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3M MEDICAL DEPARTMENT, TOXICOLOGY SERVICES
! Report for Study No. T-6316.9; DT21

ORIGINAL In-Life Start Date: July 8, 1998
In-Life End Date: July 28, 1998

‘Background: <ontalis Xo cpr

In an attempt to determinethe sourceof low-level perfluorooctanesulfonate (PFOS) body
burden found in control rats involved in some 3M contract dietary studies, a
comprehensive plan with the following objectives and responsibilities was designed:

Objective1 -To investigate potential sourcesofcontamination within the study
housingareaofthe current dietary studies on perfluorinated test compounds at
Covance Madison. Dr. Andrew Seacat was appointed study director with Dr.
Marv Case as alternate. Jim Wolters, 3M Environmental, i responsible for
coordinating and conducting direct air monitoring and wipe samples.

J Objective2 - To determineif contaminationoffeed is leading to the low levels of
© iv PFOS seenin control rats in the two-year dietary study of N-Ethyl
“ZF  Perfluorooctanesulfonamido ethanol (N-Ethyl FOSE) conducted at Covance
iT Madison. Dr. Andrew Seacat was appointed study director with Dr. Marv Case as
£0F altemae.

La ] Objective3- To investigate the backgroundserumand liver PFOS levels in naive
S ratsofdifferent age groups from different sources. Information on the various or
= diets supplied by the different breeders is to be obtained. Deanna Nabbefeld was ~~ =

appointed study director with Dr. Marv Case as alternate. 3 2x
Objective4 - To investigate the possibility that PFOS exposure is stemming from + = ©
tainted feed, exposure in rat roomsor a combinationofboth. Dr. Marv Case was ~~ =
appointed study director. Es

3M Environmental Analytical Laboratoryis responsible for chemical analysisofsamples ~~ —1 ©
gathered in objectives 1-4 5

‘The study to examine objective 3 is complete and is the focusofthis report. Once data
addressing each objective are available, reportsofthe various studies will be generated.

Study Objective:

“This study was designed to determine what perfluorooctanesulfonate (PFOS) levels, if
any, can be detected in untreated Sprague Dawley rats of three different age groups
acquired from three different breeders. In addition, information on the rodent feed
provided by the various animal suppliers was obtained.
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Research Client: 3M Specialty Chemicals Division
3M Center
Building 236
Saint Paul MN 55133-3220

Sponsor: 3M Toxicology Services
Building 220-2E-02, 3M Center
St. Paul, MN 55144-1000

Study Location: 3M Strategic Alternative Toxicology Laboratory
3M Center, Building 270-SB-181
Saint Paul, MN 55133-3220

Study Director: Deanna Nabbefeld, MS
Advanced Toxicologist
3M Medical Dept. /Toxicological Services
3M Center Building 220-2E-02
Saint Paul, MN 55233-3220
‘Telephone No.: 651-737-1374 Facsimile No.: 651-733-1773

Alternate Study Dr. Marv Case
Director: Corporate Scientist

3M Medical Dept. Toxicological Services
3M Center Building 220-2E-02
Saint Paul, MN 55233-3220
‘Telephone No.: 651-733-5180 Facsimile No.: 651-733-1773

Summary:

‘The liversofmale and female untreated Sprague Dawley ratsofthree different age groups
(6-8 weeks old, 10-14 weeks old and old retired breeders (ORB)/ = 9-12 months old)

fromthreedifferentbreeders(BreederA,BreederBandBreederC)were examinedforPFOS and other known fluorochemical (FC) metabolites. Eachbreeder was contacted to
provide information on the feed provided to their rats while at their facilities.

Livers from Breeder A and BreederC rats contained detectable levels of PFOS (215ppb).Male rat livers from both sources increased significantly (p = 0.05) in PFOS concentrationwith age, (slope = 51 Breeder Amale; slope = 133 BreederC male). The concentration ofPFOSin liversfromfemaleBreeder AandBreeder Crats, however,didnotincreasewithage (slope =0.6 Breeder A female; slope = -3.7 BreederC female). The liversofBreeder
C male ORBS had the highest PFOS levels (average = 327 + 115 ppb), significantly higher
than the levels found in Breeder A male ORBS (average = 145 + 12 ppb). No other FCmetabolites could be detected in the Breeder A or Breeder C rat livers. No PFOS or otherFC metabolites could be detected in the livers of Breeder B rats.
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Breeder A ral are fed feed A supplied by Company A (City A, State A). Breeder B ratsare fed feed B supplied by Company B (City B, State B). BreederC rats are fod feed ¢supplied by CompanyC (City C, State C). Fishmeal is the primary ingredient in feaicthe fifth listed ingredient in feed A and not present in feed B.
From these data, it appearsa though PFOS greatly bioaccumulate in male rats, while infemale rats it does 50 10 alesserdegree. Possible explanations for this diffrenceav thayPFOS is released in themilkand/or transferred in utero t the pups in females thay howebore and nursed multiple liters. Also, female rats may more readily excrete PEGSthrough urinary excretion than male ras. It is postulated that ish meal. an ingredient inSyme rodent chow, may contain FC and thus lead to the PFOS found in untreated rats.he possibilty that 3M material i used t0 coat th feed bags and tha this is a source ofPFOS is also being considered.

Methods:

Thirty Sprague Dawley rats (five male, five femaleperage group; age groups = 6.8weeks old, 10-14 weeks old and od retired breeder (ORB). =9-12 months old) wereordered from eachofthe following breeders:BreederA, Breeder B and BreederC Bachbreeder was asked to provide the nameofthe feed provided to their ats, name adlocationof feed breeder, eed ingredient lst and information on feed packaging. Allanimals remained in thir shipping containers between arrival at 3M and cuthasization.No food or water, other than that provided in the shipping containers, was furnished,Witkin one hou of arrival at 3M, rats were weighed, grossly examined and euthanisedbyCOs. Sera and liver were harvested and sent toKrisHansen, 3M EnvironmentalLaboratory - Fluorine Analytical Chemistry Team (FACT), or FC analysis. (Adescription of the analysis method can be found in Appendix 1, Experimental section.)Statistical significance of resuits was determined using the students T-Test (p = 0.05),The rate of change of PFOS levels was analyzed by ploting age in months versus PROSconcentration (ppb) and calculating the slopeofthe line.
Results:

LaboratoryData

Raw data, including body weighs, liver weights, liverbody weight ratios and PFOSoes rations can be found in Appendix 1. Results of the FC analysis, including graphspnd & full data table, can be found in Appendix 2 - a Summary Report propared by lorsHansen.

Liver samples were deemed most meaningful and thus analyzed first. Sera samples havenot yet been analyzed. Depending on the outcomesofobjectives 1, 2 and 4 of the guerallstudy plan (see background section, pg. 1), sera PFOS analysis may not performed.
Average PFOS liver levels £ standard deviation for the various age / sex/ breedergroups
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included in this study are as follows:

Breeder A 6-8 week old Male. 43.04 4.07 ppbBreederA6-8 week old Female 66.6+ 19.27Breeder A 10-14week old Male 103.0 £21.33Breeder A 10-14week oldFemale 79.9£12.06BreederAORB Male 145.0% 12.42Breeder A ORB Female 67.8429.63
Breeder B all groups < method detection limit (15 ppb)
Breeder C 6-8 week old Male 60.2% 12.21 ppbBreederC 6-8 week ok Female ~~ 73.0% 12.29Breeder C 10-14 week old Male ~~ 92.2£22.75BreederC 10-14weekoldFemale 75.7 424.40
Breeder C ORB Male 3270411537BreederC ORB Female 65.6% 27.24

The rate of change of PFOS liver concentration with age is depict in Figures 1 and 2 forBreeder A and Breeder C rats respectively. The slopeofthe line for male Breeder A ratsis 51 whilethatforfemaleBreeder Aratsis 0.6. The slope ofthelineformaleand femaleBreederC rats is 133 and 3.7 respectively.
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Figure 1
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The increase in PFOS concentration found in the livers of male Breeder A rats wassignificant between all three age groups (p = 0.05). The increase in PFOS levels in maleBreeder C rats was significant between the 10-14 week old group and the ORB group, butnot between the 6-8 and 10-14 week old groups. Comparing males to females at each age
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group the Breeder A 10-14 week old groups differed significantly and the ORB groupsfrom both Breeder A and Breeder C differed significantly. Comparing Breeder A rats toBreeder C rats at each age/sex group, male Breeder C ORB rats had significantly higherPFOS liver concentrations than did male Breeder A ratsofthe same age group. All otheragelsex groups did not significantly differ in PFOS levels between the two breeders,Results of the T-Tests are shown in Table 1

Table 1
STATISTICS
T-TEST - two-tailed distribution, paired, p = 0.05,* = statistically significant

[Breeder] "Age/Sex Group Comparison

[Male T  Fomae|viaioromae68% Tiotank [6owk& [65 [10-14wk [enka[65wk [OF&10-14wha ORE |oRB [10-14wk|a ORS ons |a 66 wk ors

Sredercompareon
I
[Male T  Fomae |woovooomoooomomon|[5 wi 70-14wk [ORB [6:6 wk Jr0-1awk JORBEA [868wk|a 10-1wkorB | 68wk |s 10-1aworevs.

‘BreederFeed/Diet History

BreederA rats are fed feed A supplied by company A (city A, state A). FeedA ispackaged in paper bags coated witha paper coating material produced by 3M. The feedingredients, as listedbycompany A, are as follows:

ground yellow corn, wheat middlings, soybean meal, animal fat preserved withBHA, fish meal, alfalfa meal, cane molasses, calcium carbonate, salt,eyanocobalamin (sourceofvitamin B-12), biotin, DL methionine, calciumpantothenate, folic acid, riboflavin, cholecalciferol (source of vitamin D-3), vitaminA acetate, di-alpha tocopheryl acetate (source of vitamin E), thiamin, magnesiumoxide, sodium selenite, nicotinic acid, pyridoxine hydrochloride, menadione.
¢03989
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dimethylprimidinol bisulfite (source of vitamin K activity), icon dioxide, calciumiodate, manganous oxide, copper sulfate, cobalt carbonate, ferrous carbonate. sinesulfate, zinc oxide.

BreederB ats are fed feed B supplied by companyB (ity B, state B). Feed B is asopackaged in paper bags. It is unknown at this time, however, whether or not thesebagsHoleoated with a 3M material. The feed B ingredient,a sed by company B, are acfollows:

ground com, soybean meal, ground oats, wheat middlings, alfalfa meal,soybean oil, com gluten meal, calcium carbonate, dicalciam phosphate,brewers dried yeast iodized salt, L-lysine, DL-methionine, vitamin A-scetate,1activatedanimal sterol (sourceofvitamin Ds), vitamin E supplement, niacis,calum pantothenate, riboflavin, thiamin mononiate, pyridoxine hydrochloride,menadione sodium bisulie complex (source of vitamin K), folic acid, biotin,vitamin Buz supplement, calcium carbonate, manganous oxide, ferrous sulfite,copper sulfate, zinc oxide, calcium iodate, cobalt carbonate,
BreederC rat are fed feed C supplied by companyC (ciy C, state C), Feed Cispackaged in a “commercialy acceptable 3 ply laminated paper bag”, Its unknown at thissol whether of 10t a 3M material i used in these bags. The feed ingredients in ocd C.as listed by company C., are as follows:

fish meal, soybean meal, alfalfa meal, corn gluten meal, ground whole wheat,&round #2 yellow cor, ground whole oats, wheat middlings, Brewer's dried yeast,soybean oil, salt, dicalcium phosphate, ground limestone, vitamin and mineralpremixes.

Conclusions/Future Directions:
‘2he livers of Breeder B rats appearfre ofFC. Livers from male ats supplid by BreederA and BreederC increaseinPFOS concentrationwithage. Livers from female ratsSupplbyBreeder A have detectable levelsof PROS but these levels phatean, slightlyincreasing from 6-8 weeks old to 10-14 weeks old and decreasing slightly in 1d rooreeders. Female rats supplied by BreederC actually decrease slighty, although notSignificantly, in PFOS liver concentration with age. From these data, 1 ppoars athoughPFOS greatly bioaccumulates in mal rats, while in female rats it does so 3 Jcaprepree. One hypothesis is that PFOS is released in the milkandlor transtered in sero tothe pups in females that have bore and nursed multiple liters. Another possibly f thatfemale ras are mor readily abe to clear POS throughurinary excretion than cs sou.rats.

‘Although the sources of PFOS leading 10 the liver concentrations identified in ths studyne unknown, one hypothesis is that POS is contained in the rat chow (Objective 2). It isthought that ish meal may be an ingredient containing POS. While not present i se
¢03990

PageT0r19



DT 21; T6316;FCLevelsofNaive RatsCODEDRAFT 51459
Breeder B rat chow, fish meal is the primary ingredient listedforBreederC rat chow andthe 5* ingredient listed for Breeder A chow. Analysisofthe FC contentofthe rat chowused byeach animal breederiscurrentlyunderway. In addition, samples ofthe fish mealmay be obtained and analyzed for FC content.

Anotherpossibesourceof PFOS is thepapercoating used n eed bags. As stated in theresults section, 3M suppliespapercoating to Company A, the manufacturerofFeed A. Itis potknowna his timeif 3M material isasousedinbagsforFeeds an Furtherinformation on feed packaging will be gathered ina sparate study.

Signatures:

Prepared By:

Deanna Nabbefeld, MS Date‘Advanced Toxicologist

Reviewed By:

Dr. Marv Case
DateCorporate Scientist

Dr. Andrew Seacat
DateSenior ResearchToxicologist
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Appendix1

PT [Body [tiver FFGS Liver Conc. (ng/g o pb)wi(9) wt (g) individual _|Ave/Grp [Ste/GrpLTI TTTa] [ewe | 777 830 oa 5 CT~ eawis | 1796 830] oo 5~ laws | 161.9 705 ooueas loows | 1516 ceo oulas loaves | 1066) 806] oossA CE 53) 347 IF loowks | 1683 713 os 620he JF looms | tess] 74g oo 65.449 |F looms | 1417] aot oo 994#10 Floss | 1507 a7 oos 512)[ATT [Wr [0-14 wis] 2283 055 oad 7000 JEa12 M [10-14who| 3675] 1266 0.00 1409ata IM [10-14 vhs| 3567] 1310] oa 96.8a16 M [10-14 wes ass 1325] om a7]atsIm_J10-14wis) 365.6 1365] ood 50.1[376 [F [10-14wha] 226.1] 70.45 0 723] oq417 JF f1014whs| 190.9 632 0.000 539at [F [10-14who 2034] 513 00a 7]A19 [F [10-14wis 1954] 714] oooq o420 F_ [10-14 whs| 2096 708 000 604[pet |W [oRB [4062 078 02d Tg 3 3422IM [ors | 3429] 1000 o00a9 1330a2 [M fore | 051 1089 0027 1519lh24 IM fons | sar] ‘924 ooo 1490225| lors | 4602] 13.59] ooo 1600)p25 [Fors [342 127d oo Too] 678%27 [lors | siz 1608] 00a 6.1las IF lors | ses] 1450 oat 45029 [core | assaf 1406 ooo 55.a0| lors | sad] 1134 oom 530)"ORB = od roired broedorsOuter - not used in calcuations.[Method detection mit (MDL): PFOS = 15ng/gor pps
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PeeEa PFOS LiverGone. (ng/g or ppb)
wt (9) | wt (9) individual _|Ave/Grp [Sta/Grp

LI1 1 I1TTT[BT [Fowie | Toad] 545 004g <L]
B2 6-8wks | 201 9.34 0.046] <MOL
83 6-8wks | 203.4] 8.50] 0.042 <MDL8s saws | 2009] 838] 0.041 <MOL
os saws | 2042] 017] oo <moL|
[Bs |F [sows [2143 7.62 03% MBL <b67 |F [oowks [2080 719 00 MO!Bs [F loswks [2128 71a] oc <M]
BO [F |6-8wks | 200: 7.30] 0.08! <MDLB10 |r leswks | 2000 808] 0.09 <MD!
B11 10-14wis| 3006] 70.69] 0.639 NDIB12|W [10-14wks| 3073] 1235 004d <MD
813 [M[10-14whs| 3040] 1126] 0.007] <wol|14 [M [10-14whs| 2008] 1005 0.03 vol]15| _[10-14whs| 306.0] 11.38] 0.00 MD!
B16 [F[101awks| 2377] 6.68 0028] <MDL|—<MDIB17 [F 10-1aws| 2411 720] 0030 vo
B18 JF |1o-tawks| 2307 7.14 0.000 MDL]819 |F |10-1awhs| 2363 ssa 003g wo]
B20| _|10-1awks| 2504 733) 00a <MDI
B21 [M [ORB | 4707] 17.00] 0038 MDL] <Mol|B22 [Mm [oRB | ae2s| 1490 0.002] <woL|
623 v [on | asl 1555 o00as wo]
B2¢[M Jors | asazf 1452 oa] <voL|
Bos m Jors | a7eg| 11.19] ocea vou]
[B26 [F [ore | a7] 1045 003] MDL] <WDI
e27 [Fors [262] 1027] oo <wo|
Bes [F [ors | 2857 854 0000 MDI
B2o [F Jor | 2852 oot oof voB30 JF ors | 3069] 11.00] oad vou

- ORB = old retired breeders
[Method detection limit (MDL): PFOS = 15ng/gorppb
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BetTor [PFOS Liver Conc. (ng/g or ppb)}Iw (6)Iwt (9) individual _|Ave/Grp [Std/Grp
LTTT TT TT[eT [cavks| 2002] 964] 004g wg 7cz lo8wks | 2024f 10:18] 0.050 630lca j6avwks | 184.1 928 0.050 477]lca e-8wks | 167.5] 1026) 0.058] 492]cs l68wks | 1836] 034 00s 7.
[C6 [F [ews [2012] 973 004 7.0] 9 9c7 [F |oawks | 1809 sao oo 89.c8 [F [e8wks [1725 o40f oo 788]co |r [e8wks [207 1028 0.049] 732]c10 JF Jeawks | 1905] 1054 oo 56.6

[ert 10-14 wis] 4543 17.97] 0.049 5] z7icr2 10-14wks| 334.6] 13.07] 0.039) 54;c13 10-14wks| 450.9] 17.65 0.039 84)[C14 10-14whs| 4075 1417] oc 19.)cts [10-14wks| 317.8) 12.75) 0.040 86.2][C16 [F [10awks] 2144] 933 oo 529 75 3[C17 [F [10-14wks| 2261 894 0.04 715]C18 [F114wks 2161 847 0.009 726(19 IF [10-14 wks| 241.0f 11.21) 004; 64.4[020 |F 10-14 wks| 2465 8.53 0.05] 179)
cat [ORE | ears 22.22] 003 510 8270] 1153lc22 ORS | s61.2| 1824 0.039 441.ic23 ors | 4seo| 14.96) 0.033 379.
C24 [Mors | s57| 17.91] oad 3900)[cas ors | sae] 1824) 0.001 2760
[C26 [F [ore [2815 10.56 0.069 55. q zz(027 IF fore | 2s14f 1881 00s; 105.0(C28 |[F Jors [2475 1565 0.06 71.3]20 |F ors | 280s] 1495 oo 630cso |r Jors | 387] 17.58 0.52] 290)

* ORB = oid retired breeders
[Method detection limit (MDL): PFOS = 15ng/gorppb
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Appendix 2

3MEnvironmentalLaboratory:FluorineAnalytical ChemistryTeam
Contact: Kris Hansen

Fluorine Analytical Chemistry Team
Building 2-3E-09
8-6018

Studyof PFOS levels in Naive Rats
Summary report

Experimental Summary
In order to assess “endogenous” levels of PFOS in test animals, thelivers ofninety rats from three different suppliers were quantitativelyanalyzed for PROS. Threedistinctages ofrats were represented in the groupofanimals received from each supplier: 6-8 weeks old, 10-14 weeks old, andretired breeders (> 14 weeks). The test animals, received by the ToxicologyDepartment at 3M, were sacrificed upon receipt; tissue samples weredelivered to the 3M Environmental Lab for extraction and analysis by FACT.

RatioSupplier | Location ‘male:femal:rege[TeAiEctBil tatlC
*3M is/was a supplier ofpaper coating material to company A, supplier offeed A. Currently, it is not knownif 3M ‘supplies material to company BorC,suppliersoffeeds B and C respectively.

Analytical Summary
Liver samples were homogenized and extracted using an ion-paringreagent. The extracts were analyzed quantitatively using high-pressureliquid chromatography-electrospray tandem mass spectrometry (HPLC-ESMSMS) and evaluated versus an extracted curve. Analytical details areavailable in the full report. The presence or absenceofotherknownfluorochemical contaminants and metabolites was ascertained by inspection.
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Results Summary
Rat livers from BreederA and Breeder C test animals showedsignificant endogenous levels of PFOS. Livers collected from oldest group ofmale rats from Breeder C contained significantly more PFOS than any othergroup in the study.
The livers of test animals from Breeder B did not contain PFOS abovethe limitof detection (15 ppb).
PFOS levels in the liversofmale rats from Breeder A and Breeder Croughly correlated with the age of the animals. That s, livers collected fromthe youngest male rats, 6-8 weeks old, contained the least PFOS, while theold, retired breeder male rats contained the highest concentration.‘The liversofthe female rats from BreederAand Breeder C weredetermined to contain very consistent levels of PFOS, showing no correlationwith age.
No other known fluorochemical contaminants or metabolites wereidentified in the liver samples analyzed in this study.
Graphical results and a full tableof results are attached.
Currently, methods are being developed for the analysis of low levelsofPFOS and ethyl-FOSE alcohol in samplesofchow from cach supplier.

Experimental
Sample preparation-aqueous samples, HPLCESMS: Ion-pairingextraction

Analyte is extracted from a sample matrix with an ion-pairing reagent(tetrabutyl ammonium hydrogen sulfate (TBA) in a pH-controtledenvironment. The cationic reagent selectively targets anionicfluorochemicals. Once the anion-TBA pair is formed, the analyte istransferred into a non-polar organic solvent (ethyl acetate), dried, andreconstituted in methanol for MS analysis
HPLCESMS andHPLCESMSMS:Fordetailed qualitative workIn HPLC, an aliquot of extract is injected and passed through areverse-phase liquid chromatographic column. Based on the affinityoftheanalyte for the stationary phase in the column relative to the liquid mobilephase, the analyte is retained for a characteristic amount of time. Forexample, in a standard solution PFOS may elute at 10.5 minutes. Retentiontimes between a standard PFOS solution and the analyte extracted fromgroundwater in this analysis were matched to within 1% on the HPLCsystem.

€03996
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Following HPLC scparation, ESMS provides a rapid and accurate means foranalyzing a wide range of organic compounds, including fluorochemicals. Electrospray,an ionization technique used primarily for the detection of molecular ios, is generallyQperated at relatively mild temperatures. Molecules are ionized, possibly fragmentea), anddetected.
ESMSMS adds an additional dimension of certainty to compoundidentification. As in ESMS, a characteristic primary ion fs setsHowever, insteadofsimply monitoring the primary ion, in ESMSMS the janis bombarded with high-energy gas. As a resultofhigh. energycollisions,smaller secondary ionic fragments unique to the primary ion are created unidetected.
For example, for PFOS (C,F,,S0,) analysis, ion 499 is selected as thecharacteristic primary ion. This ion is fragmented into other fons such as 5amu (corresponding to SO,), 99 amu (corresponding to FSO.), 130 amu(corresponding to CF,S0,), 180 amu (CF.SO,), and 230 amu(C/F,S0,).Bach of these secondary fragments is detected and can be ased brdifferentiate PFOS from other compounds that might have the. samecharacteristic 499 amu primary fon but different chemical compositions ansecondary ion fragmentation patterns.

HPLC system: Hewlett-Packard Series 1100 Liquid ChromatographColumn: Keystone Betasil C18 column
2X100mim,5pmparticlesize:Flow rate: 300 min

Solvent A: 2.0 mM ammonium acetateSolvent B: Methanol
Solvent Gradient: 40% t0 90%B in 8.5 minutesHold at 90%B for 3 minutes

Retum 10 40% B in | minute
Holdat40% Bfor | minuteInjection volume: 10pL.

Run time: 13.5 minutes

Electrospray Tandem Mass SpectrometerMicromass Quattro IT API mass spectrometer mass spectrometerMass Lynx 3.1 software

Cone voltage: 30-60v
Collision gas energy: 40.¢V.
Mode: electrospray negativeSource block temperature: 115°CDesolvation temperature: 250°C
Primary Ion: 499 003997
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Daughter Tons: 80,99, 130, 180
Electrode: Zspray

Quality control summary
All analyses were conducted with a moderate to high levelofqualitycontrol. Duplicate matrix spike analyses were conducted for one animal foomeach groupofanimals. Except as noted in the results table, recoverios wpe‘within the acceptable rangeof80-120%,A calibration check standard was analyzed every 5-10 samples tomonitor instrumental drift. Quantiation was based on linear regressionanalysis of two curves bracketing each groupofsamples. Quantitation ofPFOS was based on the responseof 3-4 daughter ionsofthe Primary ion.

Results
See spreadsheet attached to this report.

FACT members participating:
K. Hansen
L. Clemen
H. Johnson
M. Ellefson
G. Langenburg
R. Wynne
LA. Smith
S. Heimdahl
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. DT2L: T-6316.9; FC Level in Naivé Rats™ Further InvestigationofRat Chow CODE,
DRAFT 514/99

, 3M MEDICAL DEPARTMENT, TOXICOLOGY SERVICES
Report for Study No. T-6316.9; DT21E fecal (FC) Low five Rats = F Investigation of Rat Ci

-_—

Background:
In an attempt to determine the sourceof low-level perfluorooctanesulfonate (PFOS) bodyburden found in conirol rats involved in some 3M contract dietary studies, a
comprehensive plan with the following objectives and responsibilities was designed:

Objective1 - To investigate potential sources of contamination within the study
housing area of the current dietary studies on perfluorinated test compounds at
Covance Madison. Dr. Andrew Seacat was appointed study director with Dr.
Marv Case as altematc. Jim Wolters, 3M Environmental, i responsible for
coordinating and conducting direct air monitoring and wipe samples.
Objective2 - To determineif contaminationoffeed is leading to the low levels of
PFOS seen in control rats in the two-year dietary study of N-Ethyl
Perfluorooctancsulfonamido ethanol (N-Ethyl FOSE) conducted at Covance
Madison. Dr. Andrew Seacat was appointed study director with Dr. Marv Case as
alternate.
Objective3- To investigate the background serum and liver PFOS levels in naive.
ratsofdifferent age groups from different sources. Information on the various
diets suppliedbythe different vendorsi to be obtained. Deanna Nabbefeld was
‘appointed study director with Dr. Marv Case as alternate.
Objective4 - To investigate the possibility that PFOS exposure is stemming from
tainted feed, exposure in rat rooms or a combinationofboth. Dr. Marv Case was
appointed study director.

3M Environmental Analytical Laboratory is responsible for chemical analysisof samples
gathered in objectives 1-4.
‘The focusofthis reporti to cover the data to date examining the possibility of rat chow
contamination. The study to examine objective 3 is complete and is covered in aseparate.
report. Oncefurtherdata addressing each objective are available, reportsofthe various
studies wil be generated.

The 3M Environmental Laboratory — Fluorine Analytical Chemistry Team (FACT) i
currently in the processof analyzing rat chow samples for PFOS and its metabolites.
Attached is a preliminary summary report generated by 3M Environmental Laboratory in
August of 1998 (Appendix 1). Samplesofrat chow from Covance Laboratories, Harlan
Laboratories and NIH were analyzed for 2-(N-ethylperfluorooctanesulfonamido)-ethyl
alcohol (E(FOSE-OH)by GCMS. Tracesof EtFOSE-OH were found in asample of
Covance chow. This prompted the 3M Environmental Lab Field Group to collected air,
airborne particle and wipe samples on site. Preliminary conclusions drawn by the
Environmental Lab based onthe data to date are that “Contaminationin control animals
‘maybe due to respirationofairborme EtFOSE-OH, from transfer of test material from onc.
animal to another during sample handling and possibly from sporadic contaminationofthe
food source”.
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Appendix 1

Lisa Dick/ Kris Hansen
Fluorine Analytical Chemistry Team
Building 2-3E-09
612-778-7540/ 612-778-6018
Iadick@mmm.com / kjhansen@mmm.com

Preliminary summary report:
Further Investigation of Rat Chow

Summary:
In June 1998, several rat chow samples from Covance Laboratories and 3 from

NIH were supplied to the Environmental Lab for characterization of fluorochemicals that
are being monitored inanimal studies conducted by 3M Toxicology. A single sideofthe
bag chow sample from Covance was determined to be of significantly higher
contamination than the samples from NTH. Because contaminants were found, air and
airborne particle and wipe samples were collected on site by the 3M Environmental Lab
Field Group. So that results could be based on more than a single sample, additional bags
of chow from Covance and Vendor B were also analyzed and are reported in this
summary.

In the chow samples, 2-(N-ethylperfluorooctanesulfonamido)-cthyl alcohol
(EtFOSE-OH) was quantitated by GCMS. EtFOSE-OH was not present above the
detection limit of 1 ng/g chow in the triplicate analyzed samples from three Covance bags
(labeled meals for June 9, June 15, and June 21, respectively) or from the single Vendor B
bag. Triplicate chow samples have not been analyzed for PFOS.

Air and airborne particle samples were collected at Covance by Jim Wolter and
Kurt Oldenburg of the 3M Environmental Lab Field Group. Air was passed through
charcoal and glass fiber filers. Detailsofthe sampling procedure can be found in a report
by Jim Wolter and Kurt Oldenburg. The largest volume air samples from the backs of
rooms were collected on glass fiber filers and analyzed while samples from the front of
each room were collected on charcoal and analyzed. Wipe samples from all rat backs
were analyzed but wipes from cages, doorhandes, and floors were not.

In air samples taken from Room 3045, EXFOSE-OH was detectedby HPLC/ESMS
at levels below the practical quantitation limit (approximately 0.17 ppb/L) but above the
method detection limit (approximately 002 ppbL) in some samples.
Perfluorooctanesulfonate (PFOS) was not detected at levels above the blanks in any room.
Analysis of wipes from the backs of rats in Room 3045 contained a measurable amount of
E(FOSE-OH, whereas wipes from rats in other rooms did not. Due to variations in
sampling technique, wipe samples were not quantifiable. Wipes from animal backs were
not analyzed for PFOS.

04004
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E(FOSE-OH Levels in Rat Chow
Chow source, Number of Matrix Spike EFOSE-

samples Pass oHVendor B 3 sample Non-detectCovance ~ June 9 3 sample Non-detectCovance — June 3 sample Non-detect15
Covance - June 3 sample Non-detect21_— sr

EtFOSE-OH LevelsinCovance Lab Environment
Covance Sample Location ‘Number of EtFOSE-OH detection

samples
Room 3045Air Samples Zoutof§ 0.02 ppblL < detect < 0.17(GF and charcoal) PPULRoom 3004, 349 Air 16 Non-detectSamples (GF and charcoal)
Room 3045 Rat Backs 6 Detect (8 ppb/wipe average)Room 3004, 349 Rat Backs 12 Non-detect—m RN0RuBacks 12 Nondetet

Experimental summary:
Sample preparation: Methylene chloride extraction

Analytes were extracted from chow by addition of ether. Samples were weighedand then covered with 20 mL ether. Non-polar organic analytes transfer from the chow tothe organic layer. Samples were shaken for 1 hour and then centrifuged for 30 minutes,Fifteen mL of ether was removed and blown down to 1 to 2 mL.
Glass filler fiber and charcoal adsorbates were split and then prepared byextraction with methanol or ether. All of the charcoal inside the sterile tubes wasextracted. Final sample volumes were 1 mL.

GC: Characteristic retention times
In gas chromatography, an aliquot of sample is injected and vaporized onto achromatographic column. Individual components of the sample adsorb to the stationaryphase of the column. As the temperature is raised, components are eluted from thecolumn based on physical and chemical characteristics. An inert gaseous mobile phasecarries the components through the column. ~ Carrer gas flow rate, column temperature.and gas pressure are adjusted to optimize chromatographic separation.

MS: Electron Impact
One method for producing ions for mass spectra is by bombardment with energeticelectrons. In addition to the formation ofa molecular ion, a seriesofreactions leads to theformation of other fragment ions that may be larger or smaller than the molecular ion andare useful for compound identification and quantitation.

G04005
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HPLC: Characteristic retention times
In HPLC, an aliquot of extract is injected and passed through a liquid phasechromatographic column. Based on the affinity of the analyte for the stationary phase inthe column relative to the liquid mobile phase, the analytei retained for a characteristicamount of time. For example, in a standard solution PFOS may elute at 10.5 minutes,Retention times between a standard PFOS solution and the analyte extracted from filerfibers in this analysis were matched to within 1% on the HPLC system.

ES/MS: Detecting and monitoring molecular ions
Following HPLC separation, ES/MS provides a rapid and accurate means foranalyzing a wide range of organic compounds, including fluorochemicals. Electrospray,one of the softest ionization techniques available, is generally operated at relatively mildtemperatures. Molecules are ionized, fragmented, and detected. Initially, the mass tocharge range m/z = 100 to 1210 is monitored following direct flow injection of thesamples. Tons characteristic of known fluorochemicals were observed. These resuls areused to select ions that can be monitored selectively for quantitative results,
Analysis of organic fluorine standard compound indicates that the primary joncharacteristic of E{FOSE-OH is m/z = 630 amu, corresponding to the mass of thecompound complexed lo acetate anion from the running buffer:C4F17SO;N(C;Hs)(CH,CH;OR)/CH;COO'. Single ion monitoring was used to determine.the concentrationofthis ion in the samples.

Quality control summary:
Methanol blanks were analyzed periodically to ensure complete isolation of the

sample. Charcoal and glass fiber filer blanks collected on site were also analyzed andfound to be blank. Quantitation of HPLC-ESMS data for fluorochemicals is based on the
linear regression of 5 point standard curves from 10 ppb to 1000 ppb or matrix spike
recovery comparisons.

Quantitation ofGC-MS peaks is based on the recoveryofknown spike amounts in
thesamesamplematrixandonthe linearregressionof 5pointstandardcurves.

Instrumental specifics:
GC/Mass Spectrometers
Hewlett-Packard ATD 400 Gas Chromatograph and Mass Spectrometer

Column: J& W DB-624 30m
Temperature ramp: 50°C to 250°C @ 20°C/min

250°C hold 5 min
Carrier gas: Helium
Spike volume: 25uL
Oven temperature: 180°C
Traplow temp: 30°C
Desorb time: 10 min.
Trap fast: Yes
Trap high temp.: 250°C

C04606
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Appendix 1. Line temperature: ~~ 225°C
Pressure: 18.4 psi
Valve temperature: 225°C
Trap hold: S min.
Desorb flow: 25 mUminIons monitored: 540, 448 amu
Source temperature: 250°C
Quad temperature: 125°C
EM volts: 2598 V
Interface temperature: 250°C

HPLC system
Hewleu-Packard Series 1100 Liquid ChromatographColumn: Keystone Betasil C18 column, 2 X 100 mm, 5 pm particiesize

Flow rate: 300 pVminSolvent A: 2.0 mM ammonium acetateSolvent B: Methanol
Solvent Gradient: 40% t0 90% B in 8.5 minutes

Hold at 90% B for 3 minutes
Retum1040% Bin | minute
Hold at 40% B for 1 minuteInjection volume: 10 uL

Run time: 13.5 minutes
Electrospray Mass Spectrometer
Micromass Platform II atmospheric pressure ionization (API) mass spectrometerMass Lynx 2.1 software

Cone voltage: -60v
Mode: electrospray negativeSource temperature: 90°C
Analyzer pressure: 9.2x 10°mBarTons: 630, 526,499Electrode: cross-flow

Conclusions:
Low levels of PFOS found in control animals may be due to respirationofairborneEWFOSE-OH, from transfer of test material from one animal to ansther during sample.handling, and possibly from sporadic contaminationofthe food source,
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