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Introduction
This worksheel contains bicaccumulallon model 10 prec he concentaton of PFOS i fish issue,
including he quantification of the proportion of exposure derived fiom surface sediment versus he
water column.
The model makes the folowing primary assumptions:
1. Waler and surface sediment ae at steady state and thal concentrations i water and sediment are
independent of one another.
2. Fish des ao derived rom opibentic andor bei invertebrates thal absorb PFOS directly fom
Sediment or sediment porowate, andor accumulate PFOS through ingestionofsurface sediment,
3. Bioaccumulation consants derived fom laboratory data (steady sae) fom water nly and fo00-nly
exposure o fish, and from data from laboratory exposures of erihic inverebrats0sediment are
appicabl o fed organisms
4. Fish ar esticed 1 he area modeled in each of the three modeling scenarios andor he
accumulation kinetics or PFOS in sh aresuch hat fish ov reach sieacy tte wilh respec 10
ferent exposures when moving 1a new cation exhing diferent concentrations PROS i
Sediment, waar, andlor surface sediment invertobrats.
5. Walor andsurfacesediment data ablained fom the various studies reflect PFOS exposure
conditions 0 fis at the ime of fish sampling (2009)

Three modeling scenarioswereinvestigated. Each scenarios represented b two tables: 1) raw data
used 0 deriv the average concentrations of PFOS in surface sediment general 0-10am in depihor
most samples) and water, which are entered inf ihe ish bioaccumulation model: and 2 the fish
blosceumuiaion model tse.
The folowing tables are included in this le:
Tatie 1. Gonceniralons of PFOS i surface seiment and water sampies ablined fom Sectors 1,2,
3,204 4 psiroam of 3M Caltage Grove.
Tatie 2. Fish bioaccumulation model for Sections 1,2, 3, and 4 upsream of 3 Cottage Grove.
Table 3. Concenratons of PFOS in surface sediment and wate samples oblained from Section 4
adjacent o 3M Cottage Grove shorlne, excluding East Cove and West Cove.
Table 4. Fish bioaccumulation modelfo Section4adjacent to 3M Caliage Grove shoreline.
Tatie 5. Concenralons of PFOS i surface seciment ana wate samples oblained fom Section 4
downstream of M Collage Grove.
Tae . Fish bioaccumulation model for Secon4Section4 downstream of 3M Cattage Grove,
Tatie 7. Tabular and figure symmary of the esuls ofthe three macdelng scenarios
Tie 8. References ced

Conclusions1 Model-precicted concentrations of PFOS n fish compare well with bservations from the MPCA
2010) study Table 7).
2. The model suggests hat the modeing scanaro for he Misisiop River upsiream of 3M Cottage
Grove is no expected 0 result n concentraons of PROS in fish above 200 rg, wet weight (wv)
{Table 2, a5 supported by MPCA (2010) abservalions,
3. The model suggests tha the modeling scenarios for the Mississipi River al and downstream of SM
Cotage Grove i expecta result in Concentrations of PFOS in fh above 200 ng, we weight ()
(Tables 4 and 8), a supported by WPCA (2010) observations.
3. The moc predicts that @ major of PFOS accumulatedbyih is derived from ingesting sediment
invertebrates (Tables 24, and 7): thus, the majority of PFOS in fish tissue is derived from sediment
associled PROS.
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Introduction 

This worksheet contains a bioaccumulation model to predict the concentration of PFOS in fish tissue, 
including the quantification of the proportion of exposure derived from surface sediment versus the 
water column. 

The model makes the following primary assumptions: 
1. Water and surface sediment are at steady state and that concentrations in water and sediment are 
independent of one another. 
2. Fish diets are derived from epibenthic and/or benthic invertebrates that absorb PFOS directly from 
sediment or sediment porewater, and/or accumulate PFOS through ingestion of surface sediment. 

3. Bioaccumulation constants derived from laboratory data (steady state) from water-only and food-only 
exposures to fish, and from data from laboratory exposures of benthic invertebrates to sediment are 
applicable to field organisms. 
4. Fish are restricted to the area modeled in each of the three modeling scenarios and/or the 
accumulation kinetics for PFOS in fish are such that fish would reach steady state with respect to 
different exposures when moving to a new location exhibiting different concentrations if PFOS in 

sediment, water, and/or surface sediment invertebrates. 
5. Water and surface sediment data obtained from the various studies reflect PFOS exposure 
conditions to fish at the time of fish sampling (2009). 

Three modeling scenarios were investigated. Each scenario is represented by two tables: 1) raw data 
used to derive the average concentrations of PFOS in surface sediment (generally 0-10 cm in depth for 
most samples) and water, which are entered into the fish bioaccumulation model; and 2) the fish 
bioaccumulation model itself. 

The following tables are included in this file: 
Table 1. Concentrations of PFOS in surface sediment and water samples obtained from Sections 1,2, 
3, and 4 upstream of 3M Cottage Grove. 
Table 2. Fish bioaccumulation model for Sections 1, 2, 3, and 4 upstream of 3M Cottage Grove. 
Table 3. Concentrations of PFOS in surface sediment and water samples obtained from Section 4 
adjacent to 3M Cottage Grove shoreline, excluding East Cove and West Cove. 
Table 4. Fish bioaccumulation model for Section 4 adjacent to 3M Cottage Grove shoreline. 
Table 5. Concentrations of PFOS in surface sediment and water samples obtained from Section 4 
downstream of 3M Cottage Grove. 
Table 6. Fish bioaccumulation model for Section 4 Section 4 downstream of 3M Cottage Grove. 
Table 7. Tabular and figure symmary of the results of the three modeling scenarios. 
Table 8. References cited. 

Conclusions 
1. Model-predicted concentrations of PFOS in fish compare well with observations from the MPCA 
(2010) study (Table 7). 
2. The model suggests that the modeling scenario for the Mississippi River upstream of 3M Cottage 
Grove is not expected to result in concentrations of PFOS in fish above 200 rig/g, wet weight (ww) 
(Table 2), as supported by MPCA (2010) observations. 
3. The model suggests that the modeling scenarios for the Mississippi River at and downstream of 3M 
Cottage Grove is expected to result in concentrations of PFOS in fish above 200 rig/g, wet weight (ww) 
(Tables 4 and 6), as supported by MPCA (2010) observations. 
4. The model predicts that a majority of PFOS accumulated by fish is derived from ingesting sediment 
invertebrates (Tables 2, 4, 6 and 7); thus, the majority of PFOS in fish tissue is derived from sediment- 

associated PFOS. 
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[Measured [Sediment PFOS] aI [Average of Section 3 and4 surface sediment

Fe Ere =]

Sl

Ee Ere =
[Sediment FOS], OC- elI al[Sed=T0C

[Predicted [Sediment [pe][SedOC x BSAF

[Percentage of [Fish PFOS] re]wn [100% x Fsed /F

[Percentage of [Fish PFOS] [Fra] WF][100% x Fwat IF
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Table 2. Fish bioaccumulation model for Sections 1, 2, 3, and 4 upstream of 3M Cottage Grove. 

Model Input Variables 
Item Abbre- Value    Units 

viation 
Measured [Water PFO$]     Wat 4.5 ng/L 

Measured [Sediment PFOS] Sed 0.69 ng/g, dw 

Total organic carbon (OC) in TOC 0.01 g, OC/g, dw 

sediment 

Note 

Average of water samples in Sections 1-4, 
upstream of Cottage Grove. 
Average of Section 3 and 4 surface sediment 
samples upstream of Cottage Grove. 
Organic carbon not measured or data 
unavailable for sediment samples from Pool 2 
investigations of PFOS in sediment. 0.01 (i.e., 
1% TOC) represents a standard default 
modeling assumption for sediment. 

Model Constants 
Item 

Biota-Sediment Accumulation 

Factor (BSAF) 

Abbre- 
viation 
BSAF 

Bioaccumulation factor (BAF) BAF 

Bioconcentration Factor BCF 
(BCF) 

Value    Units 

1.22 g, OCfg, 

0.32 kg prey, 
ww/kg 

)redator, 

1,1 00 L/kg, ww 

Note 

Lab-derived steady state estimate with 
invertebrates and spiked sediment. 

Lab-derived steady state estimate (fish carcass) 
for trout and PFOS-spiked food only exposure. 

Lab-derived steady state estimate with trout 
(fish carcass) and PFOS-spiked water only 
exposure. 

Model Predictions 
Item 

Sediment PFOS], OC- 
normalized 
Predicted [Sediment Inv 
invertebrate PFOS] 
Fish PFOS] from Dietary Fsed 
(Sediment invertebrate) 
Source 
Predicted [Fish PFOS] from Fwat 
Direct Absorption from Water 

Total [PFOS Fish] 

Abbre- 
viation 
SedOC 

Percentage of [Fish PFOS] %Fsed 

from sediment 
Percentage of [Fish PFOS] %Fwat 
from water 

Value    Units 

69 ng/g, OC 

84 ng/g, ww 

27 ng PrOS/g, 

4.9 ng PFOS/g, 

32 

84 

16 

ng 
PFOS/g, 

% 

Sed ÷ TOC 

SedOC x BSAF 

Inv x BAF 

Note 

Wat × BCF + 1,000 g, ww/kg, ww 

Fsed + Fwat 

100% x Fsed / F 

100% x Fwat / F 

Abbreviations 
dw: dry weight 
g: gram 
kg: kilogram 
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Ler
ng: nanogram
OC: organic carbon
FOS: perflucroociane sulfonate

wt weight
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L: Liter 
ng: nanogram 
OC: organic carbon 
PFOS: perfluorooctane sulfonate 
ww: wet weight 
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Reference 

Table 1 

Table 1 

Reference 

Higgins et al., 2007 

Martin et al., 2003a 

Martin et al., 2003b 
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[Measured [Sediment PFOS]a [Average of surface sediment samples in Section 4

Fe Emre=

Sl

Ee Ere=
[Sediment FOS], OC- [Sed=T0C

[Predicted [Sediment ™ 1. 22700 wn [Sedoc * BSAF

[Percentage of [Fish PFOS] re]wn [100% x Fsed /F

[Percentage of [Fish PFOS] [Fra] BF][100% x Fwat IF
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Table 4. Fish bioaccumulation model for Section 4 adjacent to 3M Cottage Grove shoreline. 

Model Input Variables 
Item Abbre- Value    Units 

viation 
Measured [Water PFOS]     Wat 88 ng/L 

Measured [Sediment PFOS] Sed 10 ng/g, dw 

Total organic carbon (OC) in TOC 0.01 g, OC/g, dw 

sediment 

N ote 

Average of water samples in Section 4 adjacent to 
3M Cottage Grove shoreline. 
Average of surface sediment samples in Section 4 
adjacent to 3M Cottage Grove shoreline 
Organic carbon not measured or data unavailable 
for sediment samples from Pool 2 investigations of 
PFOS in sediment. 0.01 (i.e., 1% TOC) represents 
a standard default modeling assumption for 
sediment. 

Model Constants 
Item 

Biota-Sediment Accumulation 

Factor (BSAF) 

Abbre- 
viation 
BSAF 

Bioaccumulation factor (BAF) BAF 

Bioconcentration Factor BCF 
(BCF) 

Value    Units 

1.22 g, OCfg, 

0.32 kg prey, 
ww/kg 

)redator, 

1,1 00 L/kg, ww 

Note 

Lab-derived steady state estimate with 
invertebrates and spiked sediment. 

Lab-derived steady state estimate (fish carcass) 
for trout and PFOS-spiked food only exposure. 

Lab-derived steady state estimate with trout (fish 
carcass) and PFOS-spiked water only exposure. 

Model Predictions 
Item 

Sediment PFOS], OC- 
normalized 
Predicted [Sediment Inv 
invertebrate PFOS] 
Fish PFOS] from Dietary Fsed 
(Sediment invertebrate) 
Source 
Predicted [Fish PFOS] from Fwat 
Direct Absorption from Water 

Total [PFOS Fish] 

Abbre- 
viation 
SedOC 

Percentage of [Fish PFOS] %Fsed 

from sediment 
Percentage of [Fish PFOS] %Fwat 
from water 

Value    Units 

1,006 ng/g, OC 

1,227 ng/g, ww 

393 ng PFOS/g, 

97.0 ng PFOS/g, 

490 

8O 

20 

ng 
PFOS/g, 

% 

Sed ÷ TOC 

SedOC x BSAF 

Inv x BAF 

N ote 

Wat × BCF + 1,000 g, ww/kg, ww 

Fsed + Fwat 

100% x Fsed / F 

100% x Fwat / F 

Abbreviations 
dw: dry weight 
g: gram 
kg: kilogram 
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OC: organic carbon
FOS: perflucroociane sulfonate
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L: Liter 
ng: nanogram 
OC: organic carbon 
PFOS: perfluorooctane sulfonate 
ww: wet weight 
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Reference 

Table 3 

Table 3 

Reference 

Higgins et al., 2007 

Martin et al., 2003a 

Martin et al., 2003b 
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[Measured [Sediment PFOS] Fe ee][Average of surface sediment samples in Section 4

Fe Emre=

Sl

Ee Ere=
[Sediment FOS], OC- [pecoc|eo [Sed=T0C

[Predicted [Sediment a [SedOC x BSAF

[Percentage of [Fish PFOS] re]wn [100% x Fsed /F

[Percentage of [Fish PFOS] Fra] WF][100% x Fwat IF
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Table 6. Fish bioaccumulation model for Section 4 Section 4 downstream of 3M Cottage Grove. 

Model Input Variables 
Item Abbre- Value    Units 

viation 
Measured [Water PFO$]     Wat 27 ng/L 

Measured [Sediment PFOS] Sed 5 ng/g, dw 

Total organic carbon (OC) in TOC 0.01 g, OC/g, dw 

sediment 

N ote 

Average of water samples in Section 4 adjacent to 
3M Cottage Grove shoreline. 
Average of surface sediment samples in Section 4 
adjacent to 3M Cottage Grove shoreline 
Organic carbon not measured or data unavailable 
for sediment samples from Pool 2 investigations of 
PFOS in sediment. 0.01 (i.e., 1% TOC) represents 
a standard default modeling assumption for 
sediment. 

Model Constants 
Item 

Biota-Sediment Accumulation 

Factor (BSAF) 

Abbre- 
viation 
BSAF 

Bioaccumulation factor (BAF) BAF 

Bioconcentration Factor BCF 
(BCF) 

Value    Units 

1.22 g, OCfg, 

0.32 kg prey, 
ww/kg 

)redator, 

1,1 00 L/kg, ww 

Note 

Lab-derived steady state estimate with 
invertebrates and spiked sediment. 

Lab-derived steady state estimate (fish carcass) 
for trout and PFOS-spiked food only exposure. 

Lab-derived steady state estimate with trout (fish 
carcass) and PFOS-spiked water only exposure. 

Model Predictions 
Item 

Sediment PFOS], OC- 
normalized 
Predicted [Sediment Inv 
invertebrate PFOS] 
Fish PFOS] from Dietary Fsed 
(Sediment invertebrate) 
Source 
Predicted [Fish PFOS] from Fwat 
Direct Absorption from Water 

Total [PFOS Fish] 

Abbre- 
viation 
SedOC 

Percentage of [Fish PFOS] %Fsed 

from sediment 
Percentage of [Fish PFOS] %Fwat 
from water 

Value    Units 

488 ng/g, OC 

595 ng/g, ww 

190 ng PrOS/g, 

29.9 ng PFOS/g, 

220 

86 

14 

ng 
PFOS/g, 

% 

Sed ÷ TOC 

SedOC x BSAF 

Inv x BAF 

N ote 

Wat × BCF + 1,000 g, ww/kg, ww 

Fsed + Fwat 

100% x Fsed / F 

100% x Fwat / F 

Abbreviations 
dw: dry weight 
g: gram 
kg: kilogram 
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L: Liter 
ng: nanogram 
OC: organic carbon 
PFOS: perfluorooctane sulfonate 
ww: wet weight 
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Reference 

Table 5 

Table 5 

Reference 

Higgins et al., 2007 

Martin et al., 2003a 

Martin et al., 2003b 
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Table 7. Tabular and figure symmary of the results of the three modeling scenarios. 

Model Scenario 
Pool 2 
Upstream of 3M Cottage Grove 

Pool 2 
Section 4: 3M Cottage Grove 

(Shoreline) 
Pool 2 
Section 4: Downstream of 3M 
Cottage Grove 

Predicted [Fish PFOS] 
Sediment Water % from 

Source Source Total Sediment 

27 4.9 32 84 

393 97 490 80 

190 30 220 86 

Observed [Fish 
Minimum Maximum 
Average Average 

24        100 

160 740 

160 740 

Note 
Fish from 
Sections 1-3 

Fish from 
Section 4 

Fish from 
Section 4 

Observed 
Midpoint 

62 

45O 

450 

For Graphing 
Pool 2 
Upstream of 
3M Cottage 

Grove 

Pool 2 
Section 4: 3M 
Cottage Grove 

(Shoreline) 

Pool 2 
Section 4: 
Downstream 
of 3M Cottage 
Grove 

Abbreviations 
g: gram 
ng: nanogram 
PFOS: perfluorooctane sulfonate 
ww: wet weight 
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)ncentrations (for 
Low (-) High (+) 

38 38 

290 290 

290 290 

Model 27 5 

Observed 
Model 

0 62 
393 97 

38 

Observed 
Model 

0 45O 
190 30 

290 

Observed 0 45O 290 
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