
‘Toxicological Summary

PFOS

Dietary Chronic Definitive Reproductive Study: Northern Bobwhite

Test Substance: Perfluorooctanesulfonate(PFOS)

Structure: 1-Octanesulfonic acid, 1,1,2,2,3,3,4.4,5,5,6.6,7,7.8.8,8-hepta-
decafluoro, potassium salt CAS No. 2795-39-3.

Test Remarks: The test substance is a white powder (3M Lot #217), 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: ASTM Standard E1062-86, OECD 206, and FIFRA Subdivision E., Section 71-
4
‘Type: Dietary Reproduction
ear: 2001in-life phase, 2002-2003 analytical phase, Final report in 2003
Species: Northen bobwhite quail (Colinus virginianus)

Experimental Design: Adult northern bobwhite quail were exposed to PFOS at nominal
‘concentrations of 0, 10, 50, or 150 ppm in the diet over a period of approximately 21
weeks. Each treatment group contained 16 pairsofqual,onepair per pen. In addition,4
other pais of quail were maintained per treatment and were used for blood collection
during the test. The pens that were used for blood collection during the test were not
used to assess reproduction. Due to over signs of toxicity noted in the 150 ppm treatment
by Week 3, the treatment level was reduced to 20 ppm. The 150720 ppm dose was then
terminated at Week 5. The 50 ppm dose was terminated at Week 7, also due to overt
signs of toxicity. All emaining adult quail were observed daily for signs of toxicity or
abnormal behavior. Body weights were measured at Weeks 2, 4, 6, 8 and at study
termination. Feed consumption was measured weekly. Blood was collected from the
extra pair of adult quai at five-week intervals. Al time of adult termination, blood
samples were collected from al surviving quail for chemical analysis, excluding quail
from the 150720 ppm treatment. All bobwhite quail, except for those in the 50 and
150120 ppm treatments, were cuthanized and subjected to gross necropsy. At the time of
necropsy, tissues were. collected for histopathological examination and chemical
analyses.

Adult quail were brought into thir reproductive phase by photostimulation at Week 7.
Once egg production was initiated, eggs were set weekly for incubation. Eggs were
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candied so that the developmental stage and any abnormalities couldbe recorded for each
egg set. Reproductive endpoints evaluated during this study included: egg production,
embryo viability, hatchabilty, and hatching health and survival. After hatching, quail
chicks were fed an untreated diet for 14 days. At the end of the study, chick body
weights were determined. Prior o euthanasia of the last group of offspring (Lot J), blood
samples were collected from 10 chicks from both the control and 10 ppm treatment
groups for chemical analysis. In addition, tissues were collected from these chicks for
histopathological examination and analysis. Liver weights were recorded for all
necropsied quai, and the liver was sampled for chemical analysis. Samples were also
taken of the lver, brain, kidney, gonad, proveniriculus, gall bladder, adipose, and Bursa
of Fabricius for histopathological examination from both adult and offspring bobwhite
quails.

Test Bird Age: Adult quail were 24weeksold at test initiation.

Number of Replicates: There were 16 pairs of adult quail pr treatment with one male
and one female adult bird per pen. In addition, 4 pairs of quail were maintained per
{reatmentaspartofthe blood monitoring study.

Feed and Water: Food and water were provided ad libitum during all phasesofthe
study to both adults and offspring. Feed consumption was measured on a per pen basis,
once a week.

Analytical Monitoring: PFOS concentrations in feed, red blood cels, lver issue, sera
and cgg componens were determined by reverse-phase HPLC and mass spectrometry.
Egg components were separated using a method characterized by Bemardt and Cook
(1960)and Sifani et al.(1990).

Statistical Methods: Upon completion of the study, an analysis of variance (ANOVA)
was performed to evaluate significant differences between treatment groups. Dunnett's
multiple comparison procedure was used to compare POS treatment groups wih the
controls (Dunnett, 1955; 1964). The sample units were the individual pens within cach
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 quail Percentage data (teproduction data) were examined using Dunnett's
‘method following arcsine square roof transformation. Statistical analysis of the data was
performed using Avian Reproduction Data System (ARDS) Software, a. validated
Software package developed by Wildlife Intemational, Lid.

Average Daily Intake (ADI) of PFOS for cach treatment group was estimated on a pen
basis and did not take into account potential differences between the male and female
within a pen. Food consumption and adult quail body weight data were averaged over
the exposure duration ofthe study and the ADI was calculated as follows:
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Averaged Consumpina edit)(rghgody weigh doy. AeBEFexdConstedilny) pc
ADI mghghody weigh day) AverageBodyweight (g/bird) 9m)

“Test Diet Preparation: The tet diets were prepared by mixing PFOS into a premix that
was ued in a weekly preparation ofthe ina dict. Homogeneity of PFOS in the dict was
evaluated throughout he sty.
RESULTS:
Measured Diet Concentrations: To verify the concentration in the PFOS treatments,
fecd samples were collected and analyzed. Means and standard deviationsofthe test
dicts ar given (Table 1), Fed samples from the control treatment showed no indication
of containing PFOS. Analysesofthe diet confirmed that PFOS ws stabe and did not
degradeduringthe sudy

“Table 1.Meanandstandard deviationsofPFOS concentrations inthediet of
northern bobwhite quail 4

Noma Measured Concentrations
Concentrations of of PFOS ov Poem

PFOS (ppm) pom 0) Nomimi
Control (0) <LOQ'
10 10220553 sad 102
20 2082214 103 104
50 5092204 401 102

150 1612156 966 108
cone meeLQmises itof quanto (L0G20 por)

Mortalities and Clinical Observations: No trcatment-rlsted mrtaliis were observed
in the control or 10 ppm treatments. However, starting at Week 5, clinical signs were
observed among quai in the 10 ppm treatment. Signs of toxicity included reduced
reaction to external simul, ruffed appearance, and lethargy.
Within th first 5 weeksofthe study, five-teatment related mortalities occured in the 50
ppm treatment, and thee mortalities occurred in the 150720 ppm treatment. The expiring
Quail exhibited overt signs of toxicity prior o death. Due to PFOS.related effects, all
Surviving quail in the 150/20 ppm treatment were cthanized at Week 5, and surviving
quaiin the 50 ppm treatment were euthanized st Wes 7. Signs oftoxicity at these doses
included reduced reaction stimuli, wing droop, loss of coordination, loss of righting
reflex, lower limb. rigidity, convulsions, shallow and rapid respiration, ruffled
appearance, lowe limb weakness, lethargy, gaping, prostrate posture an spasms.
Based on clinical signs of toxicity, the Lowest Observable Adverse Effect Concentration
(LOAEC) was determined to be 10 ppm.
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Adult Body Weight: Compared to controls, there were no apparent treatment-related
effects on body weight among quail in the 10 ppm treatment (Table 2). However,
starting at Week 2, there was a marked and statistically significant reduction in body
weights among quail in the 50 and 15020 ppm treatments. Based on these results, the
body weight Lowest Observable Adverse Effect Concentration (LOAEC) was determined
0 be 50 ppm, while the No Observable Adverse Effect Concentration (NOAEC) was
determined to be 10ppm.

Feed Consumption: There were no treatment-relaed effects on feed consumption for
qual in the 10 ppm treatment group when compared to controls (Table 2). However,
starting at Week 1,a treatment.related reduction in feed consumption was observed in
quai from the 50 and 150/20 ppm treatments. While some recovery in feed consumption
was observed in the 150/20 ppm treatment group at Week 4, this improvement was likely
due 10 a reduction in the PFOS dose (from 150 10 20 ppm in the feed). Due to the
reductions in feed consumption observed through Week 7, the LOAEC for reduction in
feed consumption was determined to be 50 ppm, while the NOAEC was determined to be:
10 ppm.

Liver Weight: When compared to controls, there were no treatment-related effects on
liver weight among male bobwhite quail n the 10 ppm treatment (Table 2). In contrast,
there was a statistically significant (p <0.01) treatment.related increase in liver weight in
females from the 10 ppm treatment when compared to controls. Based on these result,
the LOAEC for adult female quails was determined o be 10 ppm. In males, the NOAEC
based on liver weight was determined (0be 10ppm.

Table 2. Feed consumption and body and liver weights of northern bobwhite quail
exposed o various concentrationsof PFOS *

“Treatment ADIT AvemgeFeed Body
(pm) (my/kgday) Consumption weight Liver weight

(8 feedbird/day) Sex __(@ @
Control NA 1952 M  205:16 4434050

Fo 247420 8665111
10 07124006 19:3 M 28:11 4484055

F209: 109%£160
50 2642024 9vs2 M 1790520 NAC

Foo1gsts2
150 7324126 sre MO I87:14 NAC

F119
Valueswr given sv eam nd sandard devine Body and verweightswe erm

measurements, with control nd 10 pm stents sampled st Week 21, whic de $0 snd 15020
pp rstments wee sampled a Week 7and 5, respectively. Fesd consamprion data was for Week
20 or control 30d10ppm groups nd Week 63nd3 fo 50 and 150/20 ppm. respectively.

2 ADI average diy inake (mg PFOSgbody weighty).© NA Not spplicble no sample report.
+ Atri indictssical significantdifference from he con vesment tp<0.01
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Gross Pathology: Necropsy results on all surviving females indicated tha there were no
PFOS related clfects among quail in the 10 ppm treatment when compared to the
controls. However, male quail in the 10 ppm treatment had a greater incidence of
reduced testis size (6 out of 16 males) than the controls (1 out of 16 males). All other
findings were considered incidental and no related to treatment.

Histopathology: There were no lesions in the liver, kidney, brain, proventriculus,
adipose tissue, or bursa fabricus in cither adult or juvenile bobwhite quails from the 10
ppm treatment. In adult mals, an increase in the incidence of small testes size in the 10
ppm treatment was not accompanied by any morphological change in spermatogenesis.
“This suggested that PFOS might have acceleratedpostreproductive regression, a normal
physiological process. Based on these result, the LOAEC was determined to be 10 ppm,
based on increased incidenceof small tests size.

Reproductive Results: When compared to controls, there were no treatment-related
effects on egg production in the 10 ppm treatment. However, while not statistically
significant, there were sight reductions in the number of viable embryos as a percentage
ofegg set, hatchlings 25.2 percentage of live 3-weck embryos and in 14-day old survivors
as a percentage of hatchlings. Slight reductions in fertility, hatchabiliy and offspring
survival also resulted in reductions in the number of hatchlings and 14-day old survivors
as percentagesofboth the numberofcggs set and the maximum number of eggs set.
While slight, there was a statistically significant reduction in the number of 14-day old
survivors as percentages ofthe numberof eggs set Based on this ffect, the LOAEC was
determined o be 10 ppm.

Adult Blood and Liver PFOS Analysis: Result of the chemical analysis of blood and
liver samples showed that adult quail in the 10 ppm treatment group accumulated PFOS
uring the study (Table 3). A the termination of the study, liver and serum PFOS
concentrations measured in males from the 10 ppm treatment group were approximately
16-18 times greater than the concentrations measured females. While there was a sex
specific difference in tissue concentrations, the serum (0 liver ratio for both sexes was
similar with a male ratio of 1.6 and a female ratio of 1.8. Since concentrations of PFOS
were measured only in quail from the 10 ppm treatment, a quaniitative relationship.
between PFOS exposure and liverorserum concentrationswas not developed.
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‘Table 3. Mean concentrationsof PFOS in liver and serumofadult quail at
study termination. A
7Treamem  LverConc  SemmConc.

(ppm) Sex (ng) (g/mL)
TT Comol MM  <LOQ" <LOQ

F <10Q <L0Q
10 M 8852285 141530

F 49410 87:26
Glyconol and TOpomsams wer smlyzed fom dy. ATTvaTues ars repos
means and standard deviationon wet weightbasis
LQ Limit of quantitation; for ive twas 0.0502 e/g whit or serum i was
“00gml

Measurement of PFOS concentrations in blood collected throughout the reproduction
study indicated that PFOS accumulated in quail in both a time and sex dependent manner
(Table 4).

Table 4. Concentrations of PFOS fig/mL) in serum collected from adult bobwhite
quail»
Treament Sample time (week)
om) Sex 5 10 1s

TCowol  M 002:0008 «00° <0Q
Fo 001220004 <L0Q <L0Q

10 Mo oes 158222 16451
F 84228 S638 89:17

Weeks Week 7
50 M 557 NA

F 525 495
FRROSconcenatons we reportedwsmem snd snd dovntioms
*L0Q= Limit ofquaitation: The LOQ wes 0.01 pg.

By Week 5, serum PFOS concentrations did not differ between male and female quail
However, at Week 10, sex specific differences in serum PFOS concentrations became
apparent. The concentrations of PFOS in male bobwhite quail were significantly greater
than those observed in females. Moreover, this trend continued to Week 15. Female
bobwhite quail serum PFOS concentrations were 18-fold less than those observed in
‘males sampled at the same times. The decrease in female serum PFOS concentrations
coincided with the onset of the egg-laying phase in the study. This would seem to
indicate that female quail transferred PFOS into their eggs during reproduction. In
contrast, male serum PFOS concentrations reached an apparent saturation concentration
by Week 10, and they did not statistically differforthe remainder ofthe study.
Concentrations of PFOS were also measured in the red blood cels of blood samples
collected at each sampling time (Table 5)
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‘Table 5. Concentrations of PFOS in red blood cells (g/mL) from adult bobwhite:
quail exposed to various concentrationsof PFOS A

Treatment Sex ‘Sample Period (week)
(ppm) 5 10 is
“Control ™ <Q" <Q <q

F <10Q <1L0Q <L0Q
10 Mo 2672232 1844325 35526

F 280+ 226 74:82 20210
— Weeks Week? ~
50 M 165 359

EF 106 110
“Re blood cell concentrationsae reported3means and randand deviations
PLOQ=Limit ofquantitation:in red blood cel the LOQ was 0.01 yg,
‘There was an apparent sex difference in red blood cell mean concentrations at weeks 10
and 15 but not at week S, although there is substantial variability in the data. Red blood
cell PROS concentrations decreased in both male and female over time, particularly from
weeks 10 to 15. The ratio of serum to red blood cell concentrations were also similar in
males and females at all time points but the rato shifted over time as concentrations in
red blood cells declined more than serum levelsbyweek 15.

While the biological significance of PFOS concentration changes in red blood cells
versus serum is unclear, the blood results show that PFOS concentrations declined during
the reproductive phase.

Concentrations of PFOS in Blood and Liver of Juvenile Quail: The analysisofserum
‘and liver samples from juvenile quail indicated that PFOS was still present in these quail
12 weeks after hatching. The PFOS concentrations in both liver and serum were
increased in the 10 ppm treatment group over that measured in the control group, but
were less than the concentrations measured in adult quail from the same treatments(Table 6). Unlike adult quai, no sex specific differerves were observed in juvenile liver
or serum PFOS concentrations. The serum to liver ratio for PFOS in male and female
juvenile quail averaged 1.92 + 0.46 and 1.97 + 0.80, respectively. The juvenile serum to
liver ratio was similar to the ratio observed in adult quail (males = 1.91; females = 1.42),

7

- CNa782



“Table 6. Concentrations of PFOS in the liver and serumof 2 week oldjuvenile quail.
Tver PFOS Serum PROS

Treatment Concentration Concentration,
Gp) sex gl) (ug/ml)
Control M <L0Q <L0Q

F <L0Q <L0Q
10 M 5762067 1265337E 549% 114 124%346

TTConcenraons we reporedans and vandrd Svions Do given werah
L0G Limit of quantitation; LOG for ve -20 ng/g: LOG for serum=400 ng

Egg Component PFOS Concentrations: PFOS concentrations in egg components weremeasured in eggs collected from the control and 10 ppm treatments, Eggs were selectedfrom Weeks 19, 20, 21 and yolks were composited and analyzed for concentrations ofPFOS. Yolk (whole) composites were then analyzed for PFOS (Table 7). In addition to
better understand the distribution of PFOS in the egg yolk, yolks composites in the 10ppm treatment were also separated ino three factions, very low density lipoprotein(VLDL), phosvitin, and lipovitllin fractions. PFOS. concentrations were thendetermined in each yolk fraction (Table 7).

‘Table 7. Concentrations of PFOS in bobwhite qual egg yolk andca yolk components *
PROS Concentration

Treatment Fraction W
“Control a
10ppm Yolk-whole 62:15

Yolk-VLDL 398
Yoli-Phosvitin 083

Yoli-Lipovitelin 132
Ressgivensta and sanded evitionsons WWI bas The“Handa deviton xpreses pressionof th preparationandanaly ofduplicates fr te sam nique sample, acompostsof several e4.#1L0Q Limiofqantiaions LOQ=0.01 gs.

Results indicate that at 10 ppm, there was a significant accumulation of PFOS into theegg yolksofnorthern bobwhite quails as compared to controls. No PFOS was detected ina quantifiable concentration in the control gg yolk. Furthermore, results showed that thegreatest concentration in the yolk was associated with VLDL fraction, followed by
lipovitelln.
CONCLUSIONS:
Northem bobwhite quails were exposed to PFOS at dietary concentaaions of 0, 10, 50and 150/20 ppm for up to 21 weeks. Due to signs of overt toxicity, adult quail in the 50and 150720 ppm treatments were terminated at the end of 7 and 5 weeks, respectively.
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‘When compared to controls, there were no PFOS-related effects on adult body weight or
feed consumption at a dose of 10 ppm in the feed (Table 8). However, minor overt signs
of toxicity were observed in adults dosed at 10 ppm. At 10 ppm, therewas a statisticallysignificant increase in female liver weight. In adult males, there was an increase in the
incidenceofsmall estes size (Table 8). The increase in the number of adult males in the
10 ppm treatment group. with reduced. testes size was not accompanied by any
momhological change in spermatogenesis. This suggests that PFOS may have
accelerated carly _post-reproductive phase regression, a normal physiologicalphenomenon. Additionally, there were slight, but not statistically significant treatment-
related reductions in fertility, hatchabilty, anda statistically significant reduction in
offspring survival (p < 0.05). Based on these effects, the Lowest Observable Adverse
Effect Concentration (LOAEC) for PFOS reproductive effects in bobwhite quail was
determined 10 be 10 ppm in feed, based on 21 weeksof exposure. PFOS concentrationsassociated with the Lowest Observable Adverse Effect Level (LOAEL) in both adult and
juvenile tissuesare summarized in Table 9.

‘Table 8. Measurement endpoints and associated dictary NOAEC and LOAEC values for PFOS
in a chronic study with northern bobwhite quails and ther offspring. **®

Dietary NOAEC Dietary LOAEC
Endpoint
ADULT
Mortality 10 50
Body weight 10 50
Feed consumption 10 50
Liver weight Maks = 10 Females = 10

Females <10 Males=50
Gross pathology Females= 10 Males= 10

Males< 10 Females = 50
Histopathology 10
Reproductive 10
OFFSPRING

14-day survivabili 10AT concentrations reportedom wetweg BAF10pom group posedfor21 weeks 3pm group expose(or7 weeks
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“Table. LOAEL values in various matics in alt and ofpring northern bobwihite gus inachron dear study wih PFOS
Meas ofPROS xpos
ADULT MALES LOL

Dose (ppm) 10ADI (mg PFOS/kg bods weightday)ver21-weck period orSerum (ug PFOS/IL) at study teminaton (2 weeks) at
Liver (ug PFOS/g) at study termination (21-weeks) 885

ADULT FEMALES
Dose (ppm) 10ADI (mg PROSkgbody weighty)ovr21-week period om
Serum (ug PFOS/mL), pre-reproductive phase (S-weeks) 84
Serum (ug PFOS/mL), reproductive phase, at study termination (21-weeks) 87
Liver (ig PFOS/g) at study termination (21-weeks) 49

OFFSPRING
Valk ug PFOSimL) @
Liver (ug PFOS/g) © 55
Serum (ug PFOS/mL) © 125“TTOREL was bon ers TySySTEeRoT re —cin Sauk 03 SatesWearormtem aevonons meac bn.ov afctviosor ad ADI repr dar concetions. Scrum adverfclcspp

© LOAEL values for malesare based on histopathology, forfemales on increased liver|‘weight, and on reduced 14-aymaitor pin,
© Offspring iverand serum LOAEL values ae versges offemale snd male concentrations.

DATA QUALITY:

Relabiy: Klimish ranking= 1

REFERENCES:
Bemardt and Coo. 1960. BBA 44: 86.96,
Decker, ER, Flaherty, LM. 2003, Analysis of pecuoroocine sulfonate in mallard andquail eg yolk. Exygen Report No. 025.070
Dunnett, CW. 1955. A mlipe conpaison procedure for comparing several rcatmentswith contol. J Ames Stats. Asso 50: 109.1121
Dunne, C:W. 1968. New tables for mulipl comparisons with a control Biometrics001

10
(8S



Gallagher, S.P., Van Hoven, R.L. Beavers, 1.B., Jaber, M. 2003. PFOS: A reproductionstudy with the Northern Bobwhite. Final report. Wildiife Intemational, Ltd., Project No.454-108,

Gallagher, S. 2003. Extraction of Potassium Perfluoroocatnesulfonate from Red BloodCells and Serum for Analysis using HPLC-Electrospray/Mass Spectrometry. ExygenResearch, Exygen Study Number 023-066.

Reagen, WK. 2002. Analysis of Perfluorooctanesulfonate in Mallard and Quail EggYolk. Exygen Research. Exygen Report No. 023-070.
Stevenson, L.A. 2003. Analytical phase report for PEOS: A reproduction study with theNorther Bobwhite. 3M Environmental Laboratory Study No. EOI-1245.

Stifani, ., Nimpf,J., Schneider, W.J. 1990. Vitellogenesis in Xenopus laevisand chicken~ cognate ligands and oocyte receptors-the binding site for vitellogenin is located onlipovitelin-1. BIOL CHEM 265: 882-885.
‘Wildlife Intemational, Ltd. 1994. Avian Reproductive Data System (ARDS), Version 2.

OTHER
Last changed: 5/05/04

n

C0786


