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Serum PerfluorooctaneSulfonateand Hepatic
9 0

and Lipid CII.McalChemistry Tests "n
fluorochemicalProduction Employees

Geary W. Olsen, DVM, PhD he3M Companymanufacturesprod-
Jean M. BurTis,RN, MPH uctsthatcontainfluorochemicals,ei-

JeffreyH. Mandel, MD, MPH therasintentionalcomponentsorre-
sidualimpurities,thathave as a

LarryR. Zobel,MD, MPH precursormoleculeperfluorooctane
sulfonylfluoride(CSF17So2F). Work-

The3M Company manufacturesfluarochemicals,whichhaveasa placeexposuremay occurby inhala-
precursorperfluorooctanesuy'onylfluoyide (CsF,7SO2F). These com- tion, ingestion, and dermal routes.
pounds may be expectedtotransformmetabolically,toan undetemined These fluorochemicalsmay u-ansform
degree,topeiflyoroocianesu@fonate(PFOS, C8F,7SO_3-) as an end- metabolicay, toan undeterminedde-
stage metabolite. Subchronic studies in rats and primates indicate a gree, to perfluorooctane sulfonate
potential for cumulative toxicitywith PFOS with the pfimaiy effect (PFOS; CF,7SO3-) as an end-stage
relatedtometabolic wasting with hypoliptdemza as a consutentfinding. metabolite.' Potassium perfluo-
Biennial medical surveillance has been offered to the company's rooctanesulfonate(CsF,7SO3 K') is

fluorochemzcal pmduction *workers locakd in Decatur, Alabama, and itselfa surfactantused asa wettingand

Antwerp, Belgium. In 1995, the mean serum PFOS level,as measured foaming agentin industrialand com-
orby high-pe@bmance liquidchromatography mass spectromet-ryf 178 mercialprocesses.

male employeeswas 2.19 partsper miuion (ppm; range,0.00 to 12.83 PFOS isknown toconcentratepri-

ppm), and in 1997, for 149 male employees,itwas 1.75 ppm (0.10 to marilyintheliverand,toa 10-fold
2

9.93 ppm). Our analyses suggest that among these prod@ction employ- lesser extent, in the plasma of rats.

ees, there were no substantial changes in -serum hepatic enzymes, There, appears to be significant en-
terohepaticcirculationof PFOS withcholesterol,or lipopmteins associatedwith PFOS levelslessthan 6 ppm. 2.3

It was not possible to derive inferencesftom thefew employees who had both urinary and fecal excretion.

serum PFOS levels2: -6 ppm. These resultsmay be due to the lower Levels Cholestyramine decreased the reten-

of serum PFOS measured among these production employees, compared
tion of radiolabeled PFOS in the

to those suspected to cause effectsin laboratory animals.
liver and plasma and increased its
eliminationvia feceS.3Subchronic
studiesin ratsand primatessuggest
there is cumulativetoxicitywith
PFOS.4-7 Lowered serum totalcho-
lesterollevelsappear to be an early
consistentfindin-,with cumulative
toxicityresultingin metabolicwast-
ing and ultimatelydeath.Although
themechanism of toxicityin labora-
toryanimalsisnotfullyunderstood,
itmay be due to an effecton fatty
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Voluntarybiennialmedicalsur- reductionwas due to a largeturnover thatwere consideredin theanalyses.
veillanceof*fluorochemicalproduc- ofemployeesatboth plantlocations For stratifiedanalyses.employees
tionemployees has been routinely during1996 and 1997.The surveil- were dividedintofourPFOS catego-
performedsincethe late1970s at lanceconsistedof a medicalques- ries(0to<I ppm. Ito< 3 ppm.3 to
3M's Decatur.Alabama, and Ant- tionnaire:measurement of height. <6 ppm. and a-6ppm) todetermine

%%,erp,Belgium. locations.Total se- weight.and blood pressure,standard whetheran effectcouldbe detectedat
rum organicfluorinelevelswere an- clinicalchemistryand hematology thehighestserum PFOS levels.Other
al),zeduntilthe mid-1990s when tests:and determinationof serum categoricallevelswere used thatpro-
serum PFOS determination,quantifi- PFOS levels. videdsimilarresults.For mul6vwiable
able by high-performanceliquid

PFOS Analysis
regressionanalyses,serumPFOS and

chromatographymass spectrometry. thepotentialconfoundersofage,BMI,
became available.ne purpose of In 1995,the analysisfor serum alcoholuse.and cigaretteuse were

thisstudywas to providea cross- PFOS was conductedby 3M's Envi- examined as continuousand categori-

sectionalanalysisof themedicalsur- ronmentalLaboratoryin St.Paul. calexplanatoryvariablesin themod-

veillancedatainrelationto theem- Minnesota.The method usedtetrabu- els.Muldvariableregressionmodels

ployees'serum PFOS levels. tylammonium toion-pairwithPFOS were fitted,withPFOS analyzedas a
in serum.13 The ion-pairswere then continuousvariable,using linearas
extractedwithethylacetate.The ab- well as non-Hneartransformationsin

Methods stractionproductwas then analyzed orderto maxirnizethepossibilityof
usinghigh-performanceliquidchr6- findingassociationsbetween PFOS

Fluorochemical Production matography-ther7nospraymass spec- and thedependentvariableof interest.
Fluorochemicalproductionbegan trometry.In 1997,theserum samples Naturallogtransformationsof thede-

inDecaturin 1961 and Antwerp in were analyzedby liquidchromatog- pendent variableswere performed,
1976. In general,perfluorinated raphy/massspectrometry,using se- when necessary,to normalizevari-
chemicalsareproduced via an elec- lectedion monitoringin thenega- ablesand toenhancemodel fit.Tradi-
trochemicalprocess:a solutionof tive-ionmode."'-is tionalstepwiseselectionprocedures
organicsubsmte iselec"lyzed in were alsoutilized(selectioninand out
anhydroushydrogen fluorideat a LaboratoryAnalyses ofmodelwas setatP = 0.1),asweH
low voltage.12The productsof this For both time periodsand plant astakingintoaccountothercovariates
electrolysiscellreactionarehighly locations,UnitedLaboratoryServices thatmay be on thebiologicpathwayof
fluorinatedcompounds, with the (St.Paul,W performedthestandard effecl" We didnotexan-dnechanges
end-productdefinedby the starting hematologicaland serum chemistry in measured PFOS betweenthe two
material.Potentialforworkplaceex- tests.These includedthe following: time periodsbecausethe estimated
posuretothosefluorochemicalsthat allWinephosphatase(IU/L),gamma half-lifeof PFOS intheserum isbe-
metabolizetoPFOS can occurinthe glutainyltransferase(TU/L),aspartate lievedto rangebetween 1000 and
electrochemicalcell,the reactor, aminou-ansferase(IU/L),alanineami- 1500days(J.H. Mandel,MD, unpub-
mixing,drumming, and packaging no=mferase (ITJ/L),totaland direct lisheddatabasedon 4 yearsof serum
areas,aswellas intheplant'squality bilirubin(mg/dL),cholesterol(mg/ measurementsof threeretirees,1998).
assuranceand researchand develop- dL),low-densityprotein(mg/dL), Study resultswere analyzedusingthe
ment laboratories. high-densitycholesterol(HDL; mg/ SAS System.17

dL)andtriglycerides(mg/dL).Clinical
Subject Selection chemistry,hematology,and serum
Voluntaryfluorochemicalmedical PFOS detem-dnationswere performed

Resultssurveillanceexaminations are of- on overnightfastedblood samples.
feredbienniallyto approximately

DataAnalysis
The distributionofemployees,by

200 Antwerp and 300 Decaturpro- serum PFOS exposure categoriza-
ductionemployees.In 1995,a total Descriptive,simple,and stratifiedtion,is presentedin Table 1.

of 178 male employees (Antwerp: analyses,analysesof variance,and or- Whereas 20% of the Decaturem-
n = 88;Decatur:n = 90) partici- dinarymultivariableregressionwere ployeeshad exposuresat2:3ppm for
patedinthemedicalsurveillanceex- used toevaluateassociationsbetween both years,thisproportionin Ant-

aminations.In 1997, 149 male em- PFOS and each hematologicaland werp declinedfrom 25% in 1995to
ployees(Antwerp:ii= 65. Decatur: clinicalchemistrytest.Age. body mass 13% in 1997.For bothyears.95% of
n = 84)participated.(Therewere too index(BMI: kg/in2).curr-entalcohol the employees'serum PFOS levels
few femaleemployeesto includein consumption(drinksperday),andcig- were below 6 ppm. There were no
thedataanalysis.)Sixty-oneemploy- aretteuse (cigarettessmoked perday) PFOS measurements 2!6 ppm in
ees participatedin both years.This were potentialconfounding factor% Antwerp in1997.
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TABLE1
DistributionofEmployees,by Year,Location,andPerfluorooctaneSulfonate(PFOS)ExposureLevel(inpartsper
million[ppm])

1995 Data 1997Data

AllEmployees Antwerp Decatur AllEmployees Antwerp Decatur

PFOS n % n % n % n % n % n %

0 to <1 ppm 45 25 34 39 11 12 60 40 31 48 29 35

1 to <3 ppm 91 51 32 36 59 66 63 43 25 38 38 45

3 to <6 ppm 35 20 19 22 16 18 21 14 9 14 12 14

@-6 ppm 7 4 3 3 4 4 5 3 0 0 5 6

Total 178 100 88 100 90 100 149 100 65 100 84 100

TABLE 2
totalbilirubin,thathad significant

Mean ValuesofPFOS, Demographic,Serum Chemistry,and Hematologic
(P < 0.05)F testsfordifferencesin

Parameters for Antwerp and Decatur, 1995 and 1997 Examinatione
means in both years of analysis.

1995 Date 1997 Date Stratification by plant location and

Variable Antwerp Decatur Antwerp Decatur
surveillance year did not result in

significantfindingsfortotalbilirubin

PFOS.ppm 1.93 2.44 1.48 1.96 or directbilirubin(Table 4).Third,
Age,years 37... 45 33'- 44 mean serum cholesterollevels re-
BMI,kg/M2 23.9- 29.2 23.5- 30.0

Cigarettes,no. per day 4.7* 7.9 5.5 6.6 mained constant (1995) or increased

Alcohol.drinksperday 1.3- 0.2
1.1... 0.1 (1997) with higher PFOS category

AlkPhos,IU/L 75- 97 70... 87 levels,although the HDL mean val-

GGT, IU/L 41 48 26* 36 ues trended lower among those em-
AST, IU/L 26* 29 27 26

ployees with the highest PFOS cate-
ALT, IU/L 44 47 31 34

T. bilirubin,mg/dL 0.86'@- 0.58 0.80*- 0.58 gorizations.Stratificationby plant

D.bilirubin,mg/dL 0.22 0.21 0.15-* 0.12 location and surveillanceyear did

Cholesterol,mg/dL 214 218 206 215 not resultin significantlydifferent

LDL,mg/dL 138 136 134 137

HDL, mg/dL FA.- 43 so-* 42
mean cholesterolor HDL values by

Triglycerides,mg/dL 115- 187 ill... 192 PFOS categories(Table 5). Finally,

P < 0.05;- P < 0.01; P < 0.001.
itshould be noted that employees in

BMI, body mass index;AJkPhos, alkalinephosphatase;GGT, gamma glutamyltrans-
the highest PFOS category were

ferase;AST, aspartateaminotransferase;ALT, alanineaminotransferase;T.,total;D.,direct;
older and had higher BMIs than did

LDL,low-densitylipoprotein;HDL, high-densitylipoprotein. employees in the lowest PFOS cate-

goiy. Furthermore, in 1997, the em-

ployees with at6 ppm serum PFOS

The mean values forPFOS, demo- covariatesand hepatic enzymes, cho- levelswere only from Decatur (Ta-

graphic, and liverand lipidtestre- lesterol,and lipoproteinsby four lev- ble 1). thus the analyses may be

sults,by location,are presented in elsof PFOS categorization(0 to < 1, confounded because Decatur em-

Table 2. The Antwerp male em- I to <3, 3 to <6, and a:6 ppm) for ployees were generally older and

ployee population was sicynificantly the combined populations for each heavier than Antwerp employees.

younc,er than that at Decatur, had surveillanceyear. (Hematology and For example, in 1997 themean HDL

lower BMIS, and had higher self- other clinicalchemistry data were levelfor the a6 ppm group was 40

reported daily consumption of alco- unremarkable and are not shown.) mg/dL (Table 3). However. this

hol.In addition,theirclinicalprofiles Several observations are noteworthy. mean value was solely from Decatur

were differentfor severaltests.For First,the mean for the @t6 ppm employees.

both time periods,the Antwerp em- PFOS category was one order of Linear and nonlinear relationships

ployees had lower mean alkaline magnitude higher than the lowest between PFOS and the dependent

phosphatase and triglyceridevalues PFOS category (0 to < I ppm) for variablesof interest,takinc,intoac-

and hi-her totalbilirubinand HDL both years.Also, the means of the count the potentialconfoundina af-

values. four PFOS categories were signifi- fectsof age. BMI. alcohol,and cig-

Table 3 liststhe mean. median, cantlydifferentfrom each other.Sec- arettes.resulted in many analyses.

standard deviation,and range of the ond, there was only one variable. Total bilirubinshowed a significant
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TABLE3
Mean,Median,StandardDeviation(SD)ofMean andRangeofPFOS,byDemographicandSerumChemistriesforAntwerp
andDecaturEmployeesCombined,for1995(n= 178)and1997(n= 147)

1996Date 1997Data

PFOS'(ppm) Mean Median SD Range Mean Median SD Range

PFOS,ppm
0 to<1 0.491 0.50 0.27 0.00to0.90 0.52' 0.52 0.27 0.10to0.97
1 to<3 1.82'

'
1.77 0.58 1.00to2.91 1.781 1.64 0.56 1.02to2.89

3to<6 4.121 3.97 0.81 3.00to5.80 3.871 3.59 0.70 3.09to5.30
2--6 8.171 7.73 2.52 6.06to12.83 7.201 6.68 1.59 6.05to9.3

F value 321.9,P < 0.0001 F value 367.6.P < 0.0001
Age,years
0 to <1 37 36 a 21 to 58 36 34 11 21 to62
1to <3 422 41 9 25 to60 422 41 9 24 to63
3 to<6 40 40 7 26 to55 41 42 5 32 to54
a6 45 43 7 37 to56 42 45 9 29 to52

F value 3.7,P - 0.02 F value 5.1,P 0.002
Alcohol,drinksperday
0 to<1 0.8 0.6 0.9 0 to3.6 0.5 0.1 0.8 0 to4.3
1 to<3 0.5 0.1 0.7 0 to3.6 0.5 0.1 0.8 0 to5.0
3 to<6 1.2 0.3 1.9 0 to6.0 1.0 0.1 1.8 0 to7.1
a6 0.7 0.0 1.1 0 to2.9 0.2 0.1 0.2 0.1to0.8

F value 4.0.P - 0.009 F value 1.8,P 0.15
BMI, kg/m2
0 to <1 25.5 24.8 4.2 17.9to38.7 26.0 24.9 4.9 20.1to41.7
1to<3 27.7 26.3 5.8 19.6to60.7 27.7 26.4 5.7 18.1to48.5
3 to<6 24.93 25.0 3.8 17.9to32.5 27.3 27.9 4.4 19.1to36.0
2:6 27.7 29.4 4.2 20.6to33.0 30.8 29.7 4.0 26.1to36.2

F value 3.7,P = 0.02 F value 2.1.P 0.10
Cigarettes,no.perday
0 to<1 2.6 0.0 6.4 0.0to25.0 4.7 0.0 9.4 0 to40
1 to<3 6.8 0.0 11.3 0.0to40.0 8.2 0.0 11.3 0 to40
3 to<6 10.6 8.0 12.4 0.0to40.0 4.1 O.D 8.3 0 to30
2:6 0.4 0.0 1.1 0.0to3.0 6.0 0.0 13.4 0 to 30

F value 4.8,P = 0.003 F value 1.5,P 0.23
Alkalinephosphatase,IU/L
0 to<1 80 78 22 31 to158 77 73 17 49 to 132
1 to<3 89 89 27 49 to191 83 79 23 41 to 163
3 to<6 86 85 21 32 to124 76 74 22 29 to 120
2:6 88 85 24 63 to136 88 84 18 65 to 114

F value 1.3,P 0.28 F value 1.2,P 0.32
GGT, U/L
0 to <1 43 31 28 16 to 155 28 22 20 10 to 142
1 to<3 47 36 39 2 to293 36 25 33 10 to 179
3 to<6 40 39 15 21 to80 28 27 14 13 to71
2:6 43 33 18 28 to 79 33 37 12 17 to48

F value O.S.P 0.71 F value 1.1,P 0.34
AST, U/L
0 to<1 27 25 13 15 to 96 27 25 7 13 to53
1 to<3 29 26 12 14 to 90 26 25 7 15 to56
3 to<6 25 24 5 13 to 37 25 23 7 14 to43
a6 33 33 6 26 to 43 29 28 3 26 to34

F value 1.8,P 0.14 F value 0.5.P 0.67
ALT. IU/L I
0 to <1 48 43 20 27 to 118 31 30 11 13 to60
1to<3 46 42 21 18 to 183 33 29 16 10 to89
3 to<6 42 41 7 30 to59 34 31 18 14 to82
a6 51 49 17 29 to82 41 45 10 25 to49

F value 1.0,P - 0.38 F value 0.9,P = 0.46
T.bilirubin,mg/dL
0 to<1 0.88 0.70 0.50 0.40to2.90 0.77 0.60 0.40 0.30to2.30
1 to<3 0.662 0.60 0.30 0.20to 1.50 0.612 0.60 0.21 0.30to 1.30
3 to<6 0.642 0.60 0.28 0.20to 1.40 0.63 0.50 0.31 0,40to 1.30
a6 0.76 0.70 0.23 0.50 to 1.20 0.58 0.50 0.24 0.40to 1.00

F value= 4.4.P = 0.005 F value 2.9.P = 0.04
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TABLE3
Continued.

1995Data 1997 Date

PFOS* (ppm) Mean Median SD Range Mean Median SD Range

D. bilirubin,mg/dL
0 to <1 0.22 0.20 0.05 0.02 to 0.40 0.15 0.10 0.07 0.10 to 0.40

1 to <3 0.21 0.20 0.06 0.10 to 0.40 0.122 0.10 0.04 0.10 to 0.20

3 to <6 0.21 0.20 0.04 0.20 to 0.30 0.12 0.10 0.04 0.10 to 0.20

a:6 0.20 0.20 0.02 0.10 to 0.30 0.10 0.10 0.00 0.10to 0.10
F value 0.6,P = 0.58 F value 3.5.P = 0.02

Cholesterol.mg/dL
t 0 to <1 219 215 47 100 to 340 198 197 40 110 to 280

1 to <3 216 213 43 118 to 315 216 219 42 116 to 365

3 to <6 214 214 35 128 to 278 2292 224 29 192 to 321

2--6 213 221 36 160 to 251 229 238 26 186 to 250

F value 0.1,P 0.96 F value 4.3,P 0.006

LDL, mg/dL
0 to <1 140 137 43 29 to 261 124 128 34 50 to 205

1 to <3 134 134 40 44 to 234 141 134 38 61 to 290

3 to<6 137 135 34 65 to 190 1482 142 24 111 to 196
2:6 142 136 32 95 to 178 145 156 26 103 to 164

F value 0.2,P 0.87 F value 3.7.P 0.01

HDL. mg/dL
0 to <1 53 53 13 31 to 94 46 48 11 19 to 74

1 to <3 48 47 13 26 to 94 44 45 10 28 to 69

3 to <6 45 46 11 23 to 74 48 47 10 32 to 69

a6 45 46 9 34 to 61 40 38 4 37 to 45

F value 2.9,P 0.04 F value 1.1,P 0.34

Triglycerides,mgtdl
0 to <1 129 96 98 41 to 622 148 107 162 38 to 1209

1 to <3 161 133 107 41 to 651 156 122 108 44 to 534

3 to <6 isa 142 88 34 to 413 166 158 92 45 to 394

a-6 132 151 45 64 to 187 220 191 83 149 to 352

F value 1.1.P 0.35 F value= 0.5,P 0.67

See Table I forsample sizeby year.
Mean issignificantlydifferent(P < 0.05,Bonforroni(Dunn)test)from themean of theotherPFOS categories.

2 Mean issignificantlydifferent(P < 0.05,Bonferron!(Dunn)test)from themean of 0 to <1 ppm PFOS category.
3 Mean issignificantlydifferent(P < 0.05, Bonferroni (Dunn) test)from the mean of 1 to <3 ppm PFOS category.

quadraticassociationwith PFOS for riableanalyses(datanot shown) were below 6 ppm. Because theAnt-

Decaturemployees.That is,totalbil- showed no consistentassociations werp and Decatur employees were
irubinlevelsinitiallydeclined.but betweenPFOS and HDL. For both dissimilarby age, BMIS, and self-
subsequentlyincreasedwith increas- plantscombined, HDL levelswere reportedalcoholuse,we conducted
ing PFOS levels.This association significantlynegativelyassociated combined as well as separateanaly-
was not observed in the Antwerp (linearly)withPFOS in 1995,after ses by plantlocation.These three
employee population,which had adjustmentforpossibleconfounding demographic factorsexplain,atleast

highertotalbilirubinlevels.In 1997, factors,but thiswas not observed in partially,why theAntwerp employ-
serum cholesterollevelswere posi- 1997. ees had lower mean serum triglycer-
tivelyassociated(linearly)with se- idesand higherHDL levelsthan the

rum PFOS, afteradjustmentforpo- Discussion Decaturemployees.113-22

tentialconfounding factorsamong We conducted two cross-sectional Clinicalhepaticenzyme testswere

Decaturemployees (datanotshown). analysesof surveillancedata to ex- not associatedwith the employees'

This associationwas not observed amine the associationsbetween se- serum PFOS levels.This was an
with serum PFOS and cholesterolin rum PFOS levelsand severalhema- importantquestionto address be-
1995 among Decatur employees or tologicaland clinicalchemistrytests causePFOS has been reported(1)to

ineithertime periodwith the Ant- in male fluorochemicalproduction be a peroxisome proliferatorin
werp employees.Stratificationof the employees.For both years,95% of ratsg*lo;(2) to resultin increased

databy plant(Table5)and multiva- the measured serum PFOS levels plasma livertransaminasetestsin a
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TABLE4
Mean,Median(Med),StandardDeviation(SD)ofMeanandRangeofPFOS,andTotalandDirectBilirubinLevels,byYear
and PlantLocation

Antwerp Decatur

PFOS* (ppm) Mean Med SD Range Mean Med SD Range

1995 Data
T.bilirubin,mg/dL
0 to<1 0.96 0.80 0.55 0.40to2.90 0.65 0.60 0.16 0.40to 0.90
1 to<3 0.83 0.80 0.26 0.40to1.30 0.57 0.50 0.28 0.20to 1.50
3 to<6 0.75 0.70 0.30 0.30to1.40 0.51 0.50 0.18 0.20to 1.00
a6 0.93 0.90 0.25 0.70to1.20 0.63 0.65 0.10 0.50to0.70

F value 1.2,P 0.31 F value 0.7.P 0.54
D.bilirubin,mg/dL
0 to <1 0.23 0.20 0.06 0.20to0.40 0.20 0.20 0.00 0.20to 0.20
1 to <3 0.22 0.20 0.04 0.20to0.30 0.20 0.20 0.06 0.10to 0.40
3 to<6 0.21 0.20 0.03 0.20to0.30 0.20 0.20 0.04 0.20to 0.30
a6 0.20 0.20 0.00 0.20to0.20 0.20 0.20 0.08 0.10 to 0.30

F value 0.7.P 0.55 F value 0.4,P = 0.74
1997 Data
T.bilinibin,mg/dL
0 to<1 0.90 0.80 0.46 0.40to2.30 0.63 0.60 0.30 0.30to 1.40
1to <3 0.68 0.70 0.23 0.30to1.30 0.56 0.50 0.18 0.30to 1.00
3to<6 0.79 0.70 0.40 0.30to1.30 0.51 0.50 0.16 0.30to0.90
a6 - - - 0.58 0.50 0.24 0.40to 1.00

F value 2.3,P = 0.11 F value 1.0,P 0.41
D.bilirubin,mg/dL
0 to <1 0.16 0.20 0.08 0.10to0.40 0.13 0.10 0.06 0.10to0.30
1to <3 0.13 0.10 0.05 0.10to0.20 0.11 0.10 0.03 0.10to0.20
3 to<6 0.14 0.10 0.05 0.10to0.20 0.11 0.10 0.03 0.10 to0.20
a6 - - 0.10 0.10 0.00 0.10to0.10

F value 2.2,P = 0.12 F value= 1.3.P 0.28

See Table1 forsample sizesby year.

subchronicratstudy4;and (3) to Comparable percentagesalsoexisted at 4.5 mg/kgtday had mean serum

increaseserum aspartateaminotrans- in 1997.We areuncertainwhether cholesterolvaluesthatdecreasedfrom

feraseand lower alkalinephospha- post-collectionfactors,includinghe- 183 mg/dL to 99 mg/dL within30

tase levelsin a subchronicrhesus molysis,light,and heat,could have days.5Rhesus monkeys administered
5monkey study. contributedtothedifferencesintotal 1.5 mgtkgtday had mean cholesterol

There appears to be significant bilirubinlevelsbetween theAntwerp levelsthatdecieasedfrom 195 mg/dL

enterohepaticcirculationof PFOS and Decatur employees.18Unfortu- to III mg/dL within90 days.A no-

with bothurinaryand fecalexcretion nately,totalbilirubinwas not ana- observable-effectlevelwas seen for

intherat.2*3Although we observeda lyzedintwo subchronicrhesusmon- the0.5mg/kg dose group at90 days.

quadraticrelationbetween PFOS and key studies,which resultedindeath Serum PFOS measurements were not

totalbilirubinin our multivariable of all.animalsin the4.5 mg/kg/dAy determinedin theserhesusmonkeys.

analyseswith the Decatur employee PFOS dose group or higher.5.6On- However, datafrom a recentcynomol-

population,interpretationof these going toxicologystudiesin ratsand gus monkey dose-range-findingstudy

data isdifficult,given the narrow primatesshould provide additional suggestedthathypolipidemiamay be

rangeof PFOS serum levelsassoci- perspectivesregardingany biologi- initiallyassociatedwith serum PFOS

atedwith thetotalbilirubinvalues. caleffectbetween PFOS and biliru- levelsintherangeof 100to200 ppM.7

Interestingly,the Antwerp employ- bin levels. Haughom and Spydevold suggested

ees'totalbilirubinlevelswere signif- Our datado notsuggesta reduction thatthehypolipidemiceffectof PFOS
icantlyhigherthanthe Decatur em- in totalserum cholesterolwith PFOS may be due toreducedliveractivityof

ployees'levels.We suspect there at the serum levelsmeasured among hydroxymethyl glutaricacid-CoA re-

may be a greaterprevalenceof Gil- theseproductionemployees.PFOS isa ductase and acyl-CoA cholesterol

bert'ssyndrome2"-23among theAnt- peroxisomeprolifemtorin therat.and acyltransferase,with enhanced fatty

werp employees.In 1995. 15 (17%) hypolipidemiaha.,;been consistently acidoxidationintheliver.'Nabbefeld

Antwerp employees had totalbiliru- observedinsubchronicritand primate et al observedthatPFOS has a high

bin values2ti.2mg/dL, compared toxicologystudies.-"-8-1('Rhesus mon- affinityforthefattyacidcarrierpro-

with three(3%) Decaturemployees. keys thathad been administeredPFOS teinsalbumin and i.-fattyacid-binding
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TABLE5
Mean,Median(Med),StandardDeviation(SD)ofMeanandRangeofPFOS,andTotalandHDL Cholesterol,byYearand
PlantLocation

Antwerp Decatur

PFOS* (ppm) Mean Mod SD Range Mean Mod SD Range
1995 Data
Cholesterol,mg/dL
0 to <1 220 219 50 100to340 215 208 39 lr>4to276
1to <3 206 211 49 118 to315 221 218 39 132 to300
3 to<6 217 215 30 178 to266 209 213 42 128 to278
a6 223 221 16 208 to240 206 206 47 160 to251

F value 0.6,P - 0.61 F value O.S.P = 0.69
HDL, mg/dL
0 to<1 56 57 13 31 to94 43 41 9 31 to59
1to <3 53 51 13 33 to79 45 44 12 26 to94
3 to<6 50 49 11 31 to74 39 39 9 23 to51
a6 53 49 7 48 to61 39 39 5 34 to46

F value 1.1.P = 0.35 F value 1.4,P = 0.25
1997 Data
Cholesterol,mg/dL
0to <1 193 190 41 110to277 204 208 38 145 to277
1to<3 213 205 48 116 to365 218 226 39 152 to290
3 to<6 228 223 38 192 to321 230 230 23 197 to280
a6 - - 229 238 26 186 to250

F value 2.9,P = 0.07 F value 2.0.P = 0.13
HDL, mg/dL
0 to<1 51 50 12 19 to74 42 41 9 26 to59
1 to<3 48 46 10 34 to68 42 41 10 28 to69
3 to<6 51 so 10 39 to69 45 45 10 32 to62
2--6 - - 40 38 4 37 to45

F value 0.8.P = 0.47 F value= 0.5,P = 0.67

See Table1 forsample sizesby year.

proteinin vivo.Thiscouldpotentially This was due,inpart,toa largeturn- associatedwith elevatedliverawl%am-
alterfattyacidtransport,biochemistry, over of employees at both plantsbe- inaselevels.24*25
and metabolism,which conceivably tween examinations.Sixth,therecould In summary, our findingssuggest
couldthen leadto a decreasein cho- be measurement errorin important thatamong theseAntwerp and Deca-
lesterolesterificationand metabolic confoundingvariables.Analysisofthe turmale fluorochemicalproduction
wasting.11 dataof the61 subjectswho pardci- employees,therewere no substantial
Several methodological issues patedinboth yearsshowed thatthere changes in serum hepaticenzymes,

shouldbe consideredinevaluatingthe was excellentcorrelationforthecon- cholesterol,or lipoproteinsassoci-
resultsftom our study.Fint@thecross- foundingfactorsofBNE (r= .92,P = ated with PFOS levelsless than 6
sectionaldesigndoes not allowfor a 0.0001),self-reportedaspectsOf alco- ppm. It is not possibleto derive
directanalysisofthetemporalityofan hol consumption (r = .88, P = inferencesfrom the few employees
association.Second, thevoluntarypar@ 0.0001),and cigarettesmoking (r = with serum levels a:6 ppm. Limita-
ticipationratesin the fluorochen-dcal .79,P = 0.0001).As expected,these tionsof thisstudyincludeitscross-
medicalsurveillancewere not ideal 61 employees'serum PFOS levelsfor sectionaldesign,the low voluntary
amon- theeligiblefluorochemicalpro- the2 yearswerehighlycorrelated(r=A-- participationratesamong the em-
ductionemployees.Third.the serum .92,P = 0.0001).Theirresultsdidnot ployees,and thelower levelsof se-
levelsof PFOS thatwere measured differfrom thoseof theentirestudy rum PFOS measured among these
may be below the no-effectlevelin population.Finally,the qualityof employees.compared withthosesus-
laboratoryanimals.Fourth.PFOS con- medicalsurveillancedata,priorto its

pectedto cause effectsin laboratory
centratesprimarilyintheliverof lab- useforstudyingan a priorihypothesis, animals.
oratoryanimals.Serum measurements can oftenbe evaluatedby whether
of PFOS may not adequatelyreflect known positiveassociationsare ob-
body burden.Fifth,the two cross- served.Inthisregard,we did observe
sectionalanalysescannotbe viewed as variousexpectedassociations,such as ACknowledgment
independent populations.Sixty-one cigarettesmokinc,and elevatedwhite The authorsgratefullyacknowledgethe
employees were studiedinbothyears. blood cellcountsand largeBMIS, assistanceof MicheleBuriew.
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