
‘Toxicological Summary

PFOS

Dietary Chronic Pilot Reproductive Study: Mallard

Test Substance: Perfluorooctanesulfonate(PFOS)

Structure: 1-Octanesulfonic acid, 1,1223.344,55,6,6,7,8,88-hepladecafluoro-
potassium salt, CAS# 2795-35.3

Test Remarks: The est substance is awhite powder (3M Lot #217). Thesamplewas
stored under ambient conditions, andpurity wasdetermined {0be 86.9%
by LC/MS, "H-NMR,and clemental analysis techniques.

METHODS

Method: ASTM Standard E1062-86and FIFRA Subdivision E, Section 71-4,
Type: Dictary Reproduction
‘Year: 2000-2001 ine phase, 2000-2001 analytical phase, Final Reportin 2003
‘Species: Mallard (4nasplatyrhynchos)
Experimental design: Adult mallards were exposed 10 PFOS in the diet at nominal
concentrations of 18, 6.2, or 17.6 ppm for a period ofsix week. Concurrently, a control group
was maintained on a non-treated feed. Afe ix weeksofexposure, blood was collected from
mallards from al treatment groups and the 1.8 and 6.2 ppm treatments vere euthanized and
subjecid gross necropsy. The control and 17.6 ppm treatment groups were maintained on
their respective exposure regimes until he endofWeek 19. At the beginning of Wek 20 the
remaining mallards were euthanized and subjected 10 a gross necropsy. Effects on adult
health, body weight and feed consumpion were evaluated weekly. Because the two lower
doses were terminal at 6 weeks, the evaluation of the data was divided into two separate
analyses. The first analysis evaluated all data collected on each treme group during the
first six weeksof the study. The second analysis examined data from the control and 17.6
ppm treatments collected at Wegk 20 (Table 1)
Adult mallards were brought into thei reproductive phase prior to the onset of the study by
photostimulation. Consequently, egg laying was initiated approximately one week after the
onsetofthe exposure. Egg production was evaluated on a weekly bass or the durationofthe
study. Eggs laid during Weak | and6 ofthe test wer collected and analyzed for PFOS. Egas
oid during Week 5 of the study, were collected and set for incubation. Reproductive
endpoint, including cgg production, embryo viability hatchabiliy, health, and survival, were
evaluated in this cgg cohort. These offspring were mainaincd on nontreated feed for
approximately 12 weeks.  Necropsics were performed on offspring from cach matemal
rcatment dose group. Samples were taken ofliver, brain, kidney, gonad, proventriculus, gall
bladder, adipose issue, and Bursa of Fabricius for histopathological examination from both
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adults and offspring. Liver weights were recorded for all ncropsied mallards, and the livers
were then analyzed for concentrationsof PFOS.
At the end of Week 6, blood samples were collected from all surviving adult birds, when
possible. Following collection of blood samples, birds in the 1.8 and 6.2 ppm treatment
groups were cuthanized and necropsied. At the time of necropsy, livers were collected and
stored for chemical analysis. Additional blood samples were also collected from adult birds in
the control and 17.6 ppm treatment groups prior to euthanasia and ncropsy at the beginning
of Week 20. At necropsy, liver samples were also collected from adult birds for chemical
analysis. Prior to euthanasia ofthe offspring, blood samples were collected from 10 offspring
from each treatment group. Additionally, tissues from 10 offspring were collected from each
treatment group for analysis. All blood collected from adult and offspring was separated into
serum and hemacyte/pltelt fractions

“Table 1. Experimental design for the dietary chronic pilot reproductive study with mallards
Tame Epos
(opm) Period Endpoints Examined
Control 20week Health, body weight, feed consumption, gross MOrpHOIORy
15 week #1 hisopathology of body organs, cag. production,

embryo viability, hatchability, offspring health and
62 week survival, PROS concentrations in liver and blood serum of

adult and offspring mallards, PFOS concentrations in cgg
176 20% components (membrane, albumen, and yolk)

Test Bird Age: Adult mallards (spproximately 27 weeks)
Numberof Repliates: Five replicates (pens)prtreatment group
Birds per Replicate: One male and female mallard per pen
Feed and Water: Food and water were provided ad libitum during all phasesof the study to
both adult mallards and offspring. Feed consumption was measured on aperpen basi, once a
week
Analytical Monitoring: Test substance concentration in fecd,liverand serum samples were:
determined by reverse-phase HPLC and mass spectrometry.
Statistical Methods: Upon completion of the test, an analysis of variance (ANOVA) was
performed to evaluate significant differences between treatment groups. Dunnett's multiple
‘comparison procedure was used to compare th treatment effects with control. The student's
Totes was used to make statistical comparisons in those instances where only the control and
the 17.6 ppm treatment groups were compared
Average Daily Intake (ADI) of PFOS for each treatment group was estimated using data
from cach pen in that treatment group without taking into account potential differences
between the male and female paired within a pen. Food consumption and adult mallard
body weight data were averaged over the exposure duration of the study and the ADI was
calculated as follows:
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ADI (nggiday) =AYES edConsumption (Oey) cone tom) (Euston)‘AverageBody weight (bird)

“Test Diet Preparation: Test dicswerepreparedby mixing PFOS inoa premixthat wasused
for weekly preparationofthe est diet

RESULTS
Measured Diet Concentrations: To confirm the concentrationsofPFOS inth dict, chemical
analyses were conducted by Wildife Intemational Lid. The limitof quantitation (LOQ) for
PFOS during Week | ofthe study was 0.879 ppm. During Week 6 the LOQ for PFOS in the
feed was 1.41 ppm. The percent recoveriesofPFOS in the matrix spiked-its ranged from
97.0 10 113% throughout the study period. Analysesofcontro dicts showed no presence of
the test substance or other co-clfing compounds. PFOS. concentrations in trated feed
samples ranged from 95 10 111 % of the nominal target doses. The mean measured PFOS
‘concentrationsfordiets detenmined in th study were: <LOQ, 1.8,6.0and 17.6ppm in feed

Mortalities and Clinical Observations: No adult mortalities occurred inthecontrol or PFOS
treatment groups during the study. While several mallards had head or foot lesions and
feather loss, these signs were considered a result of capivity stress andor pemmate
aggression. In the 17.6 ppm treatment, one hen arched her neck ad became rigid when
captured at test termination. This hen also exhibited body tremors, rapid binking, and rapid
respiration during the biceding process. These signs were most likely in response (0 handling
stress, since the mallard appeared normal pror fo test temination. All other mallards were.
normal in appearance and behavior throughout the duration of the study. Based on these
results, the dietary No observable Adverse Effect Concentration (NOAEC) for adults was 17.6
pom.

Adult Body Weight: At both Week 6 and 20, there were no treatment-related reductions in
body weigh in adul females from any of the treatment groups when compared to conlrols
(Table 2). Compared to controls, there was a significant reduction in female body weight
from Week 2 to Weck 4 in the 1.8 mg PFOSkg treatment. However, this reduction was not
consistent or dose-responsive, therefore it was not considered fo be tratment-related. In
addition, there were mean body weight losses among females in the 17.6 mg PFOSke
treatment that may have been related to treatment. However, due to small sample sizes (N=5)
and data variability, these differences were ot statistically significant. Compared to controls,
therewerenostatistically significant reductions in male body weight at Week 6. By Week 10,
11/and 20, body weightsofmale mallards in the 17.6 mg PFOS/kg treatment were statistically
significantly less than that of the controls. At Week 20, the mean male body weight in the
17.6 mg PFOSKg treaiment was 13% les than the mean male body weight in the control
group. Based on body weight reduction, the dictary Lowest Observable Adverse Effect
‘Concentration (LOAEC) for males was 17.6 mg PFOS/ke. Since only the 17.6 mg PFOS/ke
treatment was conducted for the fll 20 weeks of the study, the itary NOAEC for males
could not be determined. The dictary NOAEC for adult female mallards was 17.6 mg.
PFOSKg
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Table 2. Daily exposure, feed consumpion, body and liver weight for adult mallards
exposed to PFOS inthediet.»
Treament ADT TC Body Weigh Therw
pm) (mghgd) (ghd) Sex  Wook6 Weck ®
Tomol NA 22840 M TD4:71 1204297 213+470

FoOI02475 1005223 2124538
18 02695 17750 M 113678 253+156

0062 Foollasol 39804883
62 0985: 178456 M  1IS:63 2024490

0253 Foo1038+05 3190245
176 3601+ 24x84 M0875 1002004 2342802

0599 F_078+149 8974139 206295
Conan 76pp esters wre eed Weck TO 18 5nd pom resmentsweeeed
a1 Week6. All alos are vn3s mean snd anda devitiosan wet weightbis

* Acrge Dy nike (ADI) (mePROS body weigdey) fr 1.830d 6.2 pp ropewssdon average
Teed contmpion cared rough Weck6. For 17 pr tment rp.consump a versed
rough Weck 20

© Fed connumpiondats akc st Weck
Atricaeastatis fence(p00)fomcots.
NA Nosplcbl, concentrations i diet ess haniheLOO
Feed Consumption: On Weeks 14, 16, 17, 18, and 19, mallards in the 17.6 ppm treatment
had feed consumption that was significanly greater than that of mallards in the control
reatment._ However, mallards in the 17.6. ppm treatment did not have a comesponding
increase in body weight, which suggests tht he increase was the resultoffed wastage i this
treatment group. Basedonthese resus, thdietary NOAEC was determined 0be 17.6 ppm.

Liver Weight: When compared tothe control group, there wereno apparent ircamen rated
effectsonadult liver weight in any treatment group.Whilethre was statistically significant
increase in liver weight in females from the 1.8 and 62 ppm treatments, these differences
were most kely due 10 the timingofthe termination of these groups. Both groups were
emminaed at the endofWeek 6, which was a periodof high egg production. Therefore, the
mallards, being in ful reproductive condition, would be expected Io have greater ft reserves
in the liver. Based on these results, th dietary NOAEC for liver weight in male and female
mallards was 17.6 ppm.

Gross Pathology: Adult mallardsi the 1. and 6.2 ppm treatments were sacrificed at Week
6, while mallards in the control and 17.6 ppm treatment groups vere sampledatWeek 20. All
mallards were subjected (0 gross necropsy. All findings were considered to be incidental and
not related t0 treatment. Incidence ofsmall ests was noted during gross necropsy, but was.
considered incidental to treatment

“Ten mallard offpring (approximately 12 weeks old) per treatment group were sampled and
subjected (0 gross necropsy. Resuls from the necropsy showed that several mallards fom
cach treatment group had bumble foot. In addition, a single mallard rom the 17.6 ppm
{reatment had broken feathers, had an unkemp appearance and retained its yolk sac. For
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males, one male offspring from the 17.6 ppm treatment lacked the posterior portionofthe lef
Kidney. However, thse findings were considered incidental and unrelated to treatment.

Histopathology: Various tissue, including the liver, brain, kidney, gonad, proventriculus,
gallbladder, adipose, and BursaofFabricius, were sampled from adult (control and 17.6 ppm
weatments) and juvenile (all treatments) mallards and examined under a light microscope.
There were no ksions in the liver, kidney, proventriculus, gal bladder, ovary, bran, or Bursa
Fabricius in cither adult male and female mallards or offspring at any of the PFOS
concentrations tested. There were also no treatment-related lesions in the adipose tissues of
adult females and offipring of cither sex. However, the incidence of adipose
microvesiculation in adult males was greater in the 17.6 ppm treatment. In addition, th testes
of adult males exhibited several features including aspermia (complete absenceofmature
spermatozoa), decreased spermatogenesis andlor decreased seminiferous ble diameter
“The incidence of small testis size and th reduced diameter ofthe seminiferous tubules were
more pronounced in males from the 17.6 ppm treatmentascompared o controls. While these
findings are part of the nommal physiological phenomenon consistent with post-reproductive
phase regression, the overall findings suggest that testicular regression may have been
accelerated in the 17.6 ppm treatment as compared to the controls. However,a definitive
statistical analysis of these data to evaluate the significance of these findings could not be
conducted due to the small sample size (N=5). Based on th effects observed in mas, the
dietaryLOAECwasdetermined obe 17.6 ppm PFO.

Reproductive Results: There were no treatment-related effects on egg production at any
PFOS concentration ested inthe study. Whiletherewas a light reduction in egg production
in the 62 ppm treatment, this reduction was not considered treatment related, a5 egg
production ai 1.8 and 17.6 ppm exceeded control levels. When compared to mallards in the
control treatment, there were no effects on embryo viability hatchabiliy, hatching heal, and
survivability in mallards from the PFOS treatments. There were fewer 14-day old survivors
per hen produced in the 1.8 and 6.2 ppm treatments when compared to controls. These
reductions were the result of fewer egesbeingset for incubation n thee treatments. Yet, the
significanceofthese effectsi difficult 0 imterpret since the number of 14-day old surviving.
offpring per hen from the 17.6 ppm treatment were similar 0 thatofthe controls. When
compared to the control treatmen, there were minor reductions in several nommalized
reproductive endpoints in the 17.6 ppm reament that were not statistically significant. These
endpoints included a reduction in the number of halchling3-wk cmbryos, number of
haichlingslcges sc, number of hatchlingsheniday, and number of surviving
offspringcniday. Finally, there were no apparent treament. related cffects on the body
weight of hatching or juvenile mallards when compared to control values. Based on these
reproductive resus, the dietary NOAEC was determined o be 17.6 ppm.

Hatchling and Juvenile Mallard Results:
There were no apparent tratment-reated effects on the body weight of hatchlings and
juvenile (12 week old) mallards in anyofthe PFOS treatments. When compared to controls,
there were no treatment-related effectson juvenile liver weight at any concentration ested.
While the mean liver weight ofthe 1.8 ppm treatment group was statistically greater than that
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of controls, the effect was not dose-dependent and may have been a function ofthe greater
mean body weight that was observed in juveniles from this group. The dietary NOAEC for
hatchingand juveile mallards was 17.6 ppm.

“Table 3. Mean liver and body weightsof hatchling and juvenile mallards rom various PFOS
treatment 5
Reeee

(ppm) Hatching Juvenile ® Weight (g)
Control 284120 101231 20.89+3.15
18 28414 1065292 2766 £500
62 33404 10%:271 B02
176 350416 1030235 2722549

TATEwepmea ae
"Juvenilebody andliverweightsweremeasuredapproximately 12 weeks postatch.ArhincensenT Ene oh he Son amen p 0.05

Concentrations of PFOS in Blood and Liver:

Adults
‘Adult mallards accumulated PFOS in a dose-dependent manner (Table 4). To examine the
relationship between exposure and tissue concentrations, the estimated average daily take
(ADI) of PFOS by adult mallards was compared to liver and serum concentrations collected
fom cach PROS treatment group a temiration. For the 1.8 and 6.2 ppm treatments, serum
and live samples were collected at Week 6 while for the control and 17.6 ppm ratments, the
serum and liverwerecollectedatweek 20. This analysiswasbasedon the assumption tia by
Week 6, the concentrations in serum and liver in mallards would be approaching siady state.
An ADI was used in tis analysis because this parameter is commonly usedas a measure of
exposure that adult birds may encounter in the environment, The results of the regression
analysis for PFOS concentrations in both serum and liver and ADI of PFOS are given below:

Male
Serum PFOS (ug/ml) = 41.62 (ADI, mg/kg-day) + 0.4595 RI=07177
Liver PFOS (ug/g) = 2.717 (ADI, mg/kg-day) - 0.4814 R¥=0.6676

Female:
Serum PFOS (g/m) = 42.80 (ADI, mgsday) - 12.67 R=07827
Liver PFOS (ug/g)=3.012(ADI,mg day) - 1.124 R=0.6048

“Thus, there was a moderate corelaton between increasing dose and serum and liver vel.
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“Tabled. Mean concentrationsof PFOS in iverandserum from adult mallards
TTreamemt  LverConc.® Sem Conc.” Gm)

(ppm) Sex (ug) Weeks Week 20
Control MM 0157:029 <I0Q T39:264

Fo 012020165 <L0Q 1054165
180 MM 0836:0738 1724541

Eo 023720105 3654371
620 M 11940422 347+ 118

Fo 065040654 1772250
176 M 9594596 1014662 1582700

F 968821 309205 1442678
Corl nd T76po west ropewer acd a Wek20wil 18 0 67 eameswe
SacrificedstWeek Alasrc gnss mans and andar deviionsona wetWebi.

#100 for serum was 0.01 gm

Sex-specifc differences were observed for both liver and serum PFOS concentrations as
measured at study termination. Within the same treatment groups, PFOS concentrations in
livers of males were 1.1 10 4 times grater than those in the vers of females. PFOS
concentrations in male serum were approximately 1.1 to 5 times greater than PFOS
concentrations observed in th serumoffemales sampled from the same treatment groups.

A closer evaluation of the relationship between PFOS exposure and tissue concentrations
reveal sex and time dependent differences. These differences make it difficult to develop
predictive quantitative relationships between concentrations in environmental matrices and
tissue concentrations. In par, tis variabilityi duc 0 the experimental design where mallards
in the control and 17.6 ppm treatments were exposed for 20 weeks while mallards in the 1.8
and 62 ppm treatment groups were exposed for only 6 weeks. Variability in the PFOS
concentration data was also due 0 lemporal differences in PFOS accumulation by both sexes
throughout the sudy. For instance, a comparison of Week 6 and Week 20 serum data for
control and 17.6 ppm treatments show that PFOS was accumulated in a time dependent
manner but that there were differences in the pattem of accumulation between male and
female mallards. In male mallards from the 17.6 ppm treatmen, tere was approximately a
1.6-fold increase in serum PROS concentrations over this time period; however, this difference.
was not saisically significant. Over the same time period, female mallards from the 17.6
ppm treatment exhibited an approximate $-fold increase i serum PFOS concentrations. This
statistically significant increas in serum PFOS concentration in females is indicative of the
presenceof additional processes that differentially regulate the disposition of PFOS in male
and female mallards. A comparison of the temporal trends of PFOS concentrations in blood
serum to other information collected duringth study suggests that egg-laying in females may
bean important process in th dispositionof PFOS. For instance,peak egg production in this
dose group occurred during the fist 10 weeksofthe study, declined during the nex! 6weeks,
and totaly ceased over th last 4 weeks ofthe study. Changes in egg production were related
10 changes in serum PFOS concenuation. At Week 6, during peak cgg production, serum
PFOS concentrations in females were approximately 3.3-times less than those obscrved in
males. At Week 20, when egg production had ceased, concentrationsof PFOS in blood scrum
offemalemallardswere only 1.1 times ss than those measured in males. These data indicate
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that as egg production decreased in females, there was an increase in serum PFOS
concentrations to levels that were equivalent 0 male values.
Asa result ofthesesespecifi difleences in PROS accumulation in mallards, it i important
to take into consideration the reproductive condiion of females when inerprting the
toxicological significance of blood serum or liver PFOS concentrations that may be collected
‘as apartof environmental monitoring programs.

PFOS Concentrations in Juveniles
Analysis of 12-weck old juvenile mallrd serum and fiver indicated that PFOS
concentrations persist n juveniles post-hatch (Table 5). However, the serum and liver
PFOS concentrations in juvenile mallards represent only a fraction ofthe total PFOS
orginally deposited ino th egg from an exposed female mallard. Potential loses from
the juvenile mallards include such processes as growth. dilution, depuration and
deposition in issues othr than liver or sera. To assess the quantitative relationship
between juvenile liver and serum PFOS concentrations and cge yolk concentrations,
regression analysis was conducted. This analysis included al the data, including data
that was above the limit of detection (LOD) but less than the LOQ, from cach PFOS
treatment group. The relationship between cgg yolk and juvenile serum and liver PFOS
concentrations are

Liver PROS (ug/g) = 00131 (Fg yolk, g/m)~ 0.0157 R= 08804
Serum PFOS (ug/ml) = 0.0247(Egg yolk, pg/ml) — 0.2928 R? =09007

“Thus,liverand serum concentrations in 12-week old mallards are highly corelted with levels
inthe egg yolk.
PROS concentrations in the liver and blood serum of juvenile mallards increased ina dose-
dependent manner, with the greatest concentrations occuring in mallards from the 17.6 ppm
exposure. The average ratio of PFOS concentrations in serum to that in iver br juvrile
mallardswas 23.1 and ranged from 3.32 t0 39.1. This average serum to ivr ratio was similar
10 that observed for adult mallards (27 witha range of 2.33 to 50.7)

“Table 5. Concentrations of PFOS in liver and serum of 12-week old
juvenile mallards. *

Treament Tver Cone. Serum Cone.
(ppm) (ugle) (ug/ml)

—eu—
13 “Log 0050700701
62 prey 0073400466
176 0026200168 0496 0.184

RT Ccenaion  pSeed mein wih Sand Gens. (Mes butdoplcns alyesfesampln,Dith given on 3wtpa
L0Q for iverwas 0.01 gig whileserumwas 0.01 gm.

Concentrations of PFOS in Mallard Eggs: Eggs were sampled from the control, 62 and
17.6 ppm treatments during the first and sth week of ge production. Eggs were seprstod
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into three components, egg membrane, albumen and yolk, and each component was analyzed
for PFOS (Table 6).

“Table6. PFOS concentrations (ug/m)in mallard egg components *
Treament ‘EzzMembrane “Albumen Yok
(ppm) Lueck week Iweek  6week  Iweek Gwoek

TComol  <L0Q" <L0Q <L0Q  <LOQ  <L0Q  <LOQ
62 004 0077 <LOQ  <L0Q 834 61

oo) 0018) @m 6m
176 002 0342 003 000 485 507

©0260) (0065 000) ©0004) (27) 937)
TRConcenonOf GEECompoRets Wer epicon wer wight bass. Dots peered 5 mars and

sandrddevisions.
2 LOQ isthelimit ofquantiation 001 ig)

For eggs sampled at both Week 1 and 6, a positive relationship was observed between adult
hen dietary exposure concentrations and PFOS concentrations in eggs. Furthermore, there
were differences between the concentrations of PFOS measured in different egg components
at cach treatment level, with yolk having the greatest concentrations while albumen had the
least. When PFOS concentrations for cach cgg component were compared between Weck |
and Week 6 by treatment level, the concentrations in egg components for Week 6 was
generally grater than those measured at Week 1. The exception to this was observed for
albumen where PFOS concentrations slightly reduced at Week 6 when compared to Week 1.
For the 62 ppm treament, there was approximately a 1.9-fold increase in PFOS
concentrations between Week 1 and 6 for egg membrane and yolk. However, for the 17.6
ppm treatment here was approximately a 6.6 old increase in membrane concentrations while
Tor yolk thee was approximately a 1.04-fold increase in concentrations over tis time period.
“The implications of these observed differences ae difficult 10 interpret but sce to indicate
hat the adult female mallards had yet notachievedsicady state with respect to serum, ivr or
egg component PFOS concentrations by the end of Week 1 for cither dose group. Instead,
PFOS concentrations in both egg membranes and yolk were sill increasing up until Week 6.
In pat thee trends are most likelya result ofthe fac tht th adultfemaleshad only been on
the treated dit for approximately one week prior (0 cgg production and had not yet reached
steady sat.

A further evaluation of the gg PFOS data showed that there was a relatively constant
relationship between egg yolk PFOS concentrations and PFOS exposure 2s measured by
average daily intake (ADD. For week 6, the average yolk PFOS concentration to ADI ratio
‘was approximately 15 for both the 6.2 and 17.6 ppm treatments. This ato was similar to that
ratio derived from a regression analysis of the yolk PFOS concentrations and ADI where the
slopeof regression modelwasapproximately 13.1

Yolk (ug/mi) = 13.082 (ADI, mgkg-day)+2.259 R= 08568

However the relationships between exposure and egg membranc and albumen PFOSconcentrations was slightly more variable. For instance, th cgg membrane:ADI rato forthe
62 ppm treatment was 0078 while for the 176 ppm treatment it was 0.095. A ratio
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comparison could not be calculated for albumen due to the lack of quantifiable PFOS
concentrations. Based on this preliminary analysis, it can be concluded that yolk PFOS
‘concentrationsweretebest indicatorofenvironmental exposure.

Since no treatment-related adverse effects were observed for any reproductive parameter
measured in this study, quantitative relationships between egg concentrations and effects in
hatchlingsor juvenile survivorsarenot given in ths report.

CONCLUSIONS:
Male and female mallards were exposed to POS at dietary concentrationsof0, 18, 6.2 and
17.6 ppm. The control and 17.6 ppm treatment mallards were exposed for 19 weeks, while
the 1 and 6.2 ppm treatments were exposed for only 6 wecks prior to termination. No
wreament-relaed_mortaliies or overt signs of toxicity were observed at any PFOS
concentration tested. When compared 10 the control treatment, there were no PFOS-relted
effects on feed consumption at either Week 6or Week 20ofthe study. Notreatmentrelated
effects were observed in females at any dose evaluated in the study. Al Week 20, males in the
17.6 ppm treatment had reduced body weights when compared to controls. In addition, male
mallards in the 17.6 ppm treatment hadan increased incidenceof small testes when compared
to controls. While testicular regression is a normal physiological process, the biological
significanceofthe increased incidence in the 17.6 ppm treatment groupover that observed in
the control group could not be fully evaluated due to the small sample size. In addition, the
significanceof this finding is difficult (0 interprei that no treatment-relatd effects or male
related effects were observed on reproduction in this study. Based on these results, the
NOAEC and LOAEC for adult and juvenile endpoints evaluated in the study are given
(Tables 7). The No Observable Adverse Effet Level (NOAEL) and Lowest Observable
Adverse Effect Level (LOAEL) values for PFOS measured in various tissue matrices are also
reported (Table5).
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“Table 7. Measurement endpoints and associated dictary NOAEC and LOAEC values for PFOS ina
chronic pilot study with mallards and ther offspring

Dictary NOAEC Dictary LOAEC ®
Endpoint * (ppm) (ppm)

ADULT
Mortality 2176
Bodyweight Females> 176 Males = 17.6

Males = 6.2
Feed consumption 2176
Liver weight 2176
Gross pathology 176

Histopathology Females > 17.6 Males= 176
Males =62

Reproductive 2176
OFFSPRING
K-day survivability 2176
Hatchlingjuvenile body weight S176
Juvenile iver weight 176

“Cont and 17.6mgPFOSICE esas rc basedonWeck20dts wh 6 pet sls bed om Week €Al concenrationsreportedamawet weigh basi.
 LOAEC for molesbas on sitisicllysignificant eduction nbd wight

n
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‘Table 8. NOAEL and LOAEL values in various matrices in adult and offspring mallards ina chronic:pilot study with PFOS.
Measuresof PFOS Exposure * NOAEL® LOAEL ©
“ADULT MALES — — —

Dose (ppm) * 6.2 176
ADI (mg PFOS/kg body widay) 099 3.60
Serum (gm) 347 158
Liver (mg PFOSkg) Lio 96

ADULT FEMALES
Dose (ppm) 176
ADI (mgkg body wi. day) 360
Serum (ugiml) 14
Liver (agi) 97

OFFSPRING
Yolk (ugh) 507
Liver (e/g) 00262
Serum (g/m) 049%
Contoland 17.6 mg PROSEressaebedonWeakFw th 63pp ressa Bd onWeek 6do ATconcenationsreport on wet weightai
Non Low effec values or diet and ADI ae based on concentration. Scrumand ivereffect values re measuredse vars.

© LOAECfor males based on asata significant reduction inbodyweigh.

DATA QUALITY:
Reliability: Klimish ranking =
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