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Toxicological Summary

Pros
Dietary Acute Northern Bobwhite Study

‘Test Substance: Perfluorooctanesulfonate (PFOS)

Structure: |-Octanesulfonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8.8,8-heptadecafluoro-,

poaium sah CASH 2795.353
Remarks: Th test substance is a white powder (GM lt #217) The sample was

red under ambit condions and ur was orginally drmind 1
be 90.49% by LCMS, 'H-HMR, ""F-NMR and elemental analyses
pleas utpriploiglon
determined to be 86.9%. The nominal and measured dietary PFOSConcenaions in his summary ars vase on te 853% purty vate
The inf phase report was orginally complete in 2000, and reported
values based on he 0.40% purty estration The report was ried3008 to rflt the subsent revision. in ample purty This
Toxicological Summary reflects these changes as well as including results
from all of the associated reports of analyses of tissues collected during
the in-life phase.

METHODS
‘Method: OPPTS 850.2200 (Draft), FIFRA Subdivision E. Section 71-2, OECD 205, and
ASTM Standard ES57-87 (1997)

Type: Dietary Acute

Year: 1999 in te et, 2000 for ror, 2004 for amended prt
Specie: Noth Bobwiit Coli virginamss)
Test Phases: Acsimaton- 10.ays
Fy
Post-cxposure recovery period — 3 or 17 days (with the study ending on
cither Day 8 or Day 22, respectively)

Tost quail Age: 10 days ca est nan
gm ————

replicates in cach test substance treatment. There were five quail per replicate (pen) for aSoa of 30 gust i he comol rman and 10 qual In sae ot septa remo(which included sight dos groupe. The animals were all expose for five days, and then
ld Tor ecovrs pron, At ey 5, lf the relat fom oh esters Sup ( of
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6 replicates from the control and 1 from cach dose level) were sacrificed while the other
halfwere continued in the study until Day 22.
Feed and Water: Food and water were provided ad libitum during acclimation and
testing phases of the study. The quail did not receive any fom of antibiotic treatment
during cither the acclimation or test phase of the study.
Analytical Monitoring: Test substance concentrations in feed and quail liver and serum
were determined by reverse-phase HPLC and mass spectrometry.
Statistical Methods: LCS0 (Lethal concentration that results in 50% mortality of a
population for a given exposure time) and LTSO (Lethal time that results in 50%
mortality ofa population for a given dose) values were calculated by probit analysis
using the Statistical Analysis System (SAS/STAT: PROC PROBIT). LDS0 (Lethal dose,
as measured by average daily intake, that resuls in 50% mortality ofa population for a
given exposure time) values were calculated by probit analysis (SAS/STAT:PROC
PROBIT). Body weight data were compared by Dunncils test using TOXSTAT
Software (Dunnett, 1955; Gulley, 1990). All other statistical evaluations were conducted
with Excel worksheets including regressions with concentrations of PFOS in tissues
Average Daly Intake (ADI) of PFOS for cach treatment group was estimated on a pen
basis and did not take into account potential differences between male and females. Food
consumption and adult quail body weight data were averaged over the duration of the
exposure period and the ADI was calculated as follows (Equation 1)

AverageFeedConsumpion (birdy)ADI (nghgiy) = AeSETeeIComIROnWOU) Cone pmpros) (Equation)J v——r——

Test Diet Preparation The test substance was mixed directly into the feed ration by
means ofa Hobart mixer. No carrer was used. Nominal dietary concentrations of PFOS
used in this study were 0 (control), 17.6, 35.1, 70.3, 141, 281, 562, and 1125 parts per
millon (ppm).

RESULTS

Measured Diet Concentrations: Wildife Intemational Lid. determined concentrations
of PFOS in the test diet. The mean percent recovery of the matrix-spiked feed was
94.7%, while the test feed samples had measured concentrations of PFOS that ranged
from 92 to 119% of the nominal value. Measured mean concentrations of PFOS were:
<LOQ, 18.7, 38.6, 71.5, 167,279, 516, and 1148 ppm.

Mortaliies and Clinical Observations: A summary of the percent mortality for cach
treatment group is given (Table 1)
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Table 1. Cumulative rcatment elated percent mortality of juvenile bobuhite quail
exposed to PFOS.
“NominalMeasured Average —

PFOS  PFOS Daily Days
Cone. Come. make” Exposure Period Recovery Period
om Gem gheyT 2 5 § ST 7 § 7

Conwol <LOQT <LOQ 0 0 0 0 00° 0 0 0
76 187 4s 0 0 0 0 00 0 0 0
31 386 82 0 0 0 0 0|0 0 0 0
3 TS 238 0 0 0 0 0|0 0 0 0
Wool 41 0 0 of 0 0flo u on ou
M29 a 0 0 0 0 20|4 50 $0 8
5 sie 195 0 0 10 20 S0|8 100 100 100
1s 1s 25 0 0 30 io ioo|100 100 100 100
verge Ty ake (ADT me FOSS body Weg 7 Gay based on Day 0 500 weigh nd Ted
moisscared n sy samen eels nthe cxnded anny period om Dy 10 oy 22Lito auamitaton (L0G for PROS nh dic was 110 or

2 ne gun was cubase on Dy ale suaning a brken eg on Day .Onceamdon Dey 3 ahs sotsng a oben og
One quail in the control group of 30 was found with a broken leg an Day 5, and was
subsequently cubanized on Day 6. Two other quail in the control group had fot lesions
that were asociated with cage mate aggression. Al other quail in th control treatment
were normal in appearance and behavior throughout the test. There were neither
rcament. elated mortalities nor overt sigas of toxicity at PFOS concentrations < 70.3
ppmi the diet.
In the 141 ppm treatment group, one bird was euthanized on Day 3 she sustaining a
broken leg and there was one treatment elated mortality (11%) on Day 7. No other
mortality was noted or this treatment. Two additional quail displayed clinica signs of
toxicity (wing droop). However, by Day 9, the two quail had recovered and their
appearance and behavior retmed to normal. All other quail in the 141 ppm treatment
ad a normal sppearance and behaved normally for the duration ofthe study,
In the 281 ppm treatment, 80% morality (V10 quail) was observed by Day 7 with no
addifonal moraiies being observed for the duration of the test. Quail morality
occurred on Days 5, 6 and 7. Signs of toxicity wer abserved prior to death and included
ruffed appearance, reduced reaction o stimuli (sound and mation), ehargy, wing droop.
Joss ofcoordination, lower limb weakness and convulsions. After Day 3, surviving qual
had normal appearance and behavior or the urationofthe study.
In the 562 ppm tratment, mortality was first observed on Day 3 and reached 100% by
Day 7. Signs of toxicity observed prior o death includeda fled sppearanee, reduced
reaction to stimuli, leiargy, depression. wing droop, loss of coordination, lower limb
weakness, lower limb rigid. prostate posture and convulsions
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In the 1125 ppm treatment, morality was fist observed on Day 3 and reached 100% byDay 4. Signs of toxicity observed prior to death included a ruffled appearance, reduced
reaction to stimuli, lethargy, depression, wing droop, loss of coordination, lower limb
weakness, and lower limb rigidity.

Both LCS0s and LTS0 for PFOS were determined by probit analysis (Table 2). Thedictary $day LCSO was 212 ppm PFOS with a 95% confidence interval of 158 to 278
ppm. The slope of theconcenlration response curve was 7.04. Body weight and food
consumption data collected during the 5-day exposure period were used to estimate an
average daily intake of PFOS and an additional probit analyses was conducted. The
LDSO based on Average Daily Intake (ADI) of PFOS was 61 mg PFOSKg body‘weightiday with a 95% confidence interval of 48 to 77 mg PFOS/kg body weightiday.
“The slopeof the dose-response curve was 8.88. The LTS0, estimated with the 1125 ppm
PFOS treaument data was 3.06 days. This result agreed with cumulative mortality data
where 30% mortality was observed at day 3 and 100% mortality was observed at day 4
(Table 1),
Table 2. Estimates of the lethal concentration of PFOS (LCs) and the lethal time (LT)ofa population ofjuvenile northern bobwhite quails. *
Effect metric Time LCS (ppm) 95% CT Siope

TCs0 Day 3 1593 : 317
Days pre) 356-672 am
Day6 319 228.448 392
Day$ 212 158.278 7.036
Day22 21 158.278 7.036
Dose LTSO (Gays) 95% C1 Slope

TT50 281 ppm 641 5697.60 954
562 ppm 478 417.548 829
1125 ppm 306 - 605

RTT eres stmated by PottslsGASSTAT PROC PROB
Body Weights In comparison to controls, there were no apparent PFOS related effects on
body weight for quails in the 17.6, 35.1 or 70.3 ppm treatments. However, quail in the
141, 281 and 562 ppm tratmerts had body weights that were significantly reduced in
comparison to controls (p<0.01) for Days 0-5. While there was a satstically significantreduction in body weight at PFOS concentrations > 70.3 pp, this body weight reduction
was no longer apparent by Day 15 (10 days post exposure). As was observed for bodyweigh, significant treatment-reated effects on body weight gain from Day 0 to 5 were
observed at concentrations > 70.3 ppm PFOS. However, after Day §, no treatment.
related effects on body weight gain were noted at any concentration through study
termination. Effects on body weight or body weight gain could not be determined for
281, 562 and 1125 ppm rcatment groups aftr Day 8 due to most of the quail dying in
these groups.

4

600543



‘Table 3. Average body weight (g) ofjuvenile northern bobwhites exposed to various
dictary concentrationsofPFOS.
Treatment Body Weight Body Weight Body Weight Body Weight Body Weight
(ppm) Day 0% Day$ Day8 Day 15 Day 22
Coral 2021 EE] 35 910 ®2s13
176 2121 31a 0s 688 £757
35.1 201 3143 3943 6555 8927
703 2041 3052 3743 60+ 924
141 20+1 aes meas 83 7922
281 2041 18022 1§0 +4 3s 55
562 201 16°52 n m m
112s 201 m nm m m

ody weigh reported aman nd Sandndvon onwerweb73 not aplicabl du fo 100% mortal in restmnt grou,Satsticalydiferent from contol grouptp <0.0 (Dunne 1c).

In asecondsetofanalyses, the growth rates for cach treatment group were calculated for
various spans of time during the study, including 0-8 days, 8-22 days, and 0.22 days.
Growth rate (1/day) was estimated with a general growth model (Equation 2) that was
Jincarized and then fitted tothe body weight data collected during the sudy.

W= Woop” (Equation 2)

Where: Wi is the body weight (£) ofa mallard at time ()ofthe study
Wois the body weight (8) ofa mallard at the onsetofthe study (1=0)
8 the overall growth ate (1/day)

tis time (days)

Data from the 562 and 1125 ppm PFOS treatments were not included, since all quail had
died by Day 8. For Day 0-8, the growth ratesofthe quail in treatment groupsofless than
70.3 ppm were not statistically different from the control growth rate (Table 4). In
agreement with the body weight data, quail from the 141 and 281 ppm rcatments had
Day 0-8 growth rates that were reduced from that observed in the controls. However,
after Day 8 (Day 3 of the recovery period) the quai in the 141 and 281 ppm treatments
row at a rate that was equivalent to tha observed in quail from treatment groups less
than or equal 10 70.3 ppm PFOS. The overall growth rates for quail in the 17.6, 35.1,
70.3, 141, and 281 ppm treatments did not differ from the observed growth rates in the
control group.
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Table 4. Growth rates (1/day) for juvenile northern bobwhite quails exposed to PFOS. *
Treatment group (ppm)

Days 0 6 ssi 03 ia om
0to8 0.0803 0.0803 00839 0.0773 0.0623 0.014081022 0055 00555 0089 00582 00624 00798002 00639 0061 00681 00828 00648 00526
Growth rte cmtby nea regression: (LnBody weighGhgrowth me 3 ep)
Feed Consumption: There were no PFOS-related effects on feed consumption duringthe exposure (Days 0-5)orecovery period (Days 6-22) ofthe study. A reduction in feed
consumption was noted. at the 281, 562 and 1125 ppm treatment groups during the
exposure period (Days 0-5) but these reductions were not statistically significant.Overal, the juvenile quail averaged a consumption rate of approximately 0295 g feedsbody weightday for the study. While there was a slight decrease in the eed consumpiionate durin the recovery period, this result was observed in all wcatments groups.includingthe control
“Table 5. Average feed consumption (FC) ofjuvenile northern babwhite qual exposed todicary concentrationsof PFOS

Treatment TC TT TT
(ppm) Days 0-8* Days 8-22 Days 0-22

0(Control) 0.325 0.182 0218176 0311 0173 0211
351 0317 0227 026303 0401 0241 0280
141 0347 0219 0227281 0376 0230 0202
562 0.681 NAP NA
112s 0200 NA NAverge ed compogn sr bodyweg maperRAspadt 00%my

Gross Necropsy: Half of the surviving quail were subjcted to necropsy on Day § andihe remaining birds were necropsicd on Day 22 following tet termination. On Day 8,one bird in the 70.3 ppm treatment was noted with a slightly pal liver but this was notconsidered treatmenterelated. A single bird euthanized from the 281 ppm treatment was
observed 10 have a lack of muscle mass and general thinness. Since these findingcorrelated with treatment-relaied effects on’ body weight, this necropsy finding was
considered treatment related. The remaining quail that survived to Day § and 22 hadnecropsy findings that were unremarkable
Al qual tha died during the study were subjected 0 a gros necropsy. For quail founddead during the study, the necropsy results included thin condition, oss of muscle mass,altered spleen color, utolysi oftissues and pale organs (Table 6. These findings wereconsidered 0 be treatment related.
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“Table 6. Gross pathological observations from quail that died during te dietary acute
study with PFOS.

Treatment Group (ppm)
Towra 141 281 Se2 TIS

Finding KN) en oni) nig
‘Abdominal cavity, some autolysis 0 0 2 2 4
‘Abdominal caviy, autolysis throughout oo 0 1 1Crop, empty 0 0 2 0s 2
Emaciated oo 2 sw
Fractured leg i010 0 0
Gl tract empty oo 1 1 0
Gizzardcontents bile said oo 2 sd
Hear, anteriorporion motled white color ~~ 0 0 1 0 0
Heart pale oo 0 2 1
Intestinal contents trike oo 0 2 0
Keel, prominent oo 13 10
Kidneys, pale 0 0 0 2 0
Liver, pale and motied 0 1 0 0 0
Loss of muscle mass 0 0 4 7 9
Muscular-skeleta, pale 0 1 0 0 0
Small in stature 0 0 3 0 0
Spleen, black 0 0 0 1 0
Spleen, small and pale or bh 0 0 1 3 2
Spleen, dark, grey or grey-brown oo 0 1 2“Thin 0 0 0 4 2
Not Remarkable o_o 10

Concentrations of PROS in Tissues: Liver concentration data are presented separately
for quail that died during the study and for those sacrificed t study termination. Serum
data were also collected from qual at study termination. Liver samples collcted from
quail that died during Days 0 t0 7 of th study were ansyzed for PFOS conten, and the
data are presented in Table 7. During this period, mortality in quail was associated with
liver concentrations that were greater than 110 ugg PFOS. In the 1125 ppm PFOS
reatmen, his concentration was achieved by Day 3. while for quai in the 281 and 562
ppm treatment, this level was achicved by Day 5. Since birds were not sampled in a
Systematic manner, a pharmacokinetic analysis of the data could not be conducted 0
evaluat the uptake and disposition kinetics of PFOS in these qual
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‘Table 7. Measured concentrations of PFOS (ug/g) in the liver of select quail with
wcatment related mortality during the acute ditary study. *
TT Nomiml PROSConconnatom ppm
Day Tat 251 S62 TS

3 Nomoraly  Nomorally  Notamahzed 13 (N-T)
4 Nomonaliy  Nomoralty  Notamlyzed  126(Ne3)
s Nomortality 249 (N=1) 126 (N-1) -
6 Nomoralty  202(N=I) 235 (N-1) :
7 11 QN-1) 139 (v=) 1 (Nt -

All PROS concentrations reported in units of i, wet weigh. The data represen an average fo allual har died na resent group on speed day. The sumer in prethei  heumberof samplesSnlyzed and nt he muberof bids that ner subd 0 analy. Some SPIES WertComposter

Results rom liver and serum analyses of samples collected from surviving quail on Day8 and Day 22 show that PFOS remained present fir the exposure period (Table 8). No
morality was associated with liver concentrations = 45.0. g/g PFOS or serum
concentrations = 41.2 ig/ml PFOS.
Table 8. Measured concentrations of PFOS in the liver and scrum of bobwhite quail
collected at Day 8 and Day 22ofthe study. *

Day 8 Day
Dose Group Tver Serum Tiver Serum

(ppm Gig) (gm) (ugly p/m)
Control <L0Q <L0Q 0214000 0122023

176 1854376 <L0Q 3254081 5891283.1 3584465 304392 2928156 7274417
03 40446 4128311 1004320 2624245
141 703 A5Ea91 258=684  40S<1d
281 NA 356 393 11

A SonceoTs poids mess nd SandGeV7Teweg Be* Limit of quantitation (L0G) LOQ- 0.008 g/ml (serum), LOG~ DO ge. (er)NAC not pplabl: samples were not cllecred
“The average ratioof concentrations of PFOS in blood serum to that in liver (SIL) for
quail was 0.515 on Day 8 and 2.42 on Duy 22. The relatively great diffrence between
the Day § and Day 22 SIL ratio was due in part o the low concentrations of PFOS inserum that was observed across all treatment groups. In particular, the serum PFOS
concentrations in the 17.6 and 35.1 ppm treatment groups were less than the limit ofquanitation thus reducing the S:L ratio. Finally, ther were no significant diffrcnces in
the Si ratio between male and female mallards. The lack of significance was duc in part
10 the smal sample size and relatively great variability hat was observed in both serum
and liver PFOS concentrations for all treatments. ~ Therefore these ratios were not
reported separately.
The relationships between PFOS treatment dose and liver and serum PFOS
concentrations measured on Day 8 are given:
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Liver PFOS (g/g) = 0.5087*(Dose, ppm) - 3.0744. R= 0.9585

Serum PFOS (ug/ml) = 0.3399%(Dose, ppm)—0.6851 R= 0.3985
As with the SL ratios, there were no sex specific differences in serum and liverconcentrations on Day §. This was due to the small sample size and relatively greatvariability observed in the serum and liver PFOS concentrations. For serum, the smallsample size was due in par to the fact that serum concentrations were not measured inbirds that died prior 0 Day 8. The variability in the data is also reflcted in the relatively
small coefficient of determination (R?) for the serum PFOS concentrations to treatmentconcentration. The relationship between PFOS dose and tissue concentrations on Day 22were not analyzed since growth and depuration may have significantly altered. therelationships, and the information. gained would not be applicable (0 environmentalsituations

Post exposure, the concentration of PFOS in the liver decreased throughout the recovery.period (Days $22). This decrease was most likely due to two factors, growth dilutionand excretion. In addition, t was assumed that the biological mechanism for eliminationis the same at lower body burden levels. To estimate the loss of PFOS from liver du todepuration from quail, a simple one-compartment model was employed (Equation 3).“The following model evaluates the raeof [ossof PFOS from liver:

C=Crep (Equation 3)
Where: Cy is the concentrationa ime (1) during the climination phase (ug/g)Cais the concentration at the onsetof cimination (g/g)

kis the overall elimination rate constant (day)
tis time (days)

The overall elimination rate constant (k') was estimated by determining the slopeoftheconcentration in liver ploted as a function of time during the climination phase of thestudy (Days 8-22). I is imporant to remember that the estimated elimination rateconstant takes into account losses from two concurrent processcs, growth dilution andexcretion. These two processes may differ in importance based on age, sex, and season.For this analysis, it was assumed that both processes acted in an independent but additivemanner such that the overal climination or loss could be represcnted as follows:
Kektg

In this equation, i the growth rate that was estimated from body weight measurementsrecorded during the study while k' was estimated as the overall rate of decrease inmeasured liver PROS concentrations. Once k’ and g were calculated, the elimination ratewas cstimated (ki). Based on the measied liver PFOS concentrations and growth ratesfrom Days§ through 22ofstudy period. elimination rate constants were estimated for the17.6,35.1, 70.3, 141 and 281 ppm PFOS treatments (Table 9). The average elimination
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rate of PFOS (based on liver concentrations) was 0.0542 day” with the half: ie in liverestimated 0 be approximately 12.8 days.

Table 9. Growth rate, liver PFOS elimination constants and excretion rate
constants for PFOS in bobwhite quail. *

Treatment Growth Rate © 3
(ppm) day! day! day)

(Contron 0.0599 = =
176 00555 0.1253 0.0698
31 00589 0.1652 0.1063
703 0.0542 0.1103 0.0561
141 0.0624 0.0831 00207

281 0.0798 0.0980 00182
RT consis wer sed on at derived rom mesmrement made Gung he recovery

period (Days 81022).
Serum concentrations of PFOS did not behave in a manner that was consistent with thatobserved for liver PFOS concentrations. During the recovery period, meanconcentrations of PFOS in the serum increased from <LOQ to 5.89 g/m and from 3.04
10 7.27 g/ml in the 17.6 and 35.1 ppm treatments, respectively. In contrast, PFOSconcentrations in serum of quail from the 70.3 ppm treatment decreased from 41.2 to
26.2 mg/L over the same time period. In addition to these inconsistencies, the variabilityin measured scrum concentrations on Day § was relatively great (CV > 100%) for alltreatment groups, making it difficult to evaluate treatment related differences during the
recovery period. As a result, kinetic analyses to estimate clearance times were not
conducted with the serum data.

CONCLUSIONS:

‘The dictary 8-day LCS0 was 212 ppm (Cl= 158-278 ppm) while the §-day LDS0 basedon ADI was 61 mg PFOSkg body weightday (Cl= 48-77 mg PFOSkg bodyweightday). The no mortality concentration was 70.3 ppm (or 23.8 mg PFOS/kg body
weightday). Based on the reduction of body weight at Day 8, the No ObservableAdverse Effect Concentration (NOAEC) was determined to be 70.3 ppm (or 23.8 mg.
PFOS/kg body weightday). The Lowest Observable Adverse Effect Concentration(LOAEC) based on body weight at Day § was 141 ppm (equivalent t0 44.7 mg PFOS/kebody weightday). The 8-day No Observable Adverse Effect Level (NOAEL) and
Lowest Observable Adverse Effect Level (LOAEL) values based on liver concentrationswere 44.0 and 70.3 uglg, respectively. The 8-day NOAEL and LOAEL values based on
serum concentrations were 41.2 and 41.5 ug/ml, respectively. However, some caution isneeded when interpreting serum PFOS values relative to conducting a risk assessment
with monitoring data. The source of this caution is du to the fact that serum PFOS.
concentrations did not follow the trend observed with liver concentrations, wherein PFOS
levels decreased during the recovery phase. It is assumed that the biological mechanism
for elimination is the same at lower body burden levels for both liver and serum.However, the data indicate that this assumption may not be true and that the mechanisms
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of elimination from these wo issues may not be similar. The NOAEL, LOAEL, andthreshold values (geometric meanof NOAEL and LOAEL) are summarized (Table 10).
‘Table 10. NOAEC, LOAEC, and threshold doses (TD) of PFOS derivedfrom a northem bobwhite quail acute feeding study *
Endpoint NOAEL® _TOAEL TDDietary (ppm) 703 Tat 103Average Daily Intake (mghg/day) 23.8 447 326Serum (g/m) a2 ars ars
Liver (ig) 440 703 556AT values were Based on he redocion of bodyweight Feed quer Tverandscrum PROS concentrations rc based on Day § dt. NOAEL and LOAEL alucsfor diet andthe ADI ar reporteda dietary concentaions.‘Serum and liver effet values ae measured sue values.

DATA QUALITY:
Reliability: Klimish ranking= 1
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