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1 Executive Summary

In March 2010, MPCA published a study investigating perfuorinated compounds (PFC) in ish
tissue and surface water in Pool 2 ofthe Mississippi River (MPCA, 2010). Minnesota,
Departmentof Healt (MDH) issued a fish consumption (restwater drum) advisory based on
concentrations of perfluorooctane sulfonate (PFOS) in fish tissue documented in the study.
Minnesota Pollution Control Agency (MPCA), in response, classified the 33-mile stretch of Pool
2 as impaired on its Clean Water Act Section 303(d) lstof impaired waters. In order to address
hat impairment, MPCA has indicated that tis considering an approach that could ulimately
include a numeric PFOS limitation nthe National Polltant Discharge Elimination System
(NPDES) permitfo the Metropolitan Councils Metropolitan Wastewater Treatment Plant (Wetro
WWTP), which discharges into Pol 2.

On behalfofMetropoitan Council, ENVIRON Intemational Corporation (ENVIRON) reviewed
the MPCA (2010) study and evaluated the initial permiting approach discussed with MPCA for
the Metro WWTP. This review was conducted in ight of MPCA (2010) Pool 2 data, additonal
publicy-avaiabie Pool 2 data, as well as the state-of-he-science with respect to PFOS.
ecotonicology, environmental chemistry, and risk assessment,

Asa result of the review and analysis, ENVIRON made the folowing key findings:

1. Actual fish tissue PFOS impairment is limited to Section 4 in Pool 2. The only area
hat exhibits impairment is Section4, the most downsirea study section of Pool 2in the
MPCA (2010) study. Over 99% of the 222 fish sampled in Sections 1, 2 and 3are
below the level indicative of impairment and are several orders of magnitude lower than
concentration in many ofthe Section 4 fish

2. localized PFOS source within Section 4 is responsible for impairment. Available
Sediment and water data from MPCA and other publicly availabe reports, as well a sito
specific PFOS fish bioaccumulation modeiing, indicates that localized conditions within
‘Section 4 are responsible for the impairment.

3. MPCA's proposed pemit-based management response to PFOS in Pool2fish is
not supportedby the data. Multiple lines of evidence indicate that the sourceofthe:
observed PFOS impairments fmited to local sources within Section 4 and is not
associated with Metro WWTP. First the proposed MPCAapproach focuses on surface
water discharges and does not address PFOS present n sediment, which accounts for
the majority of PFOS exposureto fish, as indicated by modeling. Second, the approach
is inconsistent with the MDH fish tissue advisory level used to trigger environmental
concerns. Third, addressing Metro WTP through this approachwill notbeeffective in
removing the condition of impairment.

Exccume Summary Tors ENVIRON
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1 Executive Summary 
In March 2010, MPCA published a study investigating perfluorinated compounds (PFCs) in fish 
tissue and surface water in Pool 2 of the Mississippi River (MPCA, 2010). Minnesota 
Department of Health (MDH) issued a fish consumption (freshwater drum) advisory based on 
concentrations of perfluorooctane sulfonate (PFOS) in fish tissue documented in the study. 
Minnesota Pollution Control Agency (MPCA), in response, classified the 33-mile stretch of Pool 
2 as impaired on its Clean Water Act Section 303(d) list of impaired waters. In order to address 
that impairment, MPCA has indicated that it is considering an approach that could ultimately 
include a numeric PFOS limitation in the National Pollutant Discharge Elimination System 
(NPDES) permit for the Metropolitan Council’s Metropolitan Wastewater Treatment Plant (Metro 
VWVTP), which discharges into Pool 2. 

On behalf of Metropolitan Council, ENVIRON International Corporation (ENVIRON) reviewed 
the MPCA (2010) study and evaluated the initial permitting approach discussed with MPCA for 
the Metro WV~I-P. This review was conducted in light of MPCA (2010) Pool 2 data, additional 
publicly-available Pool 2 data, as well as the state-of-the-science with respect to PFOS 
ecotoxicology, environmental chemistry, and risk assessment. 

As a result of the review and analysis, ENVIRON made the following key findings: 

Actual fish tissue PFOS impairment is limited to Section 4 in Pool 2. The only area 
that exhibits impairment is Section 4, the most downstream study section of Pool 2 in the 
MPCA (2010) study. Over 99% of the 222 fish sampled in Sections 1, 2 and 3 are 
below the level indicative of impairment and are several orders of magnitude lower than 
concentrations in many of the Section 4 fish. 

A localized PFOS source within Section 4 is responsible for impairment. Available 
sediment and water data from MPCA and other publicly available reports, as well as site- 
specific PFOS fish bioaccumulation modeling, indicates that localized conditions within 
Section 4 are responsible for the impairment. 

MPCA’s proposed permit-based management response to PFOS in Pool 2 fish is 
not supported by the data. Multiple lines of evidence indicate that the source of the 
observed PFOS impairment is limited to local sources within Section 4 and is not 

associated with Metro VWVTP. First, the proposed MPCA approach focuses on surface 
water discharges and does not address PFOS present in sediment, which accounts for 
the majority of PFOS exposure to fish, as indicated by modeling. Second, the approach 
is inconsistent with the MDH fish tissue advisory level used to trigger environmental 
concerns. Third, addressing Metro VWVTP through this approach will not be effective in 
removing the condition of impairment. 
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Prepared for Metcpotian Counct

2 Introduction
In March 2010, the Minnesota Pollution Control Agency (MPCA) released a study of
perfluorinated compounds (PFC) in fish tissue and surface water in Mississippi River Pool 2
(MPCA 2010). Average concentrations of perfiucrooctane sulfonate (PFOS) in fish tissue were
evaluated by comparison the Minnesota Department of Health (MDH) fish issue advisory
level derived to be protective of a one meal per week consumption rate, a value of 200 ng/g
One of the five species of fish sampled (freshwater drum) exhibited an average PFOS fissue
concentration greater than the MDH fish tissue advisory level, and MDH subsequent issued a
fish consumption advisory for Pool 2. Based on the fish consumption advisory, Pool 2 was.
listed as “impaired” under 303()of the Clean Water Act. Based on tis finding. MPCA.
proceeded with intel permitbased management actions for Metropolian Councils Metropolitan
(Metro) WWTP, which discharges to Pool 2.

Onben of Metropolitan Counci, ENVIRON International Corporation (ENVIRON) reviewed
the MPCA (2010) study and evaluated the intial permitting approach discussed with MPCA for
the Metro WWTP. Thisreviewwas conducted in ight of additional publicly-available PFOS
chemistry data in Pool 2 surface sediment and water, as well as the state-of-the-science with
respect to PFOS ecotoxicology. environmental chemistry, and risk assessment. Th remainder
of this report presents the synopsisof this review, and is organized into the following sections:

= Section 3 Review and Synthesis of Pool 2 PFOS Data

+ Section 4 Considerations for PFOS Environmental Fate

+ Section 5 Sciencebased Alternative Decision Making to Define and Address PFOS
Impaiment in Pool 2

+ Section 6 Concusions
+ Section 7 References.

 ConcantrabansofPFOS1 shsue n themln tx:of his document are expressaconananograms PEGS pr
am wet wight sue bass.

Invoducton 20159 ENVIRON

STATE_01178229
2691.0005

Review of PFOS Impairment in Mississippi River Pool 2 
Prepared for Metropolitan Council 

2 Introduction 
In March 2010, the Minnesota Pollution Control Agency (MPCA) released a study of 

perfluorinated compounds (PFCs) in fish tissue and surface water in Mississippi River Pool 2 
(MPCA 2010). Average concentrations of perfluorooctane sulfonate (PFOS) in fish tissue were 
evaluated by comparison to the Minnesota Department of Health (MDH) fish tissue advisory 
level derived to be protective of a one meal per week consumption rate, a value of 200 ng/g 1 

One of the five species of fish sampled (freshwater drum) exhibited an average PFOS tissue 
concentration greater than the MDH fish tissue advisory level, and MDH subsequently issued a 
fish consumption advisory for Pool 2. Based on the fish consumption advisory, Pool 2 was 
listed as "impaired" under 303(d) of the Clean Water Act. Based on this finding, MPCA 
proceeded with initial permit-based management actions for Metropolitan Council’s Metropolitan 
(Metro) WVVTP, which discharges to Pool 2. 

On behalf of Metropolitan Council, ENVIRON International Corporation (ENVIRON) reviewed 
the MPCA (2010) study and evaluated the initial permitting approach discussed with MPCA for 
the Metro WWTP. This review was conducted in light of additional publicly-available PFOS 
chemistry data in Pool 2 surface sediment and water, as well as the state-of-the-science with 
respect to PFOS ecotoxicology, environmental chemistry, and risk assessment. The remainder 

of this report presents the synopsis of this review, and is organized into the following sections: 

¯ Section 3: Review and Synthesis of Pool 2 PFOS Data 

¯ Section 4: Considerations for PFOS Environmental Fate 

¯ Section 5: Science-based Alternative Decision Making to Define and Address PFOS 
Impairment in Pool 2 

¯ Section 6: Conclusions 

¯ Section 7: References 

Concentrations of PF©S in fish tissue in the main text of this document are expressed on a nanograms PFOS per 
gram wet weight tissue basis. 
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3 Review and Synthesis of Pool 2 PFOS Data
This section resentsa review and synthesis of publicy-avallable PFOS environmental data in
Pool 2. Three pimary environmental data sources were reviewed to understand the nature of
PFOS in environmental campariments which are potential-relevant o mpaifent in the Pool 2
aquatic environment

1. Concentrations of PFOS in Pool2 fh and water measured by MPCA (2010)
2. Concentrations of PFOS in Pool 2 sediment and water measured by MPCA (2006); and

3. Concentrations of PFOS in Mississippi River sediment and water near 3M Cottage
Grove measured by Weston (2007, 2008, 2008).

Although the laboratory analytical techniques for PFCs during the time period of these studies.
were evolving and currently continue to improve (Malinsky, 2009 ; van Leeuwen et al., 2009), it
was assumed that concentrationsof PFOS in fish, surface sediment, and water among the
studies were comparable such thata synthesis of the data from these sucies would provide
insight nto the presence and behavior of PFOS in Pool 2 fish, surface water, and sediment.
3.1 Review of Concentrations of PFOS in Fish Sampled in the MPCA (2010) Pool 2

Study
311 MPCA (2010) Study Design
MPCA divided Pool 2 into four sections of varying length for their investigationof PFOS ifish
and surface water (Figure 1): Section 1 (3.6 iver mile) is the upper most section, Section 2
(95 wer mile) receives discharge from Metropoitan Councils Metro WWTP, Section 3 (13.7
fiver miles), and Section 4 (4.7 river miles) at the lower end, which receives discharge from 3M's
Cottage Grove Facility (3M Cottage Grove). In May 2009, Minnesota Department of Natural
Resources (MON), on behalf of MPCA, colected five fish species from all secions: busgil
Sunfish, carp, freshwater Gum, smallmouth bass, and white bass. Foreach species, MONR
colic15 fish per section fora taal of 75 fish per section withthe exceptionof lui sunfish
in Section 1, where 12 fish were collected (72 fish for Section 1. Inota, 297 fishsamplesware
collected from Pool 2. MONR also colected water samples rom 12 tations (3 diferent
collection ses wii each section, 3 samples at each ste. Water samples and30ofthe fish
samples were concurrently analyzed by both the contracted lab and 3M as partofthe quality
assurance program.
31.2 Concentrationsof PFOS in Fish Observed by MPCA (2010)
Average and 90" percentile concentrations? of PFOS in fish tissue were below the MOH fish
issue advisory levelof 200 ngg for all speciesoffish in Sections 1, 2and 3 (Figures 2-4). Over
99% ofthe 222 fish sampled in Sections 1. 2 and 3 were below 200 ng/g Afshin Sections 1
and 2 were below 200 ng/g. Only two fish samples were in excess of 200 ng n Section 3.
? 90" percentile values are conservative statstics that represent the extreme upper rangesfor evaluatingCopdnamors ofFSoh comune ann. an are proviso Secon srzoses oy. UsingCo rca loo In cormrton hinan hoa acs arr 14 500 ARTSHd oyCrime yas exponen 0 PROS
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3 Review and Synthesis of Pool 2 PFOS Data 
This section presents a review and synthesis of publicly-available PFOS environmental data in 

Pool 2. Three primary environmental data sources were reviewed to understand the nature of 
PF©S in environmental compartments which are potentially-relevant to impairment in the Pool 2 
aquatic environment: 

1. Concentrations of PFOS in Pool 2 fish and water measured by MPCA (2010); 

2. Concentrations of PFOS in Pool 2 sediment and water measured by MPCA (2006); and 

3. Concentrations of PFOS in Mississippi River sediment and water near 3M Cottage 
Grove measured by Weston (2007, 2008, 2009). 

Although the laboratory analytical techniques for PFCs during the time period of these studies 
were evolving and currently continue to improve (Malinsky, 2009 ; van Leeuwen et al., 2009), it 
was assumed that concentrations of PFOS in fish, surface sediment, and water among the 

studies were comparable such that a synthesis of the data from these studies would provide 
insight into the presence and behavior of PFOS in Pool 2 fish, surface water, and sediment. 

3.1 Review of Concentrations of PFOS in Fish Sampled in the IViPCA (2010) Pool 2 
Study 

3.1.1 MPCA (2010) Study Design 

MPCA divided Pool 2 into four sections of varying lengths for their investigation of PFOS in fish 
and surface water (Figure 1): Section 1 (3.6 river miles) is the upper most section, Section 2 

(9.5 river miles) receives discharge from Metropolitan Council’s Metro VWVTP, Section 3 (13.7 
river miles), and Section 4 (4.7 river miles) at the lower end, which receives discharge from 3M’s 

Cottage Grove Facility (3M Cottage Grove). In May 2009, Minnesota Department of Natural 
Resources (MDNR), on behalf of MPCA, collected five fish species from all sections: bluegill 
sunfish, carp, freshwater drum, smallmouth bass, and white bass. For each species, MDNR 
collected 15 fish per section for a total of 75 fish per section with the exception of bluegill sunfish 

in Section 1, where 12 fish were collected (72 fish for Section 1). In total, 297 fish samples were 
collected from Pool 2. MDNR also collected water samples from 12 stations (3 different 
collection sites within each section, 3 samples at each site). Water samples and 30 of the fish 

samples were concurrently analyzed by both the contracted lab and 3M as part of the quality 
assurance program. 

3.1.2 Concentrations of PFOS in Fish Observed by MPCA (2010) 

Average and 90th percentile concentrations2 of PFOS in fish tissue were below the MDH fish 

tissue advisory level of 200 ng/g for all species of fish in Sections 1, 2 and 3 (Figures 2-4). Over 
99% of the 222 fish sampled in Sections 1, 2 and 3 were below 200 ng/g. All fish in Sections 1 
and 2 were below 200 ng/g. Only two fish samples were in excess of 200 ng/g in Section 3. 

2 90th percentile values are conservative statistics that represent the extreme upper ranges for evaluating 

concentrations of PFOS in fish consumed by anglers, and are provided here for discussion purposes only. Using 
90th percentile values in consideration of human health risks and/or fish tissue advisories would greatly 
overestimate typical exposures to PFOS. 
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These two fish were a male and a juvenile bluegil sunfish (204 and 201 ngg, respecivel)
These fish were captured between iver miles 833.5 and 834, which fas in the ower portion of
Section 2 but were grouped with Secton 3 samples by MPCA (PCA 2010) as shown in Figure
4. The rango of PFOS concentration fo bluegll sunfish in this Section is 34 0 204 ngig and the
0° percentie is 183 ng/g suggesting tha these two fish are outers or the Section3sample
grouping. The two exceedances of the 200 ngig fish issue advisory level represent only 0.9%
ofthe fish sampledin Secions 1. 2and 3. Concentrations of PFOS in fishin Sections 1, 2 and
3 do not cxcoed the MDH fish issu advisory love. Data would not result in a MOH fish
onsumption advisory iftisSections 1,2 and 3 had been addressed separately fom Section 4
(either collectively 35 a combined Sections 1, 2 and 3 groupor separately by section). The data
demonstrates a clear absence of impaitment in Sections 1. 2 and3ofPool 2
Concentrations of PFOS in manyo the fish from Sscion 4 were 1 to2 orders of magnitude
higher 1, approximately 1010 100 times higher) than those in Sections 1,2 and 3. Average
concentration of PFOS in four species of fish collected In Section 4 exceeded the 200 ng/g fish
tissue advisory level (Figure 5). The average concentration of PFS in whi bass, 160 ng/g
was below tho fish tissue advisory concentration. For all species, 90" percentle concentrations
of PFOS in fishweregreater than th fsh tissue advisory level in Section 4, whereas in
Sections 1,2.2nd 3, all 90° percentie values were below the advisory level (Figure 6)
Within Section 4, data review indicates tat tis possible that only a subset of fish exist
elevated concentrations of PFOS. Only 367% ofthe sampled fish (27 of 75) exceeded the 200
ng/g fish tissue advisory level. The remainder ofthe fish exhibied concenirations of PFOS
similar o that of Sections 1, 2 and 3, wih an average concentration of 75 ng/g (standard
deviationof 44 ng and median of 65 ng/g). The high standard deviations shown inthe chart in
Figure 5 and large range of values for Seciion 4 ish suggest that two populations of fish within
‘Section 4 were sampled: one population of ish with a greatly elevated exposure to PFOS and
one population of ish with a much lower exposure similar 0 thato ish in Sections 1, 2 and 3.
It shouldbe noted that concentrations of PFOS in fish as cose as 2107 ver miles downstream
of Metro WTP (Seciion 3 fish grouping, shown n Figure 4 do not indicate impairment
Average and 90" percentle values for conceniratons of POS infish (by species or all species
combined) are below 200 2g/g. I the MDH fish consumption criteria were applied to sections of
Pool 2, as opposed 10 the entirety of Pool 2, the data in Sections 1, 2 and 3 would not rigger a
fish consumplion adiisory. Using the logic thal PFOS exposure to fish fom a paricular point of
discharge decreases with distance fiom the discharge poin, fish tissue values support the
hypothesis that PFOS released by Metro WWTP is not responsible for the high concentrations
of PFOS in fish (impairment) observed in fish in Section 4. This hypothesis is confirmed by
measured concentrations of PFOS in fish, surface water, and sediment (Section 3.2).
31.3 MPCA (2010) Data Analysis Approach
“Taking into consideration the locationof thfish that exceed the MDH advisory love, itis:
technically invalid to average the concentrations of PFOS in all Pool 2 fish samples. Based on
the above discussion, the entre 33-mile length ofthe river should not be treated as a
homogeneous unit for evaluating exposure to PFOS via consumplion of fish, as concentrations
of PFOS in Pool 2 fish are not at steady state. Thero isa large discrepancy between values for

ProsEmonsou oe eNYViRON

STATE 01178231
2691.0007

Review of PFOS Impairment in Mississippi River Pool 2 
Prepared for Metropolitan Council 

These two fish were a male and a juvenile bluegill sunfish (204 and 201 ng/g, respectively). 
These fish were captured between river miles 833.5 and 834, which falls in the lower portion of 
Section 2 but were grouped with Section 3 samples by MPCA (MPCA 2010) as shown in Figure 
4. The range of PFOS concentration for bluegill sunfish in this Section is 34 to 204 ng/g and the 
90th percentile is 183 ng/g suggesting that these two fish are outliers for the Section 3 sample 

grouping. The two exceedances of the 200 ngtg fish tissue advisory level represent only 0.9% 
of the fish sampled in Sections 1,2 and 3. Concentrations of PFOS in fish in Sections 1,2 and 
3 do not exceed the MDH fish tissue advisory level. Data would not result in a MDH fish 
consumption advisory if this Sections 1,2 and 3 had been addressed separately from Section 4 
(either collectively as a combined Sections 1, 2 and 3 group or separately by section). The data 
demonstrates a clear absence of impairment in Sections 1,2 and 3 of Pool 2. 

Concentrations of PFOS in many of the fish from Section 4 were 1 to 2 orders of magnitude 

higher (i.e., approximately 10 to 100 times higher) than those in Sections 1, 2 and 3. Average 
concentrations of PFOS in four species of fish collected in Section 4 exceeded the 200 ng/g fish 
tissue advisory level (Figure 5). The average concentration of PFOS in white bass, 160 ng/g, 
was below the fish tissue advisory concentration. For all species, 90th percentile concentrations 

of PFOS in fish were greater than the fish tissue advisory level in Section 4, whereas in 
Sections 1, 2 and 3, all 90th percentile values were below the advisory level (Figure 6). 

Within Section 4, data review indicates that it is possible that only a subset of fish exhibit 

elevated concentrations of PFOS. Only 36% of the sampled fish (27 of 75) exceeded the 200 
ng/g fish tissue advisory level. The remainder of the fish exhibited concentrations of PFOS 
similar to that of Sections 1, 2 and 3, with an average concentration of 75 ng/g (standard 
deviation of 44 ng/g and median of 65 ng/g). The high standard deviations shown in the chart in 
Figure 5 and large range of values for Section 4 fish suggest that two populations of fish within 
Section 4 were sampled: one population of fish with a greatly elevated exposure to PF©S and 
one population of fish with a much lower exposure similar to that of fish in Sections 1, 2 and 3. 

It should be noted that concentrations of PFOS in fish as close as 2 to 7 river miles downstream 
of Metro VWVTP (Section 3 fish grouping, shown in Figure 4) do not indicate impairment. 
Average and 90th percentile values for concentrations of PFOS in fish (by species or all species 

combined) are below 200 ng/g. If the MDH fish consumption criteria were applied to sections of 
Pool 2, as opposed to the entirety of Pool 2, the data in Sections 1, 2 and 3 would not trigger a 

fish consumption advisory. Using the logic that PFOS exposure to fish from a particular point of 
discharge decreases with distance from the discharge point, fish tissue values support the 
hypothesis that PFOS released by Metro WWl-P is not responsible for the high concentrations 
of PFOS in fish (impairment) observed in fish in Section 4. This hypothesis is confirmed by 

measured concentrations of PFOS in fish, surface water, and sediment (Section 3.2). 

3.1.3 MPCA (2010) Data Analysis Approach 

Taking into consideration the location of the fish that exceed the MDH advisory level, it is 
technically invalid to average the concentrations of PFOS in all Pool 2 fish samples. Based on 
the above discussion, the entire 33-mile length of the river should not be treated as a 
homogeneous unit for evaluating exposure to PFOS via consumption of fish, as concentrations 
of PFOS in Pool 2 fish are not at steady state. There is a large discrepancy between values for 
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a portion of the Section 4 fish compared to ier fish in Sections 1, 2, 3 and the remainder of4.
‘Simple averages that include al samples from all four Sectionsof Pool 2 ae skewed igh by
outliersofextremely high PFOS tissue concentrations from a portion of the ish obtained from
Section 4
The MPCA data analyses, which combined data from all fish samples from Pool 2into2 single
average by speces, dona yield representative values wilh which to adress the impairment
concerns associated with he consumation of wil fish caught throughout the Pool 2. For
‘example, the Pool 2 average concentration fr freshwater dum (229 ng/g; basedon60 samples
in Sections 1, 2, 3 and 4) usedto certify Pool 2 impairment status by MPCA (2010) does not
accurately characterize human exposure to PFOS via fish consumpion across te entrety of
Pool 2. This average representsa gross overestimateof PFOS exposure for al of Pool 2
exceptforSection 4, where it may be an underestimate. More specifaly, the average
concentrationof PFOS in festwater drum in Sections 1, 2, and 3is59 ng/g (maximum of 139
ng/g) these valuas ara no indicative of mpairment and ara not comparable othe Pool 2
average of 220 nglg Alematey, the average concentration of PFOS in freshwater drum in
‘Section 415 740 ng/g (maximum of 3,600 ngig), which is also not comparable to the Pool 2
averageof229 ng/g. The data indicate tha onlya portion of fish in Section 4 exhibit
concentrations of PFOS which ae indicative of impairment. As discussed in Section 5 of tis
document, the consequences of using the unrepresentalive Pool 2 average ish ssue values in
subsequent bioaccumulation factor (BAF) and fish consumption criterion (CC) calculations
leads 10:2 conclusion that al of Pool 2 is impaired and needs to be addressed to be protectve of
human healt. These conclusions are technically flawed, as they are not supportedby the data
and the current understanding of PFOS environmental fate
32 Reviewof Concentrationsof PFOS in Water and Surface Sediment Sampled in the

MPCA and Weston Studies
321 Concentrationsof PFOS in Water and Surface Sediment
Although fish sampling locations in the MPCA (2010) study are not sufficiently precise to
evaluate the correlationofconcentrations of PFOS in fish with concentrations of PFOS in water
andlor sediment, data collected by MPCA and Weston indicate tha concentrations of PFOS in
water and sediment along the northern shoreiina of Section 4 (adjacent to 3M Cottage Grove)
are likely the source ofthe high concentiationsof PFOS in Section 4 fish. Concentrations of
PFOS in Pool 2 surface sediment and watar are relatively low and uniform upstream of the 3M
Cottage Grove Facilty (Figures7 and 8). Average concentrations in surface sediment and
water samples collected nar the 3M Cottage Grove shoreline (10 ng/g * and 88 nglL *,
respectively) are 110.2 orders of magnitude higher than those upstream (0.7 nglg and 4.5 nolL
respecively). as shown in Figures 7 and8. The upper rangesofthe values also reflect his
pattern: the concentrations in sediment and water upstream of 3M Cottage Grove (Sections 1,
2,3:3nd a poron of 4) range from < 0.251013 ng/g and < 510 10 ngIL, respectively, wherezs

¥ Concentrators of FOS in uk sedmertin hi mai text fis cocument rs expressed ona nanograms PEOS
Bam Gy wot sediment basisConcaitatonof 0SmWATER nthe rain txt of thi documentar expressed on a nanograms FOS porTio wor bai
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a portion of the Section 4 fish compared to other fish in Sections 1, 2, 3 and the remainder of 4. 
Simple averages that include all samples from all four Sections of Pool 2 are skewed high by 
outliers of extremely high PFOS tissue concentrations from a portion of the fish obtained from 

Section 4. 

The MPCA data analyses, which combined data from all fish samples from Pool 2 into a single 
average by species, do not yield representative values with which to address the impairment 
concerns associated with the consumption of wild fish caught throughout the Pool 2. For 
example, the Pool 2 average concentration for freshwater drum (229 ng/g; based on 60 samples 
in Sections 1, 2, 3 and 4) used to identify Pool 2 impairment status by MPCA (2010) does not 
accurately characterize human exposure to PFQS via fish consumption across the entirety of 

Pool 2. This average represents a gross overestimate of PFOS exposure for all of Pool 2 
except for Section 4, where it may be an underestimate. More specifically, the average 
concentration of PFOS in freshwater drum in Sections 1, 2, and 3 is 59 ng/g (maximum of 139 
ng/g); these values are not indicative of impairment and are not comparable to the Pool 2 
average of 229 ng/g. Alternately, the average concentration of PFOS in freshwater drum in 
Section 4 is 740 ng/g (maximum of 3,600 ng/g), which is also not comparable to the Pool 2 

average of 229 ng/g. The data indicate that only a portion of fish in Section 4 exhibit 
concentrations of PFOS which are indicative of impairment. As discussed in Section 5 of this 
document, the consequences of using the unrepresentative Pool 2 average fish tissue values in 

subsequent bioaccumulation factor (BAF) and fish consumption criterion (fCC) calculations 
leads to a conclusion that all of Pool 2 is impaired and needs to be addressed to be protective of 

human health. These conclusions are technically flawed, as they are not supported by the data 
and the current understanding of PFOS environmental fate. 

3.2 Review of Concentrations of PFOS in Water and Surface Sediment Sampled in the 
MPCA and Weston Studies 

3.2.1 Concentrations of PFOS in Water and Surface Sediment 

Although fish sampling locations in the MPCA (2010) study are not sufficiently precise to 

evaluate the correlation of concentrations of PFOS in fish with concentrations of PFOS in water 
and/or sediment, data collected by MPCA and Weston indicate that concentrations of PFOS in 
water and sediment along the northern shoreline of Section 4 (adjacent to 3M Cottage Grove) 

are likely the source of the high concentrations of PFOS in Section 4 fish. Concentrations of 
PF©S in Pool 2 surface sediment and water are relatively low and uniform upstream of the 3M 
Cottage Grove Facility (Figures 7 and 8). Average concentrations in surface sediment and 
water samples collected near the 3M Cottage Grove shoreline (10 ng/g 3 and 88 ng/L 4, 

respectively) are 1 to 2 orders of magnitude higher than those upstream (0.7 ng/g and 4.5 ng/L, 
respectively), as shown in Figures 7 and 8. The upper ranges of the values also reflect this 
pattern: the concentrations in sediment and water upstream of 3M Cottage Grove (Sections 1, 
2, 3 and a portion of 4) range from < 0.25 to 1.3 ng/g and < 5 to 10 ng/L, respectively, whereas 

Concentrations of PFOS in bulk sediment in the main text of this document are expressed on a nanograms PFOS 
per gram dry weight sediment basis. 
Concentrations of PF©S in WATER in the main text of this document are expressed on a nanograms PF©S per 
liter water basis 

Review and Synthesis of Pool 2 5 of 53 ~ N V i ~ O N 
PFOS Environmental Data 

2691.0008 

STATE_01178232 



Review of PEOS Impamen in Mision Rive Po 2rapate or etepoan Cones

concentrations in seciment and water along the 3M Caltage Grove shoreline are as high as 220
ng/g and 530 nL, respectively.
The co-location of high concentrations of PFOS in surface sediment and water in Section 4 with
3M Cottage Grove indicates significant local contibutions of PFOS to Pool 2. Soi and
Qroundwater ai 3M Cottage Grove are contaminated with PFOS to concentrations that ae up 0
several orders of magnitude higher than concentrations observed in Poo 2 surface sediment
and water. The Weston studies (Weston 2007, 2008, 2009) characierized the spatial resolution
in substantial detail and concluded that ground water is a pathway for PFOS transport to Pool 2.
fom 3M Cotage Grove (Figures 9 and 10). Concentrations of PFOS in surface sediment and
water increase substantial (relative to samlos collected in upstream areas in Sections 1, 2,
and 4) at approximately the midpoint along the 3M Cottage Grove shoreine. At his location,
concentrations in Pool 2 surface sediment concentrations increase 1 27 ng (Figures 9) and
Concentrations in Pool 2 surface water increase to 172.5 nglL (Figure 10). Concentrations in
both face sediment and wate are slevated from this port proceeding downsiream
(eastwarc) slong the 3M Cottage Grove shoreline. This area was noted by Weston (2007) as
an area of uncontrolled groundwater movement from beneath 3M Cottage Grove nto Pool 2
and representsa significant environmental pathway of 3M Cotiage Grove PFOS [0 Pool 2.
The presence of elevated concentrations of PFOS in sediment and water near he nexus of East
‘Cove and Section 4 of Pool2 revealsa significant environmental pathway of 3M Cottage Grove
PFOS to Pool 2. AMPCA (2006) study estimated that over a period of several decades,
Cottage Grove may have released approximately 50,000 Ibsyear of PFCsto Pool 2, with recent
estimates (circa 2008) of 3,500 bsiyear’. For example, concentrations of PFOS in water in
3M’ East Cove (a small waterbody on 3M propery that rains to Pool 2) are up fo 5,500 higher
than average conceniraions in water upstream ofM Caltage Grove. Also, concentrations of
PFOS in surface sedimentin 3's East Cove are up to 1,600 times higher then average
concentrations in surface sediment upstream of 3M Cottage Grove. East Cove has been and
continues to be a eceptaci for 3M Cottage Grove's NPDES:permitted discharges from the
plants wastewater treatment and cooing water system, with iret discharge to Section 4 of
Pool 2 (Weston, 2007)
The influence of3M Cottage Grove POS sources appears t extend to atleast the farthest
downstream sample collection stations or surface sediment and water in Pool 2, located
approximately 1.5 miles dounsiream of the nexus of East Cove and the Mississippi River, just
upstream from Lock and Dam Number2 (the downstream boundary of Pool 2). A sample
collected at a location approximately 1,500 feet downstream of the nexus exhibited
Concentrations of PFOS in water and sediment 9-22 times higher than average upstream
concentrations, and indicates elevated levels of PFOS extending beyond the cluster of Weston
Samples collected n the immediate vicinityothe 3M Cottage Grove shoreline. Average
Concentrations of PFOS in surface sediment and water samples colicted much farther
‘Gownsiraam of 3M Cottage Grove (approximately 1.5 mies) were 4.9 ng/g and 27 nolL,
approximately 7 imes higher han average values observed upstream of 3M Cottage Grove

+ In contast ho same apr suggested Met WWTP sccuetad or 12 Rye Sicharge, sinough heClcsanon's besed on vem WePEG cham dt
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concentrations in sediment and water along the 3M Cottage Grove shoreline are as high as 220 
ng/g and 530 ng/L, respectively. 

The co-location of high concentrations of PFOS in surface sediment and water in Section 4 with 
3M Cottage Grove indicates significant local contributions of PF©S to Pool 2. Soils and 

groundwater at 3M Cottage Grove are contaminated with PFOS to concentrations that are up to 
several orders of magnitude higher than concentrations observed in Pool 2 surface sediment 
and water. The Weston studies (Weston 2007, 2008, 2009) characterized the spatial resolution 

in substantial detail and concluded that ground water is a pathway for PFOS transport to Pool 2 
from 3M Cottage Grove (Figures 9 and 10). Concentrations of PFOS in surface sediment and 
water increase substantially (relative to samples collected in upstream areas in Sections 1, 2, 3 

and 4) at approximately the midpoint along the 3M Cottage Grove shoreline. At this location, 
concentrations in Pool 2 surface sediment concentrations increase to 27 ng/g (Figures 9) and 
concentrations in Pool 2 surface water increase to 172.5 ng/L (Figure 10). Concentrations in 
both surface sediment and water are elevated from this point proceeding downstream 
(eastward) along the 3M Cottage Grove shoreline. This area was noted by Weston (2007) as 
an area of uncontrolled groundwater movement from beneath 3M Cottage Grove into Pool 2 

and represents a significant environmental pathway of 3M Cottage Grove PFOS to Pool 2. 

The presence of elevated concentrations of PFOS in sediment and water near the nexus of East 
Cove and Section 4 of Pool 2 reveals a significant environmental pathway of 3M Cottage Grove 

PF©S to Pool 2. A MPCA (2006) study estimated that over a period of several decades, 3M 
Cottage Grove may have released approximately 50,000 Ibs/year of PFCs to Pool 2, with recent 
estimates (circa 2006) of 3,500 Ibs/year~. For example, concentrations of PFOS in water in 

3M’s East Cove (a small waterbody on 3M property that drains to Pool 2) are up to 5,600 higher 
than average concentrations in water upstream of 3M Cottage Grove. Also, concentrations of 
PF©S in surface sediment in 3M’s East Cove are up to 1,600 times higher than average 
concentrations in surface sediment upstream of 3M Cottage Grove. East Cove has been and 
continues to be a receptacle for 3M Cottage Grove’s NPDES-permitted discharges from the 
plant’s wastewater treatment and cooling water system, with direct discharge to Section 4 of 

Pool 2 (Weston, 2007). 

The influence of 3M Cottage Grove PFOS sources appears to extend to at least the farthest 
downstream sample collection stations for surface sediment and water in Pool 2, located 

approximately 1.5 miles downstream of the nexus of East Cove and the Mississippi River, just 
upstream from Lock and Dam Number 2 (the downstream boundary of Pool 2). A sample 
collected at a location approximately 1,500 feet downstream of the nexus exhibited 
concentrations of PFOS in water and sediment 9-22 times higher than average upstream 
concentrations, and indicates elevated levels of PFOS extending beyond the cluster of Weston 
samples collected in the immediate vicinity of the 3M Cottage Grove shoreline. Average 
concentrations of PFOS in surface sediment and water samples collected much farther 
downstream of 3M Cottage Grove (approximately 1.5 miles) were 4.9 ng/g and 27 ng/L, 
approximately 7 times higher than average values observed upstream of 3M Cottage Grove 

5 In contrast, the same report suggested Metro VVWTP accounted for 123 Ibs/year discharge, although the 

calculation is based on extremely limited PFC chemistry data. 
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(Figures 7and 8). Concentrations of PFOS in surface sediment just upsiream of Lock and Dam
Number 2 (Figure 7) range from 0.6102 ng, Sigh higher than the range of values for
samples upstream of Cottage Grove (< 0.25 to 1.3 ng/g). Concentrations in waterare slightly
elevated as well, as shown by a sample reporting a concentration of 10 ng/L. (Figure 8) in the.
MPCA (2010) study. The remaining five samples had higher detection limits (50 ng/L), yielding
inconcusive results
Concentrations of PFOS in waler and sediment indica that Metro WTP i not responsitie for
he high concentrations of PFOS in sediment and water observed in Section 4. Concentrations.
in water 2-7 miles downstream of Metro WWTP range from 8 to 10 ng (Figure4), which is.
higher than results upstream of Metro of < 5 ng/L (Figures 2 and 3). This pattern ofresults.
suggests that Metro WTPor another source of PFOS may be releasing PFOS mass at arate
sufficient to result na sight elevationof the concentration of PFOS in Pol 2water. This sight
elevationof PFOS in Pool 2water appears to be localized to i'sportion of Pool 2,25
concentrationsofPFOS in water further downsiream are below dtecton mit (< 5nolL. in
upper Section 4, as shown in Figure £). These cata indicate atenuationof th Sigh elevated
PFOS concentrations observed 2-7 miles downstieam of Metro WTP to level below the
detection mit (< 5g). Thus, the daa indicat that PROS released from Metro WTP
atenuated vith stance downstream, assuming it comprised a orton of the water samples
bearing detectable concentrations of PFOS. The orderofmagnitude higher concentration of
PFOS in water observed in middle and lower portions of Section 4 (e.g., as high as 530 ng/L.
Figure 10) are not atinbutabl to Vielro WWTP.
Although sediment ta are more limited, concentrations of PFOS in Pool 2 surface sediment
samples also indicate that clevated loves of PFOS in Section 4 surface sediment ae not
atibutabie t Metro WTP. Ls possible that Metro PFOS contibuesto the PFOS in Pool 2
sediment via the setting out ofWWTP effluent suspended sols containing PFOS, as well as
the parttoning of PFOS from Metro VANTP effluent to sediment. fs were occurring.
however,a concentration radient would be observed, wih sedment nearest MeloWWTP
exhibiting concentrations that re greater than seciments downstream. This would be expected
10 occur because suspended sols would tend fo deposi nearero the Metro WWTP discharge
point. Also, PROS released in the water column wouid ten fo partion to sediments closer to
he outfall because the highest concentrations of PFOS in surface water would occur in the
effuentiver mixing zone. The nearest surface sediment samples downstream of Metro WINTP
are located n the lower orton of Section 3, 11-13 mies downsireamof Matto WWTP (2
farthest upstream samples shown in Figure 7). Concentrations in these samples are lower (<

0.25and0.5 ng/g) than samples farther downstreamof Metro WWTP, which were collected in
the upper portion of Section4 upsream of 3M Cottage Grove. There s no concentration
gradient present in these samples (0.30 1.6 Ng) that would supporta conclusion tat Metro
VAVIP is a source or causative factor in Section4 impairment. Thats, if PFOS released fiom
Metro WTP represented a significant source to sediment n this area, concentrations in the
upper portion of Section 4would be ess than concentrations in the ower potionofSecton 3
because some attenuation wouldbe expected between these locations. Addiionaly. the overall
rangeofallofthe lower Section 3 and upper Section 4 samples (< 0.25 to 1.6 ng/g)is much
lower than the concentrations of PFOS in sediment adjacent to ha 3M Cottage Grove shoreline
(Figure 9), wich are as igh as 220 ng. Its not valid to aioe the extremely high
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(Figures 7 and 8). Concentrations of PFOS in surface sediment just upstream of Lock and Dam 
Number 2 (Figure 7) range from 0.6 to 2.6 ng/g, slightly higher than the range of values for 
samples upstream of Cottage Grove (< 0.25 to 1.3 ng/g). Concentrations in water are slightly 
elevated as well, as shown by a sample reporting a concentration of 10 ng/L (Figure 8) in the 

MPCA (2010) study. The remaining five samples had higher detection limits (50 ng/L), yielding 

inconclusive results. 

Concentrations of PF©S in water and sediment indicate that Metro WVVTP is not responsible for 
the high concentrations of PFOS in sediment and water observed in Section 4. Concentrations 
in water 2-7 miles downstream of Metro VWVTP range from 8 to 10 ngtL (Figure 4), which is 
higher than results upstream of Metro of < 5 ng/L (Figures 2 and 3). This pattern of results 

suggests that Metro WWTP or another source of PFOS may be releasing PFOS mass at a rate 
sufficient to result in a slight elevation of the concentration of PFOS in Pool 2 water. This slight 
elevation of PFOS in Pool 2 water appears to be localized to this portion of Pool 2, as 
concentrations of PFOS in water further downstream are below detection limits (< 5 ng/L in 
upper Section 4, as shown in Figure 5). These data indicate attenuation of the slightly elevated 

PFOS concentrations observed 2-7 miles downstream of Metro VWVTP to levels below the 
detection limit (< 5 ng/L). Thus, the data indicate that PFOS released from Metro WWTP 
attenuated with distance downstream, assuming it comprised a portion of the water samples 
bearing detectable concentrations of PFOS. The order of magnitude higher concentration of 

PFOS in water observed in middle and lower portions of Section 4 (e.g., as high as 530 ng/L, 
Figure 10) are not attributable to Metro WVVTP. 

Although sediment data are more limited, concentrations of PFOS in Pool 2 surface sediment 
samples also indicate that elevated levels of PFOS in Section 4 surface sediment are not 
attributable to Metro WV{I-P. It is possible that Metro PFOS contributes to the PF©S in Pool 2 
sediment via the settling out of WWTP effluent suspended solids containing PFOS, as well as 
the partitioning of PFOS from Metro WVVTP effluent to sediment. If this were occurring, 
however, a concentration gradient would be observed, with sediment nearest Metro VVWTP 
exhibiting concentrations that are greater than sediments downstream. This would be expected 
to occur because suspended solids would tend to deposit nearer to the Metro WVVTP discharge 
point. Also, PFOS released in the water column would tend to partition to sediments closer to 
the outfall because the highest concentrations of PFOS in surface water would occur in the 

effluent-river mixing zone. The nearest surface sediment samples downstream of Metro VWV]P 
are located in the lower portion of Section 3, 11-13 miles downstream of Metro WWTP (2 
farthest upstream samples shown in Figure 7). Concentrations in these samples are lower (< 
0.25 and 0.5 ng/g) than samples farther downstream of Metro WWl-P, which were collected in 
the upper portion of Section 4 upstream of 3M Cottage Grove. There is no concentration 
gradient present in these samples (0.3 to 1.6 ng/g) that would support a conclusion that Metro 
W~FI-P is a source or causative factor in Section 4 impairment. That is, if PFOS released from 
Metro VWVTP represented a significant source to sediment in this area, concentrations in the 

upper portion of Section 4 would be less than concentrations in the lower portion of Section 3 
because some attenuation would be expected between these locations. Additionally, the overall 
range of all of the lower Section 3 and upper Section 4 samples (< 0.25 to 1.6 ng/g) is much 
lower than the concentrations of PFOS in sediment adjacent to the 3M Cottage Grove shoreline 

(Figure 9), which are as high as 220 ng/g. It is not valid to attribute the extremely high 
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concentrations in the 3M Cottage Grove shoreline sediment 0 Metro WWTP since hese
sediments exhibit concentrations that are much higher thn sediments loser to Metro WWTP.
Additonal, the rangeofconcentrations of PFOS in Pool 2 secment observed downsirear of
Metro WWTP i refiectiv ofthe rangeofconcentrations of PFOS in sediment that may be
atrbutable to ambient, non-point watershed PFOS sources. MPCA observed an average (SD)
concentration of 0.84 (0.58) g/g in sediment from stormwater colecion ponds in the
Minneapolis/St. Paul metropoltan area, with sampling locations win the Pool 2 watershed
(MPCA-Crane & Hennes, 2010). These stormwater ponds receive a tormter from a wide
variety of industrial and nonvncustril sources and indicate PFOS is present in stormwater at a
concentration sufficient o result in the accumulation of PROS in seciment at concantations as
igh as approsimataly 1-2 nglg. Thus, the concentrations the lower Section 3 and Upper
‘Section 4 semples (< 0.2510 16 ng/g) are similar to that observed in te stormwater pond
sediment, indicating that PFOS in tis location represents PFOS associated wih watershed
sources.
In acon to the absence of Metro WWTP contributions tothe impaiment cbserved in Section
4, PFOS data n sh and water indicates Metro WWTP does not cause impairment in the
nearest fish and water sampling locations 2 0 7 mies downsLream of Mero WAVTP. As
discussed in Section 3.1.1 2nd shown in Figure 4, concentration of PFOS Infish this area
(Section 3) are below levels associated with impairment. Conceniraionsof water (8 to 10 ngiL)
and sediment unknoun due o lack of samples) are leary below evel required to cause
elevated concentrations of PFOS in fish
322 Spatial Relationships between PFOS in Water and Surface Sediment to PFOS in

Fish
Elevated concentrations of PFOS in sediment and water in portion of Section 4 are likely to
rest in higher localized exposure of PFOS to fish. Quailatvey, higher concentrations n
Sediment and water in these areas explain higher concentrations of PFOS in a portion of the
‘Section 4 ish samples. The spatial co-occurrence of elevated concentrations of PFOS in
Surface sediment and water comrespond vith the observation tha concentrations of PFOS in
portion of Section 4 fish are an order of magnitude higher than the majority of fish sampled in
the study
The spatial and satsical pattern of fish sediment, and water PFOS data can be explained by
either. 1) fish caught in Sections 1, 2 and 3 are lower because thei spatial anges of movement
(home ranges) do not include areas of elevated PFOS exposure in Section 4; or 2) fish caught
in Sections 1, 2 and 3 include some fish that may have boen exposed fo Section 4, but
Concentrations of PFOS have decreased following ther movement th less contaminated
Stuy sections. Either possibilty. or a combination, i possible. For example, our ofth five
studies fish species, freshwater rum, biuegil sunfish, smallmouth bass and carp have relatively
Smal home ranges (~30 — S00 meters’; Mins, 1995; Parr, 2002; Jones and Stuart, 2008);
nearly al ish sampled within each of the MPCA (2010) study sections were ely exposed lo
PFOS sources within that study section. For examle, i extremely uilkely given the spatiel
scales associated with the above estimates tht the movement range ofth fish sampled in
Section 4 includes the stretch of Section 2 containing the Metro WWTP discharge locaton,
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concentrations in the 3M Cottage Grove shoreline sediment to Metro WVVi-P since these 
sediments exhibit concentrations that are much higher than sediments closer to Metro WWl-P. 

Additionally, the range of concentrations of PFOS in Pool 2 sediment observed downstream of 
Metro VWVTP is reflective of the range of concentrations of PFOS in sediment that may be 

attributable to ambient, non-point watershed PFOS sources. MPCA observed an average (SD) 
concentration of 0.84 (0.58) ng/g in sediment from stormwater collection ponds in the 
Minneapolis/St. Paul metropolitan area, with sampling locations within the Pool 2 watershed 
(M PCA-Crane & Hennes, 2010). These stormwater ponds receive a stormwater from a wide 
variety of industrial and non-industrial sources and indicate PFOS is present in stormwater at a 

concentration sufficient to result in the accumulation of PFOS in sediment at concentrations as 
high as approximately 1-2 ng/g. Thus, the concentrations the lower Section 3 and upper 
Section 4 samples (< 0.25 to 1.6 ng/g) are similar to that observed in the stormwater pond 
sediment, indicating that PFOS in this location represents PFOS associated with watershed 

sources. 

In addition to the absence of Metro VVWTP contributions to the impairment observed in Section 
4, PFOS data in fish and water indicates Metro VWVI-P does not cause impairment in the 

nearest fish and water sampling locations 2 to 7 miles downstream of Metro VWVTP. As 
discussed in Section 3.1.1 and shown in Figure 4, concentrations of PFOS in fish this area 
(Section 3) are below levels associated with impairment. Concentrations of water (8 to 10 nglL) 

and sediment (unknown due to lack of samples) are clearly below levels required to cause 

elevated concentrations of PFOS in fish. 

3.2.2 Spatial Relationships between PFOS in Water and Surface Sediment to PFOS in 

Fish 

Elevated concentrations of PFOS in sediment and water in a portion of Section 4 are likely to 
result in a higher localized exposure of PFOS to fish. Qualitatively, higher concentrations in 

sediment and water in these areas explain higher concentrations of PFOS in a portion of the 
Section 4 fish samples. The spatial co-occurrence of elevated concentrations of PFOS in 
surface sediment and water correspond with the observation that concentrations of PFOS in a 
portion of Section 4 fish are an order of magnitude higher than the majority of fish sampled in 

the study. 

The spatial and statistical pattern of fish, sediment, and water PFOS data can be explained by 
either: 1) fish caught in Sections 1, 2 and 3 are lower because their spatial ranges of movement 
(home ranges) do not include areas of elevated PFOS exposure in Section 4; or 2) fish caught 
in Sections 1, 2 and 3 include some fish that may have been exposed to Section 4, but 
concentrations of PFOS have decreased following their movement to the less contaminated 
study sections. Either possibility, or a combination, is possible. For example, four of the five 
studies fish species, freshwater drum, bluegill sunfish, smallmouth bass and carp have relatively 
small home ranges (~30 - 900 meters2; Minns, 1995; Parr, 2002; Jones and Stuart, 2008); 

nearly all fish sampled within each of the M PCA (2010) study sections were likely exposed to 
PF©S sources within that study section. For example, it is extremely unlikely given the spatial 
scales associated with the above estimates that the movement range of the fish sampled in 
Section 4 includes the stretch of Section 2 containing the Metro VWVTP discharge location, 

Review and Synthesis of Pool 2 8 of 53 ~ N V i ~ O N 
PFOS Environmental Data 

2691.0011 

STATE_01178235 



Review of PEOS Impamen in Mision Rive Po 2rapate or etepoan Cones

approximately 26,000meters (approxmately 16 miles) upstream. Concentrations of PFOS in
most fish reflect local PFOS exposures on a spatial scale much smaller than that of the MPCA
2010) sty secions.
In contrast, white bass may move as ar a 40 fiver miles (organ, 2006), suggesting that
PFOS exposure in white bass couldbe derived fom more than one study section across the 33-
mils length of Pool 2. The data corroborate tis pothesis, as concentrations of PFOS i white
bass exhibit he least variation an most comparabiity among th four study sections (Figures
2.6). The diffrence in the lowest and highest average concentrations among the study
Sections is ony two-fold, indicating a elative amount of homogenely in the exposure of white
bass to PFOS in Pool 2. In comparison, th diferenca batween th lowest average
concentrationsofPFOS in freshwater drum (Section2) is 15 mes lower than tha of tre
‘average concentration in Section 4. A simple averaging of al Pool 2 white bass makes the
most sense for any of the species sampled by MPCA; however. the vit of this approach
remains unciar given that concentrations of PFOS in whit bass in Section 4 were sil higher
than those in cther Seciions, suggesting thal a possible localized elevated PFOS exposure
within Section 4 couldbo elevating concentrations in a porion of te Section 4 white bass.
Fish movement i variable and site-specific, and i best quantified by indidual studies on the
local fish popuiationsof inerest. For example, a study conducted in Missouri streams by Furk
(1957) revealed that approximately half ofa sample population of 11 freshwater rum moved 10
milesormore during a periodof approximately year Ifa minimum annual movement range of
0 mils is assumed fo Poo) 2 freshwater rum, 5 conceivable thata substantia portion of
freshwater drum woud bo exposed to more han one study section ova a one-year ime period
since th length ofth study Sections are approximately 4 to 14 mis i engi. Thus, fish oady
burden of PFOS accumulated in one Section would cross Section ines 3s th fish migrated
Fish colected in a study section would represent PFOS exposure conditons from more than
one study section (as hypotnesized above for white bass). Under hshypothetical scenario.
concentrationsofPFOS in fish would be expected to be uniform among the study sections (as
in the actual white bass dataset), even there was a single area of slevated PFOS exposure.
within one of the study sections. With exposure averaging across larger areas, the MPCA
assumption of a homogenous exposure unit (and practice of averaging samples from more
than one study section) wouldbesupportedby the data. However. the obust MPCA (2010)
study of 297 fish samples does not support this hypothesis due to the extremely eevaled
concentrationsofPFOS in Section 4 sh, as stated n Figures 26
A mre likely explanation for the discrepancy among concentrationsofPFOS in fish among the
MPCA (2010) study sections (f large homeranges are assumed) les in th tm scales for
PFOS uptake and elimination in ih. Ist kely that PFOS accumulated by fish in an area with
elevated PFOS exposure conditions is siminated during movement 0. ess contaminated
area. For example. fish exposed to an elevated PFOS point source wihin Secton 4 would
‘accumulate PFOS to concentrations much higher than those n other study sections, but, upon
moving to othr sections, would eliminate PFOS fom sue to maintain steady state ith ower
PFOS concentraions in sediment, water, and diet. This time scale for elimination is supported
by a bioaccumulation study in fish where fish wera expose to PFOS-contaminaled wate, hen
moved to lean water (Matin et a, 2003). Results indicated that thehati for PFOS
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approximately 24,000 meters (approximately 16 miles) upstream. Concentrations of PFOS in 
most fish reflect local PFOS exposures on a spatial scale much smaller than that of the MPCA 
(2010) study sections. 

In contrast, white bass may move as far as 40 river miles (Morgan, 2006), suggesting that 

PFOS exposure in white bass could be derived from more than one study section across the 33- 
mile length of Pool 2. The data corroborate this hypothesis, as concentrations of PFOS in white 
bass exhibit the least variation and most comparability among the four study sections (Figures 
2-6). The difference in the lowest and highest average concentrations among the study 
sections is only two-fold, indicating a relative amount of homogeneity in the exposure of white 
bass to PFOS in Pool 2. In comparison, the difference between the lowest average 

concentrations of PFQS in freshwater drum (Section 2) is 15 times lower than that of the 
average concentration in Section 4. A simple averaging of all Pool 2 white bass makes the 
most sense for any of the species sampled by MPCA; however, the validity of this approach 
remains unclear given that concentrations of PFOS in white bass in Section 4 were still higher 
than those in other Sections, suggesting that a possible localized elevated PFQS exposure 
within Section 4 could be elevating concentrations in a portion of the Section 4 white bass. 

Fish movement is variable and site-specific, and is best quantified by individual studies on the 
local fish populations of interest. For example, a study conducted in Missouri streams by Funk 
(1957) revealed that approximately half of a sample population of 11 freshwater drum moved 10 

miles or more during a period of approximately a year. If a minimum annual movement range of 
10 miles is assumed for Pool 2 freshwater drum, it is conceivable that a substantial portion of 
freshwater drum would be exposed to more than one study section over a one-year time period 
since the length of the study sections are approximately 4 to 14 miles in length. Thus, fish body 
burden of PFOS accumulated in one Section would cross Section lines as the fish migrated. 
Fish collected in a study section would represent PFOS exposure conditions from more than 
one study section (as hypothesized above for white bass). Under this hypothetical scenario, 
concentrations of PFOS in fish would be expected to be uniform among the study sections (as 
in the actual white bass dataset), even if there was a single area of elevated PFOS exposure 
within one of the study sections. With exposure averaging across larger areas, the MPCA 
assumption of a homogeneous exposure unit (and practice of averaging samples from more 
than one study section) would be supported by the data. However, the robust MPCA (2010) 

study of 297 fish samples does not support this hypothesis due to the extremely elevated 
concentrations of PFOS in Section 4 fish, as illustrated in Figures 2-6. 

A more likely explanation for the discrepancy among concentrations of PFOS in fish among the 
MPCA (2010) study sections (if large home ranges are assumed) lies in the time scales for 
PFOS uptake and elimination in fish. Is it likely that PFOS accumulated by fish in an area with 
elevated PFOS exposure conditions is eliminated during movement to a less contaminated 
area. For example, fish exposed to an elevated PFOS point source within Section 4 would 
accumulate PFOS to concentrations much higher than those in other study sections, but, upon 
moving to other sections, would eliminate PFOS from tissue to maintain steady state with lower 
PF©S concentrations in sediment, water, and diet. This time scale for elimination is supported 
by a bioaccumulation study in fish where fish were exposed to PFOS-contaminated water, then 

moved to clean water (Martin et al., 2003). Results indicated that the half-life for PFOS 
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measured was approximately 2-3 weeks (13 days for carcass and 20 days for ver, Martin etal,
20038). According to the study result, concentrations in ish would decrease to rsach steady
State (decreasing or increasing) within afewweeks upon moving (0 areas wit diferent PFOS
exposures. Althoughthis hypothesis enables a consideration or veryarfish movements (0...
miles), t requires the presence of a source of elevated PFOS exposure to fish within Section 4
1o elicit the observed patter of greaty ifferent concentrations between Section4 and the
remainder of Pool 2. It provides adn justification that impairment. fish exhibiing
concantationsofPFOS greater than 200 ng) would b limited to an area near this levatd
exposure source, as concentrations in fish tissue would decrease as the fish migrate to less.
contaminated sections of Pool 2.

Reviewand Syitess cf Po 2 TosaF708 Enamel Osta eNYViRON

STATE 01178237
2691.0013

Review of PFOS Impairment in Mississippi River Pool 2 
Prepared for Metropolitan Council 

measured was approximately 2-3 weeks (13 days for carcass and 20 days for liver; Martin et al., 
2003a). According to the study results, concentrations in fish would decrease to reach steady 
state (decreasing or increasing) within a few weeks upon moving to areas with different PF©S 
exposures. Although this hypothesis enables a consideration for very far fish movements (e.g., 
miles), it requires the presence of a source of elevated PFOS exposure to fish within Section 4 
to elicit the observed pattern of greatly different concentrations between Section 4 and the 
remainder of Pool 2. It provides additional justification that impairment (i.e., fish exhibiting 
concentrations of PFOS greater than 200 ng/g) would be limited to an area near this elevated 
exposure source, as concentrations in fish tissue would decrease as the fish migrate to less 

contaminated sections of Pool 2. 
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4 Considerations for PFOS Environmental Fate
“This section presents a state-of-the-science review for PFOS behavior in aquatic ecosystems
and includes an application of quantitative fate and bioaccumulation modeling to understand the
exposureoffish to PFOS In Pool 2.

41 State-oftheScience Review
“The behavior of PFOS and other PFCs doss not follow the general sciertificparadig for the
chemical behavior or fate of bioaccumuative organic compounds. Most bioaccumulate
‘compounds are hydrophobic, strongly attracted to organic carbon in sediment and lipids within
‘aquatic organisms after release to aquatic environments. The behavior of these compounds
has been numerically predicted by models relying on a physical chemical property known as the
octanol-water partion coefficient (Kou: Gobas, 1983; Amat and Gobas, 2003; Gobas et a.
2003). For a large proportion of modern organic compounds, scientists and polcy makers (ake
advantage of the existing paradigm (using Kou 10 predict chemical fate such that environmental
risks can be more efficiently and effectively managed (Muir and Howard, 2006).
Kon values for PFCs are difficult to measure because they possess surfactant properties that
interfere with the measurement of Ko, making evaluation wih the existing paradigm not
feasible (Tols etal. 1994; Giesy and Kannan, 2002). Coupled withthe inal analytical dificuty
in measuring PFCs in environmental samples and the nabilty toful evaluate fate, the
bioaccumulate potential of these compounds went largely untested untl the early 20005, when
fied research revealed that many of the compounds were present in organisms al
concentrations excaeding those in abiotic environmental media such ss water, soil, and
sediment (Giesy and Kannan, 2001). PFCs were s00n found tobehavedifferently than most
bioaccumulative organic compounds, as they were found to be strongly attracted to proteins
(rather than lipids) in organisms (Conder et al, 2008). Controlled laboratory experiments
confirmed that chemical fate (and bioaccumuiation) of PFCs could not be predicted using the
‘generalKoubased approaches used for ther bioaccumulative chemicals (Martin etal 20033;
Martin etal. 20035). Through several field experiments, PFOS was determined to
bioaccumulate to concentrations in tissue several orders of magnitude higher than
concentrations inwater (Conderetal. 2008)

As environmental chemists and toxicologists adapt or create a new paradigm to understand
PFCs, the existing Kow-based approach is not directly applicable, necessitating hat the
understanding of PFOS fate be built fom scratch using data from empirical field and
Iaboratory studies and newy-derived models. Despite ifs usefor several decades, the field of
environmental chemistry and toxicology is ony just beginning to understand PFOS chemical
fate, bioaccumulation, and sources to watersheds. Nakayama et al. 2010)i the May 27, 2010
issue of the environmental chemistry joumal Environmental Science & Technology stated “very
litle is known about sources, fate, and transportof the PFCs in the environment, making it very
dificult to prioritize human exposure routes and assess potential risks.”

Aside from the lack ofa basic scientific paradigm, primary issue imiling understanding of
PFOS is that acceptable analytical laboratory performance approaching a level comparable to
that of other major chemicalsofconcern has been attained only in the past two to three years
(van Laouwenotal, 200; Malinky, 2008). The imited numberoffied studies prior to this me
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4 Considerations for PFOS Environmental Fate 
This section presents a state-of-the-science review for PFOS behavior in aquatic ecosystems 

and includes an application of quantitative fate and bioaccumulation modeling to understand the 
exposure of fish to PFOS in Pool 2. 

4.1 State-of-the-Science Review 
The behavior of PFOS and other PFCs does not follow the general scientific paradigm for the 
chemical behavior or fate of bioaccumulative organic compounds. Most bioaccumulative 

compounds are hydrophobic, strongly attracted to organic carbon in sediment and lipids within 
aquatic organisms after release to aquatic environments. The behavior of these compounds 
has been numerically predicted by models relying on a physical chemical property known as the 
octanol-water partition coefficient (Kow; Gobas, 1993; Arnot and Gobas, 2003; Gobas et al., 
2003). For a large proportion of modern organic compounds, scientists and policy makers take 
advantage of the existing paradigm (using Kow) to predict chemical fate such that environmental 

risks can be more efficiently and effectively managed (Muir and Howard, 2006). 

Kow values for PFCs are difficult to measure because they possess surfactant properties that 
interfere with the measurement of Kow, making evaluation with the existing paradigm not 

feasible (Tolls et al., 1994; Giesy and Kannan, 2002). Coupled with the initial analytical difficulty 
in measuring PFCs in environmental samples and the inability to fully evaluate fate, the 
bioaccumulative potential of these compounds went largely untested until the early 2000s, when 

field research revealed that many of the compounds were present in organisms at 
concentrations exceeding those in abiotic environmental media such as water, soil, and 
sediment (Giesy and Kannan, 2001). PFCs were soon found to behave differently than most 
bioaccumulative organic compounds, as they were found to be strongly attracted to proteins 

(rather than lipids) in organisms (Conder et al., 2008). Controlled laboratory experiments 
confirmed that chemical fate (and bioaccumulation) of PFCs could not be predicted using the 

general Kow-based approaches used for other bioaccumulative chemicals (Martin et al., 2003a; 
Martin et al., 2003b). Through several field experiments, PFOS was determined to 
bioaccumulate to concentrations in tissue several orders of magnitude higher than 

concentrations in water (Conder et al., 2008). 

As environmental chemists and toxicologists adapt or create a new paradigm to understand 
PFCs, the existing Kow-based approach is not directly applicable, necessitating that the 
understanding of PFOS fate be built "from scratch" using data from empirical field and 
laboratory studies and newly-derived models. Despite its use for several decades, the field of 
environmental chemistry end toxicology is only just beginning to understand PFOS chemical 
fate, bioaccumulation, and sources to watersheds. Nakayama et el. (2010) in the May 27, 2010 
issue of the environmental chemistry journal Environmental Science & Technology stated "very 
little is known about sources, fate, and transport of the PFCs in the environment, making it very 
difficult to prioritize human exposure routes and assess potential risks." 

Aside from the lack of a basic scientific paradigm, a primary issue limiting understanding of 
PF©S is that acceptable analytical laboratory performance approaching a level comparable to 
that of other major chemicals of concern has been attained only in the past two to three years 
(van Leeuwen et al., 2009; Malinsky, 2009). The limited number of field studies prior to this time 
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are iffcult to interpret and compare, making the development offate theory extremely dificult
Recent field studies are few, with only a handul of studies on PFOS fate and sources in rivers
and streams (Becker etal, 2008a; Becker et al 20080; Zushi ot al, 2008; Nakayama etal,
2010). As with the cutting edge of mast scientific issues, these papers often aise as many (or
more) questions than they resolve, and many of the studies are focused more on understanding
environmental levels rather than gaining advanced understanding of chemical fate mechanisms.
For example, none of these studies examine quantaiive relationships between PFOS sources,
abiotic environmental compartments (e.., sediment, carbon, surface water, and aquatic
organisms.

4.2 RoleofSediment in Aquatic Fate of PFOS
A consistent narrative is beginning to emerge fom the avaiable field and laboratory studies
sediments an important environmental compartment nluencing the accumuiation of PFOS in
aquatic organisms. Controled laboratory studies have documented that PFOS i attracted to
organic carbon (OC) in aquatic sediments, with parton ccefiients of approximately 400 Likg
OC, dry weight (Higgins et al, 2006). Ahrens et al. (2009) observed muchhigherOC parton
coefficients (approximately 10x higher) than that observed byHigginsetal. (2006) using
sediment and sediment por water from field collected sediment in Tokyo Bay. Results clearly
document that organic carbon in sediments has a significant capacity to adsorb PFOS.
‘Simple relationships between concerirations of POS in water and sediment aso confirm that
Sediment i a key source andlor sink for PFOS in aquatic systems. Becker otal. (2008)
observed that concentrations of PFOS in surface sediment were approximately 20t 40 times
Pigher than concentrations in surface wae in the Rolter River (Germany), and Lin (2010)
reported concentrations in sediment were 1625 tmes higher than water inthe Nanmen River
(Taiwan). Other tudes have reported much higher atios. Concentrations in sediment were
observed to be an averageof 220 times higher thanthatofwaterin 21 major lakes, rivers, and
Canes in tne Netneriands (Kadi etal, 2010). Surface water and surface sediment dota
collected upstream, near, and downstream of the 3M Cottage Grove failty in Section4 of Pool
2 reveal that average concentrations in sediment are fwo crders of magnitude (100-200 times)
figher that ofwater (PCA, 2006; Weston, 2007; Weston, 2008; Weston, 2009). On a total
massbasis alone, sedimentassociated PFOS in aquatic systems is likely fo be a significant
portion of the total PFOS i aguatc systems, and especaly in Pool 2, and cannot be
overlooked in termsof environmental management.
4.3 Relevance of Sedimentassociated PFOS to Pool 2 Fish
A significant pathway forsedimentassociated PFOS to enter aqualic food webs is via
bioaccumulation in benthic invertebrates that are consumed by fish and other organisms.
Laboratory studies have confimed that sediment.associated PFOS bioaccumulates in benthic
invertebrates, ith a Biota-Sediment Accumulation Factor (BSAF) of 1.22 g, OC(Higgins et
al, 2007). Inthe field. consumption of PFOS in benthic invertebrates by benthivorous fish may
be'an important exposure pathway. Although feld studies have not yet atempied mechanistic
or quanilaive investigations regarding tis exposure pativay. woof the most comprehensive
aquaic food web studies conducted to date have both noted that sediments a potentially major
source of PFOS fo fish, as manyofthe benthic fish sampled in those studies expressed
elevated concentrations of PFOS compared to other species (Martin et al, 2004; Houde etal,
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are difficult to interpret and compare, making the development of fate theory extremely difficult. 
Recent field studies are few, with only a handful of studies on PFOS fate and sources in rivers 

and streams (Becker et al., 2008a; Becker et al., 2008b; Zushi et al., 2008; Nakayama et al., 
2010). As with the cutting edge of most scientific issues, these papers often raise as many (or 
more) questions than they resolve, and many of the studies are focused more on understanding 
environmental levels rather than gaining advanced understanding of chemical fate mechanisms. 

For example, none of these studies examine quantitative relationships between PFOS sources, 
abiotic environmental compartments (e.g., sediment, carbon, surface water), and aquatic 
organisms. 

4.2 Role of Sediment in Aquatic Fate of PFOS 
A consistent narrative is beginning to emerge from the available field and laboratory studies: 
sediment is an important environmental compartment influencing the accumulation of PFOS in 
aquatic organisms. Controlled laboratory studies have documented that PF©S is attracted to 
organic carbon (OC) in aquatic sediments, with partition coefficients of approximately 400 L/kg 

OC, dry weight (Higgins et al., 2006). Ahrens et al. (2009) observed much higher OC partition 
coefficients (approximately 10x higher) than that observed by Higgins et al. (2006) using 
sediment and sediment pore water from field collected sediment in Tokyo Bay. Results clearly 

document that organic carbon in sediments has a significant capacity to adsorb PF©S. 

Simple relationships between concentrations of PFOS in water and sediment also confirm that 
sediment is a key source and/or sink for PFOS in aquatic systems. Becker et al. (2008) 
observed that concentrations of PFOS in surface sediment were approximately 20 to 40 times 
higher than concentrations in surface water in the Roter River (Germany), and Lin (2010) 
reported concentrations in sediment were 16-26 times higher than water in the Nanmen River 
(Taiwan). Other studies have reported much higher ratios. Concentrations in sediment were 
observed to be an average of 220 times higher than that of water in 21 major lakes, rivers, and 
canals in the Netherlands (Kwadijk et al., 2010). Surface water and surface sediment data 
collected upstream, near, and downstream of the 3M Cottage Grove facility in Section 4 of Pool 
2 reveal that average concentrations in sediment are two orders of magnitude (100-200 times) 
higher that of water (MPCA, 2006; Weston, 2007; Weston, 2008; Weston, 2009). On a total 

mass basis alone, sediment-associated PFOS in aquatic systems is likely to be a significant 
portion of the total PFOS in aquatic systems, and especially in Pool 2, and cannot be 
overlooked in terms of environmental management. 

4.3 Relevance of Sediment-associated PFOS to Pool 2 Fish 
A significant pathway for sediment-associated PFOS to enter aquatic food webs is via 

bioaccumulation in benthic invertebrates that are consumed by fish and other organisms. 
Laboratory studies have confirmed that sediment-associated PFOS bioaccumulates in benthic 
invertebrates, with a Biota-Sediment Accumulation Factor (BSAF) of 1.22 g, OC/g (Higgins et 
al., 2007). In the field, consumption of PFOS in benthic invertebrates by benthivorous fish may 
be an important exposure pathway. Although field studies have not yet attempted mechanistic 
or quantitative investigations regarding this exposure pathway, two of the most comprehensive 

aquatic food web studies conducted to date have both noted that sediment is a potentially major 
source of PFOS to fish, as many of the benthic fish sampled in those studies expressed 
elevated concentrations of PFOS compared to other species (Martin et al., 2004; Houde et al., 
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2008). It shoud be noted that exposureto benthic fish from sediment porewater (via absorption
during contact with sediment) and ingestion of sediment-associated plants mayalsobe a source
of benthic PFOS exposure, although these exposure mechanisms have not yet been evaluated.

“To quantitatively investigate the potential importance of sediment-associated PFOS to Pool 2
fish, ENVIRON developed a bioaccumulation model to explicitly accountfor the accumulation of
sedment-associated PFOS through the consumption of invertebrates ving in PFOS-
contaminated sediment The model assumes PFOS is accumulated by fish viatwo exposure
pathways (Figure 11): 1) a Sediment Exposure Pathway that begins with the accumulation of
PFOS in sediment by absorption into benthic invertebrates that are then consumed by fish that
‘accumulate PFOS via distary absorption; and 2) a Water Column Exposure Pathway that
comprises the direct absorption of PFOS into the fish across the body wall (including gil).

‘The model makesthefollowing primary assumptions:

+ Concentrations of PFOS in water and surface sediment are at steady state on a localized
Scale and that concentrations in water and sediment are independent of one another.

+ Fish diets are derived from epibenthic and/or benthic invertebrates that absorb or ingest
PFOS from sedimentorsediment porewater.

+ Bioaccumulation constants derived from laboratory data from water-only and food-only
‘exposures to fish, and from data from laboratory exposures of benthic invertebrates to
sediment are applicable to Pool 2 organisms and conditions.

+ Fish are restricted tothe area modeled in each of the three modeling scenarios andlor the.
accumulation kinetics for PFOS in fish are such that concentrations of PFOS in fish would
change and reach steady state when moving to a new location exhibiting different
concentrations of PFOS in sediment, water, and/or surface sediment invertebrates.

+ Water and surface sediment data obtained from the various studies (samples collected
2005-2009) approximate PFOS exposure conditions to fish at the time of fish samping
(2009) in the MPCA (2010) study.

Model inputs included two site-specific Pool 2 parameters that were varied among localized
‘exposure areas in Pool 2 1) average conceniration of PFOS in surface sediment; and 2)
‘average concentration of PFOS in surface water. Concentrations of PFOS in sediment and
surfacewaterwere obtained from available MFCA and Weston studies. The model input also
includes an assumed average concentration of OC in surface sediment (0.01 g OC/g, sediment)
because OC was not measured in the studies from which PFOS data were obtained. This
‘assumed value is commonly used to derive sediment benchmarks and model bioaccumulation
(NOAA, 2008), and is with the range of values (0.01 to 0.10) generally observed for sediment in
inland waters of the United States (USEPA, 1983)

‘Three modelingscenarioswere investigated for localized sectionsof Pool2 according to PFOS
sediment and water sample groupings by area as summarized in Figures 7 and 8, with raw data
summarized in Tables 1,2 and 3
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2008). It should be noted that exposure to benthic fish from sediment porewater (via absorption 
during contact with sediment) and ingestion of sediment-associated plants may also be a source 
of benthic PFOS exposure, although these exposure mechanisms have not yet been evaluated. 

To quantitatively investigate the potential importance of sediment-associated PFQS to Pool 2 
fish, ENVIRON developed a bioaccumulation model to explicitly account for the accumulation of 
sediment-associated PFOS through the consumption of invertebrates living in PFOS- 
contaminated sediment. The model assumes PFOS is accumulated by fish via two exposure 
pathways (Figure 11): 1) a Sediment Exposure Pathway that begins with the accumulation of 
PFOS in sediment by absorption into benthic invertebrates that are then consumed by fish that 

accumulate PFOS via dietary absorption; and 2) a Water Column Exposure Pathway that 
comprises the direct absorption of PF©S into the fish across the body wall (including gills). 

The model makes the following primary assumptions: 

¯ Concentrations of PFOS in water and surface sediment are at steady state on a localized 
scale and that concentrations in water and sediment are independent of one another. 

¯ Fish diets are derived from epibenthic and/or benthic invertebrates that absorb or ingest 
PFOS from sediment or sediment porewater. 

¯ Bioaccumulation constants derived from laboratory data from water-only and food-only 

exposures to fish, and from data from laboratory exposures of benthic invertebrates to 
sediment are applicable to Pool 2 organisms and conditions. 

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 concentrations of PFOS in fish would 
change and reach steady state when moving to a new location exhibiting different 

concentrations of PFOS in sediment, water, and/or surface sediment invertebrates. 

Water and surface sediment data obtained from the various studies (samples collected 
2005-2009) approximate PFOS exposure conditions to fish at the time of fish sampling 
(2009) in the MPCA (2010) study. 

Model inputs included two site-specific Pool 2 parameters that were varied among localized 

exposure areas in Pool 2: 1) average concentration of PFOS in surface sediment; and 2) 
average concentration of PFOS in surface water. Concentrations of PFOS in sediment and 
surface water were obtained from available MPCA and Weston studies. The model input also 
includes an assumed average concentration of OC in surface sediment (0.01 g OC/g, sediment) 

because OC was not measured in the studies from which PFOS data were obtained. This 
assumed value is commonly used to derive sediment benchmarks and model bioaccumulation 

(NOAA, 2008), and is with the range of values (0.01 to 0.10) generally observed for sediment in 

inland waters of the United States (USEPA, 1993). 

Three modeling scenarios were investigated for localized sections of Pool 2 according to PFOS 

sediment and water sample groupings by area as summarized in Figures 7 and 8, with raw data 

summarized in Tables 1, 2 and 3: 
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1. Upstream of 3M CottageGrove (Table 1): The Upstreamof3M Cottage Grove scenario
represents areas of Pool 2 that are not kely to be impacted directly from PFOS adjacent
103M Cottage Grove. Data were oblained fom Pool 2 fom the fist MPCA water sample
location #1 (approximately river mile 847) procsecing to the north-south transect of water
samples collected by Weston (2007) that depict concentrations of PFOS below the
detection mit (50 ng/L; approximately river mile 816.7). This area includes MPCA study
Sections 1.2, 3, Metfo WWTP in Section 2, and the upper 25% of Section 4

2. 3M Cottage Grove Shoreline (Table 2): The3 Cottage Grove Shoreline scenario
represents an area of Pool 2 that reflec th elevated concentrations of PFOS in surface
sediment and water observed in Pool 2 adjacent to 3 Coltage Grove. Data vere
obtained from Pool2 (Section 4) from the samples colected outside of the GM Cottage
Grove West Cove outiall (approximately ivermile 818.5) o samples collected outsideof
the 3M Cottage Grove East Cove outfal (aporcximately river mile 817.5). This area
includes an area declly adjacent 0 3M Cotage Grove, extending approximately 200
meters nto the nver. Itshould be nofed that the entire area does not appear to be
contaminated with PFOS relatve to upstream areas because concenlratons are highest in
an area downstream of the midpointof3M Cottage Grove as discussed above (Figures 9
and 10). It should also be noted that the concentration of PFOS in sediment and water
samples obtained from East and West Coves were not used to derive the average
concentrations for these scenarios, as it was unclear whether MPCA (2010) sampled fish
irectly fom these areas and whether fish can move freely fom the river ino these coves

3. Downstream of 3M Cottage Grove (Table 3). The Downslreamof3M Cottage Grove
scenario represents an area of Fool 2 that demonsirates PFOS impacts that maybe
associated with downstream transport of PFOS in sediment and water from 3W Cottage
Grove andlor the areas adjacentto 3M Cottage Grove. Data were obtained from Pool 2
(Section 4) samples collected downsiream of the 31 Cottage Grove East Cove outall
(approximately ver mile 817.2) to samples collected Upstreamofthe Pool 2 dam
(approximately river mil 816)

Fish PFOS bioaccumulation model calculations for all three scenarios, including all
mathematical operations required o use the three input parameters to derive the total
concentration of PFOS in fish and the percentage of the accumulated PFOS derived from the
‘Sediment Exposure Pathway for the thvee scenarios are shown in Tables 4.5 and 6
‘Comparison of the predicted concentrations of PFOS in ish to hose observed in the MPCA
study (2010) reveals good model performance, with model predictions faling within the range of
the observed averages for the species in each ofth relevant sections (Figure 12)
Key model findings incu
+ For the Upstreamof 3M Cotage Grove scenario, the model predicts that concentrations in

fish are not expected 0 result in concentrations of PFOS in fish above 200 ng/g (prediction
of 32 ngi; Table 4). The model predicion wasconsistentwith the observed data for
Sections 1, 2 and 3 ish, where species averages ranged from 24 to 100 ng/g, over 95%
(22001222) ofthe Section 1, 2 and 3 fish samples were below the MDH fish issue
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Upstream of 3M Cottage Grove (Table 1): The Upstream of 3M Cottage Grove scenario 
represents areas of Pool 2 that are not likely to be impacted directly from PF©S adjacent 

to 3M Cottage Grove. Data were obtained from Pool 2 from the first MPCA water sample 
location #1 (approximately river mile 847) proceeding to the north-south transect of water 
samples collected by Weston (2007) that depict concentrations of PFOS below the 
detection limit (50 ng/L; approximately river mile 818.7). This area includes MPCA study 

Sections 1, 2, 3, Metro VVW]-P in Section 2, and the upper 25% of Section 4. 

3M Cottage Grove Shoreline (Table 2): The 3M Cottage Grove Shoreline scenario 

represents an area of Pool 2 that reflects the elevated concentrations of PFOS in surface 
sediment and water observed in Pool 2 adjacent to 3M Cottage Grove. Data were 
obtained from Pool 2 (Section 4) from the samples collected outside of the 3M Cottage 
Grove West Cove outfall (approximately river mile 818.5) to samples collected outside of 
the 3M Cottage Grove East Cove outfall (approximately river mile 817.5). This area 
includes an area directly adjacent to 3M Cottage Grove, extending approximately 200 
meters into the river. It should be noted that the entire area does not appear to be 
contaminated with PF©S relative to upstream areas because concentrations are highest in 
an area downstream of the midpoint of 3M Cottage Grove as discussed above (Figures 9 

and 10). It should also be noted that the concentration of PFOS in sediment and water 
samples obtained from East and West Coves were not used to derive the average 
concentrations for these scenarios, as it was unclear whether M PCA (2010) sampled fish 
directly from these areas and whether fish can move freely from the river into these coves. 

Downstream of 3M Cottage Grove (Table 3): The Downstream of 3M Cottage Grove 
scenario represents an area of Pool 2 that demonstrates PF©S impacts that may be 

associated with downstream transport of PFOS in sediment and water from 3M Cottage 
Grove and/or the areas adjacent to 3M Cottage Grove. Data were obtained from Pool 2 
(Section 4) samples collected downstream of the 3M Cottage Grove East Cove outfall 
(approximately river mile 817.2) to samples collected upstream of the Pool 2 dam 
(approximately river mile 816). 

Fish PFOS bioaccumulation model calculations for all three scenarios, including all 
mathematical operations required to use the three input parameters to derive the total 
concentration of PFOS in fish and the percentage of the accumulated PFOS derived from the 
Sediment Exposure Pathway for the three scenarios are shown in Tables 4, 5 and 6. 
Comparison of the predicted concentrations of PFOS in fish to those observed in the M PCA 

study (2010) reveals good model performance, with model predictions falling within the range of 
the observed averages for the species in each of the relevant sections (Figure 12). 

Key model findings include: 

For the Upstream of 3M Cottage Grove scenario, the model predicts that concentrations in 
fish are not expected to result in concentrations of PFOS in fish above 200 ng/g (prediction 
of 32 ng/g; Table 4). The model prediction was consistent with the observed data for 
Sections 1, 2 and 3 fish, where species averages ranged from 24 to 100 ng/g, over 99% 
(220 of 222) of the Section 1, 2 and 3 fish samples were below the MDH fish tissue 
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advisory level, and all 90° percentile values were below the MOH fish tissue advisory level
(Figures 2.3and 4).

«For the 3M Cottage Grove Shoreline scenario, the model predicts that concentrations in
fish are expected tobegreater than 200 ng/g (precictonof 490 ng/g; Table 5). The model
prediction was consistent with the observed data for Section 4 fish, where species.
averages ranged from 160 o 740 ng/g. Concentrations above 200 ng/g were observed in
36% (27 of 75)of the Section 4 ish samples, and all 90" porcentie values among species
in Section 4 were above 200 ng/g (Figure 5.

«For the Downstreamof3M Cottage Grove scenario, the model predicts concentrations are
expected to remain above200 ng/g (prediction of 220 ng; Table 6). This suggests
impairment conditions (concentrations in ish greater than 200 ng/g) ae likely downstream
of 3M Cottage Grove, an area representing at least 50% of the downsiream portion of
Section 4.

«For ll model scenarios, the model predicts that a majority (60-85%) of PFOS accumulated
by fishis derived fiom ingesting sediment invertebrates (i.¢., Sediment Exposure Patrway.
Tables 4, 5 and 8) thus, the majority of PFOS in fish tissue is derived from sediment-
associated PFOS,

“The concentration of organic carbon is sediment is an important factor in estimating the
proportionofsediment-associated PFOS accumulatedbyfish. As mentioned above, due to a
Tack of data from MPCA and Weston studies, a default value of 0.01 g OC/g sediment was used
forthe OC concentration in Pool2 sediment. Sensitvity analysis of the fish PFOS
bioaccumulation model revealed that flower values for OC concentrations are assumed, model
predictions indicated that 2 higher percentage of PFOS would be derived from sediment:
associated PFOS. For example, if an assumed concentration of OC in sediment was lowered
from 0.0110 0.0026 g OC/g sediment, 84-95% of PFOS accumulated by fish is predicted to be.
derived via the Sediment Exposure Pathway PFOS for the three model scenarios. The
predicted concentrations of PFOS increase to 100-1,700 nig, which s stil comparable to the
actual values observed by MPCA (2010). Ifthe OC input value is increased from the default
0.01100,05 OC/g sediment, 45-56% of fish PFOS i attributed to sediment-associated PFOS,
indicating that sediment-PFOS is sil an important source (roughly half) of PFOS accumulated
by fish. Model performancs suffersif this assumption is made, howsvar, asthe range of
predicted total concentrations of PFOS in fish decreases to 10-180 nglg. This range of
predicted valuesislow compared to actual values observed in the MPCA (2010) study.
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advisory level, and all 90th percentile values were below the MDH fish tissue advisory level 
(Figures 2, 3 and 4). 

For the 3M Cottage Grove Shoreline scenario, the model predicts that concentrations in 

fish are expected to be greater than 200 ng/g (prediction of 490 ng/g; Table 5). The model 
prediction was consistent with the observed data for Section 4 fish, where species 
averages ranged from 160 to 740 ng/g. Concentrations above 200 ng/g were observed in 
36% (27 of 75) of the Section 4 fish samples, and all 90th percentile values among species 

in Section 4 were above 200 ng/g (Figure 5). 

For the Downstream of 3M Cottage Grove scenario, the model predicts concentrations are 
expected to remain above 200 ng/g (prediction of 220 ng/g; Table 6). This suggests 
impairment conditions (concentrations in fish greater than 200 ng/g) are likely downstream 
of 3M Cottage Grove, an area representing at least 50% of the downstream portion of 

Section 4. 

For all model scenarios, the model predicts that a majority (80-86%) of PFOS accumulated 

by fish is derived from ingesting sediment invertebrates (i.e., Sediment Exposure Pathway; 
Tables 4, 5 and 6); thus, the majority of PFOS in fish tissue is derived from sediment- 

associated PFOS. 

The concentration of organic carbon is sediment is an important factor in estimating the 
proportion of sediment-associated PFOS accumulated by fish. As mentioned above, due to a 
lack of data from MPCA and Weston studies, a default value of 0.01 g OC/g sediment was used 
for the OC concentration in Pool 2 sediment. Sensitivity analysis of the fish PFOS 

bioaccumulation model revealed that if lower values for OC concentrations are assumed, model 
predictions indicated that a higher percentage of PFOS would be derived from sediment- 
associated PFOS. For example, if an assumed concentration of OC in sediment was lowered 
from 0.01 to 0.0025 g OC/g sediment, 94-95% of PFOS accumulated by fish is predicted to be 
derived via the Sediment Exposure Pathway PFOS for the three model scenarios. The 
predicted concentrations of PFOS increase to 100-1,700 ng/g, which is still comparable to the 
actual values observed by MPCA (2010). If the OC input value is increased from the default 
0.01 to 0.05 g ©C/g sediment, 45-56% of fish PFOS is attributed to sediment-associated PF©S, 

indicating that sediment-PFOS is still an important source (roughly half) of PFOS accumulated 
by fish. Model performance suffers if this assumption is made, however, as the range of 
predicted total concentrations of PFOS in fish decreases to 10-180 ng/g. This range of 
predicted values is low compared to actual values observed in the MPCA (2010) study. 
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5 Science-based Alternative Decision Making to Define and
Address PFOS Impairment in Pool 2

“The folowing section reviews MPCA's inital management response (MPCA, 2010) to address
PFOS impaifment in Pool 2 and proposes an alternate path forward based on a review of PFOS
science and the subsequent integration with Pool 2-specifc data.

51 MPCA Management Response to the MPCA (2010) Pool 2Study
Following the impairment determination that was based on a Pool 2-wide average concentration
of PFOS in freshwater crum of 229 ng/g, MPCA adopted a management strategy aimed at
addressing the impairment by estabishing discharge mits for Metro VIWTP. MPCA first used
concentrationof PFOS in water and fish tissue to esimate site-specific fish consumption
criterion (CC) for PFOS in Pool 2. The ICC representsa hypothetical upper mit forthe
concentration of PFOS in surface water assumed to be associated with an acceptable dose of
PFOS from ingestion of Pool2 fish and incidental ingeston of Pool 2 surface water. Based on
a bioaccumulation factor (BAF) derived from the MPCA (2010) data, as well as other polcy-
defined human health risk assessment parameters, MPCA calculated a fCC of 7 ng/L. MPCA
subsequently applied the 7 ngiL {CC to permit modeling for Metro WWTP. Based on permit
modeling, MPCA concluded that Metro WIWTP has a Reasonable Potential to Exceed (RPE)
water quality standards for PFOS.

Although MPCA's proposed permitting-focused approach could be an appropriate fist step in
managing many traditional chemicals of concern, the available site-specific data and unique
environmental aspects of PFOS indicate that an alternate approach may be more efiective in
addressing the impairment of Pool 2. Specifically, an alternate approach can be supported
scientifically as described below:

+ Impairment is Limited to Section 4
The available Pool2 data demonsirate that PFOS-associated impairment is limited to or
within Section 4. If considered on a section-by-section basis, human exposure to PFOS in
fish tissue beyond Section 4 is not sufficient to result in an impairment status because
average fish tissue concentations in ish sampled in Sections 1, 2 and 3 were below the
MDH fish tissue advisory level of 200 nglg (PCA, 2010). Several additional nes of
evidence, including MPCA and Weston sediment and water PFOS chemistry data, peer-
reviewed research on the fate of PFOS in aquatic systems and fish, as well as site-specific
fish bioaccumulation modeling demonstrate that the sourceof the impairment is
associated with local Section4 PFOS sources, primarily contaminated sediment. The
data do not support treating Pocl2 as a single unit due to the large differences in PFOS
‘concentrations in ish, surface water, and sediment between Section 4 and Sections 1. 2
and 3. Although there are no bariers to prevent movement of fish exposed lo PFOS
Sources within Section 4 to other Sections of Pool 2, uptake and elimination kinetics of
PFOS in fish tissues suggest hat concentrations of PFOS in any fish emigrating from
Section 4 will decrease to levels below 200 ng/g Within weeks of eaving high-exposure
areas.

Itis understood that regulatory policyrequiresthe enirety of Pool2 to be listed as.
impaired for 303(d) purposes; however, when developing a permiing approach to
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5 Science-based Alternative Decision Making to Define and 
Address PFOS Impairment in Pool 2 

The following section reviews MPCA’s initial management response (MPCA, 2010) to address 
PF©S impairment in Pool 2 and proposes an alternate path forward based on a review of PFOS 
science and the subsequent integration with Pool 2-specific data. 

5.1 MPCA Management Response to the MPCA (2010) Pool 2 Study 
Following the impairment determination that was based on a Pool 2-wide average concentration 

of PFOS in freshwater drum of 229 rig/g, MPCA adopted a management strategy aimed at 
addressing the impairment by establishing discharge limits for Metro WVVTP. MPCA first used 
concentrations of PFOS in water and fish tissue to estimate site-specific fish consumption 
criterion (fCC) for PFOS in Pool 2. The fCC represents a hypothetical upper limit for the 
concentration of PFOS in surface water assumed to be associated with an acceptable dose of 
PF©S from ingestion of Pool 2 fish and incidental ingestion of Pool 2 surface water. Based on 

a bioaccumulation factor (BAF) derived from the M PCA (2010) data, as well as other policy- 
defined human health risk assessment parameters, MPCA calculated a fCC of 7 ng/L. MPCA 
subsequently applied the 7 ng/L fCC to permit modeling for Metro WWTP. Based on permit 
modeling, MPCA concluded that Metro VVWTP has a Reasonable Potential to Exceed (RPE) 
water quality standards for PFOS. 

Although MPCA’s proposed permitting-focused approach could be an appropriate first step in 

managing many traditional chemicals of concern, the available site-specific data and unique 
environmental aspects of PFOS indicate that an alternate approach may be more effective in 

addressing the impairment of Pool 2. Specifically, an alternate approach can be supported 
scientifically as described below: 

Impairment is Limited to Section 4 
The available Pool 2 data demonstrate that PFOS-associated impairment is limited to or 
within Section 4. If considered on a section-by-section basis, human exposure to PFOS in 
fish tissue beyond Section 4 is not sufficient to result in an impairment status because 
average fish tissue concentrations in fish sampled in Sections 1, 2 and 3 were below the 

MDH fish tissue advisory level of 200 ng/g (MPCA, 2010). Several additional lines of 
evidence, including MPCA and Weston sediment and water PFQS chemistry data, peer- 
reviewed research on the fate of PFOS in aquatic systems and fish, as well as site-specific 
fish bioaccumulation modeling demonstrate that the source of the impairment is 
associated with local Section 4 PFOS sources, primarily contaminated sediment. The 

data do not support treating Pool 2 as a single unit due to the large differences in PFOS 

concentrations in fish, surface water, and sediment between Section 4 and Sections 1, 2 
and 3. Although there are no barriers to prevent movement of fish exposed to PFOS 
sources within Section 4 to other Sections of Pool 2, uptake and elimination kinetics of 
PFOS in fish tissues suggest that concentrations of PFOS in any fish emigrating from 
Section 4 will decrease to levels below 200 ng/g within weeks of leaving high-exposure 

areas. 

It is understood that regulatory policy requires the entirety of Pool 2 to be listed as 
impaired for 303(d) purposes; however, when developing a permitting approach to 
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address the impairment, M PCA has the regulatory latitude to use the data and other 
supporting evidence to manage a water body reach by stretches rather than an a 

homogeneous unit. The data indicate that the actual source of the impairment is located 
in Section 4, that the contribution of Metro WVVTP PFOS to impairment is irrelevant and 
insignificant, and that PFOS limits for Metro VWVTP will not help MPCA address that 
impairment by reducing fish tissue concentrations in Section 4 fish. The data indicate that 

effluent limits for PFOS at the Metro WW1-P will not resolve the impairment that is 
concentrated in Section 4. Focusing clean-up and restoration efforts on the section of 
Pool 2 (Section 4) with a demonstrated human health concern is more effective (cheaper, 

quicker, cleaner) than treating the entire Pool as if it were homogeneous, which essentially 
dilutes the efforts and may not address the core problem. A focused approach to Section 
4, or a portion thereof, is supported by the data. 

Calculation of the IViPCA Fish Consumption Criterion is Inconsistent with the 
Methodology of the MDH Fish Tissue Advisory 
In implementing the mitigative strategy for the impairment in Pool 2, MPCA appears to 

have assumed that it needs to evaluate risks to human health via calculation of a water 
quality criterion for PFOS in the form of a fCC. However, MDH has already evaluated the 
risks to human health, and has established an acceptable fish tissue level of 200 ng/g. In 
order to remove the fish tissue impairment identified by MDH, the mitigative strategy 
needs to target those actions that will reduce average fish tissue PFOS levels below 200 
ng/g. Calculation of a fCC using the MPCA methodology targets a fish tissue level of 37 

ng/g, which is five times lower than appropriate to address the impairment. 

Of specific interest in the calculation of the fCC is the use of the Relative Source 
Contribution (RSC) value, which accounts for the allowable percentage of exposure from 
the particular source of interest (in this case, Pool 2 fish and incidental ingestion of Pool 2 
water). The RSC value used by MPCA to derive the fCC is 0.2; a value prescribed by 
MPCA policy for use in absence of chemical-specific data (MPCA, 2008). This value 
assumes that exposure from Pool 2 PFOS sources can be no more than 20% of the 
reference exposure dose that represents an upper limit for a PFOS dose with no adverse 

effects. In contrast, the RSC used to derive the MDH fish tissue advisory level of 200 ng/g 
is 1.0. Although this is less conservative than using 0.2, state and federal agencies take 
this approach because it is assumed that positive health benefits associated with fish 
consumption partly outweigh risks associated with potentially adverse effects from 

chemical exposure (OEHHA, 2008). 

The use of a RSC value of 0.2 results in a target concentration of PFOS in water and fish 
that is 5 times lower than to the level effective in removing the observed impairment. 
Interpreting M PCA fCC calculations (M PCA, 2010), at a water concentration equal to the 
fCC value of 7 ng/L, a maximum concentration of 37 ng/g in fish tissue is the control limit. 
By using 7 ng/L as the criterion in permitting calculations, the effective concentration of 
PFOS in fish tissue is calculated to be 37 ng/g or lower, which is unnecessary for 
appropriately addressing the impairment by lowering fish tissue concentrations below 200 
ng/g. 
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The MPCA Fish Consumption Criterion Does not Account for the Major PFOS 

Source - Sediments 
Applying the BAF to waters and effluents associated with a point source discharge (as in 
the derivation of the fCC) explicitly precludes consideration of sediment as a source of 

PFOS (i.e., calculation of the fCC value does not include concentrations of PFOS in 
sediment). The current permit-focused approach to mitigating the impairment is to reduce 

discharges to the water column. This approach assumes that the concentration in the 
water column will also decrease, resulting in a concurrent proportional decrease in fish 
tissue concentrations (a tenet of a water column BAF-based criterion). Using the 
bioaccumulation modeling described above (Tables 4-6), water column-associated PFOS 
accounts for only approximately 15% of the PFOS in fish tissue, while sediment- 
associated PFOS accounts for approximately 85% of PFOS in fish tissue. Since the 
majority (i.e., 85%) of fish PFOS exposure originates from sediment sources, even if 
PFOS discharges to the water column were removed completely and all other conditions 
remained the same, concentrations of PFOS in fish are likely to remain relatively constant, 
resulting in no change in the impairment status for fish in Section 4 of Pool 2. 
Alternatively, a more specific targeted approach to mitigation of impairment in Section 4 to 
address the impairment of Pool 2 is supported by the data and other scientific information. 

5.2 Alternative PFOS Management Strategies Relative to Metro WVVTP 
Based on the previous sections, it is clear that a permit-focused mitigative approach to 
addressing PFOS impairment in all sections of Pool 2 is not warranted, nor will it be effective in 
addressing the Pool 2 impairment. Instead, Pool 2 data and ecotoxicological information on 
PFOS support the implementation of a section-by-section approach to mitigating the 
impairment. Only Section 4 fish exhibit fish tissue concentrations exceeding the MDH fish 
tissue concentration limits. A section-by-section consideration of the data and ecotoxicological 
information on PFOS provides a holistic approach for addressing and prioritizing the many 
sources of PFOS in the Pool 2 watershed, including legacy sediment contamination, 
groundwater, nonpoint source runoff, precipitation, and other industrial point sources, even in 
the absence of a completed TMDL. 

A more appropriate approach would be to tailor the fCC and subsequent calculations to properly 
set the fish tissue concentration endpoint, accounting for the discrepancy in the RSC values 
used by MPCA and MDH, and to adjust the approximately 85% of PFOS in fish tissue that is 
derived from sediment while only 15% is derived from the water column. Alternative permitting 
calculations (described below), properly adjusting for data, conclude that there is no 
Reasonable Potential to Exceed the water quality criterion for PFOS. 

First, ENVIRON used a RSC value to of 1.0, which is consistent with the derivation of the MDH 
fish tissue advisory level for PFOS as discussed previously (allows an end result of up to 200 
ng/g in fish tissue) and the level which will address the fish impairment. After applying this 

modification, the resulting fCC value is 34 ng/L. This value targets fish exhibiting concentrations 
of PFOS in fish of 187 ng/g and higher, which approximates the 200 ng/g fish tissue advisory 
level. Second, a modification was made to explicitly account for the contribution of sediment- 
associated PFOS by using ENVlRON’s fish PFOS bioaccumulation model to estimate the 

concentration of PFOS in the water column that would be necessary to elicit a concentration of 
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approximately 187 ng/g in fish, assuming a concentration of PFOS of 0.69 ng/g in surface 
sediment (average value for Pool 2 upstream of Section 4). The resulting alternate fCC is 145 

ng/L (Table 7), and would be applicable to Sections 1,2, 3 and 4 upstream of 3M Cottage 

Grove. 

Third, ENVI RON used a conservative background concentration of 5 ng/L for alternate 
permitting calculations based on observed instream values. The current MPCA permit 
calculations use a Mississippi River background PFOS concentration of 7 ng/L, a value that is 
not based on the actual instream PFOS measurements that are available. Instead, by unwritten 
policy, the value is set in the MPCA permit calculations to be equal to the fCC. If the 
background concentration and fCC are equivalent, then there is no assimilative (dilution) 
capacity in the receiving water and, effectively, the fCC is the end-of-pipe permit limitation. 
MPCA’s rationale for this approach is that the receiving water is listed as impaired for PFOS and 
applying this approach is "established practice" toward not causing or contributing to further 
impairment. ENVIRON modified the applicable background concentration to reflect actual 

instream measurements of PFOS from the official MPCA database. The actual instream results 
(<5.07 ng/L, <5.11 ng/L, and <4.93 ng/L) indicate that PF©S is not detected in upstream 
Mississippi River water at an approximate method detection limit of 5 ng/L. These values are 
also consistent with the 2010 MPCA sampling conducted in Sections 1 and 2 upstream of the 
Metro VWVTP discharge (see Table 1). 

To numerically assess the RPE status of the Metro VVV~I-P, ENVIRON used the standard MPCA 
spreadsheet with the two alterations as described above: 1) an alternate fCC of 145 ng/L (in the 

spreadsheet this is referred to as the continuous standard - cs), and 2) a background 
concentration of 5 ng/L. A reproduction of this spreadsheet for PFOS is given in Table 8. No 
other input parameters to the spreadsheet were changed from the original MPCA calculations 
(including WWTP flow, river 7Q10 value, etc.). With these two input modifications, the resulting 
alternate water quality based effluent limits (WQBELs) are 1,856 ng/L (daily maximum) and 
1,071 ng/L (monthly average). To assess the RPE status, the projected effluent quality (PEQ) is 
compared to the alternate daily maximum WQBEL; if the PEQ is less than the daily maximum 
WQBEL, then there is no RPE and no further permitting action (such as implementation of 

numeric limits) is warranted. 

The original PEQ value (650 ng/L in Metro WWTP permitting calculations) is a statistical 
projection of the maximum expected effluent concentration and essentially applies a multiplying 
factor (2.6 - based on the number and variability of the database, i.e., 4 samples and a 

coefficient of variation of 0.6) to the maximum value. MCES has more representative PFOS 
effluent data (July, 2010), which results in an updated PEQ (discussed below). Since the 
original PEQ (650 ng/L) is less than the alternate daily maximum WQBEL (1,856 ng/L), the 
Metro VWVTP does not exhibit a RPE. Also, the original PEQ (650 ng/L) is less than the 
monthly average WQBEL (1,071 ng/L), further supporting this finding. The conclusion of no 
RPE is based directly on MPCA calculation methodologies and input parameters except for two 
alternate parameters: a more appropriate continuous standard (fCC) of 145 ng/L and a 
Mississippi River background concentration of 5 ng/L derived from instream data. 
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More recent Metro WVVTP effluent PFOS data are available as alternate values to those 
presented above. Results from a 7-day, consecutive 24-hour composite sampling program 

conducted in July 2010 are presented in Table 9, which indicate values well below the previous 
maximum effluent concentration of 250 ng/L (maximum daily value of 56.3 ng/L). Given the 
more representative sample type (24-hour composite versus single grab) and recent changes to 
contributing industrial users, Metropolitan Council believes this data set better characterizes the 

current Metro VWVTP discharge. 

Daily average values from the July 2010 database ranged from 42.2 to 56.3 ng/L and reflect a 
decrease in PFOS associated with influent, resulting in lower Metro VWVTP effluent PFOS 
concentrations due to changes in wastes received at the Metro VWVTP. These changes are 
likely related to changes at industrial electroplating facilities and source control measures 
implemented by 3M Oakdale groundwater (Spring, 2010). Also, more confidence can be placed 
in the July 2010 dataset because it is comprised of 24-hour composite samples. Previous Metro 
VWVTP effluent data are derived from grab samples that provide a less-representative 
"snapshot" of effluent quality. Using only the July 2010 data, 7 samples with a default 
coefficient of variation of 0.6 yields a multiplying factor of 2.0 and an updated PEQ value of 2.0 
x 56.3 ng/L = 112.6 ng/L. The updated PEQ (112.6 ng/L) yields a value significantly less than 

the original PEQ calculated in the MPCA spreadsheet (650 ng/L). The updated PEQ is more 
representative of current Metro VVWTP effluent due to the recent changes in influent quality and 
the more robust sampling approach. 

Both the original (650 ng/L) and updated (112.6 ng/L) PEQs result in a finding of no RPE for 

WQBELs derived from an fCC of 145 ng/L and a Mississippi River background concentration of 
5 ng/L. Further, for the better representative July 2010 database, use of any alternative 
background concentration up to a level equal to the fCC (145 ng/L) will also result in no RPE. 
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6 Conclusions
ENVIRON independently and critically analyzed publicly-available PFOS cheristy data in Pool
2, reviewed and evaluated the state-of-the-science regarcing PFOS fate in aquatic systems.
relativeto Poo) 2, and assessed the existingpermitbased management approach for
addressing impairment conditions attributed to the discharge of PFOS from Metro WWTP.
Based on ths independent research and analysis, ENVIRON makes the following key findings:

1. Actual fish tissue PFOS impairment is limited to Section 4 in Pool 2. When evaluated
on a secton-by-section basis, the only Section of Pool 2 that exhibits impairment is Section
4 (ora portion therecf). Section 4 i the most downstream study sectionofPool 2 in the
MPCA (2010) study. Over 99% of the 222 fish sampled in Sections 1,2 and 3, along with
their average and 90 percentile values, are below the evel indicative of impairment. and do
not rigger2 ish advisory. MPCA's impaimment calcuiatons improperly combine data rom
al four Sections. resulting in a scope of the impaiment hat is Not supported by the data.
The data and other evidence indicate that the impairment s limited to Section 4 only, as
fish movement pattems and PFOS bioaccumulation in fish are such that fish exhibiting
elevated concentrations at levels of concern are located within Section 4. The avaiable
data and current knowledge of PFOS environmental chemistry indicate tha ts most
efficient to selectively apply mitigative srategiestoeach section based on the specific
contributions and sources.

2. A localized PFOS source within Section4 is responsible for impairment. Avaiabie
Sediment and water data from MPCA and other pubicly-available reports, as wel as site-
specific PFOS fish bioaccumuaton modeling, indicate that localized conditions within
Section 4 are responsible for the impairment. Concentrations of PFOS in water and
surface sediment along a portion of the 3M Cottage Grove shoreline approximately 1 mile
or more in length are orders of magnitude higher than average upstream values. Fish
bioaccumulation modeling reveals that concentrations of PFOS in sediment and water in
his area, as well as the remainderof the downstream portionofSection4, are likely to
elicit concentrations in fish that exceed the MDH fish tissue advisory level for PFOS.
Throughout Pool 2, modeling dentiies sediment as the primary source of PFOS to fish in
Pool 2, representing approximately 85% of PFOS exposures.

3. MPCA's proposed permit-based management response to PFOS in Pool 2 fish is not
supported by the data. Application of MPA proposed numerical permit-based
approach beyond Section 4 is not supported by Pool 2 data and the current scientific
understanding of PFOS environmental chemistry. Metropolitan Council does not deny that
Metro WWTP discharges PFCS to Pool 2. however, PFOS released from Metro WWTP.
does not result in the impairment that has been observed only in Section 4 of Pool 2.
Concentrations of PFOS in fish as close as 2 to 7 river miles downstream of Metro WWTP
are below fish advisory levels. Concentrations of PFOS in surface water and sediment.
also indicate that te PFOS inthe Metro WWTP discharge doesnot result in the
impairment observed in Section 4.
MPCA's proposed numerical permi-based approach for Metro WWTP does not explicitly
consider sediment as a sourceof PFOS despite the significant (~85%) contribution of
sediment-associated PFOS to PFOS impaitment. Concentrations of PFOS in sediment
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6 Conclusions 
ENVIRON independently and critically analyzed publicly-available PFOS chemistry data in Pool 
2, reviewed and evaluated the state-of-the-science regarding PFOS fate in aquatic systems 
relative to Pool 2, and assessed the existing permit-based management approach for 
addressing impairment conditions attributed to the discharge of PFOS from Metro WVVTP. 
Based on this independent research and analysis, ENVIRON makes the following key findings: 

Actual fish tissue PFOS impairment is limited to Section 4 in Pool 2. When evaluated 
on a section-by-section basis, the only Section of Pool 2 that exhibits impairment is Section 
4 (or a portion thereof). Section 4 is the most downstream study section of Pool 2 in the 
MPCA (2010) study. Over 99% of the 222 fish sampled in Sections 1, 2 and 3, along with 

their average and 90 percentile values, are below the level indicative of impairment, and do 
not trigger a fish advisory. MPCA’s impairment calculations improperly combine data from 

all four Sections, resulting in a scope of the impairment that is not supported by the data. 
The data and other evidence indicate that the impairment is limited to Section 4 only, as 
fish movement patterns and PFOS bioaccumulation in fish are such that fish exhibiting 

elevated concentrations at levels of concern are located within Section 4. The available 
data and current knowledge of PFOS environmental chemistry indicate that it is most 
efficient to selectively apply mitigative strategies to each section based on the specific 

contributions and sources. 

A localized PFOS source within Section 4 is responsible for impairment. Available 

sediment and water data from MPCA and other publicly-available reports, as well as site- 
specific PFOS fish bioaccumulation modeling, indicate that localized conditions within 
Section 4 are responsible for the impairment. Concentrations of PFOS in water and 
surface sediment along a portion of the 3M Cottage Grove shoreline approximately 1 mile 
or more in length are orders of magnitude higher than average upstream values. Fish 
bioaccumulation modeling reveals that concentrations of PFOS in sediment and water in 

this area, as well as the remainder of the downstream portion of Section 4, are likely to 
elicit concentrations in fish that exceed the MDH fish tissue advisory level for PFOS. 
Throughout Pool 2, modeling identifies sediment as the primary source of PFOS to fish in 
Pool 2, representing approximately 85% of PFOS exposures. 

MPCA’s proposed permit-based management response to PFOS in Pool 2 fish is not 
supported by the data. Application of MPCA’s proposed numerical permit-based 
approach beyond Section 4 is not supported by Pool 2 data and the current scientific 
understanding of PFOS environmental chemistry. Metropolitan Council does not deny that 
Metro Vvvvq-P discharges PFOS to Pool 2; however, PFOS released from Metro VWV1-P 
does not result in the impairment that has been observed only in Section 4 of Pool 2. 

Concentrations of PFOS in fish as close as 2 to 7 river miles downstream of Metro VWV1-P 
are below fish advisory levels. Concentrations of PFOS in surface water and sediment 
also indicate that the PFOS in the Metro WVV-I-P discharge does not result in the 
impairment observed in Section 4. 

MPCA’s proposed numerical permit-based approach for Metro VWVTP does not explicitly 

consider sediment as a source of PFOS despite the significant (~85%) contribution of 
sediment-associated PFOS to PFOS impairment. Concentrations of PFOS in sediment 
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are not explicitly accounted for in the current BAF and its subsequent use to generate a
‘water qualty criterion applicable to point source discharges. The current water column-
and point-source discharge-based approach wil not address PFOS in sediment and thus.
wil likely be ineffective in addressing impairment in Section 4 fish.
MPCA's proposed approach to determining the numerical permit-based management of
FOS in Pool 2 is inconsistent with the MDH fish tissue advisory level used to trigger
MDH has already evaluated the risks to human health via consumption of PFOS in isn,
and has established an acceptable fish tissue level of 200 ng/g. In order to remove the fish
tissue impaiment identified by MOH, the mitigaiive strategy needsto target those actions
hat wil reduce fish tissue PFOS levels below 200 ng/g. MPCA methodology targets a fish
tissue level of 37 ng/g, which is five times lower than what will be effective in removing the
impairment
Even with an end-of-the-pipe permitting management paradigm, i is clear that permitting
action is not required for Metro WTP and will not be effective in reducing fish tissue
concentrations, and thus addressing the Impairment. Using a modified permitting
approach that is more consistent with actual data and the MDH fish tissue advisory used to
Identify impairment, as well as a water-column criterion that explicitly accounts for PFOS in
sediment a Reasonable Potental to Exceed by Metro WWTP does ot exist

In conclusion, levels of impairment identified by MPCA (2010) are based on elevated PFOS
found solely in Section4 fish lissue. Impaitment is and wil likely continue to be restricted to
Section 4 or a portion thereof given fish movement pattems and the time scale for PFOS
uptake and elimination in fish. Multiple lines of evidence indicate that local sources of PFOS in
Section 4, especially PFOS in Section 4 surface sediment, are responsible for the impairment.
‘The proposed permit-focused approach, as applied to Metro WWTP, is likely tobe ineffective.
in addressing the impairment, and may later impede a more effective TMDL-focused approach
to understand and manage the contributions of the mulitude of sources and define complex.
environmental processes involved with the fate of PFOS in Pool2
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are not explicitly accounted for in the current BAF and its subsequent use to generate a 
water quality criterion applicable to point source discharges. The current water column- 

and point-source discharge-based approach will not address PFOS in sediment, and thus 
will likely be ineffective in addressing impairment in Section 4 fish. 

MPCA’s proposed approach to determining the numerical permit-based management of 

PFOS in Pool 2 is inconsistent with the MDH fish tissue advisory level used to trigger it. 
MDH has already evaluated the risks to human health via consumption of PFOS in fish, 
and has established an acceptable fish tissue level of 200 ng/g. In order to remove the fish 
tissue impairment identified by MDH, the mitigative strategy needs to target those actions 
that will reduce fish tissue PFOS levels below 200 ng/g. MPCA methodology targets a fish 
tissue level of 37 ng/g, which is five times lower than what will be effective in removing the 

impairment. 

Even with an end-of-the-pipe permitting management paradigm, it is clear that permitting 
action is not required for Metro WWTP and will not be effective in reducing fish tissue 
concentrations, and thus addressing the impairment. Using a modified permitting 
approach that is more consistent with actual data and the M DH fish tissue advisory used to 
identify impairment, as well as a water-column criterion that explicitly accounts for PFOS in 

sediment, a Reasonable Potential to Exceed by Metro VVWTP does not exist. 

In conclusion, levels of impairment identified by MPCA (2010) are based on elevated PFOS 

found solely in Section 4 fish tissue. Impairment is and will likely continue to be restricted to 
Section 4 or a portion thereof given fish movement patterns and the time scale for PFOS 
uptake and elimination in fish. Multiple lines of evidence indicate that local sources of PFOS in 
Section 4, especially PFOS in Section 4 surface sediment, are responsible for the impairment. 
The proposed permit-focused approach, as applied to Metro WVVTP, is likely to be ineffective 
in addressing the impairment, and may later impede a more effective TMDL-focused approach 

to understand and manage the contributions of the multitude of sources and define complex 
environmental processes involved with the fate of PFOS in Pool 2. 
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Table 4. Fish bioaccumulation model for Sections 1, 2, 3, and 4 upstream of 3M Cottage Grove. 

~i~ti~n i i i 
Measured [Water PFOS] Wat 4.5 ng/L Average of water samples in Sections 1-4, Table 1 

Measured [Sediment Sed 0.69 ng/g, dw 

PFOS] 

Total organic carbon (OC’~ TOC 0.01 g, OC/g, 

in sediment dw 

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. 

Table 1 

viat|on i i i 
Biota-Sediment BSAF 1.22 g, OC/g, 
Accumulation Factor ww 

(BSAF) 
Bioaccumulation factor BAF 0.32 kg prey, 

(BAF) wwfkg 

3redator, 
ww 

Bioconcentration Factor BCF 1,100 IJkg, ww 

(BCF) 

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 csrcass) and PFOS-spiked water only 

exposure. 

Higgins et al., 
2007 

Martin et al., 
2003a 

Martin et al., 
2003b 

Sediment PFOS], OC- SedOC 69 ng/g, OC 
normalized 

Predicted [Sediment Inv 84 ng/g, ww 

invertebrate PFOS1 
[Fish PFOS] from Dietary Fsed 27 ng 

Sediment invertebrate) PFOS;g, 
Source ww 

Predicted [Fish PFOS] Fwat 4.9 ng 
from Direct Absorption PFOS;g, 

from Water ww 

Total [PFOS Fish] F 32 ng 
PFOS/g, 
WVV 

Percentage of [Fish %Fsed 84 % 

PFOS] from sediment 
Percentage of [Fish %Fwat 16 % 

PFOS] from water 

Sed ÷ TOC 

SedOC × BSAF 

Inv x BAF 

Wat x BCF ÷ 1,000 g, wwlkg, ww 

Fsed + Fwat 

100% x Fsed I F 

100% × Fwat / F 

Abbreviations 
dw: dry weight 
g: gram 
kg: kilogram 
L: Liter 
ng: nanogram 
OC: organic carbon 
PFOS: perfluorooctane sulfonate 
ww: wet weight 
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Table 5. Fish bioaccumulation model for Section 4 adjacent to 3M Cottage Grove shoreline. 

~i~ti~n i i i 
Measured [Water PFOS] Wat 88 ng/L Average of water samples in Section 4 Table 2 

Measured [Sediment Sed 10 ng/g, dw 

PFOS] 

Total organic carbon (OC’~ TOC 0.01 g, OC/g, 

in sediment dw 

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. 

Table 2 

viat|on i i i 
Biota-Sediment BSAF 1.22 g, OC/g, 
Accumulation Factor ww 

(BSAF) 
Bioaccumulation factor BAF 0.32 kg prey, 

(BAF) wwfkg 

3redator, 
ww 

Bioconcentration Factor BCF 1,100 IJkg, ww 

(BCF) 

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 csrcass) and PFOS-spiked water only 

exposure. 

Higgins et al., 
2007 

Martin et al., 
2003a 

Martin et al., 
2003b 

Sediment PFOS], OC- SedOC 1,006 ng/g, OC 
normalized 

Predicted [Sediment Inv 1,227 ng/g, ww 

invertebrate PFOS1 
[Fish PFOS] from Dietary Fsed 393 ng 

Sediment invertebrate) PFOS;g, 
Source ww 

Predicted [Fish PFOS] Fwat 97.0 ng 
from Direct Absorption PFOS;g, 

from Water ww 

Total [PFOS Fish] F 490 ng 
PFOSIg, 
WVV 

Percentage of [Fish %Fsed 80 % 

PFOS] from sediment 
Percentage of [Fish %Fwat 20 % 

PFOS] from water 

Sed ÷ TOC 

SedOC × BSAF 

Inv x BAF 

Wat x BCF ÷ 1,000 g, wwlkg, ww 

Fsed + Fwat 

100% x Fsed I F 

100% × Fwat / F 

Abbreviations 
dw: dry weight 
g: gram 
kg: kilogram 
L: Liter 
ng: nanogram 
OC: organic carbon 
PFOS: perfluorooctane sulfonate 
ww: wet weight 
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Table 6. Fish bioaccumulation model for Section 4 Section 4 downstream of 3M Cottage Grove. 

~i~ti~n i i i 
Measured [Water PFOS] Wat 27 ng/L Average of water samples in Section 4 Table 3 

Measured [Sediment Sed 5 ng/g, dw 

PFOS] 

Total organic carbon (OC’~ TOC 0.01 g, OC/g, 

in sediment dw 

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. 

Table 3 

viat|on i i i 
Biota-Sediment BSAF 1.22 g, OC/g, 
Accumulation Factor ww 

(BSAF) 
Bioaccumulation factor BAF 0.32 kg prey, 

(BAF) wwfkg 

3redator, 
ww 

Bioconcentration Factor BCF 1,100 IJkg, ww 

(BCF) 

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 csrcass) and PFOS-spiked water only 

exposure. 

Higgins et al., 
2007 

Martin et al., 
2003a 

Martin et al., 
2003b 

Sediment PFOS], OC- SedOC 488 ng/g, OC 
normalized 

Predicted [Sediment Inv 595 ng/g, ww 

invertebrate PFOS1 
[Fish PFOS] from Dietary Fsed 190 ng 

Sediment invertebrate) PFOS;g, 
Source ww 

Predicted [Fish PFOS] Fwat 29.9 ng 
from Direct Absorption PFOS;g, 

from Water ww 

Total [PFOS Fish] F 220 ng 
PFOSIg, 
WVV 

Percentage of [Fish %Fsed 86 % 

PFOS] from sediment 
Percentage of [Fish %Fwat 14 % 

PFOS] from water 

Sed ÷ TOC 

SedOC × BSAF 

Inv x BAF 

Wat x BCF ÷ 1,000 g, wwlkg, ww 

Fsed + Fwat 

100% x Fsed I F 

100% × Fwat / F 

Abbreviations 
dw: dry weight 
g: gram 
kg: kilogram 
L: Liter 
ng: nanogram 
OC: organic carbon 
PFOS: perfluorooctane sulfonate 
ww: wet weight 
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Table 7. Fish bioaccumulation model applied to estimate PFOS water criterion at a given concentration of PFOS 

in surface sediment. 

Units 

I I 
DFOS reference dose RFD 8E-05 

4uman angler body BW 7C <g, bw 

C/eight 

Relative Source RSC 1 

3ontribution Factor 

Incidential ingestion of IW 0.01 Jd 

~/ater 

--ish tissue consumption CR 3C g, ww/d 

"ate 

Measured [Sediment Sod 0.6~c qg/g, dw 

~FOS] 

Total organic carbon (OC) TOC 0.01 ~, OC/g, 

n sediment dw 

Value ccnsistent with that used by MDH to 

indentify water body impairment and derive 

a fish consumption criterion for Pros (200 

ng/g, ww) 

Average of Section 3 and 4 surface 

sediment samples upstream of Cottage 

Grove. 

Organic carbon not measured or data 

unavaila31e for sediment samples from Pool 

2 investigations of PFOS in sediment. 0.01 

(i.e, 1% TOC) represents a standard 

deraulL rnodelirlg assurrlpLiurl [ul sedirnenL 

MPCA~ 2010 

MPCA, 2010 

MPCA, 2010 

MPCA, 2010 

MPCA, 2010 

Table 1 

Biota-Sediment BP, AF 

¢ccumulation Factor 

:BSAF) 
3ioaccumulation factor B~,F 

:BAF) 

3ioconcentration Factor 

:BCF) 

BCF 

1 22 ],OC/g, 

0.32 <g prey, 

a’w/kg 

9redator 

~’w 

1,100 _tkg, ww 

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 troJt 

(fish carcass) and PrOS-spiked water only 

exposure. 

Higgins et al , 

2007 

Martin et al, 

2003a 

Martin et al, 

2003b 

............................ 
Sediment PFQS]= CO- SedOC 69 qgtg, OC Sed + TOC 

normalized 

Dredicted [Sediment Inv 84 qg/g, ww SeOC x BSAF 

nvertebrate PFOS] 

:Fish PFOS] from Dietary Fsed 27 qg Inv x BhF 

’Sediment invertebrate) sFOS/g, 

3ource ^’w 

Dose from consumption Drsed 1.2E-08 "ng/Kg*d CR × Fsed + 1,000,000 ng, ww/ng, ww ÷ 

3f sediment-derived BW 

DFOS in fish 

Allowable maximum dose Dwat 6 8E-05 "ng/kg*d (RFD - Dfsed) x RSC 

:tom ingestion of water 

and ingestion of fish 

PFOSfish consumption FCC 14~ ng/L 

criterion 

>redicted [Fish PFOS] Fwat 16C ng 

:rnm F)irect Ahsr~rption -~FOS/g, 

:tom Water ~’w 

Total [PFOS Fish] F 187 ng 

-~FOS/g, 

a’w 

1,000,000 ng/mg x (Dwat x BVV) + ((IW+ 

BCF x CR + 1 ~000 ,q~ ww/k,9~ ww)) 
Wat x BCF ÷ 1,000 g, ww/kg, ww 

Fsed + Fwat 

Abbreviations 

dw: dry weight 

g: gram 

kg: kilogram 

L: Liter 

Re: nanogram 

QC: organic carbon 

Pros: perfluorooctane sHIfonate 

ww: wet weight 
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Table 8. Atemato PFOS peri calculations for Metro.

Metropolitan Council Environmental Services (CES) Water
Quai.Based Efluont Limite (WOBELE)
[Parameter]Value Units | ow)
EERx—[2stoolmga |

wer ome+
[Fer 710 oss I

[tioooelmga| |
5 0000] ng | PFS: $6028

[contiuous Stgtes) |tasooool gt| |[WavimumSt me} | 5500000] “no |]
[Fina Acute Value 77000060] ng?|]
[——ViastoLo location]
Wis T 7eel

ose
Costa Variation SV
[anmnce1o3ors)

[Csdoe Tose]
[oustonGams13000]

ng Term Ave TTR
fussTez
bul

foTun

[Use LTA < UiAms:|TRUE]

[aBEL:Daily ax. | 18556511
[seTon

[oeTes

[Hix easEfvalue | 25000]
[Ceomapons|400]
[PEafco I2e0]
[Polencua PEG)| wso00]

[FEa> FAV
[Reasonable Potertal Tn]
Note:
Table was mofed rom a ie oblined fom WPCA.

Tort
901s

STATE_01178266
2691.0042

Table 8. Alternate PFOS permit calculations for Metro. 

Metropolitan Council Environmental Services (MCES) Water 
Quality-Based Effluent Limits (WQBELs) 

Plant Flow 

River 7Q 10 

Background Conc. 

Continuous Std (cs) 
Maximum Std (ms) 
Final Acute Value 

950.04 
251.00 

4,1 97.87 
1716 

0.646317 
1,1 09.08 

5.0000 
145.0000 

85,000.00 
170,000.00 

mliters/d (ADW) 
mgd 

mliters/d (Class 2B) 

mgd 
ng/I 
ng/I 
ng/I 
ng/I 

PFOS; S000-266 

Variance 0.3075 
Std. Dev. 0.5545 

Duration (n days) 30.00 

~g T~ ~ LTA 
u4/u3o 6.38 

u 6.24 
LTAcs 595.84 

ul 11.75 

LTAms 147,884.58 
Use LTAcs < LTAms: TRUE 

~QBE~ D~il~ M~ 1,8 5 5.6 511 

S2n 0.17 

Sn 0.41 

uo 6.31 

Mo.Av. (2x) 1,071.13 

Max Meas Effl Valu~ 250.00 
# data points 4.00 
PEQ factor 2.60 

Proj Effl QuaI.(PEQ) 650.00 

PEQ > Daily Max FALSE 
PEQ > FAV FALSE 
Reasonable Potential no 

NOTE: 

Table was modified from a file obtained from MPCA. 
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Table 9. Concentrations of PFOS in effluent from the MetropolitanWastewaterTreatment
Plant, July2010.

|

Era]
Topo| erat siz |

[hussay| 7magoro| esi |sie |
[mursday 7222010| Average |sia |

Tava| paz | sir |[Fay| tmwaoro| mp sme |
[Fry|7mwoto| Average| ss7s
[sawesy|7meaoro| eres m2 |
[swan| vmwaoro| ees a |

[Saturday| 7mwaote| Avemge | ae |
[sway| msmor0| pres a7 |
[Sunday 1 712572010 PFa4 (Duplicate analysis) |____436 |
[Sway|7msaorc|prasaversge | asa |[sway msaor0| esaTe|
[Sunday|7msaoto| Avemge | es |
[Monday| ieiz0r0__| Pres ——
[Tuesday| moto| ras sas |

[Wednesday| Tpmaoro | rer Isas |
72872010 | PFET Dupleate amas|578|

[Wednesday| 7mwaotc| PratAvenge |ses|

[Sample Data forPermiting Uses”

HamPFOS Concentration
ping 91)
Topo|sis|
7232010
242010
Tasa00|sies|
TER|sis|
777 I —
7— —

[egian[sr |
I———
amon |]

NOTE:1-One sampler(PF4)was operatedfor ne week (Thursday, uly 22-Wednesday, July28),wo.Sample om tis sampler (uly 25 and Joly 26) were analyzed in duplicate. The other sampler(PFS) was operated for four days (Thursday. July 22-Sunday, Jy 25). All samples were analyzed
for PFOSatAXYS Analytical Services (Sidney, BC, Canada)by SPEILCIMSINS using
appropriate isotopic standards to correctfo analye recoveries
2. Raw data was combinedfo provide a single valueorthe concentrationof PEOS in effuent per
ay. Resuls of dupicates samples were averaged, the result fom the twosamplers were
averagedfor agencay

tort
H00153

STATE01178267
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Table 9. Concentrations of PFOS in effluent from the Metropolitan Wastewater Treatment 
Plant, July 2010. 

Raw Data 

Thursday 
Thursday 
Thursday 

Friday 
Friday 
Friday 

Saturday 
Saturday 
Satu rd ay 
Sunday 
Sunday 
Sunday 
Sunday 
Sunday 
Monday 
Tuesday 

Wednesday 
Wednesday 
Wednesday 

7t2212010 
7t2212010 
7/2212010 
7t23/2010 
7t23!2010 
7/23/2010 
7/24/2010 
7/24/2010 
7/24/2010 
7/25/2010 
7/25/2010 
7/25/2010 
7t25/2010 
7/25/2010 
7/26/2010 
7/27/2010 
7/28/2010 
7/28/2010 
7/28/2010 

PF4-1 
PF5-1 

Avera£1e 
PF4-2 
PF5-2 

Avera£1e 
PF4-3 
PF5-3 

Avera£1e 
PF4-4 

PF4-4 (Duplicate analysis) 
PF4-4 Average 

PFS-4 

Average 
PF4-5 
PF4-6 
PF4-7 

PF4-7 (Duplicate analysis) 
PF4-7 Average 

51.2 
51.6 
51.4 
57.7 
53.8 

55.75 
39.2 
48 

43.6 
47 

43.6 
45.3 
62 

53.65 
42.2 
54.3 
54.8 
57.8 
56.3 

Sample Data for Permitting Uses 2 

7/22/2010 
7/23/2010 
7/24/2010 
7/25/2010 
7/26/2010 
7/27/2010 
7/28/2010 

Avera£1e 
Median 
Count 

Maximum 

51.4 
55.75 
43.6 
53.65 
42.2 
54.3 
56.3 
51.0 
53.7 

7 
56 

NOTE: 
1. One sampler (PF4) was operated for one week (Thursday, July 22-Wednesday, July 28); two 
samples from this sampler (July 25 and July 28) were analyzed in duplicate. The other sampler 
(PF5) was operated for four days (Thursday, July 22-Sunday, July 25). All samples were analyzed 
for PFOS at AXYS Analytical Services (Sidney.. BC, Canada) by SPEILCIMSlMS using 
appropriate isotopic standards to correct for analyte recoveries. 
2. Raw data was combined to provide a single value for the concentration of PFOS in effluent per 
day. Results of duplicates samples were averaged, then results from the two samplers were 
averaged for a given day. 

1 of 1 

40 of 53 

2691.0043 
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