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Abstract

Pectisorinatedcompounds (PFCs) ae man-made chemicals which are present throughout the
ecosystem, usingconcems sbout potential harmful effectsof PFCs onhumansand the
environment. I orderto investigatetheeffects of PFCs onsteraid hormone production,
human adrenocorical H295R cells were exposed othree PFCs including perfuorooctane
sulfonate (PROS), pefluoroociancic acd (PFOA) and perflooromonancicacid (PNA) at six
iferatconcentrations (6 1Mt0 600 uM)for48 hours. Oestradiol, progesterone,
testosteroneandcortisol were measured inthecll medium using radioimmunoassay. In
‘aditon, geneexpression of 14 genesencoding proses involved in steroidogenesis was
measured using qRT-PCR. Exposure 0PFOS resulted ina increas in oestradiol,
Progesterone and testosterone sereion st 600 kM. Furthermore, testosterone was cevated at
6 KM and 600 aMofPFOAand reduced at 60 uM PENA. Gene expression of CYP 14 was
Gecreased byal exposure dosesof PFOA, whereas HMGR was decrease by 60 nM PENA,
We conclude thatal PFCsestedare capable ofaltering sieroidogenesis n the H29SR in vitro
mode. Thegreatesteffectsweeseen withPROS exposureat the highestdose tested.The
lteations in hormone secretion caused by PFOS appeared o be medistd by mechanisms
other than changesingene expression of steroidogenic cazymes
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Introduction

Perforatedcompounds(PFCs)arcman-made chemicals useda ngrediats in a wide
variety ofapplications including sai repellents and lubricantsas wel ss nthe producion of
Ruoropotymers used in non-stick cookware, Duetother widespread use, PCsare now
detecabl througho

ut
allcompartmentsofth ecosystem including ar, water, sediments,

animals and humans (Fromme al. 2009 Nakaia eal. 2006; Yamashita et al. 2005) even
in remote places such as th sti (AMAP,2009). Recently, much atenion has been dircted
towardsthe potential harmful effects on humans andthe environment associated with the
long-term exposures 1 PECs. As areal, the United Nations Environment Programme.
(UNEP) made the decision to st he PEC pecfluorooctane sulfonate (PFOS) and is sais as
persistent organi poluaats (POPS) a the Stockholm Convention in Geneva, May, 2009

PFCs consist ofa fll furinatedsaight carbonbackbone oftypically 4-14 carbons.
tached to charged funcional miety,giving is 08 large variety ofmolecules(Figure 1)
Due to the sabiliy ofthe C-F bond, PFCar slowly degradable, and humanhalf ives as

long855.4years nd3.8yeasfor PROSan perflucrooctanoi aid (PFOA), wo of themost
abundant PFC, have been reported (Olsen etal. 2007).

Allough the evidenceof adverse ffcts ofPFCs in human epidemiological studies has been
a subjectof debate, somestudies avefound tht increasing huenanplasmaPFCsare
correlated with alowerbirth weight (Apelberget al, 2007; Fei ta. 2008). Furthermore,

dicso laboratoryanimalssuggest that PECsincreases the iskof slirth, decreases
foetal weightand causesdevelopmental defect (Cas et al. 2001s Lav tal 2003;
Thibodeau ta, 2003). This isofgreat concern, particularly considering that clearance rates
of PFC arc much higher in some ofthe Iaboratory species than in humans. Forexemple, in
female ratshl livesof 0.08 and 2.4 days for PFOA and pecfucrononanaic acid (PFNA).
respectively, havebeen reported (Obmeriet al. 2003).

Is slsbecomingincreasingly recogaized tha PFC canact as endocrine disruptors. Several
imvivo studs typicallyreport decreasedplasma levels.oftestosterone and th thyroid
hormone thyroxin in addition sn increase in ocstadil and corso following expos 10
PFCsincludingPROS and PFOA (Biegel al, 1995; Biel tal, 2001; Law etal 2003;
Oakes e al. 2004 Thibodeauxet a, 2003). Sdies have also idenified weak carcinogenic
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effect ofPROA, manifested bya increased incidenceof hepatic andLeydigcel adenomas in
rts(Biege tal, 1995; Biegeletal.,2001), Whereasth hepatictumourinductionis:
mediated thoughperoxisomeproliferator receptor (PPAR) binding, iti postulated tha the
neoplastic ransformaionofLeydig elsare caused,at least partially,byelevated oestradiol

levels(Biegetal,2001). Thisis of greatconcerndue(0 theposible ink between
estrogenic effectsof covironmentalpollio

n
and the increased prevalenceof human

testicular cancer (Skakkebek tal, 2001).

“To date, lie research hasfocussed 0 the toidogenesis pany a potential target or
PFCs. Furthermore,previous studies ave invariablybeencarriedout on issues and cell
cultures ofanimal origin. Considering thegreat differences in response to PFCs and the
elimination between some species, tis evident that interspecies extrapolationofthese results
would be inaccurate.

“The human adrenocortical el fne, H295R,showscharacteristicsofan undifferentiated foetal
adrenal cortex andi capable offll steroidogenesis (Gazdar etal. 1990; Sakkeback ta.
2001). Furthermore, it as been employed asain vitro modelfor studying endocrine
disruptors and itis currently being evaluatedby the US-EPA and OCD as a Tier| screening
assay for effects on steroidogenesis.

“The imof this study was to investigate how three siuctraly diferent PFCs commonly
found in environmental samplesaffect steroidogenesis inthe human H29SR invirocel
model.Thecompounds include the ight carbon chain malecules PFOS and PFOA in addition
othe nine carbon chain molecule PENA,

Materials and methods

Chemicals

Tetabutylammoniumhepiadecafivorooetanc
sulfonaie,

pefloroociancie acid nd
perflouoronenanaic acid were purchasedi powder form fromSigna:Aldrich (1 Louis, MO,
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USA) withpurityof 95%, 90% and >97% respectively. Chemical
s

weredissolved in
dimethyl sulfoxide (DMSO) to 600 mM stock solutions and stored n aliquots at 20°C.

H29SR cell culture

“The H29R cll lin was obtained rom the American Type Culture Collection (TCC CRL-
2128, ATCC, Manassas, VA, USA) and clued in Tem flasks i Dulbecco's modified
Eagle mediurHamF12 (DMEMUFI2) conning HEPES buffer, L-glutamine and pyridoxine

HI (Gibco, Invitrogen, Paisley, UK). The medium was further supplemented with 1% TS +
premix and 2.5% NuSerun (BD Biosciences, Bedford, MA). Cells were incubated at 37°C
with 5%4 CO; in humidified atmosphere. Medium was changedevery 2-3daysand cells
passaged at approximately 80% confluenceby bref exposure 10 0.25% ypsin.3 mM
EDTA (Gib, Invitrogen, Paisley, UK) followed bycentrifugation and receding, The cells

wereusedbetweenpassages -13

Exposurestudies

For experiments, cells were seeded st3 x 10 cell in 24-wel elculture plats (Falcon,
FranklinLakes,NJ, USA). Cels were incubated 24 hours priorto exposure 10 th compounds.

F295R cells wer exposed for 48 hours six concentrations (6 1M, 60 aM, 600M, 6 iM,
60 aMor600 4M)of PEOS, PFOA orPENA of ripicates. Each plat also contained
iplicate wellof600 uM texrsbutylamon

iumehloriddissolved a DMSO(FFOS)or 0.1%.
"DMSO (PFOA snd PENA) as solvent contol and 10 iM forskolin s posiiv control
Forskolin stimulates cyclicAMP (cAMP) production in H2SSR cells and hassimilar effets
to sdrenocoritzophic hormone (ACTH), thephysiological stimulant ofadrenocortical

‘Sieroidogenesis (Gracin et al, 2006), Theexperimentwasconducted independently three
mesforhormone analysis and cell viailsy assay, and Give timesfor RT-PCR.

Cellvibilyassay

Cell viability was timatedusing Alamar ble assy. At the end of exposure, medium was.
collected and stored at °Cfosubscquent hormone analysis. Each wel rccived 1 ml fresh
mediumcontaining 10% AlamasBlue (Invitrogen, Carlsbad, CA). lates were incubated for 8
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further 3 hours, thena 100 ul sample fom each wel was transferred in duplicates 0: fresh
96-well ELISA plate (Falcon, Franklin Lakes, NJ, USA) and read in a ViewrSTM
spectrophotometer(Perkin Emer, Shelon, USA) at $70 nmand600 am. Viability was
expressed as percentageofsolvent cont.

Radioimmunoassay

Ocstradiol175, testosteroneandcorso secreted inthe cll culture medium were measured
usingCost-a-count radioimmunoassay (RIA) Kis (Siemens, CA, LA, USA). Progesterone
was measured using Spectra Progesterone RIA kit (Orion Diagnostic, Espoo, Finland). All
is were used according0manufacturer's instructions, The only modification vas the us of
fresh standard solutions prepared in medium from same batcha the cell cultures, rather than.
thesuppliedstandards.The limits of detection were 20p/n, 0.8 ng, 0.10ng/mland 3.0
ng/ml and inter-assay coeficientsofvariation were 63%, 9.5%, 8.85% and 8.55% for
oestradiol, progesterone, estoserons and corso respectively.

RNA preparation

“Total RNA was isolated rom cel culture plats using Qiagen RNeasy mini-cit (Qiagen.
(Crawley, UK) according tomanufacturer's recommendations Lysis buffer was added to ele
andcels detached byscraping the bottom ofthe well with the pipete tp. Priorto RNA
extraction, eel sats were then centrifuged through Qiagen shreddersincoms (Qiagen.
‘Crawley, UK). Samples were treated with DNase (RNaseFree DNase Se, Qiagen, Crawley,
UK) on-column for 15 minat room temperature. Afer solton, samples were cluded in
RNase-free H,0 nd sored at 70°C. RNA concentrationand quality was determined using.

NanoDrop(Thermo-Scintifc, Waltbam, MA, USA)and Bioanalyzer (Agilent Technologies,
Santa Clas, CA, USA) respectively.

Quantitative RT-PCR

GeNorm human detectionkitandsoftware PrimerDesign Li, Southampton, UK) was used
10 predict the most stable reference genes. Out ofhe five gencs tested (32M, fctin
WHAZ, ATPS5, GAPDH),YWHAZsnd ATPSBwere the most stable were thes selected 5.

referencegenes in this sd.
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Primer sequences for CYPIIA, CYPIIB2. CYPI7, CYPIS, CYP, 3pHSD2. I7HSDI.
IBHSDA, SUR and HMGRwes obtained rom (Hilscherova eal. 2004). Primers or
(CYPI181 were designed by PrimerDesgn Ld (Southampton, UK). Primer sequences for SF-
1, DAX-1and ACTH. were designedi house sing PrimerExpress version 1 (Applied
Biosystems, Foster City, CA, USA) (Table 1). Specific for ll primepairswere checked
usingnucleo

tide
BLASTandprimerBLAST (hp bastnchilsigov Blas cs). Al

primers were used in aworkingconcentration of 200 aM. Th primers were tested with regard
10 annealing emperature. PCR products wer analysed on a ethidium bromideagarose gl 0
ensurethe expected productwas formed an fo check orpotential primerarefucts.

‘SynthesisofcDNA and quaniative PCRwaspesformed using Superscript latioun 11 Two-
Step GRT-PCR with SYBR Green (Invitrogen, Paisley, UK) cording to manufacturer's
instructions. The cDNA synthesis was performed usingaPelesThermalCycler 225
(MIRescarch, Waltham, MA, USA)and RT-PCRwascarried out usinga DNA Engine
“Thermal Cycler with Chromo 4 Real-Time Detector (MIResearch, Walham, MA, USA)and
tssoftware, Opticon Monitor 3, (Bio-Rad Laboratories, Hercules, CA, USA). In the reverie
transcription reaction (cDNA synbess), RNA samples were spi into technical iplicates, A
negative control that had not ben subjected to reverse anseiptaseenzymewasadded pes
sampleto ensure 0 DNA contaminationofthe RNA sample. Futhermoe, a negative contol
where no templatewasaddedprior to DNAsynthesiswas included fo cach primerpai 10
check for primer dimer formationsandcontamination. TheamountofcDNA added fo the
GPCRreactionwas 10mg calculated from he orignal RNA concentration. Cyclinconditions
were 50°C, 2min (UDG incubation), 95°C, 2 min (enzyme activation), llowed by 40 cycles
Of 95°Cin1 se,62°Cin30sec and 72°Cin30see. Attheend ofeachrun a melingcurve
from 65- 90°C, ead for 1 sec every 03°C, was included tomonitorpotential fomasionof
primerdimersor products from genomic DNA snd other DNA contamination. Negative
controls without template and without RTenzyme were also monitored or any products
formed durin the GPCR reaction.

PCRdaaanalysis

Dat was rsfered from Opiicon Monitor 3 softwarein an Excel spreadsheetforfurther
processing. The ACE was calculated fom the diffrence in expression becween the gene of
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interest and the mean expressionof the tw reference genes. The AACt was calulstd fom
th difference in ACK between cells exposed to solvent control and the chemical oferes.
Foldchangewascalculated using74°,

Statistical analysis

Sustical analysis was performed using IMP software (SAS Insitute Ic, Cary, NC, USA).
“The diseibutionof data was tested usinth Shapiro Wik est. Ocstradiol daa was not
normalydiscbuted and was therefor log transformed priortoanalysis. Cortisol,
progesteroneand testosteronehad asatisfactoryft othenormal distribution andwere sed
without log transformation. Differences in hormnesecretionbetween solvent control nd
exposedcellswer evaluated using Suda’ est. Dose-response relationships were
assessed in General Linear Models (GLM) where measuredhormoneconcentrations were
included as dependent variables sad experiment (n= 3) snd doseof the relevant test
compounds were catered as contiauous vaiabes. The hormone data from the highest
exposure dosesofPFOA and PENA (600 uM)were excluded rom statistical analyses due
eytotoic effectsonthcli viability sss. Differences ingeexpression were vated by
the Students est by comparing the log? ransformed 2°4€ value ofeach exposure to
solvent control. values<0.05 were considered satistcally significant.

Results

Celviabilyassay

(Cel viability as assessed by Alamar blue conversion indicated a viability of > 0% in all
testeddosesof PROS. Exposureto PFOAorPFNA at 604M resuledin a dramaticdecrease
in viability, whereas els exposed 1 the therdosesofthese two compounds hada viability
of> 90%(Figure 2)

Hormone analyses

Al thee test compounds affected hormone production in H29SR els (Figure 3). Oestradiol
levels followed a significantly positive dose-response relationship when cells were exposed
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PROS. Inaddiion, estradiol was significantly elevated withthe highest test dose (600 kM)
Of PROS. PENA expastre between 0 nd 60 pMalso esuled ina significantly positive dose-
response relationshipon ocsadiol. A60M exposure, PENA gavea umerically higher,
hough not saistcllysignificant, concentrationofocsradia. Celltreatedwith PFOA did
not show anysignificantdiffrence in oestradiol secretion to els reated with solvent
control.

A posivedos.respons relationship between progesterone and PFOS exposure was
identified. Furthermore the highest dosc of PROS (600 uM) resulted in significant increase
in progesterone compare to solvent control. Abough PFOA and PFAexposurealso
resulied in positive dose-response elationship on progesterone,no significant differences
were seenwheneachdosewas compared 1the solvent control.

Testosteronelevelswere influencedby sl tree compounds, Cells exposed 10 PFOS showed a
sigificanty posiive reltionship beeen testosterone concentration and incresing evel of
exposure. When comping each dose to contol, exposure t PFOS only increased
testosterone in the highest concentration ofthe et compound, whereas etoserone vas
levated by 6 uM and 600 1Mof PFOA. In contrast, PENA exposure led 1.3 significant
negative dose-esponse relationshipon estoscrone. Additionally, the highest 100 cytotoxic
doseof PENA (60 uM) resuled in asignificant reduction oftestosterone.

Cortisol was notsignificantly steed by exposure toPFOSand PFOA, although a negative
dose-response relationship was idenifid with exposure 10 PFNA.

Gene expression

Only PFOA and PRNAinducedchanges in gene expression inthe current study (Figure4).
All thee tet doses of PFOAdecreasedCYPLA levels. The other two fst compounds di
notaffect mRNA levels of CYPLIA. PENA, however,sigaificanily reduccd HMOR
expression,although onlyat60uM.Theexpression oftheobergens estedwas nok
significantlyahered by expos o the test compounds.

Manuscript 5
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Discussion

Inthe cunt sedwedemonsratdtht PROS, PFOA and PENA have the capability to
modulate stridogenesisi the human adrenocorica HI9SR cll assy.

Whereas an increase i ocstradiol was absrved ith he highest cstdose (600 uM)of PFOS,
he PFOA and PENA exposure athesame concern gave sharp decrease of ll
Hormones messed due 1 cyiotoiiy. A second highest dose evel tested (60) he
oestradiol evel appeared ncead with PNA exposure, however is ws ot stsialy
significant, Ocsradiol wes no sired by PFOA. In contrast, ome previous in ir studies on
ot Leydig cells have eporid  haracrisic increase in ostrdiol secretion induced by 10
4M 10.500 PFOA (Biel a. 1995: Li ta. 1996). In adion, levaed plasma
oesadiol eels following PFOA expour nats has een detected (Cook es, 192)
Previous investigations of the bilityof ther Nuorochemicals, such as PFOS, to clevate
oestradioli mie1 0c in vivoreport where: PROS ness sre oestradiol seein in
ftbad minnows (Pimepholes promeles), however ieresponse sppesed ot be dose-
dependentandthe results ae therefore diffcl fo rye Oakes a. 2005). Our Findings,
however,sugges ccstrdiol secretioncan sh be increasedby PFOS. A posible expansion
for he ack ofresponse noes production with PFOA expsurs nthe curt study
could be te narow espe range liedbycyooxity in is pacain vio model

Totcesingly, weobserved no significant changes in mRNAleetofCYP 19, the gc
encoding thePASO wromatas enzyme responsiblefoconversionof estosiconsto csi,
with exposure 0 anyofte est chemical. Hence, he PFOS- dice crs ncestaiol
levels could bea eslof diferent mecha an conol ofene expression.

othe curmen stady, the exposure compounds fected medium testosterone conceneton in
diffrent pts. Whereas PENA decreased stoscrne, PEOS and PEOA expos edo
anncreae in estosterone Previous studs an rts hve demontrated on significant
negative dos response lationship betwen PFOA and etosteroe, which became
significant when atswere challenged by BCG (Rigel tL. 2001). A sis espns was
sce by exposure 0S00or 50M PFOA in Ley cells where estosterone level were
normal in the absenceof HCG and dramatically reduced when HC ws present Biel tal.
1995 Li eta. 1996). Although immature rainbow tout (Oncorhynchus mykiss) bad an
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elevated plasma testosterone following PROS exposure, his was nt seen in othe ih species
(Oakes e aL, 2005). The increase in estostcone in vitro with the highestdoseof PFOS
observedinthisstudyhes, 0 thebest ofour Knowledge,not beenpreviously reported.

Perfuorinted compounds have previously been suggested o inerere with fatty acid
metabolism and lp anspor: in he lvrsof rae misoows (Gobioeypris ars) (Wei eal.
2008) and appear to inhibit he anspor fcholesterol iio the mitochondria in rai Leydig
cell culures (Bouirad etal. 2000). However, such effects would ead 10a reduced
steridogensss du 18 ackofsubstrate and could therefore no explain te clevated
testosterone observed inth curent study. Asignificantlyelevated progesterone, in addition
to oesradiol andtestosterone suggest tha PROS could affec th sero sybesi upsiseamof
progesterone inour study

Inthecument study, no significanteffecton cortisol production was served by anyof the.
thre test compounds. Lite resarch ha been tributed othe effect ofPFCs on cortisol
production, Two studies in which mice were xpased to PENA, reported increased plasma
cortisol levels (Fang eal. 2008 Fang tL, 2009). n neofthese studies, an elevated evel
Of ACTH was so found, suggesting that PFCs mayaffectcotisl production upstreamof
the adrenal gland inthe hyporbalamic-piitary-adren

a
axis. This could explain te ack of

effectson coriol synthesiscbservd in our study.

Tn summary, PFCs including PFOS, PFOA andPENAae capableofmodulating seroid
secretion in human adrenocortical H295R cell. Ostradial, progesterone nd esosterne vas
elevatedbythe highest dose (600 uM)of PFOS. PFOA and PENA didnot significantly alter
estudio and progesterone secretion; weve, stostrone was increased by PFOA and
decreased by PENA. Only PFOA and PENA induced changes in gene expression esling
from up regulation CYP11A 15d HMGR respectively. We therefore propose that he changes
in hormone secretion by PFOS are medised bymechanismsotherthan modulationof gene:
expression ofthe steroidogenic enzymes investigated.
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Figure 1: Skeletal formulas of th PFOS (A), PFOA(B)and PENA (C) molecules

Figure 2: Mean (SE) cll viability of H29SR cells assessed with Alamar blue assay foreach
concentrationof PFOS, PFOA and PENA expressed as% ofsolvent contol.

Figure 3: Mean (SE) concentrationofsteroid hormones measured in medium of H295R cells:
afer 48 hour exposure osx concentrations of PECs. * denotes meanssignificantly diferent
from sovent control (P< 0.05) f denotes cll viability < 90%.

Figure 4: Mean (SE) old change in gene expression ofCYP 1A and HMGRfolowing 48
our exposure tothreeconcentrationsof PFC. denotessignificantly differen from solvent
contol (P<005)
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“Table I:Primersequences used for quantiave RT-PCR. Primer squensesfor CYPLIA, CYPI152,
CYPIT, CYPIS, CYP2I. HSD2. I76HSDI. I7HSDA, StAR nd HMGR se given in Hilscherova.
etal. (004). CYP 181 wasdesigned by PrimerDesign Lid.
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THE ATSDR PUBLIC HEALTH ASSESSMENT: ANOTE OF EXPLANATION i

“This Public Health Assessment Pubic Comment Release was prepared bs ATSDR pursuant 0 the Comprehensive
Environmental Response. Compensation, und Lisbilty Act CERCLA or Superfund) section 104 ()6) (32 USC 9604
6). and in accordance with our implementing relations (22 C_F R._ Pat 90). In preparing his document, ATSDR
Cooperative Agreement Parner has collected relevant health data nsironmenta dota and community health concerns
rom the Environmental Protection Agency (EPA).saeand local health and envionmerial agencies. the community. ind
potential responsible parties. where appropri. Thisdocument representsthe agency's be effrsbasedon surat
arable information. to li thesatulory rtera set out in CERCLAsection 104 (6)witina limited time trae. 10
he exten posible, presets an sessment ofpotential ik 0 human health. Acions authorized by CERCLA section
164 X11, or otherwiseauthorized by CERCLA. maybe undertaken 1 prevent o mic human exposureor fisks 0
man heal. In addition, ATSDRxCooperative Agreement Parnerwill wilfz (idocumento determine if follow
healh actions are appropriateat tis ime.

This document has previously been provided to EPA and the afkcted iat in an nal elas, 3s required by CERCLA
section 104) (4 H for thei infomation and review. Where nesesary. it hs bee revised i fesponse 0commentsox
‘ditional relevant information provided by them to ATSDR'sCooperative Agreement Parmnr. This revised document hs
on been leasedfor30-day public comment period. Subsequent 0th public comment period, ATSDR's Cooperaine
‘Aaresment Partner will dre al pblic comments andreviseot ppendthdocument asappropiate. The public health
sscsment wil then be reisced. This will conclude th publi halt assessment process o his i. unless addional
formation icbiainedbyATSDR's Cooperative Agresment Prine which, in the380s” opinion. indicatea ned 10
reise or append theconclusionspreviously issued

Useof rade names fo identification only and docs not onsite endorsement by he 1.5. Deparment ofHealth and
Hunan Services.

Pleas address comments regarding tis report

Agency for Tove Substances and Disco Resinry
nn: Records Center

1600 Clifton Road, N.E.. MSF-09
Atlant, Georgia 10333

ou May Contact ATSDR Tol Free at
1-500.COC-INFO or

Visit ourHomePage at hap isd de gov



p.26
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public comment under applicable information quality guidelines. It does not represent and
should not be construed to representfinalagency conclusionsorrecommendations.
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FOREWORD
“This document summarizes public health concerns related 0 a waste disposal it in Minnesota,
and is a formal site evaluation preparedby theMinnesota DepartmentofHealth (MDH). Fora
formal site valuation, a numberofsteps are necessary:

Evaluating exposure: MDH scientist begin by reviewing available information about
environmental conditionsa th site. The firs task is 0 find out how much contamination
is present, where it is found on the site, and how people might be exposed to it. Usually,
MDH does not colle ts own environmental sampling data (although this casc is an
exception). Rather, MDH relies on information provided by the Minnesota Pollution
Control Agency (MPCAY),the Minnesota Departmentof Agriculture (MDA), the US
Environmental Protection Agency (EPA), private businesses, and the general public.

«Evaluating health effects: fthere is evidence that people are beingcxposed—orcould be
‘cxposed—io environmental contaminants, MDH scientists will take steps to determine.
‘whether that exposure could be harmfal © human health. MDH report focuses on
‘public health— that i, the health impact on the community as a whole. The report is
based on existing scientific information.

«Developing recommendations: In this report, MDH outlines conclusions regarding any
potential health threat posed by a site and offers recommendations or reducing or
eliminating human exposure to pollutants. The role of MDH is primarily advisory. For
that reason, the evaluation report will typically recommend actions 10 be taken by other
agencies—including EPA and MPCA. If, however, an immediate health threat exists,
MDH will issue a public health advisory to wam peopleofthe danger and will work 10
resolve the problem.

«Soliciting community input:The evaluation process is interactive. MDH stris by
Soliciting and evaluating information from various goverment agencies, the individuals
ororganizations responsible for the site, and community members living near the it.
Any conclusions about the site are shared with the individuals, groups, and organizations
that provided the information. Once an evaluation report has been prepared, MDH seeks
feedback from the public. J you have questions or comments abou tis report, we
encourage you 0 contact us.

Please write to: Community Relations Coordinator
SiteAssessmentand Consultation Unit ~~ *
Minnesota DepartmentofHealth
625 North Robert Stret/ P.0. Box 64975
St Paul, MN 55164-0975

OR call us at: (651) 201-4897 or 1-800-657-3908
(oll free call - press "4" on your touch tone phone)

On the web: hup/sews althstatemnus/divslelvhazardousi
ndex.hun

2
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Summary i

INTRODUCTION “The Minnesota Deparmentof Health's (MDH) mission is to protect, maintain, }
‘and improve the healthof all Minnesotans. :

For communities affected by pecfluorochemicals (PFCs) in their drinking
water, MDH's goali to protect people's health by providing health
information the community neds to take actions protect thei health. MDH
also monitors public water supplics for PEC, and advises the MPCA on actions
that can be taken to protect public health

PEC-containing wastes were disposedof by 3M inland disposal sites in
Oakdale, Lake Elmo, and Woodbury, Minnesota. PFCs were releasedto the
groundwater from these sites, possibly shortly afer the disposal occured,
resulting in contaminationofnearby drinking water wells There were also
possible sir emissions during the handling, disposal, or buming ofwaste, and
‘people could have come into direct contact with the waste.

PFCscontinue to be detected in public and private wells across a wide area of
South WashingtonCounty, and in pertsofnorthern DakotaCountyand
southeastern Ramsey Coury.

OVERVIEW “MDH reached two important conclusions in this Public Health Assessment.

CONCLUSION 1 “MDH cannot conclude whether drinkingorbreathing PFCs inwateroraifor
contact with PFC-containing wastes in the past harmed people’s health.

BASISFOR A pilot biomonitoring study conducted in residents ofOakdale, Lake Elmo, and
DECISION Cottage Grove indicated levels of PFCs in blood above national averages.

‘While available evidence suggests that thesc PFC levels are unlikely to cause
adverse health effects, there is no information available regarding PFC levels in
resident's blood or in drinking water in the past.

NEXTSTEPS ~~ + MDH should consider additional biomonitoring studicsto evaluate PFC
levels in area residents exposed to PFOA and PFOS in drinking water

CONCLUSION 2 “MDHconcludes that currently, drinking water from public or private wells thal
contain PECs is not expected to harm peaple’s health.

BASISFOR Current exposures 1o PFCsarebelow heallh-based exposure mis because
DECISION bottled water or whole-house activated carbon filters have been provided at 29

homes that were issued a drinking water well advisory by MDH. No one is
drinking water that has PFCs at levels above health concern.

Remediation actions to address PFCs at the waste disposal sites are inthecarly
implementation stages by 3M and the MPCA.

4
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eS]
NEXTSTEPS + 3M should continue to follow the requirements of the Consent Order to. {

implement th selected remediation options fo soil and groundwater at |
the 3M-Woodbury Disposal Sit. i

+ People should avoid trespassing on the 3M-Woodbury Disposal Site, i
especiallyduringremediation activities. i

«Extensionsof the Cottage Grove municipal watersupplyto serve arcas |
‘where private wells contain levelsofPFCs in excess ofMDH HRLs or i
HBV should be considered.

«Monitoringofselected private wells in the affected area should continue
under agreed upon sampling plans to track changes in the plume end
monitor for changesinconcentration in individual wells.

«3M should ensure the monitoring network at the disposal ite provides
‘adequate information regarding water quality in the “high transmissivity
Zone”ofthe Prairie du Chien aquifer.

FORMORE “Ifyou haveconcerns aboutyour health, you should contact your health care
INFORMATION provider. You may also call MDH at 651-201-4897 or 1-800-657-3908 (press !

#4)andask for information on PFCs. You may alsovisitourPFC Web site at
hutp/worw. health state mn us/divsehhazardoustopicspfes/index. hum!

Introduction

The 3M Company (3M; formerly Minnesota Mining and Manufacturing Company) began
research and developmentof perluorochemicals (PFC) at its Cottage Grove, Minnesota
facility in southem Washington County, Minnesota in the late 1940s; with commercial
‘productionofvarious PFC compounds occurring from the early 19505 until 2002
Productionofone PFC, perfluorobutanoic acid (PFBA) ceased in 1998. The production
or use of other PFC-reated compounds in researchorpilot sale projects continucs today.

MDH prepared a Health Consultation focusing on PFC releases at the Cottage Grove
facility (MDH 2005). Wastes from the electrofluorochemical PFC production process,
including production wastes and wastewater treatment plant sludge, were disposedofat
the Cottage Grove facility and several known disposal sts identified by 3M in
‘Washington County (Weston 2005). The names ofthese facilis, the typesofwastes
disposed of, and the estimated timeofthe disposal were formally provided to the
Minnesota Pollution Control Agency (MPCA) by 3M in Juneof 2005 and are lsted
below:

5
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Disposal Facilities in Washington County that Received 3M PFC Wastes i

|Dates |

iquid andsolidindustrialwaste i

‘Washington County Landfill, |Wastewater treatment plant sludge, | 1971 1974 |
Lake Elmo incineratorscrubbersludgeand ash,

iron oxide sludge |

Pigs Eye Dump, St. Paul® | Incinerator scrubber sludge and ash | 1971 i
(also received municipal waste water
treatment plant incinerator ash |
which may have contained PFCs)

*Thissit is acvally in RamseyCo, neartheborder with WashingtonCo. i

The general locationsofthe above disposal sites, along with the 3M Cottage Grove
facilityareshowninFigure 1 (al figurescanbefoundinAppendix 1). Aseparate report
was issued in August 2008 evaluating PFC waste disposal at the 3M-Oskdale Disposal
Site and the Washington County Landfill in LakeElmo and its potential impactonthose:
‘communities (MDH 2008). An updated report on the 3M-Cottage Grove facility and
PFC impacts to the Mississippi Riverisplanned. The Pigs Eye Dump is included inthe
list because it was identified by 3M as a disposal site that received PFC-containing
wastes; PFCs have been detected in groundwater and surface water at th sie. It is not
included intheConsentOrderagreement between3M andtheMPCA (sce below).

Perfluorochemicals are a classoforganic chemicals in which fluorine atoms completely
replace the hydrogen atoms that are typically attached to the carbon ‘backbone’ of
organic hydrocarbon molecules (Figure 2). Becauseofthe very high strengthofthe
carbon. fluorine bond, PFCs are inherently stable, nonreactive, and resistant to
degradation (3M 1999s). PECs made by 3M at its Cottage Grove fuclity were used in the |
‘manufac

ture
ofa varietyof commercialand industrialproductsby 3Mandother |

companies, including fabric coatings (such as Scotchgard™), surfactants, non-stick.
products (including Teflon™), fire-fighting foams, ilm coatings, and other products.

PFCs unique physical and chemical properties allow them to move easily through the
environment (EPA 2002, OECD 2002, ATSDR 2009). As a result, they have been found |
globally at low levels. Some PFCs are bio-accumalative (i.c., build up in living i
organisms) and one PFC, perfluorooctane sulfonate (PFOS) has been derccted in the 1
blood and tissuesofhumans and animals from virtually all partsofthe world. It should |
be noted that while the useofPFCs has been restricted in the United States by the EPA to i
certain products for which there is no adequate substitute, they are still manufactured and i
used inothercountries aroundthe world, including aly, Russie, China, Japan, and i
Korea i

Toxicological research on PFCsis ongoing in government, industryandacademia. i
Published studics show that anima exposure to PFC at high concentrations adversely i

6 i
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affects the liver and other organs (ATSDR 2009). The mechanismsof toxicity are not
niirely clear; one likely major mechanism involves effects on certain enzymes regulating
‘metabolic pathways in the liver. Exposure (0 high concentrationsofone PFC,
perfluorooctanoic acid (PFOA) over long durations has been shown to cause tumors in
some test animals, althoughthespecific mechanismsarenotclearandtherelevance to
humans may be low. Developmental effects have also been observe in the offspring of
pregnant rats and mice exposed to high dosesof PFOA and PFOS.

PFCs disposed ofat the sites identified above have impacted soi, groundwater, surface
‘water, sedimets, biota, and nearby drinking water wells, both public and private. MDH
has prepared this report in response to requests from the MPCA, Washington County,
local communities, and citizens to:

summarize current conditions in southern Washington County, northern Dakota
‘County, and southeastern Ramsey County relative (0 the PFC contamination;

«evaluate the potential health risks associated with the useofdrinking water
impacted by PFCs, especially in public water supplies;

«provide the public with an opportunity 10 comment on the public health actions
taken to date; and

«provide recommendations to protect public health in the future.

MDH has consulted withstafffrom the U.S. Environmental Protection Agency (EPA),
MPCA, Washington County, th citiesof Woodbury, Cottage Grove, Hastings, S. Pal
Park, and other local govemmes in the affected ars, community members, and 3M to
gather information for this report.

Background

‘3M:Woodbury Disposal Site Description and History
The 656-acte property tht contains the 3M-Woodbary Disposal Site straddles the border
‘ofWoodbury and Cottage Grove (see Figure 3). The actual waste disposal areas arc
Located in Woodburyand consistof twoareasrefered to as the Main Disposal Area
(approximately ten acres) and the Northeast Disposal Area (approximately five acres;
‘Weston 2007).

From 1960 o 1966, private contractors operatedthesite forashort time, and then sold it
103M who used the sie to disposeofliquid and solid industrial wastes (solvents, apes,
plastics, and resins) generated at their Cottage Grove facility. The wastes were buried in
reaches. In addition, municipal wastes from the citiesofWoodbury and Cottage Grove
were disposedofin two separate areasofthe site (approximately five scres total) from
1964-1966 (Weston 20082).

Groundwater contamination atthe site was firs detected in 1966 when volatile organic
compounds (VOCs, mostly solvents) were found in groundwater monitoring wells on the
site and a private well located immediately westofthe site. Agroundwaterextraction

7
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system was completed at the ite by 1973 and has operated continuously since. The
extracted groundwater is pumped via a pipeline o the 3M Cottage Grove manufacturing
plant, where its used as cooling or process water and then discharged to the Mississippi
River.

Additional cleanup measures were takena the site o consolidate and bum wastes, with
the goalofreducing sources of VOC contamination to the groundwatér. Approximately
200,000 cubic yardsofwastes were excavated from the Main Disposal Arca and bumed
‘on-site in February of 1968. The remaining ash and waste were consolidated and re-
buried in the Main Disposal Area trenches.

In 1992, 3M entered th ste into the MPCA’s Voluntary Investigation and Cleanup
(VIC) program, under which additional investigation and response actions were taken to
further address contamination atthe site. In 1996, 3M backfilled open areas and regraded
thesit, placed a cap consisting of a minimumof 24 inchesof clean soil over the former
disposalareas,and filed an institutional control ontheproperty deed to restrict future
Land use at the property.

Geology/Hydrogeology
The geologyofthe region where the 3M:Woodbury Disposal Site is located consists of
glacial rift and alluvial sediments (stratified sand, il, and clay deposited by glaciers
and rivers, respectively) overlyinga thick sequenceof Paleozoic sedimentary rock
formations made upofsandstone, limestone, dolomite, and shale. These, in tum, overlay
‘pre-Cambrisn volcanic rock formations composed primarily ofbasalt. The bedrock
formations tlt and thicken slightly o the south and west, forming the eastern rm ofa
large geologic structure known as the Twin Cts Basin. Figure 4 shows the sequence of
bedrock units in south Washington County. The geology ofthis area has been
extensively studied by the Minnesota Geological Survey and others (Tipping ct al. 2006;
Runkel etal. 2003; MGS 1990).

Before the glacial drift and alluvial sediments were deposited, streams eroded deep.
valleys into the surfaceofthe bedrock. In some places the valleys cut down tothe Jordan
Sandstone. The valleys were later filled with glacial and alluvial sediments, leaving litle
or no evidence at the surface ofthei presence below, except for a series ofelongated
IakesinLake Elmoand a decp ravine in southernCottageGrove. Figure | shows the
location of2 major bedrock valley that extends from LakeElmosouth to the Mississippi
River valle. The bedrock valleys in south Washington County provide pathways that
allow contaminants in the groundwater to enter decper aquifers more rapidly than would
bethecaseifthebedrock layers were intact.

“The bedrock valley shownis presentbeneaththewestsideofthe sie. Asthevalleywas
eroded, successively decper bedrock formations were exposed from east to west. Asa
result, the uppermost bedrock layer in the northeastern portionof th sie s the Platteville
‘Limestone, while inthe centerofthe site it sthe St. Peter Sandstonc,andon the west
side it is the Prairc du Chien Group dolomite and Jordan Sandstone (see Figure 5.

5
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i
i

i‘The bedrockinsouthernWashington Countyalsohasbeenslteredbymajorfaults i
(fracturesintherock alongwhich movement has occurred, sec Figure 1). In sor places, i
bedrockunits on eithersideofsuchfaults havebeen displaced verticallyasmuch2s 150 |
feet. This meansthat in some partsofthe investigation arca, one geologic formation may 1
beindirectcontactwith another(secFigure4).Thismay allowgroundwaterand 1
‘Contaminantstomovebetweenaquifersthatmightnototherwisebeconnected. It also i
meansthattwowells of similardepthandseparatedby adistanceofonlya few hundred |

feetmay draw waterfrom completely different formations. |

Regional groundwater flow in the area ofthe site is further complicated by the presence
oftwo major regionalgroundwaterdischarge features, the Mississippi and St. Croix
Rivers. Ingeneral,groundwater inthecathalf ofWashingtonCounty flows toward and. i
dischargesto the St. Croix River,whilegroundwatetinthewest halfofthecounty flows i
towardanddischargestotheMississippi River. Thezon whereths divergenceofthe i
‘groundwater How occurs is often referred to as a groundwater divide (Figure 1). While
similar in concept 10 the beter known “continental divide” (that separates rivers that flow
ast 10 the Atlantic Ocean from those that flow west to the Pacific Ocean), a groundwater
divide is les fixed and may shift its locationa a resultin changes in climate end
‘pumpingofgroundwater. Asa resul the location ofte actual groundwater divide is
approximate, will change over time, and may be slightly different in cach aquifer.

In southern Washington County, the groundwater divide is located somewhere near or
under the cast sideofthe 3M-Woodbury Disposal Site. This means that groundwater
‘contaminants beneath easter portionsofth site could move east-southeast toward the
St. Croix River while those beacath western portionsofthe site would more likely move:
‘west-southwest toward the Mississippi River. Additionally, inDenmark Township and
‘southeast Corage Grove, near where the two rivers converge, the regional groundwater
flow direction “fans out The result is that groundwater contamination from the ste:
‘could potentially affect a larger area than is typically seen at most sits.

‘The typeofgeologic unis beneath the disposal site also affects how groundwater and
‘contaminants move. The sand and gravel deposits in the buried bedrock valley, and the
Platteville St. Peter and Prarie du Chien formations beneath the site are highly
‘permeable, allowing groundwater to casily move downward through pore spaces between
sand grains and along fractures.

‘There are four majordrinking water aquifers in the investigation area, that are from
shallowest to deepest: St. Peter Sandstone, Prairie du Chien Group, Jordan Sandstone,
and Franconia Sandstone (Figure 4). State well records also indicate thereare some wells
using the overlying sand and gravel deposit, but this appears to be rare. All of the
‘municipal water supply well in the affected communities draw water from the Jordan
Sandstone.

‘Groundwater in the St. Peter migrates primarily through the pore spaces between the sand
‘grains, although fractures and solution cavitis are presenti the St. Peer, particularly
near the buried bedrock valleys (Alexander 2007; Runkel etal, 2007). Such solution
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i
|
|
{

cavities may create pathways through which groundwate
r

andcontaminants migrate more {
quickly then s typically observed in the St. Petr. i

{
‘Groundwater flowinthe PrairieduChiendolomite is heavily influenced by fractures i
(cracks and voids) inthe formation. The Prairie du Chien is actually considereda “group” |
composedoftwoseparatedolomiteformations referred to as theShakopeeand the i
Oneots membersofthe Prairie du Chien Group. For general purposes, this report will
Consider the Prarie du Chien Group as single unit. However, it is useful to not that

although the rock itself in the lower Oneota formati
on

tends to bemore massive (i. !
denser, with litle pore space) than the sandie overlying Shakopee formation, the Oneota
tends to have more solution cavities. As a result the Oneota provides the higher yield of
‘water to wells (Lindholm et al. 1974). Hydraulic conductivity is a measureofhow much
‘watercanpassthroughanaquifer, anddependsnot alyontheamountofporespace that
water can pass through (te aquifers porosity), but how well connected those pore spaces
are to one another (the aquifer’ permeability). The hydraulic conductivityof similar

fracturedbedrockgroundwater systemsinsoutheastMinnesolahasbeenshown 0
‘sometimes exceed several thousand fet per day (Runkel et al. 2007). Tipping ct al.
(2006) identifiedazonenearthecontactofthe Shakope

s
andOneota membersofthe

Prairie du Chica which has densely spaced fractures - this create horizon where.
‘groundwater flow atesareveryhigh.Thiszoneofhigh flow rates isreferedto asthe
“high transmissivity zonc”.

Below thePrairiedu Chien ste Jordan Sandstone. Pumping wellsintheJordan can
cause groundwater to move dowmvard from the Prairie du Chicn info the Jordan.
Preliminary modelingofgroundwater flow by MDH suggests that groundwater low
fromthe Priric duChien t theJordan maybeoccurringprimarily intheareas
immediately around municipal wells as resultofthe high pumping ratesofthose wells
(A. Dierrari, MDH, personal communication, 2007).

Beneath the Jordan Sandstoneisthe St. Lawrence formation, composedofdolomite and.
siltstone. Ths formation is not considered an aquifer but rather a “confining unit”
because it has low vertical permeability, so groundwater generally docs not move
downward through it. Thismeansthat inmost arcs, the St. Lawrence “protects” the
‘aquifers beacath it from downward migrationofcontaminants. Below the St. Lawrence
formation, in descending order, are the Francois, Ironton, and Galesville sandstone
aquifers (which are often considered to be one single aquifer), the Eau Claire confining
unit, and the Mount Simon sandstone aquifer.

‘Under natural conditions, th topofthe wat able t the 3M-Woodbury Disposal Sic is
located approrimately 80-120 feet below the ground surface. The large volumesofwater
(an averageof .6 millon gallons per day) being removed by the groundwater
containment system atthe site has lowered the water table, especially near the pump-out
wells,50thatthedepth to th topofthe wate able isnow between 80-140 fct below
ground.
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PEC Analysis
In ate 2003, the MDH Public Health Laboratory developed a method to analyze water‘samples for two PFC, perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid
(PFOA).ThesetwoPFCshavebeenthefocusofthe majorityofthe scientificrescarchon iperfluorochemicals. PFOA and PROS accumulate in humans and other species (EPA
2002, OECD 2002). PFOS, but not PFOA, has been shown to bioaccumulate in fish,
Bothhavebeen foundtobewidespreadinthe environment.PFOAwas producedatthe
3M-Cottage Grove plant on a large scale; some PFOS production or use also reportedly
‘occurred (MDH 2005).

In the spring of2006, the MDH Public Health Laboratory expanded their PFC method to
includea totalofseven PFC.Thiswasdoneinresponse to a requestfromthe MPCA in
late 2005 following the detection ofother PFCs in soil and water samples collected by theMECA at the former Washington County Sanitary Landfill and analyzed by a laboratory
in British Columbia, Canada (Axys Analytical Services). The seven PFCs currently being
analyzed in drinking water by MDH re:

 PFBA: Perfluorobutanoic acid
« PFPeA: Perfluoropentanoic acid
« PFHxA: Perfluorohexsnoic acid
« PFOA: Perfluorooctanoic acid
« PRBS: Perfluorobutane sulfonate
« PFHXS: Perfluorohexane sulfonate
« PFOS: Perfluorooctane sulfonate

‘Watersamplesare collectedinclean 250 milliliter polyethylene bottles. Carei taken to
avoid the useofproducts that could contain PFCs during sampling. The analysis is
‘conducted using a combined high-pressure liquid chromatography tandem mass
‘spectrometry (LC/MS/MS) method, using radio-labeled PFOA and PFOS standards. Each
sample is spiked inthe lab with a known quaniityof abeled standard. The recovery rate
‘ofthe added standardmustbewithin30%ofthe known labeled standard concentration
added tothesampletomest quality control requirements. In September 2007,the MDH
Public Health Laboratory issued new formal reporting levels for the seven PFCs of0.3
‘parts per billion (ppb), or 300 parts per trillion (ppt) in water (P. Swedenborg, personal
‘communication, 2007). PFCs detected at concentrations between 50 and 300 ppt are:
reported as estimated, or “J” flagged values

Evaluationof PECs in Drinking Water
MDH hasestablishedHealthRiskLimits(HRLS)inMinnesota Rulesof 03ppbforboth iPFOS and PFOA. In February 2008, MDH established a Health Based Value (BV) forPFBA of7 ppb based in part on toxicological and pharmacokinetic studies completed in
late 2007 by EPA and 3M. A HBV is acriteriontha s established usingthesame risk
‘assessmentprocedures andpolicies usedfor HRLS, but that has notyebeen promulgated
through rulemaking. Informationon MDH HRLs and HB Vs, includingthespecific
‘methodology, exposure assumptions, and references, i available at
bitp/swuww. health state mn. usdivyelvrisk/guidancelgw/index. uml.
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Because specific information on PBA toxicity needed to develop a HBV was lacking,
MDH could not establish HBV for PFBAbeforeFebruary 2008 (see
hit swshealt state.can divseh isi uidance/gwipfhaod. Therefore, 2s a
‘cautious public health approach, prior to the issuanceofthe HBV for PFBA MDH used a

level of | ppb as a “pointofdeparture” for offering advice to private well owners about

reducing exposure to PFBA. In other words, MDH was confident that exposure to PFBA
in drinking water at levels below 1 ppb was unlikely to beofhealth concern. Because:
MDHcouldnotquanti

fy
thepotential healt

h
riskatlevels above | ppb,advice was

provided to those private well owners (or community water supply customers) on how to

reduce their exposureifthey chose.

“The available scientific information for thefourremaining PFCs that MDH currently

‘analyzesforismore limitedthan the information available for PFOS, PFOA, or PFBA.

Based ontheir chemical characteristics, itisanticipated that research will show that
PFPeA and PFHxAaregenerally lesstoxic thanPFOA and, like PFBA, haveashort half-

life. PFBS and PFHXS have been studied more extensively. PFHXS in particular is known
10 have a long half-life in humans (see below). MDH has reviewed the available

toxicological information on PFBS and PFHxS, and recently established an HBV for

PFBS of7 ppb (seehy/snws.healthstate mnus/divs/eh
iskiguidan

ce/
gw tos pd.

MDHstaffdetermined that there was insufficient information to establish an HBV for

PFS.

HRLs and HBVs are used by MDH to determine if a drinking water well advisory is
‘warranted for an individual well. The MPCA uses MDH advisories to take actions to

‘protect public health from long-term exposure to PECs, such as providing bottled water
‘or individual water treament. In cases where a combination ofPFOS, PFOA, and PFBA
are present, but do not exceed their individual HRLs or HBV, MDH calculates a Hazard

Indexto account for possible effectsofexposure to more than one PFC at atime. The
Hazard Indexisthe sumof theratios oftheconcentra

tions
ofPFOSand PFOAovertheir

individual HRLs,and PFBAover its HBV.If the Hazard Index exceeds a value ofone, a

drinking water well advisory is issued.

‘CommunityWell Monitoring
In late 2004, after releasesofPFCs were documented at the 3M-Cottage Grove facility

(later described in MDH 2005), MDH worked with 3M to collect samples from municipal

‘wells in Cottage Grove and Hastings for analysis for PFOS and PFOA. The samples were.

collectedunderthesupervision ofMDH and city staff, and were sent to Exygen Research

(now MPI) in State College, Pennsylvania for analysis. Neither PFOS nor PFOA were

detected in the cleven Cottage Grove community wells. A trace ofPFOA (defined as
between 25 and 50 pt) was detectedin one ofive Hastings community wells.

In mid-2006, the MDH Public Health Laboratory expanded the list of PFCs for analysis

and lowered the analytical detection limits as described previously. Low levels of PFBA
(01110 0.3 ppb) were detected in several Woodbury community wels during routine
Sampling. No other PFCs were detected. By fal of 2006, it was found that low levels 0.1
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100.5 ppb)of PFBA were present in all 16 Woodbury community wells. Although the i
presence of PFBA in those wells appearstobe the result of PFCs moving awayfrom the |
3M waste disposal site in Oakdale and Lake Elmo (MDH 2008), the city of Cottage
Grove requested that their community wells be retested for PFCs using the expanded
PFC lst. In December 2006, PFBA was detected in allofthe Cotiage Grove municipal
wellsatconcentrationsrangingfrom 0.3 to 1.5 ppb.ThedetectionofPFBA at i
concentrations higher than those found in the Woodbury city wells suggested that the:
PFCsntheCottage Grovecitywellswerefrom anothersourcelocatedinonearCottage
Grove, rather than the 3M-Oakdale Disposal Site and Washington County Landsill.

The detectionsof PFBA in community wells in Woodbury and Cottage Grove triggered
sampling ofother community wells in south Washington and northemn Dakota Counties
to determineifthey had been impacted by PFC, beginning in January 2007. This
sampling eventually included Woodbury, Cottage Grove, Newport, St. Paul Park,
Hastings and South St. Paul; PFBA was detected in some oral ofthe community wells
in cachofthese citi. Low levels (0.44 ppbon average)ofPFBA were also found ina
‘Community water supply well serving a housing development in Cottage Grove known as
Eagles Watch,i the eastern part ofth city. Sampling was conducted on a monthly basis
in 2007 to determineifthe levelsof PFBA were changing, Sampling frequency changed
from monthly 10 quarterly in 2008 when it became apparent tht the levels were stable or
even declining slightly.

‘The average and range ofconcentrationsof PFBA detected in the wells serving each
‘community's water supply system from January 2007 through September 2009 are shown
inthe table below.

Community Well PFBADat, Jan. 2007 — Sept.2000

[on [Sa |Sliema | asco| picici|ci Wells | Wells wPFBA ppb) | Detects (ppb)

[Hastings1515T0m-067| 026 |

[StPaulPack| 3 1"37 1096-230| 136 |
[SouthSePaul| 75TST 008-037| 020 |

PFBA is the only PFC that hasbeen detected in community wells in Newport and South
St.Paul. Low levels of PFBS (up t0 0.32 ppb)andPFHS (upt0 0.16 ppb)havebeen
consistently detected in thee Cottage Grove community well; race amountsofPFPeA
‘and PHA (lessthan 100 pp) havealsobeen intemmitiently detected in various Cottage:
Grove community wells (see Table 4, Appendix 2). PFOA has becn intermittently
detected at approximately 50 ppt in one Hastings well and one St. Paul Park well. In
‘Woodbury, PFHXS has been ntemittently detected at approximately 50 ppt in one well,
‘and PFOA was detected once at 50 ppt in one community well.
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i

LevelsofPFBAappear 0bestableordeclining slightly inmany ofthe commuitywells {
that havebeenregularly sampledby MDHsincecarly 2007.Asanexample, Figure6isa i
‘raph ofthe concentrationof PFBA in the 11 Cottage Grove community wells from i
January2007toSeptember 2009. Thereasonsfora decline areunclear,butcould reflect |
1)anactualdeclineinthelevelsofPFBA inthe Jordanaquifer; 2) movementofthe |
‘contaminationplumethroughincreasedpumping of community wellstomeet demand;or |
3) improvements in theaccuracyoftheanalyticalmethodovertime. Continued data |

‘collection shouldhelpdetermineifthe decline is real, andshedsome lightas to its {
causes. i

MDH has also sampled several dozen non-commanity public wells located at churches,
businesses,parks,and other locations throughout southern Washingtonandnorthern |
Dakota Counties. Results from these wells showed cither 10 or low levels of PFBA.

eh ,
In 2005, 85 a resultofbeing informed by 3M that PFC containing wastes may have been
disposed ofa the 3M-Woodbury Disposal Site, 3M's consultant, Weston Solutions, Inc.
(Weston) collected groundwater samples from monitoring wells a the site (Weston,
2007a). PFOA, PFOS, PFBS and PFHXS were reported in monitoring wells on the
LandSil property inboththePrairiedu ChienandJordanaquifersandthewater
discharged from the pump-out well at the site (Table 1, Appendix 2). The samples were
not analyzed for PFBA.

In June 2005, the MPCA and MDH collected water samples from 15 private wells near
the disposal site. These wells were selected as being representative of the Quaternary.
sand and gravel deposits above the bedrock and the three bedrock aquifers (St. Peter,
Prairie du Chien, and Jordan) in use near the disposal site. At that time, PFOS and PFOA
‘were the only PFCs for which analytical methods had been developed by the MDH
Public Health Laboratory. Neither PFOA nor PFOS were detected

In late 2006 - early 2007, the detection of PFBA in Woodbury, Cottage Grove, and.
several other city wells led to sampling ofresidential and non-community public wells
(such as churches, businesses, ec). Samplingof these wells indicated the arca of PFBA
contamination also included the communitiesofGrey Cloud Island Township, Denmark
“Township, the western edge of Afton, and the southemmost portionofMaplewood. The.
total areaof PFBA contamination (including the areas affected by the Oakdale and Lake
Elm sites) encompasses over 100 square miles. Residents within this area (and in all of
‘Washington County) rely entirely on groundwater as the source of thir drinking water.
Most residents are connected to city water, but it is estimated there over 4,000 private
wells in these communities.

Given the scopeofthe potentially affected area, a private well sampling program was
developed to provide rapid information regarding how far and how deep the PFC
contamination had spreed and where the highest concentrations were located. The state's
County Well Index (CWI) was used to idenify wells with geologic information in
recorded drier’ logs. Wells drawing water from cachofthe drinking water aquifers
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used in the investigation area were selected to provide geographic coverageofllofthe:
neighborhoodsinthepotentially affected communities. More intensive sampling (ic. i
‘samplingahigher densityofwells) was undertakeninthe following areas: 1) closest to I
‘and downgradient ofthe disposal site, 2) where PFBA concentrations were highest, 3) |
‘where the bedrock geology is complicated by faults and/or bedrock valleys, and 4) where |
‘spatialtrendsin PFBAconcentrati

ons
wereunpredictable. Samplingproceededinan i

iterative fashion — with each round ofsampling results informing decisions about the next
roundofsamples.Thisallowed the MPCAandMDH to refine the sampling plan to
identify and focus on areasofgreatest potential health concern. By the endof2008,
water samples had been collected fromover900 residential and 56 business well in the
affected communities. A general summaryofsampling results is provided in Table 2 (in
‘Appendix 2).

The most commonly detected contaminant in private and business wells in the
investigation area is PFBA. PFPeA is also frequently detected, but is typically found
only in wells with PFBA concentrations of 1 ppb or greater. Mostofthe wells sampled
‘were completed inthe Prairie du Chien, Jordan, and Franconia aquifers, or had no record
10 indicate the aquifer in which they were completed. Figures 7 ~ 10 show the
distribution of PFBA in the four major drinking water aquifers (St. Peter, Prairie du
Chien, Jordan, and Franconia).

‘Other PECs have been detected at the 3M-Woodbury Disposal Site and in two isolated
areasofCottage Grove. The fist area is located south and west of Highway 10,
‘primarily in the Langdon and River Actes neighborhoods, where multiple PFCs have
‘been detected at low concentrations insomeprivate wells. The secondarea is the main
Cottage Grove city well field, where trace levels of PFHXS, PFBS, PFPeA, and PFRXA
have been detected in several community wells. Further information on these detections
is provided below.

PEC-Related Investigations at the 3M-Woodbury Disposal Site
To better define residual PFC levels in soil and waste materialsa the site and provide:
‘Some clues as to the source(s)ofPFCs in groundwater, in April 2007 3M’s consultant,
‘Weston, installed a series ofsoil borings in the former Northeast Disposal Area (Weston
20088). Available historic information forthe site suggested the presence of two trenches
Separated by soil mounds.

A total of 14 soil borings were drilled using dircct-push drilling technology, generally to
a depthoften feet. Selected borings within the trench features were advanced to the
bedrock, approximately 20 feet deep. Soil samples were collected continuously to
characterizethesoilcover(1.510 6. feet) and backfill material (1.5 0 17 fee) thickness
and depth, a well as other descriptive information. Soils were also screened fororganic
vaporsandpH. Selected soil samples wezecollectedbased on visual appearance and sent
to the 3M Environmental Laboratory for PFC analysis. Selected samples were also
analyzed for VOCs.
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“The soil boring locationsandresults for PFOS,PFOA,andPFBAinthe Northeast |
DisposalArcaar presentedinFigure 11. PFC concentrationswere generallyhigherin i
thebackfillmaterial i theformertrenchareasthaninthemoundarcas.PFOA was |
detectedineachofthe soilsamplescollected intheformertrench areas, at levelsthat i
range from 1,220 ppb to 26,100 ppb. Lower levels of PFBA were detected in 20 of 21 1
soilsamplescollectedintheformerNortheastDisposal Arca.PFBA levelsintheformer |
trench areasrangedfrom 15(0 175 ppb. PFOSwasdetected in 1)ofthe 12samples i
collected from backfill materia in the former treaches. Detected concentrations ranged {
from 2,800 to 19,300 ppb. Other PFCs were infrequently detected; most notable was
'PFHxS in 11 soil samples at levels that ranged from 283 to 10,100 ppb. Petroleum related
‘and chlorinated VOCs were also commonly detected i soil samples. !

In the fallof 2007, soil borings wereinstalledto furtherassessthematerial remaining in
the disposal trenches at the former Main Disposal Area and Municipal Fill Areas for
PFCs. Eighteen direct-push borings were completed within the eight former Main

DisposalArea trenches (A-H) and two former MunicipalFillAreas (I, J). With approval |
fromtheMPCA,soil samplesfromthi areawereanalyzedforasmallerlst ofive PFCs i
(PFOA, POS, PFHS, PFBA and PFBS). Two soil samples were collected and analyzed
forthe five PFCs romeachsoilboring,usuallyonesample from thebottomofthe ¢
disposal trench and e second sample from approximately five feet below the bottom of
the trench. The soils borings ranged in depth from eight to 28 feet. The soil boring.

locationsandPFC resultsfor these areas are showninFigure 12.

PFCs were detected at eachof the soi boring locations within the former Main Disposal
‘Area. PFC concentrations in the samples collected from beneath the fllwaste material
‘were either non-detect or were less than thatofthe samples collected from the filliwaste:
‘material. The highest PFC concentration (PFOA at a concentration of 3,020,000 ppb) was
detectedatboring GPAO atadepthof16.5 feet. PFOSwasdetectedatcachofthe 14
borings inthe Main Disposal Area, at concentrations that ranged from 197 ppb to 17,600
ppb. PFBA was detected atlowerconcentrations compared to PFOA and PFOS, ranging
from I 10225 ppb. Lower levelsof PFCs were foundinthe soil samples collected from
the fous borings drilled in the former Municipal Fill Arca

Investigations in Lake Elmo (MDH 20083) have demonstrated the PFCs migrate readily
from groundwatertosurfacewater. In 2008, the MPCA requested that 3M collecta i
‘water sample from a small pond on the site known as Gables Lake. This pond is located
approximately 2,000 feet south ofthe former Main Disposal Area, as shown in Figure 3.
A sample collected one foot below the surfaceofthe lake contained 0.103 ppb PFBA,
0.0913 ppb PFOA, and 0.0373 ppb PFOS (Weston 2009)

In 2006-2007, tweaty additional monitoring wells were installed to provide additional
information about PFC distribution at the site and to monitor for any movement of
contaminants away from th site (Weston, 2007a). Sampling has shown that PFCs arc
present in multiple monitoring wells at the site, primarily downgradicnt ofthe waste
(Table 3, Appendix 2). The highest levels have consistently been found in monitoring.
‘well MW-2, near the Northeast Disposal Area (Figure 3). PFC concentrations a the site
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‘have been stable over the limited sampling period, and generally low concentrations are
detected in wells nar the boundariesofthe 3M property. However, only oncofthe:
‘monitoring wells completed in the Prairie ds Chien (well MW-SO6PC) actually intersects

the“high transmissivity zone” identified by Tipping, et al 2006), and tis located
upgradientofthe waste disposal areas. 3M's consultant identified this zone as likely
carrying the majority of flow inthe Prarie du Chien (Weston, 2008s). The absence of
‘monitoring wells intercepting this zone means it is possible that a critical pathway for
"PFC migration may be missed by the monitoring network.

A groundwater remediation system is in operation at the 3M-Woodbury Disposal site.
“The system was originally installed to control migrationof VOCs. The groundwater
remediation system includes four gradient controrecovery wells. The system pumps an
average of 4.6 million gallonsofwater per day from the wells. The wateris discharged
through asx mile long pipeline to the 3M-Cotage Grove facility where it is primarily
used for non-contact cooling water prior to dischargetotheMississippi River undera
‘permit issued by the MPCA. A hydraulic conductivity zone analysis was conducted by
‘Weston (2007b) which concluded the gradient control wells ere fully containing the.
‘contamination on-site. This is consistent with previous evaluationsofthe gradient
control system. However, citcal gaps in the monitoring network, s described above,
make it impossibleto verify this

“To determineifpotential leakage from the conveyance line could be contributing to
‘groundwater contamination in South Washington County, the MPCA requested that 3M
‘conducta thorough evaluation ofth intcgriy ofth line (Weston 20084). This was done
‘overa periodofseveral weeks during April and May 2007. The evaluation was done:

usingdirect sensing technology wherever possible (i. it was not done by measuring.
‘water flow into and out ofthe pipeline). No leaks were detected in the conveyance
‘pipeline. There were two pipeline segments, located in Cottage Grove Ravine Park,
‘where the evaluation was difficult because the segments were too long and inaccessible.
Evaluating shorter pipeline sections in this area was notfeasibledue tothedifficult
physical sciting (step elevations, wooded areas, asphaltsurfaces,ec.) and/or the
pipeline depth (over 10 feet decp in some areas). 3M indicated that this portionofthe
‘pipeline was more recently installed (in 2003) and that it was inacta tha time.

3M has also indicated that there are pressure monitoring points where the four
‘groundwater extraction wells ter the pipeline, and where the line ends at the 3M
Cottage Grove facility (3M 2008). 3M has stated that any significant leaks from the line
‘would be quickly detected and reported, and tha no such leaks have been reported
recently.

MPCA-3MConsentOrderforPFCDisposalSites
‘At the MPCA April 24, 2007 Citizens’ Board meeting, the Board was asked to approve a
seriesofenforcement actions under the state Superfund law to compel 3M to respond to
PEC contamination from three known PFC disposal sites: the 3M-Cottage Grove facility,
the 3M-Woodbury Disposal Sit,andthe 3M-Oakdale Disposal Site. The former
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‘Washington County Landfill was not included because under the MPCA Closed Landsill }
Program, theMPCAhas assumed responsibility for the site. |

Insteadofapproving the enforcement actions, the Citizens’ Board directed MPCA staff to
negotiate a Consent Order with 3M on PFC contamination in Minnesota (MPCA 2007c). |
“The Boarddirectedstaffto addresssevenconcenswith regardstothedisposalsitesand i
‘proposed actions inthe Order, as follows: {

1. Arigorous,robust cleanupplan fo th disposal sites.
2. Recognitionofthe MPCA's jurisdiction.
3. Municipal and private drinking water supplies addressed.
4. Address future actions on PFBA.
5. Address additonal studiesonhealth and environmental effects.
6. Addresscooperation from 3Monsharingresearch andinformation.
7. PreservetheMPCA’sright otakeaction inthefuture.

‘The MPCA and 3M negotiatedtheOrder, and presented it to the MPCA Citizens’ Board
forapproval at its May 22, 2007 meting. The Citizens’ Board unanimously approved the
‘Consent Order with 3M. The consent order can be accessed on the MPCA web ste at
tps pea sitemnuscleanupipfelindeshim!(MPCA 2007d):

In the Consent Order, 3M has agreed to contribute up to $8 million to remediate the:
former Washington County Landfill 3M is also obligated tounderthe Consent Orderto
‘provide altemate sourcesofdrinking water in the case where PFC levels in a public or
private well exceed MDH health-based exposure limits. Also included in the Consent
Order is an agreement that the MPCA docs not waive is right 0 pursue any naural-

resourcedamageclair related to releasesof PFCsfrom the sites.Suchclimsare
allowed under state and federal law. 3M provides regular updates to the MPCA and
MDHonvariousactivitiesunderthe Consent Order;theMPCABoardisupdatedon &
quarterly basis by MPCA and MDHstaffon 3M's progsess under the Consent Order.

‘Remedial Options or the 3M-Woodbury Disposal Site
Basedondatacollectedduring previous investigations conducted atthe site,andthe i
PRCrelated investigations described above, 3M has evaluated various response action
alternatives forth site (Weston 20082). The alteratives evaluated by 3M and Weston,
bothsitewide and for specific contaminated media, include: {

+ Sitewide Altemative | ~ No action. i
«Sitewide Altemative2 -Institutional controls, accessrestrictionand groundwater }

‘monitoring. {
«Groundwater Alternative | - Continued groundwater recovery with GAC |

treatment, as necessary, to meet appropriate discharge criteria. i
Soil Aliemative 1 - Excavationofthe former Northeast Disposal Area trenches; i
disposal at an existing off-site landfill {
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Soil Altemative 2 ~ Excavation ofthe former Northeast Disposal Area trenches;
disposal at an existing offsite landfl; and 4 feet (minimum)cover over selected
areas in the former Main Disposal Area.
Soil Altemative 3 ~ Excavationofthe former Northeast Disposal Area trenches
and selective removalofsoil which exceeds Industrial SRVS from trenches in the
former Main Disposal Arca; disposal at an existing off-site landfill

Eachofthe response action alternatives was evaluated against the primary goal of
protecting the public health and the cavironment. The proposed response actions also
were evaluated in lightofthe sequiremeats agreed o by 3M in the Consent Order.
Finally, the response action altematives were evaluated using the following “belancing
criteria” 1) long-term effectiveness; 2) implementabilit; 3) short-term risks; and 4) foal
costs. A ‘no action’ altemative is evaluated at every site. Based on these evaluations, 3M
‘proposed the following recommended response action eltematives forthe site:

«Institutional control, access restriction, and groundwater monitoring (Sitewide
Altemative SW-2), and

«Continued groundwater recovery with GAC treatment as necessary (Groundwater
Alternative GW-1)

3M also stated that anyofthe three soil alternatives were acceptable, but left the final
decision to the MPCA. The MPCA selected Soil Altemative 3, which included the most
extensive soil and waste excavation, and documented thei decision in a Minnesota
Decision Document or th site dated December 22, 2008. After a cost-benefit analysis,
it was determined that by slightly reducing the massof PFCs removed from the ste, the
cleanup could be completed much sooner and at less cost to the environment in terms of
fuel use, ruck mileage, and landiil space. This ‘modified Soil Altemative 3 is in fact

theplan being implemented at the site by 3M. Additional details on the cleanupofthe.
site, including various steps taken to prepare th site for cleanup can be found on the.
MPCA's web ste ahtp:/wwwpea statema.us/cleanup

lpfelplsites
bl.

3Mbegancleanupworkatthesteinthesummerof2009.Todat, 19,100tons of
excavated soil and waste has been transported to the SKB Landfill in Rosemount,
Minnesota, where aspecially constructed, dedicated cell has been constructed o receive
the soil and waste from the Woodbury and Oakdale sites, and waste that was buried at the
3M-Cottage Grove facility. An additional 4,100 ton ofexcavated soil and waste has
been transported for outofstate disposal ata permitted hazardous waste facility due to
the presenceofother regulated contaminants.

Site Visits
"MDHstaffhas conducted several visits 0 the 3M-Woodbury Disposal Site and its
Vicinity during the past three years to conduct private well searches, collect well water
samples, and attend local governmentandpublic meetings. ;
“The 3M-Woodbury Disposal Site is partially fenced,and accessfrom County Road 191s
limited by several locked gates. “No Trespassing™signs arealso prominently placed |

|{
|
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1
alongthefenceandgates. 3M has regularsecuritypatrolsatandaroundthesite. 3M |allows someofthe land to beused foragriculturalpurposes,andemployeerecreational R |
activity clubs also use portions ofth sie. |

Demographics,LandUse,andNatural Resources |Nearly 150,000 people liv in areas of Washington and Dakota Counties where i‘measurable levels of PBA have been detected in community water supplies or private |wells.Theestimated 2008 populations for the affectedcitiesandtownshipsare i(Minnesota DepartmentofAdministration 2009): 1
Woodbury: 58.430

«Cottage Grove: 34,017 {«St Paul Park: 5.293
Newport: 3,582

© Aon: 2,89
«Denmark Township: 1,726
«Grey Cloud Island Towmship: 362 {«Hastings: 22488
« SouthSt. Paul: 20250

‘These cites and townships representa variety of land uses, from a typical suburban mix
‘of compact residential areas, light commercial districts, and retail areas, to mainly rural
residential and agricultural areas. The area bas experienced significant population growth
‘and development in the last ten to twenty years. In the larger cites, the majorityofthe
‘populationisserved by community water supplies, but more rural reas rely on private
wells for drinking water, and will for the foreseeable futur.

‘The area is home to numerous parks and recreational areas, including Afon State Park,
St. Croix Bluffs and Cottage Grove Ravine Regional Parks, Pont Douglas Park, and the‘Carpenter Nature Center. MDH has collected water samples from drinking water wells‘within the parks to look for the presence of PFCs. Low levelsofPFBA were detected intwo wells serving the Carpenter Nature Center (0.9-and 1.8 ug/L), one well a Cottage.
Grove Ravine Regional Park (0.5 ug/L), and the well serving Point Douglas Park (0.1ug/L). No PFCs were detected in wells at Afton State Park, or St. Croix Bluffs RegionalPark. Bothofthese parks arc onthe eastern borderofWashington County, along the St.Croix River.

In August 2007 MDH issued a press release announcing revised fish consumption advice:for several lakes inthe TwinCities metro area, including Ravine Lake, which is locatedwithin Cottage Grove Ravine Regional Park.The pressrelease was issued due to thedetectionofPFOS in ish tissuesamples collected bythe MPCA from several lakes atLevels highenoughto warrant revised fish consumption advice orcertain fish species. Inthe caseofRavine Lake, fish consumption advice was issued recommending no morethen one mea per weekofblack crappie and largemouth bass. Additional data collectedby the MPCA laterin2007 resulted in new fish consumption advice being issuedforonother lake in south Washington County, Powers Lake in Woodbury, based on PFOS
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Levels in fish. For specific guidance, please refer to MDH's Fish Consumption Advice |
web site at hip:/Awwow health sate mp, us/divs/ehfish/indesx hun]. The specific source of
the PFOS detected in fish in theselakesis not clear.

GeneralRegionalIssues.
This regionofthe astern Twin Cities metropolitan area will likely continue to
experience substantial population growth in the coming years, although development has.
Slowed recently due to the economic downtum in 2008. Because continued growth may
presenta strain on area resources such as water supplies, the need for expansionofwater
Supply systems has been evaluated by the cities and new community supply wells will be
‘needed. The widespread PFC contamination i the aquifers typically used for municipal
‘water supplies has complicated this process. Currently, Woodbury and Cottage Grove are:
in the processof siting or constructing new community wells to meet projected demand.

CommunityConcerns
MDHstaffhave had numerous contacts with citizens living in the affected areas of
‘Washington, Dakots, and Ramsey Counties who have expressed concem about PFCs in
their private well othe commnity water supply. Community meetings were held by
MDH in Hastings, Woodbury, Cottage Grove, St. Paul Park, and South St. Paul in
February 2007, and again in February 2008. A total of approximately 400 people
attended these meetings. MDH has also atended many other local metings in the two
cites, and responded to hundredsof phone calls and e-mails.

Some residents have expressed concer about the following; that cancer or other discase
rates in thearaseemhigherthannormal,thehealthimplicati

onsforchildrenwho may
havebeen exposedtocontaminatedwater(bothbefore andafterbirth), and thehealth of
domestic animals that may be drinking contaminated water. Residents also had questions.
about multiple exposure pathways to PFCs, and the lackofhealth-based exposure limits
for some PFCs in water. MDH has made every effort to address these health issues where
possible. MDH has produced multiple information sheets for area residents, regularly
updated its web site on PFCs

(ew health state.nn,us/divs/ehyhaz
ardous/topics/

pfes/index.htm
l),

and created an ¢-
‘mail distribution lst (1,330 subscribers asof September 2009) to notify interested
residents and local officials ofnew information. The cities (and Washington County)
have also provided updates for local residents in thei city newsletters, annual water
quality report, and web sites. There have also been numerous stories in tate, Twin
Cities, and local media.

Evaluation of Environmental Fate and Exposure Pathways

Introduction
PFCs, primarily pefluorooctanoic acid (PFOA; CiFisOsH) and oneof is salts,
ammonium pecfluorooctanoste (APFO; CaFisONH), as well as lesser amountsof ther
PFCs such as perfluorooctancsulfony) fluoride (POSF; CiFnSOF) and perfluorobutanoic

acid (PFBA, CAF-OrH) were manufectured by 3M at their Cotage Grove facility
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(formerly known as Chemolite) from the early 1950 until 2002. PFBA production {reportedlyceasedin 1998. OneofthebyproductsoftheproductionofPOSF is |perfluorooctane sulfonate (PFOS; CiF1SOy),whichcanalsobeproduced by the |subsequent chemical or enzymatic hydrolysisofPOSF. The chemical structures ofPFOA, PFOS, and PFBA are shown in Figure 2.
PFCs were produced atthe 3M Cottage Grove facility using an electrochemical
Fluorination process,a batch process where hydrogen fluoride was added to organicmolecules and electicity was applied to facilitate the complet replacementofhydrogenatomswith fluorine. A unique aspectofthis process wastheproductionofboth straight
‘chain and branched isomers (Prevedouros tal. 2006). The other main PFC productionprocess (andtheonecurrentlyinusebytheremaining PFCmanufacturers) is a
fluarotelomer processandproducesonlystraight-chain molecules. This fact could helpdistinguish PFCs found in the enviroument or in living things as having originated fromhistorical PFC manufactureandwaste disposal (such asfromthevariousdisposalsiteshistorically used by 3M) as opposed to themodernuseof PFCs in commercial products(De Silva and Mabury 2006).

In January 2006, the administratorofthe EPAinitiated the PFOA Stewardship Program,in which the eight major companies who remained in the PFOA industry (including 3M,through is subsidiary Dyneon) committed voluntarily to reduce facility emissions andproduct content ofPFOA and related chemicals on a global basis by 95 percent no laterthan 2010, and to work toward eliminating emissions and product contentofthese.‘chemicals by 2015 (EPA 2006). 3M/Dynconhasalrcady metthe2010goal. There are.still some commercial usesofPFOS in specialty products (primarily in the semi.‘conductor, metal plating, and aviation industries). To the knowledgeofMDH, there iscurrently no commercial production of PFBA in the U.S. but some PFBA is reportedlyimported for commercial applications and for use in analytical laboratories, In its
reformulated stain repellent and other commercial products such as Scotchgard™, 3Mused a chemistry based on the fourcarbon sulfonic acid PFBS, instead ofthe ight carbonPFOS (Brezinski 2003)

‘EnvironmentalFate
‘The carbon-luorine bond i a high-energy bond, oneofth strongest known among‘organic molecules. As result, the chemical structures ofthe PFCs described above makethem extremely resistant to natural breakdown, and they are persistent once released tothe environment. Their structure also makes them excellent surfactants. The wordsurfactant s an acronym for ‘surface active agent - a molecule tha lowers surface tensionin a liquid. Surfactant molecules contain both a hydrophobic (‘water-hating’) and‘hydrophilic (‘water-loving’) component, making them semi-soluble in both organic andaqueous solvents. Surfactantsarethe active ingredients in soaps and detergents, wherethe hydrophobic component sticks to grease and dirt while the hydrophilic section sticksto water, helping toremovedit fromskinandhairandstainsfromfabric. Thesesame.properties can also be used to essentially help make material resistant to water andstains, oneofthe primary markets for these chemicals. Information on the physical‘Propertiesof PFCs that would make them potentially useful in industrial applications was
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published by 3M scientist in technical journals as far back as the carly 1950s (Kauck and i
Diesslin1951;Reid etal. 1955). i

On the basisofits physical properties, POS is essentially non-volatile, and would not be:
expected to evaporate from water (OECD 2002). In oil-water mixtures, PFOS has a
Strong tendency to remain in water due tits solubility (typically 80% remains in water
‘and 20%insoi). PFOS doesnoteasilyadsorbtosediments,andisexpectedtobe mobile
in water at equilibrium (3M 20032).

PFOA is slightly more volatile than PFOS, although it also has a very low volatility and
vapor pressure (EPA 2002). PFOA sats ar very soluble and completely disassociate in
water, in aqueous solution PFOA may loosely collect at the airwater interface and
partition between them (3M 20035). In published studies and reports, PFOA has shown a
high mobility in some sol types (EPA 2002). Inastudyofthe sorption poteniial for
Various PFC in sediments, Higgins and Luthy (2006) found thet the carbon chain length
had a major effect on sorption potential — the longer the chain the more likely adsorption
‘would occur, and that perfluorosulfonates (i.c. PFOS) tended to bind more readily to
sediment than perfluorocarboxylates (i.¢. PFOA). Other environmental conditions that
could affect adsorption include organic carbon contentofthe sediment, pH, and dissolved
‘calcium. Other studies have shown generally similar results, and adsorption behavior in
Soils i likely to be very similar o that observed in sediments (Prevedouros ct al. 2006).
“A reviewofthe bioaccumulation potential ofa varietyofPFCs by Conder et al (2008)
found similar results, in that PFOS and longer chain perfluorocarboxylates (greater than
eight carbons) had» greater potential to accumulate in living organisms.

The vapor pressure and water solubilityof PFBA are similar to PFOA (Kwan 2001).
PFBA is very soluble in water, and appears to travel easily with groundwater. A number
of uorinated compoundsarein factused s tracers in groundwater flow studies due to
heir environmental persistence and negligible adsorption to soil and aquifer materials
(Fluryand Wai 2003; Shapiro, 2008). The studyofsediment adsorptionofselected PFCs
by Higgins and Luthy (2006), which unfortunately did not include PFBA, nonetheless
Supports the notion that PFBA may be even more mobile then PFOA of PFOS in the
environment because itis 8 perfluorocarboxylate with a short carbon chain length

Evalustion of Impacts on Groundwater
“The information oblained from investigation and remedial activities at the disposal sites,
surface water sampling, and samplingofprivate, municipal, end non-commuity wells
hasbeen used to evaluate the magnitude, extent, and possible migration historyof the
"PFC contamination in south Washington County. The highest concentrations of PFBA
are detected southofthe site and appear to follow the buried bedrock valley that
underlies the western edgeofthe site and trends south through Cottage Grove Ravine
Park to the Mississippi River. PFBA hasbeendetected in al fourofthe majordrinking,
water aquifers in the investigation area, ith the most widespread contamination
‘documented in the Praise du Chien and Jordan aquifers (these are also the aquifers most
Widelyused in this area). Theextent ofcontamination in the St. Peter (and overlying
‘Quaternary sands and gravels) is poorly understood, duc to the few number of wells
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present in those aquifers. Contamination inthe Franconiai generally low in i
‘concentrationandappearstobelocalizednearmajor bedrockfaultsthathavebroughtthe {
Franconiaintocontactwiththe Jordan(Figure4),allowingPFCs in theJordantomigrate i
into the Franconia. i
Anareaof contaminatedgroundwaterisoftenreferredtoas a “plume” (ikeaplumeof |smoke). “Typical” contaminant plumes havethirhighestconcentrationsncarthesource: {
area, decreaseinconcentration with distancefrom that source,andareroughly cliptical i
inshapewiththeaxisofthe plume aligned roughly withthedirection groundwater is i
flowing. In contrast, the PFBA plume in the investigation erea is quite complex (see
Figures8and9).Whileconcentrationsarehighnearthesourcearea, therearescattered
‘paiches ofhigher concentrations that don't appear to connect back to the source area. In
‘partthisappearstobedue to the influenceofbedrock structures, suchasburied valleys.
‘andfaults. InbothFigures § and9, a zoneofhigher PFBA concentrationstrends i‘southward fromthe 3M-WoodburyDisposalSiteandappearsto followthecourseofthe.
bedrock valley inthat area. Similarly,apatchof higher PFBA concentrationsnearthe
borderofCottage Grove, St. Paul Park, and Newport (shown in yellow, just southeast of
the intersectionof Hwy 61 and I-494) appears to follow the outlineof the bedrock valley
in that area (sec Figure 8). An armofthat valley appears to trend back toward the site,
‘but an absenceofwells in this area limits our ability to definitely trace the zone ofhigher
PFBA concentrations back to th sit.

Another unusual area within the plume is the seemingly isolated area of PFBA present in
the Jordan aquifer near the St. Croix River in the southeastern portion ofthe investigation
area (Figure 9). However, this ara is bounded by a seriesofmajor bedrock fauls and

thetopoftheJordancast ofths faultedzoneisover 200 fot lower inclevationthanthe
10 of the Jordantothe westofthe zone. The Jordanonthecast sideofthisheavily
faulted 20ne is essentiallya the same elevation as the Franconia aquifer on the west side
AsshowninFigure 10, PFBAispresentinthe Franconiawestof thefaulted zoneandat
‘concentrations similar to those found in the Jordan east ofthe fault. In other words, the
'PFBA plume appears to be migrating from the Jordan into the Franconia across a fault
‘near the ravine, traveling through the Franconia as the groundwater moves o the cast-
‘southeast, and thea crosses another fault and back nto the Jordan near the St. Croix
River, as illustrated in Figure 4

'PFBA is also moving south from the two 3M waste disposal ste in Lake Elmo and
‘Oskdale (Figure 1), further complicating our understanding ofthe PFBA distribution. Tt
is likely that the PFBA detected in east Woodbury and west Afton actually has migrated
southeast from the Washington County Landfill. Similarly, the PFBA detected in south
Maplewood and northem Woodbury likely migrated south-southwest from the 3M-
‘Oakdale Disposal site. Elsewhere in the investigation area, it is difficult 0 determine how
‘much,ifany,ofthe PFBA detected has been contributed from these two northern sites.
“There ae also areas with unusual PFBA distribution patterns tha, at presen, cannot be
attributed to bedrock structures or migrationfromthe northern disposal sites. The moststrikingofthee is the “finger”of elevated PFBA in the Prairie du Chien aquifer
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extending northofthe 3M-Woodbury Disposal Site (Figure 8). Although it appears to
Follow the samenortheastsouthwest trend ofthe faults in the area, no fault has been
identified in this portionofthe investigation arca. One possibilty is tha several large
capacity wells city and irrigation wels) located north ofthis “finger” of PFBA, may be
drawingsomeofthe contamination i tis direction. Pump ests at the site suggest the
high volumes ofwater being remove by the groundwater capture system would prevent
this from occurring, and water level measurements do not indicate influence by offsite
‘well affecting this portionofthe ste. It has been suggested tis “finger” may be a
remnant ofa plume tht was established before the pump-out systembegan operation.
However, the high capacity wellsnothofthe site were constructed afer 1990 and the
pump-out system began operation in the early 1970s. Ifthis “finger” of PFBA was
‘established before groundwater extraction began a th sit, the mechanism permitting the
'PFBA to migrate agains th regional groundwater flow is unknown.

Althéugh PBAis the most widely detected PEC in Washington County, multiple PFCs
‘were detected at the disposal ite and the 3M Cottage Grove facility, and are also found
in private well in several isolated areasofCottage Grove (Figure 13). The largest are is
located south and westofHighway 61, primarily in the Langdon and River Acres
neighborhoods, where non-PFBA PECs (PFOA, PROS, PFHXS, PFBS, PEPCA,and
'PFHXA) have been detected in some private wells, generally a low concentrations (see
table below) Although Figure 13 shows three distinct areas with multiple PFCs south of
Highway 61, ther are few wells between these area 50 it is not posible to determine
whether they are hydraulically connected or separate plumes. The second area s the
‘main Cotiage Grove ity wel field, where trace levels of PFHIXS, PFBS, PFPeA, and
‘PFHxA have been detected in several ofthe wells (Table 4, Appendix 2). A trace level
of PFHXA (0.06 ppb) has also been detected in one well near Tower Road, but his result
has not been confirmed.

Maximum Concentrationsofnon-PFBA PFCs in Langdon/River Acres Area
[pros[ pros| [PFA| PFBS|PRESS|
[1aTo | [ois[o

n|ois]
“All concentrations io kg/L

The presenceofmultiple PFC, other than PFBA and PFPeA, in these two areas is
unusoal because noneofthose compounds ar detested in wells between the disposal site

‘ndthetwoareasdescribed(Figure 13). While theactual sourceis 2yet unknown,itis
Possible hat the muliple PFC detectedi thes areas may be elated tofire fighting.
Activites. Some specialized typesoffire-fighting foams contain PFCs. The Cottage
Grove Fire Departmen originally reported to the MPCA that it used small amounis of
‘Such foam in their taining activities, which occur near the main city well field (Delia,
2008). However, the department later stated that although they use PFC-bearing foams,
hey do not us them for raining purposes. As a result, he sourceofthe multiple PFCs in
he arca ofth city well field remains uncertain. The possible ink to fire-fighting.
chemicalin the arcassouthofHighway 61 appears tobestronger. In 2002, PFC-bearing
foams were uscd to extinguish a major industrial fire immediatly southofHighway 61
and the foams reportedly discharged to surface wate infiltration pond immediately

2



p51

i

southwest ofthe Langdon neighborhood and upgradient ofthe River Acres incighborhood. The MPCA is currently investigating what, ifany, role fire-fighting 1foamsmayhave playedincreatingtheanomalous PFC signature in this area i
|

‘On-going monitoring ofprivate wells continues to track PFC concentrations in each of itheaffecteddrinkingwateraquifers across theinvestigation arcaover time.Aswith the |initial sampling effort, more wells are sampled in areas with higher PFC levels, where the {geology is complex, and/or the PFC concentration spatial trends are unpredictable. In‘areas whereconcentrations are lower and the distribution pattems are prediciable, “sentrywells” elected to provide representative results for eachofthe aquifers in use in that arcaand to act as an carly warming “sentry” fo any unusual results that might warrant‘samplingofadditional wells in the area. The sampling schedule, both in terms offrequency and number ofwell, is adjusted as more data i collccted and the behavior ofthePFC plume in the affected communitiesi betterunderstood.
‘Samplingofthe monitoring wells at the disposal site also indicate stable concentrations
‘and appear to indicate that PFCs are not migrating off-site, s a result ofthe groundwater
capture system in operation there. However, as noted above, theabsenceof‘downgradient monitoring wells screened across the “high transmissivity zone” in thePrairie du Chien, may represent an important gap in the integrity ofthe monitoring
network

‘The monitoring results indicate PFC concentrations in allofthe aquifers are quite stable.‘This is consistent with findings in Lake Elmo and Oakdale (MDH 20084) and suggeststhat the size, shape, and concentrations ofthe PFC plumes in the individual aquifers may‘have reached a state ofequilibrium (i.e. are not changing). Based on our understanding
of the way PFCs move in the groundwater environment and the high flow velociticskaown to exist in the investigation area, t is likely the PECs from the disposal site‘migrated rap through the affected communities relatively soon after the wastes weredisposed and what is present today are remnantsofcontaminants slowly washing ou oftheaquifers. This slow washing outofcontaminants is sometimes referred to as“secondary flow" or “matrix diffusion”, and occurs because there are major (ic. larger,faster) flowpathsand minor (i. smaller, slower) low paths within the aquifer (Figure.14). The majority of the contaminants flow quicklytroughthe major flow paths in aninitial “pulse”, rapily establishing the contaminant plume, while contaminants that havemoved into the minor flow paths slowly release over time at more dilute concentrationsI this is what happened inthe investigation area, earlier concentrations in the aquifers‘may have been higher than what is currently being detected. However, t is impossible to‘calculatehow high those concentrations mighthavebeen or how long the higher‘concentrations may have lasted.

“The persistenceofPFCs in the environment means that ultimately the PFCs in the‘groundwater in Washington County will discharge to the Mississippi and St. CroixRivers. However, the low concentrations in the groundwater and the large volume offlow in the rivers will likely dilute this discharge to extremely low concentrations.Samplesof water from the Mississippi River were collected as partofthe investigation of
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thewaste disposal arcasa the 3MCottage Grove Plant (MDH 2005; Weston 2008¢) 1
‘While elevated concentrationsofPFCsweredetected in samplesnearand immediately |
‘downsireamofthe plant, no PFCs were defected in water samples collected upstream of i

theplant.LowlevelsofPFOS (0.289 - 1.34ppb)weredetectedinsediment samples i
collectedupstreamof the plant. PFOSrepresen averyminorcomponent ofthe PFC 1
plumes insouthWashingtonCountyand it isunikelytha dischargeof hose plumes |
contributed significantlytothe PFOS detectedinthesediment samples. |

Exposure through PrivateWells i
PFCscanaffecthumansony i the chemicalsmovefromtheenvironmentand come into i
contact with or accumulate i aperson's body. The movementof PFCs (or other
contaminants)from the environmen into a person'sbodyis called an exposure pathway. i

An environmental exposure pathway contains five parts: (1)a sourceof contamination,
(2) contaminant transport through an environmental materia (.c., soil, ai, water, or
food), (3) pointof exposure, (4) a route of human exposure, and (5) a receptor
‘population. An exposure pathway isconsidered compledeif evidence cists thatal ive of
these elements are, have been, or wil be present in a community or a given situation.
Mor simply stated an exposure pathway is considered complete when people are likely
10 be exposed to the chemicalofconcen. A pathway is considered apotentialexposure
pathwayifat least oncofthe elements i missing but could be found at some point. An
incomplete pathway is when at least one element is missing and will never be present.

A completed environmental exposure pathway to PECs from the disposalof PFC-
‘containing wastes in disposal sits in Washington County exists primarily from
consuming PFC contaminated water The consumption offish from local lakes or rivers
where PFOS has been detected in fsh populations also represents a completed exposure.
pathway, although the source ofthe PFOS may not bein all cases from land disposal of
PFC-containing wastes

‘Samples have been collected from over 900 private wells and 56 business wells in
‘Woodbury, Cottage Grove, and other commnites in south Washington County (south of
1-94). PFCs have been detected in 745 private and business wells. No wells, public or
private, south of I-94 have been found to contain PFBA at concentrations above the
Health Based Value (HBV) of 7.0 pb for PFBA.

Asof ate 2009, 29 private well owners in Cottage Grove and Grey Cloud Island had.
received a drinking water well advisory from MDH due to the presence of PFCs. Nine of
these private wells have PFOAatconcentrations above the HRLof 0.3 ppb; one also has
PFOS at concentrations above the HRL of 0.3 ppb. In 12ofthese wells, concentrations of
PFCs exceed a Hazard Index value ofone based on multiple PFCs.

Atthe other seven wells, levels of PFCs are below current health advisory levels but the:
inking water well advisories remain in effect due to uncertainties over long-term
concentration trends and potential changes in the PFC plames that could result from site
remediation activites. All ofthese wells are located in neighborhoods south ofU.S.
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Highway61,intheareaofanomalousPFC detections,asdiscussed above. Oneofthe iwells was scaled by the MPCA, atthe owner's eques. i
‘Wheredrinking waterwelladvisorshavebeen issued by MDH, exposures have been ireducedtoacceptablelevelsbytheprovisionofboiled waterand/orGAC filters by the |MPCA. Iti also possiblethattheuseofowner-insalled filer systems may have reduced ipast exposure to PFCs in drinking water. During the courseofthe investigation, it wosfound that a number ofprivate well owners who subsequently received a drinking water‘well advisory duc to PFCs had previously installed reverse osmosis water filters toremove nitrate, @ common groundwater contaminant in the ares. Reverse osmosis filters,ifmaintained properly, are also very effective at removing PFCs according oa study‘conducted by MDH in 2008 (MDH 2008). The MDH study also documented which£3Pesofpoint-of-use carbon filters are effective a removing PFC from drinking water.
Using adsorption factors developed by 3M fora similar GAC system installed at theirCottage Grove plan, the predicted breakthrough time for each filer can be calculatedbased on the influent concentration and an assumed water use ateof 300 gallons per dy.MDH and MPCAstaffuse a tracking systemto monitorwateruseateach home, andhave collected multiple samples to monitor system performance. At average water use,the filters are predicted to last foryears in some cases before maintenance is needed. TheIMPCA hasdeterminedthatthe filers willbechanged according to apredictable,‘conservative schedule in order to ensure they operate effectively.
‘The lengthoftimelocal residents were exposed to PFCs through their drinking water is‘unknown. As discussed above, exposures could have started soon after PFCs wasteswere placed inthe disposal its, given the mobilityof PFCs inthe environment It is also‘possible that the levels in the groundwater were higher than currently defected, althoughitis impossible to determine what the concentrations may have been in th past or howLong those higher concentrations may have lasted. Continued routine monitoring ofselect private wells with levelsofPFCs below HRLS or the PFBA HBV will ensure thatif levelsof PECs ise, future exposure o levels above health-based exposure limits willbe brief.

‘ExposurethroughPublicWaterSupplies‘The community wellsinth affectedarea were sampled for PFCs by MDH on a monthlybasis through 2007, and arc now sampled on a quarterly basis, and the results of‘monitoringae reported tothe ity staff. While not required underthefederal SafeDrinking Water Act, some cities report PFC results in thir annual “Consumer‘Confidence Report” to their watercustomers. MDH will continue to monitor the wells,but to date very litte change (other than perhapsa slight declining trend) has beenobserved in PFC levels in the community well,
No individual community wells in the affected area have exceeded current MDH healthbased exposure limits for PFCs, except in the CityofOakdale. This is described inaprevious MDH report (DH 2008s).
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ExposurethroughotherPathways i
Theuseofwater contaminated with low levels of PFC forbathing, showering,or ther i
incidentalusesis unlikelytocontribute appreciablytooverall exposure. Ingestionofthe |
‘contaminated water is by far the predominant exposure pathway. Use of PFC i
contaminated water for canning or cooking purposes may also conlrbute to CxpOSuIe, 85
reportedby Emmett et al. (20064) and Holzeretal (2008). Irrigation ofplants with PFC |
contaminated water may possibly leadt some uptakeofPFCs by the plants, also
contributingo overall exposure. So-called “market basket” studi offood products
occasionally show low levelsofPEC. Inastudyconductedin th United Kingdom, i
'PFOS was found at low concentrationsinpotatoes, some canned vegelables, eggs, and in
the sugars and presecves food groups, while PFOA was detected only in potatoes (UK
Food Standards Agency 2006). A similar study in Spain found low levels of PFOS in
ish, dary products, and meat, while PFOA was only detected in milk (Ericson etal
2008). A recent studyoffood items in Canada also found low levels of PFOS and PFOA
in some food products, including beef, fish, and microwave popcorn (Titlemier  l.
2007). Ts less likely that PFBA would be take up by plants, but data are not available.

The specific sourcesof exposure to PFOS, PFOA, and other perfluorochemicals in the
‘ener population are unclear, but could include Consumer products, environmental
‘exposures,o other occupational exposures (Butenhoffet al. 2006). Both PFOS and
PFOA have been detected in samplesofhouschold dust collected from vacuum cleaner
bags in Japan (Moriwaki et al. 2003), Canada (Kubwabo etal. 2005), and the U.S.
(Strynar and Lindstrom 2008), indicating the indoor environment is one potential source
ofexposure. Low ppt levelsof PFOS have also been detected in rainwater collected in
‘Winnipeg, Canada (Loewen et al. 2005),

‘Small amounts of unbound fluorotelomer alcohols that can break down to PFOS or
PFOA (or other PFCs depending on their specific composition; also referred to as PFC
precursors) have also been found in consumer and industrial products Joyce etal. 2006).
Releaseof telomer alcohols, and subsequent degradation in the environment or by
organisms, could alo be 2 sourceofhuman exposure to PFCs. One recent study
estimated that, for some individuals, PFC precursor-based exposure could contribute up.
10/60-80% of total PFOS and 28-55% oftotal PFOA exposure (Vestergren etal 2008).

Public Health Implications of PEC Exposure

“This section will briefly summarize current information on th toxicity ofPFCs to
animals and humans, and summarize the public health implicationsof exposure (0 PFCs
through drinking wate in affected communities in southWashingtonCounty, Minnesota.

‘Note: ATSDR published a draft “Toxicological Profile for Perfluoroalkyl Compounds”
for public review and comment in May 2009 (available at
itp.atdr.cd govoxprofils/1p20

0.nml#bookmark
04).

TheToxicological
Profile eviews muchofthe information below, a does a report by Lau et al (2007).
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‘SummaryofToxicologicalInformation i
MDHhaspreviously summarized the available toxicological information on PFOSand i
PFOA in ts Health Consultation on the 3M-Cottage Grove Facility (MDH 2005), and i
more recently in the Public Health Assessmentregarding PFC contamination in Lake. i
Elmoand Oakdale published in August 2008 (MDH 2008a). This section wil only |
brieflysummarizethatinformationand will also describe available informationonthe |
toxicityof PFBA. |

PFOS is well absorbed orally, but is not absorbed well through inhalation or dermal i
contact (OECD 2002). Half.livesofPFOS have been estimated at over 100 days in rats in i
a single-dose study, and 200 days in a sub-chronic dosing study in cynomolgus monkeys
(OECD 2002). Animal studies have shown that PFOA and APFO (its ammonium salt) are i
easily absorbedthroughingestion, inhalation,anddermal contact (EPA 2002; Kennedy {
1985;Kennedyctal. 1986; Kudo andKawashima 2003).Theestimatedhalflifeof {
PFOAinanimalsrangesfromfourhoursinfemal ratsandninedaysinmalerats to 20
days in male cynomolgus monkeys (Kudo and Kawashima 2003; Butenhoffct al. 2004).
“The mean blood serum halflife of PFOA in humans was estimated to be 3.8 years ina
‘published study of26 retired 3M workers, and the mean serumhal lifeof POS was
estimated at 54 years (Olsen et a. 20072). The mean serum halflifeofPFHXS has been
reportedas8.5years. Thisindicatesthatsome PFC areretainedin the humanbodyfor a
‘much longer period than in mice, rats, or monkeys,andthat carbon chain lengthisnot
necessarily directly related to half-life in humans. PFCs are not metabolized, and are
excreted in the urine andfeces at different rates in various test animal species and
humans.

Exposure to high levelsof PFOA, PFOS, and PFBA is acutely toxic intestanimals
(Kudo and Kawashima 2003; OECD 2002; Takagi et al. 1991). Chronic or sub-chronic
exposure to lowerdosesof PFOA in rats typically results in reductions in body weight
and weight gain, and in liver effects such as an increase in liver weight and alterationsin
lipid metabolism (Kudo and Kawashima 2003). Immune system effcts have also been
reported in mice exposed to high doses ofPFOA (DeWitt ct al 2008). The iver appears
10 be the primary target organ ofPFOA toxicity in ras, although effects on the kidneys,
pancreas, estes, and ovaries have also been observed (EPA 2002). Exposure to PFOA
(and other PFC) in rts resus in phenomenon in the liver known es peroxisome.
proliferation. This phenomenon is considered to be limited to rats and similar test
animals, and is not observed in primates. Some oftheadverse liver effects observed in
rats such as an increase in liver weight are in part attributed to peroxisome proliferation.
Adverse liver effects in primates ar likely the resultof a different mode ofaction.

‘Chronic exposure to PFOS at high doses resus in liver toxicity and mortality, with a
steep dose-response curveformortality in ats and primates (OECD 2002). Indications of
toxicity observed in 90-day ra studies include increases in liver enzymes and other
adverse liver effects, gastrointestinal effects, blood abnormalities, weight loss,
‘convulsions, and death. Immunotoxicity has also been reported in studies conducted in
mice at relatively low doses (Peden-Adams et al. 2008).
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‘Some long-termanimalstudiessuggestthatexposureto PFOAcouldincreasetheriskof i
tumors ofth lives, pancreas, and estes (Kudo and Kawashima 2003, EPA 2002, OECD i
2002). The mechanism ofpotential carcinogenesis is unclear, but cvidence suggests that {
the tumors are the resultof tumor promotion (via oxidative stress, cell death, or hormone i
‘mediated mechanisms)andnot from direct damage tothe genetic material within cells i
(genotoxicity).The tumors observed in ais maybeaesult ofperoxisome proliferation, |
andmaynotbeof relevanceinhumans (Kennedyctal. 2004). |

Various reproductive studiesofrat followed for two generations showed postnatal i
deaths andotherdevelopmental effectsinoffspringof female rats exposedto relatively i
Low doses of PFOS and APFO (EPA 2002, OECD 2002). These sudics demonstrate that |
exposure to APFO/PFOA and PFOS can result in adverse effects on th offspring ofrats
exposed while pregnant.

'PFBA has not been studied as extensively as PFOA or PFOS, and until 2008 MDH
lacked necessary information to derive a HBV for i. Like other PFCs, PFBA has been
demonst

rated
tocauseperoxisomeproliferation in the liversof ras exposed through their |

diet or by intraperitoneal injection (Ikeda et al. 1985; Takagi etal. 1991). The effects of
‘treatment with PFBA were les severe than was obsérved with PFOA in these two
studies. Similar effects have been seen in mouse studies (Permadi etal. 1992). Ina
similar study comparing the effectsof PFOA and PFBA on rat livers, Just et al. (1989)
found that the effects oftreatment with PFBA were similar to thatof PFOA for some
‘parameters measured in the study.

A key question MDH considered in the developmentofthe 2008 HBV for PFBA was its
‘halflife in animals and humans. Chang et al. (2007) summarized data from a studyofthe
‘pharmacokineticsof PFBA in several animal species. The studyshowedthatPFBA was
‘eliminated quickly through urine in male and female ais, with a half-life of
‘approximately 8 hours inmal rats andlessthan two hours in female rats. The halflife in
‘monkeys was less than two days. In study published in 2008, the mean half-lifeof PFBA.
in four male employees at the 3M-Cottage Grove plant and seven male and three female.
employees at the 3M-Cordova, Ilinois plant was calculated to be 72 hours in males and
87 hours in females (Changet al. 2008).

A 28-day oral toxicity studyofPFBA in rats (Lieder et al. 2007) showed that male rats
exposed to PFBAhadincreased liver weights and decreased cholesterol,andother minor
effects that went away once the exposure was stopped. In ths study, some ras were aso.
‘exposed separately to PFOA as a positive control. The main differences between male
rats given PFBA and PFOAwere that PFBAtreatedrats did not have lower body
weights, but did have lower cholesterol. PFOA. exposed ras did have a reduction in body
weigh, exhibited less physical activity and overall health, and had slight reductions in
‘parameters related o red blood cell.

“The findings ofadevelopmental studyof PFBA in mice conducted at the EPA laboratory
in North Carolina was also reviewed by MDH (Das et al. 2007). In the study, exposure to
PFBA by pregnant mice did not appear to significantly affect matemal weight gain or
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ferdlity. Some developmental delayswer observed in the offspringofthe mice, and idevelopmental effects were consideredaco-itical effect along with liver,bloodand i
thyroid effects in establishing the HBV for PFBA. |
No animalstudies regarding exposuretomultiple PFCsat thesame timehavebeen !
Located in the scientific literature. |

i‘The current MDH HRLS for PFOSandPFOAarebasedontoxicological studies i
conductedonCynomolgusmonkeys. Inthe caseofPFOS,thekeystudywasusedto |derive a toxicity value(known as a reference dose,orRID) of 0.000075 milligrams per ]Kilogram-day (mg/kg-d). TheRID includeda ‘dose metric adjustment” of20 toaccount |
for the large difference in halFlife between Cynomolgus monkeys (110-132 days) and |‘humans (54 years), as well as a total uncertainty factor(usedtoaccount fo various
uncertainties in applying anima studies (0 humans, among other factors)of 100.The
criticaleffectsused to determinetheRID were adecreaseinserum high-density
lipoprotein (ic. “good” cholesterol) and thyroid hormones. For PFOA, the key study was‘sed to derive an RIDof 0.00014 mg/kg-d. The RID for PFOA includeda ‘dose metric
‘adjustment’ of 70 to account for the even larger relative difference in half-life between
‘Cynomolgus monkeys (20 days) and humans (3.8 years), as well s a total uncertainty
factorof 300. The critcal effect used to determinethe RID was an increase in relative
liver weight.

‘The2008 HBV for PFBAi basedon toxicological studies conducted on rats. Several
different HBV based on different exposure periods (short-term, sub-chronic, and
chronic) were derived based on more recent MDH practices. The lowest valu, which in
thecasc ofPFBA is the short-term value, became the final HBV for all three exposure.
‘periods. For this value, a reference dose of 0.0038 mg/kg-d was derived from the key
‘study, which included a much smaller ‘dose metric adjustment”ofcight duc to the much
shorter mean hal.ife of PFBA in humans (3 days) versus rats (9.22 hours). The total
uncertainty fctor was 100

‘Summary of Human Exposure Information
PFCs, primarily PFOS and PFOA, have been detected in the bloodof U.S. citizens in
‘multiple studies (Olsen t al 2003, 20043, and 2004b). PECs have also been shown tocross the placenta. In a studyoffifteen pairsofmatemal and cord blood samples in
Japan, Inoue et al. (2004) detected PFOS in the cord blood samples at approximately one-third the concentration in maternal blood. PFOA was detected in matemal blood, but not
in cord blood. A similar study of 11 paired matemal and cord blood samples collected in
‘Germany showed PFOS in cord blood at approximaely 60%ofthe maternal blood‘concentration (Midasch et al. 2007). This study did detect low levels of PFOA (medianof
3.4 ug/L) in cord blood samples, slightly above that found in the maternal blood samplesA larger study conducted in the cityofBaltimore measured ten PFCs in the cord serum of299 newborns (Apelberg etal. 2007a). PFOS and PFOAweredetected in nearly all ofthesamples, at a geometric mean levelof 4.9 and 1.6 ppb, respectively. Other PFCs were:detected much les frequently, and at lower levels. Ina follow-up study (Apelberg2007), a small (sub-clinical) negative association between both PFOA and PROS cord
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serum concentration and birth weight and size was observed. A similar study conducted
in Denmark showed an inversecorelationbetween maternalserum PFOA levels and
birth weight (Fei etal. 2007).

The most comprehensive data on PEC levels in the bloodoftheU.S. population has been
produced by the Center for Discase Control and Preveation’s (CDC) National Health and
Nutrition Examination Survey (NHANES) as reported by Calafat ct al. (2007a and
2007b). Bloodserumdata (PFOS, PFOA, PFHS) have been reportedforseveral
thousandpeople, age 12 and above, forthesurveyyears 1999-2000, and 2003-2004,as
shown in the table below.

Geometri
c

meandataforPFCs, U.S. population, in ppb
[uaa Jrros {rio [RS |
1999-2000 oe— fa fa

207 BoTw
o]

The data suggest that PFC levels in the blood serumofthe general population are
declining, perhaps due to 8 reduction in the useofPFC in consumer products. Many
‘ther PFCs were included in the NHANES sample analysis, but data arenotpresented
here because the PFCs were below detection limits, or only sporadically detected. PFBA
was not included in the NHANES analyses.

Information on PFC levels in Washington County residents exposed 10 PFCs through
drinking water has been collected through a biomonitoring pilot program created and
funded by the Minnesota Legislature in 2007 (MDH 2009). For the pilot study, health
scientists interviewed and obtained blood samples from 196 random selected adult
participantsinorder to measure the levelsofseven PFCs in heir blood. Onehalf ofthe
‘participants’ homes were served by private wells in Lake Elmo and Cottage Grove and
The otherhalfwere served by the Oakdale municipal water system. The private wells had
tohaveat leas trace levels (0.1 ppborgreater) of PFOA or PFOSfortheresidentstobe:
eligible for the study. The geometric mean results for the 196 participants were 2s
follows:

Geometric mean data for PECs, MDH Biomonitoring Pilot Study, in ppb
Tro— se— a—"

faoms2000 [359— 1 sa]

PFBA was detected in 55 (28%)ofthe 196 serum samples collected from the project
‘population (PFBA levelofdetection (LOD) was 0.1 ppb), with a maximum detected
Jalue of £.5 ppb. PFBS was detected in 5 (3%) ofthe 196 serum samples collected rom
the population (PFBS LOD was 0.1 ppb). With so manyofthe samples measuring below
the levelofdetection, an accurate geometric mean or other measureofcentral tendency
‘couldnotbe calculated. PFPeA and PFHxA were not detected inanyofthe 196 serum
samples collected
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Overall, the pilot biomonitoring showed tht th levels ofthree PFCs were higher in cast
‘metroresidentsthan intheU.S. populationas a whole. There was litle difference.
between the Oakdale and Lake Elmo/Cottage Grove participants. Individual results were
‘mailed to those participants who indicated they wished to receive them. Participantsalso
received other helpful information about national findings for PFCs in people's blood,
PFCsingeneral, andwaystoreduceexposure to PFCs.MDHmayre-cxaminethis
‘population ina fewyearstodetermineifblood levelsof PFC fall, nowthat exposures
through drinking water have ended for the most par.

“The largest investigation of human exposure to PFOA is taking place in the Ohio-West
Virginia area, and grewoutof court settlementofalass action lawsuit against the
DuPont Corporation in 2005. This investigation is known asthe C8 HealthProject,and
information on it can be found on the project's web site,
hitpi/wws hse wv. edusom/emed/c8/. The project has enrolled 69,030 people who may
have been exposed to PFOA through drinking water. The partcipanis have been tested
for PFOA (and some other PFC) exposure through analysisofblood samples. The project
will alo involve ten separate studies to help determine whether PFOA exposure is
associated with any observable human health effects. Eight ofthe studics will focus on

diseasessuchascancer,heartdiscase,stroke,diabetes,immunefunction,liver and
‘bormone disorders, and birth outcomes. Two studies will look at exposure to PFOA and
itshal lifei the general population. The studies are estimated to be complete in several
‘years, although some preliminary results have been posted on the study's web sie.

Detailsofthestudicsandresultscanbefoundon the C8Science Panelwebsiteat
hips c8sciencepanel.org/index,rm. Selected preliminary results from the project
‘were described in 2008 in apresentation af the West Virginia University School of
Medicine (Frisbee 2008). The preliminary results described possible associations between
PFOA exposure and indicatorsof inflammation, immune, liver, and thyroid function, and
cholesterol that are consistent with some animal studies.

‘The StateofWestVirginiaexaminedcancer ates inthree countiesneartheWest
Virginia DuPont PFOA plant (Colsher etal. 2005). The study found that some tumors
that may be associated with PFOA exposure in animal studies were elevated in some
‘partofthe study area, but that the reported cancers could not be directly related to PFOA
exposure through drinking water. Also, other chemical exposureswereknown to exist in
the area.

‘Discussion ofthe Public Health ImplicationsofPFC Exposure.
Blood levels ofPFCs observed inthe east metro area are well below levelsofdeparture
in animals used to calculate MDH HRLs (23 partspermillion (ppm) for PFOA, 35 ppm
for PFOS; MDH 2007 a and 2007). The level ofdeparture isthe serum level in an
animal at which critical adverse health effects are observed. Blood levels are also well
below levels measured in 3M-Cottage Grove plant workers (PFOA, geometric mean 850
‘ppb; PFOS, geometric mean 440 ppb; 3M 2003c). Some studicsof 3M workers have notobserved reproducible or consistent health effects (i.c. Alexander etal 2003); a more
recent study by Lundin ct al (2009) did suggest positive associations between PFOA
exposure and prostate cancer, cerebrovascular discase, and diabetes in 3M-Cottage Grove
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|
‘workers. MDH is closely following the ongoing 3M workforce studies, as well as the 1

‘West Virginia study, which wil provide more definitive information about the health i
implicationsof PFC exposur

eintheeastmeiroarea. |

On January 8, 2009, the U.S. EPA's Officeof Water issued Provisional Health i
Advisories for PFOS and PFOA of 0.2 and 0.4 ppb, respectively (EPA 2009). This action 1

wastaken inresponseto asituationin Alabama whereitwas foundthatsludgefrom a i
wastewater treatmentplantthat received PFC contaminated industrialwastewater had |
been land-applied. The sludge i believed to be responsible for low levels of PFOA found {
innearbycommunity water systems. |

The2009EPAProvisionalHealth Advisory valuesareveryclosetoMDH's HRLS for i
"POS and PFOA, but were calculated ina slightly different way. MDH has determined
thatifthe EPA values were applied in situations where drinking water is contaminated !
with PFOS or PFOA, no aditional well advisories or other health-protestion actions
would be necessary.

MDE health-based exposure limits ar protective for all segmentsof the population,
including vulnerable sub-populations. Nevertheless, those who may be especially
concerned with thir continued exposure to low levelsof PFCs through drinking water
(even at levels below MDH HRLS or HBV), such aspregnantwomen of parents with
infants, can takeadditional stop to reduceexposurebyusingboldwaterfordrinking,
cooking,ormakingformula,orbyusingpointofuse filterstotreatwaterusedforthese
purposes. MDH recently completeda studyofthe effectivenessofpointofuse water
Treatment devices for PFCs which demonstrated tha reverse-osmosis and activated
carbon filters work well under both laboratory and real-world conditions (DH 2008b).

Health Outcome Data Review
On June 7, 2007 the Minnesota Cancer Surveillance System (MCSS), located within the
Chronic Disease and Environmental Epidemiology Section ofMDH issued a report
presenting detailed profilesof cancer rates among residentsof Dakota and Washington
‘Counties (MDH 2007c). Using MCSS data for the 15-year period 1988-2002, county-
wide cancer rates for all cancers combined andforeachof about 25of the most frequent
typesofcancer, including liver and thyroid cance were examined. In addidon, analyses
‘Were also conducted to examine incidence rate for 16 selected cancers for specific
Communities, by 2ip code, within each county. For that analysis, data from the years
1996-2004 were used, largely due to population growth in some communities and
limitationsoncommunity census data.

“Thereport (whichcanbeaccessed attheMDHweb site, wow.healthstate.mn.us) found
hat overallcancerrates in Washington and Dakota couriiesar very similar0 th rest of
th stat, or slightly lower. In addition, the rates and typesofcancers that occurred within
Specific communities in the two counties were generally similar with other communities
in the Twin Cities metropolitan arca.
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Analysesofcommunity cancer rates are rarely useful for evaluating potential cancer risks i
from low levelsofenvironmental pollutants. Nevertheless, suchdatacanbehelpful in |

addressingpublic concernsovercancer ates in acountyor 8community.Thereaderis i
referred tothe ull eportfor amoredetaileddescription ofthebenefitsandlimitationsof {
the analysis. i

Child Health Considerations i

MDH recognizes thatthe unique vulnerabilities of infants and children areof special
concern to communities faced with contaminationoftheir wate, oil ai,o food.

Childrenareat agreater riskthanadults arcfrom certainkindsofexposuresto
environmental contaminants at waste disposal ites. They are morc likely to be exposed.
becausetheyoften playoutdoorsandbringfood intocontaminatedareas.Childrenarc
‘smallerthanadults,whichmeanschildren breathedustandheavyvaporsthatarecloseto
theground; and children receive higher dosesofchemical exposure per body weight. The
developing bod systems ofchildren can sustain permanent damageiftoxic exposures
‘occur during critical growth stages. Most importantly, children depend completely on
adultfor risk-identification andriskmanagement decisions, housing decisions, and for
access to medical cae.

Children have been exposed to low levelsof PFCs in contaminated drinking water in the
‘communities described in this report. MDH health-based exposure limits are calculated
‘with protection ofchildren’s health in mind. As stated previously, those who may be
especially concemed with children’s cxposure to low levelsof PFCs through drinking
water, such as pregnant women or parents with infants, can take additional steps to
reduce exposure by using bottled water for drinking, cooking, or making formula, or by
‘using pointofuse filersto treat water usedforthese purposes.

Conclusions

PFC-containing wastes were disposedofby 3M in land disposal sites in Ockdale, Lake
Elmo, and Woodbury, Minnesota. PFCs were released to groundwater from these sites,
possibly shortlyaftrthedisposal occurred, resulting in contaminationofnearby drinking "
water wells. The levels ofPFCsindrinking waterin thepastare unknown andinthepast
exposure could have occurred through drinking water, possible air emissions during the
handling, disposal,orburningofwaste or direct contact with the waste. A pilot
‘biomoniloring study conducted in Oakdale, Lake Elmo, and Cottage Grove indicated
levelsof PFCs in resident's blood thatareabove national averages. While available
evidence suggests thatthese PFClevelsarc unlikelytocause adverse health cfcts, there
is no information available regarding PFC levels in resident's blood or in drinking water
in the past. MDH cannot conclude whether drinking or breathing PFCs inwateror aif or
‘contact with PFC-containing wastes in the past harmed people's health.
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i
Currently, PFCshavebeendetectedinpublicandprivatewells across awidearea of i
south WashingtonCounty,andin partsofnorthernDakotaCountyandsoutheastern i
‘Ramsey County. Exposure to PFC at levels above health concen is currently being i
addressed by the use of bottled water or whole-bouse activated carbon filers at homes i
thathavebeen issuedadrinking water well advisory by MDH. MDH concludes that i
currently, drinking water from public or private wells that contain PFCs i not expected {
toharm people'shealth; new datawillbe evaluatedas itbecomesavailable. Remediation |
actions toaddress PFCs atthewaste disposalsitesareunderwayby 3Mandthe MPCA. i

Recommendations i

1. 3M should continue to follow the requirements ofthe Consent Order to
implement the selected remediation options fo sol and groundwater a the 3M-
Woodbury Disposal Site.

2. People should avoid trespassing on the 3M-Woodbury Disposal Site, especially
during remediation activities.

3. Extensionsofthe Cottage Grove municipal water supply to serve areas where
private wells contain levelsof PFC in excess of MDH HRLs or HBVs should be
considered.

4, Monitoring ofselected private welli the affected arca should continue under
agreedupon samplingplanstotrack changesin theplumeand monitorfor
‘Changes in concentration in individual wells. Ifthe plume remains sable, the
frequency and numberofwells monitored may be reduced while stil providing
assurance that public health is protected.

5. 3M should ensure the monitoring network atthe disposal sie provides adequate
information regarding water quality in the “high transmissivity zone”ofthe
Prairie du Chien aquifer.

Public Health Action Plan

“The MDH Public Health Action Plan for the sie includes the following: 1 distribution of
this pubic health assessment (and/or an information sheet summarizing the information
contained in ths publichealthassessment) o area residents; 2) continued consultation
‘withthe MPCA, 3M, Washington County, and the affected communities on
implementing investigation and response-action activities and the recommendations
provided in the Recommendations sectionofths document; 3) continued outreach to
private-well owners; 4) continued monitoringofpublic water supplies; 5) organization
‘and participation in public meetings and meetings with local goverment officials as
ceded, 6 evaluationofother potential pathways for environmental exposure to PECs,
‘and considerationofadditional biomonitoring studies to evaluate PFC levels in area
residents exposed to PFOA and PFOS in drinking water.
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]
Glossary |

Absorption {
Theprocessoftaking in. For apersonoran animal, absorptionis theprocess ofa i
‘substance geting into the body throughtheeyes, skin, stomach, intestines, or lungs. i

Acute |
‘Occurring overashort time [compare with chronic). |

Acute exposure |
‘Contactwitha substance thatoccursonceorforonly short time (up to 14 days) |
[compare with intermediate duration exposure and chronic exposure). i

Additive effect {
‘A biologic response to exposure to multiple substances that equals the sumofresponses
of al the individual substances added together [compare with antagonistic effect and {
synergistic effect]

Adverse health effect
‘A change in body function or cell structure that might lead to discasc or health problems.

Ambieat
Sumounding (for example, ambient ai).

Analyte
‘A substance measured in the laboratory. A chemical for which a sample (suchas water,
air or blood) i tested in a laboratory. For example,ifthe analyte is mercury, the
Laboratory test will determine the amount ofmercury in the sample.

Analytic epidemiologic study
‘A study that cvaluates the association between exposure 0 hazardous substances and
disease by testing scientific hypotheses.

Antagonistic effect
‘A biologic response to exposure to multiple substances that is lessthan would be.
expectedif theknown effects ofthe individual substances were added together [compare
with additive effect and synergistic effect.

Aquifer
‘A geologic unit (sediments, rock) in which the pore spaces are fully saturated with
‘groundwater and that can yield water in usable quantities for springs or wells.

Background level
An average or expected amount ofa substance o radioactive material in specific
environment, or typical amountsofsubstances that occur naturally in an environment.
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Bedrock valley |A valley erodedint thebedrockbytheactionofstreams, glaciers,wind, tc. Ifthe |
valley is subsequently filledwithsediment (sand, gravel, il, or clay), i is referred to as a iburied valley or buried bedrock valley.

Biodegradation |‘Decomposition or breakdown ofa substance through the actionofmicroorganisms (such
‘asbacteria or fungi)orother natural physical processes (such as sunlight). }
Biologic indicatorsofexposure study
A study that uses (2) biomedical testing or (b) the measurementofasubstance [an
analyte], its metabolite, or another marker of exposure in human body fluids or tissues to‘confirm human exposure to a chemical substance [also sce exposure investigation].
Biologic monitoring
Measuring chemical substances in biologic materials (such as blood, hair, urine, or

breath)todetermine whetherexposure hasoccurred. Ablood tetfor leadisanexample.
of biologic monitoring.

Biologic uptake
‘The transferofsubstances from the environment to plants, animals, and humans.
Biomedical testing
Testingofpersons to find out whether a change in a body function might have occurredbecauseofexposure to a chemical substance.

Biota
‘Plants and animals in an environment. Someofthese plants and animals might be sourcesof food, clothing, or medicines for people.

‘Body burden
The total amount ofa substance in the body. Some substances build up in the body
becausetheyarestored in fat orboneorbecause theyleavethebodyvery slowly.
Buried valley
A bedrock valley that has been filled with sediment. See “bedrock valley.
Cancer
Any one of2 groupofdiscases that occur when cells in the body become abnormal and‘grow or maltiply outofcontrol.

Cancer risk
A theoretical riskforgetting cancer if exposed to a substance every day for 70 years (alifetime exposure). The true risk might be lower.
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Carcinogen
A substance that causes cancer.

Case study
A medical or epidemiologic evaluationofone person or a small group of people o gather
information about specific health conditions and past exposures.

Case-control study
‘A study that compares exposuresofpeople who have adiscaseor condition (cass) with
‘people who do not have the discase or condition (controls). Exposures that arc more
‘common among the cases may be considered as possible risk factors for the disease.

CAS registry number
Auniquenumberassigned to asubstanceormixturebytheAmerican ChemicalSociety
‘Abstracts Service.

Central nervous system
The part ofthe nervous system that consistsof the brain and the spinal cord.

CERCLA [see Comprehensive Environmental Response, Compensation, and Liability
Act of 1980].

Chronic
Occurring over a long time [compare with acute].

Chronic exposure
Contact witha substance that occurs over a long time (more than | year) [compare with
‘acute exposure and intermediate duration exposure).

Cluster investigation
A review of an unusual number, rea or perceived,ofhealth evens (for example, reports
‘ofcancer) grouped together in time and location. Cluster investigations are designed to
‘confirm case reports; determine whether they represent an unusual disease occurrence;
‘and, ifpossible, explore possible causes and contributing environmental factors.

Community Assistance Panel (CAP)
A groupofpeople from a community and from health and environmental agencies who
Work with ATSDR to resolve issues and problems related to hazardous substances inthe.
Community. CAP members work with ATSDR t0 gather and review community health
‘concerns, provide information on how people might have been or might now be exposed
to hazardous substances, and inform ATSDR on ways © involve the community in ts
activites.

Comparison value (CV)
Caleulated concentration of 2 substance in ar, water, 00d, or sil that is unlikely © cause
harmful (adverse) health effectsin exposed people. The CV isusedas a screening level
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i

i
during the public health assessment process. Substances found in amounts grater than |their CVs might be selected for further evaluation in thepublic health assessment |process. 1
‘Completed exposure pathway [sce exposure pathway], |
Comprehensive Environmental Response, Compensation, and Liability Act of 1980. i(CERCLA)
CERCLA, also known as Superfund, is the federal aw that concens the removal orcleanup ofhazardous substances in the environment and at hazardous waste iesATSDR, which was created by CERCLA, i responsible for assessing heath issues and‘supporting public health activities related to hazardous waste sites or other environments]releasesofhazardous substances. This law was later amended by the SuperfundAmendments and Reauthorization Act (SARA)
Concentration
‘The amount ofa substance present in 2 certain amountofsoil, wate, ai, ood, blood,hair, urine, breath, or any other media
Contaminant
A substance thats cither preseat in an environment where it does not belong or is presentat levels that might cause harmful (adverse) health effects.
Delayed health effect
A disease or an injury that happensa a result of exposures that might have occurred inthe past.
Dermat
Referring tothe skin. For example, dermal absorption means passing through the skin
Dermal contact
‘Contact with (touching) te ski [see routeofexposure]
Descriptive epidemiology
“The studyofthe amount and distribution ofa discase in a specified population by person,place, and time.
Detection limit
“The lowest concentrationof a chemical thatcan reliablybedistinguished from a eroconcentration
Disease prevention
Measures used to preventa diseaseo reduce its severity.
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Disease registry |
A systemof ongoiag registrationof all cases ofa particular disse or health condition in
a defined population.

Dose (for chemicals that are not radioactive)
Theamountof asubstance to which apersonis exposed oversome timeperiod.Dose is &
‘measurementofexposure. Dose is ofien expressed as milligram (amount) per kilogram (2
measureofbody weigh) per day (a measureoftime) when people eat or drink
contaminated water, food, or soi. In general, the greater the dose, the greater the
likelihoodofan effect. An "exposure dose" is how much of a substance is encountered in
theenvironment. An “absorbed dose” istheamount ofa substance that actually got nto
the body through the eyes, skin, stomach, intestines, or lungs.

Dose (fo radioactive chemicals)
“Th radiation dose is the amountofenergy from radiation tht s actually absorbed by the
‘body. This is not the same as measuremeatsofthe amountofradiation in the
environment.

Dose-response relationship
The relationship between the amountof exposure dose] to a substance and the resulting
changes in body function or health (response).

Dovngradient
A location “downstream” relative to groundwater flow directions, or the direction to
‘which groundwater is flowing.

Environmental media
Soil, water, air, biota (plantandanimals), or any other parsof the environmentthatcan .
contain contaminants.

Environmental media and transport mechanism
Environmental media include water, air, Soil, and biota (plants and animals). Transport
‘mechanisms move contaminants from the source {0 points where human exposure can
occur. The environmental media and transport mechanism i the second part ofan
exposure pathway.

EPA
United States Environmental Protection Agency.

Epidemiologic surveillance (see Public health surveillance).

Epidemiology
“The studyofthe distribution and determinants ofdisease or health status in a population;
the studyofthe occurrence and causes ofhealth effects in humans.

Exposure
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Contact witha substance by swallowing, breathing, or touching the skin or eyes.
Exposure maybeshort-term [acute],ofintermediate duration, or long-term [chronic]. {

Exposure assessment i
“The processoffinding out how people come into contact witha chemical substance or
environmental contaminant, how often and for how long they are in contact with the
substance,andhowmachofthesubstancetheyare incontactwith. }

Exposure-dose reconstruction
A methodofestimating the amountofpeople's past exposure to environmental
contaminants. Computer and approximation methods are used when past information is
limited, not available, or missing. {

Exposure investigation
“The collection and analysis ofsite-specific information and biologie tests (when
appropriate) to determine whether people have been exposed to chemical substances.

Exposure pathway
“The routea substance takes fiom its source (where it began) to its endpoint (where it
ends), and how people can come into contact with (or get exposed fo) it. An exposure
‘pathway has five parts: a sourceofcontamination (such as an abandoned business); an
environmental media and transport mechanistn (such as movement through
groundwater); a pointofexposure (such as a private well);a routeofexposure (cating,
drinking, breathing,ortouching), and areceptor population (people potentially or
actually exposed). When all five parts ae present, the exposure pathway is termed a
completed exposure pathway.

Exposure registry
A systemofongoing followup ofpeople who have had documented environmental
exposures.

Fault
In geology, a fault is a planar rock feature which shows evidenceofrelative movement. i
Feasibility study
Astudytodeterminethe best way (0 cleanup environmental contamination. A number of
factors arc considered, including health risk, costs, and what methods wil work well i

Gaining stream
A stream into which groundwater enters through the stream banks and srcambed.
‘Compare to “losing stream” i
Geographic information system (GIS) {
A mapping system that uses computers o collect, store, manipulate, analyze, and display i
data. For example, GIS can show the concentrationof a contaminant within a community
in relation to points ofreference such as streets and homes.
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Grand rounds §
Training sessions for physicians and other health care providers about health topics.

Groundwater |
‘Water beneath the earth's surface in the spaces between soil particles and between rock
surfaces [comparewithsurfacewater]. i

Groundwater Divide
“The boundary between togroundwater “basins” where the water on one side flows.
toward one basin and the water on the other side flows to the other. This is similar in
concept to a watershed divide or the continental divide for surface waters.

Halfife (64)
The time it takesforhalftheoriginalamount ofasubstancetodissppear.Inthe
environment, the half-life is the time it takes forhalf the orginal amount ofa substance:
to disappear when it is changed to another chemical by bacteria, fungi, sunlight, or ther
chemical processes. In the human body, the half-life is the time it takes forhalf the
original amountof thesubstancetodisappear,citherby being changed to another
‘substance or by leaving the body. In the caseofradioactive material, the half-life is the
‘amountof time necessary forone-halfthe initial numberofradioactive atoms to change
o transform intoanother atom (tht is normally not radioactive). After two half-lives,
25%ofthe original numberofradioactive atoms remain.

Hazard
A sourceofpotential harm from past, current, or future exposures

Hazardous Substance Release and Health Effects Database (HazDat)
“The scientific and administrative database system developed by ATSDR to manage data
collection, retrieval, and analysisofsite-specific information on hazardous substances,
‘community health concerns, and public health activities.

Health consultation
A reviewofavailable information or collection of new data to respond to aspecific
health question or request for information about a potential environmental hazard. Health
consultations are focused on a specific exposure issue. Health consuliations are therefore
‘more limited than a public health assessment, which reviews the exposure potential of
cach pathway and chemical [compare with public health assessment].

Health education
Programs designed with a community to help it know about health risks and how to
reduce these risks,

‘Health investigation
“The collection and evaluationofinformation abou the health ofcommunity residents.
“This information is used to describe or count the occurrence ofa discase, symptom, or

55



p81

clinical measure and to evaluate the possible associationbetweentheoccurrence and !
‘exposure to chemical substances.

Health promotion
The processofenabling people to increase control over, and to improve, thir health

Health Base Value (HBV)
An MDH criteria, a HBY i the concentration of contaminant in water that is considered
safe for peopleif they drink water daily for a lifetime. HBV have not undergone the
state’s rule-making process.

Health Risk Limit (RL)
An MDH standard, a HRL is the concentration ofacontaminant in water that is
‘considered safe for peopleifthey drink water dailyfor a lifetime.

Health statistics review
‘The analysisofexisting health information (i.., from death certificates, birth defects
registries, and cancer registries) to determine ifthere is excess disease ina specific
population, geographic ares, and time period. A health statistics review isa descriptive
epidemiologic study.

Indeterminate public health hazard
The category used in ATSDR's public health assessment documents when professional
judgment abou the levelofhealth hazard cannot be made because information critical to
Such a decision is lacking.

Incidence
‘The numberofnew cases ofdisease in a defined population over aspecific time period
[contrast with prevalence).

Ingestion
The actofswallowing something through cating drinking, or mouthing objects. A
‘chemical substance can enter the body this way [see routeofexposure],

Inbalation
“The act ofbreathing. A chemicalsubstancecan enter the body this way [see route of
exposure].

Intermediate duration exposure
‘Contact witha substance that occurs for more than 14 days and less than a year [compare
with acute exposure and chronic exposure].

Invitro
In an artificial environment outside a living organism or body. For example, some
toxicity testingi done on cell cultures or slices of issue grown in the laboratory, rather
than ona living animal [compare with ia vivo).

%



p.82

i

In vive i
‘Withinaliving organism or body. For example, some toxicity testing is done on whole i
‘animals, such s rats or mice [compare with in vitro}

Losing stream
A stream in which the surface water infiltrates through the stream banks and streambed,
down ntothegroundwater. Suchstreamsareoftenintermentandmay appear obe dry i
for muchofthe summer, although water is still migrating within the streambed
sediments. Compare to “gaining siream”.

Lowest-observed-adverse
-effect

level (LOAEL)
The lowesttested doseof substancethat has been reportedtocause harmful (adverse)
heath effects in people or animals.

MDH
The Minnesota Departmentof Health

Medical monitoring
A setofmedical tests and physical exams specifically designed to evaluate whether an
individual's exposure could negatively affect that person's heal.

Metabolism
The conversion or breakdownof a substance from one form to another by a living.
organism.

Metabolite
Any productofmetabolism.

mgkg
Milligram per kilogram.

mg/em2
Milligram per square centimeter (ofa surface),

mg/m3
Milligram per cubic meter; a measureofthe concentrationof a chemical in a known
volume (a cubic meter)ofai, Soil, or water.

Migration
Moving from one location to another.

Minimal risk level (MRL)
An ATSDR estimateofdaily human exposure {0 a environmental contaminant at or
below which that substance is unlikely o pose a measurable risk ofharmful (adverse),
noncancerous effects. MRLsarecalculated fora routeofexposure (inhalationororal)
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‘over a specified time period (acute, intermediate, or chronic), MRLS should not be used
as predictorsofharmful (adverse) health effects [see reference dose]. }

Morbidity i
State ofbeing ill or diseased. Morbidity is the occurrence ofa disease orcondition that
alters healthand quality of ie.

Mortality i
Death. Usually the cause (a specific disease, a condition, or an injury) is stated.

MPCA
The Minnesota Pollution Control Agency.

Mutagen
A substance that causes mutations (genetic damage).

Mutation
A change (damage) to the DNA, genes, orchromosomesofliving organisms

National Priorities List for Uncontrolled Hazardous Waste Sites (National Priorities
List or NPL)
‘EPA's lst ofthe most serious uncontrolled or abandoned hazardous waste sits inthe
United States. The NPL is updated on a regular basis.

National Toxicology Program (NTP)
Partofthe Departmentof Health and Human Services. NTPdevelopsand carries out
tests to predict whether a chemical will cause harm to humans.

No apparent public health hazard
A category used in ATSDR's public health assessments for sites where human exposure:
to contaminated media might be occurring, mighthaveoccurred in thepast, ormight
‘occur in the future, but where the exposure is not expected to cause any harmful health
effects.

No-observed-adverse-efl
ect

evel (NOAEL)
“The highesttesteddoseofasubstance that hasbeen reported to have no harmful
(adverse) health effects on peaple or animals.

No public health hazard
Acategoryused in ATSDR's public healthassessmentdocuments or sites where people
have never and will never come into contact with harmful amountsofste-related
substances.

NPL see National Priorities List for Uncontrolled Hazardous Waste Sites]

Physiologically based pharmacokinetic model (PBPK model)
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Acomputermodelthat describeswhathappens to achemical inthebody. This model
describeshowthechemicalgetsintothebody, whereitgoesinthe body, howitis
changedbythebody, and how it eavesthebody.

Pica
A craving 0 eat nonfood items, such as dir, paint chips, and clay. Some children exhibit
pica-related behavior.

PFC
Perfluorochemical, a family of fully fluorinated hydrocarbons.
PLP
Permancat List of Priorities, the Minnesota state Superfund list

Plume
A volumeofasubstance that movesfrom its sourcetoplaces farther away from the,
‘Source. Plumes can be described by the volume ofair or water they occupy and the
direction they move. For example, a plume can be a columnofsmoke from a chimney or
‘a substance moving with groundwater.

Pointofexposure
The place where someone can come into contact with a substance present in the
environment [sce exposure pathway)

Population
Agroupornumberofpeople livingwithin aspecifiedarcaorsharing similar
characteristics (such as occupation or age).

Potentially responsible party (PRP)
A company, goverment, or person legally responsible for cleaning up the pollution at a
hazardous wastesiteunderSuperfund.Theremaybemorethan one PRPfor a particular
site.

ppb
Parts per billion.

ppm
Pants per million.

ot
Parts per willon.

Prevalence
“Thenumberofexiting disease cases in a defined population duringa specific time
period [contrast with incidence],
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Prevalence survey
Themeasure ofthecurrentlevelofdiscase(s)orsymptomsandexposures througha
questionnaire that collects self-reported information from a defined population.

Prevention
‘Actions that reduce exposure or other risks, keep people from getting sick, or keep
discase from getting worse.

Public availability session
An informa, drop-by meeting at which community members can meet one-on-one with
ATSDRstaffmembers to discuss health an site-related concerns.
Public comment period
An opportunity for the public to comment on agency findings or proposed activities
contained in draft reports or documents. The public comment period is a limited time
period during which comments will be accepted.

Public health action
Alistof steps to protect public health.

Public health advisory
A statement made by ATSDR to EPA or a state regulatory agency that a release of
hazardoussubstancesposesanimmediatethreat (0humanhealth. Theadvisoryincludes
recommended measurestoreduceexposureandreducethethreat 0 human health.

Public health assessmeat (PHA)
An ATSDR document that examines environmental contaminants, health outcomes, and
community concerns ata waste site to determine whether people could be harmed from
cominginto contactwiththosecontaminants.The PHAalso listsactionsthat needtobe:
take to protect public health [compare with health consultation)

Public health hazard
A category used in ATSDR's public health assessments for sites that pose a public health
hazard because of long-term exposures (greater than 1 year) to sufficiently high lovels of
hazardous substances or radionuclides that could result in harmful health effects.

Public health hazard categories
Public health hazard categories are statements about whether people could be harmed by
conditionspresentat thesite inthepast,present, orfuture. Oneormore hazardcategories
‘might be appropriate for each site. The five public health hazard categories are no public:
health hazard, no apparent public health hazard, indeterminate public health hazard,
public health hazard, and urgent public health hazard.

Public health statement
“The first chapterofan ATSDR toxicological profil. The public health statementis a
‘summary written in words that are easy (understand. The public health statement
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‘explains how people mightbeexposed 0aspecific substanceanddescribes the known i
heath effectsofthat substance.

Public health surveillance
The ongoing, systematic collection, analysis, and interpretationofhealth data. This
activityalso involves timely disseminationofthedataanduseforpublic health programs. {

Public meeting
A public forum with community membersfor communication abouta site

RCRA [see Resource Conservationand RecoveryAct (1976, 1984)]

Receptor population
People who could come into contact with environmental contaminants [see exposure
pathway).

Reference dose (RID)
An EPA estimate, with uncertainty or safety factors built in, ofthe daily lifetime dose of
asubstancethatisunlikelytocauseharm in humans.

Registry
A systematic collectionofinformation on persons exposed to a specific substance of
having specific diseases [see exposure registry and disease registry).

Remedial investigation
The CERCLA processofdeterminingthe typeandextent ofhazardous material
contamination at a site.

Resource Conservation and Recovery Act (1976, 1984) (RCRA)
This Act regulates management and disposalofhazardous wastes currently generated,
treated, stored, disposed of, or distributed.

RAD [see reference dose]

Risk
The probability that something will cause injury or harm.

Risk reduction
‘Actions that can decrease the likelihood that individuals, groups, or communities will
experience discase or other health conditions.

Risk communication
“The exchange ofinformation to increase understandingofhealth risks.
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Route of exposure
The way people come into contact with a hazardous substance or environmental
‘contaminant. Thee routesof exposure arc breathing [inhalation], cating or drinking
[ingestion], or contact with the skin [dermal contact].

Safety factor [see uncertainty factor]

SARA [sec Superfund Amendments and Reauthorization Act]

Sample
“A portion or piece ofa whole. A selected subsetof a population or subset of whatever is
being studied. For example, ina study ofpeople the sample is a numberofpeopl chosen
from a larger population [sce population]. An environmental sample (for example, a
‘small amountofsoil or water) might be collected to measure contamination in the
environment at a specific location.

Sample size i
“The numberofuits chosen from a population or an environment.

Saturated thickness
“The vertical thicknessofan aquifer in which allofthe available pore space is filled with
water.

Solvent
‘A liquid capableofdissolving or dispersing another substance (for example, acetone or
mineral sprit).

Sourceofcontamination
Theplace where an environmentalcontaminantcomes from, such asa landfill, waste
pond, incinerator, storage tank, or drum. A sourceof contamination isthe first part ofan
exposure pathway.

‘Special populations
‘People who might be more sensitive or susceptible 0 exposure to environmental
‘contaminanis because offactors such as age, occupation, sex, or behaviors (for example,
cigarette smoking). Children, pregnant women, and older people arc often considered
special populations.

Special Well Construction Area (SWCA)
Minnesota Statutes, section 1031, subdivision 5, clause 7, grants the commissioner of
health the authority to establish standards for the construction, maintenance, sealing, and
‘water quality monitoringofwells in arcas of known or suspected contamination.
Minnesota Rules, part 4725.3650, detail the requirements for construction, repair, or {
sealing within a designated SWCA, including plan review and approval, water quality i
‘monitoring, and other measures to protect public health and prevent degradation of
groundwater.
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Stakeholder
A person, group,orcommunity who has an interest in activities at a waste site.

Statistics
A branchofmathematics that deals with collecting, reviewing, summarizing, end
interpreting data or information. Statistics are used to determine whether differences
between study groups are meaningful.

‘Substance
A chemical

Substance-specific applied research
A programofresearch designed to fill important data needs for specific hazardous
substances identified in ATSDR’ toxicological profiles. Filling these data needs would
allow more accurate assessmentof human risks from specific substances contaminating.
the environment. This research might include human studies or laboratory experiments to
determine health effects resulting from exposure to a given hazardous substance.

‘Superfund see Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 (CERCLA)and Superfund Amendments and Reauthorization Act (SARA)

Superfund Amendments and Reauthorization Act (SARA)
In 1986, SARA amended the Comprehensive Environmental Response, Compensation,
and Lisbility Act of 1980 (CERCLA) and expanded thehealth elated responsibilities of
ATSDR. CERCLAand SARA direct ATSDR to look into the health effects from
substance exposures at hazardous waste ites and to perform activites including health
education, health studies, surveillance, health consultations, and toxicological profiles.

Surface water
‘Water on the surfaceofthe earth, such as in lakes, rivers, streams, ponds, and springs
[compare with groundwater).

Survey
‘A systematic collection of information or data. A survey can be conducted to collect
information from a groupofpeople or from the environment. Surveys of group of
‘people can be conducted by telephone, by mai, or in person. Some surveys are done by
interviewing a group ofpeople [see prevalence survey]

Synergistic effect
A biologic response to multiple substances where one substance worsens the effect of
another substance. The combined effectofthe substances acting togetheri greater than
the sumofthe effectsofthe substances acting by themselves [sce additive effect and
antagonisti effect)
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Teratogen
A substance that causes defects in development between conception and birth. A
teratogeni a substance that causes a structural or functional birth defect.

Toxic agent
‘Chemical or physical (for example, radiation, heat, cold, microwaves) ageats that, under ;
certain circumstances of exposure, can cause hammful effectsto living organisms.

Toxicological profile
An ATSDR document that examines, summarizes, and interprets information about a
‘hazardous substance to determine harmful levelsofexposure and associated health
effects. A toxicological profile also identifiessignificantgaps in knowledge on the
‘substanceanddescribesareas wherefurtherresearchisneeded.

Toxicology
“The studyofthe harmful effectsofsubstances on humans or animals

Transmissivity
In hydraulics, this is a measureofthe rate at which water moves through an aquifer or a
defined portionofan aquifer

Tumor
An abnormal massoftissue that result from excessive cell division tha is uncontrolled
‘and progressive. Tumors perform no useful body function. Tumors can be cither benign
(not cancer) or malignant (cancer)

Uncertainty factor
Mathematical adjustments for reasonsofsafety when knowledge is incomplete. For
example, factors used inthe calculationofdoses that are not harmful (adverse) to people.
‘These factors are applied to the lowest-observed-adverse-¢

ffect-level
(LOAEL) or the no-

observed-adverse-cffect-l
evel

(NOAEL) to derive a minimal risk level (MRL).
Uncertainty factors are used to account for variations in people's sensitivity, for
differences between animals and humans, and for differences between a LOAEL and a
NOAEL. Scientists usc uncertainty factors when they have some, but not all, the
information from animal or human studies to decide whether an exposure will cause harm
10 people {also sometimes calleda safety factor].

Upgradient
A location “upstrean” relative to groundwater flow directions, or te direction from
‘which groundwater is flowing.

Urgent public health hazard
A category used in ATSDR's public health assessments for sites whereshort.term
exposures (less than 1 year) to hazardous substances or conditions could result in harmful
health effects that require rapid intervention.
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Volatile organic compounds (VOCs)
‘Organic compoundsthatevaporate readily into the sir. VOCs include substances such 1s
benzene, toluene, methylene chloride, and TCE.

Water table
“The subsurface layer below which all available pore space is completely saturated with
groundwater

Other glossaries and dictionaries:

US. Environmental Protection Agency (htp:/wony. cpa tov/OCEPAterms))

National Center for EnvironmentalHealthAgency for Toxic Substances and
Discasc Registry (CDC)(hipy/wvew.cdegovincehdlseporyslossar.htm)
hips. goviexposurercpor/

National Library ofMedicine (NIH)
(ht: svonw.pim. nih gov/medlineplus/mplusdictionary himl)
hap//owwlm.ihgovmedlineplusmplusdictionary.hm

For more information onthework of ATSDR, plsse const
OfficeofCommunications
National Centerfo EnvironmentalHeal AgencyforToveSubstancesand Disease Registry1600 Clon Rosd, NE. (MS £29)
Alaia, GA 3033)
Telephone: (404) 193.0080
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Appendix 1: Figures
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Appendix 2: Tables
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Table 1: Initial 3M-Woodbury Disposal Site Monitoring WellData’,
2005 — 2006 (in pg/L)

ne ros|Location”| Aquifer PFOA PFBA. PFBS PFHxS

pr[omy [Ree Tsai)eo
8B PDC ND [ ) ND

| Soo | ‘ars oars
5 571iMWI [ome [WA [WA[is|wwWs osTP NA 335 NA NA

NT NAMWT osm | NA NAMWS [OPC | NA |NA|505| NA NA
MW-11 OPDC NA NA 0383 NA NA
[oT 0916- |196-218 129 103-11613
an] oii TTG-58

Notes:
Values shown in boldface type exceed MDH drinking water criteria, No rtra est or PBS
or PFHXS.

"Data are from Weston (20072). Results are average values calculated from two samples fromsame wel collected on same date
2 Well locations are shown in Figure 4
? Aquifer abbreviations: CJDN = Jordan, OPDC= Prairie du Chien, OSTP = St. Peter
Combined discharge from Woodbury pumping wells

* Non-contact. process water discharge from retention pond at 3M-Chemolite Plant
SND = not detected

7 NA = not analyzed
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