
Toxicological Summary

PFOS

Dietary Chronic Definitive Reproductive Study: Mallard

Test Substance: Perflorooctanesulfonate (PFOS)
Structure: 1-Octanesulfonic acid, 1,12.233.44,5.5,6,67,7,888-hepta-

decafluoro, potassium salt. CASH 2795.39-3.

Test Remarks: The test substance is a white powder (3M Lot #217), and is also
Known as FC-95. The sample was sored under ambient conditions
and purity was determined to be 869% by LC/MS, 'H-NMR, and
elemental analysis techniques.

METHODS

Method: OECD 206, FIFRA Subdivision E., Section 71-4, and ASTM Standard E1062-
86
“Type: Dietary Reproduction
ear: 2001 in-life phase, 2002-2003 analytical phase, inal report in 2003
Species: Mallard (Anas platyrhynchos)
Experimental Design: Adult mallards were exposed to PFOS at nominal concentrations
of 0, 10, 50, or 150 ppm in the diet over period of approximately 21 weeks. Each
treatment and control group contained 16 pairsof mallards, one pair per pen. In addition,
4 extra pais of mallards were maintained per treaument and used for blood collection
duringthetest. The mallard pairs that were used for blood collection during the test were
not used fo assess reproduction. Duc {0 over signs of (oxiity noted at the 150 ppm.
treatment group by Week 3, the Geatment level was reduced to 20 ppm. The 150/20 ppm
reatment group was then terminated at Week 5. The 50 ppm treatment was terminated at
Week 7, also due to overt signs of toxicity. All adult mallards were observed daily for
signs of toxicity or abnormal behavior. Body weights were measured at Weeks 2, 4,6, 6,
and at study termination. Feed consumption was measured weekly. Blood was collcied
fiom the extra pair of adult mallards at five-week intervals. Al the time of adult
termination, blood sampks were collected from all surviving mallards for chemical
analysis, excluding mallards from the 150/20 ppm treatment groups. All malards, except
for those from the 50 and 15020 ppm treatment groups, were euthanized and subjected to
gross necropsy at study termination. At the time ofhe necropsy, tissues were collcted
for histopathological examination and analyses.

Adult mallards were brought into reproductive phase by photostimulation at Week 11.
Once cg production was initiated, eggs were weekly placed into ets fo incubation
Eggs were candied and developmental stage and abnormalities were recorded for cach
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set. Reproductive endpoints evaluated during the study included: egg production,
embryo viability, hatchabilty, and hatchling health and survival. Afer hatching, mallard
chicks were fd untreated dit for 14 days. A the end of the study, chick body weights
were determined. Prior to euthanasia of the last group of offspring (Lot J), blood samples
were collected from 10 chicks from both the contol and 10 ppm treatment groups for
chemical analysis. In_additon, tissues were also collcted from these chicks for
histopathological examination and chemical analysis, Liver weights were recorded for
al necropsied mallards, and the liver samples were collected for chemical analysis.
Samples were also taken of the liver, bain, kidney, gonad, proventriculus, gall bladder,
adipose tissue, and Bursa of Fabricius for histopathological examination from adult and
offspring mallards.

Test Bird Age: Adult mallards were 24 weeksof agea est nation
Number of Replicates: There was 16 pairofadult mallards per treatment with one male
and female per pen. In addition, 4 pairs of mallards were maintained per treatment as
part ofa blood monitoring study:

Feed and Water: Food and water were provided ad libitum during ll phases of the
study to both adult mallards and offspring. Feed consumption was measured once a week
ona per pen bass

Analytical Monitoring: Concentrations of PFOS in feed, red blood cell, liver tissue
sera, and egg components were determined by reverse-phase HPLC and mass
spectrometry. Egg components were spared using a method characterized by Bemardt
and Cook (1960) and Stfan er a. (1990).
Statistical Methods: Upon completion of the study, an analysis of variance (ANOVA)
was performed o evaluate significant differences between treatment groups. Dunnett's
multiple comparison procedure was used to compare PFOS treatment groups with the
controls (Dunnett, 1955; 1964). The sample units were the individual pens within each
treatment group, except for adult body weights where the sample unit was the individual
bird. Statistical analysesofbody weights were conducted separately for male and female
bobwhite quails. Percentage data (reproduction data) were examined using Dunnett's
method following arcsin square root transformation. Statistical analysis of the data was
performed using Avian Reproduction Data System (ARDS) Software, a validated
Software package developed by Wildife International, Lid.
Average Daily Intake (ADI) of PFOS for each treatment group was estimated on a pen
basis and did not take into account potential differences between male and females within
the pen. Feed consumption and adult mallard body weight data were averaged over the
exposureduration ofthe study and the ADI was calculated s follows,

Average Food Consumption esti day)ADI(gh body weigh 1 day) =A128 Food Conmumpiong ecb day), pgothe Sotinidhtedes) Average Body weigh ghd) (oom FRCS)
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Test Di Preparation The test diss were prepared by ising PROS into 3 pri that
was used for wel. preparation of th final it. Homogeneity of the tet Substance i
the diet was evaluated throughout the study.

RESULTS:
Measured Concentrations of PFOS in th Diet: To veriy the concecations in the
PFOS camen, fed samples wer collected and anahaed. The means and sandra
deviationsofthe test diets are given (Table 1). Analyses of the diet also confirmed thatPROS was stable and id not degrade ring he uy.

“Tab 1. Mean and standard devinion concentrations of PEOS in the mallrd
diet. *

Nom FROS  Wesmwed PROS Coffe Pee oTheConcenatin ~~ Conenttion. of varistion Nominalam om) C0 Concenition
Control (0) <LOQ"

10 102055 sas 1020 Waele 103 10850 5095204 aot 102150 1612156 266 0sTATE,
*LOQ indicates limitof quantitation (LOQ= 2.00 ppm)

Morcltie an Clinical Observations: No tment relted morales were observed
in the control or 10 ppm treatment groups. No clinical signs were observed at 10 ppm,wil the xeption of fot lesions and occasional lameness. However, none of hssGhsrvatons were detenmined to be restment-rtd. The appearance nd behavior ofdll malled ofbth sees oughou th est wer normal
Within the first 7 weeks of the stuly, three incidental and ten treatment-relatedmorales occured nth 50 ppm catment gro. Within th rt 3 weeks of he stu.four restment.related mortaes occured n the 150720 ppm resent group. Theexpiring mallardscbt overt sgas oficity prio 10 deh. Dut fo hse caiment-ited ict, all remaining malice in the 15030 pp resent were chased stWeek 5, and surviving mallards in the 0 ppm tresment were cused at Weck 5.Signs of oiety at hese doses included reheed rescon simul, wig doo, Ios of
coordination, depression, thin appearance, lacrimation, convulsions, lower limb rigidity,ruled spperance, lower lm weakness, ehargy, ad spss.
Based on clncl signs nd mortal, the No Observable Adverse Effect Concentration(NOAEC) was determine to be 10 ppm wile the Lowest Onsevable Adverse EstConcentration (LOAEC) was deermined 50 pom.
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Adult Body Weight: Compared to controls, there were no apparentucament related
effects on body weight in the 10 ppm treatment group (Table 2). However, starting at
Weck 2, thre was marked and statistically significant eduction in body weight among
mallards in he 50 and 15020 pom came group. Based on thee elects on body
weight, the LOAEC was determined be 50 ppm whi the NOAEC was determined fo
be 0pom.
Feed Consumption: There were no treatmentrelate effects on fed consumption formallards in the 10 or 50 ppm treatments when compared to the controls (Table 2)
However, staring in Weeks 1 and 2,  eament. hid reduction i fecd consumption
was obsrsd in mallards from the 150220 ppm. eamen. By Week 3, some recovery in
feed consumpion was observed wilh 3 satisticaly significant ines in fecd
consumption beng note inthe 150120 ppm treatment group. This recovery was likly
due to th reductionofPFOS concentrations i the fed (om 150 pm 0.20 ppm. Asa
test, the LOAEC for feed consumpion was 150 ppm whi the NOAEC wasdeterminedtobe 50 pom.
Liver Weight: When compared to controls, no resent related fects on liver weight
wee nocd n he 10 ppm treatment group fo either male and female adult birds (Table
2) Based on thse results, the NOAEC was determined tobe 10 pin,
Table 2. Feed consumption, body and liver weight, and average daly ine (ADD) for
adult mallards at study termination. *

Avera
“Treatment ADI Consumption ~~ Sex Body weight Liver weightom (nghyitsy) Ge odbintiny) @ ©
Control <LOQ" 205£53 M 11644600 29.42+386

FoONSSaDe a16ssi0sl00 B01 133M 1274105 10605463
Foollasis 42215102

50 6361.05 11245 M916 £109 NAP
Fos i7a0

150 209720 98s M1068 NAEssenre erVi Someta 10 po vemos samp Weck Sr whe 05m 130 pvSer Sed Wk 5. repel. esd comp. (16) bi wo mk 30 foCoots 1070 up nd Wk nd or Sand 138 po eiD1ene dayke (ng FOSoywi pe£200ryFOS cocina vs 308 po
© NA= Not applicable; no sample reported.© RAC nde em nemhconto sme tp<1
Gross Pathology: Necropsy results or al surviving females indict tat there wee noraiment elated cffcts nthe 10 pom testnt group when compared 0 th controls,However, fo males fom the 10 ppm raiment, thre was 5 marked increas in the
incidence of small este siz (7 of 16 birds) when compared t controls (2 of 16 bird)
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hat was reaument related. Al other findings were considered incidental and not related© ramen
Histopathology: No effects in the liver, Kidney, brain, proventriculus, adipose issue, orbursa of Fabricius were considered treatment.related in iter alt or offspring mallardsfrom the 10 ppm treatment. In male mallards with sll teste, one control (1 of 2) andfour treated (4 of 7) birds exhibited decreased spermatogenesis characterized by aeduction in the numbero absence ofmaturing mature spermatozoa in the seminiferoustubules. The other contol and one treated bird exhibited degeneatelateophy of theseminiferous tule tha was characterized by an absenceofmature spe and a decreasein he number of cell layers of germinal epithelium. In other birds wih reduced istssize, spermatogenesis was normal as compared o contol birds. These reals suggeshat PROS may have accelerated postrcproductive regression, a normal physiologiealprocess. Based on thes eect, the LOAEC was deveined tb 10 ppm.
Reproduction: When compared to the contol group, there were no sitisicallysignificant differences in anyofthe reproductive parameters for mallards in he 10 ppreatment. Based on these eects, the NOAEC ws determined tobe 10 pm.
Offspring Growth: There were no satisicaly sigrifcan ifeences i he body weightof hachlings or 14-day ld offspring survivors in the 10 ppm eatment when compared10 he controls. There were aso no eament related effects on the mean ver weights ofoffspring from the 10 ppm treatment group. While clinical observations such as neckul, weakened condition, fooule lesions, nd suggishness were served in the 10 pomraiment group, these observations were not considered reamentrelied due 1 heislsted nature of the effects in both control and trsiment groups, Based on theseresus, the NOAEC in offspring was detemined to be 10 pp.
Concentrations of PFOS in Blood and Liver of Adult Mallards: Resuls of thechemical analysis of blood and liver samples showed that adult mallards in he 10 pom
treatment group accumulated PFOS during the study. Furthermore, at the study{eminaion, liver and enum PFOS concentrations in males fom the 10 ppm reamentete approximately S-tims gree than the measured concentations fn females om thesame treatment group (Table 3). While there was a sx-specifc diffrence in tissue
‘concentrations, the ratioof PFOS in blood serum to that in liver (S:L ratio) for both sexeswas similar, approximately 1.5 for both sexes. Since concentrations of PEGS weremeasured only in mallards rom the control and 10 ppm treament, a quantirelationship between PFOS exposure and liver or serum concentrations was notdeveloped.
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‘Table 3.Liverand serum PFOS concentrations in adult mallards atstudy termination A
TTreament _ LiverCone Serum Conc.
(pom) Sex ge) (ig/ml)
Control ™ <LOQ 019039

F <L0Q 0062004
10 M 609195 873£123

F 108845 166+ 120
Gly corral nd 0ppmsamplesweeanalyzed om ey Allvas aereported ona wet weigh bass.

#L0Q =~ Limitofquatiaron: or live it wes 0.02.- 0.0502 gig whiteforserumtwas 004-0104.

Measurement of PFOS concentrations in blood collected throughout the reproductionstudy indicated that PFOS accumulated in mallards in both a time andsexdependentmanner (Table 4).

‘Table 4. Serum PFOS concentrations (g/mL) in adult mallards at various time pointsduring the study. *
T Teme Wek

(ppm) Sex 5 10 1s
Control MM <0Q <T0Q <L0Q

F <L0Q <L0Q <L0Q10 M 9355265 125+206 138180
Fo 7695155 8512392 9303.10

TT WesWek?
50 M 388 643

F 305 633
TTConcentations are epored ss meas and sandr evitons.*L0Q=Limitofquantiation:LOQ was 0.01 gi.

By Week 10, sex-specific difference in serum PFOS concentration became notable. The‘concentrations in male mallards were significantly greater than those observed. infemales. PFOS concentrations in serum of females decreased by approximately 85%from Week 10 concentrations to week 15. The decrease in serum concentrationscoincided with the onset of the egg-laying phase in the study and indicates that female‘mallards were partitioning PFOS into eggs during the reproductively active phase of thestudy. In contrast, male serum concentrations reached an apparent saturationconcentration by Week 10.and did not statistically differ for the remainderof the study.
Concentrations of PFOS were also measured in red blood cells of blood samplescollected at each sampling time (Table 5).
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‘Table 5. Red blood cell PFOS concentrations (g/mL) in adult mallards at various
time points during the study. *

Treatment Week
(ppm) Sex. H 10 15
Control M <L0Q <10Q <10Q

F <L0Q <L0Q <LOQ10 Mo 2152738 2102885 58.6443
F 1412490 39.6225.1 3803.94

Week Week 7
50 M 60.6 274

F 118 412
POS concentrationsar reported 5 means andstandarddeviations"LOQ= Limit ofquantitation; LOQ was0.01 mg/L.

Overall, the concentration of PFOS in serum was greater than concentrations of PFOS‘measured iin red blood cells. However, the relative volumes of serum and red blood cells.
in whole blood were not given in the analytical report. As a result, a mass balance ofPFOS in blood could not be conducted and the partitioning of PFOS between sera and
RBC was not evaluated. Furthermore, there were sex-specific differences observedbetween serum and red blood cell PFOS concentrations. At Week 5, male serum PFOSconcentrations were approximately fold greater than red blood cell concentrations
‘while for females this difference was approximately 1.9-fold.

‘The trend in PFOS concentration red blood cells throughout the study was similar to thatobserved for serum concentrations. Sex-specific differences in red blood cell PFOSconcentrations were apparent by Week 15 with the concentrations in males being greater
than those measured in female from the same treatment group. By Week 15, male redblood cell PFOS concentrations were approximately 15-fold greater than those measuredin females. This trend agreed with serum PFOS concentrations measured in these‘mallards,

Concentrations of PFOS in Blood and Liver of Juvenile Mallards: Analysis of serum
and liver samples from juvenile mallards indicated that PFOS was present in the birds 12
weeks post-hatch. The PFOS concentrations in both liver and serum increased in the 10ppm treatment group over that measured in the control group, but were less than the‘concentrations measured in adult mallards from the same treatments (Table 6). Unlikeadult mallards, no sex specific differences were observed in either liver or serum PFOSconcentrations.
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Table 6. Liver and serum PFOS concentration in 2 week old juvenile
mallards *

Treatment Tiver Cone. Serum Cone.
(ppm) Sex (ge) (g/m)
Conwol  M__ <LOQ” 0.068" 0.037

F <L0Q <L0Q
10 M 307£130 44120931

F 3.61126 4971.12
TFConcenmrations 3smean and standard deviations.Dats gven sswetweight2 <L.0Q = ess than limit ofquantitation fo iver (50 ng/g) andserum (100 ng/ml)The male serum average (n=3) was calculated using % the LOQ where samples werebelow the LOQ (1-2).

‘The ratio of PFOS concentrations in serum to that in liver in both male and female
juvenile mallards averaged 140. This value was similar to that observed in adult‘mallards,

Concentrations of PFOS in Egg Components: Concentrations of PFOS in egg yolkwere measured in eggs collected from the control and 10 ppm treatments. Eggs were
selected from Weeks 19, 20, and 21 and yolks were separated and composited bytreatment group. Yolk (whole) composites were then analyzed for PFOS (Table 7). In
addition, to better understand the distribution of PFOS in the egg yolk, yolk composites
from the 10 ppm treatment were also fractionated into 3 components, Very Low Density
Lipoprotein (VLDL), phosvitin, and lipovitellin. ~ PFOS concentrations were then
determined in each yolk faction (Table 7).

‘Table 7. Egg yolk and yolk component PFOS concentrations (g/g) in mallard eggs
collected during Weeks 19-21ofthe study. *

Treatment 'PFOS Concentration
(ppm) Yolk Fraction (ug/mD)
Control Yolk-Whole. <L0Q'
10 Yolk-Whole 528+0.58

Yolk- VLDL 422050
Yolk-Lipoprotein 8.870057
‘Yolk-Phosvitin 3.590014

Results given 35 mans snd standard deviations ona wet weight bass The samdard deviation caprssesp Precisionofthepreparation and analysisofduplicates for the same unique sample, an ggcomposite.“Thelimit ofquantitation(LOQ) was 10 pg/ml

Results indicated that at 10 ppm, there was a significant accumulation of PFOS into eggyolks from the adult hens as compared to controls. No PFOS was quantified in control
egg yolks. The ratioofthe concentration of PFOS in the egg yolk to that in blood serumin adult females at week 21 was 3.1, The ratio egg yolk to adult female liver PFOS‘concentrations at week 21 was approximately 4.8. The greatest concentration of PFOS in
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the yolk was associated with the VLDL fraction (approximately 77%) followed bylipovitelln and phosvtin
CONCLUSIONS:
Mallards were exposed to PFOS at dietary concentrations of, 10, 50 and 150 ppm for up10 21 weeks. Due (0 signs of over ticity, adult mallards in the 50 and 13020 ppstreatments were terminateda the end of7 and 5 weeks, respectively. When compared tocontrols, 10 PFOS-relted effects on adult body weight or feed consumption wereabserved when adult mallards were fed 10 ppm in the feed (Table 8, Tn aul males,there was an increase in the incidence of small tests size and decreased spermatogenciisat 10 pom (Table 8). Thus, while eadlypostreproductive phase seprcssion sa pom!physiological phenomenon in birds, PFO. may have accelerated. hs process whencompared to untreated birds. Finally, there were no treatment related reductions 1mfertility, hatchabilty or offspring health or survival in the 10 ppm eaiment. Based on
these effects, the No Observable Adverse Effect Concentration (NOAEC) for femalemallards and offspring was determined to be 10 ppm while the Lowest ObservableAdverse Effect Concentration (LOAEC) for male mallards was determined 0 be 10 ppm(Table 8). PROS concentrations associated with the No Observable Adverse Effect Level(NOAEL) and Lowest Observable Adverse Effect Level (LOAEL) in both adult andjuvenile tissues are summarized in Table 9

Table 8. Measurement endpoints and associated dietary NOAEC and LOAEC values for PFOS
in a chronic study with mallards and their offspring. *

Dictary NOAEC Diary LOAECEndpoint
ADULT
Mortality 10 50Bodyweight 1 50
Feed consumption 50 150Liverweight 10Gross pathology Males< 10 Males = 10Females = 10 Females = 50Histopathology. 10Reproductive 10

OFFSPRING
day survivability 10Hatchling juvenilebodyweight 10Juvenileliverweight 10TOAEC was based ov cress dens afslee decreedemoTeFeFoIOpo er lia ty estrone peenAefordrsrin
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‘Table 9. NOAEL and LOAEL values in various matices in adult and offspring mallards in achronic dietary study with PFOS.
Measures of PFOS Exposure * NOAEL®  LOAFL”“ADULT MALES
Dose (ppm) 10ADI (mg PFOSkg body weighteday) over 21-week period 1.49Serum (ug PFOS/mL) at study termination (21-weeks) 873Liver (ug PFOS/g) at study termination (21-weeks) 609

ADULT FEMALES
Dose (pom) 0ADI (mg PROSkg body weightoday) over 21-week period 149
Serum (1g PFOS/mL) at pre-teproductive phase (5-weeks) 769Serum (ug PFOS/mL) at study termination (21-weeks) 166
Liver (ug PFOS/g) at study termination (21-weeks) 108

OFFSPRING
Yolk (ug PFOS/mL) 27
Liver (ug PFOS/g)° 339Serum (ug PFOS/mL’ 469

TOREL wasasdoncarly pos eprofucive phase regression Samle om Top even ATConcentrationsepocdon wet weigh as.
Noand Low tfc valuesfor die and ADI rebased on dictayconcnaion. Serumandfiver ff valuesar.mesure esc vac.
©Offpin vr and serum LOAEL ales are averagesofeal nd mleconcnttions.

DATA QUALITY:
Reliability: Klimish ranking=1
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