carlo predicted 95
th
 percentile PCB v values for organic carbon only sorption (v 

(OC)), and organic carbon and black carbon co-sorption (v (OCBC)) in Chicago and IGC sediment 

columns.  
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Figure 5.15a: Ratio of advective velocity under organic carbon and black carbon co-sorption (v (OCBC)) 

to advective velocity under organic carbon sorption (v (OC)) for PBDE and PCB homologs in AR 

sediment columns. 
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Figure 5.15b: Ratios of advective velocity under organic carbon and black carbon co-sorption (v 

(OCBC)) to advective velocity under organic carbon sorption (v (OC)) for PBDE and PCB homologs in 

Chicago and IGC sediment columns. 
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5.4.4.3. Drivers Of Diffusion And Advection-Diffusion Transport Processes. 

 

 A principal component analysis (PCA) was applied to the Dmol, ϕ, KOW, fOC, Kd, and Kh to evaluate 

the drivers behind the magnitude of the diffusion and advection-diffusion flux. Three factors PCA 

analysis explained 45.35, 24.07, and 16.24% of the variances. Component loadings for factors 1, 2, and 3 

are shown in Figure 5.16 and 5.17. 

 

 

 

Figure 5.16: Transport parameter component loadings in factors 1, 2, and 3 (F1, F2, and F3) which 

explained 45.35, 24.07, and 16.24% of the variance, respectively. Negative component loading indicates 

an inverse relationship between the transport parameter and factor. 
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Figure 5.17: Factor loadings plot for the transport parameters as generated in SYSTAT version 13.  

 

 Factor 1 which explained the largest amount of variance, has fOC and fBC loadings of -0.74 and -

0.58, respectively, indicating that fOC and fBC can be an important driver to predict the magnitude of Dobs 

(OC), Dobs (OCBC), v (OC), and v (OCBC). The increasing order of Dobs (OC) (CLC < IGC09 < IGC13 < 

AMW < CWP < ACL < CBC < AFR < AJL < AOT < AED) and Dobs (OCBC) (CWP < CLC < IGC13 < 

IGC09 < CBC < AMW < ACL < AFR < AED < AJL < AOT) shared some cluster resemblances to the 

increasing order of fOC (AJL < AOT < AED < CBC < ACL < AFR < CWP < CLC < IGC09 < IGC13 < 

AMW) and fBC (AED  < AFR < AJL < ACL < AMW < AOT < IGC09 < CBC < IGC13 < CWP < CLC).

 Factor 2 which explained 24.07% of the variance has high Kh loadings (0.93). However 

observation of the increasing order in Kh values showed a large disparity when compared to the relative 
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increasing order of v (OC) and v (OCBC) (Kh: ACL < AED < AFR < AJL < AMW < AOT < CBC < CLC 

< CWP < IGC09 < IGC13; v (OC): CLC< AJL< AOT< CWP< IGC09< AMW< IGC13< CBC< AFR< 

AED< ACL; v (OCBC): CBC< AFR< ACL< AED< AMW< IGC13< CWP< IGC09< AOT< AJL< 

CLC). This suggests that Kh alone cannot be a sole predictor to assess v (OC) and v (OCBC) magnitudes.   

 Overall, the PCA results suggest that fOC, fBC, and Kh can be strong predictors of mass transport 

parameters such as Dobs (OC), Dobs (OCBC), v (OC), and v (OCBC); however it should be noted that the 

most reliable prediction of the relative magnitude of mass transport occurring in a sediment column 

comes from collectively evaluating all sorbent and sorbate parameters that can affect the mass transport 

processes. 

 

5.4.4.4. PBDE and PCB Aqueous Phase Breakthrough Under Diffusion and Advection-Diffusion 

Conditions 

 

 Using Dobs (OC), Dobs (OCBC), v (OC), and v (OCBC) distributions generated in Monte Carlo 

simulations (Table D5.7a-d and Table D5.8a-d), aqueous phase breakthrough (C/Co) was predicted using 

Equations 5.1 and 5.2 for diffusion and advection-diffusion mass transport processes, respectively. In this 

context, C/Co indicates the fraction of aqueous phase contaminant leaving the sediment boundary layer at 

a distance of x=±L relative to the initial LEA aqueous phase contaminant concentration. Diffusion and 

advection-diffusion mass transport under OC only sorption and OCBC co-sorption are denoted as D(OC), 

D(OCBC), A(OC), and A(OCBC), respectively throughout the remaining of this chapter.  Note that 

A(OC) and A(OCBC) constitutes both advection and diffusion mass transport processes.  

  The predicted PBDE and PCB C/Co  breakthrough profiles at the 95
th
 percentile values for 

D(OC), D(OCBC), A(OC), and A(OCBC) mass transport in the eleven sediment columns are shown in 
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Figure 5.18a-v (PBDEs:a-k; PCBs:l-v; ACL:a, l; AED:b,m; AFR:c, n; AJL:d, o ; AMW:e, p; AOT:f ,q ; 

CBC: g,r; CLC:h ,s; CWP:i ,t; IGC09:j,u; IGC13:k, v). 

 Generally, PBDE and PCB homologs 1 to 4 were predicted to achieve 10% C/Co breakthrough 

under D(OC) and A(OC) conditions in 1000 years. BC inclusion which increases solid phase absorption 

resulted in PBDE and PCB homologs 3 and 4 to achieve only 1% or less C/Co breakthrough under 

D(OCBC) and A(OCBC) conditions in 1000 years.  PBDE and PCB homolog 5 were predicted to achieve 

C/Co breakthrough between 1 to 10% in 1000 years under D(OC) and A(OC) simulations. Under similar 

conditions, PBDE and PCB homologs 7 to 10 were predicted to achieve less than 1% C/Co breakthrough 

in 1000 years.  An ad-hoc value of 1E-18% is deemed as negligible in the C/Co breakthrough figures and 

thus simulations resulting in C/Co breakthrough below 1E-18 % are not shown in Figure 5.17a-v. 

Inclusion of BC generally resulted in negligible C/Co breakthrough for PBDE and PCB homologs 5 to 10 

under D(OCBC) and A(OCBC) in 1000 years. Table 5.11 summarizes the PBDE and PCB homologs 

achieving 1 to 10% breakthrough in the eleven sediment cores studied in this chapter. 
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Figure 5.18a: PBDE breakthrough (C/Co) in core ACL under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18b: PBDE breakthrough (C/Co) in core AED under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18c: PBDE breakthrough (C/Co) in core AFR under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18d: PBDE breakthrough (C/Co) in core AJL under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.17e: PBDE breakthrough (C/Co) in core AMW under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18f: PBDE breakthrough (C/Co) in core AOT under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18g: PBDE breakthrough (C/Co) in core CBC under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 

 

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

A (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000
(C

/C
o

)

Time (Year)

H5

H6

H7

A (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

A (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

A (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H5

H6

H7

A (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

A (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

D (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H5

H6

H7

D (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

D (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

D (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H5

H6

H7

D (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

D (OC)



251 

 

 

Figure 5.18h: PBDE breakthrough (C/Co) in core CLC under the 95th percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

A (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000
(C

/C
o
)

Time (Year)

H5

H6

H7

A (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

A (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

A (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H5

H6

H7

A (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

A (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

D (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H5

H6

H7

D (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

D (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

D (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H5

H6

H7

D (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

D (OC)



252 

 

Figure 5.18i: PBDE breakthrough (C/Co) in core CWP under the 95th percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18j: PBDE breakthrough (C/Co) in core IGC09 under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18k: PBDE breakthrough (C/Co) in core IGC13 under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18l: PCB breakthrough (C/Co) in core ACL under the 95
th
 percentile transport parameter values 

for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18m: PCB breakthrough (C/Co) in core AED under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18n: PCB breakthrough (C/Co) in core AFR under the 95
th
 percentile transport parameter values 

for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 

 

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

A (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000
(C

/C
o
)

Time (Year)

H5

H6

H7

A (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

A (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

A (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H5

H6

H7

A (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

A (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

D (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H5

H6

H7

D (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

H10

D (OCBC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H1

H2

H3

H4

D (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H5

H6

H7

D (OC)

1.E-20

1.E-16

1.E-12

1.E-08

1.E-04

1.E+00

0.001 0.1 10 1000

(C
/C

o
)

Time (Year)

H8

H9

D (OC)



258 

 

 

Figure 5.18o: PCB breakthrough (C/Co) in core AJL under the 95
th
 percentile transport parameter values 

for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18p: PCB breakthrough (C/Co) in core AMW under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18q: PCB breakthrough (C/Co) in core AOT under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18r: PCB breakthrough (C/Co) in core CBC under the 95
th
 percentile transport parameter values 

for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18s: PCB breakthrough (C/Co) in core CLC under the 95
th
 percentile transport parameter values 

for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18t: PCB breakthrough (C/Co) in core CWP under the 95
th
 percentile transport parameter values 

for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18u: PCB breakthrough (C/Co) in core IGC09 under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Figure 5.18v: PCB breakthrough (C/Co) in core IGC13 under the 95
th
 percentile transport parameter 

values for diffusion with organic carbon only sorption (D(OC)), and organic carbon and black carbon co-

sorption (D(OCBC)) and under advection-diffusion with organic carbon only sorption (A(OC)), and 

organic carbon and black carbon co-sorption (A(OCBC)). Horizontal bold line marks the 10% C/Co 

breakthrough and horizontal dotted line marks the 1% C/Co breakthrough. Data not shown indicates that 

C/Co breakthrough is below 1E-18%. 
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Table 5.13. PBDE and PCB homologs that reached 10% (non-underlined) and 1% (underlined) 

C/Co breakthrough under diffusion with organic carbon only sorption (D(OC)) (black), diffusion 

with organic carbon and black carbon co-sorption (D(OCBC)) (charcoal), advection-diffusion with 

organic carbon only sorption (A(OC)) (dark grey), and advection-diffusion with organic carbon 

and black carbon co- sorption (A(OCBC)) (light grey). 

Core 

Transport 

Process 

Homologs 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL 

PBDE √ √ √ √ √ √ √ √ √  √  √  √  √  √  √  √ √  √ √  √ 
  

PCB √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √  √  √  √  √  √ √  √  
  

AED 

PBDE √ √ √ √ √ √ √ √ √  √  √  √  √  √  √  √ √  √ √  √ 
  

PCB √ √ √ √ √ √ √ √ √ √ √ √ √  √  √  √  √  √ √  √ √  √ 
  

AFR 

PBDE √ √ √ √ √ √ √ √ √  √  √  √  √  √  √  √ √  √  √ 
  

PCB √ √ √ √ √ √ √ √ √ √ √ √ √  √  √  √  √  √ √  √ √  √ 
  

AJL 

PBDE √ √ √ √ √ √ √ √ √  √  √  √  √  √  
     

PCB √ √ √ √ √ √ √ √ √  √  √  √  √  √  
     

AMW 

PBDE √ √ √ √ √ √ √ √ √  √  √  √   √ 
     

PCB √ √ √ √ √ √ √ √ √  √  √  √  

      

AOT 

PBDE √ √ √ √ √ √ √ √ √  √  √  √  √  √  
     

PCB √ √ √ √ √ √ √ √ √ √ √ √ √  √  √  √  
     

CBC 

PBDE √ √ √ √ √ √ √ √ √  √  √  √  √  √  
     

PCB √ √ √ √ √ √ √ √ √ √ √ √ √  √  √  √  
     

CLC 

PBDE √ √ √ √ √ √  

        
PCB √ √ √ √ √ √ √ √ √ √ √ √ √  √  

      

CWP 

PBDE √ √ √ √ √  √  √  √ √  √ 

      
PCB √ √ √ √ √ √ √ √ √  √  √  √ √  √ 

     

IGC09 

PBDE √ √ √ √ √  √  

        
PCB √ √ √ √ √ √ √ √ √  √  √  √  

      

IGC13 

PBDE √ √ √ √ √ √  √ √  √ √  √  √ 
 

    PCB √ √ √ √ √ √ √ √ √ √  √ √  √  √ 
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  In Figure 5.19a-h,  C/Co for PBDE and PCB homologs predicted from the 95
th
 percentile 

transport parameter values for D(OC), D(OCBC), A(OC), and A(OCBC) in-situ sediment transport 

processes in all the sediment columns at 40, 100, and 1000 years are compared (PBDE: a-d; PCB: e-h). 

Several trends that can be discerned from Figure 5.18 and Table 5.11 are highlighted in Figure 5.19a-h. 

First, PBDE homologs have smaller C/Co relative to PCB homologs under the same transport condition 

(i.e., in the same core under the same mass transport processes); second, small PBDE and PCB homologs 

have larger C/Co relative to large PBDE and PCB homologs under the same transport condition, and 

finally, inclusion of the BC component has a retardation effect on PBDE and PCB homolog transport with 

the effect more pronounced in urban Chicago and IGC sediment cores.  

 The cumulative C/Co values, defined as sum C/Co for PBDE or PCB homologs 1 through 10, for 

transport time of 1000 years under D(OC), D(OCBC), A(OC), and A(OCBC) transport conditions  are 

summarized in Figure 5.20 to provide a quick overview of the relative magnitude of these transport 

processes in the sediment cores. Under D(OC),  mass transport magnitude increased in the order of CLC 

< IGC09 < IGC13 < AMW < CWP < ACL < CBC < AFR < AJL < AOT < AED which was the same 

increased order for  Dobs (OC); this was expected as Dobs (OC) is the control parameter for D(OC) 

transport process. Similarly, for D(OCBC) transport process, C/Co for PBDE or PCB homologs increased 

in the same order of Dobs (OCBC) which is CWP < CLC < IGC09 < IGC13 < CBC < AMW < ACL < 

AFR < AED < AJL < AOT. C/Co for PBDE and PCB homologs under A(OC) transport increased in the 

order of CLC < IGC09 < CWP < AMW < IGC13 < AJL < AOT < CBC < AFR < AED < ACL which 

showed slight variation from the increased order of v (OC) which was  CLC < AJL < AOT < CWP < 

IGC09 < AMW < IGC13 < CBC < AFR < AED < ACL. For PBDE and PCB homologs under A (OCBC) 

transport condition, C/Co increased in the order of CWP < CLC < IGC09 < IGC13 < AJL < AOT < CBC 

< AFR < ACL < AED which also showed slight variation from the increased order of v (OCBC) which 

was CLC < CWP < IGC13 < IGC09 < AOT < CBC < AJL < AMW < AFR < AED < ACL. While Dobs 

(OC) and Dobs (OCBC) can predict the magnitude of C/Co reliably under D(OC) and D(OCBC) mass 
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transport conditions, v (OC) and v (OCBC) were less reliable predictors of the magnitude of C/Co under 

A(OC) and A(OCBC) mass transport conditions simulation in sediment columns. Under diffusion only 

condition, Dobs is the only control parameter that can be observed in Equations 5.1 and 5.4. The C/Co 

under advection-diffusion condition is a function of Dobs as well as v. Advection-diffusion is a complex 

mass transport process governed by various parameters which rendered the prediction of C/Co based on a 

single v parameter less reliable. 

  As was expected from Table 5.11, cumulative and individual (i.e., by homolog) magnitude of 

C/Co is the highest under A(OC) > D(OC) > A(OCBC) > D(OCBC) transport processes. It is interesting 

to note that although C/Co increased with time, the rate of C/Co (Δ (C/Co)) decreased with time (Figure 

5.19a-h, panels d-f). This is due to the contaminant mass leaving the sediment boundary layer via the 

aqueous phase; mass conservation dictates that Csed will gradually decrease over time resulting in gradual 

decrease of the rate of Δ (C/Co) over time as the concentration gradient decreases. 
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Figure 5.19a: PBDE breakthrough (C/Co) (a-c) and change of breakthrough rate (Δ (C/Co)) (d-f) at x=0.02m in cores ACL (a,d), AED (b,e), and 

AFR (c,f) predicted from the Monte Carlo 95
th
 percentile transport parameter values for diffusion with organic carbon only sorption (D(OC)), 

diffusion with organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon only sorption (A(OC)), and 

advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)). 
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Figure 5.19b: PBDE breakthrough (C/Co) (a-c) and change of breakthrough rate (Δ (C/Co)) (d-f) at x=0.02m in cores AJL (a,d), AMW (b,e), and 

AOT (c,f) predicted from the Monte Carlo 95
th
 percentile transport parameter values for diffusion with organic carbon only sorption (D(OC)), 

diffusion with organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon only sorption (A(OC)), and 

advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)). 
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Figure 5.19c: PBDE breakthrough (C/Co) (a-c) and change of breakthrough rate (Δ (C/Co)) (d-f) at x=0.02m in cores CBC (a,d), CLC (b,e), and 

CWP (c,f) predicted from the Monte Carlo 95
th
 percentile transport parameter values for diffusion with organic carbon only sorption (D(OC)), 

diffusion with organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon only sorption (A(OC)), and 

advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)). 
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Figure 5.19d: PBDE breakthrough (C/Co) (a-b) (left panels) and change of breakthrough rate (Δ (C/Co)) (c-d) at x=0.02m in cores IGC09 (a,c) 

and IGC13 (b,d) predicted from the Monte Carlo 95
th
 percentile transport parameter values for diffusion with organic carbon only sorption 

(D(OC)), diffusion with organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon only sorption (A(OC)), 

and advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)). 

0.00

0.02

0.04

0.06

0.08

Δ
(C

/C
o

)

H10 H9
H8 H7
H6 H5
H4 H3
H2 H1

(30 years) (100 years) (1000 years)

0

2

4

6

8

C
/C

o

H10 H9
H8 H7
H6 H5
H4 H3
H2 H1

(30 years) (100 years) (1000 years)

0.00

0.02

0.04

0.06

0.08

Δ
(C

/C
o

)

H10 H9
H8 H7
H6 H5
H4 H3
H2 H1

(30 years) (100 years) (1000 years)

0

2

4

6

8

C
/C

o

H10 H9
H8 H7
H6 H5
H4 H3
H2 H1

(30 years) (100 years) (1000 years)

a) b)

c) d)



273 

 

 

Figure 5.19e: PCB breakthrough (C/Co) (a-c) and change of breakthrough rate (Δ (C/Co)) (d-f)  at x=0.02m in cores ACL (a,c), AED (b,e), and 

AFR (c,f) predicted from the Monte Carlo 95
th
 percentile transport parameter values for diffusion with organic carbon only sorption (D(OC)), 

diffusion with organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon only sorption (A(OC)), and 

advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)). 
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Figure 5.19f: PCB breakthrough (C/Co) (a-c) and change of breakthrough rate (Δ (C/Co)) (d-f) at x=0.02m in cores AJL (a,c), AMW (b,e), and 

AOT (c,f) predicted from the Monte Carlo 95
th
 percentile transport parameter values for diffusion with organic carbon only sorption (D(OC)), 

diffusion with organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon only sorption (A(OC)), and 

advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)). 
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Figure 5.19g: PCB breakthrough (C/Co) (a-c) and change of breakthrough rate (Δ (C/Co)) (d-f) at x=0.02m in cores CBC (a,d), CLC (c,e), and 

CWP (c,f) predicted from the Monte Carlo 95
th
 percentile transport parameter values for diffusion with organic carbon only sorption (D(OC)), 

diffusion with organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon only sorption (A(OC)), and 

advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)). 
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Figure 5.19h: PCB breakthrough (C/Co) (a-b) and change of breakthrough rate (Δ (C/Co)) (c-d) at x=0.02m in cores IGC09 (a,c) and IGC13 (b,d) 

predicted from the Monte Carlo 95
th
 percentile transport parameter values for diffusion with organic carbon only sorption (D(OC)), diffusion with 

organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon only sorption (A(OC)), and advection-diffusion 

with organic carbon and black carbon co-sorption (A(OCBC)). 
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Figure 5.20: Cumulative C/Co under diffusion with organic carbon sorption (D(OC)), diffusion with 

organic carbon and black carbon co-sorption (D(OCBC)), advection-diffusion with organic carbon 

sorption (A(OC)), and advection-diffusion with organic carbon and black carbon co-sorption (A(OCBC)) 

in all sediment cores as predicted from the Monte Carlo 95
th
 percentile transport parameter values for 

1000 years simulation period.  

 

Peclet Number.  The Peclet number is a dimensionless number that represent the ratio of advection over 

diffusion.
(134)

 The Peclet number can be mathematically expressed as Equation 5.10 below. 

                   
  

    
     (5.10) 

 The Peclet number for PBDE and PCB homologs under A(OC) and A(OCBC) assuming a 95
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Peclet number represents the magnitude of advection relative to diffusion. Peclet number >1 signifies 

advection as the more dominant mass transport process and Peclet number <1 signifies diffusion as the 

more dominant transport process. Overall, the cumulative Peclet number, defined as the sum of Peclet 

number for PBDE or PCB homologs 1 through 10, shows that for PBDE homologs, the Peclet numbers 

were 6 to 20 times larger than the counterpart PCB homolog Peclet numbers in the same core. The xv 

term in Equation 5.10 is equal for the same PBDE and PCB homologs from the same core, therefore the 

differences arised from the relatively small Dobs values of PBDEs compared to PCBs. From a mass 

transport perspective, it is expected that PBDE mass transport is dominated more by advection compared 

to diffusion as the relatively HMW of PBDE homologs compared to their counterpart PCB homologs can 

retard the diffusion process (previously discussed in Chapter 5.4.4.1.). Under the A(OCBC) transport 

conditions, the cumulative Peclet numbers were only >2 times larger compared to A(OC) transport 

conditions. This is also an artifact of the smaller Dobs (OCBC) values relative to Dobs (OC), resulting in 

increased solid phase partitioning with the inclusion of BC component. Figure 5.21 also highlights the 

importance of Kh as the key parameter in advection mass transport process. Generally, with decreased Kh 

values, the cumulative Peclet number decreased. The order of decrease in Kh values closely resembles the 

order of decrease in Peclet numbers. This is due to the fact that advection-diffusion mass transport is also 

influenced by other parameters such as fOC ,ϕ, and ρPD. 

 Peclet number decreased with increasing PBDE and PCB homologs. Generally, LMW PBDE and 

PCB homologs have Peclet numbers >1, whereas HMW PBDE and PCB homologs have Peclet number 

<1. This suggests that in-situ mass transport of LMW PBDE and PCB homologs occurs primarily through 

advection, whereas in-situ sediment transport of HMW PBDE and PCB homologs occurred primarily 

through diffusion. The increasing hydrophobicity of HMW PBDE and PCB homologs increased the 

resistance for aqueous phase advective transport. Table 5.12 provides an overview of the dominance of 

diffusion or advection-diffusion in PBDE and PCB homologs in the natural sediment columns.  

 



279 

 

 

Figure 5.21: Cumulative Peclet number in all sediment cores under advection-diffusion with organic 

carbon only sorption (A(OC)) (a,c) and organic carbon and black carbon co-sorption (A(OCBC)) (b,d) 

predicted by the Monte Carlo 95
th
 percentile transport parameter values for PBDE (a,b) and PCB (c,d) 

homologs. 

 

 

 

 

0

20

40

60

80
P

ec
le

t 
N

u
m

b
er

H1 H2 H3 H4 H5

H6 H7 H8 H9 H10

Decreasing Kh

Increasing Kh

0

1

2

3

4

P
ec

le
t 

N
u

m
b

er

H1 H2 H3 H4 H5

H6 H7 H8 H9 H10

0

40

80

120

160

P
ec

le
t 

N
u

m
b

er

H1 H2 H3 H4 H5

H6 H7 H8 H9 H10

0

5

10

15

20

P
ec

le
t 

N
u

m
b

er

H1 H2 H3 H4 H5

H6 H7 H8 H9 H10

Decreasing Kha)

b)

c)

d)



280 

 

Table 5.12: Summary of PBDE and PCB transport process dominance as predicted by the Monte Carlo 95
th

 percentile transport 

parameter values. The black dots indicate advection dominance and hollow dots indicate diffusion dominance. Organic carbon only 

sorption processes are signified by no line whereas organic carbon and black carbon co-sorption is signified by an underline below the 

dots. 

Site 

PBDE 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL ●○ ●○ ●○ ●○ ●○ ●○ ●○ ●○ ○○ ○○ 

IGC13 ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ ○○ 

CBC ●○ ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ 

AMW ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ ○○ 

AED ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ ○○ ○○ 

IGC09 ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ ○○ 

CWP ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ ○○ 

AFR ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ ○○ 

AJL ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ 

AOT ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ 

CLC ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ 

Site 

PCB 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

ACL ●● ●● ●○ ●○ ●○ ●○ ●○ ●○ ●○ ○○ 

IGC13 ●○ ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ 

CBC ●○ ●○ ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ 

AMW ●○ ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ 

AED ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ ○○ 

IGC09 ●○ ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ 

CWP ●○ ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ 

AFR ●○ ●○ ●○ ●○ ●○ ●○ ○○ ○○ ○○ ○○ 

AJL ●○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ 

AOT ●○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ 

CLC ●○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ ○○ 
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5.5. PBDE and PCB Mass Removal From The Sediment Columns  

 

 In the previous Section 5.4., it was established that LMW PBDE and PCB homologs (PBDE 

homolog <5, and PCB homologs <6) can have significant breakthrough (C/Co), particularly under the 

A(OC) transport condition. Transport simulations shown in Chapter 5.3.2. were used to predict the 

amount of PBDE and PCB mass leaving the sediment segment boundary layer under the A(OC) 

condition. The A(OC) condition was chosen as it was proven to result in the most mobile in-situ PBDE 

and PCB mass transport scenarios in all the sediment columns and thus provide an upper bound to the 

mass flux. Initial concentrations were selected from measured PBDE and PCB levels shown in Table 5.6. 

PBDE homolog concentrations for the initial conditions were assumed to be at the 95
th
, 50

th
, and 5

th
 

percentile concentrations (36100, 60, and 0.2 ng/g, respectively). Due to the extreme left skewing in PCB 

concentrations, PCB homolog initial sediment concentrations were assumed to be at the 95
th
, 75

th
, and 50

th
 

percentile concentrations (1640, 262, and 19 ng/g, respectively).  

 The following is a summary of the flux form of the model; LEA was assumed and Caq|x=0m,t=0 year  

was calculated using Equation 5.3, which is then used to predict Caq|x=0.02m,t=0+ n year leaving the sediment 

boundary layer as shown in Equation 5.5 for A(OC) transport (n is transport time in years). For A(OC), 

the mass leaving the boundary layer, Mt|t=0 + n year, was calculated using Equation 5.7 assuming the 5
th
, 50

th
, 

and 95
th
 percentile transport parameter values to provide the most mobile PBDE and PCB mass transport 

range in the sediment columns. The Caq|x=0.02m,t=0 + n year (aqueous phase concentration leaving the sediment 

layer), Caq|x=0.02m,t=0 + n year /Co|x=0m,t=0 year (aqueous phase breakthrough), and Mt|t=0 + n year (mass leaving the 

sediment segment via the aqueous phase) for PBDE and PCB homologs as a function of time are shown 

in Figure D5.5a-bn (PBDEs: a-ag; PCBs: ah-bn ; ACL:a-c,ah-aj ; AED:d-f,ak-am ; AFR:g-i,an-ap ; 

AJL:j-l, aq-as ; AMW:m-o,at-av ;  AOT:p-r, aw-ay ; CBC:s-u,az-bb ; CLC:v-x, bc-be ; CWP:y-aa, bf-bh ; 

IGC09:ab-ad,bi-bk ; IGC13:ae-ag,bl-bn).  A summary of Caq|x=0.02m,t, Caq |x=0.02m, t/Co|x=0m,t , Mt|t, and 

Mt|t/Msed|t=0 (mass fraction leaving the boundary layer relative to initial mass) at 40, 100, and 1000 years 
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as predicted by the 95
th
, 50

th
, and 5

th
 percentile transport parameters values are shown in Figure 5.22a-v 

(PBDEs:a-k ; PCBs:l-v ; ACL:a,l; AED:b,m, ; AFR:c,n ; AJL:d,o ; AMW:e,p ; AOT:f,q ; CBC: g,r ; 

CLC:h,s ; CWP: i,t : IGC09:j,u ; IGC13:k,v).  
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Figure 5.22a: Predicted flux of PBDE homologs in core ACL under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22b: Predicted flux of PBDE homologs in core AED under advection-diffusion with organic carbon only sorption (A(OC)) conditions 

for initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration 

leaving the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous 

phase concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical 

lines, hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of 

mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22c: Predicted flux of PBDE homologs in core AFR under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22d: Predicted flux of PBDE homologs in core AJL under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22e: Predicted flux of PBDE homologs in core AMW under advection-diffusion with organic carbon only sorption (A(OC)) conditions 

for initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration 

leaving the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous 

phase concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical 

lines, hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of 

mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22f: Predicted flux of PBDE homologs in core AOT under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22g: Predicted flux of PBDE homologs in core CBC under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 

 

0%

25%

50%

75%

100%

1.E-10

1.E-06

1.E-02

1.E+02

1.E+06

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0
H

1
H

2
H

3
H

4
H

5
H

6
H

7
H

8
H

9
H

1
0

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0

%
M

t

M
t 
(n

g
/m

2
)

Series1

Series2

Median

%Mt

0%

25%

50%

75%

100%

1.E-10

1.E-06

1.E-02

1.E+02

1.E+06

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0
H

1
H

2
H

3
H

4
H

5
H

6
H

7
H

8
H

9
H

1
0

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0

%
 S

a
t 

o
r 

%
 B

T

C
a

q
|x

=
0
.0

2
m

(n
g

/L
)

Series1
Series2
Median
%BT
%Sat

40 YEARS 100 YEARS 1000 YEARS Csed=36100 ng/g

0%

25%

50%

75%

100%

1.E-10

1.E-06

1.E-02

1.E+02

1.E+06

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0
H

1
H

2
H

3
H

4
H

5
H

6
H

7
H

8
H

9
H

1
0

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0

%
 M

t

M
t 
(n

g
/m

2
)

0%

25%

50%

75%

100%

1.E-10

1.E-06

1.E-02

1.E+02

1.E+06

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0
H

1
H

2
H

3
H

4
H

5
H

6
H

7
H

8
H

9
H

1
0

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0

%
 S

a
t 

o
r 

%
 B

T

C
a

q
|x

=
0

.0
2

m
(n

g
/L

)

Csed=60 ng/g

0%

25%

50%

75%

100%

1.E-10

1.E-06

1.E-02

1.E+02

1.E+06

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0
H

1
H

2
H

3
H

4
H

5
H

6
H

7
H

8
H

9
H

1
0

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0

%
 M

t

M
t
(n

g
/m

2
)

0%

25%

50%

75%

100%

1.E-10

1.E-06

1.E-02

1.E+02

1.E+06

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0
H

1
H

2
H

3
H

4
H

5
H

6
H

7
H

8
H

9
H

1
0

H
1

H
2

H
3

H
4

H
5

H
6

H
7

H
8

H
9

H
1

0

%
 S

a
t 

o
r 

%
 B

T

C
a

q
|x

=
0
.0

2
m

(n
g

/L
)

Csed=0.2 ng/g

40 YEARS 100 YEARS 1000 YEARS

a) b)

c) d)

e) f)



290 

 

 

Figure 5.22h: Predicted flux of PBDE homologs in core CLC under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22i: Predicted flux of PBDE homologs in core CWP under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22j: Predicted flux of PBDE homologs in core IGC09 under advection-diffusion with organic carbon only sorption (A(OC)) conditions 

for initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration 

leaving the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous 

phase concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical 

lines, hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of 

mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22k: Predicted flux of PBDE homologs in core IGC13 under advection-diffusion with organic carbon only sorption (A(OC)) conditions 

for initial sediment concentration of 36100, 60, and 0.2 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration 

leaving the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous 

phase concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical 

lines, hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of 

mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22l: Predicted flux of PCB homologs in core ACL under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22m: Predicted flux of PCB homologs in core AED under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22n: Predicted flux of PCB homologs in core AFR under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22o: Predicted flux of PCB homologs in core AJL under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22p: Predicted flux of PCB homologs in core AMW under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22q: Predicted flux of PCB homologs in core AOT under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22r: Predicted flux of PCB homologs in core AMW under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22s: Predicted flux of PCB homologs in core CBC under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22t: Predicted flux of PCB homologs in core CWP under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22u: Predicted flux of PCB homologs in core IGC09 under advection-diffusion with organic carbon only sorption (A(OC)) conditions 

for initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration 

leaving the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous 

phase concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical 

lines, hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of 

mass leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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Figure 5.22v: Predicted flux of PCB homologs in core IGC13 under advection-diffusion with organic carbon only sorption (A(OC)) conditions for 

initial sediment concentration of 1640, 262, and 19 ng/g at 40, 100, and 1000 years. Panels a,c, and e show aqueous phase concentration leaving 

the sediment boundary layer (Caq|x=0.02m,t), aqueous phase breakthrough percentage (Caq|x=0.02m,t/Caq|x=0m,t=0year) (%BT), and ratio of aqueous phase 

concentration under local equilibrium assumption to saturation concentration (Caq|x=0m,t/Csat) (%Sat) represented as grey triangle with vertical lines, 

hollow sphere, and star, respectively. Panels b,d, and f show mass leaving the sediment boundary layer at specific time (Mt|t) and ratio of mass 

leaving the sediment boundary layer to initial starting mass (Mt|t/Msed|t=0year) represented as grey triangle with vertical lines and hollow sphere, 

respectively. For Caq|x=0.02m,t and Mt|t, median values as predicted by the 50
th
 percentile transport parameters values are represented by the grey 

triangle while upper and lower boundaries as predicted by the 95
th
 and 5

th
 percentile transport parameters values are indicated by the vertical lines. 

Lines that did not appear in figure are below the minimum y-axes values. X-axes are homologs 1 to 10 (H1 to H10). 
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 Figures 5.22a-v provides an overall picture of the changes in the contaminant profile and flux 

with time under the A(OC) transport process. PBDE transport occurs at a higher magnitude than PCBs. 

Similarly, the variation from core to core resulted in largely similar behavior at different concentration 

magnitudes as well. Previously, the increasing order of C/Co magnitude under the 95
th
 percentile transport 

parameter values for A(OC) transport process was detailed in Section 5.4. The order was CLC < IGC09 < 

CWP < AMW < IGC13 < AJL < AOT < CBC < AFR < AED < ACL. For illustration purposes, core ACL 

is used as an illustrative case to shed light on  PBDE and PCB in-situ mass flux under A(OC) conditions 

(the most mobile simulation from transport perspective) with the understanding that similar behavior is 

observed in the other sediment cores. 

 In core ACL, PBDE and PCB log Kd values for homologs 1 to 10 were predicted to span over 

four orders of magnitude (Table 5.7, Figure 5.9a and c, and Table D5.5a-d), which resulted in a wide 

range of  predicted Caq|x=0m,t values under the LEA. For example, under the 95
th
 percentile transport 

parameter values (most mobile simulation), predicted Caq|x=0m,t=0year values  for PBDE and PCB homologs 

1 and 10 ranged from 44,500 to 1 ng/L and 3650 to 0.3 ng/L, respectively (Figure D5.5a-c and ah-aj). 

Note that the difference between PBDEs and PCBs of the same homolog was driven by the difference in 

initial sediment concentrations (95
th
 percentile concentrations were 36100 and 1640 ng/g for PBDEs and 

PCBs, respectively). In both PBDEs and PCBs, HMW homologs have lower predicted Caq|x=0m,t=0 year due 

to their higher hydrophobicity. At lower initial sediment concentrations (50
th
 and 5

th
 percentile 

concentration for PBDEs, and 75
th
 and 50

th
 percentile concentration for PCBs), the predicted Caq|x=0m,t=0 

year values were lower. 

 The Caq|x=0.02m,t , predicted from the Caq|x=0m,t using Equation 5.3 for the A(OC) transport condition 

under the 5
th
, 50

th
, and 95

th
 percentile transport parameter values at 40, 100, and 1000 years are shown in 

Figure 5.22a-v (panels a,c, and e). Predicted Caq|x=0.02m,t  generally increased with increasing transport 

time. For the purpose of this study, an ad-hoc  Caq|x=0.02m,t value <1E-10 ng/L was deemed negligible (i.e, 

does not result in noticeable PBDE and PCB mass transport).  At t=40 years in core ACL, only PBDE 
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homologs 1 and 2, and PCB homologs 1 through 4 were predicted to show non-negligible Caq|x=0.02m,t 

values under the 95
th
 percentile initial sediment concentration and 95

th
 percentile transport parameter 

values (high concentration gradient combined  with high mobility conditions). In 100 and 1000 years, 

appreciable Caq|x=0.02m,t values under the same conditions were predicted for PBDE and PCB homologs 1 

to 3 and 1 to 5, respectively (Figure 5.22 a-v, panels a,c, and e). As expected, PCB flux under A(OC) 

condition was higher than PBDEs.  Overall, PBDE and PCB predicted Caq|x=0.02m,t values decreased with 

increasing homolog. With a lower initial sediment concentration, Caq|x=0.02m,t values at the same transport 

time were predicted to be lower. 

 Increased predicted Caq|x=0.02m,t  values with time resulted in increased values of Caq|x=0.02m,t 

/Caq|x=0m,t=0year. LMW PBDE and PCB homolog aqueous phase breakthrough was predicted to be more 

rapid. For instance in core ACL, PBDE homolog 1 predicted Caq|x=0.02m,t /Caq|x=0m,t=0 values were 30, 63, 

and 99% at 40, 100, and 1000 years, respectively, whereas PBDE homolog 4 predicted Caq|x=0.02m,t 

/Caq|x=0m,t=0 values were 0, 0.01 and 33%, respectively. The increase in Caq|x=0.02m /Caq|x=0m,t=0 with time was 

more rapid for PCBs; PCB homologs 1 and 4 have predicted Caq|x=0.02m,t /Caq|x=0m,t=0 values of 52, 80, and 

100% , and 0, 0.03, and 41%, respectively. With decreasing initial sediment concentrations, predicted 

Caq|x=0.02m /Caq|x=0m,t=0 values for the same transport time were similar as the aqueous phase breakthrough is 

a function of initial sediment concentration. 

 The increase in predicted Caq|x=0.02m,t  values resulted in an increase in the predicted Caq|x=0m,t/Csat 

values with time. As was previously discussed, lower initial PBDE and PCB sediment concentrations 

resulted in lower predicted  Caq|x=0.02m,t. Therefore the predicted Caq|x=0m,t/Csat values were also lower for 

lower initial sediment concentrations. At the 95
th
 percentile initial sediment concentration, PBDE 

homologs 6 and higher have predicted Caq|x=0m,t/Csat values of 100% at 40 years transport time. This trend 

was driven by two factors; the high predicted Caq|x=0.02m,t  values stemming from high initial sediment 

concentration and low Csat with increasing homologs hydrophobicity. PCB homologs have lower 
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predicted Caq|x=0m,t/Csat values stemming from the lower initial sediment concentrations and higher Csat. 

Detailed discussion on the impact of Csat on PBDE and PCB mass transport processes are provided later. 

 The Caq|x=0.02m,t was used to predict the mass flux, Mt|t  under the A(OC) transport condition using 

Equation 5.7. Mt values below the ad-hoc value of 1E-10 ng/m
2 

were deemed negligible because the 

contaminant mass leaving the sediment boundary layer was negligible compared to the starting mass.  In 

core ACL, only LMW PBDE homologs 1 to 5, and PCB homologs 1 to 6 were predicted to have 

appreciable Mt values at 40, 100, and 1000 years. As the Mt|t  was determined by Caq|x=0.02m,t, lower initial 

sediment concentrations resulted in lower predicted Mt|t  values.  With increasing transport time, the 

predicted Mt values increased consistent with expectation of increased PBDE and PCB mass flux out of 

the sediment boundary layer over time. 

 Detailed inspection on the PBDE and PCB homolog behavior in core ACL showed that the 

percent mass loss (Mt|t/Msed|t=0) in PBDE homolog 1 and PCB homologs 1 and 2 was substantial. For 

PBDE homolog 1, Mt|t/Msed|t=o reached 0.6, 4.4, and 100% for 40, 100, and 1000 years, respectively. For 

PCB homolog 1, Mt|t/Msed|t=0 reached 4.3, 23.3, and 100% at 40,100, and 1000 years, respectively. For 

PCB homolog 2, Mt|t/Msed|t=0 reached 0.1, 0.6, and 30% for 40, 100, and 1000 years, respectively. Due to 

the substantial, and in some cases complete contaminant flux out of the sediment segment for these LMW 

PBDE and PCB homologs, gradual changes in the respective Csed as a function of time are predicted to 

occur in core ACL. Predicted Csed values over time are provided in Figure 5.23a-h (a-c panels) (PBDEs:a-

d, PCBs:e-h). With Csed|t substantially reduced relative to Csed|t=0, the porewater was predicted to be less 

saturated with PBDEs or PCBs as quantified by the gradually reducing Caq|x=0m,t/Csat  (Figure 5.23a-h, d-f 

panels). Other cores predicted to have substantial mass loss due to flux out of the core segment (Csed|t=1000 

years/Csed|t=0 years > 90%) of PBDE homolog 1 and PCB homologs 1 and 2 are AED, AJL, and CBC. In 

PBDE homologs 2 and larger, and PCB homologs 3 and larger, no substantial mass loss were predicted. 

Although there was appreciable Mt|t (Figure 5.22a-v, panels b,d, and f), the Mt|t/Msed|t=0year mass loss was 

small and negligible for these homologs.  
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Figure 5.23a: PBDE homolog 1 sediment concentration (Csed) (a-c), percent porewater saturation (Caq|x=0m/Csat) (d-f), and fraction of mass leaving 

the sediment boundary layer  relative to initial starting mass (Mt/Msed) (g-i) as a function of time in cores ACL (a,d,g), AED (b,e,h), and AFR (c,f,i) 

as predicted by the Monte Carlo 95
th
 percentile transport parameters values under advection-diffusion with organic carbon only sorption  (A(OC)) 

mass transport condition. 
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Figure 5.23b: PBDE homolog 1 sediment concentration (Csed) (a-c), percent porewater saturation (Caq|x=0m/Csat) (d-f), and fraction of mass leaving 

the sediment boundary layer  relative to initial starting mass (Mt/Msed) (g-i) as a function of time in cores AJL (a,d,g), AMW (b,e,h), and AOT 

(c,f,i) as predicted by the Monte Carlo 95
th
 percentile transport parameters values under advection-diffusion with organic carbon only sorption  

(A(OC)) mass transport condition. 
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Figure 5.23c: PBDE homolog 1 sediment concentration (Csed) (a-c), percent porewater saturation (Caq|x=0m/Csat) (d-f), and fraction of mass leaving 

the sediment boundary layer  relative to initial starting mass (Mt/Msed) (g-i) as a function of time in cores CBC (a,d,g), CLC (b,e,h), and CWP 

(c,f,i) as predicted by the Monte Carlo 95
th
 percentile transport parameters values under advection-diffusion with organic carbon only sorption  

(A(OC)) mass transport condition. 
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Figure 5.23d: PBDE homolog 1 concentration (Csed) (a-c), percent porewater saturation (Caq|x=0m/Csat) (d-f), and fraction of mass leaving the 

sediment boundary layer  relative to initial starting mass (Mt/Msed) (g-i) as a function of time in cores IGC09 (a,c,e) and IGC13 (b,d,f), and CWP 

(c,f,i) as predicted by the Monte Carlo 95
th
 percentile transport parameters values under advection-diffusion with organic carbon only sorption  

(A(OC)) mass transport condition. 
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Figure 5.23e: PCB homologs 1 and 2 sediment concentration (Csed) (a-c), percent porewater saturation (Caq|x=0m/Csat) (d-f), and fraction of mass 

leaving the sediment boundary layer  relative to initial starting mass (Mt/Msed) (g-i) as a function of time in cores ACL (a,d,g), AED (b,e,h), and 

AFR (c,f,i) as predicted by the Monte Carlo 95
th
 percentile transport parameters values under advection-diffusion with organic carbon only 

sorption  (A(OC)) mass transport condition. 
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Figure 5.23f: PCB homologs 1 and 2 sediment concentration (Csed) (a-c), percent porewater saturation (Caq|x=0m/Csat) (d-f), and fraction of mass 

leaving the sediment boundary layer  relative to initial starting mass (Mt/Msed) (g-i) as a function of time in cores AJL (a,d,g), AMW (b,e,h), and 

AOT (c,f,i) as predicted by the Monte Carlo 95
th
 percentile transport parameters values under advection-diffusion with organic carbon only 

sorption  (A(OC)) mass transport condition. 
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Figure 5.23g: PCB homologs 1 and 2 sediment concentration (Csed) (a-c), percent porewater saturation (Caq|x=0m/Csat) (d-f), and fraction of mass 

leaving the sediment boundary layer  relative to initial starting mass (Mt/Msed) (g-i) as a function of time in cores CBC (a,d,g), CLC (b,e,h), and 

CWP (c,f,i) as predicted by the Monte Carlo 95
th
 percentile transport parameters values under advection-diffusion with organic carbon only 

sorption  (A(OC)) mass transport condition. 

 

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

0.1 1 10 100 1000

C
a

q
|x

=
0

m
/C

sa
t
(%

)

Time (year)

d)
0

400

800

1200

1600

2000

0.1 1 10 100 1000

C
se

d
(n

g
/g

)

Time (year)

H1 H2

a)
0%

20%

40%

60%

80%

100%

0.1 1 10 100 1000

M
t/
M

s
(%

)

Time (year)

g)

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

0.001 0.1 10 1000

C
a

q
|x

=
0

m
/C

sa
t
(%

)
Time (year)

0

400

800

1200

1600

2000

0.001 0.1 10 1000

C
se

d
 (
n

g
/g

)

Time (year)

b)
0%

20%

40%

60%

80%

100%

0.001 0.1 10 1000

M
t/
M

s
(%

)

Time (year)

h)e)

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

0.001 0.1 10 1000

C
a

q
|x

=
0

m
/C

sa
t
(%

)

Time (year)

f)0

400

800

1200

1600

2000

0.001 0.1 10 1000

C
se

d
(n

g
/g

)

Time (year)

c)
0%

20%

40%

60%

80%

100%

0.001 0.1 10 1000

M
t/
M

s
(%

)

Time (year)

i)



315 

 

 

Figure 5.23h: PCB homologs 1 and 2 sediment concentration (Csed) (a-c), percent porewater saturation (Caq|x=0m/Csat) (d-f), and fraction of mass 

leaving the sediment boundary layer  relative to initial starting mass (Mt/Msed) (g-i) as a function of time in cores IGC09 (a,c,e) and IGC13 (b,d,f), 

as predicted by the Monte Carlo 95
th
 percentile transport parameters values under advection-diffusion with organic carbon only sorption  (A(OC)) 

mass transport condition. 
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Transport limitation due to aqueous phase saturation. In core ACL, PBDE homologs 7 through 10 

generally had no appreciable predicted Caq|x=0.02m,t  values (i.e., predicted Caq|x=0.02m,t < 1E-10 ng/L) at 40, 

100, and 1000 years with  PBDE 95
th
 percentile initial sediment concentration. PBDE homologs 7 and 8 

have upper end predicted Caq|x=0.02m,t of >1E-2 and >1E-5 ng/L at 1000 years.  Although the predicted 

Caq|x=0.02m,t/Caq|x=0m,t=0 values at 1000 years transport time were less than 1% for PBDE homologs 7 through 

10 in core ACL, the predicted Caq|x=0m,t/Csat  values were 100%. This is due to the fact that PBDE 

homologs 7 through 10 have very low Csat and the high initial sediment in the core and simulation 

provided led to Caq|x=0m,t= Csat. Although the porewater was at saturation, the low rate of A(OC) transport, 

as inferred by low Dobs and v values for PBDE homologs 7 through 10 led to no appreciable difference in 

Mt|t for 40 and 100 years. At 1000 years, PBDE homologs 7 and 8 have Mt|t of >2E-3 and >1E-6 ng/m
2
; 

however, these values were less than 1% of the initial Msed. Sediment phase contaminant concentration 

does play a role in PBDE and PCB in-situ mass flux as it dictates the LEA contaminant porewater 

concentration. Higher Csed results in higher Caq|x=0m,t which can promote a higher cumulative Mt fluxes 

from the sediment segment via the aqueous phase. The upper limit of contaminant absorption to 

porewater is  Csat. Csed which resulted in Caq|x=0m,t= Csat  at the 5
th
, 50

th
, and 95

th
 percentile predicted by log 

Kd (OC) and log Kd (OCBC) values were back calculated and summarized in Figure 5.24a-e and Table 

D5.10. PBDE and PCB concentrations at or higher than the  Csed estimated in  Figure 5.24a-e and Table 

D5.10  will not experience accelerated or enhanced in-situ sediment transport; rather the magnitude of the 

in-situ sediment transport is similar to the magnitude at Caq|x=0m,t= Csat  which is the maximum  magnitude 

and rate of in-situ sediment transport. The modeling in this chapter ensures that Caq|x=0m,t< Csat  to respect 

PBDE and PCB mass transport limitations. 

 The increased solid phase partitioning under OCBC co-sorption consideration resulted in 

relatively lower log Kd (OCBC) values compared to log Kd (OC). Therefore Csed values predicted to result 

in Caq|x=0m=Csat under OCBC co-sorption were higher compared to OC only sorption. Overall, PCBs were 

predicted to require larger Csed values relative to PBDEs in order to reach the Caq|x=0m=Csat condition. 
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Although PCB Csat values were larger than PBDE Csat values, PBDEs are more hydrophobic than PCBs 

and thus, have an increased affinity for solid phase partitioning.  With increasing PBDE and PCB 

homologs, the range of Csed values as predicted from the 5
th
 and 95

th
 percentile log Kd values were larger 

reflecting the increased uncertainty of log Kow values of large PBDE and PCB homologs (Table 5.1). The 

impact of uncertainty on mass flux predictions was very pronounced for HMW PBDE homologs, as these 

homologs carry larger associated uncertainty compared to their counterpart PCB homologs.  Under 

OCBC co-sorption, PBDE and PCB Csed values predicted to achieve the Caq|x=0m=Csat condition shared a 

similar trend of increasing Csed values with increasing PBDE and PCB homologs. This trend was also 

observed in LMW PBDE and PCB homologs; however, PBDE and PCB Csed values predicted to achieve 

the Caq|x=0m=Csat condition decreased for HMW PBDE and PCB homologs. The predicted Csed values were 

a function of Csat and Kd. Under OCBC co-sorption, PBDE and PCB log Kd (OCBC) values consistently 

increased at a faster rate than Csat decline. This is also true for small PBDE and PCB homologs under OC 

only sorption; however, in large PBDE and PCB homologs, the decline in Csat values were occurring at a 

faster rate than the increase of log Kd (OC) values rendering lower predicted Csed values. 
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Figure 5.24a: Sediment phase concentrations (Csed) of PBDE (a-b, e-f, i-j) and PCB (c-d, g-h, k-l) homologs that result in local equilibrium 

aqueous phase concentration equals to saturation concentration (Caq|x=0m=Csat) predicted from sediment-porewater partitioning coefficient for 

organic carbon only sorption (Kd (OC)) (PBDEs:a,e,i ; PCBs: c,g,k) and organic carbon and black carbon co-sorption (Kd (OCBC)) (PBDEs:b,f,j ; 

PCBs: d,h,l) at the 5
th
, 50

th
, and 95

th
 percentile values in cores ACL(a-d), AED (e-h), and AFR (i-l). Csed values predicted from the 50

th
 percentile 

log Kd values are marked by the grey triangle and Csed values predicted from the 5
th
 and 95

th
 percentile are shown as the bold vertical lines. 
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Figure 5.24b: Sediment phase concentrations (Csed) of PBDE (a-b, e-f, i-j) and PCB (c-d, g-h, k-l) homologs that result in local equilibrium 

aqueous phase concentration equals to saturation concentration (Caq|x=0m=Csat) predicted from sediment-porewater partitioning coefficient for 

organic carbon only sorption (Kd (OC)) (PBDEs:a,e,i ; PCBs: c,g,k) and organic carbon and black carbon co-sorption (Kd (OCBC)) (PBDEs:b,f,j ; 

PCBs: d,h,l) at the 5
th
, 50

th
, and 95

th
 percentile values in cores AJL(a-d), AMW (e-h), and AOT (i-l). Csed values predicted from the 50

th
 percentile 

log Kd values are marked by the grey triangle and Csed values predicted from the 5
th
 and 95

th
 percentile are shown as the bold vertical lines. 
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Figure 5.24c: Sediment phase concentrations (Csed) of PBDE (a-b, e-f, i-j) and PCB (c-d, g-h, k-l) homologs that result in local equilibrium 

aqueous phase concentration equals to saturation concentration (Caq|x=0m=Csat) predicted from sediment-porewater partitioning coefficient for 

organic carbon only sorption (Kd (OC)) (PBDEs:a,e,i ; PCBs: c,g,k) and organic carbon and black carbon co-sorption (Kd (OCBC)) (PBDEs:b,f,j ; 

PCBs: d,h,l) at the 5
th
, 50

th
, and 95

th
 percentile values in cores CBC(a-d), CLC (e-h), and CWP (i-l). Csed values predicted from the 50

th
 percentile 

log Kd values are marked by the grey triangle and Csed values predicted from the 5
th
 and 95

th
 percentile are shown as the bold vertical lines. 
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Figure 5.24d: Sediment phase concentrations (Csed) of PBDE (a-b, e-f, i-j) and PCB (c-d, g-h, k-l) homologs that result in local equilibrium 

aqueous phase concentration equals to saturation concentration (Caq|x=0m=Csat) predicted from sediment-porewater partitioning coefficient for 

organic carbon only sorption (Kd (OC)) (PBDEs:a,e,i ; PCBs: c,g,k) and organic carbon and black carbon co-sorption (Kd (OCBC)) (PBDEs:b,f,j ; 

PCBs: d,h,l) at the 5
th
, 50

th
, and 95

th
 percentile values in cores IGC09(a-d) and IGC13 CLC (e-h). Csed values predicted from the 50

th
 percentile log 

Kd values are marked by the grey triangle and Csed values predicted from the 5
th
 and 95

th
 percentile are shown as the bold vertical lines. 
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Drivers of PBDE and PCB Mass Flux.  Overall, the results of PBDE and PCB homolog mass flux 

simulations shown in Figure 5.22a-l followed trend in predicted C/Co under A(OC) mass transport, where 

the magnitude increased in the order of CLC < IGC09 < CWP < AMW < IGC13 < AJL < AOT < CBC < 

AFR < AED < ACL. PCA analysis suggested that although fOC, fBC, and Kh cannot entirely predict the 

magnitude of PBDE and PCB mass flux in the sediment columns, these parameters are important drivers 

in D(OC), D(OCBC), A(OC), and A(OCBC). In the case of A(OC) mass simulations as shown in Chapter 

5.5, fOC and  Kh are the important drivers. In Figure 5.25, the magnitude of PBDE homolog 1 and PCB 

homologs 1 and 2 under A(OC) transport process at 40, 100, and 1000 years are shown to have 

substantial mass removal over a period of 1000 years (>20%, ad-hoc value). Overall, the mass flux 

magnitude increased in the order of PCB homolog 2 < PBDE homolog 1 < PCB homolog 1. From Figure 

5.25, it can be seen that a combination of high  Kh  and high fOC  as seen in cores ACL and AED resulted in 

high amounts of PBDE homolog 1 and PCB homologs 1 and 2 removal. In general, fOC values >0.1 

substantially retard the A(OC) mass flux. Figure 5.25 showed Mt|t /Msed values decreased at a faster rate 

with increased fOC values compared to decreased Kh values indicating that PBDE and PCB mass transport 

in sediment columns are more sensitive to variation in fOC values. 
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Figure 5.25: The fraction of PCB homolog 1  (a-c), PBDE homolog 1 (d-f), and PCB homolog 2 (g-i) leaving the sediment segment relative to 

initial sediment concentration at the 95
th
 percentile concentration (1640 and 36100 ng/g for PCB homologs 1 and 2, and PBDE homolog 1, 

respectively)(Mt|t/Msed|t=0year) in all sediment cores at 40 (a,d,g), 100 (b,e,h) and 1000 (c,f,i) years. Size of the hollow circle represent the % 
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5.6. The Impact of PBDE and PCB In-Situ Mass Flux On Sediment Contaminant Profile 

  

Thus far, the modeling effort presented in this chapter indicated that PBDE homolog 1 and PCB 

homologs 1 and 2 in cores ACL, AED, AFR, AJL, and CBC can exhibit substantial in-situ mass flux 

under the A(OC) mass transport process (>20% Mt|t /Msed|t=0 year) at 1000 years simulation condition 

period. Previously, in Section 5.4, the A(OC) was determined to simulate the most mobile mass transport 

scenario. It is of interest to evaluate if the in-situ mass transport of PBDE and PCB homologs under the 

most mobile conditions is sufficient to shift the distribution of the actual sediment concentration profile 

towards the observed sediment profiles. In this analysis, PBDE transport simulations were limited to 

cores ACL, AED, AMW, CBC, CLC, CWP, and IGC13 as radionuclide dating data were only available 

for these eight cores. PCB transport simulations were limited to core AMW, CBC, CLC, CWP, and 

IGC13 only as PCB concentration with depth data are only characterized for these six cores.  

 In order to understand how something has changed temporally, we need a point of reference for 

comparison of sufficiently long duration to result in possibly significant transport. This objective was 

achieved by fitting the observed PBDE and PCB congener data to a linear mixing model (LMM) using 

PBDE TMs and PCB Aroclors. Initially, the difference in sediment contaminant profile in the selected 

cores from PBDE TMs and PCB Aroclors were quantified by employing MLSR analysis. For PBDEs, the 

sediment contaminant profile (in molar composition) at each sediment depth was regressed 

simultaneously against DE-71, DE-79, and Saytex 102E. For PCBs, simultaneous regression was 

performed against Aroclors 1016, 1248, 1254 and 1260. Previously, whole core average MLSR against 

five Aroclors (Aroclors 1016, 1242, 1248, 1254, and 1260) indicated that Aroclor 1242 did not have 

significant contribution in any of the five selected cores and was therefore excluded from the depth 

specific MLSR analysis (Table 3.5). In the MLSR analysis, the coefficients represent the fraction of TMs 

or Aroclors that contributed towards the sediment contaminant profile and the residuals quantify the 
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difference between the sediment contaminant profile and the LMM mixed TM or Aroclor profiles. The 

TM or Aroclor coefficients and residuals, as predicted by MLSR analysis are shown in Figure 5.25a-c. 
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Figure 5.25a: DE-71 and DE-79 (a-c), and Saytex 102E (d-f) coefficients and residual (∑Res) (g-i) as determined by multivariate least square 

regression analysis for cores ACL (a,d,g), AED (b,e,h), and AMW (c,f,i).  
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Figure 5.25b: DE-71 and DE-79 (a-h), and Saytex 102E (e-h) coefficients and residuals (∑Res) (i-l) as determined by multivariate least square 

regression analysis for cores CBC (a,e,i), CLC (b,f,j), CWP (c,g,k) and IGC13 (d,h,l).      
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Figure 5.25c: Aroclors 1016, 1248, 1254, and 1260 coefficients and residuals (∑Res) (g-i) as determined by multivariate least square regression 

analysis for cores a)CBC, b) CLC, c) CWP,d) AMW , and e)IGC13. 
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  Sediment characterization described in Chapter 3 showed that the ∑49PBDEs compositions in all 

the sediment cores were dominated by H10 (BDE-209). The MLSR analysis showed that Saytex 102E 

TM composed primarily of BDE-209 had a much higher contribution relative to DE-71 and DE-79 TMs 

at all sites and core depths (Figure 5.25a-b). In Table 5.13, whole core MLSR analysis results are 

compared to multivariate least median square (MLMS). With the MLMS method, the median of squared 

residuals are minimized to estimate the regression coefficients rendering it more robust against outlier in 

the dependent and independent variables. Analysis compared homolog composition and z-transformed 

homolog composition. With the z-transformation, the homolog composition is normalized with respect to 

homolog 10 (BDE-209) composition to reduce the weighting of BDE-209 on the regression analysis. 

Generally, the more robust regression analysis increased the Saytex102E TM contributions only slightly. 

There were also increased in DE-71 TM contribution in the sediment cores, albeit not substantial (<5%). 

The more robust regression analyses under-predicted the contribution of DE-79 TM.  The predicted 

contributions of DE-71 and DE-79 TMs from homolog composition MLSR do not vary substantially from 

the predicted contributions of DE-71 and DE-79 TMs from homolog composition MLMS and z-

transformed homolog composition of MLSR and MLMS analyses. Additionally, the contributions of 

Saytex 102E were more closely predicted by the homolog composition MLSR. Overall, the more robust 

regression analyses do not appear to perform better relative to the homolog composition MLSR. This 

suggests that the small coefficients for DE-71 and DE-79 TMs predicted by the homolog composition 

MLSR is not an artifact of the large dominance of H10 (BDE-209) in the sediment cores, but rather a 

reflection of the quantified difference between PBDE TMs and sediment profile.  
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Table 5.13. Multivariate least square regression (MLSR) and multivariate least median square 

regression (MLMS) analyses for PBDE homolog and z-transformed composition in select sediment 

cores. 

PBDE 

Core TMs 

Homolog Composition 

Z-transformed homolog 

composition 

MLSR MLMR MLSR MLMR 

CBC 

DE-71 0.173 0.182 0.183 0.167 

DE-79 0.003 -0.018 -0.015 -0.008 

Saytex 102E 0.736 1.226 1.007 1.97 

CWP 

DE-71 0.028 0.081 0.02 0.068 

DE-79 0.003 -0.016 -0.01 -0.011 

Saytex 102E 0.904 1.627 1 1.008 

CLC 

DE-71 0.082 0.156 0.104 0.144 

DE-79 0.009 -0.012 0.002 -0.01 

Saytex 102E 0.751 3.313 1.005 1.038 

ACL 

DE-71 0.057 0.221 0.044 0.005 

DE-79 0.008 0.052 0.004 0.001 

Saytex 102E 0.949 2.976 1.007 1.198 

AMW 

DE-71 0.016 0.025 0.017 0.057 

DE-79 0.027 0.058 0.013 0.033 

Saytex 102E 0.903 1.788 1.005 1.948 

AED 

DE-71 0.009 0.001 -0.005 0.001 

DE-79 0.004 0.214 0.003 0.002 

Saytex 102E 0.968 0.971 0.999 2.141 

IGC13 

DE-71 0.165 0.142 0.173 0.149 

DE-79 0.025 -0.03 -0.02 -0.024 

Saytex 102E 0.798 1.443 1.006 2.08 

 

 The PBDE sediment profiles in cores ACL, AED, and AMW (Figure 5.25a) showed little 

resemblance to the DE-71 and DE-79 TMs as evidenced by the small associated coefficient values (<0.1). 

In contrast, Saytex 102E contributions (Figure 5.25a, panels d-f) were very large in these three cores, 

resulting in a relatively small overall residual. This is thought to be an artifact of the core proximity to 

two large PBDE point sources (two PBDE manufacturing facilities) which according to the USEPA TRI, 

largely emit only the BDE-209 congener. Previous temporal PBDE congener analysis in core AMW 

indicated that there are two deposition regimes marked by the change in AMW utilization from a pond 

actively receiving treated WWTP effluent between 1952 through 1989 to a dormant WWTP effluent 
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lagoon from 1989 onwards (Figure 3.11c). During periods of active use, Saytex 102E, DE-79, and DE-71 

deposition increased. This trend was reversed after ~1990.  Additionally, core AMW was the only core 

where DE-79 loading exceeded DE-71 loading. This trend was more obvious during the period of active 

pond use. The depth specific MLSR analysis performed in this chapter highlights this trend. During 1952 

to 1989, Saytex 102E, DE-79, and DE-71 contributions increased. During this particular time period, DE-

79 contribution exceeded DE-71 contribution. The agreement between these two independent assessment 

methods (temporal congener loading analysis (Figure 3.11c) and MLSR analysis (Figure 5.25a, panels c,f, 

and i)) provided support for to the validity of the interpretation of these analyses.  

 While MLSR analysis for AR cores located proximate to PBDE large point sources in El 

Dorado,AR, suggested dominance of Saytex 102E as a single source for PBDE loading, results for 

Chicago and IGC cores showed a relatively higher contribution of the DE-71 and DE-79 TMs. Although 

Saytex 102E was still the dominant contributor on a mass basis, the contribution to total PBDE load was 

relatively less in the Chicago and IGC cores compared to the AR cores. DE-71, DE-79, and Saytex 102E 

contributions with depth in core CBC are consistent with sediment mixing; in agreement with our 

interpretation of the radionuclide dating, sediment PSD data, and sediment contaminant profile. Core 

CWP which received contaminants only through airborne deposition showed few variations in DE-71, 

DE-79, and Saytex 102E contributions with depth. Saytex 102E was the dominant contributor and only 

small or negligible variance was observed for DE-71 and DE-79 contributions with depth to the bottom of 

the core. Previously, whole core average MLSR analysis indicated that core CLC has the highest residual 

(Table 3.5). This was also true for depth specific MLSR (Figure 5.25b, panels b, f, and g). Depth specific 

MLSR results match that of whole core MLSR results for core IGC13. 

 For the four PCB Aroclors considered, not one Aroclor was found to be highly dominant over the 

others. In core CBC, Aroclors contributions with depth suggested sediment mixing, consistent with PBDE 

MLSR, radionuclide dating, PSD data, and PBDE and PCB contaminant profiles. Whole core average 

MLSR indicated that PCB Aroclor contributions increase in the order of 1254 < 1248 < 1016 < 1260 in 
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core CBC. This trend was also observed for depth specific MLSR (Figure 5.25c, panel a).  In core CLC, 

depth specific MLSR analysis showed increased in PCB Aroclor contributions in the order of 1254 < 

1260 < 1016 < 1248 consistent with whole core average MLSR prediction. Whole core average MLSR 

results predicted the highest residual value in core CWP. This was also observed in the depth specific 

MLSR as expected. In core AMW, the PCB depth specific MLSR also reflected the known change in 

pond utilization. Prior to 1989, core AMW was dominated by Aroclor 1260, followed by 1248. After 

1989, the contribution of Aroclor 1248 exceeded that of Aroclor 1260. This suggests that Aroclor 1260 

has a higher loading from the aqueous phase (i.e., the treated WWTP effluent) relative to the atmospheric 

deposition. Overall, the depth specific MLSR results for PBDEs and PCBs agreed with the whole core 

average MLSR (Table 3.5). 

 Assuming LMM, PBDE TMs and PCB Aroclor fluxes and flux contributions were determined 

(Figure 5.26a-e). Measured depositional flux was calculated as sedimentation rate (Mass/Length
2
/Time) 

multiplied by measured concentration (Mass/Mass). For Chicago and IGC cores, sedimentation rates were 

estimated from the top five sediment segments and were focus factor corrected (Details and values were 

previously provided in Section 3.4.3 and in Table 3.3). With the LMM, PBDE TMs and PCB Aroclor 

contributions were assumed to be linear, therefore total LMM flux can be described as Equation 5.11.  

                                                            (5.11) 

 In Equation 5.11, m
1
, m

2
, and m

3
 are contributions of specific PBDE TMs or PCB Aroclors 

determined through depth specific MLSR analysis. For PCB Aroclors, an additional m
4
 term is introduced 

to reflect the four Aroclor mixtures considered in the MLSR analysis.  
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Figure 5.26a: Flux (a-c) and flux contribution (d-f) of DE-71, DE-79, and Saytex 102E PBDE technical 

mixtures as predicted by the linear mixing model for cores ACL (a,d), AED (b,e), and AMW (c,f).  
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Figure 5.26b: Flux (a-d) and flux contribution (d-f) of DE-71, DE-79, and Saytex 102E predicted by the 

linear mixing model for cores CBC (a,e), CLC (b,f), CWP (c,g), and IGC13(d,h). 
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Figure 5.26c: Flux (a-e) and flux contribution (f-j) of Aroclors 1016, 1248, 1254, and 1260 predicted by 

the linear mixing model for cores a,f) CBC, b,g) CLC, c,h) CWP, d,i) AMW, and e,j) IGC13. 
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 Cores ACL, AED, and AMW have substantially higher fluxes of DE-71, DE-79, and Saytex 102E 

TMs compared to Chicago and IGC cores. As the sedimentation rates for cores ACL, AED, and AMW 

cores were smaller than cores Chicago and IGC, the higher flux rates were driven by the high PBDE 

concentrations in these cores due to site proximity to the PBDE manufacturing facilities. In accordance 

with the depth specific MLSR results, flux contributions by Saytex 102E were higher than DE-71 and 

DE-79 in all the sediment cores and were more pronounced in the AR cores relative to the Chicago and 

IGC cores. In core CBC, PCB fluxes were higher than PBDE fluxes due to the higher PCB concentration. 

In cores CLC, CWP, and AMW, PBDE fluxes were larger than PCB fluxes; however, PBDE and PCB 

fluxes were within the same magnitude for core IGC13. PCB flux contributions also reflected the 

contributions of the four Aroclor mixtures. The LMM accounted for >90 % of the measured PBDE flux; 

however LMM on average only accounted for 65% of the measured PCB fluxes. In Figure 5.27a-d, 

measured PBDE and PCB homolog concentrations were compared to LMM predicted homolog 

concentrations to evaluate the origin of discrepancy between measured PBDE and PCB fluxes to LMM 

predicted fluxes.  
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Figure 5.27a: Comparison of measured PBDE homolog concentrations to the linear mixing model 

predicted concentrations in cores ACL (a), AED (b), and AMW (c). Also shown are the 1:1, 10:1, and 

1:10 lines. Note log scale on axes. 
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Figure 5.27b: Comparison of measured PBDE homolog concentrations to the linear mixing model 

predicted concentrations in cores CBC (a), CLC (b), CWP (c), AMW (d), and IGC13(e). Also shown are 

the 1:1, 10:1, and 1:10 lines. Note log scale on axes. 
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Figure 5.27c: Comparison of measured PCB homolog concentrations to the linear mixing model 

predicted concentrations in cores CBC (a), CLC (b), CWP (c), AMW(d), IGC09 (e), and IGC13(f). Also 

shown are the 1:1, 10:1, and 1:10 lines. Note log scale on axes. 
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 For PBDEs, the TMs LMM predicted concentration accounted for more than >95% of the 

measured concentration for homolog 10. This was evidenced by the similarity between the measured 

versus the predicted data of homolog 10. In contrast, the LMM typically underestimated the concentration 

of PBDE homologs 9 and smaller as shown by the measured versus predicted results within the 1:1 and 

1:10 lines. For PCBs, the LMM underestimated the PCB concentrations across the PCB homologs 

spectrum. Several reasons could have resulted in this including PCBs in the sediment originating from 

other Aroclor mixtures not considered in the depth specific MLSR (there are 17 different PCB Aroclors 

and some sediment cores have high depth specific MLSR residuals), and transformation of PCBs during 

pre- and post-depositional stages. 

 In relations to PBDE and PCB in-situ mass transport, it is off interest to evaluate if the difference 

in LMM predicted concentrations and measured concentrations are influenced and/or affected by PBDE 

and PCB in-situ mass transport processes. PBDE and PCB LMM predicted concentrations and measured 

concentrations with depth are shown in Figure 5.28a-n. 
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Figure 5.28a: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core ACL. Lines that do not 

show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted M t|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28b: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core AED. Lines that do not 

show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted Mt|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28c: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core AMW. Lines that do 

not show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted M t|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28d: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core CBC. Lines that do not 

show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted Mt|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28e: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core CLC. Lines that do not 

show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted M t|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28f: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core CWP. Lines that do not 

show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted Mt|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28g: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core IGC13. Lines that do 

not show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted M t|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28h: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core CBC. Lines that do not 

show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted M t|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28i: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core CLC. Lines that do not 

show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted Mt|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28j: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core CWP. Lines that do not 

show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted Mt|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28k: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core AMW. Lines that do 

not show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted M t|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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Figure 5.28l: LMM predicted and measured PBDE homologs (H1-H10: homolog 1 to homolog 10) concentrations in core IGC13. Lines that do 

not show up are below the minimum concentration level. Error bars, representing the maximum amount of mass percentage moving out of the 

sediment boundary layer relative to initial sediment mass at 40 years (Mt|t=40 years|Msed|t=0 year) under advection with organic carbon only sorption 

(A(OC)) were added to the measured PBDE homologs. Note that error bars are at a 10x scale. In most cases, predicted Mt|t=40 years|Msed|t=0 year were 

very low and error bars are not visible. X-axes are in the log scale. 
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 The discrepancy between measured and LMM-predicted homolog concentrations varied 

substantially by homolog for PBDEs (Figure 5.27).  The dominance of Saytex 102E in the sediment cores 

resulted in the LMM performing well for PBDE homolog 10 (Figure 5.28a-g, panels H10, Figure 5.27a-

b). In Figure 5.27a-b, it was shown that the LMM underestimated PBDE homologs 1 through 9, which is 

manifested as large gaps between LMM predicted and measured concentrations observed in Figure 5.28a-

g (panels H1 to H9). As the LMM under-predicts the measured concentrations in all homologs (Figure 

5.27c), noticeable gaps reflecting the difference between LMM-predicted and measured concentrations 

were also observed for PCBs homologs 1 through 10 (Figure 5.28i-l). 

 Error bars were added to the measured  concentrations in Figure 5.28a-n; these error bars 

represent the largest amount of PBDE or PCB homologs that were predicted to leave the sediment 

boundary layer (± 0.02 m) within a 40 years time period (Mt|t=40 years) used in the transport simulations, 

and also representing the approximate time frame of the deeper cores. Previously, in Section 5.4, it was 

established that the A(OC) transport process simulated the most mobile conditions for PBDEs and PCBs 

mass flux in sediment segment. Additionally in Section 5.5, it was shown that given the 1000 year 

simulation period, only PBDE homolog 1 and PCB homologs 1 and 2 were predicted to have substantial 

contaminant mass removal via the A(OC) transport process (substantial defined Mt|t/ Msed|t=0 year as  

>20%). The sediment cores studied in this chapter were estimated to span 40 years between the 1970s to 

2010. Given a relevant time frame of only 40 years, the predicted Mt|t=40 years/ Msed|t=0 years values were very 

small, if not negligible.  To provide a quick recap of the magnitude, Table 5.14 summarized the  Mt|t=40 

years/ Msed|t=0 years values in PBDE homolog 1 and PCB homologs 1 and 2 after a 40 year transport period.  
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Table 5.14: Summary of the fraction of mass leaving the sediment boundary layer relative to initial 

mass in the sediment phase under advection-diffusion with organic carbon only sorption for 

transport time of 40 years. 

Core 

Mt|t=40 years/ Msed|t=0 years (%) 

PBDE homolog 1 PCB homolog 1 PCB homolog 2 

ACL 9.8 NA
(1)

 NA
(1)

 

AED 6.7  NA
(1)

 NA
(1)

 

AMW 0.9 4.7 0.1 

CBC 0 0.1 0 

CLC 0.2 1.1 0 

CWP 0 0.1 0 

IGC09 0 0 0 

IGC13 0 0 0 

(1): Not applicable 

 

 Although in cores ACL and AED, Mt|t=40 years/ Msed|t=0 years values for PBDE homolog 1 were 

predicted to be substantial during the relevant 40 years period, generally the sediment cores studied in this 

chapter typically do not have measureable levels of PBDE homolog 1. In PBDE homologs 2 and larger, 

the predicted Mt|t=40 years/Msed|t=0 years values were negligible. After 1000 years transport period, predicted   

Mt|t=1000 years/ Msed|t=0 years values in cores AED and ACL were <25% and were <5% in the other sediment 

cores reflecting the substantially slow mass transfer rate and magnitude of PBDE homolog 2 even under 

the most mobile mass transport simulation. PCB homolog 1 in core AMW have a Mt|t=40 years/ Msed|t=0 years 

value of 4.7%; however when plotted even at a 10X scale, the error bars were barely visible (Figure 5.26l, 

panel H1) due to the small concentration of PCB homolog 1 (<1 ng/g), which renders the value of 4.7% 

not visible in Figure 5.26I, panel H1. Superimposing the results from PBDE and PCB in-situ mass flux 

modeling under the most mobile condition from the perspective of aqueous phase on depth specific LMM 

predicted concentrations provides a graphical illustration of the fact that in-situ PBDE and PCB mass 

transport in natural sediment columns do not occur at a high enough magnitude to explain the discrepancy 

between PBDE TMs or PCB Aroclors to PBDE or PCB sediment profiles. Thus, we must conclude that 

PBDE and PCB in-situ transport processes under the 40 years relevant sediment age results in negligible 

mass removal. Further, under the 1000 years simulation period, only LMW PBDE and PCB homologs 
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(specifically, PBDE homolog 1 and PCB homologs 1 and 2) showed substantial mass flux rates (>20% 

mass removal). In HMW PBDE and PCB homologs (specifically, PBDE homologs 2 and larger, and PCB 

homologs 3 and larger), no substantial mass transport rates were predicted even after a 1000 years 

simulation period (<20% mass removal). The overall conclusion is that the small magnitude of PBDE and 

PCB transport over the 40 years relevant sediment age does not explain the discrepancy between PBDE 

and PCB sediment profiles to PBDE TMs and PCB Aroclors, respectively.  Previously, it was noted that 

the discrepancy between PBDE TMs or PCB Aroclors to PBDE and PCB sediment profiles could arise 

from either pre-depositional transport and/or transformation which includes differential transport rates for 

different homologs and transformation from source locations to receptor site, or from post-depositional 

transport or transformation which includes in-situ sediment transport and microbial facilitated 

transformation. Through mass transport modeling enhanced with a robust Monte Carlo simulation to 

capture parameter uncertainty in natural sediments, the modeling effort in this chapter showed that in-situ 

sediment transport cannot appreciably affect the congener profiles in any the studied sediment columns. 

Thus, it can be concluded that in-situ sediment transport can be excluded from any future studies as the 

cause for discrepancy between PBDE TMs and PCB Aroclors to PBDE or PCB sediment profiles.  

 

5.7. Conclusion 

 

 In this chapter, mass transport of PBDEs and PCBs was modeled in eleven natural sediment cores 

to investigate the magnitude of in-situ sediment transports. Monte Carlo simulation was applied to 

generate realistic PDFs of parameters and to control for gaps in the data. The original hypotheses 

postulated for this phase of the study can now be assessed. 

 As postulated, LMW PBDE and PCB homologs have greater mass transport potential than HMW 

PBDE and PCB homologs under diffusion and advection-diffusion mass transport conditions.  
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Modeling results predicted that only PBDE homolog 1 and PCB homologs 1 and 2 can exhibit 

substantial mass transport under the relevant 40 year time frame (>1% mass removal for 40 years 

mass transport simulation). HMW PBDE and PCB homologs generally showed no appreciable 

mass loss even under a 1000 years simulation time frame (<5% mass removal for 1000 years 

mass transport simulation). Overall, PBDE homologs consistently have larger Kd, KFBC and 

smaller Dobs and v values relative to their counterpart PCB homologs. This confirmed the 

hypothesis that PBDE in-situ mobility is substantially less than PCBs. In all the sediment cores, 

the magnitude of PBDE and PCB homologs sediment transport increase in the order (D(OCBC) < 

(A(OCBC)) < (D(OC)) < (A(OC)). Advection-diffusion is a complex process and calculated 

Peclet number which quantified the relative magnitude of advection to diffusion indicated that 

LMW PBDE and PCB homologs mass transport is driven by advection, whereas HMW PBDE 

and PCB homologs mass transport is driven by diffusion. This suggests that while advection can 

accelerate and increase the mobility of LMW PBDE and PCB homologs, it have little effect on 

HMW homologs given their increased hydrophobicity. 

 BC levels in the urban sediments are sufficient to greatly retard the mobility of PBDEs and PCBs 

compared to prediction based solely on OC. As predicted by KBC, PBDE adsorption to BC was 

stronger than PCBs reflective off the more hydrophobic nature of PBDEs. The predicted KBC 

values increased with increasing PBDE and PCB homolog. In urban Chicago and IGC sediments 

that have higher fBC, the effect of BC inclusion was more pronounced especially in the HMW 

PBDE and PCB homolog. Inclusion of the BC component more than doubled the predicted 

effective Kd values and in some cases, more than halved the predicted Dobs. This suggests that 

exclusion of the BC component in urban sediments can lead to gross over prediction of the 

magnitude of HMW PBDE and PCB homologs mobility.  

 In this chapter, mass transport of PBDE and PCB homologs provided with initial sediment 

concentration at the 5
th
, 50

th
, and 95

th
 percentile concentration values under A(OC) conditions 

were simulated. The A(OC) sorption case was shown to consistently result in the highest mobility 
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of PBDEs and PCBs. Overall, the magnitude of PBDE and PCB homolog mass transport under 

A(OC) condition increased in the order of CLC < IGC09 < CWP < AMW < IGC13 < AJL < 

AOT < CBC < AFR < AED < ACL. Kh and  fOC  were determined to be important drivers for  

PBDE and PCB mass transport under the A(OC) condition. Core ACL with high Kh and low fOC 

had the greatest PBDE and PCB mobility and thus the highest PBDE and PCB mass removal. 

Core CLC with low Kh and high fOC resulted in low, if not negligible, PBDE and PCB homolog 

mass removal. Observation of mass simulation results suggests that PBDE and PCB mass 

transport were more sensitive to the variations in fOC relative to  Kh (i.e., decreased in fOC resulted 

in larger increased in mass removal relative to similar increased in Kh ). Higher initial sediment 

concentration increased the concentration gradient resulting in larger predicted Caq|x=0.02m,t leaving 

the sediment boundary layer; consequently, the predicted Mt|t leaving the sediment boundary layer 

was also higher. Given the low transport rates, Caq|x=0.02m,t and Mt|t of HMW PBDE and PCB 

homologs were predicted to be lower than LMW PBDE and PCB homologs. The sediment cores 

in this study had time spans of approximately forty years (estimated from radionuclide data 

between 1970s to 2010). Under the 40 years model simulation, the predicted fraction of 

Mt|t/Msed|t=0 year values for PBDE homolog 1, and PCB homologs 1 and 2, were very small 

(<10%), whereas for PBDE homologs 2 and larger, and PCB homologs 3 and larger, the 

Mt|t/Msed|t=0 year values were negligible. For HMW PBDE and PCB homologs, the Mt|t/Msed|t=0 year 

values were negligible even after a 1000 year simulation period. Superimposition of the mass 

simulation results on measured PBDE and PCB homologs concentrations showed that in-situ 

mass transport of PBDE and PCB homologs cannot explain the disparity between PBDE and 

PCB TMs or PCB Aroclors and measured PBDE or PCB sediment profiles. 

 

 Sorbate parameters such as low hydrophobicity and LMW, as well certain sorbent parameters 

such as high Kh and low fOC promote the mass transport of PBDE and PCB homologs in natural aquatic 
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sediments. The mass transport modeling effort in this chapter simulated the most mobile transport 

conditions by providing the highest concentration gradient achieved through a hypothetical non-

contaminated neighboring sediment segments assumption and high initial sediment concentrations. Even 

under conditions of optimal mobility, the predicted PBDE and PCB mass transports in the relevant time 

frame of 40 years was negligible. Thus, it is concluded that the observed disparity between PBDE TMs or 

PCB Aroclors to PBDE or PCB sediment profile is not a result of in-situ sediment transport, but rather it 

is a result of either pre-depositional processes including differential transport rates of different homologs, 

and transformation of congeners between the source sites to receptor sites, or post-depositional 

transformation including microbial facilitated PBDE and PCB transformations. Future analysis to 

evaluate in-situ PBDE and PCB transformations should exclude in-situ sediment transport as a 

contributing factor to congener profile shape and focus on better understanding the contribution of other 

pre-depositional and post-depositional transport and transformation to heighten the scientific 

understanding on the fate of PBDEs and PCBs in the environment. 
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CHAPTER 6. CONCLUSION 

 

 Polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls (PCBs) are persistent 

organic contaminants that are ubiquitous in the environment. The Chicago metropolitan sediments are 

also no exception to PBDE and PCB contamination. PBDE concentration in the five urban metropolitan 

Chicago cores in this study were lower compared to sediment cores from Arkansas near the PBDE 

manufacturing facilities
(151)

 but higher than reported values for the Great Lakes and in other areas in the 

U.S.
(45,47,49,50,51,53) 

The PCB concentration observed in this study was comparable to other industrialized 

areas such as the Houston Ship Channel
(61)

 and Indiana Harbor Canal.
(60)

 It is worth noting the PCB 

concentrations were lower than PCB-historically contaminated sites such as the Thompson Island Pool, 

NY.
(5)

 In recent years, PBDE deposition rapidly increased whereas PCB deposition slowly declined. 

 Two routes of PBDE and PCB depositions to the Chicago sediments were ascertained; hydraulic 

deposition-dominated sediment cores are heavily impacted by anthropogenic hydraulic discharges such as 

wastewater treatment plant effluents, stormwater discharges, and combined sewage outfalls and 

atmospheric deposition-dominated sediment core which is primarily exposed to PBDE and PCB via wet 

and dry depositions. Hydraulic deposition-dominated cores have higher PBDE and PCB net surface 

deposition rates compared to atmospheric deposition-dominated cores. Another striking difference 

between hydraulic and atmospheric deposition-dominated cores was the enrichment of tetra- and penta-

PBDE in hydraulic deposition dominated cores.  

 A multivariate least square regression (MLSR) analysis showed that disparity exist between 

PBDE and PCB congener profiles in sediment to PBDE technical mixtures (TMs) and PCB Aroclor 

mixtures. This disparity can be due to several reasons including pre-depositional transformation induced 

by differential transport rates for different PBDE and PCB homologs and transformation between source 

sites to receptor sites, and post-depositional transformation including microbial facilitated dehalogenation 

and in-situ contaminant transport in the sediment column. It is important to note while MLSR analysis 
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confirmed the disparity between sediment profiles to source profiles, this analysis cannot distinguish the 

source of the disparity. 

 In this study, several analyses were performed to evaluate the potential of PBDE and PCB 

degradation in the sediment. Increased in low molecular weight (LMW) homolog concomitant with  

decreased in high molecular weight homolog (HMW) was observed in core AMW for PBDEs and core 

CLC for PBDEs and PCBs. Additionally, in these two cores, ortho-, meta-, and para-congener 

substitution pattern were consistent with microbial facilitated dehalogenation which was reported to 

preferentially favor meta- and para-removal. Coupled with high MLSR residuals, in-situ dehalogenation 

in these sediment columns are possible. 

 Using high-yield pyrosequencing technology, the microbial community structure in the surface 

sediments and in AMW sediment segment at five years interval were characterized. Overall, the microbial 

community structure in the surface sediments and in AMW sediment segment were very diverse. 

Hierarchical analysis and PCA generally grouped the microbial structure in AR surface sediments by 

increased average distance to PBDE manufacturing facilities and consequently, by decreased PBDE 

concentrations. Additionally, microbial diversity also increased with increasing distance from the PBDE 

manufacturing facilities for the AR sediment cores. The high PBDE concentration could be important in 

influencing the microbial community structure. In the Chicago cores, microbial community was grouped 

based on exposure pathways. Interestingly, the microbial community structure in AMW was grouped 

based on depth despite depth-independent hierarchical and PCA analysis; this confirmed the hypothesis of 

gradual changes in AMW microbial community structure in response to physico-chemical changes in the 

AMW column. A very striking feature in the surface sediments and in-depth AMW sediment segments 

are the high abundance of unclassified Bacteria. This highlights the diversity of the sediment microbial 

community structure which up to present day, is still not adequately characterized and understood. The 

abundance of the unclassified Bacteria did not correlate to PBDE and PCB concentrations, or to PBDE 
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and PCB MLSR residuals. It is thus concluded that the unclassified Bacteria is unlikely to play a role in 

active PBDE and PCB dehalogenation. 

 Potential PBDE and PCB degrading class OTUs were found in all surface sediments and in in-

depth AMW sediment segments. The “super-bug” Dehalococcoides spp. was found in only 3 surface 

sediments; however, in AMW in-depth sediment, Dehalococcoides spp. was found in almost all sediment 

segments and appeared to be better enriched in the lower sediment segment. It should be noted that the 

occurrences of potential PDBE and PCB degrading class OTUs should not be interpreted as active 

dehalogenation. In evaluating the potential for microbial PBDE and PCB degradation, it is necessary to 

look at other dehalogenation indicators as well. In core AMW, the occurrences of the potential PBDE 

degrader coincided with increased LMW PBDE homologs concomitant with decreased HMW PBDE 

homologs, increased para-substituted congeners, and beneficial sediment column properties for microbial 

PBDE dehalogenation such as ORP consistent with facultative metabolism, high organic matter and 

organic carbon concentrations, and high PBDE concentrations.  

 Collectively evaluating the abundance of potential PBDE and PCB degrading class OTUs in core 

CLC provided beneficial insight into the role of indigenous microorganisms in PBDE and PCB 

transformation. Increased LMW PBDE homologs concomitant with decreased HMW PBDE homologs, as 

well as decreased para-substitution was observed; however, increased mean degree of bromination was 

also observed. Increased LMW PCB homologs concomitant with a decreased HMW PCB homologs was 

also observed. In addition to decreased degree of chlorination, decreased in meta-substituted PCB 

congeners concomitant with increased in ortho-substituted PCB congeners provided among the best 

indicators of microbial facilitated PCB degradation. PCB concentrations were approximately three times 

higher than PBDE concentration in core CLC. Additionally, abundance of potential PCB degrader far 

exceeded that of PBDEs. Taken collectively, it is concluded that microbial facilitated PCB degradation in 

core CLC was more likely than PBDE degradation.  
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 This study also evaluated PBDE and PCB in-situ mass transport in natural sediment columns. 

Overall, PBDE homologs have higher mobility than PCB homologs; this was expected as PBDEs have 

HMW and higher hydrophobicity which increase solid phase partitioning and decrease aqueous mobility. 

HMW PBDE and PCB homologs have restricted mobility. Peclet numbers suggest that mass transport of 

LMW PBDE and PCB homologs were driven by diffusion whereas mass transport of HMW PBDE and 

PCB homologs were driven by advection. Consideration of organic carbon and black carbon (OCBC) co-

sorption showed that PBDE and PCB mobility, especially HMW congeners, were highly restricted 

relative to organic carbon only sorption. Exclusion of the BC sorption component, especially in urban 

sediments with high BC fraction, can result in gross over-prediction of the magnitude of PBDE and PCB 

vertical mass transport in the sediment column. The highest PBDE and PCB mobility scenario was 

provided by advection-diffusion mass transport with organic carbon (OC) only sorption. Mass simulation 

performed at 40, 100, and 1000 years showed that overall, PBDE and PCB mass transport if occurring, is 

only at a negligible rate. For PBDE and PCB homolog 1, mass simulation under 1000 year simulation 

period only predicted less than 25% mass loss. At a 40 year simulation period, PBDE and PCB 

breakthrough even under highly optimum mobility condition were negligible. With the exception of 

PBDE H10 (BDE-209), linear mixing model (LMM) underpredicted the measured PBDE and PCB 

concentrations significantly. Addition of error bars representing maximum mass loss of PBDE and PCB 

to measured PBDE and PCB concentrations were far from overlapping with LMM predicted PBDE and 

PCB concentrations; this suggest that in-situ mass transport of PBDE and PCB homologs in the sediment 

column is not sufficient to substantially shift the deposited PBDE and PCB profiles. Overall, it was 

concluded that PBDE and PCB mass transport, although occurring, is occurring at very slow rate and 

cannot account for the disparity observed between PBDE and PCB congener profiles in sediment and 

PBDE TMs and PCB Aroclor mixtures.  

 This research has elucidated upon the recent trend and extends of PBDE and PCB contamination 

in the metropolitan Chicago area. The microbial community characterization provided beneficial insight 
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into the role of microorganisms in influencing PBDE and PCB fate. Rigorous mass simulation predicted 

that in-situ PBDE and PCB mass transport, even under highly optimum conditions for mobility, are 

occurring at a very low rate and will not affect observed PBDE and PCB distribution in the sediment 

phase. Future studies should focus on finding trace indicators in support of in-situ microbial facilitated 

PBDE and PCB degradation. Multiple lines of evidence provided in this research including observation of 

homolog changes, OMP-substitution pattern, and MLSR analysis, as well as physical properties beneficial 

for degradation, can only act as indicators that need to be evaluated collectively to provide supportive 

evidence in support of dehalogenation, but is not a direct indicator of dehalogenation. To better 

understand the fate of sediment phase PBDEs and PCBs, it is necessary to understand other factors that 

can affect in-situ degradation. The rigorous mass simulation showed that PBDE and PCB mass transport 

simulated under conditions optimum for mobility, has no observable effect on the PBDE and PCB 

sediment profile. Future studies should focus on understanding other factors that contribute towards the 

disparity between PBDE TMs and PCB Aroclor mixtures to PBDE and PCB sediment profile including 

pre-depositional process such as differential transport rate and transformation between source sites to 

receptor sites, and other post-depositional process such as microbial facilitated dehalogenation. Overall, 

this research has helped provide better understanding on the indigenous microbial community structure in 

PBDE- and PCB-impacted sediments, and has confirmed in-situ mass transport as a negligible factor 

influencing the fate of environmental deposited PBDEs and PCBs.  
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Appendix A 

 

Table A2.1. Detailed congener composition (w/w %)  in PBDE technical mixture (DE-

71, DE-79, and Saytex102E) as reported in La Guardia et al. (2006). {La Guardia, 2006 

#6} 

 

Congener DE-71 DE-79 
Saytex 

102E 

 

Congener DE-71 DE-79 
Saytex 

102E 

 
(w/w %) 

 
 

(w / w %) 

17 0.07 nd nd 

 

139 0.8 nd nd 

28/33 0.25 nd nd 

 

140 0.17 <0.02 nd 

Tetra <0.02 nd nd 

 

138 0.73 0.62 nd 

75 <0.02 nd nd 

 

184 <0.02 <0.02 nd 

51 <0.02 nd nd 

 

Hepta nd <0.02 nd 

49 0.74 nd nd 

 

175/183 0.1 42 nd 

48/71 <0.02 nd nd 

 

191 nd <0.02 nd 

47/74 38.2 nd nd 

 

180 nd 1.7 nd 

66/42 0.53 nd nd 

 

171 nd 1.81 nd 

Penta 0.05 nd nd 

 

201 nd 0.78 nd 

102 0.15 nd nd 

 

197 nd 22.2 nd 

100 13.1 nd nd 

 

203 nd 4.4 nd 

99 48.6 nd nd 

 

196 nd 10.5 nd 

97/118 <0.02 nd nd 

 

194 nd <0.02 nd 

85 2.96 nd nd 

 

Octa nd <0.02 nd 

126/155 0.21 nd nd 

 

208 nd 0.19 0.06 

154 4.54 1.07 nd 

 

207 nd 11.5 0.24 

144 nd 0.1 nd 

 

206 nd 1.38 2.19 

Hexa nd <0.02 nd 

 

209 nd 1.31 96.8 

153 5.44 8.66 
Nd 

 

     nd: Non-detect 
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Table A2.2 (Cont.). Detailed congener composition (w/w %) in eight PCB Aroclors as reported in 

Frame et al. (2005) {Frame, 2005 #99} 

 

Homolog Congener 
1221 1232 1016 1242 1248 1254 1260 1282 

(w/w %) 

1 1 35.8 15.21 0.52 0.51 0.05 0.02 0.03 0.02 

1 2 3.81 1.98 0.02 0.02 

    1 3 20.44 10.36 0.15 0.15 0.01 

   2 4 6.19 5.32 3.62 3.11 0.32 0.02 0.03 0.07 

2 5 0.74 0.49 0.17 0.13 

    2 6 3.82 3.02 1.64 1.42 0.13 0 0.01 0.03 

2 7 1.7 1.12 0.29 0.26 0.02 

   2 8 12.34 10.71 8.29 6.99 0.81 0.05 0.06 0.15 

2 9 1.74 1.25 0.58 0.5 0.04 

   2 10 0.8 0.6 0.23 0.2 

    2 11 0.16 0 

      2 12 0.59 0.35 0.07 0.06 

    2 13 1.1 0.73 0.24 0.2 0.02 

   2 14 

 

0 

      2 15 4.18 3.24 2.4 1.98 0.22 0.01 

 

0.03 

3 16 0.31 1.79 3.88 3.03 1.04 0.02 0.02 0.07 

3 17 0.34 1.83 3.98 3.14 1.05 0.02 0.02 0.07 

3 18 0.78 4.89 10.86 8.53 4.29 0.08 0.07 0.19 

3 19 0.08 0.46 0.99 0.79 0.22 

  

0.02 

3 20 0.07 0.42 0.88 0.68 0.14 

   3 21 

        3 22 0.26 1.62 3.5 2.71 1.33 0.02 0.02 0.06 

3 23 

  

0.01 0.01 

    3 24 0.02 0.08 0.16 0.13 

    3 25 0.09 0.37 0.72 0.57 0.11 

   3 26 0.13 0.75 1.57 1.21 0.4 

  

0.03 

3 27 0.05 0.12 0.51 0.4 0.12 

   3 28 0.62 3.92 8.5 6.68 3.59 0.06 0.05 0.15 

3 29 0.01 0.05 0.1 0.08 

    3 30 0 0 

      3 31 0.6 4.17 9.32 7.18 5.07 0.11 0.06 0.16 

3 32 0.17 1.08 2.37 1.85 0.88 0.01 0.01 0.05 

3 33 0.48 2.84 6.21 4.85 2.23 0.05 0.04 0.13 

3 34 0 0.01 0.03 0.02 

    3 35 0 0.06 0.05 0.07 

    3 36 0 

       3 37 0.19 1.15 1.02 1.86 0.79 0.01 0.01 0.04 

3 38 0 
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Table A2.2 (Cont.). Detailed congener composition (w/w %) in eight PCB Aroclors as reported in 

Frame et al. (2005) {Frame, 2005 #99} 

 

Homolog Congener 
1221 1232 1016 1242 1248 1254 1260 1282 

(w/w %) 

3 39 

        4 40 0.04 0.4 0.58 0.77 1.13 0.15 

  4 41 0.03 0.36 0.76 0.69 0.77 0.02 

  4 42 0.09 0.66 1.59 1.13 1.67 0.09 

 

0.03 

4 43 

 

0.12 0.28 0.18 0.3 

   4 44 0.21 1.81 4.47 3.6 6.31 0.67 0.04 0.1 

4 45 0.04 0.47 1.23 0.93 1.09 0.02 

  4 46 0.02 0.19 0.49 0.37 0.47 

   4 47 0.05 0.49 1.26 0.97 1.49 0.07 

 

0.01 

4 48 0.06 0.61 1.61 1.18 1.66 0.05 

 

0.01 

4 49 0.15 1.37 3.35 2.59 4.12 0.26 0.01 0.07 

4 50 

  

0.01 

     4 51 

 

0.12 0.32 0.25 0.3 

   4 52 0.22 1.83 4.63 3.64 6.93 0.83 0.27 0.17 

4 53 0.04 0.37 0.95 0.75 1.05 0.04 

  4 54 

  

0.01 

     4 55 

 

0.05 

 

0.09 0.06 

   4 56 0.12 0.93 0.07 1.8 3.16 1.7 0.02 0.04 

4 57 

  

0.01 0.02 0.02 

   4 58 

        4 59 0.01 0.2 0.41 0.37 0.37 

   4 60 0.07 0.61 0.04 1.17 1.85 0.95 0.04 0.02 

4 61 

        4 62 

        4 63 

  

0.06 0.13 0.17 0.07 

  4 64 0.1 0.1 1.87 1.76 3.01 0.36 0.01 0.04 

4 65 

 

0.87 

      4 66 0.21 1.74 0.39 3.38 5.84 3.56 0.03 0.08 

4 67 

 

0.09 0.06 0.15 0.13 

   4 68 

        4 69 

        4 70 0.24 1.9 0.59 3.76 7.28 6.83 0.04 0.12 

4 71 0.06 0.54 1.16 1.04 1.67 0.11 

  4 72 

   

0.01 0.02 

   4 73 

        4 74 0.12 0.92 0.33 1.83 3.14 2.19 0.05 

 4 75 

 

0.02 0.06 0.05 0.08 

   4 76 

   

0.08 0.13 0.03 
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Table A2.2 (Cont.). Detailed congener composition (w/w %) in eight PCB Aroclors as reported in 

Frame et al. (2005) {Frame, 2005 #99} 

 

Homolog Congener 
1221 1232 1016 1242 1248 1254 1260 1282 

(w/w %) 

4 77 0.01 0.17 

 

0.27 0.41 0.2 

  4 78 

        4 79 

        4 80 

        4 81 

    

0.01 

   5 82 

 

0.12 

 

0.29 0.81 1.53 

  5 83 

 

0.05 

 

0.12 0.26 0.56 

  5 84 0.02 0.2 0.05 0.46 1.26 1.58 0.11 0.05 

5 85 0.03 0.17 

 

0.36 0.98 2.49 

 

0.03 

5 86 

 

0.01 

 

0.03 0.11 0.1 

  5 87 0.04 0.22 

 

0.52 1.45 3.41 0.44 0.11 

5 88 

    

0.02 

   5 89 

 

0.05 

 

0.1 0.2 0.11 

  5 90 0.02 

       5 91 

 

0.1 0.06 0.24 0.63 0.53 

 

0.01 

5 92 

 

0.05 

 

0.06 0.38 0.57 0.34 0.07 

5 93 

    

0.04 

   5 94 

    

0.03 

   5 95 0.05 0.3 0.31 0.68 1.96 1.84 2.56 0.87 

5 96 

 

0.01 0.04 0.03 0.08 0.01 

  5 97 0.03 0.18 

 

0.43 1.22 2.78 0.1 0.06 

5 98 

        5 99 0.04 0.21 0.01 0.53 1.47 4.53 0.03 0.06 

5 100 

        5 101 0.07 0.33 0.04 0.78 2.22 5.49 3.23 1.03 

5 102 

  

0.04 0.08 0.19 0.09 

  5 103 

    

0.02 

   5 104 

        5 105 0.05 0.22 

 

0.52 1.6 7.37 0.22 0.18 

5 106 

        5 107 

        5 108 

        5 109 

 

0.03 

 

0.08 0.18 0.78 

  5 110 0.05 0.38 

 

0.94 2.97 8.42 1.38 0.36 

5 111 

        5 112 

        5 113 

     

0.01 

  5 114 

 

0.02 

 

0.05 0.12 0.5 
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Table A2.2 (Cont.). Detailed congener composition (w/w %) in eight PCB Aroclors as reported in 

Frame et al. (2005) {Frame, 2005 #99} 

 

Homolog Congener 
1221 1232 1016 1242 1248 1254 1260 1282 

(w/w %) 

5 115 

 

0.01 

 

0.04 0.11 0.37 

  5 116 

        5 117 

 

0.01 

 

0.03 0.19 0.19 

  5 118 0.08 0.29 

 

0.78 2.29 13.59 0.51 0.17 

5 119 

    

0.06 0.12 

  5 120 

        5 121 

        5 122 

   

0.01 0.06 0.25 

  5 123 

   

0.03 0.07 0.32 

  5 124 

   

0.03 0.1 0.47 

  5 125 

   

0.02 0.04 0.03 

  5 126 

     

0.02 

  5 127 

        6 128 

   

0.04 0.12 1.71 0.56 0.17 

6 129 

    

0.02 0.39 0.15 0.03 

6 130 

    

0.04 0.5 0.23 0.03 

6 131 

     

0.14 0.08 

 6 132 

 

0.02 

 

0.05 0.15 1.5 2.84 1.07 

6 133 

      

0.08 0.03 

6 134 

     

0.2 0.36 0.11 

6 135 

    

0.04 0.28 1.14 0.67 

6 136 

    

0.05 0.24 1.48 1.02 

6 137 

    

0.03 0.52 0.02 0.01 

6 138 

 

0.06 

 

0.16 0.38 5.95 6.47 2.33 

6 139 

     

0.14 

  6 140 

        6 141 

   

0.01 0.07 0.69 2.62 1.63 

6 142 

        6 143 

        6 144 

     

0.12 0.61 0.41 

6 145 

        6 146 

    

0.04 0.45 1.17 0.57 

6 147 

     

0.02 

  6 148 

        6 149 

 

0.05 

 

0.07 0.24 1.82 8.74 6.36 

6 150 

        6 151 

 

0.01 

  

0.04 0.22 3.04 3.14 

6 152 
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Table A2.2 (Cont.). Detailed congener composition (w/w %) in eight PCB Aroclors as reported in 

Frame et al. (2005) {Frame, 2005 #99} 

 

Homolog Congener 
1221 1232 1016 1242 1248 1254 1260 1282 

(w/w %) 

6 153 

 

0.05 

 

0.09 23 3.29 9.09 6.78 

6 154 

     

0.02 

  6 155 

        6 156 

   

0.02 0.06 1.13 0.53 0.14 

6 157 

     

0.3 0.02 

 6 158 

   

0.02 0.04 0.9 0.57 0.18 

6 159 

        6 160 

        6 161 

        6 162 

        6 163 

 

0.02 

  

0.06 0.7 2.41 1.5 

6 164 

    

0.02 0.31 0.72 0.23 

6 165 

        6 166 

     

0.05 

  6 167 

     

0.35 0.2 0.02 

6 168 

        6 169 

        7 170 

     

0.35 3.97 3.05 

7 171 

     

0.08 1.09 0.85 

7 172 

     

0.03 0.71 0.63 

7 173 

      

0.11 0.03 

7 174 

     

0.14 4.92 6.56 

7 175 

      

0.18 0.19 

7 176 

      

0.59 0.73 

7 177 

     

0.08 2.54 2.82 

7 178 

      

0.86 1.31 

7 179 

     

0.02 2.05 3.64 

7 180 

 

0.02 

  

0.02 0.42 10.9 13.72 

7 181 

        7 182 

        7 183 

     

0.09 2.33 2.89 

7 184 

        7 185 

      

0.56 0.93 

7 186 

        7 187 

 

0.01 

   

0.09 5.44 9.55 

7 188 

        7 189 

      

0.08 0.03 

7 190 

     

0.05 0.82 0.74 
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Table A2.2 (Cont.). Detailed congener composition (w/w %) in eight PCB Aroclors as reported in 

Frame et al. (2005) {Frame, 2005 #99} 

 

Homolog Congener 
1221 1232 1016 1242 1248 1254 1260 1282 

(w/w %) 

7 191 

      

0.16 0.13 

7 192 

        7 193 

      

0.54 0.67 

8 194 

      

2.11 3.79 

8 195 

      

0.86 1.39 

8 196 

      

1.02 2.41 

8 197 

      

0.07 0.14 

8 198 

      

0.1 0.24 

8 199 

      

1.87 4.91 

8 200 

      

0.26 0.69 

8 201 

      

0.25 0.66 

8 202 

      

0.36 1.2 

8 203 

      

1.5 4.11 

8 204 

        8 205 

      

0.1 0.16 

9 206 

     

0.03 0.66 1.19 

9 207 

      

0.05 0.17 

9 208 

     

0.01 0.16 0.29 

10 209 

         

References: {Frame, 2005 #99} 

*Congeners with no reported value are either below detection limit, not measured, and/or not reported. 
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Table A2.3 (Cont.): Selected PBDE chemical properties estimated by EPI suite V4.11. 

 

Congener
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 Log KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW Db
(4)

  WATERNT Db
(4)

 MCI KOW Air  Water Soil  Sediment Est
(3)

 Db
(4)

 

1 4.65 4.59 3.52E+00 

 

2.56E+00 

 

3.92 3.98 74 900 1.80E+03 8.10E+03 6.77 

 2 4.65 4.85 2.11E+00 

 

2.56E+00 

 

3.92 4.21 56 900 1.80E+03 8.10E+03 7.02 

 3 4.65 4.96 1.70E+00 0.653 2.56E+00 

 

3.92 4.30 74 900 1.80E+03 8.10E+03 7.13 

 4 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.14 4.81 166 1440 2.88E+03 1.30E+03 8.11 

 5 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.14 4.81 107 900 1.80E+03 8.10E+03 8.11 

 6 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.13 4.81 110 1440 2.88E+03 1.30E+03 8.11 

 7 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.13 4.81 110 900 1.80E+03 8.10E+03 8.11 

 8 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.13 4.81 166 1440 2.88E+03 1.30E+03 8.11 

 9 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.13 4.81 107 900 1.80E+03 8.10E+03 8.11 

 10 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.14 4.81 110 900 1.80E+03 8.10E+03 8.11 

 11 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.12 4.81 82 1440 2.88E+03 1.30E+03 8.11 

 12 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.13 4.81 107 900 1.80E+03 8.10E+03 8.11 

 13 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.12 4.81 110 1440 2.88E+03 1.30E+03 8.11 

 14 5.54 

 

1.95E-01 

 

5.81E-01 

 

4.12 4.81 82 900 1.80E+03 8.10E+03 8.11 

 15 5.54 5.72 1.36E-01 

 

5.81E-01 

 

4.12 4.96 166 1440 2.88E+03 1.30E+03 8.29 

 16 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.35 5.58 265 1440 2.88E+03 1.30E+03 9.40 

 17 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 256 1440 2.88E+03 1.30E+03 9.40 

 18 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.35 5.58 265 1440 2.88E+03 1.30E+03 9.40 

 19 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 256 1440 2.88E+03 1.30E+03 9.40 

 20 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 164 1440 2.88E+03 1.30E+03 9.40 

 21 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.35 5.58 209 1440 2.88E+03 1.30E+03 9.40 

 22 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 265 1440 2.88E+03 1.30E+03 9.40 

 23 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 179 1440 2.88E+03 1.30E+03 9.40 

 24 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.35 5.58 209 1440 2.88E+03 1.30E+03 9.40 

 25 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 160 1440 2.88E+03 1.30E+03 9.40 

 26 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 164 1440 2.88E+03 1.30E+03 9.40 

 27 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 160 1440 2.88E+03 1.30E+03 9.40 
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Table A2.3 (Cont.): Selected PBDE chemical properties estimated by EPI suite V4.11. 

 

Congener
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 Log KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW Db
(4)

  WATERNT Db
(4)

 MCI KOW Air  Water Soil  Sediment Est
(3)

 Db
(4)

 

28 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 256 1440 2.88E+03 1.30E+03 9.40 

 29 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.23 209 1440 2.88E+03 1.30E+03 9.40 

 30 6.43 6.03 1.13E-02 

 

1.24E-01 

 

4.34 5.58 183 1440 2.88E+03 1.30E+03 9.00 

 31 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 265 1440 2.88E+03 1.30E+03 9.40 

 32 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 256 1440 2.88E+03 1.30E+03 9.40 

 33 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 265 1440 2.88E+03 1.30E+03 9.40 

 34 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 170 1440 2.88E+03 1.30E+03 9.40 

 35 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 164 1440 2.88E+03 1.30E+03 9.40 

 36 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.33 5.58 122 1440 2.88E+03 1.30E+03 9.40 

 37 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 265 1440 2.88E+03 1.30E+03 9.40 

 38 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.34 5.58 179 1440 2.88E+03 1.30E+03 9.40 

 39 6.43 

 

1.13E-02 

 

1.24E-01 

 

4.33 5.58 170 1440 2.88E+03 1.30E+03 9.40 

 40 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.57 6.35 400 4320 8.64E+03 3.89E+04 10.69 

 41 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.57 6.35 517 4320 8.64E+03 3.89E+04 10.69 

 42 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.59 6.35 397 4320 8.64E+03 3.89E+04 10.69 

 43 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.59 6.35 401 4320 8.64E+03 3.89E+04 10.69 

 44 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.56 6.35 400 4320 8.64E+03 3.89E+04 10.69 

 45 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.57 6.35 517 4320 8.64E+03 3.89E+04 10.69 

 46 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.57 6.35 397 4320 8.64E+03 3.89E+04 10.69 

 47 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 394 4320 8.64E+03 3.89E+04 10.69 

 48 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.59 6.35 517 4320 8.64E+03 3.89E+04 10.69 

 49 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 397 4320 8.64E+03 3.89E+04 10.69 

 50 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.59 6.35 387 4320 8.64E+03 3.89E+04 10.69 

 51 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.59 6.35 394 4320 8.64E+03 3.89E+04 10.69 

 52 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 400 4320 8.64E+03 3.89E+04 10.69 

 53 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.59 6.35 397 4320 8.64E+03 3.89E+04 10.69 

 54 7.32 6.5 3.14E-03 

 

2.52E-02 

 

4.57 5.64 394 4320 8.64E+03 3.89E+04 9.87 
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Table A2.3 (Cont.): Selected PBDE chemical properties estimated by EPI suite V4.11. 

 

Congener
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 Log KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW Db
(4)

  WATERNT Db
(4)

 MCI KOW Air  Water Soil  Sediment Est
(3)

 Db
(4)

 

55 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.56 6.35 320 4320 8.64E+03 3.89E+04 10.69 

 56 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.56 6.35 400 4320 8.64E+03 3.89E+04 10.69 

 57 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 271 4320 8.64E+03 3.89E+04 10.69 

 58 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 250 4320 8.64E+03 3.89E+04 10.69 

 59 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.56 6.35 320 4320 8.64E+03 3.89E+04 10.69 

 60 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.56 6.35 517 4320 8.64E+03 3.89E+04 10.69 

 61 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.57 6.35 332 4320 8.64E+03 3.89E+04 10.69 

 62 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.57 6.35 337 4320 8.64E+03 3.89E+04 10.69 

 63 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 401 4320 8.64E+03 3.89E+04 10.69 

 64 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.56 6.35 517 4320 8.64E+03 3.89E+04 10.69 

 65 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.57 6.35 332 4320 8.64E+03 3.89E+04 10.69 

 66 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 397 4320 8.64E+03 3.89E+04 10.69 

 67 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 320 4320 8.64E+03 3.89E+04 10.69 

 68 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.54 6.35 249 4320 8.64E+03 3.89E+04 10.69 

 69 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 265 4320 8.64E+03 3.89E+04 10.69 

 70 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 400 4320 8.64E+03 3.89E+04 10.69 

 71 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.56 6.35 397 4320 8.64E+03 3.89E+04 10.69 

 72 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.54 6.35 250 4320 8.64E+03 3.89E+04 10.69 

 73 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 249 4320 8.64E+03 3.89E+04 10.69 

 74 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 517 4320 8.64E+03 3.89E+04 10.69 

 75 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 387 4320 8.64E+03 3.89E+04 10.69 

 76 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.56 6.35 401 4320 8.64E+03 3.89E+04 10.69 

 77 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 400 4320 8.64E+03 3.89E+04 10.69 

 78 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 271 4320 8.64E+03 3.89E+04 10.69 

 79 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.54 6.35 250 4320 8.64E+03 3.89E+04 10.69 

 80 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.53 6.35 182 4320 8.64E+03 3.89E+04 10.69 

 81 7.32 

 

6.30E-04 

 

2.52E-02 

 

4.55 6.35 401 4320 8.64E+03 3.89E+04 10.69 
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Table A2.3 (Cont.): Selected PBDE chemical properties estimated by EPI suite V4.11. 

 

Congener
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 Log KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW Db
(4)

  WATERNT Db
(4)

 MCI KOW Air  Water Soil  Sediment Est
(3)

 Db
(4)

 

82 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.78 7.13 907 4320 8.64E+03 3.89E+04 11.98 

 83 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 655 4320 8.64E+03 3.89E+04 11.98 

 84 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.78 7.13 907 4320 8.64E+03 3.89E+04 11.98 

 85 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 807 4320 8.64E+03 3.89E+04 11.98 

 86 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.78 7.13 747 4320 8.64E+03 3.89E+04 11.98 

 87 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 907 4320 8.64E+03 3.89E+04 11.98 

 88 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.78 7.13 733 4320 8.64E+03 3.89E+04 11.98 

 89 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.78 7.13 807 4320 8.64E+03 3.89E+04 11.98 

 90 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 601 4320 8.64E+03 3.89E+04 11.98 

 91 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 807 4320 8.64E+03 3.89E+04 11.98 

 92 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 655 4320 8.64E+03 3.89E+04 11.98 

 93 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.78 7.13 7 4320 8.64E+03 3.89E+04 11.98 

 94 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 601 4320 8.64E+03 3.89E+04 11.98 

 95 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 907 4320 8.64E+03 3.89E+04 11.98 

 96 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.78 7.13 807 4320 8.64E+03 3.89E+04 11.98 

 97 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 907 4320 8.64E+03 3.89E+04 11.98 

 98 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 650 4320 8.64E+03 3.89E+04 11.98 

 99 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 807 4320 8.64E+03 3.89E+04 11.98 

 100 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 597 4320 8.64E+03 3.89E+04 11.98 

 101 8.21 7.1 3.00E-04 0.00103 5.00E-03 

 

4.76 6.16 907 4320 8.64E+03 3.89E+04 10.87 

 102 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 807 4320 8.64E+03 3.89E+04 11.98 

 103 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 650 4320 8.64E+03 3.89E+04 11.98 

 104 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 597 4320 8.64E+03 3.89E+04 11.98 

 105 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 907 4320 8.64E+03 3.89E+04 11.98 

 106 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 515 4320 8.64E+03 3.89E+04 11.98 

 107 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 655 4320 8.64E+03 3.89E+04 11.98 

 108 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 503 4320 8.64E+03 3.89E+04 11.98 
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Table A2.3 (Cont.): Selected PBDE chemical properties estimated by EPI suite V4.11. 

 

Congener
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 Log KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW Db
(4)

  WATERNT Db
(4)

 MCI KOW Air  Water Soil  Sediment Est
(3)

 Db
(4)

 

109 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 509 4320 8.64E+03 3.89E+04 11.98 

 110 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 907 4320 8.64E+03 3.89E+04 11.98 

 111 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.75 7.13 415 4320 8.64E+03 3.89E+04 11.98 

 112 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 515 4320 8.64E+03 3.89E+04 11.98 

 113 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 503 4320 8.64E+03 3.89E+04 11.98 

 114 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 747 4320 8.64E+03 3.89E+04 11.98 

 115 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 773 4320 8.64E+03 3.89E+04 11.98 

 116 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.79 7.13 496 4320 8.64E+03 3.89E+04 11.98 

 117 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.79 7.13 747 4320 8.64E+03 3.89E+04 11.98 

 118 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 907 4320 8.64E+03 3.89E+04 11.98 

 119 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 650 4320 8.64E+03 3.89E+04 11.98 

 120 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.75 7.13 503 4320 8.64E+03 3.89E+04 11.98 

 121 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.75 7.13 413 4320 8.64E+03 3.89E+04 11.98 

 122 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 655 4320 8.64E+03 3.89E+04 11.98 

 123 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 601 4320 8.64E+03 3.89E+04 11.98 

 124 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.76 7.13 655 4320 8.64E+03 3.89E+04 11.98 

 125 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 601 4320 8.64E+03 3.89E+04 11.98 

 126 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.77 7.13 601 4320 8.64E+03 3.89E+04 11.98 

 127 8.21 

 

3.41E-05 

 

5.00E-03 

 

4.75 7.13 415 4320 8.64E+03 3.89E+04 11.98 

 128 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1990 4320 8.64E+03 3.89E+04 13.27 

 129 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1450 4320 8.64E+03 3.89E+04 13.27 

 130 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1400 4320 8.64E+03 3.89E+04 13.27 

 131 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1440 4320 8.64E+03 3.89E+04 13.27 

 132 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1990 4320 8.64E+03 3.89E+04 13.27 

 133 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 1070 4320 8.64E+03 3.89E+04 13.27 

 134 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1450 4320 8.64E+03 3.89E+04 13.27 

 135 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1400 4320 8.64E+03 3.89E+04 13.27 
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Table A2.3 (Cont.): Selected PBDE chemical properties estimated by EPI suite V4.11. 

 

Congener
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 Log KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW Db
(4)

  WATERNT Db
(4)

 MCI KOW Air  Water Soil  Sediment Est
(3)

 Db
(4)

 

136 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1990 4320 8.64E+03 3.89E+04 13.27 

 137 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1150 4320 8.64E+03 3.89E+04 13.27 

 138 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1990 4320 8.64E+03 3.89E+04 13.27 

 139 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1150 4320 8.64E+03 3.89E+04 13.27 

 140 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1250 4320 8.64E+03 3.89E+04 13.27 

 141 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1450 4320 8.64E+03 3.89E+04 13.27 

 142 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1180 4320 8.64E+03 3.89E+04 13.27 

 143 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1150 4320 8.64E+03 3.89E+04 13.27 

 144 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1440 4320 8.64E+03 3.89E+04 13.27 

 145 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1150 4320 8.64E+03 3.89E+04 13.27 

 146 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 1400 4320 8.64E+03 3.89E+04 13.27 

 147 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1150 4320 8.64E+03 3.89E+04 13.27 

 148 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 983 4320 8.64E+03 3.89E+04 13.27 

 149 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1990 4320 8.64E+03 3.89E+04 13.27 

 150 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1250 4320 8.64E+03 3.89E+04 13.27 

 151 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1450 4320 8.64E+03 3.89E+04 13.27 

 152 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1150 4320 8.64E+03 3.89E+04 13.27 

 153 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 1990 4320 8.64E+03 3.89E+04 13.27 

 154 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 1250 4320 8.64E+03 3.89E+04 13.27 

 155 9.1 6.39 3.70E-04 0.011 9.70E-04 

 

4.98 5.55 906 4320 8.64E+03 3.89E+04 10.15 

 156 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1450 4320 8.64E+03 3.89E+04 13.27 

 157 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1400 4320 8.64E+03 3.89E+04 13.27 

 158 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1440 4320 8.64E+03 3.89E+04 13.27 

 159 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 802 4320 8.64E+03 3.89E+04 13.27 

 160 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 775 4320 8.64E+03 3.89E+04 13.27 

 161 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 799 4320 8.64E+03 3.89E+04 13.27 

 162 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 1070 4320 8.64E+03 3.89E+04 13.27 
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Table A2.3 (Cont.): Selected PBDE chemical properties estimated by EPI suite V4.11. 

 

Congener
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 Log KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW Db
(4)

  WATERNT Db
(4)

 MCI KOW Air  Water Soil  Sediment Est
(3)

 Db
(4)

 

163 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1450 4320 8.64E+03 3.89E+04 13.27 

 164 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.99 7.90 1400 4320 8.64E+03 3.89E+04 13.27 

 165 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 802 4320 8.64E+03 3.89E+04 13.27 

 166 9.1 

 

1.80E-06 

 

9.70E-04 

 

5.00 7.90 1180 4320 8.64E+03 3.89E+04 13.27 

 167 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 1400 4320 8.64E+03 3.89E+04 13.27 

 168 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 983 4320 8.64E+03 3.89E+04 13.27 

 169 9.1 

 

1.80E-06 

 

9.70E-04 

 

4.98 7.90 1070 4320 8.64E+03 3.89E+04 13.27 

 170 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.21 8.67 3150 4320 8.64E+03 3.89E+04 14.56 

 171 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.21 8.67 2920 4320 8.64E+03 3.89E+04 14.56 

 172 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 2350 4320 8.64E+03 3.89E+04 14.56 

 173 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.22 8.67 2460 4320 8.64E+03 3.89E+04 14.56 

 174 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.21 8.67 3150 4320 8.64E+03 3.89E+04 14.56 

 175 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 2200 4320 8.64E+03 3.89E+04 14.56 

 176 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.21 8.67 2920 4320 8.64E+03 3.89E+04 14.56 

 177 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.21 8.67 3150 4320 8.64E+03 3.89E+04 14.56 

 178 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 2350 4320 8.64E+03 3.89E+04 14.56 

 179 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.21 8.67 3150 4320 8.64E+03 3.89E+04 14.56 

 180 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 3150 4320 8.64E+03 3.89E+04 14.56 

 181 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.21 8.67 1860 4320 8.64E+03 3.89E+04 14.56 

 182 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 1860 4320 8.64E+03 3.89E+04 14.56 

 183 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 2920 4320 8.64E+03 3.89E+04 14.56 

 184 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 1780 4320 8.64E+03 3.89E+04 14.56 

 185 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.21 8.67 2460 4320 8.64E+03 3.89E+04 14.56 

 186 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.22 8.67 1860 4320 8.64E+03 3.89E+04 14.56 

 187 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 3150 4320 8.64E+03 3.89E+04 14.56 

 188 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 1860 4320 8.64E+03 3.89E+04 14.56 

 189 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 2350 4320 8.64E+03 3.89E+04 14.56 
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Table A2.3 (Cont.): Selected PBDE chemical properties estimated by EPI suite V4.11. 

 

Congener
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 Log KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW Db
(4)

  WATERNT Db
(4)

 MCI KOW Air  Water Soil  Sediment Est
(3)

 Db
(4)

 

190 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.21 8.67 2460 4320 8.64E+03 3.89E+04 14.56 

 191 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 2220 4320 8.64E+03 3.89E+04 14.56 

 192 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 1220 4320 8.64E+03 3.89E+04 14.56 

 193 9.99 

 

9.40E-08 

 

1.85E-04 

 

5.20 8.67 2350 4320 8.64E+03 3.89E+04 14.56 

 194 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 5950 4320 8.64E+03 3.89E+04 15.85 

 195 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 5530 4320 8.64E+03 3.89E+04 15.85 

 196 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 5000 4320 8.64E+03 3.89E+04 15.85 

 197 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 4310 4320 8.64E+03 3.89E+04 15.85 

 198 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 3840 4320 8.64E+03 3.89E+04 15.85 

 199 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 5950 4320 8.64E+03 3.89E+04 15.85 

 200 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 5530 4320 8.64E+03 3.89E+04 15.85 

 201 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 5000 4320 8.64E+03 3.89E+04 15.85 

 202 10.88 5.5 4.84E-09 

 

3.50E-05 

 

5.42 4.77 5950 4320 8.64E+03 3.89E+04 10.47 

 203 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 5530 4320 8.64E+03 3.89E+04 15.85 

 204 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 2920 4320 8.64E+03 3.89E+04 15.85 

 205 10.88 

 

4.84E-09 

 

3.50E-05 

 

5.42 9.42 3840 4320 8.64E+03 3.89E+04 15.85 

 206 11.77 

 

2.46E-10 

 

6.54E-06 

 

5.65 10.22 1050 4320 8.64E+03 3.89E+04 17.14 

 207 11.77 

 

2.46E-10 

 

6.54E-06 

 

5.65 10.22 8430 4320 8.64E+03 3.89E+04 17.14 

 208 11.77 

 

2.46E-10 

 

6.54E-06 

 

5.65 10.22 1050 4320 8.64E+03 3.89E+04 17.14 

 209 12.66 

 

1.25E-11 

 

1.21E-06 

 

5.87 10.99 2050 4320 8.64E+03 3.89E+04 18.43 
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Table A2.3 (Cont.): Selected PBDE chemical properties estimated by EPI suite V4.11. 

 

Congener
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 Log KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW Db
(4)

  WATERNT Db
(4)

 MCI KOW Air  Water Soil  Sediment Est
(3)

 Db
(4)

 

  

(1): Congener number as designated by IUPAC . 

(2): Log KOW was estimated from fragment constant method. 

(3): Est: Estimate 

(4): Db=Database. Values were used as comparison. 

(5): SW25 is estimated from Log KOW (WSKOW) and from bond contribution method (WATERNT). 

(6): Log KOC is estimated from molecular connectivity indices (MCI) and through QSPR regression that uses log KOW as input (WSKOW). 

(7): Half life is estimated from biodegradation expert survey model of the BIOWIN program in the EPI suite V4.11. 

(8):Log KOA is estimated from log KOW and Henry’s law constant. 
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Table A2.4 (Cont.): Selected PCB chemical properties estimated by EPI suite V4.11. 

 

#
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 

Log 

KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 

1 4.4 4.53 5.34E+00 1.45E+00 2.48E+00 

 

3.92 4.04 91 900 1.80E+03 8.10E+03 6.17 

 2 4.4 4.58 6.12E+00 3.63E+00 2.48E+00 

 

3.92 3.98 49 900 1.80E+03 8.10E+03 6.18 6.82 

3 4.4 4.61 5.77E+00 1.34E+00 2.48E+00 

 

3.92 4.00 67 900 1.80E+03 8.10E+03 6.24 6.80 

4 5.05 4.97 1.78E+00 1.85E+00 5.96E-01 

 

4.14 4.34 128 900 1.80E+03 8.10E+03 7.03 7.18 

5 5.05 5.02 1.71E+00 9.97E-01 5.96E-01 

 

4.14 4.36 104 900 1.80E+03 8.10E+03 7.05 

 6 5.05 5.02 1.71E+00 5.80E-01 5.96E-01 

 

4.13 4.36 98 900 1.80E+03 8.10E+03 7.01 

 7 5.05 5.16 1.30E+00 1.15E+00 5.96E-01 

 

4.13 4.48 99 900 1.80E+03 8.10E+03 7.10 

 8 5.05 5.09 1.49E+00 1.17E+00 5.96E-01 

 

4.13 4.42 149 900 1.80E+03 8.10E+03 7.11 7.40 

9 5.05 5.1 1.46E+00 1.12E+00 5.96E-01 

 

4.13 4.43 104 900 1.80E+03 8.10E+03 7.04 

 10 5.05 4.98 1.85E+00 2.41E+00 5.96E-01 

 

4.14 4.32 104 900 1.80E+03 8.10E+03 7.01 4.98 

11 5.05 5.27 1.05E+00 3.55E-01 5.96E-01 

 

4.12 4.57 63 900 1.80E+03 8.10E+03 7.29 

 12 5.05 5.29 1.01E+00 9.09E-02 5.96E-01 

 

4.13 4.59 104 900 1.80E+03 8.10E+03 7.53 

 13 5.05 5.15 1.33E+00 8.80E-02 5.96E-01 

 

4.12 4.47 98 900 1.80E+03 8.10E+03 7.18 

 14 5.05 5.41 7.95E-01 

 

5.96E-01 

 

4.12 4.70 61 900 1.80E+03 8.10E+03 7.46 

 15 5.05 5.23 1.13E+00 6.20E-02 5.96E-01 

 

4.12 4.54 128 900 1.80E+03 8.10E+03 7.32 7.68 

16 5.69 5.34 6.27E-01 2.93E-01 1.40E-01 

 

4.70 4.01 235 1440 2.88E+03 1.30E+04 7.40 

 17 5.69 5.76 2.59E-01 8.33E-02 1.40E-01 

 

4.69 4.26 217 1440 2.88E+03 1.30E+04 7.92 

 18 5.69 5.48 3.91E-01 4.00E-01 1.40E-01 

 

4.69 4.14 235 1440 2.88E+03 1.30E+04 7.54 7.60 

19 5.69 5.48 4.49E-01 3.24E-01 1.40E-01 

 

4.70 4.10 217 1440 2.88E+03 1.30E+04 7.51 

 20 5.69 5.57 3.76E-01 

 

1.40E-01 

 

4.69 4.15 146 1440 2.88E+03 1.30E+04 7.75 

 21 5.69 5.86 2.13E-01 1.70E-01 1.40E-01 

 

4.70 4.31 205 1440 2.88E+03 1.30E+04 8.02 

 22 5.69 5.42 5.05E-01 1.42E-01 1.40E-01 

 

4.69 4.07 235 1440 2.88E+03 1.30E+04 7.66 

 23 5.69 

 

2.97E-01 

 

1.40E-01 

 

4.69 4.22 167 1440 2.88E+03 1.30E+04 7.85 

 24 5.69 5.67 3.09E-01 8.33E-02 1.40E-01 

 

4.70 4.21 205 1440 2.88E+03 1.30E+04 7.72 

 25 5.69 

 

2.97E-01 

 

1.40E-01 

 

4.68 4.22 138 1440 2.88E+03 1.30E+04 7.85 

 26 5.69 5.76 2.59E-01 2.53E-01 1.40E-01 

 

4.68 4.26 146 1440 2.88E+03 1.30E+04 7.85 
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Table A2.4 (Cont.): Selected PCB chemical properties estimated by EPI suite V4.11. 

 

#
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 

Log 

KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 

27 5.69 

 

2.97E-01 3.86E-02 1.40E-01 

 

4.69 4.22 138 1440 2.88E+03 1.30E+04 7.85 

 28 5.69 5.62 3.41E-01 4.20E-01 1.40E-01 

 

4.68 4.18 233 1440 2.88E+03 1.30E+04 7.71 

 29 5.69 5.81 2.35E-01 1.63E-01 1.40E-01 

 

4.69 4.28 197 1440 2.88E+03 1.30E+04 7.90 8.00 

30 5.69 5.47 4.58E-01 2.51E-01 1.40E-01 

 

4.69 4.10 167 1440 2.88E+03 1.30E+04 6.88 

 31 5.69 5.69 2.97E-01 1.43E-01 1.40E-01 

 

4.70 4.22 214 1440 2.88E+03 1.30E+04 7.80 7.92 

32 5.69 5.75 2.64E-01 1.59E-01 1.40E-01 

 

4.69 4.25 217 1440 2.88E+03 1.30E+04 7.84 7.72 

33 5.69 5.87 2.08E-01 1.33E-01 1.40E-01 

 

4.69 4.32 257 1440 2.88E+03 1.30E+04 8.05 

 34 5.69 

 

2.97E-01 1.29E-01 1.40E-01 

 

4.68 4.22 142 1440 2.88E+03 1.30E+04 7.78 

 35 5.69 

 

2.97E-01 

 

1.40E-01 

 

4.68 4.22 146 1440 2.88E+03 1.30E+04 7.85 

 36 5.69 

 

2.35E-01 

 

1.40E-01 

 

4.67 4.28 103 1440 2.88E+03 1.30E+04 7.97 

 37 5.69 5.9 1.97E-01 7.19E-02 1.40E-01 

 

4.68 4.33 235 1440 2.88E+03 1.30E+04 8.29 

 38 5.69 

 

2.97E-01 

 

1.40E-01 

 

4.69 4.22 167 1440 2.88E+03 1.30E+04 7.85 

 39 5.69 

 

2.97E-01 

 

1.40E-01 

 

4.67 4.22 142 1440 2.88E+03 1.30E+04 7.85 

 40 6.34 6.18 7.21E-02 1.56E-02 3.22E-02 

 

4.91 4.49 352 4320 8.64E+03 3.89E+04 8.57 

 41 6.34 6.11 8.74E-02 4.32E-02 3.22E-02 

 

4.91 4.45 445 4320 8.64E+03 3.89E+04 8.35 

 42 6.34 

 

5.32E-02 6.08E-02 3.22E-02 

 

4.90 4.58 333 4320 8.64E+03 3.89E+04 8.58 

 43 6.34 

 

5.32E-02 1.72E-01 3.22E-02 

 

4.90 4.58 338 4320 8.64E+03 3.89E+04 8.63 

 44 6.34 5.81 1.49E-01 1.00E-01 3.22E-02 

 

4.90 4.28 321 4320 8.64E+03 3.89E+04 8.05 8.36 

45 6.34 

 

5.32E-02 1.46E-01 3.22E-02 

 

4.91 4.58 445 4320 8.64E+03 3.89E+04 8.63 

 46 6.34 

 

5.32E-02 1.46E-01 3.22E-02 

 

4.91 4.58 333 4320 8.64E+03 3.89E+04 8.63 

 47 6.34 7.1 5.81E-02 2.77E-01 3.22E-02 

 

4.89 4.55 257 4320 8.64E+03 3.89E+04 8.40 

 48 6.34 

 

5.32E-02 1.64E-02 3.22E-02 

 

4.90 4.58 445 4320 8.64E+03 3.89E+04 8.63 

 49 6.34 6.22 6.67E-02 7.81E-02 3.22E-02 

 

4.89 4.51 333 4320 8.64E+03 3.89E+04 8.29 8.39 

50 6.34 

 

5.32E-02 6.54E-02 3.22E-02 

 

4.90 4.58 311 4320 8.64E+03 3.89E+04 8.63 

 51 6.34 

 

5.32E-02 6.54E-02 3.22E-02 

 

4.90 4.58 316 4320 8.64E+03 3.89E+04 8.58 

 52 6.34 6.09 8.61E-02 1.53E-02 3.22E-02 

 

4.89 4.44 352 4320 8.64E+03 3.89E+04 8.18 8.47 
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Table A2.4 (Cont.): Selected PCB chemical properties estimated by EPI suite V4.11. 

 

#
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 

Log 

KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 

53 6.34 

 

5.32E-02 4.76E-02 3.22E-02 

 

4.90 4.58 333 4320 8.64E+03 3.89E+04 8.47 8.45 

54 6.34 5.94 1.16E-01 1.19E-02 3.22E-02 

 

4.91 4.36 316 4320 8.64E+03 3.89E+04 8.03 

 55 6.34 

 

5.32E-02 4.96E-02 3.22E-02 

 

4.90 4.58 280 4320 8.64E+03 3.89E+04 8.63 

 56 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.90 4.58 352 4320 8.64E+03 3.89E+04 8.63 

 57 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.89 4.58 233 4320 8.64E+03 3.89E+04 8.63 

 58 6.34 6.17 7.35E-02 

 

3.22E-02 

 

4.89 4.48 206 4320 8.64E+03 3.89E+04 8.46 

 59 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.90 4.58 280 4320 8.64E+03 3.89E+04 8.63 

 60 6.34 5.84 1.41E-01 3.89E-02 3.22E-02 

 

4.90 4.30 445 4320 8.64E+03 3.89E+04 8.13 

 61 6.34 6.41 4.59E-02 1.40E-02 3.22E-02 

 

4.91 4.62 319 4320 8.64E+03 3.89E+04 7.79 8.74 

62 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.91 4.58 319 4320 8.64E+03 3.89E+04 8.41 

 63 6.34 

 

5.32E-02 4.96E-02 3.22E-02 

 

4.89 4.58 338 4320 8.64E+03 3.89E+04 8.63 

 64 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.90 4.58 445 4320 8.64E+03 3.89E+04 8.58 8.41 

65 6.34 

 

5.32E-02 1.64E-02 3.22E-02 

 

4.91 4.58 319 4320 8.64E+03 3.89E+04 8.38 

 66 6.34 6.31 5.58E-03 

 

3.22E-02 

 

4.89 4.58 323 4320 8.64E+03 3.89E+04 8.44 9.02 

67 6.34 6.31 5.32E-02 3.68E-02 3.22E-02 

 

4.89 4.56 333 4320 8.64E+03 3.89E+04 8.62 

 68 6.34 

 

6.93E-02 2.17E-02 3.22E-02 

 

4.88 4.58 280 4320 8.64E+03 3.89E+04 8.73 

 69 6.34 6.2 5.32E-02 1.00E-01 3.22E-02 

 

4.89 4.50 200 4320 8.64E+03 3.89E+04 7.95 

 70 6.34 

 

5.32E-02 2.05E-02 3.22E-02 

 

4.90 4.58 220 4320 8.64E+03 3.89E+04 8.41 

 71 6.34 

 

5.32E-02 2.79E-02 3.22E-02 

 

4.88 4.58 333 4320 8.64E+03 3.89E+04 8.63 

 72 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.89 4.58 206 4320 8.64E+03 3.89E+04 8.63 

 73 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.89 4.58 200 4320 8.64E+03 3.89E+04 8.63 

 74 6.34 6.67 2.75E-02 4.96E-03 3.22E-02 

 

4.89 4.76 445 4320 8.64E+03 3.89E+04 9.06 

 75 6.34 6.67 2.75E-02 4.96E-03 3.22E-02 

 

4.90 4.76 445 4320 8.64E+03 3.89E+04 9.06 

 76 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.89 4.58 338 4320 8.64E+03 3.89E+04 8.63 

 77 6.34 6.63 2.98E-02 5.69E-04 3.22E-02 

 

4.89 4.74 352 4320 8.64E+03 3.89E+04 10.05 9.70 

78 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.88 4.58 233 4320 8.64E+03 3.89E+04 8.63 
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Table A2.4 (Cont.): Selected PCB chemical properties estimated by EPI suite V4.11. 

 

#
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 

Log 

KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 

79 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.88 4.58 206 4320 8.64E+03 3.89E+04 8.77 

 80 6.34 6.6 3.16E-02 1.23E-03 3.22E-02 

 

4.88 4.72 146 4320 8.64E+03 3.89E+04 8.89 

 81 6.34 

 

5.32E-02 

 

3.22E-02 

 

4.89 4.58 338 4320 8.64E+03 3.89E+04 8.63 

 82 6.98 

 

9.39E-03 2.91E-02 7.33E-03 

 

5.12 4.93 767 4320 8.64E+03 3.89E+04 9.40 

 83 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.12 4.93 543 4320 8.64E+03 3.89E+04 9.40 

 84 6.98 6.04 9.39E-03 5.42E-02 7.33E-03 

 

5.12 4.41 767 4320 8.64E+03 3.89E+04 8.46 8.80 

85 6.98 6.61 1.94E-02 7.83E-03 7.33E-03 

 

5.12 4.73 642 4320 8.64E+03 3.89E+04 9.18 

 86 6.98 

 

9.39E-03 9.80E-03 7.33E-03 

 

5.12 4.93 644 4320 8.64E+03 3.89E+04 7.88 

 87 6.98 6.85 1.21E-02 2.94E-02 7.33E-03 

 

5.12 4.86 767 4320 8.64E+03 3.89E+04 9.37 

 88 6.98 

 

9.39E-03 1.20E-02 7.33E-03 

 

5.12 4.93 614 4320 8.64E+03 3.89E+04 9.40 

 89 6.98 

 

9.39E-03 5.42E-02 7.33E-03 

 

5.12 4.93 642 4320 8.64E+03 3.89E+04 9.40 

 90 6.98 

 

9.39E-03 4.94E-03 7.33E-03 

 

5.11 4.93 477 4320 8.64E+03 3.89E+04 9.41 

 91 6.98 

 

9.39E-03 2.21E-02 7.33E-03 

 

5.12 4.93 642 4320 8.64E+03 3.89E+04 9.40 

 92 6.98 6.79 1.36E-02 4.94E-03 7.33E-03 

 

5.11 4.83 543 4320 8.64E+03 3.89E+04 9.21 

 93 6.98 

 

9.39E-03 1.30E-02 7.33E-03 

 

5.12 4.93 644 4320 8.64E+03 3.89E+04 9.40 

 94 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.12 4.93 477 4320 8.64E+03 3.89E+04 9.40 

 95 6.98 6.55 2.19E-02 2.10E-02 7.33E-03 

 

5.12 4.93 477 4320 8.64E+03 3.89E+04 9.40 

 96 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.12 4.93 642 4320 8.64E+03 3.89E+04 9.40 

 97 6.98 6.67 1.73E-02 2.84E-02 7.33E-03 

 

5.12 4.76 767 4320 8.64E+03 3.89E+04 9.19 

 98 6.98 

 

9.39E-03 1.30E-02 7.33E-03 

 

5.12 4.93 511 4320 8.64E+03 3.89E+04 9.40 

 99 6.98 7.21 5.97E-03 3.66E-03 7.33E-03 

 

5.11 5.06 642 4320 8.64E+03 3.89E+04 9.71 

 100 6.98 

 

9.39E-03 7.14E-03 7.33E-03 

 

5.11 4.93 453 4320 8.64E+03 3.89E+04 9.40 

 101 6.98 5.68 1.34E-02 1.54E-02 7.33E-03 

 

5.11 4.83 767 4320 8.64E+03 3.89E+04 9.23 

 102 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.12 4.93 642 4320 8.64E+03 3.89E+04 9.40 

 103 6.98 

 

9.39E-03 1.11E-02 7.33E-03 

 

5.11 4.93 511 4320 8.64E+03 3.89E+04 9.40 

 104 6.98 

 

9.39E-03 1.58E-02 7.33E-03 

 

5.12 4.93 453 4320 8.64E+03 3.89E+04 9.40 
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Table A2.4 (Cont.): Selected PCB chemical properties estimated by EPI suite V4.11. 

 

#
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 

Log 

KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 

105 6.98 6.5 1.36E-01 3.40E-03 7.33E-03 

 

5.12 4.83 767 4320 8.64E+03 3.89E+04 8.73 

 106 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.12 4.93 450 4320 8.64E+03 3.89E+04 9.40 

 107 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.11 4.93 543 4320 8.64E+03 3.89E+04 9.40 

 108 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.11 4.93 402 4320 8.64E+03 3.89E+04 9.40 

 109 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.12 4.93 435 4320 8.64E+03 3.89E+04 9.40 

 110 6.98 6.22 4.18E-02 7.31E-03 7.33E-03 

 

5.12 4.51 428 4320 8.64E+03 3.89E+04 8.64 9.06 

111 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.10 4.93 330 4320 8.64E+03 3.89E+04 9.40 

 112 6.98 

 

9.39E-03 5.67E-03 7.33E-03 

 

5.12 4.93 450 4320 8.64E+03 3.89E+04 9.40 

 113 6.98 

 

9.39E-03 3.66E-03 7.33E-03 

 

5.11 4.93 402 4320 8.64E+03 3.89E+04 9.40 

 114 6.98 

 

9.39E-03 1.60E-02 7.33E-03 

 

5.12 4.93 644 4320 8.64E+03 3.89E+04 9.40 

 115 6.98 

 

9.39E-03 3.66E-03 7.33E-03 

 

5.12 4.93 614 4320 8.64E+03 3.89E+04 9.40 

 116 6.98 6.75 1.48E-02 4.01E-03 7.33E-03 

 

5.13 4.80 285 4320 8.64E+03 3.89E+04 9.17 

 117 6.98 

 

9.39E-03 4.30E-03 7.33E-03 

 

5.12 4.93 644 4320 8.64E+03 3.89E+04 9.40 

 118 6.98 7.12 7.13E-02 1.34E-02 7.33E-03 

 

5.11 5.01 767 4320 8.64E+03 3.89E+04 9.05 9.82 

119 6.98 

 

9.39E-03 4.02E-03 7.33E-03 

 

5.11 4.93 511 4320 8.64E+03 3.89E+04 9.50 

 120 6.98 

 

9.39E-03 1.11E-02 7.33E-03 

 

5.10 4.93 402 4320 8.64E+03 3.89E+04 9.62 

 121 6.98 

 

9.39E-03 3.93E-03 7.33E-03 

 

5.10 4.93 318 4320 8.64E+03 3.89E+04 9.40 

 122 6.98 

 

9.39E-03 1.28E-02 7.33E-03 

 

5.12 4.93 543 4320 8.64E+03 3.89E+04 9.40 

 123 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.11 4.93 477 4320 8.64E+03 3.89E+04 9.40 

 124 6.98 

 

9.39E-03 1.28E-02 7.33E-03 

 

5.11 4.93 543 4320 8.64E+03 3.89E+04 9.40 

 125 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.12 4.93 477 4320 8.64E+03 3.89E+04 9.40 

 126 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.11 4.93 543 4320 8.64E+03 3.89E+04 9.40 10.35 

127 6.98 

 

9.39E-03 

 

7.33E-03 

 

5.10 4.93 330 4320 8.64E+03 3.89E+04 9.40 

 128 7.62 7.31 3.04E-03 3.50E-04 1.65E-03 

 

5.34 5.11 1570 4320 8.64E+03 3.89E+04 10.59 

 129 7.62 7.31 2.98E-03 1.37E-03 1.65E-03 

 

5.34 5.12 1220 4320 8.64E+03 3.89E+04 10.25 

 130 7.62 7.39 2.60E-03 

 

1.65E-03 

 

5.33 5.16 1100 4320 8.64E+03 3.89E+04 10.21 
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Table A2.4 (Cont.): Selected PCB chemical properties estimated by EPI suite V4.11. 

 

#
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 

Log 

KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 

131 7.62 7.25 3.43E-03 1.20E-03 1.65E-03 

 

5.34 5.08 1170 4320 8.64E+03 3.89E+04 10.05 

 132 7.62 7.04 5.18E-03 8.08E-03 1.65E-03 

 

5.34 4.96 1570 4320 8.64E+03 3.89E+04 9.79 

 133 7.62 7.07 4.88E-03 

 

1.65E-03 

 

5.32 4.98 845 4320 8.64E+03 3.89E+04 9.62 

 134 7.62 7.25 3.43E-03 8.99E-05 1.65E-03 

 

5.34 5.08 1220 4320 8.64E+03 3.89E+04 9.95 

 135 7.62 7.15 4.17E-03 5.44E-03 1.65E-03 

 

5.33 5.02 1100 4320 8.64E+03 3.89E+04 9.79 

 136 7.62 7.12 4.42E-03 4.51E-03 1.65E-03 

 

5.34 5.01 1570 4320 8.64E+03 3.89E+04 9.56 

 137 7.62 7.44 2.36E-03 1.09E-03 1.65E-03 

 

5.33 5.19 913 4320 8.64E+03 3.89E+04 9.99 

 138 7.62 7.44 2.36E-03 1.50E-03 1.65E-03 

 

5.33 5.19 1570 4320 8.64E+03 3.89E+04 10.51 9.51 

139 7.62 

 

1.64E-03 1.22E-02 1.65E-03 

 

5.33 5.28 886 4320 8.64E+03 3.89E+04 10.17 

 140 7.62 7.25 3.43E-03 2.08E-03 1.65E-03 

 

5.33 5.08 918 4320 8.64E+03 3.89E+04 9.80 

 141 7.62 7.19 3.85E-03 7.55E-03 1.65E-03 

 

5.33 5.05 1220 4320 8.64E+03 3.89E+04 10.22 

 142 7.62 

 

1.64E-03 

 

1.65E-03 

 

5.35 5.28 1020 4320 8.64E+03 3.89E+04 10.17 

 143 7.62 

 

1.64E-03 2.68E-03 1.65E-03 

 

5.34 5.28 913 4320 8.64E+03 3.89E+04 10.42 

 144 7.62 

 

1.64E-03 3.53E-03 1.65E-03 

 

5.33 5.28 1170 4320 8.64E+03 3.89E+04 10.17 

 145 7.62 

 

1.64E-03 

 

1.65E-03 

 

5.34 5.28 886 4320 8.64E+03 3.89E+04 10.17 

 146 7.62 7.12 4.42E-03 9.49E-04 1.65E-03 

 

5.32 5.01 1100 4320 8.64E+03 3.89E+04 10.11 

 147 7.62 

 

1.64E-03 

 

1.65E-03 

 

5.33 5.28 913 4320 8.64E+03 3.89E+04 10.30 

 148 7.62 6.87 7.23E-03 

 

1.65E-03 

 

5.32 4.87 734 4320 8.64E+03 3.89E+04 9.42 

 149 7.62 7.28 3.23E-03 4.24E-03 1.65E-03 

 

5.33 5.07 1570 4320 8.64E+03 3.89E+04 8.53 9.27 

150 7.62 6.75 9.16E-03 

 

1.65E-03 

 

5.33 4.80 918 4320 8.64E+03 3.89E+04 9.30 

 151 7.62 

 

1.64E-03 1.36E-02 1.65E-03 

 

5.33 5.28 1220 4320 8.64E+03 3.89E+04 10.24 

 152 7.62 

 

1.64E-03 

 

1.65E-03 

 

5.34 5.28 913 4320 8.64E+03 3.89E+04 10.17 

 153 7.62 6.34 1.28E-03 9.50E-04 1.65E-03 

 

5.32 5.36 1570 4320 8.64E+03 3.89E+04 10.78 9.73 

154 7.62 

 

1.64E-03 2.74E-03 1.65E-03 

 

5.32 5.28 918 4320 8.64E+03 3.89E+04 

  155 7.62 7.55 1.90E-03 4.08E-03 1.65E-03 

 

5.32 5.25 650 4320 8.64E+03 3.89E+04 10.17 8.99 

156 7.62 7.6 1.72E-03 5.33E-03 1.65E-03 

 

5.33 5.27 1220 4320 8.64E+03 3.89E+04 8.54 
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Table A2.4 (Cont.): Selected PCB chemical properties estimated by EPI suite V4.11. 

 

#
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 

Log 

KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 

157 7.62 7.6 1.72E-03 

 

1.65E-03 

 

5.33 5.27 1100 4320 8.64E+03 3.89E+04 9.83 

 158 7.62 

 

1.64E-03 8.07E-03 1.65E-03 

 

5.33 5.28 1170 4320 8.64E+03 3.89E+04 10.15 

 159 7.62 7.43 2.40E-03 

 

1.65E-03 

 

5.32 5.18 637 4320 8.64E+03 3.89E+04 10.17 

 160 7.62 7.3 3.10E-03 

 

1.65E-03 

 

5.34 5.11 678 4320 8.64E+03 3.89E+04 10.52 

 161 7.62 7.1 4.60E-03 

 

1.65E-03 

 

5.32 5.00 624 4320 8.64E+03 3.89E+04 10.39 

 162 7.62 7.47 2.22E-03 

 

1.65E-03 

 

5.32 5.20 845 4320 8.64E+03 3.89E+04 9.65 

 163 7.62 7.2 3.78E-03 1.20E-03 1.65E-03 

 

5.33 5.05 1220 4320 8.64E+03 3.89E+04 10.02 

 164 7.62 

 

1.64E-03 1.94E-03 1.65E-03 

 

5.33 5.28 1100 4320 8.64E+03 3.89E+04 10.41 

 165 7.62 7.31 3.04E-03 

 

1.65E-03 

 

5.34 5.11 1020 4320 8.64E+03 3.89E+04 10.17 

 166 7.62 7.31 3.04E-03 

 

1.65E-03 

 

5.34 5.11 1020 4320 8.64E+03 3.89E+04 9.63 

 167 7.62 7.5 2.10E-03 2.23E-03 1.65E-03 

 

5.32 5.22 1100 4320 8.64E+03 3.89E+04 9.63 

 168 7.62 7.25 3.43E-03 

 

1.65E-03 

 

5.32 5.08 734 4320 8.64E+03 3.89E+04 10.05 

 169 7.62 7.41 2.50E-03 5.10E-04 1.65E-03 

 

5.32 5.17 845 4320 8.64E+03 3.89E+04 9.80 

 170 8.27 

 

2.84E-04 3.47E-03 3.67E-04 

 

5.55 5.64 2450 4320 8.64E+03 3.89E+04 9.96 

 171 8.27 

 

2.84E-04 3.47E-03 3.67E-04 

 

5.55 5.64 2180 4320 8.64E+03 3.89E+04 11.70 10.24 

172 8.27 

 

2.84E-04 2.17E-03 3.67E-04 

 

5.54 5.64 1830 4320 8.64E+03 3.89E+04 10.13 

 173 8.27 

 

2.84E-04 

 

3.67E-04 

 

5.56 5.64 2070 4320 8.64E+03 3.89E+04 12.55 

 174 8.27 

 

2.84E-04 1.02E-03 3.67E-04 

 

5.55 5.64 2450 4320 8.64E+03 3.89E+04 11.51 

 175 8.27 

 

2.84E-04 8.26E-04 3.67E-04 

 

5.54 5.64 1670 4320 8.64E+03 3.89E+04 11.51 

 176 8.27 

 

2.84E-04 2.80E-03 3.67E-04 

 

5.55 5.64 2180 4320 8.64E+03 3.89E+04 10.95 

 177 8.27 

 

2.84E-04 1.50E-03 3.67E-04 

 

5.55 5.64 2450 4320 8.64E+03 3.89E+04 10.95 

 178 8.27 

 

2.84E-04 1.02E-03 3.67E-04 

 

5.54 5.64 1830 4320 8.64E+03 3.89E+04 11.30 

 179 8.27 

 

2.84E-04 4.54E-03 3.67E-04 

 

5.55 5.64 2450 4320 8.64E+03 3.89E+04 11.28 

 180 8.27 

 

2.84E-04 3.85E-03 3.67E-04 

 

5.54 5.64 2450 4320 8.64E+03 3.89E+04 11.66 9.88 

181 8.27 

 

2.84E-04 4.23E-04 3.67E-04 

 

5.55 5.64 1460 4320 8.64E+03 3.89E+04 10.95 10.51 

182 8.27 

 

2.84E-04 8.26E-04 3.67E-04 

 

5.54 5.64 1350 4320 8.64E+03 3.89E+04 10.95 
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Table A2.4 (Cont.): Selected PCB chemical properties estimated by EPI suite V4.11. 

 

#
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 

Log 

KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 

183 8.27 

 

2.84E-04 4.90E-03 3.67E-04 

 

5.54 5.64 2180 4320 8.64E+03 3.89E+04 10.95 

 184 8.27 7.55 1.17E-03 1.44E-02 3.67E-04 

 

5.54 5.25 1270 4320 8.64E+03 3.89E+04 9.41 

 185 8.27 7.93 5.53E-04 5.46E-03 3.67E-04 

 

5.55 5.46 2070 4320 8.64E+03 3.89E+04 11.11 

 186 8.27 

 

2.84E-04 

 

3.67E-04 

 

5.56 5.64 1460 4320 8.64E+03 3.89E+04 10.95 

 187 8.27 

 

2.84E-04 4.51E-03 3.67E-04 

 

5.54 5.64 2450 4320 8.64E+03 3.89E+04 10.95 9.87 

188 8.27 

 

2.84E-04 1.28E-03 3.67E-04 

 

5.54 5.64 1350 4320 8.64E+03 3.89E+04 10.95 

 189 8.27 

 

2.84E-04 7.53E-04 3.67E-04 

 

5.54 5.64 1830 4320 8.64E+03 3.89E+04 10.95 

 190 8.27 

 

2.84E-04 

 

3.67E-04 

 

5.55 5.64 2070 4320 8.64E+03 3.89E+04 10.95 

 191 8.27 

 

2.84E-04 3.10E-04 3.67E-04 

 

5.54 5.64 1670 4320 8.64E+03 3.89E+04 10.95 

 192 8.27 

 

2.84E-04 3.10E-04 3.67E-04 

 

5.54 5.64 968 4320 8.64E+03 3.89E+04 10.95 

 193 8.27 

 

2.84E-04 3.10E-04 3.67E-04 

 

5.54 5.64 1830 4320 8.64E+03 3.89E+04 10.95 

 194 8.91 8.68 7.72E-05 2.72E-04 8.10E-05 

 

5.77 5.87 4590 4320 8.64E+03 3.89E+04 12.07 

 195 8.91 

 

4.88E-05 2.20E-04 8.10E-05 

 

5.78 6.00 4200 4320 8.64E+03 3.89E+04 12.26 

 196 8.91 

 

4.88E-05 1.63E-04 8.10E-05 

 

5.77 6.00 3650 4320 8.64E+03 3.89E+04 12.30 

 197 8.91 

 

4.88E-05 3.41E-04 8.10E-05 

 

5.77 6.00 3030 4320 8.64E+03 3.89E+04 11.72 

 198 8.91 

 

4.88E-05 1.63E-04 8.10E-05 

 

5.77 6.00 2950 4320 8.64E+03 3.89E+04 12.15 

 199 8.91 

 

4.88E-05 2.20E-04 8.10E-05 

 

5.77 6.00 4590 4320 8.64E+03 3.89E+04 12.30 

 200 8.91 

 

4.88E-05 3.41E-04 8.10E-05 

 

5.78 6.00 4200 4320 8.64E+03 3.89E+04 11.72 

 201 8.91 

 

4.88E-05 2.71E-04 8.10E-05 

 

5.77 6.00 3650 4320 8.64E+03 3.89E+04 12.07 

 202 8.91 7.73 5.00E-04 1.47E-04 8.10E-05 

 

5.77 5.35 4590 4320 8.64E+03 3.89E+04 10.86 

 203 8.91 

 

4.88E-05 1.36E-04 8.10E-05 

 

5.77 6.00 4200 4320 8.64E+03 3.89E+04 11.72 

 204 8.91 

 

4.88E-05 1.42E-04 8.10E-05 

 

5.77 6.00 2080 4320 8.64E+03 3.89E+04 11.72 

 205 8.91 

 

4.88E-05 8.58E-05 8.10E-05 

 

5.77 6.00 2950 4320 8.64E+03 3.89E+04 11.72 

 206 8.91 9.14 1.89E-05 2.50E-05 1.78E-05 

 

5.99 6.12 7800 4320 8.64E+03 3.89E+04 12.08 

 207 8.91 

 

8.34E-06 8.34E-06 1.78E-05 

 

5.99 6.36 5900 4320 8.64E+03 3.89E+04 12.50 

 208 8.91 8.16 1.30E-04 1.30E-04 1.78E-05 

 

5.99 5.58 7800 4320 8.64E+03 3.89E+04 11.10 
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Table A2.4 (Cont.): Selected PCB chemical properties estimated by EPI suite V4.11. 

 

#
(1)

 

Log Kow
(2)

 SW25
(5)

(mg/L) Log Koc
(6)

 Half life (hours)
(7)

 

Log 

KOA25C
(8)

 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 WSKOW  Db
(4)

  WATERNT 
 

Est
(3)

 Db
(4)

 

209 8.91 8.27 6.32E-05 6.32E-05 3.89E-06 

 

6.21 5.64 14100 4320 8.64E+03 3.89E+04 8.69 

 

 (1): Congener number as designated by IUPAC . 

(2): Log KOW was estimated from fragment constant method. 

(3): Est: Estimate 

(4): Db=Database. Values were used as comparison. 

(5): SW25 is estimated from Log KOW (WSKOW) and from bond contribution method (WATERNT). 

(6): Log KOC is estimated from molecular connectivity indices (MCI) and through QSPR regression that uses log KOW as input (WSKOW). 

(7): Half life is estimated from biodegradation expert survey model of the BIOWIN program in the EPI suite V4.11. 

(8):Log KOA is estimated from log KOW and Henry’s law constant. 
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Appendix B 

 

Table B3.1: Target PBDE analytes in this study. 

 

Congener Homolog Structure 

Molecular 

weight 

(g/mol) 

 

Congener Homolog Structure 

Molecular 

weight 

(g/mol) 

1 1 2, 248.904 

 

99 5 2,2',4,4',5 564.52 

2 1 3, 248.904 

 

116 5 2,3,4,5,6 564.52 

3 1 4, 248.904 

 

85 5 2,2',3,4,4', 564.52 

10 2 2,6, 327.808 

 

126 5 3,3',4,4',5 564.52 

7 2 2,4, 327.808 

 

155 6 2,2',4,4',6,6' 643.424 

11 2  3,3' 327.808 

 

154 6 2,2',4,4',5,6' 643.424 

8 2 2,4' 327.808 

 

153 6 2,2',4,4',5,5', 643.424 

12 2 3,4 327.808 

 

138 6 2,2',3,4,4',5, 643.424 

13 2 3,4' 327.808 

 

166 6 2,3,4,4',5,6, 643.424 

15 2 4,4', 327.808 

 

183 7 2,2',3,4,4',5',6, 722.328 

32 3 2,4',6' 406.712 

 

181 7 2,2',3,4,4',5,6, 722.328 

17 3 2,2',4, 406.712 

 

202 8 2,2',3,3',5,5',6,6', 801.232 

25 3 2,3',4, 406.712 

 

201 8 2,2',3,3',4,5',6,6', 801.232 

28 3 2,4,4' 406.712 

 

204 8 2,2',3,4,4',5,6,6', 801.232 

33 3  2,3',4' 406.712 

 

197 8 2,2',3,3',4,4',6,6', 801.232 

35 3 3,3',4, 406.712 

 

203 8 2,2',3,4,4',5,5',6, 801.232 

37 3 3,4,4' 406.712 

 

196 8 2,2',3,3',4,4',5,6, 801.232 

75 4 2,4,4',6, 485.616 

 

205 8 2,3,3',4,4',5,5',6, 801.232 

49 4 2,2',4,5', 485.616 

 

194 8 2,2',3,3',4,4',5,5' 801.232 

71 4 2,3',4',6, 485.616 

 

195 8 2,2',3,3',4,4',5,6, 801.232 

47 4 2,2',4,4', 485.616 

 

208 9 2,2',3,3',4,5,5',6,6', 880.136 

66 4 2,3',4,4', 485.616 

 

207 9 2,2',3,3',4,4',5,6,6', 880.136 

77 4 3,3',4,4', 485.616 

 

206 9 2,2',3,3',4,4',5,5',6, 880.136 

100 5 2,2',4,4',6, 564.52 

 

209 10 2,2',3,3',4,4',5,5',6,6', 959.04 

119 5 2,3',4,4',6, 564.52 
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Table B3.2 (Cont.): Target PCB analytes in this study. 

Congener Homolog Structure 

Molecular 

weight 

(g/mol) 

 

Congener Homolog Structure 

Molecular 

weight 

(g/mol) 

1 1 2 198.66 

 

103 5 2,2',4,5',6- 336.46 

2 1 3 198.66 

 

104 5 2,2',4,6,6'- 336.46 

3 1 4 198.66 

 

105 5 2,3,3',4,4'- 336.46 

5 2 2,3 233.11 

 

110 5 2,3,3',4',6 336.46 

6 2 2, 3' 233.11 

 

114 5 2,3,4,4',5- 336.46 

8 2 2,4' 233.11 

 

115 5 2,3,4,4',6- 336.46 

12 2 3,4 233.11 

 

117 5 2,3,4',5,6- 336.46 

13 2 3,4' 233.11 

 

118 5 2,3',4,4',5- 336.46 

14 2 3,5 233.11 

 

119 5 2,3',4,4',6 336.46 

15 2 4,4'- 233.11 

 

122 5 2,3,3',4',5' 336.46 

16 3 2,2',3- 267.56 

 

124 5 2,3',4',5,5' 336.46 

17 3 2,2',4 267.56 

 

128 6 2,2',3,3',4,4'- 370.91 

18 3 2,2',5- 267.56 

 

129 6 2,2',3,3',4,5- 370.91 

19 3 2,2',6 267.56 

 

130 6 2,2',3,3',4,5'- 370.91 

22 3 2,3,4' 267.56 

 

131 6 2,2',3,3',4,6- 370.91 

25 3 2,3',4 267.56 

 

132 6 2,2',3,3',4,6'- 370.91 

26 3 2,3',5- 267.56 

 

134 6 2,2',3,3',5,6- 370.91 

29 3 2,4,5 267.56 

 

135 6 2,2',3,3',5,6'- 370.91 

32 3 2,4',6- 267.56 

 

136 6 2,2',3,3',6,6'- 370.91 

34 3 2,3',5 267.56 

 

137 6 2,2',3,4,4',5- 370.91 

35 3 3,3',4- 267.56 

 

138 6 2,2',3,4,4',5'- 370.91 

37 3 3,4,4' 267.56 

 

141 6 2,2',3,4,5,5'- 370.91 

40 4 2,2',3,3' 302.01 

 

144 6 2,2',3,4,5',6- 370.91 

41 4 2,2',3,4 302.01 

 

146 6 2,2',3,4',5,5'- 370.91 

42 4 2,2',3,4'- 302.01 

 

147 6 2,2',3,4',5,6- 370.91 

44 4 2,2',3,5'- 302.01 

 

149 6 2,2',3,4',5',6- 370.91 

45 4 2,2',3,6- 302.01 

 

151 6 2,2',3,5,5',6- 370.91 

46 4 2,2',3,6'- 302.01 

 

153 6 2,2',4,4',5,5'- 370.91 

49 4 2,2',4,5'- 302.01 

 

154 6 2,2',4,4',5,6'- 370.91 

51 4 2,2',4,6' 302.01 

 

156 6 2,3,3',4,4',5- 370.91 

52 4 2,2',5,5' 302.01 

 

157 6 2,3,3',4,4',5'- 370.91 

53 4 2,2',5,6'-T 302.01 

 

158 6 2,3,3',4,4',6- 370.91 

54 4 2,2',6,6' 302.01 

 

165 6 2,3,3',5,5',6- 370.91 

56 4 2,3,3',4'- 302.01 

 

167 6 2,3',4,4',5,5'- 370.91 

59 4 2,3,3',6- 302.01 

 

171 7 2,2',3,3',4,4',6- 405.36 

60 4 2,3,4,4'- 302.01 

 

172 7 2,2',3,3',4,5,5'- 405.36 

63 4 2,3,4',5- 302.01 

 

173 7 2,2',3,3',4,5,6- 405.36 

64 4 2,3,4',6- 302.01 

 

174 7 2,2',3,3',4,5,6'- 405.36 
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Table B3.2 (Cont.): Target PCB analytes in this study. 

Congener Homolog Structure 

Molecular 

weight 

(g/mol) 

 

Congener Homolog Structure 

Molecular 

weight 

(g/mol) 

66 4 2,3',4,4'- 302.01 

 

175 7 2,2',3,3',4,5',6- 405.36 

67 4 2,3',4,5 302.01 

 

176 7 2,2',3,3',4,6,6'- 405.36 

69 4 2,3',4,6-T 302.01 

 

177 7 2,2',3,3',4,5',6'- 405.36 

70 4 2,3',4',5 302.01 

 

178 7 2,2',3,3',5,5',6- 405.36 

71 4 2,3',4',6- 302.01 

 

179 7 2,2',3,3',5,6,6'- 405.36 

73 4 2,3',5',6- 302.01 

 

183 7 2,2',3,4,4',5',6- 405.36 

74 4 2,4,4',5- 302.01 

 

185 7 2,2',3,4,5,5',6-H 405.36 

77 4 3,3',4,4' 302.01 

 

187 7 2,2',3,4',5,5',6- 405.36 

81 4 3,4,4',5 302.01 

 

189 7 2,3,3',4,4',5,5'- 405.36 

82 5 2,2',3,3',4- 336.46 

 

191 7 2,3,3',4,4',5',6- 405.36 

83 5 2,2',3,3',5 336.46 

 

194 8 2,2',3,3',4,4',5,5'- 439.81 

84 5 2,2',3,3',6- 336.46 

 

195 8 2,2',3,3',4,4',5,6- 439.81 

85 5 2,2',3,4,4'- 336.46 

 

197 8 2,2',3,3',4,4',6,6'- 439.81 

87 5 2,2',3,4,5'-P 336.46 

 

199 8 2,2',3,3',4,5,5',6' 439.81 

90 5 2,2',3,4',5 336.46 

 

200 8 2,2',3,3',4,5,6,6'- 439.81 

91 5 2,2',3,4',6 336.46 

 

201 8 2,2',3,3',4,5',6,6'- 439.81 

92 5 2,2',3,5,5' 336.46 

 

202 8 2,2',3,3',5,5',6,6'- 439.81 

93 5 2,2',3,5,6 336.46 

 

205 8 2,3,3',4,4',5,5',6- 439.81 

95 5 2,2',3,5',6 336.46 

 

206 9 2,2',3,3',4,4',5,5',6 474.26 

97 5 2,2',3,4',5' 336.46 

 

207 9 2,2',3,3',4,4',5,6,6' 474.26 

99 5 2,2',4,4',5- 336.46 

 

208 9 2,2',3,3',4,5,5',6,6'- 474.26 

100 5 2,2',4,4',6 336.46 

 

209 10 2,2',3,3',4,4',5,5',6,6'- 508.71 

101 5 2,2',4,5,5'- 336.46 
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Table B3.3 (Cont.): Summary of oxidation reduction potential (ORP) and sulfide measurement in 

metropolitan Chicago sediment cores. 

Core Depth (cm) ORP (mV) Depth (cm) 
Sulfide (ppm) 

CBC 

0.0 -59.5 1.3 17.9 

0.6 -58.8 2.5 105.0 

1.3 -59.6 5.1 125.0 

1.9 -61.1 7.6 318.0 

2.5 -61.4 10.2 250.0 

3.2 -62.7 12.7 240.0 

3.8 -61.9 15.2 187.0 

4.4 -62.8 17.8 115.0 

5.1 -73.0 20.3 113.0 

5.7 -72.2 22.9 97.0 

6.4 -97.2 25.4 64.9 

7.0 -84.0 34.3 87.0 

7.6 -84.8 43.2 88.0 

8.3 -84.9 
 

 8.9 -86.0 
 

 9.5 -90.8 
 

 10.2 -90.1 
 

 12.7 -107.6 
 

 15.2 -146.4 
 

 17.8 -146.1 
 

 20.3 -159.9 
 

 22.9 -158.8 
 

 25.4 -158.0 
 

 27.9 -159.1 
 

 30.5 -147.9 
 

 31.8 -145.5 
 

 Average -99.2 
 139.1 

Standard deviation 38.7   85.0 

CWP 

 

0.0 -77.8 0.0 49.5 

0.5 -78.1 0.5 59.7 

1.0 -79.6 1.0 63.8 

1.5 -84.4 2.0 98.0 

2.0 -88.2 3.0 114.0 

3.0 -104.0 4.0 104.0 

5.0 -99.2 6.0 98.6 

6.0 -106.4 8.0 90.8 

7.0 -108.9 10.0 89.1 
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Table B3.3 (Cont.): Summary of oxidation reduction potential (ORP) and sulfide measurement in 

metropolitan Chicago sediment cores. 

Core Depth (cm) ORP (mV) Depth (cm) 
Sulfide (ppm) 

8.0 -113.5 15.0 97.3 

9.0 -117.8 20.0 96.7 

10.0 -120.3 25.0 93.4 

12.0 -120.6 30.0 86.2 

14.0 -123.4 35.0 85.2 

16.0 -126.0 45.0 87.3 

18.0 -129.4 

  20.0 -130.9 

  25.0 -133.6 

  30.0 -140.6 

  35.0 -143.7 

  38.0 -142.4 

  Average -112.8 

 

87.6 

Standard deviation 21.6   17.4 

CLC 

0.5 -64.3 0.5 4.1 

1.5 -61.2 1.5 56.0 

2.5 -77.4 2.5 115.0 

3.5 -60.3 3.5 97.5 

4.5 -70.8 4.5 161.0 

5.5 -40.4 5.5 91.9 

6.5 -61.2 6.5 93.2 

7.5 -66.8 7.5 123.0 

8.5 -63.7 8.5 87.2 

9.5 -75.5 9.5 144.0 

11.0 -87.3 11.0 92.1 

13.0 -60.8 13.0 111.0 

15.0 -95.4 15.0 214.0 

17.0 -80.3 17.0 176.0 

19.0 -128.9 19.0 282.0 

21.0 -90.5 21.0 98.1 

23.0 -135.6 23.0 114.0 

25.0 -252.3 25.0 193.0 

27.0 -155.6 27.0 526.0 

29.0 -149.3 29.0 193.0 

31.0 -153.0 31.0 106.0 

33.0 -145.8 33.0 86.7 

Average -98.9 

 

143.9 

Standard deviation 49.6   103.9 

IGC09 NA NA 1.0 17.4 
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Table B3.3 (Cont.): Summary of oxidation reduction potential (ORP) and sulfide measurement in 

metropolitan Chicago sediment cores. 

Core Depth (cm) ORP (mV) Depth (cm) 
Sulfide (ppm) 

   3.0 16.5 

5.0 14.3 

7.0 19.1 

9.0 17.5 

11.0 13.5 

13.0 19.5 

15.0 24.5 

17.0 21.6 

19.0 19.8 

22.5 19.3 

27.5 18.4 

32.5 16.4 

37.5 17.4 

42.5 19.3 

47.5 21.9 

52.5 23.4 

57.5 24.8 

Average 

  

19.1 

Standard deviation     3.2 

IGC13 NA NA 

1.0 28.4 

3.0 24.8 

5.0 39.2 

7.0 21.9 

9.0 36.5 

11.0 27.0 

13.0 34.3 

15.0 25.9 

17.0 28.4 

19.0 21.9 

22.5 23.2 

27.5 26.7 

32.5 27.3 

37.5 28.4 

42.5 26.9 

47.5 25.4 

52.5 26.3 

57.5 27.4 

Average 

  

27.8 

Standard deviation     4.6 
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Table B3.4 (Cont.): Summary of physical characterization results in the metropolitan Chicago 

cores. 

Site 

Avg 

Depth 

(cm) 

Wet 

Bulk 

Density 

(g/mL) 

 Dry 

Bulk 

Density 

(g/mL) 

Particle 

Density 

(g/mL) 

AverageOC 

(mg/g) 

SC 

(mg/g) 

NonSC 

(mg/g) 
OM(mg/g) 

Avg% 

Moisture 

Average 

% solid 
Porosity 

CBC 0.5 1.56 0.93 2.58 25.46 21.77 3.69 40.26 40.55 59.45 63.98 

CBC 1.5 1.38 1.01 2.58 24.80 20.20 4.60 37.94 27.32 72.68 61.00 

CBC 2.5 1.04 0.75 2.56 28.53 20.43 8.10 49.71 27.51 72.49 70.55 

CBC 3.5 1.51 1.33 2.58 22.86 19.68 3.18 35.48 11.96 88.04 48.55 

CBC 5.0 0.72 0.63 2.57 31.95 21.54 10.41 46.69 12.75 87.25 75.42 

CBC 7.0 1.54 1.35 2.57 26.40 13.03 13.37 41.66 11.95 88.05 47.43 

CBC 9.0 1.57 1.07 2.57 31.08 16.21 14.87 46.53 32.36 67.64 58.48 

CBC 12.5 2.55 1.36 2.37 122.34 12.76 109.59 166.32 46.83 53.17 42.77 

CBC 17.5 1.26 0.95 2.56 32.67 18.92 13.75 49.25 24.94 75.06 63.00 

CBC 22.5 1.20 0.97 2.53 40.07 14.38 25.69 66.43 19.13 80.87 61.55 

CBC 27.5 1.56 1.34 2.56 31.52 17.49 14.04 49.70 14.16 85.84 47.80 

CBC 32.5 1.39 1.22 2.58 20.98 19.49 1.49 39.87 11.89 88.11 52.55 

CWP 0.25 1.05 0.17 2.36 99.23 40.99 58.23 175.74 84.32 15.68 92.98 

CWP 0.75 1.11 0.20 2.39 93.66 34.36 59.30 155.83 81.89 18.11 91.56 

CWP 1.50 1.18 0.23 2.41 89.10 40.10 49.00 141.50 80.78 19.22 90.55 

CWP 2.50 1.23 0.28 2.45 82.93 39.33 43.60 114.04 77.49 22.51 88.69 

CWP 3.50 1.31 0.33 2.43 72.58 35.81 36.76 129.74 75.20 24.80 86.57 

CWP 5.00 1.38 0.40 2.45 70.64 37.51 33.12 115.29 70.63 29.37 83.50 

CWP 7.00 1.47 0.43 2.47 65.34 37.29 28.05 101.92 70.71 29.29 82.57 

CWP 9.00 1.56 0.44 2.45 65.05 36.21 28.85 115.57 71.69 28.31 81.93 

CWP 12.50 1.63 0.46 2.47 68.11 36.84 31.28 100.85 72.05 27.95 81.57 

CWP 17.50 1.68 0.58 2.48 60.84 39.34 21.50 96.93 65.80 34.20 76.76 

CWP 22.50 1.73 0.71 2.48 61.14 38.37 22.76 98.15 59.27 40.73 71.50 

CWP 27.50 1.65 0.67 2.48 61.91 41.34 20.57 95.68 59.61 40.39 73.13 

CLC 0.5 1.46 0.79 2.47 65.77 44.59 21.18 103.56 45.71 54.29 67.80 

CLC 1.5 1.55 0.86 2.47 62.67 37.00 25.68 103.32 44.72 55.28 65.30 

CLC 2.5 1.50 0.86 2.50 60.31 37.43 22.88 86.31 42.70 57.30 65.68 

CLC 3.5 1.49 0.87 2.48 64.10 36.61 27.50 95.10 41.72 58.28 65.03 

CLC 4.5 1.47 0.87 2.48 61.59 33.34 28.25 93.99 40.86 59.14 64.90 

CLC 5.5 1.51 0.89 2.49 60.91 35.84 25.06 90.77 41.07 58.93 64.27 

CLC 6.5 1.53 0.89 2.49 61.63 35.58 26.05 88.71 41.67 58.33 64.30 

CLC 7.5 1.54 0.90 2.49 61.58 35.88 25.70 89.76 41.68 58.32 63.89 

CLC 8.5 1.54 0.91 2.49 61.20 32.48 28.72 91.87 41.18 58.82 63.61 

CLC 9.5 1.47 0.91 2.49 61.10 35.00 26.10 90.91 38.15 61.85 63.53 

CLC 11 1.60 0.96 2.49 61.76 35.52 26.25 89.81 39.94 60.06 61.46 

CLC 13 1.57 0.97 2.49 61.34 35.20 26.13 91.80 38.45 61.55 61.04 

CLC 15 1.57 0.96 2.50 61.38 34.77 26.61 86.04 38.43 61.57 61.41 

CLC 17 1.50 0.91 2.49 61.33 33.74 27.58 92.93 39.41 60.59 63.36 

CLC 19 1.53 0.92 2.48 60.24 34.18 26.06 95.14 40.08 59.92 63.06 

CLC 21 1.51 0.90 2.48 59.40 30.50 28.90 96.76 40.34 59.66 63.57 

CLC 23 1.53 0.91 2.49 59.41 33.69 25.73 92.83 40.81 59.19 63.58 

CLC 25 1.53 0.89 2.50 59.43 32.93 26.51 86.16 41.64 58.36 64.24 

CLC 27 1.56 0.90 2.50 58.85 33.36 25.49 83.17 42.49 57.51 64.19 
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Table B3.4 (Cont.): Summary of physical characterization results in the metropolitan Chicago 

cores. 

Site 

Avg 

Depth 

(cm) 

Wet 

Bulk 

Density 

(g/mL) 

 Dry 

Bulk 

Density 

(g/mL) 

Particle 

Density 

(g/mL) 

AverageOC 

(mg/g) 

SC 

(mg/g) 

NonSC 

(mg/g) 
OM(mg/g) 

Avg% 

Moisture 

Average 

% solid 
Porosity 

CLC 29 1.54 0.90 2.48 58.46 33.77 24.70 99.41 41.48 58.52 63.57 

CLC 31 1.53 0.90 2.47 54.91 31.91 23.00 100.76 40.76 59.24 63.45 

IGC09 1 1.08 0.11 2.26 142.07 16.43 125.64 244.65 89.56 10.44 95.01 

IGC09 3 1.14 0.27 2.32 123.53 12.14 111.39 202.53 75.07 24.93 88.15 

IGC09 5 1.21 0.36 2.35 113.07 11.14 101.94 181.45 70.51 29.49 84.86 

IGC09 7 1.13 0.33 2.34 110.45 10.18 100.27 186.95 70.90 29.10 85.98 

IGC09 9 1.15 0.33 2.33 113.58 10.58 102.99 194.61 71.33 28.67 85.82 

IGC09 11 1.15 0.28 2.33 122.83 10.27 112.56 196.35 73.14 26.86 87.78 

IGC09 13 1.18 0.30 2.35 114.72 14.23 100.49 183.27 74.26 25.74 87.08 

IGC09 15 1.14 0.24 2.33 115.21 16.44 98.77 192.11 78.44 21.56 89.50 

IGC09 17 1.10 0.21 2.32 117.31 16.68 100.63 198.87 81.16 18.84 91.07 

IGC09 19 1.14 0.23 2.33 117.86 17.17 100.69 193.34 79.40 20.60 89.94 

IGC09 22.5 1.11 0.23 2.28 126.88 12.77 114.11 225.57 79.06 20.94 89.80 

IGC09 27.5 1.12 0.24 2.21 158.68 11.72 146.96 282.73 78.63 21.37 89.19 

IGC09 32.5 1.12 0.53 2.21 163.22 11.70 151.51 278.24 52.89 47.11 76.12 

IGC09 37.5 1.21 0.52 2.29 129.87 13.20 116.67 221.72 54.93 45.07 77.49 

IGC09 42.5 1.17 0.33 2.36 108.26 9.29 98.97 171.94 72.13 27.87 86.18 

IGC09 47.5 1.16 0.12 2.31 126.44 13.69 112.75 206.62 89.56 10.44 94.76 

IGC09 52.5 1.14 0.18 2.34 115.44 9.15 106.29 189.76 84.25 15.75 92.31 

IGC09 57.5 1.17 0.35 2.34 112.65 9.20 103.45 185.01 69.79 30.21 84.93 

IGC09 62.5 2.30 0.30 2.33 116.19 9.52 106.67 190.54 74.38 25.62 87.17 

IGC09 67.5 2.32 0.31 2.36 107.00 9.71 97.29 174.07 73.80 26.20 86.74 

IGC13 1 1.06 0.14 2.27 140.01 20.16 119.85 233.84 93.35 6.65 93.79 

IGC13 3 1.09 0.17 2.22 155.58 22.70 132.89 275.22 84.37 15.63 92.33 

IGC13 5 1.08 0.16 2.20 160.49 22.81 137.67 288.71 85.60 14.40 92.95 

IGC13 7 1.10 0.20 2.24 155.03 20.48 134.55 255.55 81.61 18.39 90.97 

IGC13 9 1.13 0.28 2.35 103.74 21.75 81.99 178.62 75.21 24.79 88.13 

IGC13 11 1.13 0.29 2.37 100.60 20.85 79.75 167.04 74.58 25.42 87.83 

IGC13 13 1.15 0.29 2.30 125.33 22.62 102.71 211.76 74.30 25.70 87.20 

IGC13 15 1.15 0.32 2.28 131.45 20.79 110.66 227.87 72.50 27.50 86.13 

IGC13 17 1.18 0.35 2.32 114.91 22.69 92.21 202.06 69.99 30.01 84.73 

IGC13 19 1.00 0.30 2.31 124.72 26.68 98.03 208.93 69.68 30.32 86.80 

IGC13 22.5 1.17 0.37 2.35 110.19 28.53 81.67 179.60 68.61 31.39 84.35 

IGC13 27.5 1.11 0.42 2.27 137.01 33.59 103.42 236.89 67.43 32.57 81.67 

IGC13 32.5 1.33 0.68 2.33 120.29 22.49 97.79 194.28 48.75 51.25 70.68 

IGC13 37.5 1.39 0.66 2.33 118.64 12.07 106.57 196.89 49.77 50.23 71.45 

IGC13 42.5 1.08 0.46 2.30 126.22 15.77 110.45 211.79 57.15 42.85 79.90 

IGC13 47.5 1.10 0.27 2.25 155.42 10.13 145.29 252.25 75.07 24.93 87.80 

IGC13 52.5 1.10 0.20 2.27 146.51 22.16 124.35 232.75 81.92 18.08 91.28 

IGC13 57.5 1.24 0.37 2.43 74.59 24.38 50.21 125.35 70.36 29.64 84.96 
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Table B3.5: Estimated whole core net sedimentation rate using constant initial rate (CIC) and 

constant rate of sedimentation (CRS).  

Cores 

Net sedimentation rate (g/cm2/yr) 

CIC CRS 

CBC 1.53 2.26 

CWP 0.07 0.08 

CLC 0.11 0.30 

IGC09 0.06 0.27 

IGC13 0.17 0.13 

 

 

 

 

Table B3.6: Selected recent reports of PBDE and PCB concentrations in outfall discharges. 

Contaminant 
Discharge 

Type 
Location 

Analyzed 

Congener

s 

Concentration 

Range (ng/L) 

PBDEs WWTP 

Effluent 

Zandvliet, Cape Town, South 

Africa 
79

 8 16-1240 

 

Australia
80

 37 0.1-0.5 

 

Columbia River Basin, Oregon
64

 9 0.4-6 

 

Palo Alto, CA
63

 41 29000 

Stormwater 

runoff 
Columbia River Basin, Oregon

64
 

9 BDL-53 

PCBs WWTP 

Effluent 
Columbia River Basin, Oregon

64
 

18 BDL-0.07 

CSO Columbia River Basin, Oregon
64

 18 BDL-440 

 

New York/New Jersey
81

 71 10 to 60 

Stormwater 

runoff 
Switzerland

65
 

12 BDL-403 

WWTP= Wastewater treatment plant, CSO=Combined sewage outfall, BDL= Below detection limit. 
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RAPS

South Branch of Chicago River

CWRP

CLC

CWP

Sludge 

drying bed

Pullman 

Creek

IGC13

IGC9

Hammond Sanitary District WWTP 

WWTP  Outfall

a) c) 

b) 

 

Figure B3.1: Location of AR sampling sites as reported in a previous study by Wei et al.(2012){Wei, 

2012 #291}showing a) general location and b) land categorized by the United States Geological Services 

2006 National Land Cover Database for the AR area. AR is less developed compared to Chicago.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B3.2: Detailed maps of sampling locations at a) CBC, b) CLC, and CWP, and c) IGC09 and 

IGC13. Golden stars marked approximate locations where sediment cores were collected.   

 

(a) (c)

(b) (d)

Legend:

a) b) 
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Figure B3.3: Oxidation reduction potential (ORP) measurement in a) AED, b) AMW, c) ACL, d) AJL, e) 

AOT, and f) AFR. Shaded areas represent anaerobic region. 
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Figure B3.4: Sulfide measurement in a) AED, b) AMW, c) ACL, d) AJL, e) AOT, and f) AFR.  
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Figure B3.5: Wet and dry densities (ρW and ρD, respectively) in cores a) AED, b) AMW, c) ACL, d) AJL, 

e) AOT, and f) AFR. Error bars represent the standard deviation of triplicate measurements. These were 

typically smaller than the data symbol. 
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Figure B3.6: Solids and water compositions in cores a) AED, b) AMW, c) ACL, d) AJL, e) AOT, and f) 

AFR.  
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Figure B3.7: Carbon and organic matter concentrations in a) AED, b) AMW, c) ACL, d) AJL, e) AOT, 

and f) AFR. Note the different x-axis on panel b. 
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Figure B3.8: Black carbon concentration in a) AED, b) AMW, c) ACL, d) AJL, e) AOT, and f) AFR.  
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Figure B3.9: Particle size distribution in a) AED, b) AMW, c) ACL, d) AJL, e) AOT, and f) AFR. 
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Figure B3.10: 
210

Pb, 
226

Ra, and 
137

Cs activities  in cores a) CBC, b) CWP, c) CLC, d) IGC09, and e) 

IGC13. 
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Appendix C 

 

Table C4.1. Number of sequences and abundance of microbial community phylum in surface sediments. Abundance is shown in 

parentheses. 

Name IGC13 IGC09 CWP CLC CBC AOT AMW AJL AFR AED ACL 

Proteobacteria 
513 

(22.02%) 

567 

(18.21%) 

925 

(31.59%) 

776 

(21.38%) 

482 

(21.29%) 

927 

(21.24%) 

1099 

(39.33%) 

822 

(24.10%) 

446 

(16.57%) 

579 

(13.87%) 

2016 

(33.29%) 

Unclassified Bacteria 
1210 

(51.93%) 

1961 

(62.99%) 

1331 

(45.46%) 

2030 

(55.92%) 

1163 

(51.37%) 

2326 

(53.29%) 

1067 

(38.19%) 

1796 

(52.65%) 

1640 

(60.92%) 

3065 

(73.45%) 

3628 

(59.91%) 

Cyanobacteria 
2 

(0.09%) 
0 (0%) 

4 

(0.14%) 
0 (0%) 

44 

(1.94%) 

167 

(3.83%) 

30 

(1.07%) 

7 

(0.21%) 

34 

(1.26%) 

1 

(0.02%) 

1 

(0.02%) 

Verrucomicrobia 
13 

(0.56%) 

4 

(0.13%) 

103 

(3.52%) 

19 

(0.52%) 

11 

(0.49%) 

27 

(0.62%) 

39 

(1.40%) 

27 

(0.79%) 

111 

(4.12%) 

13 

(0.31%) 

8 

(0.13%) 

Firmicutes 
153 

(6.57%) 

133 

(4.27%) 

66 

(2.25%) 

52 

(1.43%) 

93 

(4.11%) 

245 

(5.61%) 

77 

(2.76%) 

364 

(10.67%) 

55 

(2.04%) 

116 

(2.78%) 

87 

(1.44%) 

Planctomycetes 
8 

(0.34%) 

12 

(0.39%) 

7 

(0.24%) 

6 

(0.17%) 

18 

(0.80%) 

55 

(1.26%) 

39 

(1.40%) 

2 

(0.06%) 

25 

(0.93%) 

28 

(0.67%) 
0 (0%) 

Bacteroidetes 
315 

(13.52%) 

351 

(11.28%) 

391 

(13.35%) 

654 

(18.02%) 

301 

(13.30%) 

370 

(8.48%) 

293 

(10.49%) 

153 

(4.49%) 

53 

(1.97%) 

84 

(2.01%) 

133 

(2.20%) 

Chlamydiae 
5 

(0.21%) 

1 

(0.03%) 
0 (0%) 0 (0%) 

4 

(0.18%) 

1 

(0.02%) 

10 

(0.36%) 
0 (0%) 

1 

(0.04%) 
0 (0%) 0 (0%) 

Chloroflexi 
4 

(0.17%) 
0 (0%) 0 (0%) 0 (0%) 

5 

(0.22%) 
0 (0%) 

1 

(0.04%) 

10 

(0.29%) 

5 

(0.19%) 

14 

(0.34%) 

4 

(0.07%) 

Actinobacteria 
54 

(2.32%) 

24 

(0.77%) 

27 

(0.92%) 

19 

(0.52%) 

34 

(1.50%) 

92 

(2.11%) 

47 

(1.68%) 

21 

(0.62%) 

58 

(2.15%) 

24 

(0.58%) 

31 

(0.51%) 

Tenericutes 
6 

(0.26%) 

21 

(0.67%) 

5 

(0.17%) 

7 

(0.19%) 

7 

(0.31%) 

4 

(0.09%) 

2 

(0.07%) 

7 

(0.21%) 
0 (0%) 0 (0%) 0 (0%) 

Spirochaetes 
27 

(1.16%) 

24 

(0.77%) 
0 (0%) 

1 

(0.03%) 

31 

(1.37%) 

30 

(0.69%) 

18 

(0.64%) 

2 

(0.06%) 

18 

(0.67%) 

9 

(0.22%) 
0 (0%) 
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Table C4.1. Number of sequences and abundance of microbial community phylum in surface sediments. Abundance is shown in 

parentheses. 

Name IGC13 IGC09 CWP CLC CBC AOT AMW AJL AFR AED ACL 

Deinococcus-Thermus 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
1 

(0.02%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Thermotogae 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
3 

(0.13%) 

6 

(0.14%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Nitrospirae 
6 

(0.26%) 
0 (0%) 

67 

(2.29%) 

44 

(1.21%) 

21 

(0.93%) 

58 

(1.33%) 

26 

(0.93%) 

14 

(0.41%) 

121 

(4.49%) 

97 

(2.32%) 

11 

(0.18%) 

Thermodesulfobacteria 0 (0%) 0 (0%) 
1 

(0.03%) 

4 

(0.11%) 
0 (0%) 

1 

(0.02%) 

1 

(0.04%) 
0 (0%) 0 (0%) 

3 

(0.07%) 
0 (0%) 

Aquificae 0 (0%) 
3 

(0.10%) 

1 

(0.03%) 

13 

(0.36%) 

30 

(1.33%) 

13 

(0.30%) 

24 

(0.86%) 
0 (0%) 

28 

(1.04%) 
0 (0%) 0 (0%) 

Fusobacteria 
1 

(0.04%) 

3 

(0.10%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Synergistetes 
4 

(0.17%) 

3 

(0.10%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 

4 

(0.14%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Chlorobi 
3 

(0.13%) 

3 

(0.10%) 
0 (0%) 0 (0%) 

4 

(0.18%) 

13 

(0.30%) 

5 

(0.18%) 

1 

(0.03%) 

9 

(0.33%) 
0 (0%) 0 (0%) 

Gemmatimonadetes 
1 

(0.04%) 
0 (0%) 0 (0%) 0 (0%) 

6 

(0.27%) 

17 

(0.39%) 

7 

(0.25%) 

2 

(0.06%) 

1 

(0.04%) 

30 

(0.72%) 

2 

(0.03%) 

Fibrobacteres 
1 

(0.04%) 
0 (0%) 0 (0%) 0 (0%) 

2 

(0.09%) 

5 

(0.11%) 
0 (0%) 0 (0%) 

2 

(0.07%) 

2 

(0.05%) 
0 (0%) 

Acidobacteria 
4 

(0.17%) 

3 

(0.10%) 
0 (0%) 

5 

(0.14%) 

5 

(0.22%) 

7 

(0.16%) 

5 

(0.18%) 

183 

(5.36%) 

85 

(3.16%) 

108 

(2.59%) 

135 

(2.23%) 
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Table C4.2. Number of sequences and abundance of microbial community phylum in AMW sediment segments. 

Abundance is shown in parantheses. 

Name 2009 2005 2000 1995 1990 1985 1981 1974 1969 1965 

Unclassified Bacteria 
1067 

(38.19%) 

1214 

(48.99%) 

1182 

(30.39%) 

1301 

(49.09%) 

2085 

(57.98%) 

1597 

(57.70%) 

2050 

(70.62%) 

5746 

(70.32%) 

4470 

(80.34%) 

2142 

(66.17%) 

Proteobacteria 
1099 

(39.33%) 

685 

(27.64%) 

1737 

(44.66%) 

790 

(29.81%) 

1139 

(31.67%) 

852 

(30.78%) 

507 

(17.46%) 

1587 

(19.42%) 

751 

(13.50%) 

517 

(15.97%) 

Cyanobacteria 
30 

(1.07%) 

37 

(1.49%) 

9 

(0.23%) 

2 

(0.08%) 

2 

(0.06%) 

2 

(0.07%) 

19 

(0.65%) 

25 

(0.31%) 
0 (0%) 0 (0%) 

Actinobacteria 
47 

(1.68%) 

44 

(1.78%) 

36 

(0.93%) 

56 

(2.11%) 

40 

(1.11%) 

31 

(1.12%) 

15 

(0.52%) 

16 

(0.20%) 

12 

(0.22%) 

14 

(0.43%) 

Verrucomicrobia 
39 

(1.40%) 

5 

(0.20%) 

5 

(0.13%) 

11 

(0.42%) 

58 

(1.61%) 

12 

(0.43%) 
0 (0%) 

3 

(0.04%) 
0 (0%) 0 (0%) 

Chloroflexi 
1 

(0.04%) 
0 (0%) 

7 

(0.18%) 

6 

(0.23%) 

2 

(0.06%) 

2 

(0.07%) 

5 

(0.17%) 

3 

(0.04%) 

3 

(0.05%) 

3 

(0.09%) 

Planctomycetes 
39 

(1.40%) 

13 

(0.52%) 

10 

(0.26%) 

15 

(0.57%) 

2 

(0.06%) 

2 

(0.07%) 

2 

(0.07%) 

13 

(0.16%) 
0 (0%) 

6 

(0.19%) 

Firmicutes 
77 

(2.76%) 

144 

(5.81%) 

342 

(8.79%) 

121 

(4.57%) 

44 

(1.22%) 

62 

(2.24%) 

39 

(1.34%) 

144 

(1.76%) 

168 

(3.02%) 

433 

(13.38%) 

Bacteroidetes 
293 

(10.49%) 

219 

(8.84%) 

363 

(9.33%) 

197 

(7.43%) 

169 

(4.70%) 

157 

(5.67%) 

147 

(5.06%) 

380 

(4.65%) 

98 

(1.76%) 

49 

(1.51%) 

Tenericutes 
2 

(0.07%) 

3 

(0.12%) 

4 

(0.10%) 

13 

(0.49%) 

2 

(0.06%) 
0 (0%) 0 (0%) 

16 

(0.20%) 

1 

(0.02%) 
0 (0%) 

Spirochaetes 
18 

(0.64%) 

51 

(2.06%) 

128 

(3.29%) 

98 

(3.70%) 

15 

(0.42%) 

28 

(1.01%) 

6 

(0.21%) 

47 

(0.58%) 

15 

(0.27%) 

36 

(1.11%) 

Thermotogae 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
16 

(0.20%) 

1 

(0.02%) 

13 

(0.40%) 

Synergistetes 
4 

(0.14%) 
0 (0%) 

1 

(0.03%) 

1 

(0.04%) 
0 (0%) 

1 

(0.04%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 
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Table C4.2. Number of sequences and abundance of microbial community phylum in AMW sediment segments. 

Abundance is shown in parantheses. 

Name 2009 2005 2000 1995 1990 1985 1981 1974 1969 1965 

Aquificae 
24 

(0.86%) 

6 

(0.24%) 

2 

(0.05%) 

11 

(0.42%) 

1 

(0.03%) 
0 (0%) 

2 

(0.07%) 
0 (0%) 0 (0%) 0 (0%) 

Chlamydiae 
10 

(0.36%) 

5 

(0.20%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

5 

(0.06%) 
0 (0%) 

1 

(0.03%) 

Chlorobi 
5 

(0.18%) 

8 

(0.32%) 

23 

(0.59%) 

8 

(0.30%) 

1 

(0.03%) 

6 

(0.22%) 
0 (0%) 

19 

(0.23%) 

2 

(0.04%) 

22 

(0.68%) 

Fusobacteria 0 (0%) 
3 

(0.12%) 

26 

(0.67%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Nitrospirae 
26 

(0.93%) 

22 

(0.89%) 

4 

(0.10%) 

7 

(0.26%) 

14 

(0.39%) 

7 

(0.25%) 

98 

(3.38%) 

134 

(1.64%) 

1 

(0.02%) 
0 (0%) 

Thermodesulfobacteria 
1 

(0.04%) 
0 (0%) 0 (0%) 0 (0%) 

4 

(0.11%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Gemmatimonadetes 
7 

(0.25%) 

9 

(0.36%) 

7 

(0.18%) 

7 

(0.26%) 

11 

(0.31%) 

8 

(0.29%) 

1 

(0.03%) 

2 

(0.02%) 

19 

(0.34%) 
0 (0%) 

Fibrobacteres 0 (0%) 
1 

(0.04%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Elusimicrobia 0 (0%) 
1 

(0.04%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Dictyoglomi 0 (0%) 0 (0%) 
3 

(0.08%) 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Acidobacteria 
5 

(0.18%) 

8 

(0.32%) 
0 (0%) 

6 

(0.23%) 

7 

(0.19%) 

1 

(0.04%) 

12 

(0.41%) 

15 

(0.18%) 

23 

(0.41%) 

1 

(0.03%) 
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Appendix D 

 

Table D5.1: Distribution of log KOW  values for PBDE and PCB homologs as predicted from Monte 

Carlo simulation. 

 

Percentile 
PBDE log KOW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.55 5.24 5.57 5.87 6.35 6.79 6.67 6.97 7.22 6.17 

0.25 4.7 5.36 5.85 6.32 6.78 7.36 7.68 7.84 8.25 7.96 

0.5 4.8 5.44 6.04 6.64 7.08 7.75 8.38 8.46 8.96 9.19 

0.75 4.9 5.52 6.24 6.96 7.38 8.14 9.08 9.07 9.67 10.43 

0.95 5.05 5.64 6.52 7.41 7.82 8.71 10.09 9.94 10.71 12.22 

           
Percentile 

PCB log KOW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.3 4.84 5.37 5.79 6.33 6.75 7.36 7.46 7.93 8.38 

0.25 4.41 4.95 5.49 5.94 6.48 6.94 7.54 7.8 8.43 8.88 

0.5 4.48 5.02 5.58 6.04 6.58 7.07 7.67 8.04 8.78 9.23 

0.75 4.55 5.09 5.67 6.14 6.68 7.2 7.8 8.28 9.13 9.58 

0.95 4.66 5.2 5.79 6.29 6.83 7.38 7.98 8.61 9.64 10.08 
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Table D5.2: Distribution of log KOC values  for PBDE and PCB homologs as predicted from Monte 

Carlo simulation. 

 

Percentile 
PBDE log KOC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.27 0.29 0.3 0.3 0.31 0.32 0.32 0.33 0.33 0.31 

0.25 2.83 3.2 3.47 3.74 3.99 4.31 4.49 4.58 4.8 4.65 

0.5 5.22 5.83 6.41 6.99 7.41 8.05 8.65 8.73 9.22 9.44 

0.75 7.66 8.5 9.47 10.45 11.04 12.07 13.34 13.33 14.15 15.18 

0.95 10.97 12.12 13.82 15.55 16.36 18.08 20.77 20.48 21.96 24.9 

           
Percentile 

PCB log KOC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.27 0.28 0.29 0.3 0.31 0.32 0.34 0.34 0.35 0.36 

0.25 2.67 2.97 3.27 3.52 3.82 4.08 4.41 4.56 4.91 5.16 

0.5 4.91 5.43 5.97 6.41 6.93 7.4 7.98 8.33 9.04 9.47 

0.75 7.19 7.92 8.7 9.35 10.08 10.78 11.6 12.25 13.42 14.02 

0.95 10.22 11.27 12.42 13.38 14.43 15.51 16.67 17.9 19.88 20.75 
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Table D5.3: Distribution of black carbon Freundlich adsorption constant (KFBC) values for PBDE 

and PCB homologs as predicted from Monte Carlo simulation. 

 

Percentile 

PBDE log KFBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.85 5.79 6.23 6.65 7.30 7.90 7.73 8.15 8.49 7.05 

0.25 0.20 0.16 0.38 0.61 0.59 0.78 1.39 1.19 1.41 2.45 

0.50 0.14 0.11 0.27 0.43 0.41 0.54 0.94 0.84 0.98 1.68 

0.75 0.14 0.11 0.26 0.43 0.41 0.53 0.96 0.83 0.97 1.69 

0.95 0.20 0.16 0.38 0.62 0.59 0.77 1.38 1.20 1.41 2.44 

Percentile 

 

PCB log KFBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.07 4.57 5.06 5.46 5.96 6.35 6.91 7.00 7.44 7.86 

0.25 0.10 0.10 0.12 0.14 0.14 0.17 0.17 0.32 0.46 0.47 

0.50 0.07 0.07 0.08 0.09 0.09 0.12 0.12 0.22 0.33 0.32 

0.75 0.07 0.07 0.08 0.09 0.09 0.12 0.12 0.22 0.33 0.33 

0.95 0.10 0.10 0.12 0.13 0.13 0.17 0.17 0.31 0.47 0.47 
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Table D5.4 (Cont.): Distribution of fraction organic carbon (fOC), fraction black carbon (fBC), porosity (ϕ), particle density (ρPD), and 

hydraulic conductivity (Kh) in all sediment cores as predicted by Monte Carlo simulation.  

Percentile 

fOC 

ACL AED AFR AJL AMW AOT CBC CLC CWP IGC09 IGC13 

0.05 0.0226 0.0085 0.0132 0.0096 0.0982 0.0183 0.0064 0.0571 0.0521 0.0974 0.091 

0.25 0.0107 0.0140 0.0016 0.0211 0.0663 0.0078 0.0171 0.0021 0.0130 0.0150 0.022 

0.50 0.0074 0.0112 0.0011 0.0178 0.0466 0.0055 0.0163 0.0015 0.0091 0.0104 0.015 

0.75 0.0074 0.0113 0.0011 0.0185 0.0471 0.0054 0.0174 0.0015 0.0092 0.0104 0.015 

0.95 0.0111 0.0165 0.0016 0.0274 0.0677 0.0077 0.0260 0.0021 0.0131 0.0151 0.022 

Percentile 

fBC 

ACL AED AFR AJL AMW AOT CBC CLC CWP IGC09 IGC13 

0.05 0.0016 0.0021 0.0012 0.0011 0.0019 0.0010 0.0128 0.0128 0.0345 0.0079 0.0128 

0.25 0.0007 0.0001 0.0002 0.0004 0.0006 0.0023 0.0030 0.0030 0.0021 0.0026 0.0053 

0.50 0.0005 0.0001 0.0001 0.0003 0.0004 0.0021 0.0022 0.0022 0.0015 0.0018 0.0036 

0.75 0.0005 0.0001 0.0001 0.0003 0.0004 0.0022 0.0022 0.0022 0.0015 0.0018 0.0037 

0.95 0.0007 0.0001 0.0002 0.0004 0.0006 0.0033 0.0031 0.0031 0.0021 0.0026 0.0053 

Percentile 

ϕ 

ACL AED AFR AJL AMW AOT CBC CLC CWP IGC09 IGC13 

0.05 0.5925 0.6566 0.6153 0.5809 0.8441 0.8620 0.4115 0.6143 0.7185 0.7990 0.7980 

0.25 0.1504 0.1063 0.1100 0.1090 0.0661 0.0360 0.0982 0.0144 0.0683 0.0449 0.0460 

0.50 0.1028 0.0747 0.0751 0.0749 0.0461 0.0247 0.0675 0.0101 0.0472 0.0312 0.0310 

0.75 0.1039 0.0736 0.0759 0.0770 0.0460 0.0248 0.0671 0.0102 0.0475 0.0314 0.0313 

0.95 0.1507 0.1053 0.1109 0.1097 0.0665 0.0351 0.0967 0.0145 0.0679 0.0460 0.0454 

Percentile 

ρPD (g/mL) 

ACL AED AFR AJL AMW AOT CBC CLC CWP IGC09 IGC13 

0.05 2.4584 2.4758 2.5184 2.3650 1.8870 2.5149 2.4534 2.4711 2.3762 2.2428 2.2060 

0.25 0.0365 0.0457 0.0493 0.0791 0.1402 0.0242 0.0570 0.0089 0.0391 0.0418 0.0551 

0.50 0.0251 0.0323 0.0348 0.0552 0.0961 0.0167 0.0395 0.0063 0.0274 0.0296 0.0391 

0.75 0.0253 0.0322 0.0347 0.0552 0.0986 0.0168 0.0392 0.0062 0.0272 0.0296 0.0385 

0.95 0.0364 0.0454 0.0493 0.0821 0.1377 0.0237 0.0566 0.0090 0.0399 0.0420 0.0545 
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Table D5.4 (Cont.): Distribution of fraction organic carbon (fOC), fraction black carbon (fBC), porosity (ϕ), particle density (ρPD), and 

hydraulic conductivity (Kh) in all sediment cores as predicted by Monte Carlo simulation.  

Percentile 

Kh (m/yr) 

ACL AED AFR AJL AMW AOT CBC CLC CWP IGC09 IGC13 

0.05 62.3098 47.5545 13.3661 9.4246 50.6244 5.0645 61.5815 2.5672 21.0164 32.1659 58.0398 

0.25 253.5861 190.2544 54.2918 38.5890 203.3548 20.5402 242.8451 10.3671 84.2616 127.2085 229.4927 

0.50 353.1756 273.2315 74.5612 54.0266 286.1936 28.8593 332.8978 14.3197 117.0790 178.6593 323.6648 

0.75 469.9290 357.4104 100.3353 72.3265 380.6013 38.2208 452.4981 19.3183 159.2704 237.3156 438.0986 

0.95 801.4415 610.0208 171.0769 121.7732 652.8351 65.6066 766.5368 32.7330 267.2526 408.0191 734.7028 
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Table 5.5a (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

only sorption (log Kd (OC)) for PBDE homologs as predicted by Monte Carlo simulation in all 

sediment cores. 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.91 3.59 3.92 4.23 4.70 5.14 5.02 5.33 5.57 4.52 

0.25 3.22 3.88 4.37 4.85 5.30 5.88 6.21 6.36 6.77 6.49 

0.50 3.41 4.05 4.65 5.25 5.69 6.36 6.98 7.07 7.57 7.80 

0.75 3.58 4.20 4.92 5.64 6.07 6.82 7.76 7.75 8.35 9.11 

0.95 3.82 4.41 5.29 6.18 6.59 7.48 8.86 8.72 9.48 10.99 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.48 3.17 3.49 3.80 4.27 4.72 4.59 4.90 5.14 4.10 

0.25 3.05 3.71 4.20 4.68 5.13 5.71 6.04 6.19 6.60 6.32 

0.50 3.33 3.97 4.57 5.17 5.61 6.28 6.90 6.99 7.49 7.72 

0.75 3.55 4.17 4.89 5.61 6.04 6.79 7.73 7.72 8.32 9.08 

0.95 3.84 4.43 5.30 6.19 6.61 7.49 8.88 8.73 9.50 11.01 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.67 3.36 3.69 3.99 4.47 4.91 4.79 5.09 5.34 4.29 

0.25 2.87 3.53 4.01 4.49 4.95 5.53 5.85 6.01 6.41 6.13 

0.50 3.00 3.64 4.24 4.84 5.28 5.95 6.57 6.66 7.16 7.39 

0.75 3.13 3.75 4.46 5.18 5.61 6.37 7.31 7.29 7.90 8.66 

0.95 3.31 3.90 4.78 5.67 6.08 6.97 8.36 8.21 8.97 10.49 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.54 3.22 3.55 3.86 4.33 4.77 4.65 4.95 5.20 4.15 

0.25 3.18 3.85 4.33 4.81 5.27 5.85 6.17 6.33 6.73 6.45 

0.50 3.49 4.13 4.73 5.33 5.77 6.44 7.06 7.14 7.65 7.88 

0.75 3.73 4.35 5.06 5.78 6.21 6.97 7.91 7.89 8.50 9.26 

0.95 4.02 4.61 5.49 6.38 6.79 7.68 9.07 8.92 9.68 11.20 

Percentile 
AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.55 4.23 4.56 4.87 5.34 5.78 5.66 5.96 6.21 5.16 

0.25 3.91 4.57 5.06 5.54 6.00 6.58 6.90 7.06 7.46 7.18 

0.50 4.12 4.76 5.37 5.97 6.40 7.08 7.70 7.78 8.29 8.52 

0.75 4.31 4.93 5.65 6.37 6.80 7.55 8.49 8.48 9.08 9.84 

0.95 4.56 5.15 6.03 6.92 7.33 8.22 9.61 9.46 10.22 11.73 
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Table 5.5a (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

only sorption (log Kd (OC)) for PBDE homologs as predicted by Monte Carlo simulation in all 

sediment cores. 

 

Percentile 

AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.82 3.50 3.83 4.14 4.61 5.05 4.93 5.23 5.48 4.43 

0.25 3.11 3.77 4.26 4.74 5.19 5.77 6.10 6.26 6.66 6.38 

0.50 3.30 3.94 4.54 5.14 5.58 6.25 6.87 6.96 7.46 7.69 

0.75 3.47 4.09 4.80 5.52 5.95 6.71 7.65 7.63 8.24 9.00 

0.95 3.70 4.29 5.16 6.05 6.47 7.35 8.74 8.59 9.36 10.87 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.36 3.05 3.37 3.68 4.15 4.60 4.47 4.78 5.02 3.98 

0.25 3.07 3.73 4.22 4.69 5.15 5.73 6.06 6.21 6.62 6.34 

0.50 3.40 4.04 4.64 5.24 5.68 6.35 6.98 7.06 7.56 7.79 

0.75 3.66 4.28 4.99 5.71 6.14 6.90 7.84 7.82 8.43 9.19 

0.95 3.97 4.56 5.44 6.33 6.74 7.63 9.01 8.86 9.63 11.14 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.31 4.00 4.32 4.63 5.10 5.55 5.42 5.73 5.97 4.93 

0.25 3.47 4.13 4.62 5.10 5.55 6.13 6.46 6.61 7.02 6.74 

0.50 3.58 4.22 4.83 5.42 5.86 6.54 7.16 7.24 7.75 7.98 

0.75 3.69 4.31 5.03 5.75 6.18 6.93 7.87 7.86 8.47 9.23 

0.95 3.86 4.45 5.32 6.22 6.63 7.51 8.90 8.75 9.52 11.03 

Percentile 
CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.27 3.96 4.28 4.59 5.06 5.51 5.38 5.69 5.93 4.88 

0.25 3.51 4.17 4.66 5.14 5.59 6.17 6.50 6.66 7.06 6.78 

0.50 3.67 4.31 4.91 5.51 5.95 6.62 7.25 7.33 7.83 8.06 

0.75 3.82 4.44 5.16 5.88 6.30 7.06 8.00 7.99 8.59 9.35 

0.95 4.03 4.62 5.50 6.39 6.80 7.69 9.08 8.93 9.69 11.21 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.54 4.23 4.55 4.86 5.34 5.78 5.65 5.96 6.21 5.16 

0.25 3.75 4.41 4.90 5.37 5.83 6.41 6.74 6.89 7.30 7.02 

0.50 3.89 4.53 5.13 5.73 6.17 6.84 7.46 7.55 8.05 8.28 

0.75 4.02 4.64 5.36 6.08 6.51 7.26 8.20 8.19 8.80 9.56 

0.95 4.22 4.81 5.69 6.58 6.99 7.88 9.26 9.11 9.88 11.39 
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Table 5.5a (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

only sorption (log Kd (OC)) for PBDE homologs as predicted by Monte Carlo simulation in all 

sediment cores. 

 

 

 

Percentile 

 

 

IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.51 4.20 4.52 4.83 5.30 5.75 5.62 5.93 6.17 5.13 

0.25 3.75 4.41 4.90 5.38 5.83 6.41 6.74 6.89 7.30 7.02 

0.50 3.91 4.55 5.15 5.75 6.19 6.86 7.48 7.56 8.07 8.30 

0.75 4.06 4.68 5.39 6.11 6.54 7.30 8.23 8.22 8.83 9.59 

0.95 4.26 4.85 5.73 6.62 7.04 7.92 9.31 9.16 9.92 11.44 

 

 

 

 

Table 5.5b (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

and black carbon sorption (log Kd (OCBC)) for PBDE homologs as predicted by Monte Carlo 

simulation in all sediment cores. 

 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.91 4.25 5.70 7.08 8.84 10.44 10.85 12.47 13.52 11.47 

0.25 3.28 5.37 7.06 8.69 10.26 12.07 13.38 14.46 15.78 15.45 

0.50 4.36 6.25 8.06 9.83 11.23 13.12 14.99 15.68 17.14 17.92 

0.75 5.41 7.10 9.02 10.94 12.17 14.14 16.60 16.87 18.45 20.39 

0.95 6.60 8.07 10.23 12.40 13.45 15.61 18.97 18.72 20.57 24.20 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.48 3.96 5.41 6.79 8.54 10.15 10.56 12.18 13.23 11.18 

0.25 3.10 5.20 6.88 8.51 10.09 11.89 13.21 14.28 15.61 15.27 

0.50 4.20 6.10 7.90 9.67 11.07 12.97 14.83 15.53 16.98 17.77 

0.75 5.25 6.94 8.86 10.78 12.01 13.98 16.44 16.71 18.29 20.23 

0.95 6.42 7.89 10.04 12.22 13.27 15.43 18.78 18.53 20.39 24.02 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.67 3.89 5.34 6.72 8.47 10.08 10.49 12.11 13.16 11.11 

0.25 2.87 4.80 6.49 8.12 9.69 11.50 12.81 13.88 15.21 14.87 

0.50 3.69 5.58 7.38 9.16 10.55 12.45 14.32 15.01 16.47 17.25 

0.75 4.66 6.35 8.27 10.19 11.42 13.39 15.85 16.12 17.70 19.65 

0.95 5.76 7.23 9.39 11.57 12.62 14.77 18.13 17.88 19.74 23.37 
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Table 5.5b (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

and black carbon sorption (log Kd (OCBC)) for PBDE homologs as predicted by Monte Carlo 

simulation in all sediment cores. 

 

 

 

Percentile 

 

AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.54 3.74 5.19 6.57 8.33 9.93 10.34 11.96 13.01 10.96 

0.25 3.18 5.17 6.85 8.49 10.06 11.87 13.18 14.25 15.58 15.24 

0.50 4.25 6.15 7.95 9.72 11.12 13.02 14.88 15.58 17.03 17.82 

0.75 5.36 7.06 8.97 10.89 12.12 14.09 16.55 16.82 18.41 20.35 

0.95 6.60 8.07 10.23 12.40 13.45 15.61 18.97 18.72 20.57 24.20 

Percentile 
AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.55 4.98 6.43 7.80 9.56 11.17 11.57 13.19 14.25 12.20 

0.25 4.01 6.11 7.79 9.43 11.00 12.81 14.12 15.19 16.52 16.18 

0.50 5.10 6.99 8.80 10.57 11.97 13.86 15.73 16.42 17.88 18.66 

0.75 6.15 7.85 9.76 11.68 12.91 14.88 17.34 17.61 19.19 21.14 

0.95 7.34 8.81 10.96 13.14 14.19 16.35 19.71 19.45 21.31 24.94 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.82 3.95 5.40 6.78 8.54 10.14 10.55 12.17 13.22 11.17 

0.25 3.34 5.43 7.12 8.75 10.32 12.13 13.44 14.52 15.84 15.51 

0.50 4.54 6.44 8.24 10.01 11.41 13.31 15.17 15.87 17.32 18.11 

0.75 5.66 7.36 9.28 11.20 12.42 14.40 16.85 17.12 18.71 20.65 

0.95 6.92 8.39 10.55 12.72 13.77 15.93 19.29 19.04 20.89 24.52 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.36 4.62 6.07 7.44 9.20 10.81 11.21 12.84 13.89 11.84 

0.25 3.97 6.07 7.75 9.38 10.96 12.76 14.08 15.15 16.47 16.14 

0.50 5.17 7.06 8.87 10.64 12.04 13.93 15.80 16.49 17.95 18.73 

0.75 6.28 7.98 9.90 11.81 13.04 15.02 17.47 17.74 19.33 21.27 

0.95 7.52 8.99 11.15 13.33 14.38 16.53 19.89 19.64 21.50 25.12 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.31 5.57 7.02 8.39 10.15 11.76 12.16 13.79 14.84 12.79 

0.25 4.37 6.47 8.15 9.79 11.36 13.17 14.48 15.55 16.88 16.54 

0.50 5.35 7.25 9.05 10.82 12.22 14.12 15.98 16.68 18.13 18.92 

0.75 6.32 8.01 9.93 11.85 13.08 15.05 17.51 17.78 19.36 21.31 

0.95 7.41 8.88 11.04 13.22 14.26 16.42 19.78 19.53 21.38 25.01 

 

 

 

 



432 

 

Table 5.5b (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

and black carbon sorption (log Kd (OCBC)) for PBDE homologs as predicted by Monte Carlo 

simulation in all sediment cores. 

 

 

 

 

Percentile 

 

 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.65 5.96 7.41 8.78 10.54 12.15 12.55 14.18 15.23 13.18 

0.25 4.78 6.88 8.56 10.19 11.77 13.57 14.89 15.96 17.28 16.95 

0.50 5.76 7.66 9.46 11.24 12.63 14.53 16.39 17.09 18.55 19.33 

0.75 6.74 8.43 10.35 12.27 13.50 15.47 17.93 18.20 19.78 21.72 

0.95 7.84 9.31 11.47 13.64 14.69 16.85 20.21 19.96 21.81 25.44 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.54 5.59 7.04 8.41 10.17 11.78 12.18 13.81 14.86 12.81 

0.25 4.47 6.57 8.25 9.88 11.46 13.26 14.58 15.65 16.97 16.64 

0.50 5.49 7.39 9.19 10.96 12.36 14.26 16.12 16.82 18.27 19.06 

0.75 6.49 8.19 10.11 12.03 13.25 15.23 17.68 17.95 19.54 21.48 

0.95 7.63 9.10 11.26 13.43 14.48 16.64 20.00 19.75 21.60 25.23 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.51 5.77 7.22 8.59 10.35 11.96 12.36 13.99 15.04 12.99 

0.25 4.71 6.81 8.49 10.12 11.70 13.50 14.82 15.89 17.21 16.88 

0.50 5.75 7.65 9.45 11.23 12.62 14.52 16.38 17.08 18.54 19.32 

0.75 6.78 8.47 10.39 12.31 13.54 15.51 17.97 18.24 19.82 21.77 

0.95 7.94 9.41 11.57 13.74 14.79 16.95 20.31 20.06 21.91 25.54 
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Table 5.5c (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

only sorption (log Kd (OC)) for PCB homologs as predicted by Monte Carlo simulation in all 

sediment cores. 

 

Percentile 

 

ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.65 3.19 3.72 4.15 4.69 5.11 5.71 5.81 6.28 6.73 

0.25 2.93 3.47 4.01 4.46 5.00 5.46 6.07 6.33 6.95 7.40 

0.50 3.09 3.63 4.19 4.65 5.19 5.68 6.28 6.65 7.39 7.84 

0.75 3.24 3.78 4.35 4.82 5.36 5.88 6.48 6.96 7.82 8.26 

0.95 3.43 3.97 4.57 5.06 5.60 6.16 6.75 7.39 8.41 8.85 

 

 

 

Percentile 

 

 

AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.23 2.77 3.29 3.72 4.26 4.68 5.28 5.39 5.86 6.31 

0.25 2.76 3.30 3.84 4.29 4.83 5.29 5.90 6.16 6.78 7.23 

0.50 3.01 3.55 4.11 4.57 5.11 5.60 6.20 6.57 7.31 7.76 

0.75 3.21 3.75 4.32 4.79 5.34 5.85 6.45 6.93 7.79 8.23 

0.95 3.45 3.99 4.58 5.07 5.62 6.17 6.77 7.40 8.42 8.87 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.42 2.96 3.48 3.91 4.45 4.87 5.48 5.58 6.05 6.50 

0.25 2.57 3.11 3.66 4.11 4.65 5.11 5.71 5.97 6.60 7.05 

0.50 2.68 3.22 3.78 4.24 4.78 5.27 5.87 6.24 6.98 7.43 

0.75 2.78 3.32 3.89 4.37 4.91 5.43 6.02 6.50 7.36 7.81 

0.95 2.93 3.47 4.06 4.55 5.09 5.65 6.25 6.88 7.90 8.35 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.28 2.82 3.35 3.77 4.32 4.73 5.34 5.44 5.91 6.36 

0.25 2.89 3.43 3.98 4.43 4.97 5.43 6.03 6.29 6.91 7.37 

0.50 3.17 3.71 4.27 4.73 5.27 5.75 6.36 6.72 7.47 7.91 

0.75 3.38 3.92 4.49 4.97 5.51 6.02 6.62 7.10 7.96 8.40 

0.95 3.63 4.18 4.77 5.26 5.80 6.36 6.96 7.59 8.61 9.06 

Percentile 
AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.29 3.83 4.36 4.79 5.33 5.75 6.35 6.45 6.92 7.37 

0.25 3.62 4.16 4.71 5.16 5.70 6.16 6.76 7.02 7.64 8.10 

0.50 3.81 4.34 4.90 5.36 5.91 6.39 6.99 7.36 8.10 8.55 

0.75 3.97 4.51 5.08 5.55 6.09 6.61 7.21 7.69 8.55 8.99 

0.95 4.17 4.72 5.31 5.80 6.34 6.90 7.49 8.13 9.15 9.59 
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Table 5.5c (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

only sorption (log Kd (OC)) for PCB homologs as predicted by Monte Carlo simulation in all 

sediment cores. 

 

 

Percentile 

AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.56 3.10 3.63 4.05 4.60 5.01 5.62 5.72 6.19 6.64 

0.25 2.82 3.36 3.91 4.35 4.90 5.36 5.96 6.22 6.84 7.30 

0.50 2.98 3.52 4.08 4.54 5.08 5.57 6.17 6.54 7.28 7.73 

0.75 3.12 3.66 4.23 4.71 5.25 5.77 6.36 6.84 7.70 8.15 

0.95 3.31 3.85 4.44 4.93 5.48 6.03 6.63 7.26 8.29 8.73 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.11 2.65 3.17 3.60 4.14 4.56 5.16 5.27 5.73 6.19 

0.25 2.78 3.32 3.86 4.31 4.85 5.31 5.91 6.17 6.80 7.25 

0.50 3.08 3.62 4.18 4.64 5.18 5.67 6.27 6.64 7.38 7.83 

0.75 3.31 3.85 4.43 4.90 5.44 5.96 6.55 7.03 7.89 8.34 

0.95 3.58 4.12 4.71 5.21 5.75 6.30 6.90 7.53 8.56 9.00 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.06 3.60 4.12 4.55 5.09 5.51 6.11 6.22 6.68 7.14 

0.25 3.18 3.72 4.27 4.71 5.25 5.71 6.32 6.58 7.20 7.66 

0.50 3.26 3.80 4.36 4.82 5.36 5.85 6.45 6.82 7.56 8.01 

0.75 3.35 3.89 4.46 4.94 5.48 5.99 6.59 7.07 7.93 8.37 

0.95 3.47 4.01 4.60 5.09 5.64 6.19 6.79 7.42 8.45 8.89 

Percentile 
CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.02 3.56 4.08 4.51 5.05 5.47 6.07 6.18 6.64 7.10 

0.25 3.22 3.76 4.31 4.75 5.29 5.75 6.36 6.62 7.24 7.70 

0.50 3.35 3.89 4.45 4.91 5.45 5.94 6.54 6.91 7.65 8.10 

0.75 3.48 4.02 4.59 5.06 5.60 6.12 6.72 7.20 8.05 8.50 

0.95 3.64 4.19 4.78 5.27 5.81 6.37 6.97 7.60 8.62 9.07 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.29 3.83 4.35 4.78 5.32 5.74 6.35 6.45 6.92 7.37 

0.25 3.46 4.00 4.54 4.99 5.53 5.99 6.59 6.85 7.48 7.93 

0.50 3.57 4.11 4.67 5.13 5.67 6.16 6.76 7.13 7.87 8.32 

0.75 3.68 4.22 4.79 5.27 5.81 6.32 6.92 7.40 8.26 8.70 

0.95 3.83 4.37 4.97 5.46 6.00 6.55 7.15 7.78 8.81 9.25 

 

 

 

 

 

 

 

 

 

 



435 

 

Table 5.5c (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

only sorption (log Kd (OC)) for PCB homologs as predicted by Monte Carlo simulation in all 

sediment cores. 

 

 

Percentile 

IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.26 3.80 4.32 4.75 5.29 5.71 6.31 6.42 6.89 7.34 

0.25 3.46 4.00 4.54 4.99 5.53 5.99 6.59 6.85 7.48 7.93 

0.50 3.59 4.13 4.69 5.15 5.69 6.18 6.78 7.15 7.89 8.33 

0.75 3.71 4.25 4.82 5.30 5.84 6.35 6.95 7.43 8.29 8.73 

0.95 3.88 4.42 5.01 5.50 6.05 6.60 7.20 7.83 8.85 9.30 

 

 

 

Table 5.5d (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

and black carbon sorption (log Kd (OCBC)) for PCB homologs as predicted by Monte Carlo 

simulation in all sediment cores. 

 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.65 3.19 3.87 5.29 6.87 8.28 9.78 10.82 12.16 13.02 

0.25 2.93 3.47 4.90 6.23 7.69 9.04 10.48 11.63 13.18 14.04 

0.50 3.09 4.31 5.71 6.93 8.27 9.55 10.90 12.07 13.75 14.60 

0.75 3.99 5.20 6.49 7.61 8.83 10.02 11.29 12.49 14.30 15.15 

0.95 5.07 6.17 7.38 8.39 9.50 10.64 11.83 13.14 15.16 16.02 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.23 2.77 3.57 4.99 6.58 7.98 9.49 10.53 11.87 12.73 

0.25 2.76 3.30 4.73 6.05 7.52 8.87 10.30 11.46 13.00 13.86 

0.50 3.01 4.16 5.56 6.77 8.12 9.39 10.74 11.92 13.59 14.44 

0.75 3.83 5.03 6.33 7.44 8.67 9.86 11.13 12.33 14.13 14.99 

0.95 4.89 5.99 7.20 8.21 9.32 10.45 11.65 12.96 14.98 15.83 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.42 2.96 3.50 4.92 6.51 7.91 9.42 10.46 11.80 12.66 

0.25 2.57 3.11 4.33 5.66 7.12 8.47 9.90 11.06 12.60 13.46 

0.50 2.68 3.64 5.04 6.26 7.60 8.88 10.22 11.40 13.08 13.93 

0.75 3.24 4.45 5.74 6.86 8.08 9.27 10.54 11.75 13.55 14.40 

0.95 4.24 5.34 6.54 7.56 8.66 9.80 10.99 12.30 14.32 15.18 
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Table 5.5d (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

and black carbon sorption (log Kd (OCBC)) for PCB homologs as predicted by Monte Carlo 

simulation in all sediment cores. 

 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.28 2.82 3.35 4.77 6.36 7.76 9.27 10.31 11.65 12.51 

0.25 2.89 3.43 4.70 6.03 7.49 8.84 10.27 11.43 12.97 13.83 

0.50 3.17 4.21 5.61 6.83 8.17 9.44 10.79 11.97 13.64 14.50 

0.75 3.94 5.15 6.45 7.56 8.78 9.98 11.24 12.45 14.25 15.10 

0.95 5.08 6.18 7.38 8.39 9.50 10.64 11.83 13.14 15.16 16.02 

Percentile 
AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.29 3.83 4.59 6.01 7.59 9.00 10.51 11.55 12.89 13.74 

0.25 3.62 4.16 5.64 6.97 8.43 9.78 11.21 12.37 13.91 14.77 

0.50 3.81 5.05 6.45 7.67 9.01 10.29 11.64 12.81 14.49 15.34 

0.75 4.73 5.94 7.24 8.35 9.57 10.77 12.03 13.24 15.04 15.89 

0.95 5.81 6.91 8.12 9.13 10.24 11.38 12.57 13.88 15.90 16.75 

 

Percentile 

 

AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.56 3.10 3.63 4.99 6.57 7.98 9.48 10.52 11.86 12.72 

0.25 2.82 3.46 4.96 6.29 7.75 9.10 10.53 11.69 13.23 14.10 

0.50 3.18 4.50 5.90 7.11 8.46 9.73 11.08 12.26 13.93 14.79 

0.75 4.24 5.45 6.75 7.86 9.09 10.28 11.55 12.75 14.55 15.40 

0.95 5.39 6.49 7.70 8.71 9.82 10.96 12.15 13.46 15.48 16.34 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.11 2.65 4.23 5.65 7.24 8.64 10.15 11.19 12.53 13.38 

0.25 2.78 4.10 5.60 6.92 8.39 9.74 11.17 12.33 13.87 14.73 

0.50 3.81 5.12 6.52 7.74 9.08 10.36 11.71 12.88 14.56 15.41 

0.75 4.86 6.07 7.37 8.48 9.70 10.90 12.17 13.37 15.17 16.02 

0.95 6.00 7.10 8.30 9.32 10.42 11.56 12.75 14.06 16.08 16.94 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.06 3.60 5.18 6.60 8.19 9.59 11.10 12.14 13.48 14.33 

0.25 3.18 4.50 6.00 7.33 8.79 10.14 11.57 12.73 14.27 15.13 

0.50 3.99 5.31 6.71 7.92 9.27 10.54 11.89 13.07 14.74 15.59 

0.75 4.90 6.11 7.40 8.52 9.74 10.93 12.20 13.40 15.21 16.06 

0.95 5.89 6.99 8.19 9.21 10.31 11.45 12.64 13.95 15.97 16.83 
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Table 5.5d (Cont.): Distribution of sediment-porewater partitioning coefficient for organic carbon 

and black carbon sorption (log Kd (OCBC)) for PCB homologs as predicted by Monte Carlo 

simulation in all sediment cores. 

 

 

 

Percentile 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.02 3.98 5.57 6.99 8.58 9.98 11.49 12.53 13.87 14.72 

0.25 3.48 4.90 6.41 7.73 9.20 10.55 11.98 13.13 14.68 15.54 

0.50 4.40 5.72 7.12 8.34 9.68 10.95 12.30 13.48 15.15 16.01 

0.75 5.32 6.53 7.82 8.94 10.16 11.35 12.62 13.82 15.63 16.48 

0.95 6.32 7.42 8.62 9.63 10.74 11.88 13.07 14.38 16.40 17.26 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.29 3.83 5.20 6.62 8.21 9.61 11.12 12.16 13.50 14.35 

0.25 3.46 4.60 6.10 7.42 8.89 10.24 11.67 12.82 14.37 15.23 

0.50 4.13 5.45 6.85 8.06 9.41 10.68 12.03 13.21 14.88 15.73 

0.75 5.07 6.28 7.58 8.69 9.91 11.11 12.38 13.58 15.38 16.23 

0.95 6.11 7.21 8.41 9.43 10.53 11.67 12.86 14.17 16.19 17.05 

 

 

Percentile 

 

 

IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.26 3.80 5.38 6.80 8.39 9.79 11.30 12.34 13.68 14.53 

0.25 3.46 4.84 6.34 7.66 9.13 10.48 11.91 13.06 14.61 15.47 

0.50 4.39 5.71 7.11 8.33 9.67 10.94 12.29 13.47 15.14 16.00 

0.75 5.36 6.57 7.86 8.98 10.20 11.39 12.66 13.86 15.67 16.52 

0.95 6.41 7.51 8.72 9.73 10.84 11.98 13.17 14.48 16.50 17.36 
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Table 5.6a (Cont.): Distribution of black carbon-porewater partitioning (log KBC) for PBDE 

homologs as predicted by Monte Carlo simulation in all sediment cores. 

 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.66 1.78 2.85 4.14 5.30 5.83 7.15 7.95 6.95 

0.25 0.06 1.49 2.69 3.84 4.96 6.19 7.18 8.09 9.01 8.96 

0.50 0.95 2.20 3.40 4.58 5.54 6.76 8.00 8.62 9.57 10.12 

0.75 1.83 2.90 4.10 5.30 6.10 7.32 8.84 9.12 10.10 11.28 

0.95 2.78 3.66 4.94 6.22 6.86 8.13 10.10 10.00 11.09 13.21 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.79 1.92 2.98 4.27 5.43 5.96 7.28 8.09 7.08 

0.25 0.05 1.49 2.68 3.84 4.96 6.18 7.17 8.09 9.01 8.96 

0.50 0.87 2.13 3.33 4.51 5.46 6.69 7.93 8.54 9.49 10.05 

0.75 1.69 2.77 3.97 5.17 5.97 7.19 8.70 8.99 9.97 11.15 

0.95 2.58 3.46 4.74 6.03 6.66 7.93 9.90 9.80 10.89 13.01 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.53 1.65 2.72 4.01 5.17 5.70 7.02 7.82 6.82 

0.25 0.00 1.27 2.47 3.63 4.75 5.97 6.96 7.87 8.79 8.74 

0.50 0.69 1.94 3.14 4.32 5.28 6.50 7.74 8.36 9.31 9.86 

0.75 1.53 2.61 3.81 5.01 5.81 7.03 8.54 8.82 9.81 10.99 

0.95 2.45 3.33 4.61 5.90 6.53 7.80 9.77 9.67 10.76 12.88 

 

 

Percentile 

 

AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.52 1.64 2.71 4.00 5.16 5.69 7.01 7.81 6.81 

0.25 0.00 1.33 2.52 3.68 4.80 6.02 7.01 7.92 8.84 8.79 

0.50 0.77 2.02 3.22 4.40 5.35 6.58 7.82 8.43 9.39 9.94 

0.75 1.63 2.71 3.91 5.11 5.91 7.13 8.64 8.93 9.91 11.09 

0.95 2.58 3.46 4.74 6.02 6.66 7.93 9.90 9.80 10.89 13.01 

Percentile 
AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.74 1.87 2.93 4.22 5.38 5.91 7.23 8.04 7.04 

0.25 0.10 1.54 2.73 3.89 5.01 6.23 7.22 8.14 9.05 9.00 

0.50 0.97 2.23 3.43 4.61 5.56 6.79 8.03 8.64 9.59 10.15 

0.75 1.84 2.91 4.12 5.32 6.11 7.33 8.85 9.13 10.11 11.29 

0.95 2.78 3.66 4.94 6.22 6.86 8.13 10.10 10.00 11.09 13.21 
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Table 5.6a (Cont.): Distribution of black carbon-porewater partitioning (log KBC) for PBDE 

homologs as predicted by Monte Carlo simulation in all sediment cores. 

 

 

Percentile 

 

AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.45 1.57 2.64 3.93 5.09 5.62 6.94 7.74 6.74 

0.25 0.22 1.66 2.85 4.01 5.13 6.35 7.34 8.26 9.18 9.13 

0.50 1.24 2.50 3.70 4.88 5.83 7.06 8.30 8.91 9.86 10.42 

0.75 2.20 3.27 4.48 5.67 6.47 7.69 9.21 9.49 10.47 11.65 

0.95 3.22 4.10 5.38 6.67 7.30 8.57 10.54 10.44 11.54 13.65 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 1.57 2.69 3.76 5.05 6.21 6.74 8.06 8.86 7.86 

0.25 0.90 2.34 3.53 4.69 5.81 7.03 8.02 8.94 9.86 9.81 

0.50 1.77 3.02 4.22 5.40 6.36 7.58 8.82 9.44 10.39 10.94 

0.75 2.62 3.70 4.90 6.10 6.90 8.12 9.63 9.92 10.90 12.08 

0.95 3.56 4.44 5.71 7.00 7.64 8.91 10.88 10.78 11.87 13.98 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 1.57 2.69 3.76 5.05 6.21 6.74 8.06 8.86 7.86 

0.25 0.90 2.34 3.53 4.69 5.81 7.03 8.02 8.94 9.86 9.81 

0.50 1.77 3.02 4.22 5.40 6.36 7.58 8.82 9.44 10.39 10.94 

0.75 2.62 3.70 4.90 6.10 6.90 8.12 9.63 9.92 10.90 12.08 

0.95 3.56 4.44 5.71 7.00 7.64 8.91 10.88 10.78 11.87 13.98 

 

 

Percentile 

 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.38 2.00 3.12 4.19 5.48 6.64 7.17 8.49 9.29 8.29 

0.25 1.27 2.70 3.90 5.05 6.17 7.40 8.39 9.30 10.22 10.17 

0.50 2.09 3.35 4.55 5.73 6.68 7.91 9.15 9.76 10.71 11.27 

0.75 2.92 3.99 5.20 6.39 7.19 8.41 9.93 10.21 11.19 12.37 

0.95 3.81 4.69 5.97 7.25 7.89 9.16 11.13 11.03 12.12 14.24 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 1.36 2.48 3.55 4.84 6.00 6.53 7.85 8.65 7.65 

0.25 0.72 2.16 3.35 4.51 5.63 6.85 7.84 8.76 9.68 9.63 

0.50 1.60 2.86 4.06 5.23 6.19 7.42 8.66 9.27 10.22 10.77 

0.75 2.47 3.54 4.75 5.95 6.74 7.96 9.48 9.76 10.74 11.92 

0.95 3.41 4.29 5.57 6.86 7.49 8.76 10.73 10.63 11.73 13.84 

 

 

 

 

 

 

 

 



440 

 

Table 5.6a (Cont.): Distribution of black carbon-porewater partitioning (log KBC) for PBDE 

homologs as predicted by Monte Carlo simulation in all sediment cores. 

 

 

 

Percentile 

 

IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 1.57 2.69 3.76 5.05 6.21 6.74 8.06 8.86 7.86 

0.25 0.96 2.40 3.59 4.75 5.87 7.09 8.08 9.00 9.91 9.86 

0.50 1.85 3.10 4.30 5.48 6.44 7.66 8.90 9.52 10.47 11.02 

0.75 2.72 3.80 5.00 6.20 7.00 8.22 9.73 10.02 11.00 12.18 

0.95 3.67 4.56 5.83 7.12 7.75 9.03 11.00 10.89 11.99 14.10 

 

 

 

Table 5.6b (Cont.): Distribution of black carbon-porewater partitioning (log KBC) for PCB 

homologs as predicted by Monte Carlo simulation in all sediment cores. 

 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 0.15 1.14 2.18 3.17 4.07 5.01 5.88 6.28 

0.25 0.00 0.00 0.89 1.77 2.69 3.58 4.41 5.30 6.23 6.63 

0.50 0.00 0.68 1.52 2.28 3.08 3.87 4.62 5.43 6.36 6.76 

0.75 0.75 1.42 2.14 2.78 3.46 4.14 4.81 5.54 6.48 6.89 

0.95 1.64 2.20 2.81 3.34 3.90 4.48 5.07 5.75 6.75 7.16 

 

 

Percentile 

 

AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 0.28 1.27 2.32 3.30 4.21 5.14 6.01 6.42 

0.25 0.00 0.00 0.89 1.76 2.69 3.58 4.41 5.30 6.22 6.63 

0.50 0.00 0.61 1.45 2.21 3.01 3.79 4.54 5.35 6.28 6.69 

0.75 0.62 1.29 2.01 2.65 3.33 4.01 4.68 5.40 6.35 6.75 

0.95 1.44 2.00 2.61 3.14 3.70 4.28 4.88 5.56 6.55 6.96 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 0.02 1.01 2.06 3.04 3.95 4.88 5.75 6.16 

0.25 0.00 0.00 0.67 1.55 2.47 3.36 4.19 5.09 6.01 6.41 

0.50 0.00 0.42 1.26 2.02 2.82 3.61 4.36 5.17 6.10 6.50 

0.75 0.46 1.13 1.85 2.49 3.17 3.85 4.52 5.24 6.19 6.59 

0.95 1.31 1.87 2.48 3.01 3.57 4.15 4.75 5.43 6.42 6.83 
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Table 5.6b (Cont.): Distribution of black carbon-porewater partitioning (log KBC) for PCB 

homologs as predicted by Monte Carlo simulation in all sediment cores. 

 

 

 

Percentile 

AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 0.01 1.00 2.04 3.03 3.93 4.87 5.74 6.14 

0.25 0.00 0.00 0.72 1.60 2.52 3.41 4.24 5.14 6.06 6.46 

0.50 0.00 0.50 1.34 2.10 2.90 3.69 4.44 5.24 6.18 6.58 

0.75 0.56 1.23 1.95 2.59 3.27 3.95 4.62 5.35 6.29 6.69 

0.95 1.44 2.00 2.61 3.13 3.70 4.28 4.87 5.55 6.55 6.96 

Percentile 
AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 0.23 1.22 2.27 3.25 4.16 5.09 5.97 6.37 

0.25 0.00 0.00 0.93 1.81 2.73 3.63 4.45 5.35 6.27 6.68 

0.50 0.00 0.71 1.55 2.31 3.11 3.89 4.64 5.45 6.38 6.79 

0.75 0.76 1.43 2.16 2.79 3.48 4.15 4.82 5.55 6.49 6.90 

0.95 1.64 2.20 2.81 3.33 3.90 4.48 5.07 5.75 6.75 7.16 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 0.00 0.93 1.98 2.96 3.86 4.80 5.67 6.08 

0.25 0.00 0.10 1.06 1.93 2.86 3.75 4.58 5.47 6.39 6.80 

0.50 0.20 0.98 1.82 2.58 3.38 4.16 4.91 5.72 6.65 7.06 

0.75 1.12 1.79 2.51 3.15 3.84 4.51 5.18 5.91 6.85 7.26 

0.95 2.08 2.64 3.26 3.78 4.34 4.92 5.52 6.20 7.19 7.61 

 

 

Percentile 

 

CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 1.06 2.05 3.09 4.08 4.98 5.92 6.79 7.19 

0.25 0.00 0.78 1.74 2.61 3.54 4.43 5.26 6.15 7.07 7.48 

0.50 0.72 1.50 2.34 3.10 3.90 4.69 5.44 6.25 7.18 7.58 

0.75 1.55 2.22 2.94 3.58 4.26 4.94 5.61 6.33 7.28 7.68 

0.95 2.42 2.98 3.59 4.11 4.68 5.26 5.85 6.53 7.53 7.94 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 1.06 2.05 3.09 4.08 4.98 5.92 6.79 7.19 

0.25 0.00 0.78 1.74 2.61 3.54 4.43 5.26 6.15 7.07 7.48 

0.50 0.72 1.50 2.34 3.10 3.90 4.69 5.44 6.25 7.18 7.58 

0.75 1.55 2.22 2.94 3.58 4.26 4.94 5.61 6.33 7.28 7.68 

0.95 2.42 2.98 3.59 4.11 4.68 5.26 5.85 6.53 7.53 7.94 
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Table 5.6b (Cont.): Distribution of black carbon-porewater partitioning (log KBC) for PCB 

homologs as predicted by Monte Carlo simulation in all sediment cores. 

 

 

Percentile 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.42 1.49 2.48 3.53 4.51 5.41 6.35 7.22 7.62 

0.25 0.26 1.15 2.10 2.98 3.90 4.79 5.62 6.51 7.44 7.84 

0.50 1.05 1.83 2.67 3.43 4.23 5.01 5.76 6.57 7.50 7.91 

0.75 1.84 2.51 3.23 3.87 4.56 5.23 5.90 6.63 7.57 7.98 

0.95 2.67 3.23 3.84 4.36 4.93 5.51 6.10 6.78 7.78 8.19 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 0.85 1.84 2.88 3.87 4.77 5.71 6.58 6.98 

0.25 0.00 0.60 1.56 2.43 3.36 4.25 5.08 5.97 6.89 7.30 

0.50 0.56 1.34 2.18 2.93 3.74 4.52 5.27 6.08 7.01 7.42 

0.75 1.39 2.06 2.79 3.42 4.11 4.79 5.46 6.18 7.12 7.53 

0.95 2.27 2.83 3.45 3.97 4.53 5.11 5.71 6.39 7.39 7.80 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 0.00 0.00 1.06 2.05 3.09 4.08 4.98 5.92 6.79 7.19 

0.25 0.00 0.84 1.79 2.67 3.60 4.49 5.31 6.21 7.13 7.54 

0.50 0.80 1.58 2.42 3.18 3.98 4.77 5.52 6.33 7.26 7.66 

0.75 1.65 2.32 3.04 3.68 4.36 5.04 5.71 6.43 7.38 7.78 

0.95 2.54 3.10 3.71 4.23 4.79 5.38 5.97 6.65 7.65 8.06 
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Table 5.7a: Distribution of observed diffusivity for organic carbon only sorption (Dobs (OC)) (m
2
/yr) values as predicted by Monte Carlo 

simulation for PBDE homologs in all sediment cores. 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.40E-06 3.40E-07 4.27E-08 5.24E-09 1.94E-09 2.42E-10 9.60E-12 1.30E-11 2.17E-12 6.45E-14 

0.25 1.73E-06 3.94E-07 7.20E-08 1.31E-08 4.67E-09 7.86E-10 8.74E-11 8.69E-11 2.09E-11 3.51E-12 

0.50 1.99E-06 4.32E-07 1.03E-07 2.46E-08 8.57E-09 1.76E-09 4.04E-10 3.22E-10 9.70E-11 5.54E-11 

0.75 2.29E-06 4.75E-07 1.46E-07 4.65E-08 1.56E-08 3.95E-09 1.81E-09 1.21E-09 4.61E-10 8.56E-10 

0.95 2.81E-06 5.49E-07 2.47E-07 1.16E-07 3.73E-08 1.29E-08 1.66E-08 7.94E-09 4.35E-09 4.72E-08 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.10E-06 2.67E-07 3.35E-08 4.11E-09 1.52E-09 1.90E-10 7.53E-12 1.02E-11 1.70E-12 5.06E-14 

0.25 1.65E-06 3.76E-07 6.88E-08 1.25E-08 4.46E-09 7.51E-10 8.36E-11 8.31E-11 1.99E-11 3.35E-12 

0.50 2.32E-06 5.03E-07 1.19E-07 2.87E-08 9.98E-09 2.04E-09 4.70E-10 3.75E-10 1.13E-10 6.45E-11 

0.75 3.57E-06 7.39E-07 2.28E-07 7.25E-08 2.43E-08 6.15E-09 2.81E-09 1.89E-09 7.17E-10 1.33E-09 

0.95 9.46E-06 1.85E-06 8.30E-07 3.89E-07 1.26E-07 4.34E-08 5.60E-08 2.67E-08 1.47E-08 1.59E-07 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.35E-06 8.15E-07 1.02E-07 1.26E-08 4.64E-09 5.79E-10 2.30E-11 3.12E-11 5.20E-12 1.54E-13 

0.25 3.95E-06 8.98E-07 1.64E-07 2.98E-08 1.07E-08 1.79E-09 2.00E-10 1.98E-10 4.76E-11 8.01E-12 

0.50 4.36E-06 9.45E-07 2.25E-07 5.39E-08 1.88E-08 3.85E-09 8.84E-10 7.06E-10 2.12E-10 1.21E-10 

0.75 4.76E-06 9.86E-07 3.04E-07 9.67E-08 3.24E-08 8.21E-09 3.75E-09 2.52E-09 9.57E-10 1.78E-09 

0.95 5.14E-06 1.00E-06 4.51E-07 2.11E-07 6.82E-08 2.36E-08 3.04E-08 1.45E-08 7.96E-09 8.64E-08 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 6.11E-07 1.49E-07 1.87E-08 2.29E-09 8.47E-10 1.06E-10 4.20E-12 5.70E-12 9.50E-13 2.82E-14 

0.25 9.35E-07 2.13E-07 3.89E-08 7.06E-09 2.52E-09 4.25E-10 4.72E-11 4.70E-11 1.13E-11 1.90E-12 

0.50 1.33E-06 2.88E-07 6.85E-08 1.65E-08 5.73E-09 1.17E-09 2.70E-10 2.15E-10 6.48E-11 3.70E-11 

0.75 2.14E-06 4.42E-07 1.36E-07 4.34E-08 1.45E-08 3.68E-09 1.68E-09 1.13E-09 4.29E-10 7.98E-10 

0.95 6.57E-06 1.28E-06 5.77E-07 2.70E-07 8.72E-08 3.02E-08 3.89E-08 1.86E-08 1.02E-08 1.10E-07 
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Table 5.7a: Distribution of observed diffusivity for organic carbon only sorption (Dobs (OC)) (m
2
/yr) values as predicted by Monte Carlo 

simulation for PBDE homologs in all sediment cores. 

 

 

Percentile 

AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.59E-07 6.31E-08 7.91E-09 9.72E-10 3.59E-10 4.48E-11 1.78E-12 2.42E-12 4.03E-13 1.20E-14 

0.25 4.19E-07 9.52E-08 1.74E-08 3.16E-09 1.13E-09 1.90E-10 2.12E-11 2.10E-11 5.05E-12 8.50E-13 

0.50 6.06E-07 1.31E-07 3.12E-08 7.49E-09 2.61E-09 5.34E-10 1.23E-10 9.81E-11 2.95E-11 1.69E-11 

0.75 9.16E-07 1.90E-07 5.86E-08 1.86E-08 6.24E-09 1.58E-09 7.22E-10 4.85E-10 1.84E-10 3.42E-10 

0.95 1.92E-06 3.76E-07 1.69E-07 7.91E-08 2.55E-08 8.82E-09 1.14E-08 5.43E-09 2.98E-09 3.23E-08 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.42E-06 3.45E-07 4.32E-08 5.31E-09 1.96E-09 2.45E-10 9.73E-12 1.32E-11 2.20E-12 6.53E-14 

0.25 2.22E-06 5.05E-07 9.24E-08 1.68E-08 6.00E-09 1.01E-09 1.12E-10 1.12E-10 2.68E-11 4.51E-12 

0.50 3.10E-06 6.73E-07 1.60E-07 3.84E-08 1.34E-08 2.74E-09 6.29E-10 5.02E-10 1.51E-10 8.64E-11 

0.75 4.48E-06 9.28E-07 2.86E-07 9.10E-08 3.05E-08 7.73E-09 3.53E-09 2.37E-09 9.01E-10 1.67E-09 

0.95 8.15E-06 1.59E-06 7.15E-07 3.35E-07 1.08E-07 3.74E-08 4.82E-08 2.30E-08 1.26E-08 1.37E-07 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.85E-07 9.38E-08 1.18E-08 1.44E-09 5.34E-10 6.66E-11 2.65E-12 3.59E-12 5.99E-13 1.78E-14 

0.25 5.78E-07 1.32E-07 2.41E-08 4.37E-09 1.56E-09 2.63E-10 2.92E-11 2.91E-11 6.97E-12 1.17E-12 

0.50 8.24E-07 1.79E-07 4.24E-08 1.02E-08 3.55E-09 7.26E-10 1.67E-10 1.33E-10 4.01E-11 2.29E-11 

0.75 1.34E-06 2.77E-07 8.56E-08 2.72E-08 9.13E-09 2.31E-09 1.06E-09 7.09E-10 2.69E-10 5.00E-10 

0.95 4.24E-06 8.27E-07 3.72E-07 1.74E-07 5.62E-08 1.94E-08 2.50E-08 1.20E-08 6.56E-09 7.12E-08 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.06E-07 9.91E-08 1.24E-08 1.52E-09 5.63E-10 7.03E-11 2.79E-12 3.79E-12 6.32E-13 1.88E-14 

0.25 5.61E-07 1.28E-07 2.34E-08 4.24E-09 1.51E-09 2.55E-10 2.84E-11 2.82E-11 6.76E-12 1.14E-12 

0.50 7.01E-07 1.52E-07 3.61E-08 8.67E-09 3.02E-09 6.18E-10 1.42E-10 1.13E-10 3.42E-11 1.95E-11 

0.75 8.76E-07 1.81E-07 5.60E-08 1.78E-08 5.97E-09 1.51E-09 6.90E-10 4.64E-10 1.76E-10 3.27E-10 

0.95 1.20E-06 2.35E-07 1.05E-07 4.95E-08 1.59E-08 5.52E-09 7.11E-09 3.40E-09 1.86E-09 2.02E-08 
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Table 5.7a: Distribution of observed diffusivity for organic carbon only sorption (Dobs (OC)) (m
2
/yr) values as predicted by Monte Carlo 

simulation for PBDE homologs in all sediment cores. 

 

 

Percentile 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 6.24E-07 1.52E-07 1.91E-08 2.34E-09 8.65E-10 1.08E-10 4.29E-12 5.83E-12 9.71E-13 2.88E-14 

0.25 8.65E-07 1.97E-07 3.60E-08 6.54E-09 2.33E-09 3.93E-10 4.37E-11 4.34E-11 1.04E-11 1.75E-12 

0.50 1.09E-06 2.36E-07 5.61E-08 1.35E-08 4.69E-09 9.61E-10 2.21E-10 1.76E-10 5.31E-11 3.03E-11 

0.75 1.38E-06 2.87E-07 8.84E-08 2.81E-08 9.43E-09 2.39E-09 1.09E-09 7.32E-10 2.78E-10 5.17E-10 

0.95 1.98E-06 3.86E-07 1.74E-07 8.14E-08 2.62E-08 9.07E-09 1.17E-08 5.59E-09 3.06E-09 3.32E-08 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.31E-07 1.05E-07 1.32E-08 1.62E-09 5.97E-10 7.45E-11 2.96E-12 4.02E-12 6.70E-13 1.99E-14 

0.25 6.09E-07 1.38E-07 2.53E-08 4.60E-09 1.64E-09 2.77E-10 3.08E-11 3.06E-11 7.34E-12 1.24E-12 

0.50 7.78E-07 1.69E-07 4.00E-08 9.62E-09 3.35E-09 6.86E-10 1.58E-10 1.26E-10 3.79E-11 2.16E-11 

0.75 9.98E-07 2.07E-07 6.38E-08 2.03E-08 6.80E-09 1.72E-09 7.86E-10 5.28E-10 2.01E-10 3.73E-10 

0.95 1.44E-06 2.80E-07 1.26E-07 5.90E-08 1.90E-08 6.58E-09 8.49E-09 4.05E-09 2.22E-09 2.41E-08 

 

Percentile 

IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.85E-07 9.39E-08 1.18E-08 1.44E-09 5.34E-10 6.66E-11 2.65E-12 3.60E-12 5.99E-13 1.78E-14 

0.25 5.68E-07 1.29E-07 2.36E-08 4.29E-09 1.53E-09 2.58E-10 2.87E-11 2.85E-11 6.84E-12 1.15E-12 

0.50 7.51E-07 1.63E-07 3.87E-08 9.29E-09 3.23E-09 6.62E-10 1.52E-10 1.22E-10 3.66E-11 2.09E-11 

0.75 1.01E-06 2.09E-07 6.44E-08 2.05E-08 6.86E-09 1.74E-09 7.94E-10 5.33E-10 2.02E-10 3.76E-10 

0.95 1.56E-06 3.05E-07 1.37E-07 6.43E-08 2.07E-08 7.17E-09 9.24E-09 4.42E-09 2.42E-09 2.63E-08 
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Table 5.7b (Cont.): Distribution of observed diffusivity for organic carbon and black carbon sorptions (Dobs (OCBC)) (m
2
/yr) values as 

predicted by Monte Carlo simulation for PBDE homologs in all sediment cores. 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.32E-09 7.42E-11 4.93E-13 3.12E-15 2.67E-16 1.78E-18 7.59E-22 1.30E-21 1.75E-23 3.99E-27 

0.25 2.58E-08 4.94E-10 5.66E-12 6.51E-14 3.70E-15 3.76E-17 1.28E-19 6.62E-20 1.66E-21 1.84E-23 

0.50 2.25E-07 2.70E-09 4.04E-11 6.47E-13 2.49E-14 3.03E-16 4.00E-18 7.79E-19 2.62E-20 4.19E-21 

0.75 2.01E-06 1.53E-08 3.00E-10 6.69E-12 1.70E-13 2.56E-15 1.20E-16 9.81E-18 4.50E-19 9.39E-19 

0.95 2.81E-06 1.21E-07 4.07E-09 1.64E-10 2.73E-12 6.47E-14 2.46E-14 5.67E-16 4.86E-17 5.29E-15 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.88E-09 9.22E-11 6.12E-13 3.88E-15 3.32E-16 2.21E-18 9.42E-22 1.62E-21 2.18E-23 4.96E-27 

0.25 3.35E-08 6.41E-10 7.34E-12 8.44E-14 4.80E-15 4.88E-17 1.66E-19 8.59E-20 2.15E-21 2.38E-23 

0.50 3.11E-07 3.73E-09 5.59E-11 8.95E-13 3.44E-14 4.19E-16 5.53E-18 1.08E-18 3.63E-20 5.80E-21 

0.75 3.16E-06 2.40E-08 4.72E-10 1.05E-11 2.67E-13 4.03E-15 1.89E-16 1.54E-17 7.06E-19 1.48E-18 

0.95 9.46E-06 2.99E-07 1.01E-08 4.04E-10 6.75E-12 1.60E-13 6.08E-14 1.40E-15 1.20E-16 1.31E-14 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.18E-08 3.79E-10 2.52E-12 1.60E-14 1.37E-15 9.11E-18 3.88E-21 6.67E-21 8.96E-23 2.04E-26 

0.25 1.16E-07 2.22E-09 2.54E-11 2.92E-13 1.66E-14 1.69E-16 5.73E-19 2.97E-19 7.43E-21 8.24E-23 

0.50 8.96E-07 1.08E-08 1.61E-10 2.58E-12 9.94E-14 1.21E-15 1.60E-17 3.11E-18 1.05E-19 1.67E-20 

0.75 4.76E-06 5.23E-08 1.03E-09 2.29E-11 5.83E-13 8.79E-15 4.12E-16 3.36E-17 1.54E-18 3.22E-18 

0.95 5.14E-06 2.96E-07 9.99E-09 4.01E-10 6.69E-12 1.59E-13 6.03E-14 1.39E-15 1.19E-16 1.30E-14 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.61E-09 5.16E-11 3.42E-13 2.17E-15 1.86E-16 1.24E-18 5.27E-22 9.07E-22 1.22E-23 2.78E-27 

0.25 2.17E-08 4.15E-10 4.75E-12 5.46E-14 3.11E-15 3.16E-17 1.07E-19 5.56E-20 1.39E-21 1.54E-23 

0.50 2.28E-07 2.74E-09 4.11E-11 6.57E-13 2.53E-14 3.08E-16 4.07E-18 7.92E-19 2.67E-20 4.26E-21 

0.75 2.14E-06 2.09E-08 4.11E-10 9.16E-12 2.33E-13 3.51E-15 1.65E-16 1.34E-17 6.16E-19 1.29E-18 

0.95 6.57E-06 3.89E-07 1.31E-08 5.27E-10 8.79E-12 2.08E-13 7.92E-14 1.82E-15 1.56E-16 1.70E-14 
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Table 5.7b (Cont.): Distribution of observed diffusivity for organic carbon and black carbon sorptions (Dobs (OCBC)) (m
2
/yr) values as 

predicted by Monte Carlo simulation for PBDE homologs in all sediment cores. 

 

 

Percentile 

 

AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.32E-10 1.38E-11 9.18E-14 5.82E-16 4.98E-17 3.32E-19 1.41E-22 2.43E-22 3.27E-24 7.45E-28 

0.25 6.08E-09 1.16E-10 1.33E-12 1.53E-14 8.71E-16 8.85E-18 3.01E-20 1.56E-20 3.90E-22 4.32E-24 

0.50 6.45E-08 7.74E-10 1.16E-11 1.86E-13 7.15E-15 8.70E-17 1.15E-18 2.24E-19 7.53E-21 1.20E-21 

0.75 7.28E-07 5.52E-09 1.09E-10 2.42E-12 6.15E-14 9.28E-16 4.34E-17 3.55E-18 1.63E-19 3.40E-19 

0.95 1.92E-06 6.80E-08 2.29E-09 9.21E-11 1.54E-12 3.64E-14 1.39E-14 3.19E-16 2.74E-17 2.98E-15 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 8.48E-10 2.72E-11 1.80E-13 1.14E-15 9.78E-17 6.52E-19 2.78E-22 4.77E-22 6.41E-24 1.46E-27 

0.25 1.41E-08 2.70E-10 3.09E-12 3.55E-14 2.02E-15 2.05E-17 6.97E-20 3.62E-20 9.05E-22 1.00E-23 

0.50 1.78E-07 2.13E-09 3.20E-11 5.12E-13 1.97E-14 2.40E-16 3.16E-18 6.17E-19 2.08E-20 3.32E-21 

0.75 1.78E-07 2.13E-09 3.20E-11 5.12E-13 1.97E-14 2.40E-16 3.16E-18 6.17E-19 2.08E-20 3.32E-21 

0.95 2.69E-06 2.04E-08 4.01E-10 8.92E-12 2.27E-13 3.42E-15 1.60E-16 1.31E-17 6.00E-19 1.25E-18 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.07E-10 3.43E-12 2.28E-14 1.44E-16 1.23E-17 8.24E-20 3.51E-23 6.03E-23 8.10E-25 1.85E-28 

0.25 1.37E-09 2.63E-11 3.01E-13 3.46E-15 1.97E-16 2.00E-18 6.79E-21 3.52E-21 8.81E-23 9.77E-25 

0.50 1.41E-08 1.69E-10 2.54E-12 4.06E-14 1.56E-15 1.90E-17 2.51E-19 4.89E-20 1.65E-21 2.63E-22 

0.75 1.68E-07 1.27E-09 2.50E-11 5.57E-13 1.42E-14 2.13E-16 1.00E-17 8.17E-19 3.74E-20 7.82E-20 

0.95 4.24E-06 2.23E-08 7.53E-10 3.02E-11 5.05E-13 1.20E-14 4.55E-15 1.05E-16 8.99E-18 9.79E-16 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.13E-10 3.62E-12 2.40E-14 1.52E-16 1.30E-17 8.70E-20 3.70E-23 6.36E-23 8.55E-25 1.95E-28 

0.25 1.33E-09 2.55E-11 2.92E-13 3.36E-15 1.91E-16 1.94E-18 6.59E-21 3.42E-21 8.55E-23 9.49E-25 

0.50 1.20E-08 1.44E-10 2.16E-12 3.45E-14 1.33E-15 1.62E-17 2.14E-19 4.16E-20 1.40E-21 2.24E-22 

0.75 1.10E-07 8.32E-10 1.63E-11 3.64E-13 9.26E-15 1.40E-16 6.54E-18 5.34E-19 2.45E-20 5.12E-20 

0.95 1.20E-06 6.34E-09 2.14E-10 8.58E-12 1.43E-13 3.39E-15 1.29E-15 2.97E-17 2.55E-18 2.78E-16 
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Table 5.7b (Cont.): Distribution of observed diffusivity for organic carbon and black carbon sorptions (Dobs (OCBC)) (m
2
/yr) values as 

predicted by Monte Carlo simulation for PBDE homologs in all sediment cores. 

 

 

 

Percentile 

 

 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.69E-11 3.10E-12 2.06E-14 1.31E-16 1.12E-17 7.45E-20 3.17E-23 5.45E-23 7.33E-25 1.67E-28 

0.25 1.05E-09 2.00E-11 2.29E-13 2.64E-15 1.50E-16 1.53E-18 5.18E-21 2.69E-21 6.72E-23 7.45E-25 

0.50 8.81E-09 1.06E-10 1.59E-12 2.54E-14 9.77E-16 1.19E-17 1.57E-19 3.06E-20 1.03E-21 1.65E-22 

0.75 7.48E-08 5.68E-10 1.12E-11 2.49E-13 6.32E-15 9.53E-17 4.46E-18 3.65E-19 1.67E-20 3.49E-20 

0.95 8.34E-07 3.87E-09 1.30E-10 5.23E-12 8.73E-14 2.07E-15 7.88E-16 1.81E-17 1.56E-18 1.69E-16 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.67E-10 5.33E-12 3.54E-14 2.24E-16 1.92E-17 1.28E-19 5.45E-23 9.37E-23 1.26E-24 2.87E-28 

0.25 2.07E-09 3.96E-11 4.53E-13 5.21E-15 2.96E-16 3.01E-18 1.02E-20 5.31E-21 1.33E-22 1.47E-24 

0.50 1.95E-08 2.34E-10 3.51E-12 5.61E-14 2.16E-15 2.63E-17 3.47E-19 6.76E-20 2.28E-21 3.64E-22 

0.75 1.89E-07 1.43E-09 2.82E-11 6.28E-13 1.60E-14 2.41E-16 1.13E-17 9.21E-19 4.22E-20 8.82E-20 

0.95 1.44E-06 1.23E-08 4.15E-10 1.67E-11 2.78E-13 6.59E-15 2.51E-15 5.77E-17 4.95E-18 5.39E-16 

 

Percentile 

IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 8.15E-11 2.61E-12 1.73E-14 1.10E-16 9.39E-18 6.27E-20 2.67E-23 4.59E-23 6.16E-25 1.40E-28 

0.25 1.07E-09 2.06E-11 2.35E-13 2.71E-15 1.54E-16 1.56E-18 5.31E-21 2.76E-21 6.89E-23 7.64E-25 

0.50 1.07E-08 1.28E-10 1.92E-12 3.08E-14 1.18E-15 1.44E-17 1.90E-19 3.71E-20 1.25E-21 2.00E-22 

0.75 1.10E-07 8.38E-10 1.65E-11 3.67E-13 9.33E-15 1.41E-16 6.59E-18 5.38E-19 2.47E-20 5.15E-20 

0.95 1.56E-06 8.24E-09 2.78E-10 1.11E-11 1.86E-13 4.41E-15 1.68E-15 3.86E-17 3.31E-18 3.61E-16 
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Table 5.7c (Cont.): Distribution of observed diffusivity for organic carbon only sorption (Dobs (OC)) (m
2
/yr) values as predicted by Monte 

Carlo simulation for PCB homologs in all sediment cores. 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.40E-06 9.25E-07 2.25E-07 6.92E-08 1.90E-08 5.08E-09 1.24E-09 2.79E-10 2.55E-11 8.90E-12 

0.25 3.84E-06 1.05E-06 2.66E-07 8.52E-08 2.35E-08 6.88E-09 1.67E-09 5.37E-10 7.18E-11 2.50E-11 

0.50 4.15E-06 1.14E-06 2.97E-07 9.81E-08 2.71E-08 8.45E-09 2.05E-09 8.46E-10 1.48E-10 5.11E-11 

0.75 4.49E-06 1.23E-06 3.31E-07 1.13E-07 3.11E-08 1.04E-08 2.50E-09 1.33E-09 3.03E-10 1.03E-10 

0.95 5.07E-06 1.38E-06 3.91E-07 1.39E-07 3.83E-08 1.41E-08 3.39E-09 2.57E-09 8.47E-10 2.89E-10 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.67E-06 7.26E-07 1.76E-07 5.43E-08 1.49E-08 3.99E-09 9.72E-10 2.19E-10 2.00E-11 6.98E-12 

0.25 3.67E-06 1.00E-06 2.54E-07 8.14E-08 2.24E-08 6.57E-09 1.60E-09 5.13E-10 6.86E-11 2.39E-11 

0.50 4.83E-06 1.32E-06 3.46E-07 1.14E-07 3.15E-08 9.84E-09 2.39E-09 9.85E-10 1.72E-10 5.95E-11 

0.75 6.99E-06 1.91E-06 5.16E-07 1.76E-07 4.84E-08 1.62E-08 3.89E-09 2.06E-09 4.72E-10 1.61E-10 

0.95 1.71E-05 4.66E-06 1.32E-06 4.69E-07 1.29E-07 4.74E-08 1.14E-08 8.67E-09 2.85E-09 9.75E-10 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 8.15E-06 2.22E-06 5.39E-07 1.66E-07 4.54E-08 1.22E-08 2.97E-09 6.69E-10 6.12E-11 2.13E-11 

0.25 8.75E-06 2.39E-06 6.08E-07 1.94E-07 5.35E-08 1.57E-08 3.82E-09 1.23E-09 1.64E-10 5.71E-11 

0.50 9.08E-06 2.49E-06 6.51E-07 2.15E-07 5.93E-08 1.85E-08 4.49E-09 1.85E-09 3.24E-10 1.12E-10 

0.75 9.32E-06 2.55E-06 6.88E-07 2.35E-07 6.45E-08 2.16E-08 5.19E-09 2.75E-09 6.30E-10 2.15E-10 

0.95 9.27E-06 2.53E-06 7.16E-07 2.55E-07 7.01E-08 2.57E-08 6.19E-09 4.71E-09 1.55E-09 5.29E-10 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.49E-06 4.05E-07 9.84E-08 3.03E-08 8.30E-09 2.22E-09 5.42E-10 1.22E-10 1.12E-11 3.89E-12 

0.25 2.07E-06 5.67E-07 1.44E-07 4.60E-08 1.27E-08 3.71E-09 9.05E-10 2.90E-10 3.88E-11 1.35E-11 

0.50 2.77E-06 7.59E-07 1.99E-07 6.56E-08 1.81E-08 5.65E-09 1.37E-09 5.65E-10 9.88E-11 3.42E-11 

0.75 4.18E-06 1.14E-06 3.09E-07 1.05E-07 2.89E-08 9.67E-09 2.33E-09 1.23E-09 2.83E-10 9.64E-11 

0.95 1.19E-05 3.23E-06 9.15E-07 3.26E-07 8.96E-08 3.29E-08 7.92E-09 6.02E-09 1.98E-09 6.77E-10 
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Table 5.7c (Cont.): Distribution of observed diffusivity for organic carbon only sorption (Dobs (OC)) (m
2
/yr) values as predicted by Monte 

Carlo simulation for PCB homologs in all sediment cores. 

 

 

Percentile 

 

AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 6.31E-07 1.72E-07 4.17E-08 1.28E-08 3.52E-09 9.42E-10 2.30E-10 5.18E-11 4.74E-12 1.65E-12 

0.25 9.29E-07 2.54E-07 6.44E-08 2.06E-08 5.67E-09 1.66E-09 4.05E-10 1.30E-10 1.74E-11 6.05E-12 

0.50 1.26E-06 3.45E-07 9.04E-08 2.99E-08 8.23E-09 2.57E-09 6.24E-10 2.57E-10 4.50E-11 1.56E-11 

0.75 1.80E-06 4.91E-07 1.33E-07 4.51E-08 1.24E-08 4.15E-09 9.98E-10 5.30E-10 1.21E-10 4.13E-11 

0.95 3.47E-06 9.47E-07 2.68E-07 9.53E-08 2.62E-08 9.62E-09 2.32E-09 1.76E-09 5.80E-10 1.98E-10 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.45E-06 9.38E-07 2.28E-07 7.01E-08 1.92E-08 5.15E-09 1.26E-09 2.83E-10 2.59E-11 9.02E-12 

0.25 4.93E-06 1.35E-06 3.42E-07 1.09E-07 3.01E-08 8.83E-09 2.15E-09 6.90E-10 9.22E-11 3.21E-11 

0.50 6.46E-06 1.77E-06 4.63E-07 1.53E-07 4.22E-08 1.32E-08 3.19E-09 1.32E-09 2.31E-10 7.97E-11 

0.75 8.78E-06 2.40E-06 6.48E-07 2.21E-07 6.07E-08 2.03E-08 4.88E-09 2.59E-09 5.93E-10 2.02E-10 

0.95 1.47E-05 4.01E-06 1.14E-06 4.04E-07 1.11E-07 4.08E-08 9.82E-09 7.47E-09 2.46E-09 8.40E-10 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.38E-07 2.55E-07 6.20E-08 1.91E-08 5.23E-09 1.40E-09 3.42E-10 7.69E-11 7.04E-12 2.45E-12 

0.25 1.28E-06 3.51E-07 8.90E-08 2.85E-08 7.84E-09 2.30E-09 5.60E-10 1.80E-10 2.40E-11 8.36E-12 

0.50 1.72E-06 4.70E-07 1.23E-07 4.06E-08 1.12E-08 3.50E-09 8.48E-10 3.50E-10 6.12E-11 2.12E-11 

0.75 2.62E-06 7.18E-07 1.94E-07 6.60E-08 1.82E-08 6.07E-09 1.46E-09 7.74E-10 1.77E-10 6.04E-11 

0.95 7.64E-06 2.08E-06 5.90E-07 2.10E-07 5.77E-08 2.12E-08 5.10E-09 3.88E-09 1.28E-09 4.36E-10 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.90E-07 2.69E-07 6.54E-08 2.01E-08 5.52E-09 1.48E-09 3.61E-10 8.12E-11 7.43E-12 2.59E-12 

0.25 1.25E-06 3.40E-07 8.64E-08 2.76E-08 7.61E-09 2.23E-09 5.43E-10 1.74E-10 2.33E-11 8.11E-12 

0.50 1.46E-06 4.00E-07 1.05E-07 3.45E-08 9.53E-09 2.98E-09 7.22E-10 2.98E-10 5.21E-11 1.80E-11 

0.75 1.72E-06 4.70E-07 1.27E-07 4.32E-08 1.19E-08 3.97E-09 9.55E-10 5.07E-10 1.16E-10 3.95E-11 

0.95 2.17E-06 5.92E-07 1.67E-07 5.96E-08 1.64E-08 6.02E-09 1.45E-09 1.10E-09 3.62E-10 1.24E-10 
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Table 5.7c (Cont.): Distribution of observed diffusivity for organic carbon only sorption (Dobs (OC)) (m
2
/yr) values as predicted by Monte 

Carlo simulation for PCB homologs in all sediment cores. 

 

 

 

Percentile 

 

 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.52E-06 4.13E-07 1.00E-07 3.09E-08 8.48E-09 2.27E-09 5.54E-10 1.25E-10 1.14E-11 3.98E-12 

0.25 1.92E-06 5.24E-07 1.33E-07 4.26E-08 1.17E-08 3.44E-09 8.37E-10 2.69E-10 3.59E-11 1.25E-11 

0.50 2.27E-06 6.21E-07 1.63E-07 5.37E-08 1.48E-08 4.62E-09 1.12E-09 4.63E-10 8.09E-11 2.80E-11 

0.75 2.71E-06 7.41E-07 2.00E-07 6.82E-08 1.88E-08 6.27E-09 1.51E-09 8.00E-10 1.83E-10 6.24E-11 

0.95 3.57E-06 9.74E-07 2.75E-07 9.80E-08 2.70E-08 9.90E-09 2.38E-09 1.81E-09 5.96E-10 2.04E-10 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.05E-06 2.85E-07 6.93E-08 2.13E-08 5.85E-09 1.57E-09 3.82E-10 8.61E-11 7.88E-12 2.74E-12 

0.25 1.35E-06 3.69E-07 9.37E-08 3.00E-08 8.25E-09 2.42E-09 5.89E-10 1.89E-10 2.53E-11 8.80E-12 

0.50 1.62E-06 4.43E-07 1.16E-07 3.83E-08 1.06E-08 3.30E-09 8.00E-10 3.30E-10 5.78E-11 2.00E-11 

0.75 1.95E-06 5.35E-07 1.44E-07 4.92E-08 1.35E-08 4.52E-09 1.09E-09 5.77E-10 1.32E-10 4.50E-11 

0.95 2.59E-06 7.07E-07 2.00E-07 7.11E-08 1.96E-08 7.18E-09 1.73E-09 1.31E-09 4.32E-10 1.48E-10 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.38E-07 2.55E-07 6.20E-08 1.91E-08 5.23E-09 1.40E-09 3.42E-10 7.70E-11 7.04E-12 2.45E-12 

0.25 1.26E-06 3.44E-07 8.74E-08 2.79E-08 7.69E-09 2.26E-09 5.49E-10 1.76E-10 2.36E-11 8.20E-12 

0.50 1.56E-06 4.28E-07 1.12E-07 3.70E-08 1.02E-08 3.19E-09 7.73E-10 3.19E-10 5.58E-11 1.93E-11 

0.75 1.97E-06 5.40E-07 1.46E-07 4.96E-08 1.37E-08 4.56E-09 1.10E-09 5.83E-10 1.33E-10 4.55E-11 

0.95 2.82E-06 7.70E-07 2.18E-07 7.75E-08 2.13E-08 7.82E-09 1.88E-09 1.43E-09 4.71E-10 1.61E-10 
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Table 5.7d(Cont.): Distribution of observed diffusivity for organic carbon and black carbon sorption (Dobs (OCBC)) (m
2
/yr) values as 

predicted by Monte Carlo simulation for PCB homologs in all sediment cores. 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 7.76E-08 5.83E-09 3.45E-10 3.19E-11 2.39E-12 1.68E-13 1.04E-14 4.91E-16 4.52E-18 6.11E-19 

0.25 6.80E-07 3.99E-08 1.91E-09 1.41E-10 8.04E-12 4.95E-13 2.58E-14 1.56E-15 2.38E-17 3.25E-18 

0.50 4.15E-06 2.35E-07 8.90E-09 5.13E-10 2.23E-11 1.14E-12 4.95E-14 3.17E-15 6.48E-17 8.81E-18 

0.75 4.49E-06 1.23E-06 4.27E-08 1.93E-09 6.32E-11 2.72E-12 9.72E-14 6.58E-15 1.81E-16 2.41E-17 

0.95 5.07E-06 1.38E-06 2.79E-07 1.01E-08 2.51E-10 9.53E-12 2.87E-13 2.52E-14 1.11E-15 1.51E-16 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.64E-08 7.24E-09 4.28E-10 3.96E-11 2.97E-12 2.08E-13 1.30E-14 6.10E-16 5.61E-18 7.59E-19 

0.25 8.81E-07 5.17E-08 2.48E-09 1.82E-10 1.04E-11 6.42E-13 3.34E-14 2.02E-15 3.09E-17 4.21E-18 

0.50 4.83E-06 3.25E-07 1.23E-08 7.10E-10 3.09E-11 1.58E-12 6.85E-14 4.39E-15 8.97E-17 1.22E-17 

0.75 6.99E-06 1.91E-06 6.71E-08 3.03E-09 9.93E-11 4.27E-12 1.53E-13 1.03E-14 2.84E-16 3.79E-17 

0.95 1.71E-05 4.66E-06 6.91E-07 2.50E-08 6.22E-10 2.36E-11 7.09E-13 6.24E-14 2.76E-15 3.73E-16 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.97E-07 2.98E-08 1.76E-09 1.63E-10 1.22E-11 8.57E-13 5.33E-14 2.51E-15 2.31E-17 3.12E-18 

0.25 3.05E-06 1.79E-07 8.58E-09 6.31E-10 3.61E-11 2.22E-12 1.16E-13 7.00E-15 1.07E-16 1.46E-17 

0.50 9.08E-06 9.38E-07 3.55E-08 2.05E-09 8.90E-11 4.56E-12 1.97E-13 1.27E-14 2.59E-16 3.51E-17 

0.75 9.27E-06 2.55E-06 1.46E-07 6.61E-09 2.17E-10 9.31E-12 3.33E-13 2.25E-14 6.19E-16 8.27E-17 

0.95 9.32E-06 2.53E-06 6.85E-07 2.48E-08 6.17E-10 2.34E-11 7.03E-13 6.19E-14 2.73E-15 3.70E-16 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 5.39E-08 4.05E-09 2.40E-10 2.22E-11 1.66E-12 1.17E-13 7.25E-15 3.41E-16 3.14E-18 4.25E-19 

0.25 5.71E-07 3.35E-08 1.61E-09 1.18E-10 6.75E-12 4.16E-13 2.16E-14 1.31E-15 2.00E-17 2.73E-18 

0.50 2.77E-06 2.39E-07 9.05E-09 5.22E-10 2.27E-11 1.16E-12 5.03E-14 3.22E-15 6.59E-17 8.95E-18 

0.75 4.18E-06 1.14E-06 5.85E-08 2.64E-09 8.66E-11 3.72E-12 1.33E-13 9.01E-15 2.48E-16 3.30E-17 

0.95 1.19E-05 3.23E-06 8.99E-07 3.26E-08 8.10E-10 3.07E-11 9.23E-13 8.12E-14 3.59E-15 4.86E-16 
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Table 5.7d(Cont.): Distribution of observed diffusivity for organic carbon and black carbon sorption (Dobs (OCBC)) (m
2
/yr) values as 

predicted by Monte Carlo simulation for PCB homologs in all sediment cores. 

 

 

Percentile 

 

AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.45E-08 1.09E-09 6.44E-11 5.95E-12 4.45E-13 3.13E-14 1.95E-15 9.16E-17 8.42E-19 1.14E-19 

0.25 1.60E-07 9.39E-09 4.50E-10 3.31E-11 1.89E-12 1.17E-13 6.07E-15 3.67E-16 5.60E-18 7.65E-19 

0.50 1.26E-06 6.75E-08 2.56E-09 1.47E-10 6.40E-12 3.28E-13 1.42E-14 9.10E-16 1.86E-17 2.53E-18 

0.75 1.80E-06 4.91E-07 1.54E-08 6.98E-10 2.29E-11 9.83E-13 3.52E-14 2.38E-15 6.54E-17 8.72E-18 

0.95 3.47E-06 9.47E-07 1.57E-07 5.70E-09 1.42E-10 5.37E-12 1.61E-13 1.42E-14 6.27E-16 8.50E-17 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.84E-08 2.13E-09 1.26E-10 1.17E-11 8.74E-13 6.14E-14 3.82E-15 1.80E-16 1.65E-18 2.24E-19 

0.25 3.71E-07 2.18E-08 1.04E-09 7.68E-11 4.39E-12 2.70E-13 1.41E-14 8.52E-16 1.30E-17 1.77E-18 

0.50 4.08E-06 1.86E-07 7.05E-09 4.06E-10 1.77E-11 9.04E-13 3.92E-14 2.51E-15 5.13E-17 6.97E-18 

0.75 8.78E-06 1.91E-06 5.70E-08 2.58E-09 8.44E-11 3.63E-12 1.30E-13 8.78E-15 2.41E-16 3.22E-17 

0.95 1.47E-05 4.01E-06 1.14E-06 4.73E-08 1.18E-09 4.46E-11 1.34E-12 1.18E-13 5.21E-15 7.06E-16 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.59E-09 2.69E-10 1.60E-11 1.47E-12 1.10E-13 7.75E-15 4.82E-16 2.27E-17 2.09E-19 2.83E-20 

0.25 3.62E-08 2.12E-09 1.02E-10 7.48E-12 4.28E-13 2.63E-14 1.37E-15 8.31E-17 1.27E-18 1.73E-19 

0.50 3.24E-07 1.48E-08 5.59E-10 3.22E-11 1.40E-12 7.17E-14 3.11E-15 1.99E-16 4.07E-18 5.53E-19 

0.75 2.62E-06 1.19E-07 3.55E-09 1.61E-10 5.26E-12 2.26E-13 8.09E-15 5.47E-16 1.50E-17 2.01E-18 

0.95 7.64E-06 2.08E-06 5.17E-08 1.87E-09 4.65E-11 1.76E-12 5.30E-14 4.67E-15 2.06E-16 2.79E-17 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.79E-09 2.84E-10 1.68E-11 1.56E-12 1.17E-13 8.18E-15 5.09E-16 2.40E-17 2.20E-19 2.98E-20 

0.25 3.51E-08 2.06E-09 9.88E-11 7.26E-12 4.15E-13 2.56E-14 1.33E-15 8.06E-17 1.23E-18 1.68E-19 

0.50 2.76E-07 1.26E-08 4.76E-10 2.74E-11 1.19E-12 6.10E-14 2.64E-15 1.69E-16 3.46E-18 4.70E-19 

0.75 1.72E-06 7.78E-08 2.33E-09 1.05E-10 3.44E-12 1.48E-13 5.29E-15 3.58E-16 9.84E-18 1.31E-18 

0.95 2.17E-06 5.92E-07 1.47E-08 5.31E-10 1.32E-11 5.00E-13 1.50E-14 1.32E-15 5.85E-17 7.92E-18 
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Table 5.7d(Cont.): Distribution of observed diffusivity for organic carbon and black carbon sorption (Dobs (OCBC)) (m
2
/yr) values as 

predicted by Monte Carlo simulation for PCB homologs in all sediment cores. 

 

 

 

Percentile 

 

 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.24E-09 2.44E-10 1.44E-11 1.33E-12 9.98E-14 7.01E-15 4.36E-16 2.05E-17 1.89E-19 2.56E-20 

0.25 2.76E-08 1.62E-09 7.76E-11 5.70E-12 3.26E-13 2.01E-14 1.05E-15 6.33E-17 9.66E-19 1.32E-19 

0.50 2.02E-07 9.23E-09 3.49E-10 2.01E-11 8.75E-13 4.48E-14 1.94E-15 1.24E-16 2.54E-18 3.45E-19 

0.75 1.51E-06 5.31E-08 1.59E-09 7.17E-11 2.35E-12 1.01E-13 3.61E-15 2.44E-16 6.72E-18 8.96E-19 

0.95 3.57E-06 3.67E-07 8.94E-09 3.24E-10 8.05E-12 3.05E-13 9.18E-15 8.08E-16 3.57E-17 4.83E-18 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 5.58E-09 4.19E-10 2.48E-11 2.29E-12 1.72E-13 1.20E-14 7.50E-16 3.53E-17 3.24E-19 4.39E-20 

0.25 5.44E-08 3.20E-09 1.53E-10 1.13E-11 6.44E-13 3.97E-14 2.06E-15 1.25E-16 1.91E-18 2.60E-19 

0.50 4.48E-07 2.04E-08 7.73E-10 4.46E-11 1.94E-12 9.91E-14 4.29E-15 2.75E-16 5.63E-18 7.64E-19 

0.75 1.95E-06 1.34E-07 4.01E-09 1.81E-10 5.93E-12 2.55E-13 9.12E-15 6.17E-16 1.70E-17 2.26E-18 

0.95 2.59E-06 7.07E-07 2.84E-08 1.03E-09 2.56E-11 9.71E-13 2.92E-14 2.57E-15 1.14E-16 1.54E-17 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.73E-09 2.05E-10 1.21E-11 1.12E-12 8.40E-14 5.89E-15 3.67E-16 1.73E-17 1.59E-19 2.15E-20 

0.25 2.83E-08 1.66E-09 7.96E-11 5.85E-12 3.34E-13 2.06E-14 1.07E-15 6.49E-17 9.90E-19 1.35E-19 

0.50 2.45E-07 1.12E-08 4.24E-10 2.44E-11 1.06E-12 5.43E-14 2.35E-15 1.51E-16 3.08E-18 4.19E-19 

0.75 1.97E-06 7.83E-08 2.34E-09 1.06E-10 3.47E-12 1.49E-13 5.33E-15 3.61E-16 9.91E-18 1.32E-18 

0.95 2.82E-06 7.70E-07 1.90E-08 6.90E-10 1.71E-11 6.50E-13 1.95E-14 1.72E-15 7.60E-17 1.03E-17 
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Table 5.8a(Cont.): Distribution of advective velocity for organic carbon only sorption (v (OC)) (m/yr) values as predicted by Monte 

Carlo simulation for PBDE homologs in all sediment cores. 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.56E-04 3.22E-05 1.52E-05 7.49E-06 2.52E-06 9.08E-07 5.14E-08 7.23E-08 1.25E-08 3.82E-10 

0.25 1.22E-03 2.67E-04 8.66E-05 2.49E-05 9.63E-06 1.25E-06 3.02E-07 3.11E-07 7.74E-08 1.34E-08 

0.50 2.80E-03 6.40E-04 1.60E-04 2.89E-05 1.01E-05 2.63E-06 7.43E-07 5.99E-07 1.92E-07 1.13E-07 

0.75 4.57E-03 1.10E-03 1.94E-04 4.02E-05 1.47E-05 2.66E-06 1.21E-06 6.15E-07 3.40E-07 6.61E-07 

0.95 5.71E-03 1.47E-03 2.11E-04 4.04E-05 1.50E-05 3.13E-06 1.26E-06 8.76E-07 3.45E-07 3.81E-06 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.36E-04 2.81E-05 1.33E-05 6.53E-06 2.20E-06 7.92E-07 3.70E-08 5.20E-08 8.98E-09 2.75E-10 

0.25 7.82E-04 1.71E-04 5.55E-05 1.79E-05 6.49E-06 8.99E-07 2.01E-07 2.07E-07 5.16E-08 8.95E-09 

0.50 1.79E-03 4.09E-04 1.02E-04 1.85E-05 6.93E-06 1.71E-06 4.74E-07 3.92E-07 1.22E-07 7.21E-08 

0.75 3.04E-03 7.30E-04 1.39E-04 2.57E-05 9.36E-06 1.75E-06 8.07E-07 5.22E-07 2.21E-07 4.24E-07 

0.95 4.10E-03 1.06E-03 1.41E-04 2.68E-05 1.00E-05 2.00E-06 1.06E-06 5.62E-07 2.97E-07 3.32E-06 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.13E-05 4.38E-06 2.07E-06 1.02E-06 3.44E-07 1.24E-07 3.29E-08 4.63E-08 8.01E-09 2.45E-10 

0.25 3.02E-04 6.60E-05 2.14E-05 7.15E-06 2.50E-06 6.60E-07 1.36E-07 8.15E-08 3.48E-08 6.05E-09 

0.50 9.49E-04 2.17E-04 5.43E-05 1.37E-05 4.98E-06 8.02E-07 1.65E-07 1.40E-07 4.63E-08 3.83E-08 

0.75 2.05E-03 4.93E-04 9.50E-05 1.60E-05 6.17E-06 1.06E-06 2.52E-07 2.09E-07 6.51E-08 1.63E-07 

0.95 3.66E-03 9.41E-04 1.24E-04 1.81E-05 6.75E-06 1.18E-06 3.12E-07 2.17E-07 8.54E-08 5.18E-07 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.95E-05 4.03E-06 1.90E-06 9.37E-07 3.16E-07 1.06E-07 4.36E-09 6.13E-09 1.06E-09 3.24E-11 

0.25 9.77E-05 2.14E-05 6.94E-06 2.12E-06 8.11E-07 1.14E-07 2.35E-08 2.42E-08 6.01E-09 1.04E-09 

0.50 2.11E-04 4.83E-05 1.21E-05 2.31E-06 8.17E-07 2.04E-07 5.60E-08 4.63E-08 1.45E-08 8.51E-09 

0.75 3.54E-04 8.51E-05 1.64E-05 3.04E-06 1.11E-06 2.14E-07 1.01E-07 7.02E-08 2.76E-08 5.29E-08 

0.95 4.84E-04 1.25E-04 1.64E-05 3.12E-06 1.16E-06 2.36E-07 1.51E-07 7.49E-08 4.26E-08 4.76E-07 
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Table 5.8a(Cont.): Distribution of advective velocity for organic carbon only sorption (v (OC)) (m/yr) values as predicted by Monte 

Carlo simulation for PBDE homologs in all sediment cores. 

 

 

Percentile 

 

AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.71E-05 5.59E-06 2.64E-06 1.30E-06 4.38E-07 1.58E-07 8.27E-09 1.16E-08 2.01E-09 6.15E-11 

0.25 2.02E-04 4.42E-05 1.44E-05 4.02E-06 1.55E-06 2.01E-07 5.24E-08 5.39E-08 1.34E-08 2.33E-09 

0.50 4.72E-04 1.08E-04 2.70E-05 4.79E-06 1.68E-06 4.42E-07 1.25E-07 1.04E-07 3.24E-08 1.91E-08 

0.75 7.91E-04 1.90E-04 3.12E-05 6.81E-06 2.47E-06 4.55E-07 2.09E-07 1.04E-07 5.72E-08 1.10E-07 

0.95 9.19E-04 2.36E-04 3.66E-05 6.97E-06 2.60E-06 5.27E-07 2.10E-07 1.45E-07 5.91E-08 6.61E-07 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.14E-05 2.35E-06 1.11E-06 5.47E-07 1.84E-07 6.63E-08 5.34E-09 7.52E-09 1.30E-09 3.97E-11 

0.25 1.00E-04 2.19E-05 7.11E-06 2.37E-06 8.31E-07 1.30E-07 2.85E-08 2.93E-08 7.30E-09 1.27E-09 

0.50 2.47E-04 5.65E-05 1.41E-05 2.59E-06 1.00E-06 2.19E-07 6.55E-08 4.38E-08 1.69E-08 9.96E-09 

0.75 4.30E-04 1.03E-04 1.99E-05 3.56E-06 1.29E-06 2.48E-07 8.84E-08 5.42E-08 2.49E-08 5.42E-08 

0.95 5.93E-04 1.53E-04 2.01E-05 3.79E-06 1.41E-06 2.76E-07 1.03E-07 7.19E-08 2.83E-08 2.78E-07 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.23E-05 1.90E-05 9.00E-06 4.42E-06 1.49E-06 4.55E-07 1.87E-08 2.63E-08 4.55E-09 1.39E-10 

0.25 4.30E-04 9.40E-05 3.05E-05 9.09E-06 3.51E-06 5.36E-07 9.92E-08 1.02E-07 2.54E-08 4.41E-09 

0.50 8.96E-04 2.05E-04 5.13E-05 1.02E-05 3.57E-06 8.62E-07 2.38E-07 1.97E-07 6.14E-08 3.62E-08 

0.75 1.50E-03 3.60E-04 6.92E-05 1.29E-05 4.70E-06 9.39E-07 4.44E-07 3.09E-07 1.22E-07 2.33E-07 

0.95 2.08E-03 5.35E-04 7.05E-05 1.32E-05 4.92E-06 1.00E-06 7.15E-07 3.54E-07 2.01E-07 2.25E-06 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.56E-07 1.97E-07 9.31E-08 4.58E-08 1.54E-08 5.55E-09 8.76E-10 1.23E-09 2.13E-10 6.51E-12 

0.25 1.11E-05 2.44E-06 7.91E-07 2.64E-07 9.25E-08 2.13E-08 4.10E-09 3.66E-09 1.05E-09 1.82E-10 

0.50 3.15E-05 7.21E-06 1.80E-06 4.25E-07 1.64E-07 2.43E-08 7.40E-09 4.23E-09 2.08E-09 1.27E-09 

0.75 6.20E-05 1.49E-05 2.87E-06 4.54E-07 1.65E-07 3.52E-08 8.37E-09 6.92E-09 2.16E-09 6.04E-09 

0.95 9.73E-05 2.50E-05 3.30E-06 5.46E-07 2.04E-07 3.57E-08 1.15E-08 8.00E-09 3.15E-09 2.33E-08 
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Table 5.8a(Cont.): Distribution of advective velocity for organic carbon only sorption (v (OC)) (m/yr) values as predicted by Monte 

Carlo simulation for PBDE homologs in all sediment cores. 

 

 

 

Percentile 

 

 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.22E-05 2.52E-06 1.19E-06 5.86E-07 1.97E-07 7.10E-08 9.77E-09 1.37E-08 2.37E-09 7.26E-11 

0.25 1.33E-04 2.90E-05 9.44E-06 3.15E-06 1.10E-06 2.38E-07 4.68E-08 4.68E-08 1.20E-08 2.08E-09 

0.50 3.66E-04 8.37E-05 2.09E-05 4.74E-06 1.83E-06 2.90E-07 9.46E-08 4.82E-08 2.51E-08 1.48E-08 

0.75 7.07E-04 1.70E-04 3.27E-05 5.27E-06 1.92E-06 4.07E-07 9.71E-08 8.03E-08 2.66E-08 7.20E-08 

0.95 1.08E-03 2.79E-04 3.68E-05 6.22E-06 2.32E-06 4.09E-07 1.37E-07 9.54E-08 3.76E-08 2.98E-07 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.31E-05 2.70E-06 1.28E-06 6.28E-07 2.12E-07 7.61E-08 1.02E-08 1.44E-08 2.48E-09 7.58E-11 

0.25 1.42E-04 3.10E-05 1.01E-05 3.35E-06 1.18E-06 2.48E-07 4.92E-08 5.02E-08 1.26E-08 2.19E-09 

0.50 3.91E-04 8.93E-05 2.23E-05 4.95E-06 1.91E-06 3.10E-07 1.01E-07 5.07E-08 2.68E-08 1.58E-08 

0.75 7.43E-04 1.78E-04 3.43E-05 5.63E-06 2.05E-06 4.28E-07 1.04E-07 8.58E-08 2.85E-08 7.67E-08 

0.95 1.13E-03 2.91E-04 3.84E-05 6.54E-06 2.44E-06 4.36E-07 1.46E-07 1.02E-07 4.01E-08 3.19E-07 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.58E-05 5.31E-06 2.51E-06 1.23E-06 4.16E-07 1.50E-07 1.66E-08 2.33E-08 4.02E-09 1.23E-10 

0.25 2.58E-04 5.64E-05 1.83E-05 6.11E-06 2.14E-06 4.03E-07 8.37E-08 8.62E-08 2.14E-08 3.72E-09 

0.50 6.82E-04 1.56E-04 3.90E-05 8.04E-06 3.10E-06 5.64E-07 1.81E-07 9.87E-08 4.68E-08 2.75E-08 

0.75 1.26E-03 3.03E-04 5.84E-05 9.83E-06 3.58E-06 7.27E-07 1.99E-07 1.50E-07 5.61E-08 1.40E-07 

0.95 1.84E-03 4.73E-04 6.24E-05 1.11E-05 4.15E-06 7.62E-07 2.66E-07 1.85E-07 7.30E-08 6.27E-07 
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Table 5.8b(Cont.): Distribution of advective velocity for organic carbon and black carbon sorptions (v (OCBC)) (m/yr) values as predicted 

by Monte Carlo simulation for PBDE homologs in all sediment cores. 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.47E-06 3.20E-07 2.24E-09 1.49E-11 1.33E-12 9.23E-15 4.06E-18 7.23E-18 1.01E-19 2.37E-23 

0.25 6.81E-05 1.38E-06 1.66E-08 2.00E-10 1.19E-11 1.26E-13 4.41E-16 2.37E-16 6.15E-18 7.03E-20 

0.50 1.56E-04 4.00E-06 6.31E-08 1.06E-09 4.26E-11 5.39E-13 7.37E-15 1.49E-15 5.19E-17 8.55E-18 

0.75 3.16E-04 7.09E-06 1.78E-07 4.15E-09 1.10E-10 1.73E-12 8.37E-14 7.08E-15 3.37E-16 7.25E-16 

0.95 1.07E-03 8.58E-06 2.52E-07 1.06E-08 1.85E-10 4.55E-12 1.79E-12 4.28E-14 3.80E-15 4.27E-13 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.08E-05 3.64E-07 2.54E-09 1.69E-11 1.51E-12 1.05E-14 4.62E-18 8.23E-18 1.15E-19 2.69E-23 

0.25 6.16E-05 1.24E-06 1.50E-08 1.81E-10 1.07E-11 1.14E-13 3.99E-16 2.14E-16 5.56E-18 6.35E-20 

0.50 1.36E-04 3.03E-06 4.79E-08 8.03E-10 3.23E-11 4.09E-13 5.59E-15 1.13E-15 3.93E-17 6.48E-18 

0.75 2.39E-04 4.54E-06 1.15E-07 2.68E-09 7.13E-11 1.12E-12 5.42E-14 4.58E-15 2.18E-16 4.69E-16 

0.95 6.93E-04 5.55E-06 1.61E-07 6.79E-09 1.18E-10 2.92E-12 1.15E-12 2.74E-14 2.44E-15 2.73E-13 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.30E-05 4.38E-07 3.06E-09 2.03E-11 1.82E-12 1.26E-14 5.55E-18 9.89E-18 1.38E-19 3.24E-23 

0.25 2.13E-05 1.22E-06 1.47E-08 1.77E-10 1.05E-11 1.11E-13 3.91E-16 2.10E-16 5.44E-18 6.22E-20 

0.50 6.03E-05 1.29E-06 3.90E-08 6.55E-10 2.63E-11 3.33E-13 4.55E-15 9.19E-16 3.21E-17 5.29E-18 

0.75 1.95E-04 2.47E-06 4.59E-08 1.69E-09 3.37E-11 7.06E-13 3.42E-14 2.89E-15 1.38E-16 2.96E-16 

0.95 3.02E-04 3.50E-06 7.25E-08 1.93E-09 4.50E-11 8.31E-13 3.27E-13 7.80E-15 6.94E-16 7.79E-14 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.28E-06 4.32E-08 3.01E-10 2.01E-12 1.79E-13 1.24E-15 5.47E-19 9.75E-19 1.36E-20 3.19E-24 

0.25 8.22E-06 1.66E-07 2.00E-09 2.41E-11 1.43E-12 1.52E-14 5.33E-17 2.86E-17 7.42E-19 8.48E-21 

0.50 1.95E-05 4.59E-07 7.24E-09 1.22E-10 4.89E-12 6.18E-14 8.45E-16 1.70E-16 5.95E-18 9.81E-19 

0.75 3.62E-05 1.01E-06 2.09E-08 4.89E-10 1.30E-11 2.04E-13 9.87E-15 8.35E-16 3.97E-17 8.54E-17 

0.95 9.77E-05 1.22E-06 4.33E-08 1.82E-09 3.18E-11 7.84E-13 3.09E-13 7.36E-15 6.55E-16 7.35E-14 
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Table 5.8b(Cont.): Distribution of advective velocity for organic carbon and black carbon sorptions (v (OCBC)) (m/yr) values as predicted 

by Monte Carlo simulation for PBDE homologs in all sediment cores. 

 

Percentile 

 

AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.53E-06 5.18E-08 3.62E-10 2.41E-12 2.15E-13 1.49E-15 6.57E-19 1.17E-18 1.63E-20 3.83E-24 

0.25 1.15E-05 2.32E-07 2.79E-09 3.37E-11 2.00E-12 2.12E-14 7.44E-17 4.00E-17 1.04E-18 1.18E-20 

0.50 2.71E-05 6.36E-07 1.00E-08 1.69E-10 6.78E-12 8.58E-14 1.17E-15 2.37E-16 8.26E-18 1.36E-18 

0.75 5.02E-05 1.01E-06 2.66E-08 6.22E-10 1.65E-11 2.59E-13 1.26E-14 1.06E-15 5.05E-17 1.09E-16 

0.95 1.61E-04 1.29E-06 3.59E-08 1.51E-09 2.64E-11 6.50E-13 2.56E-13 6.10E-15 5.43E-16 6.09E-14 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.55E-07 1.20E-08 8.39E-11 5.58E-13 4.99E-14 3.46E-16 1.52E-19 2.71E-19 3.78E-21 8.88E-25 

0.25 2.73E-06 5.52E-08 6.65E-10 8.02E-12 4.77E-13 5.04E-15 1.77E-17 9.51E-18 2.47E-19 2.82E-21 

0.50 1.14E-05 1.79E-07 2.83E-09 4.74E-11 1.91E-12 2.41E-14 3.30E-16 6.65E-17 2.32E-18 3.83E-19 

0.75 1.41E-05 4.81E-07 9.95E-09 2.32E-10 6.18E-12 9.69E-14 4.69E-15 3.97E-16 1.89E-17 4.06E-17 

0.95 6.00E-05 8.35E-07 2.96E-08 1.25E-09 2.18E-11 5.36E-13 2.11E-13 5.04E-15 4.48E-16 5.03E-14 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 5.78E-07 1.95E-08 1.37E-10 9.08E-13 8.12E-14 5.63E-16 2.48E-19 4.42E-19 6.16E-21 1.45E-24 

0.25 3.56E-06 7.19E-08 8.66E-10 1.05E-11 6.21E-13 6.56E-15 2.31E-17 1.24E-17 3.21E-19 3.67E-21 

0.50 1.53E-05 1.94E-07 3.07E-09 5.15E-11 2.07E-12 2.62E-14 3.58E-16 7.22E-17 2.52E-18 4.15E-19 

0.75 5.38E-05 4.31E-07 8.91E-09 2.08E-10 5.53E-12 8.68E-14 4.20E-15 3.56E-16 1.69E-17 3.64E-17 

0.95 9.23E-05 5.14E-07 1.82E-08 7.68E-10 1.34E-11 3.30E-13 1.30E-13 3.10E-15 2.76E-16 3.09E-14 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.71E-08 9.15E-10 6.39E-12 4.25E-14 3.80E-15 2.64E-17 1.16E-20 2.07E-20 2.88E-22 6.76E-26 

0.25 1.47E-07 2.97E-09 3.58E-11 4.32E-13 2.57E-14 2.72E-16 9.54E-19 5.12E-19 1.33E-20 1.52E-22 

0.50 5.39E-07 5.32E-09 1.08E-10 1.81E-12 7.29E-14 9.22E-16 1.26E-17 2.54E-18 8.87E-20 1.46E-20 

0.75 9.56E-07 6.84E-09 1.89E-10 5.40E-12 1.39E-13 2.25E-15 1.09E-16 9.22E-18 4.38E-19 9.44E-19 

0.95 1.39E-06 1.12E-08 2.31E-10 7.95E-12 1.43E-13 3.42E-15 1.35E-15 3.21E-17 2.85E-18 3.20E-16 
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Table 5.8b(Cont.): Distribution of advective velocity for organic carbon and black carbon sorptions (v (OCBC)) (m/yr) values as predicted 

by Monte Carlo simulation for PBDE homologs in all sediment cores. 

 

 

 

Percentile 

 

 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.68E-07 5.69E-09 3.97E-11 2.64E-13 2.36E-14 1.64E-16 7.22E-20 1.29E-19 1.79E-21 4.21E-25 

0.25 8.56E-07 1.73E-08 2.08E-10 2.51E-12 1.49E-13 1.58E-15 5.54E-18 2.98E-18 7.73E-20 8.83E-22 

0.50 2.96E-06 2.52E-08 5.92E-10 9.93E-12 3.99E-13 5.05E-15 6.90E-17 1.39E-17 4.86E-19 8.01E-20 

0.75 5.15E-06 3.75E-08 8.95E-10 2.78E-11 6.57E-13 1.16E-14 5.62E-16 4.75E-17 2.26E-18 4.86E-18 

0.95 7.19E-06 5.75E-08 1.19E-09 3.77E-11 7.39E-13 1.62E-14 6.37E-15 1.52E-16 1.35E-17 1.52E-15 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.38E-07 1.48E-08 1.03E-10 6.88E-13 6.15E-14 4.27E-16 1.88E-19 3.34E-19 4.66E-21 1.09E-24 

0.25 2.53E-06 5.10E-08 6.14E-10 7.42E-12 4.40E-13 4.66E-15 1.64E-17 8.79E-18 2.28E-19 2.60E-21 

0.50 9.79E-06 1.19E-07 1.96E-09 3.29E-11 1.32E-12 1.67E-14 2.28E-16 4.61E-17 1.61E-18 2.65E-19 

0.75 1.31E-05 1.24E-07 4.21E-09 1.04E-10 2.76E-12 4.33E-14 2.10E-15 1.77E-16 8.43E-18 1.82E-17 

0.95 2.68E-05 2.15E-07 4.45E-09 1.77E-10 3.09E-12 7.61E-14 3.00E-14 7.14E-16 6.36E-17 7.13E-15 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.89E-07 1.31E-08 9.18E-11 6.11E-13 5.46E-14 3.79E-16 1.67E-19 2.97E-19 4.14E-21 9.72E-25 

0.25 2.39E-06 4.83E-08 5.82E-10 7.02E-12 4.17E-13 4.41E-15 1.55E-17 8.32E-18 2.16E-19 2.47E-21 

0.50 9.70E-06 1.23E-07 1.94E-09 3.26E-11 1.31E-12 1.66E-14 2.26E-16 4.57E-17 1.59E-18 2.63E-19 

0.75 2.58E-05 1.43E-07 4.69E-09 1.10E-10 2.91E-12 4.57E-14 2.21E-15 1.87E-16 8.89E-18 1.92E-17 

0.95 2.83E-05 2.27E-07 5.08E-09 2.14E-10 3.73E-12 9.20E-14 3.62E-14 8.63E-16 7.68E-17 8.62E-15 
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Table 5.8c (Cont.): Distribution of advective velocity for organic carbon only sorption (v (OC)) (m/yr) values as predicted by Monte Carlo 

simulation for PCB homologs in all sediment cores. 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.82E-04 8.12E-05 2.42E-05 9.03E-06 2.59E-06 9.90E-07 2.47E-07 1.94E-07 6.63E-08 2.33E-08 

0.25 2.39E-03 6.90E-04 1.96E-04 7.01E-05 2.01E-05 7.00E-06 1.74E-06 9.57E-07 1.47E-07 5.27E-08 

0.50 5.83E-03 1.68E-03 4.64E-04 1.61E-04 4.63E-05 1.50E-05 3.77E-06 1.55E-06 2.27E-07 7.98E-08 

0.75 1.01E-02 2.92E-03 7.81E-04 2.62E-04 7.53E-05 2.30E-05 5.79E-06 1.61E-06 2.67E-07 9.57E-08 

0.95 1.39E-02 3.99E-03 1.02E-03 3.29E-04 9.44E-05 2.63E-05 6.63E-06 1.92E-06 2.93E-07 1.04E-07 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.46E-04 7.08E-05 2.11E-05 7.87E-06 2.26E-06 8.64E-07 2.15E-07 1.69E-07 5.78E-08 2.04E-08 

0.25 1.53E-03 4.42E-04 1.26E-04 4.49E-05 1.29E-05 4.49E-06 1.12E-06 6.14E-07 1.06E-07 3.79E-08 

0.50 3.72E-03 1.07E-03 2.96E-04 1.03E-04 2.96E-05 9.60E-06 2.41E-06 1.03E-06 1.46E-07 5.12E-08 

0.75 6.74E-03 1.95E-03 5.20E-04 1.74E-04 5.02E-05 1.53E-05 3.86E-06 1.11E-06 1.78E-07 6.37E-08 

0.95 1.00E-02 2.87E-03 7.34E-04 2.37E-04 6.79E-05 1.89E-05 4.77E-06 1.28E-06 1.87E-07 6.65E-08 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.84E-05 1.10E-05 3.29E-06 1.23E-06 3.53E-07 1.35E-07 3.36E-08 2.64E-08 9.02E-09 3.18E-09 

0.25 5.91E-04 1.71E-04 4.85E-05 1.73E-05 4.98E-06 1.73E-06 4.31E-07 2.37E-07 5.62E-08 1.98E-08 

0.50 1.98E-03 5.71E-04 1.57E-04 5.45E-05 1.57E-05 5.10E-06 1.28E-06 5.47E-07 9.41E-08 3.38E-08 

0.75 4.55E-03 1.31E-03 3.51E-04 1.18E-04 3.39E-05 1.03E-05 2.60E-06 8.66E-07 9.93E-08 3.54E-08 

0.95 8.91E-03 2.56E-03 6.54E-04 2.11E-04 6.05E-05 1.69E-05 4.25E-06 9.92E-07 1.20E-07 4.31E-08 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.52E-05 1.01E-05 3.02E-06 1.13E-06 3.24E-07 1.24E-07 3.08E-08 2.43E-08 8.29E-09 2.92E-09 

0.25 1.91E-04 5.53E-05 1.57E-05 5.61E-06 1.61E-06 5.61E-07 1.40E-07 7.67E-08 1.25E-08 4.47E-09 

0.50 4.39E-04 1.27E-04 3.50E-05 1.21E-05 3.49E-06 1.13E-06 2.85E-07 1.22E-07 1.82E-08 6.40E-09 

0.75 7.86E-04 2.27E-04 6.06E-05 2.03E-05 5.85E-06 1.78E-06 4.49E-07 1.31E-07 2.07E-08 7.43E-09 

0.95 1.18E-03 3.38E-04 8.66E-05 2.79E-05 8.01E-06 2.23E-06 5.63E-07 1.49E-07 2.21E-08 7.86E-09 
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Table 5.8c (Cont.): Distribution of advective velocity for organic carbon only sorption (v (OC)) (m/yr) values as predicted by Monte Carlo 

simulation for PCB homologs in all sediment cores. 

 

 

Percentile 

 

AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.89E-05 1.41E-05 4.19E-06 1.57E-06 4.50E-07 1.72E-07 4.28E-08 3.37E-08 1.15E-08 4.05E-09 

0.25 3.96E-04 1.14E-04 3.25E-05 1.16E-05 3.34E-06 1.16E-06 2.89E-07 1.59E-07 2.36E-08 8.49E-09 

0.50 9.84E-04 2.84E-04 7.83E-05 2.71E-05 7.81E-06 2.54E-06 6.37E-07 2.49E-07 3.77E-08 1.32E-08 

0.75 1.75E-03 5.06E-04 1.35E-04 4.54E-05 1.31E-05 3.98E-06 1.00E-06 2.72E-07 4.62E-08 1.66E-08 

0.95 2.24E-03 6.42E-04 1.64E-04 5.30E-05 1.52E-05 4.23E-06 1.07E-06 3.33E-07 4.94E-08 1.76E-08 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.06E-05 5.93E-06 1.77E-06 6.60E-07 1.90E-07 7.24E-08 1.80E-08 1.42E-08 4.84E-09 1.71E-09 

0.25 1.96E-04 5.66E-05 1.61E-05 5.75E-06 1.65E-06 5.75E-07 1.43E-07 7.86E-08 1.53E-08 5.48E-09 

0.50 5.14E-04 1.48E-04 4.09E-05 1.42E-05 4.08E-06 1.33E-06 3.33E-07 1.42E-07 1.87E-08 6.55E-09 

0.75 9.54E-04 2.75E-04 7.36E-05 2.47E-05 7.10E-06 2.17E-06 5.46E-07 1.61E-07 2.51E-08 9.02E-09 

0.95 1.44E-03 4.15E-04 1.06E-04 3.42E-05 9.81E-06 2.73E-06 6.90E-07 1.81E-07 2.58E-08 9.19E-09 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.66E-04 4.79E-05 1.43E-05 5.33E-06 1.53E-06 5.85E-07 1.46E-07 1.15E-07 3.91E-08 1.38E-08 

0.25 8.42E-04 2.43E-04 6.91E-05 2.47E-05 7.10E-06 2.47E-06 6.14E-07 3.37E-07 5.35E-08 1.92E-08 

0.50 1.87E-03 5.39E-04 1.49E-04 5.15E-05 1.48E-05 4.82E-06 1.21E-06 5.17E-07 8.01E-08 2.81E-08 

0.75 3.32E-03 9.58E-04 2.56E-04 8.59E-05 2.47E-05 7.54E-06 1.90E-06 5.64E-07 8.75E-08 3.14E-08 

0.95 5.06E-03 1.45E-03 3.72E-04 1.20E-04 3.44E-05 9.58E-06 2.42E-06 6.31E-07 9.37E-08 3.34E-08 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.72E-06 4.96E-07 1.48E-07 5.52E-08 1.59E-08 6.06E-09 1.51E-09 1.19E-09 4.05E-10 1.43E-10 

0.25 2.18E-05 6.30E-06 1.79E-06 6.40E-07 1.84E-07 6.39E-08 1.59E-08 8.74E-09 2.08E-09 7.29E-10 

0.50 6.57E-05 1.90E-05 5.23E-06 1.81E-06 5.22E-07 1.69E-07 4.25E-08 1.82E-08 2.50E-09 8.99E-10 

0.75 1.37E-04 3.96E-05 1.06E-05 3.56E-06 1.02E-06 3.12E-07 7.86E-08 2.61E-08 3.30E-09 1.17E-09 

0.95 2.37E-04 6.80E-05 1.74E-05 5.61E-06 1.61E-06 4.48E-07 1.13E-07 2.64E-08 3.62E-09 1.30E-09 
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Table 5.8c (Cont.): Distribution of advective velocity for organic carbon only sorption (v (OC)) (m/yr) values as predicted by Monte Carlo 

simulation for PCB homologs in all sediment cores. 

 

 

 

Percentile 

 

 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.20E-05 6.35E-06 1.89E-06 7.06E-07 2.03E-07 7.74E-08 1.93E-08 1.52E-08 5.18E-09 1.82E-09 

0.25 2.60E-04 7.52E-05 2.14E-05 7.63E-06 2.19E-06 7.62E-07 1.90E-07 1.04E-07 2.48E-08 8.70E-09 

0.50 7.62E-04 2.20E-04 6.07E-05 2.10E-05 6.05E-06 1.97E-06 4.93E-07 2.11E-07 2.79E-08 1.00E-08 

0.75 1.57E-03 4.52E-04 1.21E-04 4.05E-05 1.17E-05 3.56E-06 8.96E-07 2.94E-07 3.82E-08 1.36E-08 

0.95 2.64E-03 7.58E-04 1.94E-04 6.26E-05 1.79E-05 5.00E-06 1.26E-06 2.98E-07 4.13E-08 1.48E-08 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.36E-05 6.80E-06 2.03E-06 7.56E-07 2.17E-07 8.30E-08 2.07E-08 1.63E-08 5.55E-09 1.96E-09 

0.25 2.78E-04 8.01E-05 2.28E-05 8.14E-06 2.34E-06 8.13E-07 2.02E-07 1.11E-07 2.64E-08 9.27E-09 

0.50 8.13E-04 2.35E-04 6.48E-05 2.24E-05 6.46E-06 2.10E-06 5.27E-07 2.25E-07 2.92E-08 1.05E-08 

0.75 1.65E-03 4.75E-04 1.27E-04 4.26E-05 1.23E-05 3.74E-06 9.42E-07 3.07E-07 4.08E-08 1.45E-08 

0.95 2.76E-03 7.92E-04 2.03E-04 6.54E-05 1.87E-05 5.22E-06 1.32E-06 3.13E-07 4.34E-08 1.56E-08 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.65E-05 1.34E-05 3.98E-06 1.49E-06 4.27E-07 1.63E-07 4.06E-08 3.20E-08 1.09E-08 3.84E-09 

0.25 5.06E-04 1.46E-04 4.15E-05 1.48E-05 4.26E-06 1.48E-06 3.69E-07 2.03E-07 4.73E-08 1.69E-08 

0.50 1.42E-03 4.11E-04 1.13E-04 3.92E-05 1.13E-05 3.67E-06 9.20E-07 3.93E-07 4.81E-08 1.70E-08 

0.75 2.80E-03 8.08E-04 2.16E-04 7.25E-05 2.09E-05 6.36E-06 1.60E-06 4.99E-07 7.13E-08 2.54E-08 

0.95 4.48E-03 1.29E-03 3.29E-04 1.06E-04 3.04E-05 8.47E-06 2.14E-06 5.33E-07 7.38E-08 2.65E-08 
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Table 5.8d(Cont.): Distribution of advective velocity for organic carbon and black carbon sorption (v (OCBC)) (m/yr) values as predicted 

by Monte Carlo simulation for PCB homologs in all sediment cores. 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.82E-04 2.51E-05 1.57E-06 1.52E-07 1.19E-08 6.71E-10 2.09E-11 1.90E-12 2.60E-14 3.62E-15 

0.25 3.17E-04 8.12E-05 5.61E-06 4.32E-07 1.70E-08 8.68E-10 5.59E-11 2.72E-12 8.72E-14 1.22E-14 

0.50 1.79E-03 1.11E-04 1.39E-05 6.56E-07 2.58E-08 1.65E-09 6.78E-11 4.75E-12 8.84E-14 1.24E-14 

0.75 2.39E-03 3.49E-04 1.73E-05 8.41E-07 3.82E-08 1.83E-09 8.91E-11 5.59E-12 1.28E-13 1.80E-14 

0.95 5.83E-03 6.90E-04 2.52E-05 1.20E-06 4.10E-08 2.03E-09 9.11E-11 6.05E-12 1.35E-13 1.86E-14 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 2.46E-04 2.86E-05 1.78E-06 1.73E-07 1.09E-08 4.30E-10 1.34E-11 1.22E-12 2.96E-14 4.12E-15 

0.25 3.61E-04 7.08E-05 5.07E-06 3.91E-07 1.35E-08 9.87E-10 4.39E-11 3.07E-12 5.58E-14 7.79E-15 

0.50 1.53E-03 1.00E-04 1.05E-05 4.20E-07 2.33E-08 1.18E-09 6.36E-11 3.10E-12 7.99E-14 1.12E-14 

0.75 1.62E-03 2.65E-04 1.10E-05 6.38E-07 2.65E-08 1.49E-09 6.91E-11 4.59E-12 8.76E-14 1.20E-14 

0.95 3.72E-03 4.42E-04 1.63E-05 7.74E-07 2.90E-08 1.54E-09 8.05E-11 5.05E-12 9.73E-14 1.36E-14 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.84E-05 1.10E-05 2.14E-06 1.20E-07 3.11E-09 1.22E-10 3.81E-12 3.47E-13 1.59E-14 2.22E-15 

0.25 4.34E-04 3.44E-05 3.15E-06 2.08E-07 1.63E-08 7.48E-10 2.77E-11 1.94E-12 3.55E-14 4.95E-15 

0.50 5.91E-04 9.83E-05 4.96E-06 3.83E-07 1.67E-08 1.19E-09 5.63E-11 3.73E-12 5.53E-14 7.60E-15 

0.75 1.59E-03 1.71E-04 8.60E-06 4.89E-07 2.29E-08 1.26E-09 7.64E-11 3.74E-12 7.82E-14 1.10E-14 

0.95 1.98E-03 2.16E-04 1.03E-05 5.20E-07 2.36E-08 1.46E-09 7.88E-11 4.94E-12 7.93E-14 1.11E-14 

Percentile 
AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.52E-05 3.39E-06 2.11E-07 2.05E-08 1.60E-09 1.16E-10 3.60E-12 3.28E-13 3.50E-15 4.88E-16 

0.25 4.27E-05 1.01E-05 6.77E-07 5.22E-08 2.93E-09 1.17E-10 7.53E-12 3.67E-13 1.07E-14 1.50E-15 

0.50 1.91E-04 1.34E-05 1.59E-06 9.65E-08 3.12E-09 2.00E-10 7.98E-12 5.59E-13 1.47E-14 2.06E-15 

0.75 2.16E-04 4.00E-05 2.97E-06 1.13E-07 4.38E-09 2.16E-10 1.05E-11 6.74E-13 1.50E-14 2.10E-15 

0.95 4.39E-04 5.53E-05 2.97E-06 1.41E-07 4.83E-09 2.33E-10 1.07E-11 6.94E-13 1.59E-14 2.19E-15 
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Table 5.8d(Cont.): Distribution of advective velocity for organic carbon and black carbon sorption (v (OCBC)) (m/yr) values as predicted 

by Monte Carlo simulation for PCB homologs in all sediment cores. 

 

 

Percentile 

 

AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.89E-05 4.07E-06 2.54E-07 2.46E-08 1.92E-09 9.58E-11 2.98E-12 2.72E-13 4.20E-15 5.86E-16 

0.25 5.13E-05 1.41E-05 9.45E-07 7.29E-08 2.43E-09 1.40E-10 9.04E-12 4.41E-13 1.24E-14 1.74E-15 

0.50 3.02E-04 1.87E-05 2.21E-06 9.36E-08 4.35E-09 2.75E-10 1.02E-11 7.12E-13 1.49E-14 2.09E-15 

0.75 3.96E-04 5.55E-05 2.46E-06 1.34E-07 6.08E-09 2.79E-10 1.45E-11 9.42E-13 2.03E-14 2.79E-15 

0.95 9.84E-04 1.14E-04 3.79E-06 1.80E-07 6.15E-09 3.24E-10 1.50E-11 9.62E-13 2.04E-14 2.86E-15 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.19E-05 9.43E-07 5.88E-08 5.70E-09 4.46E-10 3.26E-11 2.10E-12 1.02E-13 9.75E-16 1.36E-16 

0.25 2.06E-05 4.45E-06 2.25E-07 1.73E-08 1.04E-09 6.63E-11 2.46E-12 2.24E-13 3.54E-15 4.98E-16 

0.50 7.19E-05 5.93E-06 6.22E-07 3.76E-08 1.71E-09 7.91E-11 3.57E-12 2.24E-13 5.74E-15 8.03E-16 

0.75 1.96E-04 1.56E-05 1.42E-06 6.71E-08 2.01E-09 9.10E-11 3.80E-12 2.66E-13 7.58E-15 1.04E-15 

0.95 3.24E-04 4.50E-05 1.77E-06 7.73E-08 2.30E-09 1.03E-10 4.08E-12 2.71E-13 1.03E-14 1.43E-15 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.94E-05 1.54E-06 9.57E-08 9.28E-09 7.26E-10 4.86E-11 1.51E-12 1.38E-13 1.59E-15 2.21E-16 

0.25 9.36E-05 5.80E-06 2.93E-07 2.26E-08 1.23E-09 5.30E-11 3.40E-12 1.66E-13 4.62E-15 6.49E-16 

0.50 1.66E-04 1.69E-05 6.76E-07 4.09E-08 1.35E-09 8.64E-11 3.41E-12 2.38E-13 6.23E-15 8.72E-16 

0.75 3.52E-04 4.03E-05 1.25E-06 4.75E-08 1.86E-09 9.19E-11 4.43E-12 2.92E-13 6.32E-15 8.82E-16 

0.95 8.42E-04 4.79E-05 1.27E-06 6.01E-08 2.06E-09 9.88E-11 4.65E-12 2.94E-13 6.79E-15 9.34E-16 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.06E-07 7.19E-08 4.48E-09 4.34E-10 1.28E-11 5.04E-13 1.57E-14 1.43E-15 6.54E-17 9.13E-18 

0.25 1.72E-06 2.40E-07 1.21E-08 4.92E-10 3.40E-11 2.38E-12 8.82E-14 6.18E-15 7.42E-17 1.04E-17 

0.50 3.87E-06 4.96E-07 1.29E-08 9.35E-10 5.33E-11 2.48E-12 1.56E-13 7.79E-15 1.76E-16 2.42E-17 

0.75 1.24E-05 5.96E-07 2.38E-08 1.44E-09 5.58E-11 3.48E-12 1.60E-13 1.03E-14 1.91E-16 2.69E-17 

0.95 2.18E-05 1.04E-06 3.29E-08 1.56E-09 6.53E-11 3.57E-12 1.92E-13 1.21E-14 2.19E-16 3.07E-17 
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Table 5.8d(Cont.): Distribution of advective velocity for organic carbon and black carbon sorption (v (OCBC)) (m/yr) values as predicted 

by Monte Carlo simulation for PCB homologs in all sediment cores. 

 

 

 

Percentile 

 

 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 5.64E-06 4.47E-07 2.78E-08 2.33E-09 6.05E-11 2.39E-12 7.42E-14 6.77E-15 3.10E-16 4.33E-17 

0.25 2.20E-05 1.40E-06 6.13E-08 2.70E-09 2.11E-10 1.23E-11 4.55E-13 3.19E-14 4.62E-16 6.44E-17 

0.50 2.25E-05 2.39E-06 7.04E-08 5.43E-09 2.75E-10 1.54E-11 8.54E-13 4.84E-14 9.08E-16 1.25E-16 

0.75 6.79E-05 3.27E-06 1.30E-07 7.88E-09 3.24E-10 1.91E-11 9.93E-13 5.67E-14 1.11E-15 1.56E-16 

0.95 1.45E-04 5.38E-06 1.69E-07 8.03E-09 3.58E-10 2.08E-11 1.12E-12 7.02E-14 1.20E-15 1.68E-16 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.47E-05 1.16E-06 7.24E-08 7.03E-09 2.85E-10 1.12E-11 3.49E-13 3.18E-14 1.20E-15 1.68E-16 

0.25 2.36E-05 4.12E-06 2.08E-07 1.10E-08 5.50E-10 4.01E-11 1.70E-12 1.19E-13 1.46E-15 2.03E-16 

0.50 6.64E-05 6.80E-06 2.88E-07 1.60E-08 9.57E-10 4.59E-11 2.58E-12 1.26E-13 3.28E-15 4.61E-16 

0.75 2.25E-04 1.08E-05 4.31E-07 2.61E-08 1.03E-09 6.13E-11 2.83E-12 1.88E-13 3.39E-15 4.66E-16 

0.95 2.78E-04 2.01E-05 6.32E-07 3.00E-08 1.18E-09 6.31E-11 3.30E-12 2.07E-13 3.98E-15 5.57E-16 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.30E-05 1.03E-06 6.43E-08 6.24E-09 3.44E-10 1.36E-11 4.22E-13 3.84E-14 1.07E-15 1.49E-16 

0.25 4.65E-05 3.90E-06 1.97E-07 1.32E-08 4.88E-10 3.56E-11 1.79E-12 1.12E-13 1.76E-15 2.46E-16 

0.50 6.29E-05 1.07E-05 3.48E-07 1.52E-08 9.07E-10 4.84E-11 2.29E-12 1.25E-13 3.10E-15 4.36E-16 

0.75 2.23E-04 1.34E-05 4.27E-07 2.59E-08 1.08E-09 5.80E-11 2.80E-12 1.86E-13 3.57E-15 4.91E-16 

0.95 5.06E-04 2.12E-05 6.67E-07 3.16E-08 1.17E-09 6.25E-11 3.13E-12 1.96E-13 3.94E-15 5.52E-16 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                   PBDE 

                                   ACL 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 5.82E+04 2.84E+03 1.92E+02 2.28E+00 6.36E-07 7.15E-18 1.34E-25 1.74E-41 1.29E-75 2.52E-08 

Caq|x=0.02m,t/Caq|x=0m,t=0year 53.52% 11.61% 1.66% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 4.84% 6.36% 17.16% 44.16% 76.79% 100.00% 100.00% 100.00% 100.00% 100.00% 

Mt|t 3.75E+06 3.78E+04 1.21E+03 7.05E+00 6.63E-07 3.54E-18 5.05E-26 4.30E-42 1.81E-76 3.96E-08 

Mt|t/Msed 9.82% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 5.97E+04 9.74E+03 2.16E+03 2.70E+02 6.91E-01 6.46E-05 5.18E-08 5.91E-14 1.40E-25 1.63E-03 

Caq|x=0.02m,t/Caq|x=0m,t=0year 73.49% 40.05% 18.70% 4.74% 0.04% 0.00% 0.00% 0.00% 0.00% 0.16% 

Caq|x=0m,t/Csat 3.61% 6.31% 17.15% 44.16% 76.79% 100.00% 100.00% 100.00% 100.00% 100.00% 

Mt|t 3.85E+06 1.12E+05 1.03E+04 4.87E+02 1.57E-01 1.26E-06 2.43E-10 1.56E-17 8.10E-32 7.54E-04 

Mt|t/Msed 47.24% 0.51% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 1.67E+02 1.68E+04 8.05E+03 3.14E+03 4.71E+02 4.44E+01 3.52E+00 7.57E-02 8.09E-04 3.20E-01 

Caq|x=0.02m,t/Caq|x=0m,t=0year 97.17% 84.36% 71.96% 55.36% 24.51% 7.40% 3.52% 0.76% 0.03% 31.98% 

Caq|x=0m,t/Csat 0.01% 5.17% 16.57% 43.92% 76.77% 100.00% 100.00% 100.00% 100.00% 100.00% 

Mt|t 1.08E+04 2.24E+05 5.06E+04 9.70E+03 4.91E+02 2.20E+01 1.32E+00 1.87E-02 1.14E-04 5.03E-01 

Mt|t/Msed 100.00% 23.01% 3.55% 0.55% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

 

                                 AED 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 7.08E-17 5.03E+04 5.65E+02 4.74E+00 8.18E-04 1.29E-17 2.26E-41 1.34E-57 9.50E-92 
3.27E-

167 

Caq|x=0.02m,t/Caq|x=0m,t=0year 100.00% 34.10% 1.75% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.00% 6.57% 8.39% 22.64% 58.26% 100.00% 100.00% 100.00% 100.00% 100.00% 

Mt|t 7.08E-17 3.40E+06 7.88E+03 3.13E+01 2.65E-03 1.41E-17 1.17E-41 5.28E-58 2.46E-92 
4.81E-

168 

Mt|t/Msed 5.36% 6.67% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 1.57E-07 6.50E+04 5.05E+03 4.31E+02 8.14E+00 1.35E-05 2.68E-15 4.10E-22 4.82E-36 9.58E-66 

Caq|x=0.02m,t/Caq|x=0m,t=0year 100.00% 60.69% 15.68% 2.82% 0.11% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.00% 4.76% 8.37% 22.64% 58.26% 100.00% 100.00% 100.00% 100.00% 100.00% 

Mt|t 1.57E-07 4.42E+06 6.73E+04 2.60E+03 2.20E+01 8.64E-06 4.40E-16 3.39E-23 1.08E-37 1.64E-68 

Mt|t/Msed 5.64% 44.75% 0.22% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 1.27E-01 3.13E+01 1.95E+04 8.53E+03 2.70E+03 1.92E+02 4.13E+00 1.48E-01 5.82E-04 1.36E-07 

Caq|x=0.02m,t/Caq|x=0m,t=0year 100.00% 95.59% 75.76% 57.65% 36.05% 7.66% 0.69% 0.15% 0.01% 0.00% 

Caq|x=0m,t/Csat 12.68% 0.00% 6.68% 21.92% 58.03% 100.00% 100.00% 100.00% 100.00% 100.00% 

Mt|t 1.27E-01 2.12E+03 2.72E+05 5.62E+04 8.75E+03 2.09E+02 2.14E+00 5.82E-02 1.51E-04 2.01E-08 

Mt|t/Msed 6.95% 100.00% 25.59% 3.29% 0.39% 0.01% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

 

 

                                   AFR 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 4.11E+04 1.08E+03 3.42E+01 8.88E-02 6.43E-11 3.78E-35 8.38E-28 1.70E-59 
2.33E-

108 
1.78E-11 

Caq|x=0.02m,t/Caq|x=0m,t=0year 39.46% 5.00% 0.33% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 4.65% 5.62% 15.15% 38.99% 67.80% 100.00% 100.00% 100.00% 100.00% 100.00% 

Mt|t 4.34E+05 2.35E+03 3.52E+01 4.50E-02 1.10E-11 2.32E-36 6.87E-29 6.88E-61 
5.37E-

110 
4.58E-12 

Mt|t/Msed 0.90% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 6.03E+04 7.25E+03 1.50E+03 1.67E+02 2.82E-01 8.58E-08 1.63E-06 2.97E-15 7.00E-28 8.31E-04 

Caq|x=0.02m,t/Caq|x=0m,t=0year 59.85% 33.55% 14.69% 3.32% 0.02% 0.00% 0.00% 0.00% 0.00% 0.08% 

Caq|x=0m,t/Csat 4.50% 5.61% 15.15% 38.99% 67.80% 100.00% 100.00% 100.00% 100.00% 100.00% 

Mt|t 6.37E+05 1.03E+04 6.81E+02 1.72E+01 5.02E-04 1.46E-14 6.21E-12 1.31E-25 8.66E-46 5.60E-06 

Mt|t/Msed 4.32% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 4.06E+04 1.51E+04 5.85E+03 2.03E+03 2.28E+02 6.24E+00 2.42E+00 1.07E-02 2.91E-05 1.86E-01 

Caq|x=0.02m,t/Caq|x=0m,t=0year 88.59% 71.45% 57.42% 40.33% 13.47% 1.04% 2.42% 0.11% 0.00% 18.61% 

Caq|x=0m,t/Csat 2.05% 5.48% 15.09% 38.97% 67.80% 100.00% 100.00% 100.00% 100.00% 100.00% 

Mt|t 4.29E+05 3.29E+04 6.03E+03 1.03E+03 3.90E+01 3.83E-01 1.98E-01 4.35E-04 6.69E-07 4.79E-02 

Mt|t/Msed 100.00% 2.43% 0.37% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

 

 

 

                                   AJL 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 2.42E+04 8.80E+02 4.47E+01 3.02E-01 9.49E-09 3.56E-21 7.34E-30 3.92E-48 1.17E-87 1.55E-09 

Caq|x=0.02m,t/Caq|x=0m,t=0year 43.97% 7.75% 0.83% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 2.46% 2.95% 7.95% 20.47% 35.60% 70.47% 100.00% 100.00% 100.00% 100.00% 

Mt|t 1.00E+05 7.51E+02 1.80E+01 6.00E-02 6.35E-10 1.13E-22 1.77E-31 6.22E-50 1.06E-89 1.56E-10 

Mt|t/Msed 0.22% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 3.44E+04 4.97E+03 1.31E+03 2.32E+02 2.30E+00 3.43E-03 1.87E-05 6.24E-10 3.07E-18 7.46E-03 

Caq|x=0.02m,t/Caq|x=0m,t=0year 62.91% 43.79% 24.43% 8.79% 0.26% 0.00% 0.00% 0.00% 0.00% 0.75% 

Caq|x=0m,t/Csat 2.44% 2.95% 7.95% 20.47% 35.60% 70.47% 100.00% 100.00% 100.00% 100.00% 

Mt|t 1.42E+05 2.58E+03 2.08E+02 7.78E+00 1.03E-03 2.71E-09 2.66E-13 1.90E-21 6.80E-38 1.36E-05 

Mt|t/Msed 0.96% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 4.12E+04 8.29E+03 3.25E+03 1.18E+03 1.57E+02 1.90E+01 1.91E+00 3.27E-02 2.10E-04 2.31E-01 

Caq|x=0.02m,t/Caq|x=0m,t=0year 88.75% 73.36% 60.62% 44.71% 17.68% 4.50% 1.91% 0.33% 0.01% 23.15% 

Caq|x=0m,t/Csat 2.07% 2.93% 7.95% 20.47% 35.60% 70.47% 100.00% 100.00% 100.00% 100.00% 

Mt|t 1.70E+05 7.07E+03 1.31E+03 2.34E+02 1.05E+01 6.05E-01 4.61E-02 5.19E-04 1.90E-06 2.33E-02 

Mt|t/Msed 18.91% 0.52% 0.08% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

 

                                      AMW 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 2.30E+03 1.36E+00 1.61E-04 4.50E-12 8.09E-41 1.64E-90 
1.08E-

123 

1.41E-

195 
0.00E+00 1.49E-34 

Caq|x=0.02m,t/Caq|x=0m,t=0year 11.90% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.86% 1.03% 2.79% 7.18% 12.48% 24.71% 100.00% 100.00% 100.00% 100.00% 

Mt|t 1.21E+04 1.48E+00 8.22E-05 1.13E-12 6.86E-42 6.62E-92 
3.30E-

125 

2.83E-

197 
0.00E+00 1.90E-35 

Mt|t/Msed 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 6.46E+03 6.89E+02 7.46E+01 2.31E+00 2.75E-05 3.37E-13 2.09E-18 3.46E-30 5.08E-55 2.06E-06 

Caq|x=0.02m,t/Caq|x=0m,t=0year 33.45% 17.30% 3.96% 0.25% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.86% 1.03% 2.79% 7.18% 12.48% 24.71% 100.00% 100.00% 100.00% 100.00% 

Mt|t 3.39E+04 1.05E+02 7.08E-01 1.78E-04 7.23E-17 2.32E-37 6.79E-51 1.73E-80 
1.81E-

145 
1.20E-15 

Mt|t/Msed 0.16% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 1.45E+04 2.00E+03 5.70E+02 1.16E+02 1.94E+00 7.07E-03 2.00E-04 2.38E-08 2.10E-15 1.55E-02 

Caq|x=0.02m,t/Caq|x=0m,t=0year 79.51% 50.27% 30.28% 12.55% 0.62% 0.00% 0.00% 0.00% 0.00% 1.55% 

Caq|x=0m,t/Csat 0.81% 1.03% 2.79% 7.18% 12.48% 24.71% 100.00% 100.00% 100.00% 100.00% 

Mt|t 7.59E+04 2.16E+03 2.92E+02 2.93E+01 1.64E-01 2.85E-04 6.10E-06 4.80E-10 2.40E-17 1.98E-03 

Mt|t/Msed 6.29% 0.12% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                            AOT 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 2.57E+04 4.22E+02 6.78E+00 4.45E-03 1.44E-14 5.47E-34 1.69E-47 7.89E-76 
4.04E-

138 
2.93E-14 

Caq|x=0.02m,t/Caq|x=0m,t=0year 33.76% 2.68% 0.09% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 3.40% 4.09% 11.03% 28.40% 49.38% 97.74% 100.00% 100.00% 100.00% 100.00% 

Mt|t 2.75E+05 9.30E+02 7.07E+00 2.28E-03 2.48E-15 4.49E-35 1.05E-48 3.24E-77 
9.42E-

140 
7.65E-15 

Mt|t/Msed 0.53% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 4.13E+04 3.88E+03 6.02E+02 3.79E+01 7.15E-03 1.10E-08 4.33E-13 7.41E-22 7.18E-40 5.71E-05 

Caq|x=0.02m,t/Caq|x=0m,t=0year 55.49% 24.67% 8.08% 1.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 

Caq|x=0m,t/Csat 3.33% 4.09% 11.03% 28.40% 49.38% 97.74% 100.00% 100.00% 100.00% 100.00% 

Mt|t 4.42E+05 5.73E+03 2.86E+02 4.14E+00 1.37E-05 5.72E-14 5.42E-20 3.65E-32 1.03E-57 4.13E-07 

Mt|t/Msed 2.78% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 3.70E+04 1.06E+04 3.93E+03 1.27E+03 1.13E+02 6.97E+00 3.26E-01 2.18E-03 1.71E-06 1.36E-01 

Caq|x=0.02m,t/Caq|x=0m,t=0year 87.65% 68.37% 52.87% 34.69% 9.13% 1.19% 0.33% 0.02% 0.00% 13.59% 

Caq|x=0m,t/Csat 1.89% 4.03% 11.01% 28.39% 49.38% 97.74% 100.00% 100.00% 100.00% 100.00% 

Mt|t 3.96E+05 2.34E+04 4.09E+03 6.51E+02 1.95E+01 5.72E-01 2.03E-02 8.95E-05 3.98E-08 3.54E-02 

Mt|t/Msed 81.21% 1.64% 0.24% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

 

 

                                       CBC 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 1.33E+04 4.13E+01 5.33E-02 1.95E-07 7.21E-28 5.56E-63 9.22E-87 
1.12E-

137 

4.31E-

251 
1.71E-24 

Caq|x=0.02m,t/Caq|x=0m,t=0year 30.13% 0.45% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 1.98% 2.38% 6.43% 16.54% 28.76% 56.94% 100.00% 100.00% 100.00% 100.00% 

Mt|t 3.85E+05 2.45E+02 1.50E-01 2.69E-07 3.36E-28 1.23E-63 1.55E-87 
1.24E-

138 

2.70E-

252 
1.20E-24 

Mt|t/Msed 0.60% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 2.69E+04 8.58E+02 3.17E+01 1.07E-01 1.93E-10 4.71E-25 4.15E-35 1.56E-56 
3.34E-

103 
1.08E-10 

Caq|x=0.02m,t/Caq|x=0m,t=0year 62.90% 9.35% 0.73% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 1.91% 2.38% 6.43% 16.54% 28.76% 56.94% 100.00% 100.00% 100.00% 100.00% 

Mt|t 7.75E+05 5.33E+03 9.74E+01 1.78E-01 1.57E-10 3.49E-25 3.61E-35 2.28E-56 
2.31E-

102 
1.18E-10 

Mt|t/Msed 4.37% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 1.49E+04 7.40E+03 2.63E+03 7.13E+02 2.81E+01 4.14E-01 1.28E-02 1.09E-05 7.83E-11 8.36E-02 

Caq|x=0.02m,t/Caq|x=0m,t=0year 99.39% 82.98% 60.86% 33.43% 3.91% 0.12% 0.01% 0.00% 0.00% 8.36% 

Caq|x=0m,t/Csat 0.67% 2.32% 6.40% 16.54% 28.76% 56.94% 100.00% 100.00% 100.00% 100.00% 

Mt|t 4.31E+05 4.40E+04 7.39E+03 9.86E+02 1.31E+01 9.16E-02 2.15E-03 1.20E-06 4.92E-12 5.87E-02 

Mt|t/Msed 100.00% 2.92% 0.38% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                        CLC 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 7.37E+02 1.44E-02 1.00E-08 7.42E-21 1.08E-67 
3.95E-

149 

1.58E-

203 
0.00E+00 0.00E+00 8.90E-56 

Caq|x=0.02m,t/Caq|x=0m,t=0year 4.18% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.79% 0.94% 2.54% 6.54% 11.37% 22.51% 100.00% 100.00% 100.00% 100.00% 

Mt|t 3.54E+02 1.43E-03 4.68E-10 1.71E-22 8.41E-70 
1.46E-

151 

4.42E-

206 
0.00E+00 0.00E+00 1.04E-57 

Mt|t/Msed 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 3.50E+03 2.26E+02 9.19E+00 3.98E-02 2.17E-10 3.78E-24 3.13E-33 2.03E-53 2.79E-97 1.90E-10 

Caq|x=0.02m,t/Caq|x=0m,t=0year 19.89% 6.22% 0.54% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.79% 0.94% 2.54% 6.54% 11.37% 22.51% 100.00% 100.00% 100.00% 100.00% 

Mt|t 1.68E+03 1.28E+00 1.08E-03 3.97E-09 9.27E-29 5.95E-62 5.98E-84 
8.19E-

132 

3.84E-

238 
2.95E-25 

Mt|t/Msed 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 1.21E+04 1.30E+03 2.92E+02 3.77E+01 1.14E-01 2.20E-05 9.55E-08 1.69E-13 1.08E-24 1.67E-03 

Caq|x=0.02m,t/Caq|x=0m,t=0year 68.89% 35.91% 17.00% 4.47% 0.04% 0.00% 0.00% 0.00% 0.00% 0.17% 

Caq|x=0m,t/Csat 0.78% 0.94% 2.54% 6.54% 11.37% 22.51% 100.00% 100.00% 100.00% 100.00% 

Mt|t 5.81E+03 1.29E+02 1.37E+01 8.70E-01 8.88E-04 8.11E-08 2.67E-10 3.11E-16 1.13E-27 1.95E-05 

Mt|t/Msed 0.41% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                       CWP 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 2.30E+03 1.36E+00 1.61E-04 4.50E-12 8.09E-41 1.64E-90 
1.08E-

123 

1.41E-

195 
0.00E+00 1.49E-34 

Caq|x=0.02m,t/Caq|x=0m,t=0year 11.90% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.86% 1.03% 2.79% 7.18% 12.48% 24.71% 100.00% 100.00% 100.00% 100.00% 

Mt|t 1.21E+04 1.48E+00 8.22E-05 1.13E-12 6.86E-42 6.62E-92 
3.30E-

125 

2.83E-

197 
0.00E+00 1.90E-35 

Mt|t/Msed 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 6.46E+03 9.72E+01 1.38E+00 7.08E-04 8.53E-16 5.77E-36 2.22E-49 8.61E-79 
1.58E-

143 
9.41E-15 

Caq|x=0.02m,t/Caq|x=0m,t=0year 33.45% 2.44% 0.07% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.86% 1.03% 2.79% 7.18% 12.48% 24.71% 100.00% 100.00% 100.00% 100.00% 

Mt|t 3.39E+04 1.05E+02 7.08E-01 1.78E-04 7.23E-17 2.32E-37 6.79E-51 1.73E-80 
1.81E-

145 
1.20E-15 

Mt|t/Msed 0.16% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 1.45E+04 2.00E+03 5.70E+02 1.16E+02 1.94E+00 7.07E-03 2.00E-04 2.38E-08 2.10E-15 1.55E-02 

Caq|x=0.02m,t/Caq|x=0m,t=0year 79.51% 50.27% 30.28% 12.55% 0.62% 0.00% 0.00% 0.00% 0.00% 1.55% 

Caq|x=0m,t/Csat 0.81% 1.03% 2.79% 7.18% 12.48% 24.71% 100.00% 100.00% 100.00% 100.00% 

Mt|t 7.59E+04 2.16E+03 2.92E+02 2.93E+01 1.64E-01 2.85E-04 6.10E-06 4.80E-10 2.40E-17 1.98E-03 

Mt|t/Msed 6.29% 0.12% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                         IGC09 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 9.63E+02 1.41E-01 2.03E-06 7.50E-16 4.95E-52 
8.99E-

115 

1.22E-

156 

4.12E-

247 
0.00E+00 3.31E-43 

Caq|x=0.02m,t/Caq|x=0m,t=0year 8.68% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.50% 0.59% 1.60% 4.12% 7.17% 14.19% 64.59% 100.00% 100.00% 100.00% 

Mt|t 9.56E+03 2.89E-01 1.96E-06 3.57E-16 7.93E-53 
6.84E-

116 

7.03E-

158 

1.57E-

248 
0.00E+00 7.99E-44 

Mt|t/Msed 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 3.35E+03 3.87E+02 3.73E+01 9.05E-01 4.10E-06 9.25E-15 2.07E-20 4.64E-33 2.71E-60 7.39E-07 

Caq|x=0.02m,t/Caq|x=0m,t=0year 30.26% 16.91% 3.45% 0.17% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.50% 0.59% 1.60% 4.12% 7.17% 14.19% 64.59% 100.00% 100.00% 100.00% 

Mt|t 3.33E+04 5.82E+01 1.68E-01 7.49E-06 3.23E-21 6.27E-47 6.60E-64 
8.08E-

101 

8.51E-

183 
8.03E-19 

Mt|t/Msed 0.14% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 8.60E+03 1.13E+03 2.93E+02 4.99E+01 4.15E-01 4.54E-04 6.46E-06 2.13E-10 3.74E-19 7.32E-03 

Caq|x=0.02m,t/Caq|x=0m,t=0year 82.83% 49.25% 27.10% 9.39% 0.23% 0.00% 0.00% 0.00% 0.00% 0.73% 

Caq|x=0m,t/Csat 0.46% 0.59% 1.60% 4.12% 7.17% 14.19% 64.59% 100.00% 100.00% 100.00% 

Mt|t 8.53E+04 2.30E+03 2.83E+02 2.37E+01 6.65E-02 3.46E-05 3.73E-07 8.08E-12 8.09E-21 1.77E-03 

Mt|t/Msed 6.96% 0.12% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                         IGC13 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq|x=0.02m,t 1.26E+03 6.46E-01 6.09E-05 1.08E-12 3.09E-42 2.51E-93 
2.15E-

127 

4.56E-

201 
0.00E+00 1.93E-35 

Caq|x=0.02m,t/Caq|x=0m,t=0year 12.29% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.46% 0.55% 1.48% 3.81% 6.62% 13.10% 59.62% 100.00% 100.00% 100.00% 

Mt|t 1.26E+04 1.33E+00 5.93E-05 5.16E-13 4.99E-43 1.92E-94 
1.25E-

128 

1.75E-

202 
0.00E+00 4.71E-36 

Mt|t/Msed 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq|x=0.02m,t 3.61E+03 2.15E+02 1.27E+01 1.17E-01 1.17E-08 3.33E-20 8.56E-28 1.41E-44 3.05E-81 7.38E-09 

Caq|x=0.02m,t/Caq|x=0m,t=0year 35.28% 10.19% 1.28% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq|x=0m,t/Csat 0.46% 0.55% 1.48% 3.81% 6.62% 13.10% 59.62% 100.00% 100.00% 100.00% 

Mt|t 3.61E+04 1.06E+02 6.53E-01 1.37E-04 2.68E-17 2.38E-38 3.31E-52 2.22E-82 
3.49E-

149 
1.07E-15 

Mt|t/Msed 0.17% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq|x=0.02m,t 8.09E+03 1.13E+03 3.21E+02 6.45E+01 1.00E+00 3.23E-03 9.42E-05 1.57E-08 9.14E-16 1.57E-02 

Caq|x=0.02m,t/Caq|x=0m,t=0year 84.23% 53.55% 32.13% 13.13% 0.61% 0.00% 0.00% 0.00% 0.00% 1.57% 

Caq|x=0m,t/Csat 0.43% 0.55% 1.48% 3.81% 6.62% 13.10% 59.62% 100.00% 100.00% 100.00% 

Mt|t 8.08E+04 2.32E+03 3.12E+02 3.09E+01 1.62E-01 2.47E-04 5.48E-06 6.02E-10 1.99E-17 3.82E-03 

Mt|t/Msed 6.74% 0.13% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                    PCB 

                                    ACL 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 4.29E+03 9.69E+02 5.21E+01 4.61E-01 8.42E-08 1.48E-22 8.94E-94 
4.41E-

123 
0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 67.19% 34.99% 6.24% 0.15% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.18% 0.29% 0.38% 0.65% 0.75% 1.32% 0.79% 5.32% 5.58% 1.87% 

Mt (ng/m
2
) 4.99E+05 3.25E+04 5.20E+02 1.72E+00 9.03E-08 6.07E-23 9.11E-95 

3.54E-

124 
0.00E+00 0.00E+00 

Mt/Msed (%) 55.29% 1.35% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 1.73E+03 1.50E+03 4.81E+02 9.84E+01 3.77E+00 2.14E-02 1.66E-11 4.48E-15 1.83E-44 
6.96E-

126 

(Caq|x=0.02m/Caq|x=0m) (%) 82.85% 82.40% 58.90% 31.61% 4.21% 0.06% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.06% 0.19% 0.37% 0.65% 0.75% 1.32% 0.79% 5.32% 5.58% 1.87% 

Mt (ng/m
2
) 2.01E+05 5.18E+04 2.15E+03 5.65E+01 1.15E-02 2.37E-09 5.54E-39 6.63E-51 

3.39E-

150 
0.00E+00 

Mt/Msed (%) 100.00% 7.55% 0.19% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 1.52E-06 5.24E+02 6.02E+02 1.87E+02 2.31E+01 1.73E+00 3.69E-04 1.76E-05 5.51E-16 2.83E-44 

(Caq|x=0.02m/Caq|x=0m) (%) 98.93% 93.57% 80.11% 60.36% 25.83% 5.07% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.00% 0.06% 0.34% 0.64% 0.75% 1.32% 0.79% 5.32% 5.58% 1.87% 

Mt (ng/m
2
) 1.77E-04 1.76E+04 6.01E+03 6.95E+02 2.48E+01 7.09E-01 3.76E-05 1.41E-06 1.51E-17 2.72E-46 

Mt/Msed (%) 100.00% 100.00% 11.18% 0.92% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                        AED 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 4.57E+03 5.66E+02 5.43E+00 7.49E-04 6.13E-18 3.88E-50 
3.66E-

208 

1.89E-

273 
0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 51.27% 15.39% 0.49% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.25% 0.38% 0.50% 0.86% 0.99% 1.74% 1.04% 7.02% 7.37% 2.47% 

Mt (ng/m
2
) 5.57E+05 1.99E+04 5.68E+01 2.93E-03 6.88E-18 1.66E-50 

3.91E-

209 

1.59E-

274 
0.00E+00 0.00E+00 

Mt/Msed (%) 46.86% 0.59% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 
100 

years          

Caq (ng/L) 1.78E+03 1.46E+03 5.18E+02 7.81E+01 9.22E-01 3.48E-04 4.16E-19 4.43E-25 1.01E-74 
3.96E-

213 

(Caq|x=0.02m/Caq|x=0m) (%) 73.56% 78.14% 48.39% 18.99% 0.78% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.07% 0.19% 0.49% 0.86% 0.99% 1.74% 1.04% 7.02% 7.37% 2.47% 

Mt (ng/m
2
) 2.17E+05 5.03E+04 9.86E+02 4.71E+00 1.07E-06 2.28E-20 1.01E-84 

4.87E-

111 
0.00E+00 0.00E+00 

Mt/Msed (%) 100.00% 5.69% 0.06% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 
1000 

years          

Caq (ng/L) 1.04E-09 4.56E+02 6.85E+02 1.72E+02 1.01E+01 1.43E-01 9.79E-09 1.69E-11 4.04E-34 1.68E-96 

(Caq|x=0.02m/Caq|x=0m) (%) 98.35% 89.93% 69.39% 42.19% 8.50% 0.32% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.00% 0.05% 0.45% 0.85% 0.99% 1.74% 1.04% 7.02% 7.37% 2.47% 

Mt (ng/m
2
) 1.27E-07 1.60E+04 7.16E+03 6.73E+02 1.13E+01 6.13E-02 1.05E-09 1.42E-12 1.16E-35 1.70E-98 

Mt/Msed (%) 100.00% 100.00% 11.65% 0.71% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                     AFR 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 4.38E+03 5.52E+02 1.56E+01 3.09E-02 1.34E-11 1.42E-32 
9.96E-

135 

7.36E-

177 
0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 53.24% 22.31% 2.12% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.24% 0.26% 0.34% 0.57% 0.66% 1.16% 0.70% 4.70% 4.93% 1.66% 

Mt (ng/m
2
) 8.35E+04 3.03E+03 2.55E+01 1.89E-02 2.35E-12 9.54E-34 

1.66E-

136 

9.66E-

179 
0.00E+00 0.00E+00 

Mt/Msed (%) 4.74% 0.11% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 5.06E+03 1.66E+03 3.44E+02 5.99E+01 1.39E+00 2.58E-03 8.23E-15 2.29E-19 4.68E-57 
8.03E-

162 

(Caq|x=0.02m/Caq|x=0m) (%) 70.20% 71.02% 46.81% 21.76% 1.76% 0.01% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.21% 0.24% 0.33% 0.57% 0.66% 1.16% 0.70% 4.70% 4.93% 1.66% 

Mt (ng/m
2
) 9.64E+04 6.04E+03 1.78E+02 2.50E+00 4.45E-05 2.94E-14 2.88E-56 2.55E-73 

8.84E-

216 
0.00E+00 

Mt/Msed (%) 19.68% 0.73% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 4.33E+02 1.68E+03 4.84E+02 1.25E+02 1.15E+01 4.68E-01 5.59E-06 8.12E-08 1.21E-22 4.40E-63 

(Caq|x=0.02m/Caq|x=0m) (%) 92.15% 82.89% 66.38% 45.38% 14.52% 1.55% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.01% 0.21% 0.33% 0.57% 0.66% 1.16% 0.70% 4.70% 4.93% 1.66% 

Mt (ng/m
2
) 8.25E+03 9.25E+03 7.91E+02 7.62E+01 2.02E+00 3.14E-02 9.33E-08 1.07E-09 5.43E-25 6.94E-66 

Mt/Msed (%) 100.00% 21.86% 1.20% 0.09% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                  AJL 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 2.54E+03 3.52E+02 1.47E+01 7.49E-02 1.49E-09 1.38E-26 
3.94E-

109 

3.92E-

143 
0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 56.87% 27.08% 3.80% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.13% 0.14% 0.18% 0.30% 0.35% 0.61% 0.37% 2.47% 2.59% 0.87% 

Mt (ng/m
2
) 1.90E+04 7.57E+02 9.43E+00 1.79E-02 1.02E-10 3.62E-28 

2.58E-

111 

2.02E-

145 
0.00E+00 0.00E+00 

Mt/Msed (%) 1.07% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 3.14E+03 9.54E+02 2.06E+02 4.21E+01 1.78E+00 1.29E-02 3.47E-11 1.56E-14 4.87E-42 
3.75E-

118 

(Caq|x=0.02m/Caq|x=0m) (%) 72.29% 74.41% 53.13% 29.09% 4.29% 0.08% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.13% 0.13% 0.18% 0.30% 0.35% 0.61% 0.37% 2.47% 2.59% 0.87% 

Mt (ng/m
2
) 2.35E+04 1.37E+03 4.74E+01 9.81E-01 8.15E-05 2.04E-12 1.40E-46 2.21E-60 

1.78E-

175 
0.00E+00 

Mt/Msed (%) 4.00% 0.17% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 2.28E+03 1.04E+03 2.66E+02 7.15E+01 7.83E+00 4.66E-01 3.43E-05 1.06E-06 8.61E-19 1.57E-51 

(Caq|x=0.02m/Caq|x=0m) (%) 91.95% 83.61% 68.76% 49.48% 18.84% 2.94% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.07% 0.13% 0.18% 0.30% 0.35% 0.61% 0.37% 2.47% 2.59% 0.87% 

Mt (ng/m
2
) 1.70E+04 2.24E+03 1.70E+02 1.71E+01 5.38E-01 1.22E-02 2.24E-07 5.43E-09 1.51E-21 9.73E-55 

Mt/Msed (%) 82.72% 4.27% 0.26% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                       AMW 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 4.00E+02 1.18E+01 3.49E-03 9.34E-11 5.15E-40 
2.98E-

108 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 25.27% 2.58% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.05% 0.05% 0.06% 0.11% 0.12% 0.21% 0.13% 0.87% 0.91% 0.30% 

Mt (ng/m
2
) 3.79E+03 3.21E+01 2.83E-03 2.83E-11 4.49E-41 

9.92E-

110 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Mt/Msed (%) 0.14% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 7.59E+02 2.50E+02 3.27E+01 2.33E+00 1.80E-03 1.18E-09 2.99E-38 6.84E-50 
3.33E-

147 
0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 48.35% 55.14% 24.11% 4.61% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.05% 0.05% 0.06% 0.11% 0.12% 0.21% 0.13% 0.87% 0.91% 0.30% 

Mt (ng/m
2
) 7.19E+03 2.04E+02 8.90E-01 1.34E-04 2.51E-17 2.04E-45 

1.64E-

181 

1.45E-

237 
0.00E+00 0.00E+00 

Mt/Msed (%) 0.89% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 1.08E+03 3.12E+02 5.77E+01 8.60E+00 1.12E-01 5.48E-05 2.42E-19 4.41E-25 9.76E-73 
1.51E-

205 

(Caq|x=0.02m/Caq|x=0m) (%) 86.00% 69.35% 42.54% 16.96% 0.77% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.04% 0.05% 0.06% 0.11% 0.12% 0.21% 0.13% 0.87% 0.91% 0.30% 

Mt (ng/m
2
) 1.03E+04 8.51E+02 4.69E+01 2.61E+00 9.79E-03 1.82E-06 2.01E-21 2.88E-27 2.17E-75 

1.19E-

208 

Mt/Msed (%) 25.69% 1.30% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                        AOT 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 2.94E+03 3.05E+02 4.94E+00 2.53E-03 4.51E-15 1.03E-41 
4.54E-

172 

6.86E-

226 
0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 48.31% 16.92% 0.92% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.18% 0.19% 0.24% 0.42% 0.48% 0.85% 0.51% 3.42% 3.59% 1.21% 

Mt (ng/m
2
) 5.68E+04 1.69E+03 8.17E+00 1.57E-03 8.01E-16 6.99E-43 

7.67E-

174 

9.12E-

228 
0.00E+00 0.00E+00 

Mt/Msed (%) 2.96% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 3.72E+03 7.06E+02 5.48E+01 1.19E+00 8.06E-06 7.52E-17 1.55E-69 3.67E-91 
1.66E-

272 
0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 66.95% 39.30% 10.20% 0.59% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.16% 0.19% 0.24% 0.42% 0.48% 0.85% 0.51% 3.42% 3.59% 1.21% 

Mt (ng/m
2
) 7.18E+04 3.92E+03 9.06E+01 7.32E-01 1.43E-06 5.10E-18 2.62E-71 4.88E-93 

7.51E-

275 
0.00E+00 

Mt/Msed (%) 12.90% 0.44% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 7.00E+02 1.27E+03 3.34E+02 8.01E+01 5.77E+00 1.37E-01 1.20E-07 5.94E-10 1.02E-28 3.13E-80 

(Caq|x=0.02m/Caq|x=0m) (%) 91.67% 81.23% 62.72% 39.95% 10.01% 0.62% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.02% 0.16% 0.24% 0.42% 0.48% 0.85% 0.51% 3.42% 3.59% 1.21% 

Mt (ng/m
2
) 1.35E+04 7.08E+03 5.53E+02 4.95E+01 1.02E+00 9.29E-03 2.03E-09 7.90E-12 4.65E-31 5.00E-83 

Mt/Msed (%) 100.00% 14.95% 0.80% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                        CBC 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 1.81E+03 1.06E+02 2.23E-01 7.05E-07 1.06E-27 6.56E-76 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 51.64% 10.13% 0.07% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.10% 0.11% 0.14% 0.24% 0.28% 0.49% 0.30% 1.99% 2.09% 0.70% 

Mt (ng/m
2
) 9.43E+04 1.59E+03 9.97E-01 1.17E-06 5.09E-28 1.20E-76 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Mt/Msed (%) 4.26% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 2.37E+03 4.04E+02 1.40E+01 3.93E-02 6.29E-11 1.40E-30 
3.25E-

126 

1.23E-

165 
0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 79.96% 38.67% 4.46% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.09% 0.11% 0.14% 0.24% 0.28% 0.49% 0.30% 1.99% 2.09% 0.70% 

Mt (ng/m
2
) 1.24E+05 6.05E+03 6.22E+01 6.55E-02 3.01E-11 2.55E-31 

1.48E-

127 

4.40E-

167 
0.00E+00 0.00E+00 

Mt/Msed (%) 0.2331 0.55% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 8.48E+01 7.83E+02 2.33E+02 4.78E+01 1.51E+00 4.95E-03 2.20E-13 1.84E-17 3.33E-51 
6.90E-

145 

(Caq|x=0.02m/Caq|x=0m) (%) 99.95% 96.53% 75.66% 40.99% 4.50% 0.04% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.00% 0.08% 0.14% 0.24% 0.28% 0.49% 0.30% 1.99% 2.09% 0.70% 

Mt (ng/m
2
) 4.41E+03 1.17E+04 1.04E+03 7.97E+01 7.24E-01 9.04E-04 1.00E-14 6.60E-19 4.07E-53 

2.97E-

147 

Mt/Msed (%) 100.00% 29.51% 1.37% 0.07% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                      CLC 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 1.89E+02 1.61E+00 7.53E-06 6.66E-18 1.62E-65 
2.26E-

177 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 13.11% 0.39% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.04% 0.04% 0.06% 0.10% 0.11% 0.19% 0.12% 0.79% 0.83% 0.28% 

Mt (ng/m
2
) 1.64E+02 4.02E-01 5.60E-07 1.85E-19 1.29E-67 

6.88E-

180 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Mt/Msed (%) 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 4.92E+02 1.66E+02 1.40E+01 3.70E-01 5.68E-06 3.64E-16 1.09E-64 1.37E-84 
2.06E-

251 
0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 34.10% 39.99% 11.30% 0.80% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.04% 0.04% 0.06% 0.10% 0.11% 0.19% 0.12% 0.79% 0.83% 0.28% 

Mt (ng/m
2
) 4.27E+02 7.06E+00 5.67E-03 1.35E-08 1.14E-28 3.29E-74 

3.89E-

297 
0.00E+00 0.00E+00 0.00E+00 

Mt/Msed (%) 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 1.09E+03 2.36E+02 3.48E+01 3.28E+00 7.54E-03 6.47E-08 5.85E-31 2.67E-40 
3.00E-

118 
0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 76.81% 56.79% 28.10% 7.09% 0.06% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.04% 0.04% 0.06% 0.10% 0.11% 0.19% 0.12% 0.79% 0.83% 0.28% 

Mt (ng/m
2
) 9.46E+02 5.89E+01 2.58E+00 9.09E-02 6.01E-05 1.97E-10 4.44E-34 1.59E-43 

6.11E-

122 
0.00E+00 

Mt/Msed (%) 1.63% 0.08% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

 

                                        CWP 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 1.96E+02 3.49E+00 1.89E-04 7.30E-14 1.15E-50 
7.82E-

137 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 21.61% 1.33% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.03% 0.03% 0.04% 0.06% 0.07% 0.12% 0.07% 0.50% 0.52% 0.18% 

Mt (ng/m
2
) 3.52E+03 1.80E+01 2.89E-04 4.18E-14 1.90E-51 

4.91E-

138 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Mt/Msed (%) 0.12% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 4.22E+02 1.48E+02 1.77E+01 1.01E+00 3.20E-04 2.55E-11 1.79E-44 5.31E-58 
3.24E-

171 
0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 46.83% 56.92% 22.73% 3.48% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.03% 0.03% 0.04% 0.06% 0.07% 0.12% 0.07% 0.50% 0.52% 0.18% 

Mt (ng/m
2
) 7.56E+03 1.74E+02 3.80E-01 1.04E-05 1.88E-21 1.03E-56 

1.66E-

228 

2.34E-

299 
0.00E+00 0.00E+00 

Mt/Msed (%) 0.88% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 6.34E+02 1.84E+02 3.16E+01 3.93E+00 2.53E-02 2.35E-06 2.79E-24 1.69E-31 1.32E-91 
1.83E-

259 

(Caq|x=0.02m/Caq|x=0m) (%) 89.93% 71.36% 40.57% 13.50% 0.30% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.02% 0.03% 0.04% 0.06% 0.07% 0.12% 0.07% 0.50% 0.52% 0.18% 

Mt (ng/m
2
) 1.13E+04 9.50E+02 4.85E+01 2.25E+00 4.16E-03 1.48E-07 4.38E-26 2.09E-33 5.55E-94 

2.72E-

262 

Mt/Msed (%) 29.16% 1.40% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

 

                                     IGC09 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 1.54E+02 2.19E+00 5.70E-05 3.61E-15 3.50E-55 
5.57E-

149 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 18.14% 0.90% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.02% 0.03% 0.03% 0.06% 0.06% 0.11% 0.07% 0.46% 0.49% 0.16% 

Mt (ng/m
2
) 1.39E+03 5.69E+00 4.42E-05 1.05E-15 2.91E-56 

1.77E-

150 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Mt/Msed (%) 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 3.51E+02 1.22E+02 1.32E+01 6.08E-01 8.38E-05 9.55E-13 4.34E-50 2.36E-65 
3.53E-

193 
0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 41.60% 50.23% 18.15% 2.24% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.02% 0.03% 0.03% 0.06% 0.06% 0.11% 0.07% 0.46% 0.49% 0.16% 

Mt (ng/m
2
) 3.17E+03 6.57E+01 1.06E-01 1.41E-06 1.31E-23 6.35E-62 

6.65E-

249 
0.00E+00 0.00E+00 0.00E+00 

Mt/Msed (%) 0.36% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 6.42E+02 1.58E+02 2.57E+01 2.93E+00 1.38E-02 6.34E-07 2.27E-26 3.21E-34 1.26E-99 
2.15E-

282 

(Caq|x=0.02m/Caq|x=0m) (%) 84.71% 65.28% 35.41% 10.81% 0.18% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.02% 0.03% 0.03% 0.06% 0.06% 0.11% 0.07% 0.46% 0.49% 0.16% 

Mt (ng/m
2
) 5.80E+03 4.12E+02 1.99E+01 8.48E-01 1.15E-03 2.01E-08 1.79E-28 2.00E-36 

2.67E-

102 

1.61E-

285 

Mt/Msed (%) 11.80% 0.59% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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Table D5.9 (Cont.): Summary of Caq|x=0.02m,t (ng/L), Caq|x=0.02m,t/Caq|x=0m,t=0year (%), Caq|x=0m,t/Csat (%), Mt|t (ng/m
2
), and Mt|t/Msed (%) 

in all the sediment cores at the 95
th

 percentile initial sediment concentration (36100 and 1640 ng/g for PBDE and PCB homologs, 

respectively) as predicted from the 95
th

 percentile transport parameters values under advection-diffusion with organic carbon 

only sorption (A(OC)) at 40,100, and 1000 years in all sediment cores. 

                                         IGC13 

Time 40 years 

Homolog H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

Caq (ng/L) 3.55E+01 9.95E-01 2.47E-04 4.20E-12 3.61E-42 
2.50E-

112 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 26.51% 2.58% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.00% 0.00% 0.01% 0.01% 0.01% 0.02% 0.01% 0.07% 0.08% 0.03% 

Mt (ng/m
2
) 6.40E+02 5.16E+00 3.81E-04 2.42E-12 5.98E-43 

1.58E-

113 
0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Mt/Msed (%) 0.15% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 100 years 

Caq (ng/L) 6.82E+01 6.61E+00 9.03E-02 3.04E-05 9.46E-18 3.43E-46 
1.64E-

185 

4.78E-

243 
0.00E+00 0.00E+00 

(Caq|x=0.02m/Caq|x=0m) (%) 51.28% 17.13% 0.79% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.00% 0.00% 0.01% 0.01% 0.01% 0.02% 0.01% 0.07% 0.08% 0.03% 

Mt (ng/m
2
) 1.23E+03 3.43E+01 1.40E-01 1.75E-05 1.57E-18 2.17E-47 

2.58E-

187 

5.93E-

245 
0.00E+00 0.00E+00 

Mt/Msed (%) 0.94% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Time 1000 years 

Caq (ng/L) 9.53E+01 2.81E+01 5.21E+00 7.65E-01 9.31E-03 3.82E-06 7.00E-21 8.87E-27 9.09E-76 
2.45E-

212 

(Caq|x=0.02m/Caq|x=0m) (%) 90.64% 73.88% 45.33% 17.82% 0.75% 0.00% 0.00% 0.00% 0.00% 0.00% 

Caq/Csat (%) 0.00% 0.00% 0.01% 0.01% 0.01% 0.02% 0.01% 0.07% 0.08% 0.03% 

Mt (ng/m
2
) 1.72E+03 1.46E+02 8.05E+00 4.41E-01 1.54E-03 2.41E-07 1.10E-22 1.10E-28 3.85E-78 

3.65E-

215 

Mt/Msed (%) 27.65% 1.40% 0.06% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 



489 

 

Table D5.10a (Cont.): PBDE sediment phase concentrations (Csed) (ng/g) to yield aqueous phase concentration assuming local equilibrium 

assumption equals to saturation concentration (Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-

porewater partitioning coefficient values for organic carbon only sorption (log Kd (OC)). 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.8E+06 1.5E+06 5.6E+05 2.2E+05 1.3E+05 6.3E+04 1.4E+04 2.1E+03 1.1E+03 3.3E+01 

0.25 3.7E+06 2.9E+06 1.6E+06 9.1E+05 5.0E+05 4.6E+05 1.6E+05 2.3E+04 1.8E+04 3.1E+03 

0.50 5.7E+06 4.3E+06 3.0E+06 2.3E+06 1.2E+06 1.4E+06 9.7E+05 1.2E+05 1.1E+05 6.3E+04 

0.75 8.6E+06 6.1E+06 5.6E+06 5.6E+06 2.9E+06 4.0E+06 1.9E+06 5.8E+05 6.8E+05 1.3E+06 

0.95 1.5E+07 9.9E+06 1.3E+07 1.9E+07 9.8E+06 1.8E+07 1.6E+07 7.3E+06 9.0E+06 9.8E+07 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 6.8E+05 5.7E+05 2.1E+05 8.2E+04 4.7E+04 2.4E+04 5.2E+03 7.9E+02 4.2E+02 1.2E+01 

0.25 2.5E+06 2.0E+06 1.1E+06 6.1E+05 3.4E+05 3.1E+05 1.1E+05 1.6E+04 1.2E+04 2.1E+03 

0.50 4.7E+06 3.6E+06 2.5E+06 1.9E+06 1.0E+06 1.1E+06 8.1E+05 1.0E+05 9.3E+04 5.3E+04 

0.75 8.0E+06 5.7E+06 5.2E+06 5.2E+06 2.7E+06 3.7E+06 1.7E+06 5.4E+05 6.3E+05 1.2E+06 

0.95 1.5E+07 1.0E+07 1.4E+07 2.0E+07 1.0E+07 1.9E+07 1.7E+07 7.6E+06 9.4E+06 1.0E+08 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.1E+06 8.8E+05 3.3E+05 1.3E+05 7.3E+04 3.7E+04 8.1E+03 1.2E+03 6.5E+02 1.9E+01 

0.25 1.6E+06 1.3E+06 7.0E+05 4.0E+05 2.2E+05 2.0E+05 7.0E+04 1.0E+04 7.8E+03 1.4E+03 

0.50 2.2E+06 1.7E+06 1.2E+06 8.9E+05 4.7E+05 5.3E+05 3.8E+05 4.8E+04 4.4E+04 2.5E+04 

0.75 3.0E+06 2.2E+06 2.0E+06 2.0E+06 1.0E+06 1.4E+06 6.6E+05 2.0E+05 2.4E+05 4.6E+05 

0.95 4.6E+06 3.1E+06 4.1E+06 6.1E+06 3.0E+06 5.6E+06 5.0E+06 2.3E+06 2.8E+06 3.1E+07 
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Table D5.10a (Cont.): PBDE sediment phase concentrations (Csed) (ng/g) to yield aqueous phase concentration assuming local equilibrium 

assumption equals to saturation concentration (Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-

porewater partitioning coefficient values for organic carbon only sorption (log Kd (OC)). 

 

Percentile 

AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 7.7E+05 6.4E+05 2.4E+05 9.3E+04 5.3E+04 2.7E+04 5.9E+03 9.0E+02 4.7E+02 1.4E+01 

0.25 3.4E+06 2.7E+06 1.5E+06 8.3E+05 4.6E+05 4.2E+05 1.5E+05 2.1E+04 1.6E+04 2.8E+03 

0.50 6.8E+06 5.1E+06 3.6E+06 2.7E+06 1.5E+06 1.6E+06 1.2E+06 1.5E+05 1.3E+05 7.6E+04 

0.75 1.2E+07 8.5E+06 7.8E+06 7.8E+06 4.0E+06 5.6E+06 2.6E+06 8.0E+05 9.4E+05 1.8E+06 

0.95 2.3E+07 1.6E+07 2.1E+07 3.1E+07 1.6E+07 2.9E+07 2.5E+07 1.2E+07 1.4E+07 1.6E+08 

Percentile 
AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 7.9E+06 6.6E+06 2.4E+06 9.5E+05 5.5E+05 2.8E+05 6.1E+04 9.2E+03 4.9E+03 1.4E+02 

0.25 1.8E+07 1.4E+07 7.8E+06 4.5E+06 2.5E+06 2.3E+06 7.9E+05 1.1E+05 8.7E+04 1.5E+04 

0.50 3.0E+07 2.2E+07 1.6E+07 1.2E+07 6.3E+06 7.1E+06 5.1E+06 6.4E+05 5.8E+05 3.3E+05 

0.75 4.6E+07 3.3E+07 3.0E+07 3.0E+07 1.6E+07 2.1E+07 1.0E+07 3.1E+06 3.6E+06 7.0E+06 

0.95 8.1E+07 5.4E+07 7.2E+07 1.1E+08 5.4E+07 9.9E+07 8.8E+07 4.0E+07 5.0E+07 5.4E+08 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.5E+06 1.2E+06 4.5E+05 1.8E+05 1.0E+05 5.1E+04 1.1E+04 1.7E+03 9.0E+02 2.7E+01 

0.25 2.9E+06 2.3E+06 1.2E+06 7.1E+05 3.9E+05 3.6E+05 1.2E+05 1.8E+04 1.4E+04 2.4E+03 

0.50 4.4E+06 3.3E+06 2.3E+06 1.8E+06 9.5E+05 1.1E+06 7.6E+05 9.5E+04 8.7E+04 4.9E+04 

0.75 6.6E+06 4.7E+06 4.3E+06 4.3E+06 2.2E+06 3.1E+06 1.4E+06 4.4E+05 5.2E+05 1.0E+06 

0.95 1.1E+07 7.4E+06 9.9E+06 1.5E+07 7.3E+06 1.4E+07 1.2E+07 5.5E+06 6.8E+06 7.4E+07 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 5.1E+05 4.3E+05 1.6E+05 6.2E+04 3.6E+04 1.8E+04 4.0E+03 6.0E+02 3.2E+02 9.5E+00 

0.25 2.6E+06 2.1E+06 1.1E+06 6.4E+05 3.5E+05 3.2E+05 1.1E+05 1.6E+04 1.2E+04 2.2E+03 

0.50 5.6E+06 4.2E+06 3.0E+06 2.2E+06 1.2E+06 1.3E+06 9.6E+05 1.2E+05 1.1E+05 6.2E+04 

0.75 1.0E+07 7.3E+06 6.6E+06 6.7E+06 3.5E+06 4.7E+06 2.2E+06 6.9E+05 8.0E+05 1.5E+06 

0.95 2.1E+07 1.4E+07 1.8E+07 2.7E+07 1.4E+07 2.5E+07 2.2E+07 1.0E+07 1.3E+07 1.4E+08 
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Table D5.10a (Cont.): PBDE sediment phase concentrations (Csed) (ng/g) to yield aqueous phase concentration assuming local equilibrium 

assumption equals to saturation concentration (Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-

porewater partitioning coefficient values for organic carbon only sorption (log Kd (OC)). 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.6E+06 3.8E+06 1.4E+06 5.5E+05 3.2E+05 1.6E+05 3.5E+04 5.4E+03 2.8E+03 8.4E+01 

0.25 6.6E+06 5.2E+06 2.8E+06 1.6E+06 8.9E+05 8.1E+05 2.8E+05 4.1E+04 3.1E+04 5.5E+03 

0.50 8.6E+06 6.4E+06 4.5E+06 3.4E+06 1.8E+06 2.1E+06 1.5E+06 1.8E+05 1.7E+05 9.5E+04 

0.75 1.1E+07 7.9E+06 7.2E+06 7.3E+06 3.8E+06 5.2E+06 2.4E+06 7.5E+05 8.8E+05 1.7E+06 

0.95 1.6E+07 1.1E+07 1.4E+07 2.1E+07 1.1E+07 2.0E+07 1.7E+07 8.0E+06 9.8E+06 1.1E+08 

Percentile 
CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.2E+06 3.5E+06 1.3E+06 5.0E+05 2.9E+05 1.5E+05 3.2E+04 4.9E+03 2.6E+03 7.7E+01 

0.25 7.3E+06 5.7E+06 3.1E+06 1.8E+06 9.8E+05 8.9E+05 3.1E+05 4.5E+04 3.4E+04 6.0E+03 

0.50 1.0E+07 7.9E+06 5.5E+06 4.2E+06 2.2E+06 2.5E+06 1.8E+06 2.2E+05 2.0E+05 1.2E+05 

0.75 1.5E+07 1.1E+07 9.7E+06 9.7E+06 5.0E+06 6.9E+06 3.2E+06 1.0E+06 1.2E+06 2.3E+06 

0.95 2.4E+07 1.6E+07 2.1E+07 3.2E+07 1.6E+07 2.9E+07 2.6E+07 1.2E+07 1.5E+07 1.6E+08 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 7.8E+06 6.5E+06 2.4E+06 9.4E+05 5.4E+05 2.7E+05 6.0E+04 9.1E+03 4.8E+03 1.4E+02 

0.25 1.3E+07 9.9E+06 5.3E+06 3.1E+06 1.7E+06 1.5E+06 5.4E+05 7.8E+04 5.9E+04 1.0E+04 

0.50 1.7E+07 1.3E+07 9.1E+06 6.9E+06 3.7E+06 4.2E+06 2.9E+06 3.7E+05 3.4E+05 1.9E+05 

0.75 2.4E+07 1.7E+07 1.5E+07 1.6E+07 8.1E+06 1.1E+07 5.2E+06 1.6E+06 1.9E+06 3.6E+06 

0.95 3.7E+07 2.5E+07 3.3E+07 4.9E+07 2.4E+07 4.5E+07 4.0E+07 1.8E+07 2.3E+07 2.5E+08 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 7.3E+06 6.1E+06 2.3E+06 8.8E+05 5.0E+05 2.5E+05 5.6E+04 8.5E+03 4.5E+03 1.3E+02 

0.25 1.3E+07 9.9E+06 5.3E+06 3.1E+06 1.7E+06 1.5E+06 5.4E+05 7.8E+04 6.0E+04 1.0E+04 

0.50 1.8E+07 1.4E+07 9.5E+06 7.2E+06 3.8E+06 4.3E+06 3.1E+06 3.9E+05 3.5E+05 2.0E+05 

0.75 2.5E+07 1.8E+07 1.7E+07 1.7E+07 8.6E+06 1.2E+07 5.6E+06 1.7E+06 2.0E+06 3.9E+06 

0.95 4.1E+07 2.7E+07 3.7E+07 5.4E+07 2.7E+07 5.0E+07 4.4E+07 2.0E+07 2.5E+07 2.7E+08 
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Table D5.10b (Cont.): PBDE sediment phase concentrations (Csed) (ng/g) to yield aqueous phase concentration assuming local equilibrium 

assumption equals to saturation concentration (Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-

porewater partitioning coefficient values for organic carbon and black carbon sorptions (log Kd (OCBC)). 

 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.8E+06 6.9E+06 3.4E+07 1.5E+08 1.7E+09 8.6E+09 1.4E+10 3.0E+10 1.0E+11 3.0E+08 

0.25 4.2E+06 9.1E+07 7.7E+08 6.3E+09 4.6E+10 7.0E+11 2.4E+12 2.8E+12 1.8E+13 2.8E+12 

0.50 5.1E+07 6.9E+08 7.7E+09 8.7E+10 4.2E+11 8.0E+12 1.0E+14 5.4E+13 4.1E+14 8.4E+14 

0.75 5.7E+08 4.9E+09 7.1E+10 1.1E+12 3.7E+12 8.3E+13 2.7E+14 7.9E+14 8.5E+15 2.5E+17 

0.95 8.9E+09 4.5E+10 1.1E+12 3.3E+13 7.1E+13 2.4E+15 2.5E+16 1.2E+17 1.1E+18 1.6E+21 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 6.8E+05 3.5E+06 1.7E+07 7.9E+07 8.8E+08 4.4E+09 7.1E+09 1.5E+10 5.1E+10 1.5E+08 

0.25 2.8E+06 6.1E+07 5.2E+08 4.2E+09 3.1E+10 4.7E+11 1.6E+12 1.9E+12 1.2E+13 1.9E+12 

0.50 3.5E+07 4.8E+08 5.3E+09 6.1E+10 2.9E+11 5.6E+12 7.0E+13 3.8E+13 2.9E+14 5.8E+14 

0.75 3.9E+08 3.4E+09 4.9E+10 7.8E+11 2.5E+12 5.7E+13 1.9E+14 5.4E+14 5.9E+15 1.7E+17 

0.95 5.8E+09 3.0E+10 7.5E+11 2.1E+13 4.6E+13 1.6E+15 1.7E+16 7.7E+16 7.3E+17 1.0E+21 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.1E+06 3.0E+06 1.5E+07 6.7E+07 7.5E+08 3.8E+09 6.0E+09 1.3E+10 4.3E+10 1.3E+08 

0.25 1.6E+06 2.4E+07 2.1E+08 1.7E+09 1.2E+10 1.9E+11 6.3E+11 7.6E+11 4.8E+12 7.5E+11 

0.50 1.1E+07 1.5E+08 1.6E+09 1.9E+10 9.0E+10 1.7E+12 2.1E+13 1.2E+13 8.8E+13 1.8E+14 

0.75 1.0E+08 8.7E+08 1.3E+10 2.0E+11 6.5E+11 1.5E+13 4.9E+13 1.4E+14 1.5E+15 4.4E+16 

0.95 1.3E+09 6.6E+09 1.7E+11 4.8E+12 1.0E+13 3.6E+14 3.7E+15 1.7E+16 1.6E+17 2.3E+20 
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Table D5.10b (Cont.): PBDE sediment phase concentrations (Csed) (ng/g) to yield aqueous phase concentration assuming local equilibrium 

assumption equals to saturation concentration (Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-

porewater partitioning coefficient values for organic carbon and black carbon sorptions (log Kd (OCBC)). 

  

Percentile 

AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 7.7E+05 2.1E+06 1.0E+07 4.8E+07 5.3E+08 2.7E+09 4.3E+09 9.1E+09 3.1E+10 9.1E+07 

0.25 3.4E+06 5.7E+07 4.8E+08 3.9E+09 2.9E+10 4.4E+11 1.5E+12 1.8E+12 1.1E+13 1.8E+12 

0.50 4.0E+07 5.4E+08 6.0E+09 6.8E+10 3.3E+11 6.3E+12 7.8E+13 4.3E+13 3.3E+14 6.6E+14 

0.75 5.1E+08 4.4E+09 6.4E+10 1.0E+12 3.3E+12 7.5E+13 2.5E+14 7.1E+14 7.6E+15 2.2E+17 

0.95 8.9E+09 4.5E+10 1.1E+12 3.3E+13 7.1E+13 2.5E+15 2.5E+16 1.2E+17 1.1E+18 1.6E+21 

Percentile 
AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 7.9E+06 3.6E+07 1.8E+08 8.2E+08 9.1E+09 4.6E+10 7.3E+10 1.6E+11 5.3E+11 1.6E+09 

0.25 2.3E+07 5.0E+08 4.2E+09 3.4E+10 2.5E+11 3.8E+12 1.3E+13 1.5E+13 9.9E+13 1.5E+13 

0.50 2.8E+08 3.8E+09 4.2E+10 4.8E+11 2.3E+12 4.4E+13 5.5E+14 3.0E+14 2.3E+15 4.6E+15 

0.75 3.2E+09 2.7E+10 3.9E+11 6.2E+12 2.0E+13 4.6E+14 1.5E+15 4.4E+15 4.7E+16 1.4E+18 

0.95 4.9E+10 2.5E+11 6.2E+12 1.8E+14 3.9E+14 1.3E+16 1.4E+17 6.4E+17 6.1E+18 8.7E+21 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.5E+06 3.4E+06 1.7E+07 7.7E+07 8.6E+08 4.3E+09 7.0E+09 1.5E+10 5.0E+10 1.5E+08 

0.25 4.8E+06 1.0E+08 8.8E+08 7.2E+09 5.3E+10 8.1E+11 2.7E+12 3.2E+12 2.1E+13 3.2E+12 

0.50 7.8E+07 1.1E+09 1.2E+10 1.3E+11 6.4E+11 1.2E+13 1.5E+14 8.3E+13 6.3E+14 1.3E+15 

0.75 1.0E+09 8.8E+09 1.3E+11 2.0E+12 6.6E+12 1.5E+14 5.0E+14 1.4E+15 1.5E+16 4.5E+17 

0.95 1.9E+10 9.4E+10 2.4E+12 6.8E+13 1.5E+14 5.1E+15 5.2E+16 2.4E+17 2.3E+18 3.3E+21 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 5.1E+05 1.6E+07 7.9E+07 3.6E+08 4.0E+09 2.0E+10 3.2E+10 6.9E+10 2.3E+11 6.9E+08 

0.25 2.1E+07 4.5E+08 3.8E+09 3.1E+10 2.3E+11 3.5E+12 1.2E+13 1.4E+13 8.9E+13 1.4E+13 

0.50 3.3E+08 4.5E+09 4.9E+10 5.6E+11 2.7E+12 5.1E+13 6.4E+14 3.5E+14 2.7E+15 5.4E+15 

0.75 4.3E+09 3.7E+10 5.3E+11 8.4E+12 2.7E+13 6.2E+14 2.1E+15 5.9E+15 6.4E+16 1.9E+18 

0.95 7.5E+10 3.8E+11 9.5E+12 2.7E+14 5.9E+14 2.1E+16 2.1E+17 9.8E+17 9.4E+18 1.3E+22 
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Table D5.10b (Cont.): PBDE sediment phase concentrations (Csed) (ng/g) to yield aqueous phase concentration assuming local equilibrium 

assumption equals to saturation concentration (Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-

porewater partitioning coefficient values for organic carbon and black carbon sorptions (log Kd (OCBC)). 

 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.6E+06 1.4E+08 7.0E+08 3.2E+09 3.5E+10 1.8E+11 2.9E+11 6.1E+11 2.1E+12 6.1E+09 

0.25 5.3E+07 1.1E+09 9.6E+09 7.9E+10 5.8E+11 8.8E+12 3.0E+13 3.5E+13 2.3E+14 3.5E+13 

0.50 5.0E+08 6.8E+09 7.6E+10 8.6E+11 4.1E+12 7.9E+13 9.8E+14 5.4E+14 4.1E+15 8.3E+15 

0.75 4.7E+09 4.0E+10 5.8E+11 9.2E+12 3.0E+13 6.8E+14 2.2E+15 6.4E+15 6.9E+16 2.0E+18 

0.95 5.8E+10 2.9E+11 7.4E+12 2.1E+14 4.6E+14 1.6E+16 1.6E+17 7.6E+17 7.3E+18 1.0E+22 

Percentile 
CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.9E+06 3.5E+08 1.7E+09 7.8E+09 8.7E+10 4.4E+11 7.0E+11 1.5E+12 5.1E+12 1.5E+10 

0.25 1.3E+08 2.9E+09 2.4E+10 2.0E+11 1.5E+12 2.2E+13 7.5E+13 9.0E+13 5.7E+14 8.9E+13 

0.50 1.3E+09 1.8E+10 2.0E+11 2.2E+12 1.1E+13 2.0E+14 2.5E+15 1.4E+15 1.1E+16 2.1E+16 

0.75 1.2E+10 1.0E+11 1.5E+12 2.4E+13 7.8E+13 1.8E+15 5.9E+15 1.7E+16 1.8E+17 5.3E+18 

0.95 1.5E+11 7.9E+11 2.0E+13 5.7E+14 1.2E+15 4.3E+16 4.4E+17 2.0E+18 2.0E+19 2.8E+22 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 7.8E+06 1.5E+08 7.3E+08 3.3E+09 3.7E+10 1.9E+11 3.0E+11 6.4E+11 2.2E+12 6.4E+09 

0.25 6.6E+07 1.4E+09 1.2E+10 9.9E+10 7.2E+11 1.1E+13 3.7E+13 4.4E+13 2.8E+14 4.4E+13 

0.50 6.9E+08 9.4E+09 1.0E+11 1.2E+12 5.7E+12 1.1E+14 1.4E+15 7.4E+14 5.6E+15 1.1E+16 

0.75 7.0E+09 5.9E+10 8.6E+11 1.4E+13 4.5E+13 1.0E+15 3.3E+15 9.6E+15 1.0E+17 3.0E+18 

0.95 9.6E+10 4.9E+11 1.2E+13 3.5E+14 7.6E+14 2.6E+16 2.7E+17 1.3E+18 1.2E+19 1.7E+22 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 7.3E+06 2.3E+08 1.1E+09 5.1E+09 5.6E+10 2.8E+11 4.5E+11 9.7E+11 3.3E+12 9.7E+09 

0.25 1.1E+08 2.5E+09 2.1E+10 1.7E+11 1.2E+12 1.9E+13 6.4E+13 7.7E+13 4.9E+14 7.6E+13 

0.50 1.3E+09 1.7E+10 1.9E+11 2.2E+12 1.0E+13 2.0E+14 2.5E+15 1.4E+15 1.0E+16 2.1E+16 

0.75 1.3E+10 1.1E+11 1.7E+12 2.6E+13 8.6E+13 2.0E+15 6.5E+15 1.9E+16 2.0E+17 5.8E+18 

0.95 1.9E+11 9.9E+11 2.5E+13 7.1E+14 1.5E+15 5.3E+16 5.5E+17 2.5E+18 2.4E+19 3.5E+22 
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Table D5.10c (Cont.): PCB sediment phase concentrations (Csed) (ng/g) to yield aqueous phase concentration assuming local equilibrium 

assumption equals to saturation concentration (Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-

porewater partitioning coefficient values for organic carbon only sorption (log Kd (OCBC)). 

Percentile 
ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.6E+06 1.5E+06 1.2E+06 6.7E+05 5.9E+05 3.3E+05 5.5E+05 8.2E+04 8.2E+04 2.2E+05 

0.25 2.9E+06 2.8E+06 2.3E+06 1.4E+06 1.2E+06 7.5E+05 1.3E+06 2.7E+05 3.8E+05 1.0E+06 

0.50 4.2E+06 4.1E+06 3.4E+06 2.1E+06 1.9E+06 1.2E+06 2.1E+06 5.6E+05 1.1E+06 2.8E+06 

0.75 6.0E+06 5.7E+06 4.9E+06 3.2E+06 2.8E+06 2.0E+06 3.3E+06 1.1E+06 2.8E+06 7.5E+06 

0.95 9.3E+06 9.1E+06 8.1E+06 5.5E+06 4.8E+06 3.7E+06 6.1E+06 3.1E+06 1.1E+07 2.9E+07 

Percentile 
AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 5.8E+05 5.6E+05 4.3E+05 2.5E+05 2.2E+05 1.2E+05 2.1E+05 3.1E+04 3.1E+04 8.3E+04 

0.25 2.0E+06 1.9E+06 1.5E+06 9.4E+05 8.2E+05 5.1E+05 8.5E+05 1.8E+05 2.6E+05 7.0E+05 

0.50 3.5E+06 3.4E+06 2.8E+06 1.8E+06 1.5E+06 1.0E+06 1.7E+06 4.6E+05 8.7E+05 2.3E+06 

0.75 5.6E+06 5.4E+06 4.6E+06 3.0E+06 2.6E+06 1.8E+06 3.0E+06 1.1E+06 2.6E+06 7.0E+06 

0.95 9.7E+06 9.4E+06 8.4E+06 5.7E+06 5.0E+06 3.9E+06 6.4E+06 3.2E+06 1.1E+07 3.0E+07 

Percentile 
AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 9.0E+05 8.7E+05 6.7E+05 3.9E+05 3.4E+05 1.9E+05 3.2E+05 4.8E+04 4.8E+04 1.3E+05 

0.25 1.3E+06 1.2E+06 1.0E+06 6.1E+05 5.3E+05 3.3E+05 5.6E+05 1.2E+05 1.7E+05 4.6E+05 

0.50 1.7E+06 1.6E+06 1.3E+06 8.3E+05 7.2E+05 4.8E+05 8.0E+05 2.2E+05 4.1E+05 1.1E+06 

0.75 2.1E+06 2.0E+06 1.7E+06 1.1E+06 9.7E+05 6.9E+05 1.1E+06 4.0E+05 9.9E+05 2.6E+06 

0.95 2.9E+06 2.8E+06 2.5E+06 1.7E+06 1.5E+06 1.2E+06 1.9E+06 9.5E+05 3.4E+06 9.1E+06 
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Table D5.10c (Cont.): PCB sediment phase concentrations (Csed) (ng/g) to yield aqueous phase concentration assuming local equilibrium 

assumption equals to saturation concentration (Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-

porewater partitioning coefficient values for organic carbon only sorption (log Kd (OCBC)). 

 

Percentile 

AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 6.6E+05 6.4E+05 4.9E+05 2.9E+05 2.5E+05 1.4E+05 2.4E+05 3.5E+04 3.5E+04 9.4E+04 

0.25 2.7E+06 2.6E+06 2.1E+06 1.3E+06 1.1E+06 6.9E+05 1.2E+06 2.5E+05 3.5E+05 9.6E+05 

0.50 5.1E+06 4.9E+06 4.1E+06 2.6E+06 2.2E+06 1.5E+06 2.4E+06 6.7E+05 1.3E+06 3.4E+06 

0.75 8.3E+06 8.0E+06 6.8E+06 4.5E+06 3.9E+06 2.7E+06 4.5E+06 1.6E+06 3.9E+06 1.0E+07 

0.95 1.5E+07 1.4E+07 1.3E+07 8.7E+06 7.6E+06 5.9E+06 9.8E+06 4.9E+06 1.8E+07 4.7E+07 

Percentile 
AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 6.7E+06 6.5E+06 5.0E+06 2.9E+06 2.5E+06 1.4E+06 2.4E+06 3.6E+05 3.6E+05 9.7E+05 

0.25 1.4E+07 1.4E+07 1.1E+07 6.9E+06 6.0E+06 3.7E+06 6.2E+06 1.3E+06 1.9E+06 5.1E+06 

0.50 2.2E+07 2.1E+07 1.8E+07 1.1E+07 9.6E+06 6.4E+06 1.1E+07 2.9E+06 5.5E+06 1.5E+07 

0.75 3.2E+07 3.1E+07 2.6E+07 1.7E+07 1.5E+07 1.1E+07 1.7E+07 6.1E+06 1.5E+07 4.0E+07 

0.95 5.1E+07 5.0E+07 4.5E+07 3.0E+07 2.6E+07 2.0E+07 3.4E+07 1.7E+07 6.1E+07 1.6E+08 

Percentile 
AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 1.3E+06 1.2E+06 9.3E+05 5.4E+05 4.7E+05 2.7E+05 4.5E+05 6.6E+04 6.6E+04 1.8E+05 

0.25 2.3E+06 2.2E+06 1.8E+06 1.1E+06 9.4E+05 5.9E+05 9.8E+05 2.1E+05 3.0E+05 8.1E+05 

0.50 3.3E+06 3.2E+06 2.6E+06 1.7E+06 1.4E+06 9.6E+05 1.6E+06 4.3E+05 8.2E+05 2.2E+06 

0.75 4.6E+06 4.4E+06 3.8E+06 2.5E+06 2.1E+06 1.5E+06 2.5E+06 8.8E+05 2.2E+06 5.7E+06 

0.95 7.0E+06 6.8E+06 6.1E+06 4.1E+06 3.6E+06 2.8E+06 4.6E+06 2.3E+06 8.3E+06 2.2E+07 

Percentile 
CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 4.4E+05 4.3E+05 3.3E+05 1.9E+05 1.7E+05 9.4E+04 1.6E+05 2.3E+04 2.3E+04 6.3E+04 

0.25 2.1E+06 2.0E+06 1.6E+06 9.8E+05 8.5E+05 5.3E+05 8.9E+05 1.9E+05 2.7E+05 7.3E+05 

0.50 4.2E+06 4.0E+06 3.3E+06 2.1E+06 1.8E+06 1.2E+06 2.0E+06 5.5E+05 1.0E+06 2.8E+06 

0.75 7.1E+06 6.8E+06 5.9E+06 3.8E+06 3.3E+06 2.4E+06 3.9E+06 1.4E+06 3.4E+06 8.9E+06 

0.95 1.3E+07 1.3E+07 1.1E+07 7.7E+06 6.7E+06 5.2E+06 8.6E+06 4.3E+06 1.5E+07 4.1E+07 
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Table D5.10c (Cont.): PCB sediment phase concentrations (Csed) (ng/g) to yield aqueous phase concentration assuming local equilibrium 

assumption equals to saturation concentration (Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-

porewater partitioning coefficient values for organic carbon only sorption (log Kd (OCBC)). 

Percentile 
CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.9E+06 3.8E+06 2.9E+06 1.7E+06 1.5E+06 8.4E+05 1.4E+06 2.1E+05 2.1E+05 5.6E+05 

0.25 5.2E+06 5.0E+06 4.1E+06 2.5E+06 2.2E+06 1.3E+06 2.2E+06 4.8E+05 6.8E+05 1.9E+06 

0.50 6.3E+06 6.1E+06 5.1E+06 3.2E+06 2.8E+06 1.9E+06 3.1E+06 8.4E+05 1.6E+06 4.2E+06 

0.75 7.7E+06 7.4E+06 6.4E+06 4.1E+06 3.6E+06 2.6E+06 4.2E+06 1.5E+06 3.6E+06 9.7E+06 

0.95 1.0E+07 9.9E+06 8.8E+06 6.0E+06 5.2E+06 4.0E+06 6.7E+06 3.3E+06 1.2E+07 3.2E+07 

Percentile 
CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 3.6E+06 3.5E+06 2.7E+06 1.6E+06 1.4E+06 7.7E+05 1.3E+06 1.9E+05 1.9E+05 5.1E+05 

0.25 5.7E+06 5.5E+06 4.4E+06 2.7E+06 2.4E+06 1.5E+06 2.5E+06 5.2E+05 7.5E+05 2.0E+06 

0.50 7.7E+06 7.5E+06 6.2E+06 3.9E+06 3.4E+06 2.3E+06 3.7E+06 1.0E+06 1.9E+06 5.1E+06 

0.75 1.0E+07 1.0E+07 8.5E+06 5.5E+06 4.8E+06 3.4E+06 5.6E+06 2.0E+06 4.9E+06 1.3E+07 

0.95 1.5E+07 1.5E+07 1.3E+07 8.9E+06 7.8E+06 6.1E+06 1.0E+07 5.0E+06 1.8E+07 4.8E+07 

Percentile 
IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 6.7E+06 6.5E+06 5.0E+06 2.9E+06 2.5E+06 1.4E+06 2.4E+06 3.5E+05 3.5E+05 9.6E+05 

0.25 9.9E+06 9.5E+06 7.7E+06 4.7E+06 4.1E+06 2.5E+06 4.2E+06 9.0E+05 1.3E+06 3.5E+06 

0.50 1.3E+07 1.2E+07 1.0E+07 6.5E+06 5.6E+06 3.7E+06 6.2E+06 1.7E+06 3.2E+06 8.5E+06 

0.75 1.6E+07 1.6E+07 1.4E+07 8.9E+06 7.7E+06 5.5E+06 9.0E+06 3.2E+06 7.8E+06 2.1E+07 

0.95 2.3E+07 2.3E+07 2.0E+07 1.4E+07 1.2E+07 9.3E+06 1.5E+07 7.7E+06 2.8E+07 7.3E+07 

Percentile 
IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 6.2E+06 6.0E+06 4.6E+06 2.7E+06 2.4E+06 1.3E+06 2.2E+06 3.3E+05 3.3E+05 8.9E+05 

0.25 9.9E+06 9.5E+06 7.7E+06 4.7E+06 4.1E+06 2.5E+06 4.2E+06 9.0E+05 1.3E+06 3.5E+06 

0.50 1.3E+07 1.3E+07 1.1E+07 6.7E+06 5.8E+06 3.9E+06 6.4E+06 1.8E+06 3.3E+06 8.9E+06 

0.75 1.8E+07 1.7E+07 1.5E+07 9.5E+06 8.3E+06 5.9E+06 9.7E+06 3.4E+06 8.4E+06 2.2E+07 

0.95 2.6E+07 2.5E+07 2.3E+07 1.5E+07 1.3E+07 1.0E+07 1.7E+07 8.5E+06 3.1E+07 8.1E+07 
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Table D5.10d (Cont.): PCB sediment phase concentrations (Csed) (ng/g) to yield aqueous phase 

concentration assuming local equilibrium assumption equals to saturation concentration 

(Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-porewater 

partitioning coefficient values for organic carbon only sorption (log Kd (OCBC)). 

Percenti

le 

ACL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

1.6E+

06 

1.5E+

06 

1.6E+

06 

9.3E+

06 

8.9E+

07 

4.9E+

08 

6.6E+

09 

8.4E+

09 

6.2E+

10 

4.3E+

11 

0.25 

2.9E+

06 

2.8E+

06 

1.8E+

07 

8.1E+

07 

5.9E+

08 

2.9E+

09 

3.2E+

10 

5.4E+

10 

6.4E+

11 

4.5E+

12 

0.50 

4.2E+

06 

2.0E+

07 

1.1E+

08 

4.1E+

08 

2.3E+

09 

9.2E+

09 

8.5E+

10 

1.5E+

11 

2.4E+

12 

1.6E+

13 

0.75 

3.4E+

07 

1.5E+

08 

6.8E+

08 

1.9E+

09 

8.1E+

09 

2.7E+

10 

2.1E+

11 

3.9E+

11 

8.5E+

12 

5.8E+

13 

0.95 

4.1E+

08 

1.4E+

09 

5.3E+

09 

1.2E+

10 

3.8E+

10 

1.1E+

11 

7.3E+

11 

1.7E+

12 

6.2E+

13 

4.3E+

14 

Percenti

le 

AED 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

5.8E+

05 

5.6E+

05 

8.2E+

05 

4.7E+

06 

4.6E+

07 

2.5E+

08 

3.3E+

09 

4.3E+

09 

3.2E+

10 

2.2E+

11 

0.25 

2.0E+

06 

1.9E+

06 

1.2E+

07 

5.4E+

07 

4.0E+

08 

1.9E+

09 

2.2E+

10 

3.6E+

10 

4.3E+

11 

3.0E+

12 

0.50 

3.5E+

06 

1.4E+

07 

7.9E+

07 

2.9E+

08 

1.6E+

09 

6.4E+

09 

5.9E+

10 

1.0E+

11 

1.7E+

12 

1.1E+

13 

0.75 

2.3E+

07 

1.0E+

08 

4.7E+

08 

1.3E+

09 

5.6E+

09 

1.9E+

10 

1.5E+

11 

2.7E+

11 

5.9E+

12 

4.0E+

13 

0.95 

2.7E+

08 

9.4E+

08 

3.5E+

09 

7.8E+

09 

2.5E+

10 

7.4E+

10 

4.8E+

11 

1.1E+

12 

4.1E+

13 

2.8E+

14 

Percenti

le 

AFR 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

9.0E+

05 

8.7E+

05 

7.0E+

05 

4.0E+

06 

3.9E+

07 

2.1E+

08 

2.8E+

09 

3.6E+

09 

2.7E+

10 

1.9E+

11 

0.25 

1.3E+

06 

1.2E+

06 

4.7E+

06 

2.2E+

07 

1.6E+

08 

7.7E+

08 

8.7E+

09 

1.4E+

10 

1.7E+

11 

1.2E+

12 

0.50 

1.7E+

06 

4.2E+

06 

2.4E+

07 

8.7E+

07 

4.8E+

08 

2.0E+

09 

1.8E+

10 

3.2E+

10 

5.1E+

11 

3.5E+

12 

0.75 

6.0E+

06 

2.7E+

07 

1.2E+

08 

3.5E+

08 

1.4E+

09 

4.9E+

09 

3.8E+

10 

7.0E+

10 

1.5E+

12 

1.0E+

13 

0.95 

6.0E+

07 

2.1E+

08 

7.7E+

08 

1.7E+

09 

5.5E+

09 

1.6E+

10 

1.1E+

11 

2.5E+

11 

9.1E+

12 

6.2E+

13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



499 

 

Table D5.10d (Cont.): PCB sediment phase concentrations (Csed) (ng/g) to yield aqueous phase 

concentration assuming local equilibrium assumption equals to saturation concentration 

(Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-porewater 

partitioning coefficient values for organic carbon only sorption (log Kd (OCBC)). Percenti

le 

AJL 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

6.6E+

05 

6.4E+

05 

5.0E+

05 

2.9E+

06 

2.8E+

07 

1.5E+

08 

2.0E+

09 

2.6E+

09 

1.9E+

10 

1.3E+

11 

0.25 

2.7E+

06 

2.6E+

06 

1.1E+

07 

5.1E+

07 

3.7E+

08 

1.8E+

09 

2.0E+

10 

3.4E+

10 

4.0E+

11 

2.8E+

12 

0.50 

5.1E+

06 

1.5E+

07 

8.9E+

07 

3.2E+

08 

1.8E+

09 

7.2E+

09 

6.7E+

10 

1.2E+

11 

1.9E+

12 

1.3E+

13 

0.75 

3.0E+

07 

1.4E+

08 

6.1E+

08 

1.7E+

09 

7.3E+

09 

2.5E+

10 

1.9E+

11 

3.5E+

11 

7.6E+

12 

5.2E+

13 

0.95 

4.1E+

08 

1.4E+

09 

5.3E+

09 

1.2E+

10 

3.8E+

10 

1.1E+

11 

7.3E+

11 

1.7E+

12 

6.2E+

13 

4.3E+

14 

Percenti

le 

AMW 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

6.7E+

06 

6.5E+

06 

8.5E+

06 

4.9E+

07 

4.7E+

08 

2.6E+

09 

3.5E+

10 

4.4E+

10 

3.3E+

11 

2.3E+

12 

0.25 

1.4E+

07 

1.4E+

07 

9.6E+

07 

4.4E+

08 

3.2E+

09 

1.6E+

10 

1.8E+

11 

2.9E+

11 

3.5E+

12 

2.4E+

13 

0.50 

2.2E+

07 

1.1E+

08 

6.2E+

08 

2.3E+

09 

1.2E+

10 

5.0E+

10 

4.7E+

11 

8.2E+

11 

1.3E+

13 

9.0E+

13 

0.75 

1.9E+

08 

8.3E+

08 

3.8E+

09 

1.1E+

10 

4.5E+

10 

1.5E+

11 

1.2E+

12 

2.2E+

12 

4.7E+

13 

3.2E+

14 

0.95 

2.2E+

09 

7.9E+

09 

2.9E+

10 

6.5E+

10 

2.1E+

11 

6.2E+

11 

4.0E+

12 

9.5E+

12 

3.4E+

14 

2.3E+

15 

Percenti

le 

AOT 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

1.3E+

06 

1.2E+

06 

9.3E+

05 

4.6E+

06 

4.5E+

07 

2.5E+

08 

3.3E+

09 

4.2E+

09 

3.1E+

10 

2.1E+

11 

0.25 

2.3E+

06 

2.8E+

06 

2.0E+

07 

9.3E+

07 

6.8E+

08 

3.3E+

09 

3.7E+

10 

6.2E+

10 

7.4E+

11 

5.1E+

12 

0.50 

5.2E+

06 

3.0E+

07 

1.7E+

08 

6.2E+

08 

3.4E+

09 

1.4E+

10 

1.3E+

11 

2.3E+

11 

3.7E+

12 

2.5E+

13 

0.75 

6.1E+

07 

2.7E+

08 

1.2E+

09 

3.5E+

09 

1.5E+

10 

4.9E+

10 

3.8E+

11 

7.1E+

11 

1.5E+

13 

1.0E+

14 

0.95 

8.5E+

08 

3.0E+

09 

1.1E+

10 

2.5E+

10 

7.9E+

10 

2.3E+

11 

1.5E+

12 

3.6E+

12 

1.3E+

14 

8.9E+

14 

Percenti

le 

CBC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

4.4E+

05 

4.3E+

05 

3.7E+

06 

2.1E+

07 

2.1E+

08 

1.1E+

09 

1.5E+

10 

1.9E+

10 

1.4E+

11 

9.9E+

11 

0.25 

2.1E+

06 

1.2E+

07 

8.7E+

07 

4.0E+

08 

2.9E+

09 

1.4E+

10 

1.6E+

11 

2.7E+

11 

3.2E+

12 

2.2E+

13 

0.50 

2.2E+

07 

1.3E+

08 

7.3E+

08 

2.6E+

09 

1.5E+

10 

5.9E+

10 

5.5E+

11 

9.6E+

11 

1.6E+

13 

1.1E+

14 

0.75 

2.5E+

08 

1.1E+

09 

5.1E+

09 

1.4E+

10 

6.1E+

10 

2.1E+

11 

1.6E+

12 

2.9E+

12 

6.3E+

13 

4.3E+

14 
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Table D5.10d (Cont.): PCB sediment phase concentrations (Csed) (ng/g) to yield aqueous phase 

concentration assuming local equilibrium assumption equals to saturation concentration 

(Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-porewater 

partitioning coefficient values for organic carbon only sorption (log Kd (OCBC)). 

0.95 

3.4E+

09 

1.2E+

10 

4.4E+

10 

1.0E+

11 

3.2E+

11 

9.5E+

11 

6.1E+

12 

1.5E+

13 

5.2E+

14 

3.6E+

15 

Percenti

le 

CLC 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

3.9E+

06 

3.8E+

06 

3.3E+

07 

1.9E+

08 

1.8E+

09 

1.0E+

10 

1.4E+

11 

1.7E+

11 

1.3E+

12 

8.8E+

12 

0.25 

5.2E+

06 

3.0E+

07 

2.2E+

08 

1.0E+

09 

7.4E+

09 

3.6E+

10 

4.0E+

11 

6.7E+

11 

8.1E+

12 

5.6E+

13 

0.50 

3.4E+

07 

1.9E+

08 

1.1E+

09 

4.0E+

09 

2.2E+

10 

9.0E+

10 

8.4E+

11 

1.5E+

12 

2.4E+

13 

1.6E+

14 

0.75 

2.7E+

08 

1.2E+

09 

5.6E+

09 

1.6E+

10 

6.6E+

10 

2.2E+

11 

1.7E+

12 

3.2E+

12 

6.9E+

13 

4.7E+

14 

0.95 

2.7E+

09 

9.3E+

09 

3.4E+

10 

7.7E+

10 

2.5E+

11 

7.3E+

11 

4.7E+

12 

1.1E+

13 

4.0E+

14 

2.8E+

15 

Percenti

le 

CWP 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

3.6E+

06 

9.2E+

06 

8.2E+

07 

4.7E+

08 

4.5E+

09 

2.5E+

10 

3.3E+

11 

4.3E+

11 

3.2E+

12 

2.2E+

13 

0.25 

1.0E+

07 

7.7E+

07 

5.6E+

08 

2.6E+

09 

1.9E+

10 

9.1E+

10 

1.0E+

12 

1.7E+

12 

2.0E+

13 

1.4E+

14 

0.50 

8.7E+

07 

5.0E+

08 

2.9E+

09 

1.0E+

10 

5.7E+

10 

2.3E+

11 

2.2E+

12 

3.8E+

12 

6.1E+

13 

4.2E+

14 

0.75 

7.2E+

08 

3.2E+

09 

1.5E+

10 

4.1E+

10 

1.7E+

11 

5.9E+

11 

4.5E+

12 

8.4E+

12 

1.8E+

14 

1.2E+

15 

0.95 

7.1E+

09 

2.5E+

10 

9.2E+

10 

2.1E+

11 

6.6E+

11 

2.0E+

12 

1.3E+

13 

3.0E+

13 

1.1E+

15 

7.4E+

15 

Percenti

le 

IGC09 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

6.7E+

06 

6.5E+

06 

3.5E+

07 

2.0E+

08 

1.9E+

09 

1.1E+

10 

1.4E+

11 

1.8E+

11 

1.4E+

12 

9.2E+

12 

0.25 

9.9E+

06 

3.8E+

07 

2.8E+

08 

1.3E+

09 

9.3E+

09 

4.5E+

10 

5.1E+

11 

8.4E+

11 

1.0E+

13 

7.0E+

13 

0.50 

4.6E+

07 

2.7E+

08 

1.5E+

09 

5.6E+

09 

3.1E+

10 

1.2E+

11 

1.2E+

12 

2.0E+

12 

3.3E+

13 

2.2E+

14 

0.75 

4.1E+

08 

1.8E+

09 

8.3E+

09 

2.4E+

10 

9.9E+

10 

3.3E+

11 

2.6E+

12 

4.8E+

12 

1.0E+

14 

7.0E+

14 

0.95 

4.4E+

09 

1.5E+

10 

5.7E+

10 

1.3E+

11 

4.1E+

11 

1.2E+

12 

7.8E+

12 

1.9E+

13 

6.7E+

14 

4.6E+

15 

Percenti

le 

IGC13 

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

0.05 

6.2E+

06 

6.0E+

06 

5.3E+

07 

3.0E+

08 

2.9E+

09 

1.6E+

10 

2.1E+

11 

2.7E+

11 

2.0E+

12 

1.4E+

13 

0.25 

9.9E+

06 

6.6E+

07 

4.8E+

08 

2.2E+

09 

1.6E+

10 

7.8E+

10 

8.7E+

11 

1.5E+

12 

1.7E+

13 

1.2E+

14 

0.50 

8.5E+

07 

4.9E+

08 

2.8E+

09 

1.0E+

10 

5.6E+

10 

2.3E+

11 

2.1E+

12 

3.7E+

12 

6.0E+

13 

4.1E+

14 
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Table D5.10d (Cont.): PCB sediment phase concentrations (Csed) (ng/g) to yield aqueous phase 

concentration assuming local equilibrium assumption equals to saturation concentration 

(Caq|x=0m=Csat) as predicted from the 5th, 25th, 50th, 75th, and 95th percentile sediment-porewater 

partitioning coefficient values for organic carbon only sorption (log Kd (OCBC)). 

0.75 

7.9E+

08 

3.5E+

09 

1.6E+

10 

4.5E+

10 

1.9E+

11 

6.4E+

11 

5.0E+

12 

9.2E+

12 

2.0E+

14 

1.4E+

15 

0.95 

9.0E+

09 

3.1E+

10 

1.2E+

11 

2.6E+

11 

8.3E+

11 

2.5E+

12 

1.6E+

13 

3.8E+

13 

1.4E+

15 

9.3E+

15 
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Figure D5.1: Regression analysis for 90 and 221 log KOW values for a)PBDEs and b)PCBs predicted from 

empirical correlations (square and triangle, EC1 and EC2 are from Equations 2.1 and 2.2  for PBDEs, 

respectively, and Equations 2.3 and 2.4 for PCBs, respectively), USEPA EPI (EPI), EPI database (DB), 

and literature values (LIT).  Straight line is best fit line and dotted lines are upper and lower 95% 

confidence interval obtained from regression analysis. X-axes are homologs 1 through 10 (H1 to H10).  
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Figure D5.2a: Distribution of sediment porewater partitioning coefficient for organic carbon only sorption (Kd(OC)) for PBDE absorption in AR 

sediment columns as predicted by Monte Carlo simulation. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.2b: Distribution of sediment porewater partitioning coefficient for organic carbon only sorption (Kd(OC)) for PBDE absorption in 

Chicago and IGC sediment columns as predicted by Monte Carlo simulation. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.2c: Distribution of sediment porewater partitioning coefficient for organic carbon and black carbon sorptions (Kd (OCBC)) for PBDE 

absorption in AR sediment columns as predicted by Monte Carlo simulation. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.2d: Distribution of sediment porewater partitioning coefficient for organic carbon and black carbon sorptions (Kd (OCBC)) for PBDE 

absorption in Chicago and IGC sediment columns as predicted by Monte Carlo simulation. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.2e: Distribution of sediment porewater partitioning coefficient for organic carbon only  sorption (Kd (OC)) for PCB absorption in AR 

sediment columns as predicted by Monte Carlo simulation. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.2f: Distribution of sediment porewater partitioning coefficient for organic carbon only  sorption (Kd (OC)) for PCB absorption in 

Chicago and IGC sediment columns as predicted by Monte Carlo simulation. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.2g: Distribution of sediment porewater partitioning coefficient for organic carbon and black carbon sorptions (Kd (OCBC)) for PCB 

absorption in AR sediment columns as predicted by Monte Carlo simulation. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.2g: Distribution of sediment porewater partitioning coefficient for organic carbon and black carbon sorptions (Kd (OCBC)) for PCB 

absorption in Chicago and IGC sediment columns as predicted by Monte Carlo simulation. Y-axes are homologs 1 through 10 (H1 to H10). 

2 7 12 17 22

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Log Kd

CBC)

2 7 12 17 22

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Log Kd

CLC)
2 7 12 17 22

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Log Kd

CWP)

2 7 12 17 22

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Log Kd

IGC09)

2 7 12 17 22

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Log Kd

IGC13)



511 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D5.3a: Distribution of observed diffusivities values for organic carbon only sorption (Dobs (OC)) for PBDE homologs in AR sediment 

columns as predicted by Monte Carlo simulations. Y-axes are homologs 1 through 10 (H1 to H10).  
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Figure D5.3b: Distribution of observed diffusivities values for organic carbon only sorption (Dobs (OC)) for PBDE homologs in Chicago and IGC 

sediment columns as predicted by Monte Carlo simulations. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.3c: Distribution of observed diffusivities values for organic carbon and black carbon sorptions (Dobs (OCBC)) for PBDE homologs in 

AR sediment columns as predicted by Monte Carlo simulations. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.3d: Distribution of observed diffusivities values for organic carbon and black carbon sorptions (Dobs (OCBC)) for PBDE homologs in 

Chicago and IGC sediment columns as predicted by Monte Carlo simulations. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.3e: Distribution of observed diffusivities values for organic carbon only sorption (Dobs (OC)) for PCB homologs in AR sediment 

columns as predicted by Monte Carlo simulations. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.3f: Distribution of observed diffusivities values for organic carbon only sorption (Dobs (OC)) for PCB homologs in Chicago and IGC 

sediment columns as predicted by Monte Carlo simulations. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.3g: Distribution of observed diffusivities values for organic carbon and black carbon sorptions (Dobs (OC)) for PCB homologs in AR 

sediment columns as predicted by Monte Carlo simulations. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.3h: Distribution of observed diffusivities values for organic carbon and black carbon sorptions (Dobs (OC)) for PCB homologs in 

Chicago and IGC sediment columns as predicted by Monte Carlo simulations. Y-axes are homologs 1 through 10 (H1 to H10). 
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Figure D5.4a: Distribution of v values for organic carbon sorption (v (OC)) as predicted by Monte Carlo simulation for PBDE homologs in AR 

sediment columns. Y-axes are homologs 1 to 10 (H1-H10). 
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Figure D5.4b: Distribution of v values for organic carbon sorption (v (OC)) as predicted by Monte Carlo simulation for PBDE homologs in 

Chicago and IGC sediment columns. Y-axes are homologs 1 to 10 (H1-H10). 
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Figure D5.4c: Distribution of v values for organic carbon and black carbon sorptions (v (OCBC)) as predicted by Monte Carlo simulation for 

PBDE homologs in AR sediment columns. Y-axes are homologs 1 to 10 (H1-H10). 
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Figure D5.4d: Distribution of v values for organic carbon and black carbon sorptions (v (OCBC)) as predicted by Monte Carlo simulation for 

PBDE homologs in Chicago and IGC sediment columns. Y-axes are homologs 1 to 10 (H1-H10). 

1.0E-30 1.0E-24 1.0E-18 1.0E-12 1.0E-06 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Dobs (m2/yr)

CBC)

1.0E-30 1.0E-24 1.0E-18 1.0E-12 1.0E-06 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Dobs (m2/yr)

CLC)

1.0E-30 1.0E-24 1.0E-18 1.0E-12 1.0E-06 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

ν (m2/yr)

CWP)

1.0E-30 1.0E-24 1.0E-18 1.0E-12 1.0E-06 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Dobs (m2/yr)

IGC09)

1.0E-30 1.0E-24 1.0E-18 1.0E-12 1.0E-06 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

ν(m2/yr)

IGC13)

2



523 

 

 

Figure D5.4e: Distribution of v values for organic carbon sorption (v (OC)) as predicted by Monte Carlo simulation for PCB homologs in AR 

sediment columns. Y-axes are homologs 1 to 10 (H1-H10). 
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Figure D5.4f: Distribution of v values for organic carbon sorption (v (OC)) as predicted by Monte Carlo simulation for PCB homologs in Chicago 

and IGC sediment columns. Y-axes are homologs 1 to 10 (H1-H10). 

1.0E-12 1.0E-09 1.0E-06 1.0E-03 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Dobs (m2/yr)

CBC)

1.0E-12 1.0E-09 1.0E-06 1.0E-03 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Dobs (m2/yr)

CLC)

1.0E-12 1.0E-09 1.0E-06 1.0E-03 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

ν (m2/yr)

CWP)

1.0E-12 1.0E-09 1.0E-06 1.0E-03 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

Dobs (m2/yr)

IGC09)

1.0E-12 1.0E-09 1.0E-06 1.0E-03 1.0E+00

H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

ν (m2/yr)

IGC13)



525 

 

 

Figure D5.4g: Distribution of v values for organic carbon and black carbon sorptions (v (OCBC)) as predicted by Monte Carlo simulation for PCB 

homologs in AR sediment columns. Y-axes are homologs 1 to 10 (H1-H10). 
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Figure D5.4h: Distribution of v values for organic carbon and black carbon sorptions (v (OCBC)) as predicted by Monte Carlo simulation for PCB 

homologs in Chicago and IGC sediment columns. Y-axes are homologs 1 to 10 (H1-H10). 
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Figure D5.5a: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core ACL for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5b: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core ACL for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5c: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core ACL for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5d: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AED for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5e: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AED for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5f: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AED for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5g: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AFR for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5h: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AFR for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5i: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AFR for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5j: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AJL for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5k: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AJL for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5l: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AJL for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5m: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AMW for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5n: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AMW for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5o: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AMW for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5p: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AOT for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5q: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AOT for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5r: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core AOT for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5s: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core CBC for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5t: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core CBC for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5u: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core CBC for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5v: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core CLC for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5w: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core CLC for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5x: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core CLC for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5y: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core CWP for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5z: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core core CWP for 50
th
 

percentile initial concentration values (60 ng/g). 
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Figure D5.5aa: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core CWP for 5
th
 percentile 

initial concentration values (0.2 ng/g). 

1.E-10

1.E-07

1.E-04

1.E-01

1.E+02

1 10 100 1,000

C
a
q

(n
g

/L
)

Time (year)

H1 H2
H3 H4
H5 H6
H7 H8

1.E-04

1.E-02

1.E+00

1.E+02

1 10 100 1,000

(C
a

q
/C

sa
t)

 (
%

)

Time (year)

1.E-10

1.E-08

1.E-06

1.E-04

1.E-02

1.E+00

1 10 100 1,000

C
|x

=
0

.0
2

m
/C

o
|x

=
0
m

Time (year)

1.E-10

1.E-06

1.E-02

1.E+02

1.E+06

1.E+10

1 10 100 1,000

M
t 

(n
g

/m
2

)

Time (year)

DOC)

95th Percentile

1.E-10

1.E-07

1.E-04

1.E-01

1.E+02

1 10 100 1,000

C
a

q
(n

g
/L

)

Time (year)

H1 H2
H3 H4
H5 H6
H7 H8

1.E-04

1.E-02

1.E+00

1.E+02

1 10 100 1,000

(C
a

q
/C

sa
t)

 (
%

)

Time (year)

1.E-10

1.E-08

1.E-06

1.E-04

1.E-02

1.E+00

1 10 100 1,000

C
|x

=
0

.0
2

m
/C

o
|x

=
0
m

Time (year)

1.E-10

1.E-06

1.E-02

1.E+02

1.E+06

1.E+10

1 10 100 1,000

M
t 

(n
g

/m
2

)

Time (year)

DOC)

50th Percentile

1.E-10

1.E-07

1.E-04

1.E-01

1.E+02

1 10 100 1,000

C
a

q
(n

g
/L

)

Time (year)

H1 H2
H3 H4
H5 H6
H7 H8

1.E-04

1.E-02

1.E+00

1.E+02

1 10 100 1,000

(C
a

q
/C

sa
t)

 (
%

)

Time (year)

1.E-10

1.E-08

1.E-06

1.E-04

1.E-02

1.E+00

1 10 100 1,000

C
|x

=
0

.0
2

m
/C

o
|x

=
0
m

Time (year)

1.E-10

1.E-06

1.E-02

1.E+02

1.E+06

1.E+10

1 10 100 1,000

M
t 

(n
g

/m
2

)

Time (year)

DOC)

5th Percentile



554 

 

 

Figure D5.5ab: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core IGC09 for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5ac: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core IGC09 for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5ad: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core IGC09 for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5ae: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core IGC13 for 95
th
 percentile 

initial concentration values (36100 ng/g). 
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Figure D5.5af: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core IGC13 for 50
th
 percentile 

initial concentration values (60 ng/g). 
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Figure D5.5ag: Predicted  PBDE aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration (C|x=0.02m/C|x=0m), 

and mass leaving the sediment boundary layer (Mt) under advection-diffusion with organic carbon only 

sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, and 95

th
 percentile 

transport parameters values shown in column 1 through 3, respectively in core IGC13 for 5
th
 percentile 

initial concentration values (0.2 ng/g). 
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Figure D5.5ah: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core ACL 

for 95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5ai: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core ACL 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5aj: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core ACL 

for 5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5ak: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AED 

for 95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5al: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AED 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5am: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AED 

for 5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5an: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AFR 

for 95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5ao: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AFR 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5ap: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AFR 

for 5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5aq: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AJL for 

95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5ar: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AJL for 

50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5as: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AJL for 

5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5at: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AMW 

for 95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5au: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AMW 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5av: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AMW 

for 5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5aw: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AOT 

for 95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5ax: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AOT 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5ay: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core AOT 

for 5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5az: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core CBC 

for 95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5ba: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core CBC 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5bb: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core CBC 

for 5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5bc: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core CLC 

for 95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5bd: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core CLC 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5be: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core CLC 

for 5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5bf: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core CWP 

for 95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5bg: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core CWP 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5bh: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core CWP 

for 5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5bi: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core IGC09 

for 95
th
 percentile initial concentration values (1640 ng/g). 
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Figure D5.5bj: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core IGC09 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5bk: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core IGC09 

for 5
th
 percentile initial concentration values (19 ng/g). 
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Figure D5.5bl: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core IGC13 

for 95
th
 percentile initial concentration values (1640 ng/g).  
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Figure D5.5bm: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core IGC13 

for 50
th
 percentile initial concentration values (262 ng/g). 
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Figure D5.5bn: Predicted  PCB aqueous phase concentration under local equilibrium assumption (Caq), 

ratio of aqueous phase concentration to saturation concentration (Caq/Csat), ratio of aqueous phase 

concentration at sediment boundary layer to homogenous aqueous phase concentration 

(C|x=0.02m/C|x=0m), and mass leaving the sediment boundary layer (Mt) under advection-diffusion with 

organic carbon only sorption (A(OC)) shown in row1 through 4, respectively as predicted by the 5
th
, 50

th
, 

and 95
th
 percentile transport parameters values shown in column 1 through 3, respectively in core IGC13 

for 5
th
 percentile initial concentration values (19 ng/g) 
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