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ABSTRACT 

In a 2011 study perfluoroalkyl compounds (PFCs) were analyzed in fish fillet samples taken 

fi~m Pool 2 of the Upper biississippi River, a 33 mile stretch of river inclusive oft.he 

Minneapolis/St. Paul, Mdnnesota metropolitan geographioa] are~ Approximately 100 each of 

bluegill sunfish (BGS), freshwate~ drum (FWD), smallmouth bass (SMB) and white bass (WHB) 

were collected fi’om 10 separate sarapling reaches of approximately 3 miles in length. Fish fillet 

tissue were analyzed for perfluorinated carboxylie acids (PFCAs) (C4-C 12), perfluorinated 

sulfoni¢ a~ids (PFSAs) (C4, C6, and C8), and perfluorooctane sulfonamide (PFOSA). 

Perfluorooctane sulfenate (PFOS) was observed with the greatest frequency and at the greatest 

concentration in fish tissues ranging from 2.3 to 760 ng/g ww. Mean (geometric) PFOS 

concentrations In BGS, FWD, SMB and WHG were 20, 28, 29 and, 58 ng/g ww, respectively. 

Concentrations ofperfluorobutane sulfonate (PFBS), perfluorohexane sulfonate (PFHS), PFOSA 

and the nine C4-C12 PFCAs had species-specific geometric mean concentntfions that were less 

than 5 ng/g ww. Comparison of the c::..’.-c= ~ data from this study to data collected in ~00~ ...... 

showed significantly lower rca.:c:i:n= ~f perfluorooctane sulfonate (PFOS) fish tissue 

concentrations throughout Pool 2. The reduction in mean (geometric) PFOS concentrations from 

2009 to 2011 for BGS, FWD, SMB and WHB were 60%, 60%, 43%, and 30% respectively. The 

measured declines in fish population PFOS levels for the Mississippi River Pool 2 r~ion are 

consistent with the >10-year cessation of manufacturing of products based on perfluorooctanyl 

chemistry and with ongoing efforts in Minnesota to effectively control sources of PFCs to the 

Mississippi River. 
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INTRODUCTION 

The study of perfluorinated compounds (PFCs) in the environment has received 

considerable attention since the initial reports of global distribution in human populations and 

wildlife (1,2). Recent reviews of PFC monitoring in biota and humans have been reported (3,4). 

PFCs have been measured in freshwater and seawater environment~ (water and animals) at parts 

per trillion levels (3, 5-9). 

Potential sources of exposure of PFCs to humans include inhalation of household dust, 

contact with consumer products, drinking water and consumption of food (10-12). Of these 

sources, food consumption has been estimated to contribute over 913% of the total lifetime 

exposure to non-occupationally exposed humans (13). Generally mcasureable concentrations of 

PFCs have been observed in freshwater fish and seafood and studies have shown that both can 

account for > 50% of the exposure in human populations in Canada, Spain, Poland, China, and 

Sweden (12, 14-17). However, fish and seafood have also been shown to be a minor source of 

PFC exposure in populations from Norway and the UK indicating that regional differences are 

important when evaluating human exposures (18-20). Overall, these data support the need to 

evaluate human exposure based on regional or site-specific data that includes not only fish PFC 

concentrations but also region-specific population differences and corresponding dietary habits. 

Several studies have shown that fish collected from navigational Pool 2 in the Upper 

Mississippi River in the Minneapolis/St. Paul metropolitan area have measureable environmental 

concentrations of PFCs with PFOS having the greatest contribution to the total body burden of 

these fish (21-23). The Minnesota Pollution Control Agency (MPCA) released a 21309 study 

entitled, "Mississippi River Pool 2 Intensive Study of Perfluoroehemicals in Fish and Water 

2382.0003 

3M MN03205200 



2009" which reported PFOS concentrations in fillets of five species offish (24). Prior to the 

2009 study, only limited sampling was conducted offish for the presence of PFOS in Pool 2 (23, 

25). Fish from Pool 2 were first tested in 2004, and sporadic sampling had occurred in various 

locations in and/or immediately downstream of the pool in 2004, 2005, 2006 and 2008; however, 

relatively low numbers of fish were collected, and the fish spccivs samplad varivd between years. 

In 2009, MPCA conducted the first comprehensive evaluation of PFCs in fish throughout Pool 2, 

which involved five fish species sampled in four geographic sections spanning the entirety of the 

pool. Data from the MPCA study indicated that the freshwater drum had the highest arithmetic 

mean PFOS concentration at 229 ng g-1 (geometric mean of 70 ng g-l). The study also concluded 

that no discernible Wends were seen in PFOS levels in fish tissue over time for species that had 

bc~n sampled since 2004. Using da~a from the 2009 MPCA study, th¢ Minnesota Department of 

Health (MDH) issued a fish consumption advisory of one meal per month for the fr~wat~r 

drum based on the ~-~o~-agc arithmetic mean concentration of PFOS exceeding 200 ng gq (26). 

Aoeordingly, Pool 2 was listed as impaired for PFOS. It should be noted that fish consumption 

advisories and the impairment determination were already in place based on other constituents. 

A 2011 fish study was designed and condu~l with the objectives of updatlng the previous 2009 

MPCA Study, contributing to the knowledge of potential sources throughout the pool and 

investigating the temporal impact of the > I O-year cessation of manufacturing of products based 

on perfluorooctanyl chemistry in the region and ongoing efforts in Minnesota to effectively 

control sources of PFCs to the Mississippi River. 

MATERIALS AND METHODS 
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Study Site. The upper and lower extent of Misslsslppi R2ver Pool 2 is defined b)’ two dams and 

locks (Figure 1). The upper extent is bounded by the Ford Dam (Lock & Dam #1) located 

between Minneapolis and Saint Paul, just north of the confluence o~’the Mississippi and 

Minnesota Rivers, while the lower extent is defined by the Hastings Dam (Lock & Dam #2) 

located just upstream of Hastings, MN. A total of 10 sampling reaches of approximately 3 miles 

in length were identified in Pool 2 with 100-200 m "buffer zones" between each of the reaches. 

The 2011 Fish Study included a more highly geographically stratified sampling of Pool 2 than the 

2009 MPCA Study. Instead of the four sections of varying lengths sampled previously by the MPCA 

in 2009, the 2011 survey more ~’mely divided the various sections of the river into tea reaches of 

approximately equal lengths (compare Sections 1-4 versus Reaches 1-10; Figure 1). B~sed on this 

approach, the data density for a given species (fish sampled per river mile) also increased by 67%. 

Fish (Tollectton. The fish collection focused on spoeies that may be harvested by licensed 

anglers for consumption or had been the focus of previous Mississippi River PFC assessment 

studies. The fish species collected included smallmouth bass (Mieropterus dolomieu), white bass 

(Morone ehrysops), freshwater drum (Aplodlnotus grunniens), and bluegill (Leporais spp). The 

sampling objective was to collect 10 fish per species in each of the ten sampling reaches. The 

primary fish collection technique was eleetrofishing (Smith-Root®, Vancouver, WA, USA), 

however limited hook and line sampling was also used when electrofizhing was not effective. 

Due to precipitation events preceding the start of field efforts, water levels in Pool 2 were highly 

variable and elevated. As a result, eleetrofishing was hampered and three field collection rounds 

(Round 1 from May 31-June 9, 2011, Round 2 from August 1-11,2011 and Round 3 from 

September 11-15, 2011) wer~ necessary to complete the fish eolleotion frem ~,~-a3’ 3 ! tEreug.~ 
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Upon oolleetioa, fish were Wansferred to clean coolers con~ining bagged ice and lyansportcd to a 

laboratory for processing. Fish were examined for general health and overt abnormalities, 

measured, weighed and photographed. Otoliths were removed for age determinations. Fish were 

fillvte~l based on USEPA guidelines (27). The fillet type for all fish species was scaled and skin- 

on (major bones removed) which is consistent for data that is used for these species by the 

Minnesota Department of Health (MDH) to establish fish consumption advisories. Fillets were 

weighed and homogenized in a chemically-cleaned stainless food processor (Robe Coupe@, 

Jackson MS, USA) using a l~eeze-fracture method. Homogenized fillet tissue was then put into 

clean polyethylene bags and kept frozen until analysis. A total of 396 fish were colleoted for 

chemical analysis. 

fluter Collection. Three water samples were collected f~om each sampling rem~h during the 

middle round (August, r~ Round 2) offish collection. Samples were taken from the water 

column approximately 12 to 24" below the surface and I~om the main river ~hannel and/or 

locations where fish were collected. All samples were collected as grab samples using large 

polyethylene bottles and were distributed to 250 ml high density polyethylene (HDPE) sample 

bottles that contained internal standards 0Ss) and surrogate recovery standards (SRSs_). 

Experimental-Analytlcal. Standards and Reagents. All target analytes, ISs_, SRSs_, and mass 

transitions 0dS/MS mode)are shown in Table S1, Supporting Information. Perfluoroheptanoie 

acid (PFHpA) was purchased from Sigma Aldrich (Milwaukee, WI, USA) while 

perfiaorononanoic acid (PFNA), perfiuorodecanoic acid (PFDA), and perfluorododecanoic acid 

(PFDoA) were purchased from Oak-wood Procluets (West Columbia, SC, USA). Predominately 

linear isomeric standards of perfluorooctanoic acid (PFOA), perfluorohexane sulfonate (PFHS), 

perfluorooctane sulfonate (PFOS), and the following stable isotope labeled reference standards 
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were purchased from Wellington Laboratories (Guelph, ON Canada): [1,2,3,4-13C4]PFBA, 

[1,2,3,4,5-~3Cs]PFPeA, [1,2-13C~]PFHxA, [I,2,3,4,5-~3Cs]PFHpA, [1,2,3,4, 5, 6,7, 8-~3Cs]PFOA, 

[1,2,3,4,5,6,7,8,9-13Cg]PFNA, [1,2,3,4,5-13C6]PFDA, [1,2,3,4,5,6,7-13Cz]PFUnA, [1,2- 

~C2]PFDoA, [1,2,3-~3C~]PFHS, [1,2,3,4,5,6,7,8-~C8]PFOS, and [1,2,3,4,5,6,7,8-~3Cg]PFOSA. 

The stable isotope labeled standard [~O~] PFBS was acquired from RTI International (Research 

Triangle Park, NC) for use as an internal standard. The following isotopieally labeled reference 

standards were purchased from Wellington Laboratories (Guelph, ON Canada) for use as 

surrogate recovery standards: [1,2,3,4-~3C4]PFOA, [1,2,3,4-1~C4JPFOS, and [1,2-~3C~]PFUnA. 

Standards containing both branched and linear isomers of PFOS (potassium salt, Lot #217), 

PFOA (ammonium salt, Let # 332), and FOSA were obtained from 3M Company (St. Paul, MN, 

USA). All chemicals and reagents used in extraction procedures were from Sigma-Aldrich or 

VWR Scientific (Bridgeport, NJ, USA) while IIPLC grade methanol and acctonitrile were 

purchased from EM Science (Gibbstown, N J, USA). 

Fish Tissue Analysis. Analytical methods for fish tissues as published by Malinsky et al. (28) 

were followed in this study. Briefly, frozen fillet samples were homogenized frozen With dry ice 

to achieve a fine powder consistency. After homogenization, the tissue was transferred to a 

polyethylene bag which was stored unsealed at -20 °C to allow the residual dry ice to sublime. 

Approximately 0.5 grams of each sample homogenate was transferred to centrifuge tubes and 

each sample aliquot received a fixed quantity of stable isotope labeled ISs and SRS for use in 

quantitation, and for evaluation of analyte recover3", respectively. Extraction of each sample was 

performed by homogenization in 2.5 ml of acetonitrile, followed by centrifugaticn and analysis 

by high performance liquid chromatography/tandem mass spectrometry (HPLC/MS/MS). 
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WoOer Ar~dysis. The analytical methods described by Wolf eL al. (29) were followed in this 

study. Briefly, all samples, calib~tlon standards, and associated ~luality control samples were 

extrace~ using either a preconditioned Waters tC18 sofid pha~e cxtrac’don (SPE) cartridge 

(PFNA, PFDA, PFUnA, PFDoA, PFBS, PFHS, PFOS and PFOSA) or a lm,’-coadidoned Oasis 

I-ILB SPE �~rtridgv (PFBA, PFP©A, PFHxA, PH-IpA, and PFOA). Target analyteS Were 

extracted with methanol into polypropylane vials with a 25x concentration factor. Samples were 

then analyzed using an Agilent 1200 series (Palo Alto, CA) HPLC system inter~’aced with an AB 

S~iex (Framingham, MA) AP15500 mass spectrometer equipped with a Turbolon ionTM electro- 

spray interface and operated in negative-ion MS/IVIS mode. Analysis of the target analytes was 

pcrfvrmed using a Beta~ilTM C 18 anglytical cohmm (2.1 mm x 100 ram; 51~ particle si~) held at 

30°C with 2 mM ~mmonium a~etate in water and methanol mobile phase system. The flow rate 

.was 300 pJ., rain"l and the injec’don volume was either 5 or 10.pL. 

D~,~budysis. Statistical analyses were performed with SAS (SAS, Vet. 9.3; Cary, NC, USA). 

Kolmogorov-Smirnov test and probability plots were used to evalua~ normality and if 

necessary, data were log-transformed to approxima~e normality. Variance homogeneity was 

evaluated with Levene’s tesL Species and location PFC concentration differences we~ 
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with mixed models (PROC MIXED) and least square means to account for unequal sample sizes. 

Tukcy’s test with the Kramer approximation was used to evaluate differences between treatments 

(species and/or location). T-tests with the Satterthwaite approximation were used to evaluate 

differences between groups while correlations were evaluated with the Spearman’s rank test. 

Unless noted., all PFC concentrations in surface water and fish fillet tissues were expressed as a 

geometric mean and its ~aandard error: _~.9~.~..9.u.~...th!~_ 1~ _a~_r_ _ .di_ff. _e_r_e_ _n.c_ _e_s_ _ _w_i~t_h~ ._<_ ~._0_ ~. _w_~__m_ .............. [ Common~ lull: s~ .... r~ a,~m 

considered to be si~!~ificant, 

Quali~v Assuranc~ Water Samples. A total of three sample bottles were collected from each 

location (sample, sample duplicate, and 25 ng L-1 field matrix spike (FMS)). Mean FMS 

recoveries (with percent relative standard deviations) in all the fiver samples of C4-C 12 PFCAs, 

C4, C6, and C8 PFSAs, PFOSA, and [1,2,3,4- 13C~]PFOA, [1,2,3,4- ~3Cz]PFOS, and [1,2- 

~3C2]PFUnA SRSs are 87.5-124% (6.8-22%). Detailed quality control results for the water 

samples ~ro presented in Table $2, Supporting Information. 

Quality Assurance. Fish Samples. All fish samples were analyzed in duplicate. In addition, 

every tenth sample included a third and fourth sample aliquot that were fortified with 

perfluorinated carboxylic acids (PFCAs) (C4q212), perfluorinated sulfonie acids (PFSAs) (C4, 

C6, and C8), and perfluorooctane sulfonamide (PFOSA) as low and high laboratory matrix spike 

samples (LMSs). All samples, sample duplicates, and LMSs were fortified with the three SRSs 

[1,2,3,4- ~3C4]PFOA, [1,2,3,4- ~3C4]PFOS, and [1,2J3Cz]PFUnA. Mean reeovefies and percent 

relative standard deviations in all study samples (samples, sample dupiicates, and LMSs) In > 

970~ of the three sRs..s.~[~.:.2.:3.~.4.-..~.~..~.4.~.P.F~A-~I~-4-~!!~F~-s~-~d[~g~.~ ............... 

107% _+ 13% (n=974), 103% _+ 10% (n=974) and 106% _+ 11 ~ (n---971)~ respectively. Mean 
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LMS recoverie~ and percent relativv standard deviatio~ (nffi47) of all the analyt~ and the thw~ 

SRSs are 91.7-113% and 8-20%, r~3~ively. 

recoveries and %RSDs ’n~24 in control bluegill fillet Mean laboratory con~’ol sample (LCS) ~ ~_ ................................ 

fortified at three levels of 1.00, 10.0 and 100 ng/g, and each level in triplicat~ (n > 224) with C4- 

C12 PFCAs, C4, C6, and C8 PFSA~ PFOSA, an~i the three SRSs [1~,3,4-~._%]_P_~_OA, [1~,~,4- 

13% ~0~PFH_x~ ~3~6%-~ i0% for PFHpA~ 96.1% ~- 15% for PFOA, 9~2% ÷ i~% for PFNA, :,,~,, 

RSD fo~ ~SS Were ~s foi~owsi m~’,’. ~- i~% for ~-P~OA, i0~% ± S.~% for 

PFU~-and 10~% ~- ~% for ~c~-PFo~ Th~ LCS results d~nons~tt~ ~edlent m~:hod       : ..... 
| ~resente~ |n tab~ar form? Ma~Im ~ �olumns 
| where the 1~ ~,luran In PFr..As and the 2’~ column b 

accuracy and precision for all target analytes and SRSs (Tables $3, $4, $5 m Supporting 

Information). 

~dity Assurance. I~terl~bora~ory. The PFC analyses of all 396 fish and all water study 

samples were conducted by the primary analytical tes~ng laboratory (3M Environmental 

Laboratory). For quality a,~suranceo confm~atory analysis of 41 fish representing ] 0% of the 

total number of fish and all 30 water samples collected fi~3m the I0 reaches in sampling l~ound 2 

(August) were also analyzed by a second analytic~l t~’ting laboratory (AXYS Analytical 

Services Ltd.). 

With the exception of one split ~ample analy.~is, the data for fish tissue samples was in good 

8greement between the laboratories with the average relative percent differences (RPD) for 

[ PFASs and PFCAs generally 25% or less. PFBS was t~e lone exception with an average RPD of 

approximately ~0%; however, the significance of this difference is di/~cuIt to evaluate given that 

~0 
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it was based on only 2 samples approximating analytical method limits of quantitation. The split 

fish sample results between the 3M Environmental and AXYS laboratories indicate very good 

agreement. The PFOS results for AXYS were typically higher than for the corresponding 3M 

split sample. The average relative percent difference was 16% for the 2011 data set. 

Interlaboratory splits between the same two labs were also analyzed for the 2009 fish samples, 

with an average relative percent difference of about 14% (MPCA 2009). In both studies, these 

differences are within acceptable interiaboratory variation (30, 31). 

An additional post-study QC interlabomtory comparison for PFOS in fish tissue was completed 

at both the 3M Environmental and AXYS laboratories with the analysis of blinded duplicate 

standard reference material fish tissues (National Institute of Standards and TechnoIogy standard 

reference material (NIST SRM)) for lake trout tissue from Lake Superior (SRM 1946) and Lake 

Michigan (SRM 1947) and splits of previously analyzed amhived Pool 2 fish tissue study 

samples. Results from this QC study showed good agreement between PFOS concentration 

measured in original analysis of the 2011 fish tissue samples as conducted by both laboratories. 

In addition, PFOS concentrations measured by both laboratories for the SRM samples fell within 

the acceptable range reported by NIST. Based on average PFOS concentrations, the relative 

percent difference between the reported NIST SRM concentration and those measureA by 3M and 

AXYS labs was less them 10%, thus iadicating excellent accuracy by both labormories. 

The interlaboratory comparison based on water PFC concentrations was limited due to the large 

number of non-detects reported by both laboratories. Using data from matched samples with 

measured concentrations by both laboratories, the RPD ranged from 1.6 to 135% with an overall 

arithmetic average and median o~" 36% and 33%, respective]y. For PFOS, the RPD ranged from 

17 to 56% with an arithmetic average of 35%. 
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RESULTS AND DISCUSSION 

PFC OTmm~raZ~s in Water. A complete set of water samples for all ten re~hes was 

collected during the second round offish collation (Ausust). Results for these ~.mvl~ 

presented in Table 1. Of. w~’.~¯ ~.mp!c~ cal[c~.a.~ far ~ I~ ~.~ch~.. "~ P.c~.~ 2 ~* ..... ̄  

_e~oncentrations ofPFDA. PFUnA, PFDoA and PFOSA in all thirty samples were less than their 

LO~~.~..~’~1^ 1 ). Similarly, with the exception of one sample from Reach 10, all results for 

PFHS, PFHpA and PFNA were also less than their LOQ. Conve~ely, PFOA was detected in all 

ten study reaches and PFBA in nine of the ten reaches. In Reaches 1-4, the only PFCs with 

measoreable levels were PFOA and PFBA with concentrations ranging fi’om <2 - 3.16 and <10 - 

12.8 rig/L, respectively. For PFOS, water concentrations ranged from the LOQ up to 136 ng L"l 

with approximately 70% of the samples being less the LOQ of 2 ng L-]. The 8reatest PFC 

toner.air, ions wc~ measured in Reach 10 followed by concentrations repoz~ in Reach 5. The 

PFC conccnlrations obs=ved at both of th~so locations may have been influenced by point 

source mixing zones and as such, may not be representative of a-tbe river cross section ~f 

these point sources and PFC concentrations in samples collected from locations on the ~ 

op~site bank ~.&ese-fmffa~ less 

Comparison of water sample analyses for PFOS between 2009 and 2011 indicate a similar 

pattern of non-detectable results in most parts of the river, with higher detectable levels in the 

most downriver area of Pool 2, (Section 4 in 2009, Reach 10 in 2011). The high frequency of 
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non-detectable water samples in both years limits the ability to assess temporal changes. The 

detection limit for PFOS in 2011 (approximately 2 ng L1) is lower than the limit in 2009 

(appmximately 5 ng L% 

2011 PFC Concentrations in 

Measurable PFC concentrations were reported in all fish species collected from Pool 2 (Table 2). 

However, t~_eported concentrations of PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFBS and PFHS 

in fish fillets collected from Pool 2 were dominated by non-detects where the total frequency of 

deteetion for these PFCs were only 16, 12, 15, 14, 25, 5 and 32%, respectively. As the chain 

length of PFCs increased, the ~equency of detection of the PFC in fish also increased. Using the 

carboxylic acids as an example, the frequency of detection went from 25% for PFOA withto 55% 

fo_~r PFNA and 100%bci~,g detected i= 5~% if the :ample: ":,’S!lc for PFDA, PFUr_A, PFDoA, 

PFOS and PFOSA it ":,’~ 100%. With the exception of PFOS, tissue PFC concentrations                     ~-~ 

generally did not exceed 5 ng g-t ww in fish collected in this study. The highest mean PFC ~ - 

concentrations were consistently observed in the WHB while the lowest mean eeneentrationsy" ~~’~ =/~ 

wide geometric mean concentration for all fish analyzed from Pool 2~g g~ ww while 

~eometric mean concentrations for BGS, FWD, SMB and WHB.~e 20, 28, 29 and 58 ng g’~ 

ww, respectively (Table 2). A statistically significant diffe~ces in PFOS concentration 
./ 

(P<0.05) was only observed between bluegill and white bass. Evaluation of analyte concentration 

patterns in fish tissue showed that approximately 97% of the total PFC tissue levels were 

o o 0 accounted for by PFOS (86 ~), PFDA (4.8 ~), PFUnA (2.7~), PFDoA (2.4%) a~d PFOSA 

(0.8%). An examination of individual PFC spatial tren~ indicated that, with the exoeption of ,.{ comment [-~: ~ ~*~tlw 0~ r~o~,st~s 

PFOS, no clear concentration gradient was observed across the sampling reaches (Table ~:__F_9_r____/" | saaae~ml~mylng draft tl~t~a. ~lm m:~ error~ln 

[ PFOS ~evels for SMB, r~aches 3-10 (same as FWD). 
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PFOS, there was a clear ~lirectional shift in the cumulative distribution ~t...P..F..O..S....cp_.n.c.~_ti.o.~ ..... ~ ..... { ~.~ittllt~tt [i18]-. Not¢l .... hatthl ..... 

for all the fish species with the greatest concentrations being observed in sampling reaches 5, 6, 

9, and I0. These represent areas with known nearby point sources of PFCs to Pool 2. 

Temporwl Trends in Fish PFO$ Conc~ntraaon: To date, only the 2009 MPCA study provides 

sufficient data to evaluate the temlmrai changes on PFOS in fish tissues for the entirety of Pool 2. 

The 2011 r~lts indicate overall lower PFOS levels in fish tissue for the four species sampled in 

Pool 2, compared to the 2009 study where geometric mean concentrations in bluegill, freshwater 

drum, smallmouth bass and white bass were 51 ± ~TA~..8_.9.~._l.2_~__5_l_.~.6_:_6,__.a~._d_.8..3_.~_._4.:.9~. ................ i ..... t Comment [~]: 

respectively. Furthermore, there was a statistically signifie~ant (p <0.0001) reduction of - 

approximately 60°/~ 60%° 43%, and 30% in the pool-wide geometric mean PFOS fish 

concentrations in 2011 when compared to 2009 in bluegill, freshwater drum~ smallmouth bass 

and white bass, respectively. The overall geographic pattern of fish tissue concentrations in 2611 

was similar to 2009, in that the highest concentrations for ~ach species occur in the southern- ~ 

most section of Pool 2 followed by a middle section identified as Reaches 5 and 6 in the 2011. 

study. To allow for direct statistical comparisons, fish samples from 2011 from the 10 reaches’ 

were assigned to the appropriate section (1-4) from 2009 based on collection location 

coordinates in 2011. Scatterbox pr~entations of these data sets are provided in (:Figure 2~. 

Notably lower concenlrations axe observed for the 2011 dataset for all species and all arras in the 

river. However, the magnitude of the reductions in PFOS concentrations from 2009 to 2011 

followed a similar geographic pattgm observcaJ the fish tissue concentratien with the least 

reduction ooctaring in Sections 1 and 2 while the greatest reduction were observed in the most 

downfiver areas, Sections 3 and 4. The greatest change in PFOS concentrations was observed in 

Section 4 where statistically significant (p <0.05) reductions of approximately 88%, 68% and 
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70% were observed in freshwater drum, bluegill and smallmouth bass, respectively. In contrast, 

the reduction of PFOS concentrations in white bass was much more consistent throughout Pool 2 

averaging 26% in Sections 1 to 3 and 36% in Section 4. 

~malyses of the long-term temporal trends of flsh PFOS concentrations within th~ entirety of 

Pool 2 is complicated by differences in the species that have been collected since 2004 as well 

as low sample sizes (23-25). However, in all studies conducted prior to 2009~ most fish collected 

from Pool 2 were from locations within Section 4 (Figure 3). In Section 4, PFOS coa~entrations 

in bluegill, smallmouth bass and white bass follow the same basic trend with concentrations 

being elevated in 2005 and then decreasing with time with the greatest decreases occurring 

between 2009 and 2011. Thus, even with the limitations that are inherent L~’~ in such small 

datase~_, the general ~xends observed in Pool 2 are consistent with that observed in other systems 

that have observed decreased PFOS concentrations since 2000 that includes lake trout ~o..’~m from 

Lake Ontario (32) and herring gull eggs from the Laurentian Great Lakes (33) that appear to be 

associated with decreased inputs of PFOS to those environments. The measured declines in fish 

population PFOS levels in the current study for the Mississippi River Pool 2 region are also 

consistent with the > 10-yenr eessatinn of manufacturing of products based on perfluorooetar~yl 

chemistry and with ongoing efforts in Minnesota to �ffeotively control sources of PFCs te the 

Mississippi River. However, ~o more quantitatively define the rate and magnitude of these 

changes additional fish data arc necded~ .................................................................................. [ �:omm~t [~aol." n~a to ,~ .... 
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