
Toxicological Summary
PFOS

Dietary Acute Mallard Study

Test Substance: Perfluorooctanesulfonate (PFOS)
Structure: 1-Octancsulfonic acid, 1,1,223,3,4:4,5,5,6,61.7,888-heptadecafluoro-,

potassium salt, CAS# 2795-393

Remarks: The test substance is a white powder (3M lot #217). The sample was
stored under ambient conditions and purity was originally determined to
be 904% by LOMS, 'H-HMR, "F-NMR and clementl analyses
techniques. In a subsequent analysis of the fest substance, purity wasdetermined (© be 869%. The nominal and measured dictary PFOS
concentration in this summary are based on the 86.9% purity value.
“The in-life phase report was originally completed in 2000, and reported
values based on the 90.40% puriy estimation. The report was revised in
2004 to reflect the subsequent revision in sample purity. This
Toxicological Summary reflects these changes as well as including results
fiom all of the associated reports of analyse of tissues collected during
the inlfe phase.

METHODS

Method: OPPTS 850.2200 (Draf), FIFRA Subdivision E, Section 71-2, OECD 205 andASTM Standard E857-87 (1997)
Type: Dietary Acute
Years 1999 in life test, 2000 for report, 2004 for amended report
Species: Mallard (nas playrhynchos)
Test Phases: Acclimationdays

Exposure period - 5 days
Post-exposure recovery period 3o 17days (Experimental Day §or 22,
respectively)

“Test Bird Age: 10 days old at est initiation
Number of Replicates: There were six replicates of the control treatment, and two
replicates in each test substance treatment. There were five mallards per replicate (pen)for a totalof30 mallards in the control treatment and 10 mallards in each test substance
treatment (which included cight dose groups).
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“The animals were all cxposcd for five days, and then held for a recovery period. At Day8, half the replicates from cach treatment group (3 of th 6 replicates from the controlgroup and 1 replicate from each dose level) were sacrificed while the other half werecontinued n th study unil Day 2.
Feed and Water: Food and water were provided ad libitum during acclimation andtesting phasesofthe study. The mallards did no receive any form of antibiotic treatmenturing either the acclimation or test phaseofte stud.
Analytical Monitoring: The test substance concentration was determined in feed andmallard liver and serum by reverse-phase HPLC and mass spectrometry.
Statistical Methods: LCS0 (Lethal concentration that resuls in 50% mortality of apopulation for a given exposure time) and LTS (Lethal time that results in 50%morality of a population for a given dose) values were calculated by probit analysisusing the Statistical Analysis System (SASISTAT: PROC PROBIT). Body weigh datawere compared by Dumnett’s test using TOXSTAT software (Dunnett, 1955; Gulley,
1990). All other statistical evaluations were conducted with Excel worksheets includingregressions with concentrations of PFOS in tisues
Average Daily Intake (ADI) of PFOS for each treatment group was estimated on a penbasis and did no take into account potential differences between male and females. Foodconsumption and adult mallard body weight data were averaged over the durationoftheexposure period and the ADI was calculated as follows (Equation 1);

AverageFeed Consumpion (diay)ADI (nghgay) -ARATESCORMPONGOAN) Gore(om, p08) (Eguaion)WA) TZegetweigh gid mm eo

Test Diet Preparation: The test substance was mixed directly into the feed ration by
means ofa Hobart mixer. No carrier was used. Nominal ditary concentzations of PFOSused in his study were 0 (control), 8.7, 17.6, 35.1, 703, 141, 281, 562, and 1125 partsper million (ppm).

RESULTS

Measured Diet Concentrations: Wildife Intemational Li. determined concentrationsof PFOS in the test diet. The mean percent recovery of the matrxcspiked feed was94.7%, while the test feed samples had measured concentrations of PFOS that rangedfrom 92 to 119% of the nominal value. Measured mean concentrations of PFOS were:
<LOQ, 941, 18.7,38.6, 71.5,167,279,516, and 1148 ppm.
Mortlites and Clinical Observations: A summary of the percent mortality for cachweatment group is given (Table 1),
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Table 1. Cumulative percent tesment elated moralityof juvenile mallard exposed 0PROS via he dir.
Nomwl pm
Ce” Mgmnt sn Exposureperiod |RecoveryPeriod

m ghia) T7345 6750Convol <LOGT L000 000000008 9s 271 0 0 0 0 0|o 0 0 0we 187 sm 0 0 0 0 o|0 0 0 031 36 120 0 0 0 0 oo 0 0 0W5 ms we 0 0 0 0 olo 0 0 0Woe es 0 0 0 0 oo 0 0 0B® 2 0 0 0 0 0|0 dl 22 sie 49 0 0 0 0 10|2 3 3 105 la 29 0 0 0 20 elm 3 0 xAverage Fa ke ADT: ROSE Sygh)ced wi 58 wos TedCoen se Fors Das 05meseen iy seamen eels he tended recovery perio fom Day8 0 Day 2Lim otamines (L0G) PROS ih di wo 15 pn.
In th contol group, no mortalities oscured at any phase of the study and al mallardswere normal in appearance and behavior. There were no feament-roted mortals orany overt signs oftoxicity throughout the sly at concentrations es han or cual to the141 ppm nominal dose. However, morality was noted for mallards rete wih nominatdoses of 281,562. 1125 pm PEOS in the dit.
In the 281 ppm treatment, signsof toxicity were observed prior© death starting at Day &and continued until the afenoon of Day 5. Thee signs incloded ruffed pearance,
reduced reaction to stimuli (sound and motion), lethargy, and lower limb weakness.Morality of mallards occured on Days 7 nd 5 and by Day 84 cumutve morality of20% was observed. Following Day 5, th remaining mallard in the 281 ppm ratmentad retumed 1. normal appearance and behavior for the duration ofto ty.
In the 562 pom wcatment group, signs of oxiit were nally observed on Day 3 andcontinued until termination for hos birds sacrificed on Day 8 and un he feroon ofDay § for those birds sacrificed on Day 22. Signs of towety cluded a mdappearance, reduced reaction to stimu, Iethargy, and lower limb weakness Singlemoralies wer noted on Days, 630d 7 fo 3 toa] cumulative mortality of 20% by ay7. Remaining mallards appeared o have recovered and were normal in appearance andbehavior fom Day 9 of the study.
In the 1125 pom tesment group, sign of toxicity wee frst observed on Day 2, andincluded ruffed appearance, reduced reaction to simul, lethargy, depression. los ofconrination, prostate posture, deptesion, convulsions, and lowe my weakness. ByDay 7, a cumulative morality of 90% was observed. Following Day 7, no addonsmorality was observed. The one mall tht survived 1 Day 8 revere. and 1sappearance and behavior ws normal throughout the remainder of the recover period
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Both LC50s and LTS0s were determined by probit analysis using the mortality data
(Table 2). The dietary Say LCSO for PFOS was 603 ppm with a 95% confidenceinterval of 431 to 938 ppm. The slope of the conceniration-response curve was 3.655.Body weight and food consumption data were then used to estimate average daily dose ofPFOS and probit analyses was conducted with the mortality data. The 8-day LDS0 basedon average daily intake (ADI) was 150 mg PFOS/kg body weightday with a 95%
confidence interval of 117 10 201 mg PFOS/kg body weightday. The slope of the dose.response curve was 5.479. The least LTS0, estimated from the 1125 ppm dose groupdata, was 4.97 days. This result agreed with cumulative mortality data where 20%‘mortality was observed at day4and 90% mortality was observed at day 7.

‘Table 2. Estimates of lethal concentration (LCs0) and lethal time (LTso) ofa populationofjuvenile mallards in a dietary acute toxicity study with PFOS. A
Effect metric Day LCS0 (ppm) __95% CT Siope__
LCS0 5 1002 743-2039 5244

6 799 595-1126 5832
3 603 431.938 3.655

— NominalDose _LT30 (ays) 95% Cl Slope
130 281 ppm 923 NA 12.39

562 ppm 9.18 738-555 5433
1125 ppm 497 432.555 8403AT Saisie measures ctimated by Prob ais (SKS/STATPROC PROBIT)NA indicates no apliable Noconfidence interval was calculated

Body Weight: Treatment.related cffects on body weight and body weight gain were
observed throughout te study (Table 3). Statistically significant treatment-relatedreductions in body weight were observed in birds exposed to PFOS at 281 mgkg (42%of control) or greater concentrations starting at Day 5 and continuing on through Day 15,On Day 22, body weight was also significantly reduced in the 146 ppm and highertreatment levels. While there was a statistically significant reduction in body weight in
‘mallards from the 8.7 ppm treatment for Days 5 and 8, these effects were not consideredtreatment related. This conclusion was based on the fact that the mallards in the 8.7 ppmdose group weighed less than the controls and other treatment groups and the differences
observed at this dose may have been due 10 this initial difference and not to PFOS‘exposure. In addition, there were no dose-related reductions in body weight in mallardsfrom the 17.6, 35.1 and 70.3 ppm groups that would be consistent with a dose-response.relationship.

4

0n0582



‘Table 3. Average body weight (¢) ofjuvenile mallards exposed to various ditaryconcentrationsof PFOS.
Treatment Body Weight Body Weight Body Weight Body Weight Body Weight(ppm) Day0* Days Day Day 15 Day 22
Control 135224 279443 410£30 640256 82324987 19514 260236 3170466 S15:32 773438176 M6214 277226 377432 5:42 81148l351 47216 275+32 375237 60:44 2847303 143230 260£55  343£90 579297 7824135141 M319 242637 331448 564556 6StL86281 129617 1610228 2200455 467°xSl 70124]562 144223 1370527 175434 3040%82 613049]02s 147225 1120228 185% 373° 634°Body weights reported s cans and standard deviionsonswer weg Ba.Sincen «1, data could motbe evaluated statistically withDunnett's L4es.= Statistically diffrent rom control groupstp <0.05 (Dunnett et)

‘Treatment-related effects on body weight gain were noted at lesser concentrations thanthat observed for mortality. By Day (the endofthe exposure phase) treatment relatedeffects on the change in body weight from Day 0 were noted in treatment groups equal foor greater than the 70.3 ppm dose. This trend coninued into the observation period inthat by Day 8, there was a statistically significant difference in the rate of body weightgain (p < 0.05) in mallards from the 70.3 (12%), 141 ¢17%), 281 (60%) and S62 (-87%) ppm treatment groups when compared to control mallards. However, while bodyweight remained significantly reduced at treatment concentrations greater thanorequal to70.3 ppm, recovery in terms of weight gain was apparent in mallards that survived theexposure period. By study termination (Day 22), there were no significant or treatment.related effects noted on the total change of body weight (Day 8-15, Day 15-22 or Day §-22) for anyofthe treatment groups

To examinethe impactof PFOS on growth of juvenile mallards, the growth rates for eachtreatment group were calculated for various time spans within the study (0-8 days, 8-22days, and 0-22 days) (Table 4). (Data from the S62 and 1125 ppm treatments were notincluded due to greater than 25% cumulative mortality prior to day 8). Growth rate(1/day) was estimated with a general growth model (Equation 2) that was linearized andthen fitted to the body weight data collected during the study.

W, = Wop (Equation 2)

Where: Wy is the body weight (g) ofa mallard at time (1)ofthe study
‘Wois the body weight (8) ofamallard a the onsetofthe study (1-0)gis the overall growth rate (day)
Cit time (days)

‘The regression sults of the growth rate data are in agreement with the body weightdata. There was a marked reduction in the growth rate for the 281 ppm treatment 35compared to the control group Day 0-8. The overall growth rate for mallards in the 17.6,
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35.1, 703, and 141 ppm treatments did not differ from the growth at of mallards in thecontol group.
‘Table 4. Growth rates (1/day) for juvenile mallards exposed to PFOS via the diet for 5
days and observed for 17 days post-exposure. *

Treatment group (pm PFOS)Days 0 87 ve ssi 03 womTOF 015 013 010 018 010 0105 008802 0059 0064 005 005% 00% 002 0080022 008 0085 00% _ 0077 00% 00m 00sRE er er
Feed Consumption: When compared to controls, there was a reduction in feedconsumption during the exposure period in th treatment groups equal (0 and greater thanthe 281 ppm treatment (Table 5). Furthermore, the reduction in feed consumption atthese concentrations continued to be observed through Day 15. However, by Day 22,fecd consumption ats retumed to control levels indicating tha th effet of PFO watnot permanent and that the mallards in th remaining treatment groups had recovered.
‘Table §. Average feed consumption (FC) ofjuvenile mallards exposed fo various
dietary concentrationsofPFOS *

Treatment TC TC TCpm) 0-5days 68days 822 daysControl 0335 0329 025587 0311 0352 0278176 0326 0349 0275351 0342 0332 021703 029% 0287 023811 0432 041 0260281 0264 0279 0211562 0265 0314 0261112s 0204 0141 0260RE

Gross Necropsy: All mallards that died during the course of the study, all of thesurviving mallards of half th pens at day 8, and al remaining mallards at Day 25 weresubjected 1 a gross necropsy. For mallards found dead during the study, th necropsy.findings included thin condition, loss of muscle mas, altered spen color, empty cropsand empty gastrointestinal tracts (Table 6). These finding were considered to beaeament related. Necropsy results for mst mallards that survived to Day § and Day 22were unremarkable as compared to contol reals
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‘Table6. Numberofgross pathological anomalies in mallards that died in response fodictary PFOS exposure during the study period.
Nominal Treatment Dose (ppm)
281 562 125Finding 2) ~-y oi)

Crop, empty 0 7 7Emaciated 1 1 4GL. tract empty 1 1 1Gizzard contents bile stained 0 2 4Gizzard, empty 0 0 1Intestinal contents black and tarlike 0 0 1Keel, prominent 0 0 2Kidneys, pale 0 0 1Loss of muscle mass 2 2 5Spleen, gray 0 0 1Spleen, small and pale 1 1 2Spleen, pale 0 2 3Thin 1 i 4Not RemarkableMotRemadable0000000000000

Concentrations of PFOS in Tissues: Liver concentration data are presented separatelyfor mallards that died during the study and for those sacrificed at study termination.Serum data were also collected from mallards at study termination. Liver samplescollected from mallards that died during the fist seven days of the study were analyzedfor FOS content, and the data are presented in Table 7. During the frst seven days ofthe study, mallard morality was associated with PFOS concentrations in livers thatexceeded 115 g/g. This concentration was atained in th liver by Day 3, Day 5 and Day7 inthe 1125 ppm, S62 ppm and 281 ppm treatments, respectively. Since mallards werenot sampled in a systematic manner, pharmacokinetic analysis of the data could not beconducted to evaluate the uptake and elimination kineticsofPFOS in these mallards.
‘Table 7. Average concentrations of POS (ug/g) in the liver of select mallards withtreatment.related mortality during the acute dietary study. *

Nominal PFOS Dose (ppm)Day Tm sp ms7 No mortality No mortality TIO (N=2)5 No mortality 216 (N-1) 160 (N~4)6 No mortality 197 (N-1) 126 (N=2)7 148(N-1 180 (N= 178 (N=1)
All liver FFOS concentaton reported in units ofugg, wet weight The data representan vera forll mallards from a dose that ied on he specified day. Number 1 parentheses is the mumber ofsamplesalyzed, no the mmber ofbids tht ers subst sali
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Samples of liver and serum collected from surviving mallards on Days § and 22 indicatethat PROS was retained in the exposed mallards folowing the five day exposure period(Table
‘Table 8. Measured concentrations of PFOS in the liver and serum collected frommallards on Days 8 and 22 of the study"

Day § Diy 22Treament Tiver Serum Tiver Serumim) im)Control 00 <L0Q <L0Q <L0Q.87 4675150 7384196 | 1032032 149070176 6655290 1382686| 2042042 4325052En 1535378 3052975 | 3365135 682+19903 275148 4812819 | 9212127 1132749141 B£109  SI9L188 | 1272485 1892794281 $56+461 6584629| 9204321 1345s62 595235 1074465| 202781 340:i54ATSonceniratons eparied means and Sardard deviations on Tne weigh BaSamples wees than the lini ofqanion.LOQ- 0.005 Em rum,LOG = 0.0 ug (iver
The average ratioof concentrationsofPFOS for all dose groups (control not included) inthe blood serum to that in the liver (SL) for all mallards was 1.73 on Day 8 and 1.64 onDay 22. There were no significant differences in the SL ratio between male and femalemallards, therefore these ratios were not reported separately. The overal rlatonshipbetween treatment dose and scrum and liver concentrationsof PFOS were not linear overthe entire dose range, rather the relationships were logarithmic. | The relationshipsbetween PFOS treatment dose and liver and serum PFOS concentations measured onDay 8 are given:

Liver PFOS (ug/g) = 14.49°Ln(Dose, mg) - 32.51 R=0.7967
Serum PFOS (ug/ml) = 21.39*Ln(Dose, mg/kg) - 45.49 R= 0.7461

As with the SIL ratios, there were no sex specific differences in serum and liverconcentrations on Day 8. The relationship between PFOS dose and tissue concentrationson Day 22 were not analyzed since growth and depuration may have significantly aleredthe relationships, and the information gained would not be applicable to environmentalsituations

Post exposure, PFOS concentrations in liver decreased throughout the recovery period.This decrease was most likely due to two factors, growth dilution and excretion.Assuming the biological mechanism for elimination was the same at lower body burdenlevels, a simple onc-compartment model was employed to estimate the loss of PFOSfrom liver due to depuration from the mallards (Equation 3). The following modelevaluates th rae of loss of PFOS from liver:
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C=C rep (Equation 3)
Where: Cy is the concentration at time (1) during elimination phaseCois the concentration at the onsetof elimination (ug/g)Kis the overal elimination rate constant (day")

tis time (days)

The overall elimination rate constant (K') was estimated by determining the slopeoftheconcentration in liver plotted as a function of time during the elimination phase of thestudy (Days 8-22). However, it is important to remember that the estimated climinationrate constant takes into account losses from two concurrent processes, oss due to growthdilution and excretion. Inadion, these two processes may differ in importance relativeto the elimination of PFOS from mallards based on age, sex and season. For thisanalysis, it was assumed that both processes acted in an independent but additive mannersuch that the overall elimination or loss could be represented as follows:
Kektg

in this equation, is the growth rae that was estimated from body weight measurementsrecorded during the study, while k' was estimated as the overall rate of decrease in‘measured liver PFOS concentrations. Once k’ and g were calculated, the elimination ratewas estimated (ku). Based on the measured concentrations of PFOS in the liver and‘growth rates estimated from body weights measured between Days 8 to 22, eliminationate constants were estimated for the 8.7, 17.6, 35.1, 70.3, 141 and 281 ppm treatments(Table 9). Based on these results, the average elimination rate of PFOS (based on liverconcentrations) was 0.0397 day! with a halflife in the liver estimated to beapproximately 17.5 days.

‘Table 9. Growth rates, liver and serum elimination constants, and overall liverexcretion rate constants for PFOS in juvenile mallards. *
Whole Body Tiver SerumTreatment GowhRae EK Ka(mg PFOS/kg) day! day’! (aay ou

‘Control 0.0586 NA NA NA87 0.0636 01077 0041 oni176 00547 00811 00264 00776351 00565 oli 00546 0.1065703 00590 00767 00177 on?141 00523 00821 0098 00765281 0.0828 0.1481 00653 0.stATG contents ase on dis derived Tom messaement ade daring th ecovey poduys51022)NA ntaplicabe
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Concentrations of PFOS in the blood serum decreased in a similar manner as thatobserved for liver PROS concentrations. For the post exposure period, Day 8 throughDay 2, the average climination rae constant (ks) for PFOS from serum was 0.101 daywith an estimated half: lifeof6.86 days. When compared to liver concentrations over thesame experimental period, serum concentrations decreased ata greater rate. Thehalf ifsof PFOS in the serum was approximately fold less than the estimatedhalf ife in theliver. These results indicate that while PFOS is rapidly climinated from serum, the lossesfrom liver and other tissues are slower and are more likly to contibute to a Significantbody burden afer exposures have ceased. In addition, it is assumed that the biological‘mechanism for climination is the same at lower body burden level. Since typically 20%or moreofthe intial body burden remained at day 22, it is indeterminate i the rte ofclimination can be extrapolated to ower body burden levels.
Conclusions:
The dictary Bday LCSO for PFOS was 603 ppm (C1 = 431-938 ppm) while the 8.dayLDS0 based on ADI was 150 mg PFOSIkg body weight'day (CI=117-201 mg PFOS/kgbody weightiday). ‘The no mortality concentration was 131 ppm PFOS (or 61.3 mg.PFOS/kg body weight/day) based on $ days of exposure. Based on the reductionofbodyweight at Day 8, the No Observable Adverse Effect Concentration (NOAEC) wasdetermined to be 35.1 ppm (or 12.0 mg PFOSg body weightiday) while the LowestObservable Adverse Effect Concentration (LOAEC) was 70.3 ppm (or 20.4 mg PFOSIkgbody weightday). The day No Observable Adverse Effect Level (NOAEL) andLowest Observable Adverse Effect Level (LOAEL) values based on liver concentrationswere 15.4 and 29.7 ug/g PFOS, respectively. The $day NOAEL and LOAEL valuesbased on serum concentrations were 30.5 and 48.1 g/ml PFOS, respectively. However,the NOAEL and LOAEL values based on cher liver and serum concentrations are‘conservative estimates of threshold values. This is because these data were collected onDay 8, three days post-exposure and does not take into account potential elimination ofPFOS between days S and 8. The NOAEL, LOAEL, and threshold doses (TD) (the‘geometric mean of NOAEL and LOAEL) are summarized (Table 10).

Table 10. NOAEL, LOAEL and threshold doses (TD) of PFOS derivedfrom a mallard acute feeding study. *
Endpoint NOAEL® TORFLY 15Dietary (ppm) EEEEAverage Daily Dose (mgkgday) 120 24 156Serum (g/m) 305 1 383Liver (ug) 154 297 214AT valis basco 5 dion ofody weight eed ards. Tverod errFFOS concenaions measured rom Day § amples.*NOAEL and LOAEL values for ADI and ict are based on diary concentrationsSerum and ve fst vila ar mesure vies

DATA QUALITY:
Reliability: Kiimish Ranking =1
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