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MEMORANDUM

SUBJECT: Intended and Proper Scientific Uses of the EPA Report: Relative
Bioavailability of Arsenic in Mmmg Wastes, Dec 1997, Casteel et al.

February 19, 1998

FROM: Genry M. Henningsen, DVM, PhD, DABT/DABVT
Chris P. Weis, PhD, DABT /4, CrWees .
Regional Senior Toxicologists

TO: Recipients and Users of Subject Report

important scientific understandings are required for the proper interpretation and
possible application of the attached Dec 1997 report on arsenic bioavailability. EPA RS
- toxicologists desire to have the data and results of recent EPA studies on bioavailability of
arsenic used in a reasonable and comect scientific manner; conversely, we do not want to
" have the data or results misinterpreted or misapplied for health-risk assessments where
bioavailabilty of arsenic is a concem. In this regard, the following points are requisite;

1. Design. These arsenic studies were only undertaken by EPA as efficient opportunities
to obtain potentially useful, but preliminary, data on the uptake of varieties of arsenic
types and levels in soils from Superfund sites. This work was a secondary effort that
ran concurrently with scientifically stronger and more definitive studies on bioavailability
of lead wastes in soils from those same sites. A lack of knowiedge on the ranges of
potential arsenic bioavailability from varied mining wastes, and the possible usefulness
of the immature swine model to quantitatively measure arsenic uptake, were the main
impetus for pursuing this precursory work. No one should infer more definitive design
implications for this initial phase of studies on arsenic bioavaiiabilty in young swine.

2. Resuits. Because this work was meant to both characterize the relative usefulness of
the immature swine model for arsenic bioavailabilty plus evaluate the relative ranges of
arsenic absorption, the results can only be used in a “semi-quantitative” manner.
Rather than being able to reasonably quantitatively adjust bioavailability as done in the
concurrent lead studies, acknowledged limitations in the arsenic study design and
results only permit and support a relative adjustment in terms high vs_ medium vs low
range of arsenic bioavailability. Transparent exclusion of implausible data points (¢'g.,
huge urine volumes) with defined criteria was used, since analytical confidence was
substantially less for these data. While the report presents the best point-estimates of
measured arsenic bioavailability for site soils, these values should be considered as
semi-quantitative ranges with uncertainty for adjusting default arsenic bioavailability.
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3. Predictiveness. The swine model has not been adequately characterized for full use
in estimating quantitative bioavailability of arsenic, and it may or may not become a
reasonable animal mode! for such studies. The limited design and preliminary resutts
of this work do, however, have an amount of scientific predictive ability to qualitatively
support site-specific adjustments of bioavailability for arsenic waste in soils. As clearly
pointed out on page 1 of the report, the immature swine model cannot be used as an
“absolute” model for human bioavailability of arsenic for several scientific reasons; but,
j the resuits per this protocol can be used as a “relative” model to the limited extent that
' sound science supports. These relative comparisons are made to orally administered
; soluble arsenic sait (sodium nitrate) which is presumed to have 100% RBA and about
g 85-90% ABA. Because of known limitations of these EPA studies, a study-specific
% absolute arsenic bioavailability vaiue cannot be confidently estimated, aithough a semi-
quantitative relative estimate is scientifically supportable for most site-specific resuits.

4. Conclusions, Risk assessors and risk managers who wish to use these site-specific
estimates of bioavailability of arsenic are encouraged to do so in a semi-quantitative
manner and with the above precautions as well as with those found in the report.
While these results are not quantitative for use in risk assessment, they are reasonable
and scientifically defensible estimates that shouid be abie to help support qualitative
adjustments to site-specific arsenic bioavailability. The strengths of this work are the
‘standardized comparisons of a variety of site-specific arsenic soil samples, as opposed
to trying to extrapolate data from other studies that use different materials and
protocols. Reasonable dose-responsiveness and quasi-steady state results were
usually achieved during the last week of the 14-day expesures, which supports the
scientific usefulness. Other abvious known limitations in the study design and resuits
preciude using these data beyond the semi-quantitative manner described above.
Further research on the characterization of the swine model is required before resuits
can ever be used with more quantitative confidence. These resuits are compatible,
although not exactly comparable at this time, with known mammalian pharmaco-

' dynamics of arsenic; and, as such, can be used at sites as strength and weight of
evidence for bioavailability.

For answers to questions about this memorandum or about details and interpretation
of the EPA arsenic report, please contact the EPA R8 toxicologists at (303) 312-6673 or -
8671 and ask for Gerry Henningsen or Chris Weis.

attachment: Relative Bioavailability of Arsenic in Mining Wastes, Dec 1997, Casteel et al.

¥

copy: EPA R8 Administrative Record e




EXECUTIVE SUMMARY

Introduction

Accurate assessment of the human heaith risks resulting from oral exposure to metals requires
knowledge of the amount of metal absorbed from the gastrointestinal tract into the body. This
information is especially important for environmental media such as soil or mine wastes, because
metals in these media may exist, at least in part, in a variety of poorly water soluble minerals,
and may also exist inside particles of inert matrix such as rock or siag. These chemical and
physical properties may tend to influence (usually decrease) the absorption (bioavailability) of
the metals when ingested. Therefore, reliable site-specific data on metal bioavailability in
environmental media of concern may be expected to increase the accuracy and decrease the
uncertainty in human heaith risk estimates.

The USEPA has been engaged in a multi-year investigation of the bioavailability of metals in
soil and mine waste. This study has focused mainly on lead, but.a mumber of studies were
pafomadmmvesﬁgmmemhﬁvebimnﬂabiﬁq(RBA)ofmnichawﬁewﬁmmatuiﬂs
compared to a fully soluble form of arsenic (sodium arsenate). This report presents the resuits
of these studies on arsenic absorption.

Study Design

Smdicswempeﬁomedmmgyomgswheasmemwwimbmuscmcgmmmsﬁnﬂsym
of swine is more nearly similar to humans than most other animal models. Groups of animals
(usually 4 or 5) were given oral doses of test material for 15 days. For comparison, other
groups of animals were given oral doses of sodium arsenate (abbreviated here as NaAs), either
. mixed with a small amount of food or by gavage. The amount of arsenic absorbed was
evaluated by measuring the amount of arsenic which was excreted in urine. Urine samples (24-
hour) were collected on several different days during each smudy, and were analyzed for total
arsenic content by hydride generation. _ : '

Results

Arsenic excretion in urine was found to be a linear function of arsenic intake for all treatment
conditions. In addition, urinary excretion was found to be approximately independent of time
after sudy day 5. Therefore, the urinary excretion fraction (UEF, ug/day excreted per ug/day
administered) for each treatment group was estimated by finding the slope of the best-fit linéar
regression line through the dose-response data for all days after day 5. Estimates of RBA wefe-
then calculated from the urinary excretion fractions as follows:

ES-1
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RBA(x) = UEF(test material)/ UEF(NaAs)

Table ES-1 summarizes the results. As seen, estimates of RBA for arsenic in different types of
test material range from near zero to about 70%. All of these values are lower than the default
RBA value of 80%-100% that is usually employed for arsenic in the absence of reliable site-
specific data, supporting the view that arsenic in some types of soils and solid wastes may be
less-well absorbed (and hence less hazardous to humans) thap arsenic dissolved in drinking
water.

; A potential limitation to this study is that the recovery of arsenic in urine, feces and tissues was
' * only about 25%-35% of the amount given. The basis for this low recovery is not known.
: However, it is thought that the RBA values derived in this study are likely to be fairly
; insensitive to this phenomenon.

Conclusions
i The results of this investigation support the following main conclusions:

l e Young swine can be used to evaluate gastrointestinal absorption of arsenic from
different test materials, using urinary arsenic excretion as the measurement
endpoint. Use of a repeated dosing protocol more accurately reflects a realistic
buman exposure scenario than does a single dose protocol, and allows multiple
measurements of urinary excretion in a single study. In addition, these
‘measurements can be performed at the same time as measurements designed to
quantify lead bioavailability.

. The RBA results for different test materials investigated strongly support the view
that arsenic in most soils and mine wastes is not as well absorbed as soluble
arsenic.  The detailed chemical mechanism accounting for this reduced
bioavailability of arsenic is not known, but almost certainly is related to the
chemical and/or physical form of arsenic in the samples.

. Bécause arsenic in most test materials is absorbed less-extensively than soluble
forms of arsenic, use of default toxicity factors for assessing human health risk
from arsenic in soil or other soil-like materials may often lead to an overestimate
of hazard. Therefore, measurement and application of site-specific RBA values
is expected to increase the accuracy and decrease the uncertainty in human health
risk assessments for arsenic.

ES-2
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BIOAVAILABILITY OF ARSENIC IN MINING WASTES

1.0 INTRODUCTION

Accurate assesmnemofthchumanhﬁlthﬁsksmMﬁngﬁomomlexposumtbmenicmquhes
knowledge of the amount of arsenic absorbed from the gastrointestinal tract into the body. This
information on gastrointestinal absorption may be described either in absolute or relative terms:

Absolute Bioavailability (ABA) is the ratio of the amount of arsenic absorbed compared
to the amount ingested: '

ABA = Absorbed Dose/Ingested Dose
This ratio is also referred to as the oral absorption fraction (AF,).

Relative Bioavailability (RBA) is the ratio of the absolute bioavailability of arsenic
present in some test material compared the absolute bioavailability of arsenic in some
appropriate reference material:

RBA = ABA(test)/ ABA(reference)

Usually the form of arsenic used as reference material is an arsenic compound dissolved
in water, or else some readily soluble form (e.g., sodium arsenate) that is expected to
completely dissolve when ingested.

For example, if 100 ug of arsenic dissolved in drinking water were ingested and a total of 90
ug entered the body, the ABA would be 0.90 (90%). Likewise, if 100 ug of arsenic contained
in soil were ingested and 30 ug emtered the body, the ABA for soil would be 0.30 (30%). If
the arsenic dissolved in water were used as the frame of reference for describing the relative
amount of arsenic absorbed from soil, the RBA would be 0.30/0.90 = 0.33 (33%).

ing Bioavailabili ata t ve Ris i for

When reliable data are available on the bicavailability of arsenic in soil, dust, or other soil-like
waste material at a site, this information can be used to improve the accuracy of exposure and
risk calculations at that site. If the bioavailability data are derived from reliable studies in
humans, either the ABA or the RBA value may be used. However, if the data are obtained from
measurements in animals (as is the case here), adjustments based on the RBA are preferred
because an adjustment based on an ABA measured in an animal is applicable only if the animal
has precisely the same gastrointestinal absorption characteristics for the reference material

R0




(arsenic dissolved -in water) as the human. In contrast, the applicability of an RBA vaiue
measured in an animal depends only on the similarity of the gastrointestinal processes governing
solubilization of the test material (c.g., gastric pH, holding time), and does not depend on
whetherthemeandextentofarsemcabsorpuon distribution and excretion are or are not
similar to that in humans. :

When a reliable RBA value is available from studies in animals (and assuming the RBA is based
on a fully soluble form of arsenic), the RBA can be used to modify the defauit Reference Dose
(RfD) and defauit oral Slope Factor (oSF) for arsenic to account for differences in absorption
between arsenic ingested in water and arsenic ingested in site media (soil, slag, etc.), as follows:

RfD., = ___&5
Dag RBA

OSF,; = OSFpy +RBA

Alternatively, it is also acceptable to adjust the dose (rather than the toxicity factors) as follows:
Dose,; = Dose,,, ‘RBA |

This adjustment in dose is mathematically equivalent to adjusting the toxicity factors as described
above.

Methods for Measuring RBA

Figure 1-1 shows a conceptual model for the toxlcokmcuc fate of ingested arsenic. Key points
of the mode] are as follows:

. In most animals (including humans), absorbed arsenic is excreted mainly in the
urine over the course of several days (Coulson et al. 1935, Crecelius 1977,
Buchet et al 1981a, 1981b, Vahter and Norin 1980, Vahter 1981). The mass of
arsenic excreted in urine appears to be a linear function of ingested dose in both
humans and animals up to intake levels of at least 5,000 ug/day (EPA 1995).
This indicates that both absorption and urinary excretion are linear processes.

] The urinary excretion fraction (UEF), defined as the amount excreted in the urine
divided by the amount given, should not be used as a direct estimate of the
amount absorbed because some absorbed arsenic is excreted in the feces via the
bile and some absorbed arsenic enters tissue compartments (e.g., skin, hair, efc)
from which it is cleared very slowly or not at all.
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- FIGURE 1-1' CONCEPTUAL MODEL FOR ARSENIC TOXICOKINETICS

|AF°
INGESTED DOSE (D)
1-AF,
s Feces (F)
where: '
AF, = Oral Absorption Fraction

K, = Fraction of absorbed arsenic which is retained in tissues
K, =Fraction of absorbed arsenic which is excreted in urine
K; =Fraction of absorbed arsenic which is excreted in the bile

BASIC EQUATIONS:

Amount in Urine

ri

Uoral = D *AFo®* Ky

Excretion

UE}"oraI"‘%‘m"l= AFo* Ky

oral

Relative Bioavailability

RBA - UEF x.oral - AFo(x)* Ky _ AF ()
(x vs5.y) UEF yoral - AFo0V Ky - AFo0)
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e The relative bioavailability (RBA) of a test material compared to sodium arsenate
can be calculated from the ratio of the urinary excretion fraction of the two
materials. This calculation is independent of the extent of tissue binding and of
biliary excretion:

UEF(x) _ D'AF,(x)-K, _ AF,(x)

RBA(x vs y) = UEF(y) D-AF,(y]'K, &AF,(y)

Purpose of These Swdies
Arsenic(andothcrmetals)insoﬂsandminewastesmayexist,axleastinpm,inavari_etyof
poorly water soluble minerals, and may also exist inside particles of inert matrix such as rock
or slag, Thesechemicalandphysiwpmperﬁesmaymndminﬂueme(umaﬂydeuease)me
solubility (bicaccessability) and the absorption (bioavailability) of arsenic when ingested. The
studiesrcportedhcreweredﬁignedtoinvesﬁgatethefmibﬂityofusingymmgswineasan
animalmodelformeamﬂngomlarsenicabsorpﬁonﬁomsoﬂsandminewastes,andtoobtain
prelimina.ryesﬁmawsofRBAforarsenicinavuietyofsamplesofsoﬂandothersolidmedia‘
from Superfund sites. Prelhnimrydataonthetoxicoldneﬁcsofsodinmarsenatefollowing
intravenous injection collected during these studies will be presented elsewhere.




2.0 METHODS

The stdies performed to investigate arsenic bioavailability were part of .a larger program
sponsored by the USEPA in which the bioavailability of lead in soils and mine wastes was
quantified using young swine as an animal model for young children. Derailed descriptions of
thase smudies on lead bioavailability have been prepared and are presented eisewhere.

" All studies were performed as nearly as possible within the spirit and guidelines of Good
Laboratory Practices (GLP: 40 CFR 792). Standard Operating Procedures (SOPs) that included
detailed methods for all of the components to cach study were prepared, approved, and
distributed to all team members prior to the smdy. All SOPs are documented in a project
notebook that is available through the administrative record.

2.1 Study Designs

The most common approach for studying arsenic absorption is to administer a single oral dose
of test material and then measure the amount of arsenic which is excreted in urine over the next
several days (e.g., Coulson et al. 1935, Crecelius 1977, Tam et al. 1979, Buchet ct al. 1981a,
Vahter and Norin 1980, Vahter 1981, Yamauchi and Yamamura 1985, Marafante and Vahter
1987). In this study, a repeated-dose protocol was employed. That is, groups of animals were
exposed to either sodium arsenate (used as the reference material) or test material (e.g., soil,
tailings, slag, etc.) for 15 days. Urine samples (24-hour) were collected at several times
throughout the stdy period. This protocol was employed because it is similar to the repeated
exposure protocol established for studying lead absorption in young swine. This allowed
measurement of both lead and arsenic absorption from a test material in the same experiment.

The main investigations of arsenic absorption and excretion were performed in two pilot studies.
The protocols for these two studies are shown in Table 2-1. As shown, each Pilot Study
investigated arsenic absorption from sodium arsenate and from 2 single test material. In Pilot
Study 1 the test material was a sample of slag collected at the AV Smelter located near
Leadville, Colorado. In the second Pilot Study, the test material was a sample of tailings or
nclickens" collecied from the bank of the Clark Fork River on the property of the Grant Kohrs
Ranch, located near Deer Lodge, Montana. Because these pilot studies only evaluated arsenic
absorption in two different test materials, urine was also collected from animals exposed to a
variety of other test materials in the studies which were performed primarily to measure lead
absorption. In these studies, urine was collected only on days 7 and 14, and only from control
animals and .animals exposed to the highest dose of test material. These studies did not include
any groups exposed to sodium arsenate. '
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s seen, using sodium arsenate as a relative frame of reference, the RBA estimates for the two
»st materials are 15% and 49%, respectively. Both of these values are significantly lower than
1e default value of 80%-100% that is usually employed when reliable site-specific data are
icking.

.4  RBA Estimates for Other Test Materials

\s noted above, urine samples were collected on days 7 and 14 from animals exposed to a
ariety of different test materials employed in studies of lead bioavailability. Because the doses
f test material used in these studies were selected to yield a specified exposure to lead (not
rsenic), arsenic exposure levels ranged from around 1 ug/kg-day to 65 ug/kg-day. The detailed
amandcalunaﬁonsforeachmstmateﬁalamprescmcdinAppendixB,mdmcmaﬂmam
ummarized in Table 3-1. Estimates of RBA were calculated for each test material using the
JEF for sodium arsenate given orally, as described above. The results are shown graphically
n Figure 3-8. Note that a second sample of AV slag was tested in one of these studies.

\s seen, estimated RBA values range from near zero to close to 100%. Two of the test
aaterials (those from the Aspen site) contained relatively low levels of arsenic and dose levels
vere so low (about 1 ug/kg-day) that the resuits for these samples are considered to be especially
incertain. Excluding these two samples, estimated RBA values range from near zero to about

i0%.
1.5 Correlation of RBA with Arsenic Geochemistry

Ine of the most interesting and important objectives of this project was to obtain preliminary
nformation on which chemical forms of arsenic tend to have high bioavailability and which tend
o have low bioavailability. At present, detailed geochemical speciation data for arsenic are
wvailable for five of the materials tested. These data are presented in Appendix C and are
ummarized in Table 3-2.

‘nspection of this table reveals that arsenic may exist in a variety of different forms. In all of
he samples, most of the arsenic that is present exists in particles or grains that are partly or
»ntirely exposed on their outer surfaces (these are referred to as "liberated™), and a relatively
small fraction of the particles are entirely enclosed within a larger particle of rock or slag (these
ire referred to as “included"). By mass, most of the arsenic usually occurs in particles of lead
irsenic oxide or ferric arsenic oxide. Notice that slag particles usually do not account for the
sulk of the arsenic (even in pure slag samples), since the concentration of arsenic in the glassy

ohase of most slags is quite low. )

Simple visual inspection of the data in Table 3-2 suggests that the RBA of lead-arsenic oxide is
probably fairly low (e.g., see AV slag, Midvale slag and Murray soil), while the value for ferric
arsenic oxide is probably relative high (see the Grant Kohrs sample). A more objective
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As seen, estimates-of the UEF for sodium arsenate administered orally in doughballs (Pilot
Stud:=s 1 anc 2) and by gavage (Pilot Sdy 2) are all approximately equal. Therefore, the final
UE. for oral sodium arsenate was estimated by combining all of the data across these three
treatment groups. The results are shown in Figure 3-7.

Confidence Limits Around RBA Estimates

Asnowdabove,uchRBAvalueiscalaﬂatedastheraﬁooftwoslcxpes(U'EFs),eachofwhich
is estimated by linear regression through a set of data points. Because of the variability in the
data,the:eisuncemimyintheesﬁmawdslope(UEBformhmatcrial. This uncertainty in
meﬂopeisdesmibedbymcstandardmorofmcmm(SMfmmcslopepmmw. Given
thcbestesﬁmateandthcsmformhslope,thcuncenaintyintheratiomaybeulcxﬂated
using Monte Carlo simulation. The probability density function describing the confidence
mundeachsmpewﬁﬂwnnwasasmedmbecbmcwﬁzedbyat-disuibuﬁmwnhmz
degrees of freedom (Sachs 1984):

UEF, - UEFp, _
— SEM R

For convenience, the PDF defined by the relationship above is referred to as T(Slope,SEM,n),
where "Slope" is the estimated value of UEF (UEF.), "SEM" is the standard error of the
estimated slope, and "n" is the number of data points used in the linear regression to derive the
slope and SEM. Thus, the confidence distribution around each ratio was simulated as:

T (Slope, , SEM, ,n, )
T (Slope, . SEM, .3, )

Using this equation, a Monte Carlo simulation was run for each RBA calculation. The 5th and
95th percentile values from the simulated distribution of RBA values were then taken to be the
90% confidence interval for the RBA.

PDF (RBA), ,, ~

Its ilot : tudi

Appendix A presents the detailed data for Pilot Studies 1 and 2. The results are summarized
below:

NaAs - (doughball or gavage) 0.176 + 0.007 (105)
AV Slag (pilot 1) 0.026 <+ 0.002 (43) 0.15 + 0.01

Grant Kohrs tailings (pilot 2) . 0.086 & 0.007 (31) 0.49 + 0.05

n = Number of data points used in curve fining

24
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FIGURE 3-7 ESTIMATION OF UEF FOR SODIUM ARSENATE

INGESTED ORALLY
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FIGURE 3-6 ESTIMATION OF UEFs - PILOT STUDY 2
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FIGURE 3-5 ESTIMATION OF UEFs - PILOT STUDY 1
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IQIGURE 3-4 RATE OF ARSENIC DEPURATION IN URINE
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FIGURE 3-3 TIME COURSE OF ARSENIC EXCRETION

0.30
Pilot Study 1

0.25 -

—o—NaAs-Oral
0.20 —~ ‘—#—Slag-Oral '

[T
o 0.16 -
0.10 -
0.05 -
T —& —-— —— —u
0.00 ¢
0 2 4 6 8 10 12 -14 16
Study Day
0.25
Pilot Study 2
02 - "—_m—NaAs-Gav
—4—NaAs-Oral
0.15 - _—=—Tailing
™
w
=
01 -
0.05 -
0
0 2 4 6 8 10 12 14 16
Study Day
L g
19

p\swine\epa\arsenic\data\pilots\wef-vs-t.xis




{£ep/8n) symuy sBesary
00z} 000} 00% 009 00r 00z 0 0004 o.wa
[ i
sz 3
ri Aeg oo
o0s¢c
" tkupBn) ooy sBeisny
000 009 000 ooy 00z 0 0004 009
oy P ]
E 1810 - sBuge) @ M
00 - SYEN ¥ osz $
4 Aug oo¢
05¢
2 AQN1S 107Id

SNY311Vd 3SNOdSIY-3SOA Z-€ NI

. -

{Asp;Bn) eymu) sBuieay
009 cor (4

-1 - slugel o

1910 - SYEN Y
g Aeg
{Awp;Bn) sywjuj eBuisny
000 ooy 00z

wi0 - sbupel @
IO - SYSNY

g keg

052

0oc

st

g 5 8
(Aep/Bn) peresoxg ssew

[~
w
o~

g

05¢

LIuPASINIIE G- Y

(Amp/Bn) peyesaxy ssei

97




96

{Aup/Bn) exuyy sBusony {Avp;Bin} axwyu sliwseay
000Z 0002 005} © 000b 008
0 } 4 t 0
B
004 w [ % m
+ 0351 M 054 m_
|, wz &
leio-busm | &
1 02 ei0-sveN o ose &
e g8 feg oo
0s¢ 0S¢
(Awpsin} exwjut sBeseny (Awpiin] sysys) oBusaay
008l 0091
B L L. TR [ PR
- tos
1 oot m w
[, p
g
toc & 2
T
[eio-Oeig w | gsz M 1e10-Geis m osz 8
. (]
IBIO-SyeN ¢ . [RIQ-SYRp ¢ =
| 00€ _ : 00¢
i) Aeg S Aeg
osc e Lgge
I AQNLS 107d

mz:u— IYA JCAMNADTIM TIOAA 1 _n =i o




3.0 RESULTS
3.1 Dose Response of Arsenic Excretion in Urine

Figures 3-1 and 3-2 show group mean arsenic excretion rates (ug/day) plotted as a function of
arsenic intake (ug/day) for a number of different trearment groups employed in Pilot Studies 1
and 2, each on a number of different treatment days. As expected, the relationship between
excretion and intake is approximately linear in nearly all cases. Based on this, the slope of the
. best-fit linear regression line through the dose-response data is taken as the most robust estimate
- of the UEF (ug/day excreted per ug/day administered) for a given trearment group on a given
day.

3.2 Time Dependence of Arsenic Excretion

As noted earlier, the smdy design employed in these investigations employed a repeated-dosing
protocol. This protocol is based on the expectation that repeated exposures will result in a sort
of "steady state” in an exposed animal, with the amount of arsenic excreted each day being a
constant fraction of the amount administered. To investigate whether this is so, the UEF
(calculated as described above) was plotted as a function of exposure duration for several
different treatment groups. The results are shown in Figure 3-3. As seen, the excretion rate
appears to become approximately constant after about Day 5. This is supported by the finding
that arsenic excretion in urine falls to near zero within about two days after dosing is halted
following 15 days of oral exposure (Figure 3-4), and is also consistent with observations in
bumans that steady state is reached in about five days (Mappes 1977). Based on the finding that
animals come to steady state by about day 5, allcalculanonsofUEFwerebasedonlyon
excretion measurements collected after day 5.

3.3 RBA Caiculations for Pilot Studies

As discussed above, the relative bioavailability of an arsenic-containing material are calculated
from the ratio of urinary excretion fractions (UEFs) for test material and sodium arsenate, as
follows:

RBA(test) = UEF(test)/UEF(NaAs)

UEF Values

Figures 3-5 and 3-6 show the combined data sets for a number of different treatment groups, '

along with the final best fit straight lines through the data. The slope of the line through each
data set is the estimate of UEF for that group.

£




In some cases, some of the measured data points (i.e., estimated mass excreted) were judged to
be unreliable and were excluded from the UEF regression analysis. Data points were excluded
according to the following guidelines:

1.

In some cases (mainly in the initial smudies), the diverter used to deflect spilled
drinking water away from the urine collecting pan did not work effectively; and
some urine samples became highly diluted. Cases where total urine volume was
more than 5 L (typical 24-hour urine volumes are about 1-2 L) and the measured
urine concentration of arsenic was at or below the detection limit (2 ug/L) were
Jjudged to be unreliable and were excluded from the quantitative analysis.

For control animals (not administered arsenic), the mass of arsenic recovered in
urine averaged across all studies was about 6.7 ug/day, with a 95th percentile
value of about 19.9 ug/day. Control animals which yielded estimates higher than
20 ug/day were therefore judged to be outliers and were excluded.

Data points which fell outside the 95% prediction interval for the best-fit straight
line (determined by the curve-fitting software) were judged to be outliers, and
were excluded from the final linear regression.

15
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FIGURE 2-2 ANALYTICAL QUALITY ASSURANCE DATA
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FlGJRE 2-1 ANALYTICAL QUALITY ASSURANCE DATA
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For samples-close to or below' the detection limit, all duplicate pairs were within two-
times the detection limit.

Standards

Samples of a urine standard obtained from NIST (sample number 2670 Elevated, nominal
arsenic concentration = 480 + 100 ug/L) were run as part of each set of analyses.
Results for this standard ranged from 440 to 480 ug/L, with a mean across all samples
of 451 + 13 ug/L (N = 26).

Blanks

Blank samples run along with each batch of samples never yielded a measurable level of
arsenic, with all values being reported as less than 0.05 ug of arsenic.

In addition to these laboratory-sponsored QA procedures, an additional series of standards
("check samples”) and duplicates were submitted to the laboratory in a random and blind
fashion, commingled with normal test samples. The resuilts are shown in Figure 2-1 and Figure
2-2. As seen in Panel A of each figure, there was good accuracy on blind check samples (10,
30, and 100 ug/L) throughout the duration of the study. As shown in Panel B of each figure,
there was also good reproducibility between blind duplicate samples, with an average absolute
difference between pairs of about 1.3 ug/L., and an average relative percent difference of about
3.8%.

Finally, as a check of the accuracy of the doses administered to the animals, random doughballs
prepared during the studies were analyzed for arsenic content.. The results are shown in Figure
2-3. As seen, measured arsenic levels in the doughballs were very close to the target dose
levels, indicating that administered doses were close to the nominal values called for in the
protocols.

2.7 Data Reduction

The basic approach used to estimate the urinary excretion fraction for a particular test or
reference material was to plot the mass of arsenic excreted in the urine in a day (calculated as
the concentration in urine times the 24-hour urine volume) as a function of the daily mass of
arsenic administered. Urine samples whose concentration was below the detection limit (about
2 ug/L) were evaluated by assuming a concentration equal to the detection limit. The slope of
the best-fit straight line through the all the data points was taken as the best estimate of UEF
(ug/day excreted per ug/day administered) for that form of arsenic. All linear regression data-
firting was performed using TableCurve 2D (Jandel Scientific).

11




covered with a watch glass and heated on a hot-plate at 70-80°C overnight. The watch glass
was t..2 removed and the temperature increased to 200°C until the sample was completely dry
(abour 8-12 hours). The dried sample was transferred to a muffle furnace and heated at 1
degree/minute up to 500°C, which was then heid for three hours. After cooling, 20 mL of 50%
HCI was added and gently boiled for 1 hour on a hotplate. After 1 hour, 50% HC] was added
to restore the volume to 20 mL, and this was diluted with water to 100 mL.

Iim

In one study, samples of blood, bile, liver, kidney, lung, muscle, and skin were collected for
the purposes of supporting a mass balance analysis. These tissues were collected at sacrifice
(day 15) and prepared for analysis using the same method as described above for feces.

2.6  Arsenic Analysis

Samples of urine, feces, or tissues prepared as described above were diluted either 1/5 or 1/10
(v/v) with a solution containing 10% hydrochloric acid, 10% potassium iodide, and 5% ascorbic
acid. Arsenic standards (0, 1.0, 5.0 and 15.0 ug As/L) were prepared by dilution in the same
diluent. Arsenic in the sample was converted to the volatile hydride by addition of sodium
borohydride and separated from the bulk sample by a pulse of argon gas. The amount of arsenic
in the vapor pulse was measured with a Perkin-Elmer 3100 atomic absorption spectrophotometer.

The detection limit of the method was evaluated by performing 10 replicate analyses of a low
standard (about 1 ug/L). The detection limit was defined as three-times the standard deviation
of these 10 analyses. Typically, the detection limit was about 1-2 ug/L for urine samples, about
30-100 ug/kg for feces, and about 10-20 ug/kg for soft tissues.

A number of quality assurance steps were taken during this project to evaluate the accuracy of
the analytical procedures. Steps performed by the analytical laboratory included:

Spike Recovery

Randomly selected samples were spiked with known amounts of arsenic (5-20 ug) and
the recovery of the added arsenic was measured. Recovery for individual urine samples
ranged from 77% to 110%, with an average across all analyses of 97 £+ 5% (N = 47).
Recovery of spiked arsenic from feces ranged from 94% to 102% with a mean recovery
of 9% (N = 8).

Dupljcate lysis

i
Random samples were selected for duplicate analysis by the analyst. For samples with
concentrations above the detection limit, duplicate results were typically within 2-3 ug/L.

10




2.4  Dosing

Animals were administered oral doses of test material or sodium arsenate (abbreviated in this
report as "NaAs") for 15 days, with the dose for each day being administered in two equal
portions given at 9:00 AM and 3:00 PM (two hours before feeding). Doses were based on
measured group mean body weights, and were adjusted every three days to account for animal
growth.

In most cases, dose material was placed in the center of a small portion (about 5 grams) of
moistened feed (referred to as a "doughball”), and this was administered to the animals by hand.
"In one study, sodjum arsenate was administered by gavage as an aqueous solution.

2.5  Collection and Preparation of Biological Samples
Urine

Samples of urine were collected from each animal on several different days during each study
(the exact days varying from smdy to smdy). Collection began at 7:00 A.M and ended 24 hours
" later. The urine was collected in a stainless steel pan place beneath each cage, which drained
into a plastic storage bottle. Each collection pan was fitted with a nylon screen to minimize
contamination with feces, spilled food, or other debris. Plastic diverters were used to minimize
urine dilution with drinking water spilled by the animals from the watering nozzie into the
collection pan. At the end of each collection period, the urine volume was measured and two
60-mL portions were removed for analysis. Each 60 mL sample was acidified by addition of
0.6 mL concentrated nitric acid. These samples were stored refrigerated until sample
preparation, as follows. : '

A 25 mL aliquot of acidified urine was removed and placed in a clean 100 mL glass beaker.
To this was added 20 mL of concentrated nitric acid and 2.5 mL of concentrated perchloric acid.
The beaker was covered with a watch glass and was placed on a hot plate to reflux for 4-12
hours. After this period, the heat was increased to drive off the nitric acid and to cause the
perchloric acid to fume. After about 10 minutes of fuming, the digestate was slightly cooled and
diluted with 20 mL of distilled water. This was heated until clear or boiling, and then cooled
and diluted to 50 mL.

Feces

In one study, 24-hour samples of feces were collected on the same days as urine collection. The
feces for each animal were frozen and freeze-dried until all moisture was removed. One gram
of the dry residue was placed in a 100 mL beaker along with 3 mL of methanol, 5 drops of anti-
foaming agent, 10 mL of 40% (w/v) magnesium nitrate hexahydrate, 10 mL of trace metal grade
concentrated nitric acid, and 2 mlL. of trace metal grade hydrochloric acid. The beaker was

P




TABLE 2-2 TYPICAL FEED COMPOSITION®

!—l—

20.1021% | Magnesium 0.0533% |

Argininz 1.2070% [ Suifur 0.0339% ]I
Lysine 1.4690% | Mangancse 20.4719 ppm
Methionine 0.8370% | Zinc 118.0608 ppm
Met+Cys 0.5876% | Iron 135.3710 ppm
Tryptophan 0.2770% | Copper 8.1062 ppm

i Histidine 0.5580% | Cobait 0.0110 ppm

| Leucine 1.8160% | lodine 0.2075 ppm 1

| isoleucine 1.1310% | Selcnium 0.319 ppm 1
Phenylalanine 1.1050% | Nitrogen Free Exiract | 60.2340%
Phe+Tyr 2.0500% | Vitamin A 5.1892 kIU/kg '
Threonine 0.8200% | Vitamin D3 0.6486kIUkg - | -
Valine 1.1910%  Vitamin E §7.2080 IU/Kg

| Fa 4.4440% | Vitamin K 0.9089 ppm
Sarurated Fat 0.5590% | Thiamine 9.1681 ppm
Unsarurated Fat 3.7410% | Riboflavin 10.2290 ppm
Linoleic 18:2:6 1.9350% | Niscio 30.1147 ppm

| Linoleic 18:3:3 0.0430% | Pantothenic Acid 19.1250 ppm

| Crude Fiver 3.8035% i Choline 1019.8600 ppm

I Ash 4.3347% { Pyridoxine 8.2302 ppm |

| Calcium 0.8675% | Folacin 2.0476 ppm |

H Phos Total 0.7736% f Biotin 0.2038 ppm '
Available Phosphorous | 0.7005% | Vitamin B12 23.4416 ppm ;
Sodium 0.2448% | Moisture 5.7%
Potassium 0.3733% | Fiber 1.7%

| Cnlorine 0.1911% | Metabolizable energy | 3.4 keal/gram

* Nutritional values provided by Zeigler Bros., Inc.




TABLE 2-1 STUDY DY N FOR ARSENIC PI..OT STUDIES

Pilot Study 1
1 5 NaAs v s
i 2 5 NaAs Oral 50
| 3 5 NaAs Oral 50
| 4 4 Control Oral 0 H
5 4 NaAs Oral 5
I 6 4 NaAs Oral 20
7 4 NaAs Oral 50 n
| 8 4 AV Slag® Oral 20 i
| ﬂ 9 4 AV Slag Onal 50 i
10 4 AV Slag Oral 125

1

| 1 3 Control " onl
2 5 NaAs v 20 i
ﬁ 3 5 NaAs w 50
i 4 4 NaAs Gavage 20
H 5 4 NaAs Gavage 50
| 6 4 NaAs Oral 20 -
| 7 4 NaAs Oral 50
. 8 4 Grant Kohrs Tailings® Oral 20
| 9 4 Grant Kohrs Tailings . Oral 50
' . Daa from animals exposed by inravenous injection will be presened elsewhere.

.’ ‘This ssmple was collected from slag deposits at the former AV Smeiter at the California Guich Superfund Site. ‘The arsenic
concentration in the test mawmrial was 1,050 ppm. Group 2 was used w0 sudy the mte of arsenie depuration from blood and Group
3 was used to follow the rate of arsenic depurartion from urine following 15 days of exposure.

¢ Thnssamplemmllemdﬁvmauﬂwmmmhﬂhﬁummkwermmwofmﬁmhhn
Ranch in Deer Lodge, Monmana. The arsenic concenmration in the test marcrial was 181 ppm.

Jr -




2.2 Experimental Animals

Young swine were selected for use in these studies because their gastrointestinal physiology is
more nearly similar to humans than most other animal models (Weis and LaVelle 1991). All
animals were young intact males of the Pig Improvement Corporation (PIC) genetically defined
Line 26, and were purchased from Chinn Farms, Clarence, MO. The number of animals
purchased for each study was typically 6-8 more than required by the protocol. These animals
- were usually purchased at age 4-5 weeks (weaning occurs at age 3 weeks), and they were then -

held under quarantine for one week to observe their health before beginning exposure 1o test
materials. Anyanhnalswhichappeamdwbeinpoorhcalmduﬁngthisq\mnﬁnepcﬁodwerc .
excluded. To minimize weight variations between animals and groups, extra animals most
different in body weight on day -4 (either heavier or lighter) were also excluded from the study.
The remaining animals were assigned to dose groups at random. When exposurc began (day
zero0), the animals were about 5-6 weeks old and weighed an average of about 8-11 kg.

All animals were housed in individual stainless steel cages. Each animal was examined by a
certified veterinary clinician (swine specialist) prior to being placed on study, and all animals
were examined daily by an attending veterinarian while on stdy. Blood samples were collected
for clinical chemistry and hematological analysis on days 4, 7, and 15 to assist in clinical heaith
assessments. Any animal that became ill and could not be promptly restored to good health by
appropriate treatment was promptly removed from the study.

2.3 Diet

Animals provided by the supplier were weaned onto standard pig chow purchased from MFA
Inc., Columbia, MO. In order to minimize lead exposure from the diet, the animals were
gradually transitioned from the MFA feed to a special low-lead feed (guaranteed less than 0.2
ppm lead, purchased from Zeigler Brothers, Inc., Gardners, PA) over the time interval from day
-7 to day -3, and this feed was then maintined for the duration of the study. The feed was
mutritionally complete and met all requirements of the National Institutes of Health-National
Research Council. The typical mutritional components and chemical analysis of the feed is
presented in Table 2-2. Each day every animal was given an amount of feed equal to 5% of the
~ mean body weight of all animals on study. Feed was administered in two equal portions of
2.5% of the mean body weight at each feeding. Feed was provided at 11:00 AM and 5:00 PM
daily. Periodic analysis of feed samples during this program indicated the arsenic level was
below 0.1 ppm, which corresponds to a dose contribution from food of less than 5 ug/kg-day.

Drinking water was provided ad libitum via self-activated watering nozzles within each cage.
Periodic analysis of samples from randomly selected drinking water nozzles indicated the arsenic *
concentration was less than the detection limit (about 1 ug/L). Assuming water intake of about «—
0.1 L/kg-day, this corresponds to a dose contribution from water of less than 0.1 ug/kg-d.




FIGURE 3-8 ESTIMATED RBA OF ARSENIC
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approach to deriving quantitative estimates of phase-specific RBA values is to use multiple linear
regression modelling employing the following basic model:

RBA = I (f;* RBA))
where:

f; = fraction of total arsenic present in phase "i"
RBA; = Inherent RBA of phase "i"

However, since there are 11 different phases listed in Table 3-2 but there are only 5 sampies

available with both speciation data and RBA values, it is evident @ priori that the phase-specific -

RBA values cannot be estimated with confidence from the present data set. Indeed, reliable
muitivariate regression modelling usually requires at least 10 observations (samples) per
independent variable (phase). Even if all of the minor phases are ignored and estimates are
sought only for the 5 most common phases, none of the resulting coefficients (phase-specific
RBAS) are statistically significant. Therefore, it is not yet possibie to calculate the RBA of some
test material based only on speciation data. However, it is expected that meaningful estimates
of phase-specific RBA values may be obtained in the fumre after additional data become
available.

3.6 Arsenic Recovery

As part of the qualiry assurance steps taken during this investigation, an arsenic mass balance
study was performed as part of Pilot Study 2. That is, the amount of arsenic recovered in urine,
feccs,andvanousbodynssuesandﬂmdswassummedandcompamdtothcamount
administered. The detailed data are presented in Appendix D, and the results are summarized
in Table 3-3.

As séen, fecal excretion of arsenic was clearly elevated in animals exposed to Grant Kohrs

tailings, consistent with the conclusion that arsenic is not well absorbed from this test material.
However, the mass of arsenic recovered in the feces plus urine did not account for the mass
administered for any of the treatment groups. This suggests that arsenic is being retained in the
body, but measurements of arsenic levels in tissues were mainly at or below detection limits,
and estimated body burdens in these tissues accounted for only a few percent of the administered
dose.
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TABLE 3-3 ARSENIC MASS BALANCE

' Percent Total Dose Recovered (n)

| ﬂmr NaAs - Oral GK Tailings
= Gouskgday) (S0 ug/kgday)
[ Urine 17.6% (105) 8.6% (31)
| Feces 3.6% (42) 27.5% (42) |
| Blood <0.02 (4) . < 0.02 @) |
| Bile 0.02% (4) 0.01% (4) }
| Liver 0.06% (4) 0.04% (4)
| Kidney 0.02% (4) , 0.02% 4)
| Lung 0.03% (2) -
! Muscle 1.8% (1) -
[TOTAL | 23% 36% |
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4.0 DISCUSSION

The results of this investigation indicate that young swine may be used to evaluate
gastrointestinal absorption of arsenic from different test materials, using urinary arsenic excretion
as the measurement endpoint. In addition, these measurements can be performed at the same
time as measurements designed to study lead bioavailability. '

Most studies of arsenic absorption employ a single dose protocol and measure urinary excretion
for 2-3 days. In contrast, this study employed a repeated dosing protocol, with repeated 24-hour
urine collections. An advantage of this protocol is that it reflects a more realistic human
exposure scenario than does a single dose protocol. Further, muitiple measurements can be
made from the same animal on different days. In essence, data from different days allow
multiple independent estimates of the UEF, and these data can be combined (once steady state
has been achieved) to provide a robust estimate of the excretion fraction.

The RBA results for different test materials investigated strongly support the view that arsenic
in most soils and mine wastes is not as well absorbed as soluble arsenic. The detailed chemical
mechanism accounting for this reduced bioavailability of arsenic in slag is not known, but almost
certainly is related to the chemical form of arsenic in the sample. In particular, limited evidence
suggests that lead arsenic oxide (one of the more common phases of arsenic in these test
materials) may have low bioavailability, but the data are too sparse at present to draw firm
conclusions.

Because arsenic in most test materials is absorbed less-extensively than soluble forms of arsenic,
use of default toxicity factors for assessing human health risk will lead to an overestimate of
hazard. Therefore, measurement and application of site-specific RBA values to adjust the defanlt
toxicity factors is expected to increase the accuracy and decrease the uncertainty in human health
risk assessments for arsenic.

" The basis for the low recovery of arsenic in these studies is not clear. As detailed in Section
2.6, numerous quality assurance checks performed during the study suggest that the probiem
does not lie at the level of sample preparation or arsenic analysis. ‘Because the basis for the low
recovery is not clear, interpreting the significance is also not clear. If the "error” leading to the
low recovery is systematic and applies equally in all cases, the RBA values calculated above are
expected to be correct. This is because the "error factor” would be the same in the numerator
and denominator of the ratio used to calculate RBA, and hence wouid cancel out. Only if the
"error” affects arsenic recovery differently for different treatment groups would the RBA values
above be incorrect. Further studies are being performed to investigate the basis for this apparent
discrepancy.
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APPENDIX A

DETAILED DATA TABLES FOR PILOT STUDIES 1 AND 2 -
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APPENDIX B

DETAILED DATA TABLES FOR

OTHER TEST MATERIALS
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APPENDIX C

DETAILED ARSENIC SPECIATION DATA
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APPENDIX D

DETAILED DATA ON ARSENIC LEVELS IN FECES AND TISSUES
PILOT STUDY 2 . .
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FECAL ARSENIC EXCRETION (ug/day) BY ANIMAL - PILOT STUDY 2

Day § Day 8 Day 11 Day 14
Group Treatment Dose Total Dose FEF | Total Dose FEF | Total Dose FEF | Totsl Dese FEF
1 0 Contoll 1501 | 08 00 30 00 1.0 00 40 00
1510 na 00 40 00 30 00 40 00
1540 | 10.0 0.0 40 00 05 00 0 00
2 v 2 1504 | 24 2388 001 | 30 2415 001 | 60 2813 002 | 40 3060 001
1505] 20 2388 001 | 30 2415 001 | Dead Dead
1508 | culied cuiled culled culiad
1511 50 2388 002 | 80 2415 003 | 40 2813 001 ] 10 3060 '0.00
1527 | 40 2388 002 | Desd Dead Dead
3 ) 1503 60 6283 001 ] 80 6644 001 | 60 7525 001 ] 30 7938 0.00
1514 | culled culled culled | culled
1515 30 6283 000 100 6844 002 | 110 7525 001 | na 7838
1531 | 60 6283 001 | Dend Dead Dead
1535 | 37 6283 001 | 60 6844 001! na 7525 Dead
4 Gavage 20 1518 | 140 2533 006 { 280 2705 040 | 100 3140 003 | 57 3463 002
1528 | 240 2533 000 | 200 2705 007 | 230 3140 007 | 260 3463 008
1534 79 2533 003 ) 70 2705 003 | na 3140 48 3483 001
1537 | 130 2533 005 | 100 2705 004 | 130 3140 004 | 48 3463 001
5 Gavage 50 1506 | 190 6115 003 | 120 6425 002 ! 260 7406 004 | 120 7894 002
1517 240 6115 004 | 56 6425 001 | 120 7406 002 | 120 7894 002
1519 | 690 6115 011 | 360 6425 006 | 11.0 7406 001 | 290 7894 0.04
1538 | 43 6115 001 | 110 6425 002 ] na 7406 2400 7894 030 }
6 Ol 20 15021 130 2536 005 | 100 2763 004 | na 3165 60 73 002
1521 89 2536 004 | 85 2763 003 | 360 3165 011 | 100 3473 003
1523 | 20 2536 009 | 85 2763 003 | 58 3165 002 | 150 3473 004
1539 | 90 2536 004 | 150 2763 005 ] 160 3165 005 | 50 3473 001
7 Oral 50 1500 | 200 6528 004 | 150 7088 002 | 250 8138 003 ] na 8794
1513 330 6528 005 ) 230 7088 003 | 200 8138 004 | 200 8794 003
1516 | 460 €528 007 | 960 7088 0.4 | 300 8138 004 | 60 8794 001
'1525 ]| 400 6528 008 | 630 7088 009 | 150 8138 002 | 100 8794 001
8  Taiings 20 1512 | 1100 2589 042 | 160 2755 006 | 340 3160 011 | 160 343 005
1532 | 550 2589 021 | 1200 2755 044 | 1300 3160 041 | 1300 3443 038
1533 | 69.0 2589 027 | 810 2755 029 | 680 3160 022 | 2400 3443 070
1536 | na 2589 1300 2755 047 | 2200 3160 070 | 77.0 3443 022
9  Taiings 50 1507 | 3300 6985 047 | 6100 7604 079 | 3000 8775 034 | 3160 9900 031
1522 | 1500 6985 021 | 3200 7694 042 | 3700 8775 042 | 3300 9900 033
1520 ] 180 6985 003 | 830 7694 011 | 2100 8775 024 | 1200 9900 0.12
1530 | 40 6985 007 | 2200 7694 029 | na 8775 1400 9900 0.14

P:\swine\apa\arsenic\data\pilotsia15feces.xds
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Appendix D

Phase Il Experiment 15 Terminal Organ Weights

Group PigID'  Lungs(g) Liver(g)

1 1501 362.48
1 1510 197.22
1 1540  210.05
2 1504 178.5
2 1511 252.9
3 1503 3235
3 1515 227.7
4 1518 214.15
4 1528  234.18
4 1534  202.81
4 1537  200.31
5 1506  197.72
5 1517 419.6
5 1519  381.55
5 1538 161.4
6 1502 244.14
6 1521 2486
6 1523  199.98
6 1539 226.4
7 1509  211.89
7 1513  193.68
7 1516 203.4
7 1525 230.3
8 1512 2834
8 1532 241.9
8 1533 1986.7
8 1536 1859
8 1507 239.1
9 1822 266.3
9 1529 267.1
9 1530 253.6
OBSERVED Lungs(g)
AVERAGES 241

p-\swine\epa\arsenic\data\pilots\15tissue.xis

505.7
478.03
423.91

§31.5

§50.1

463.9

500.2
484.72
519.85
478.28
454.67
506.35

426.6
475.67

404.5 .

617.7
480.3
448.7
493.2
619.8
516.95
352.59
531.2
527.9
588.1
482.9
342.1
§21.8
' 584.5
§29.2
$30.1

Liver(g)
496

Kidney(g) Bile(ml)
115.56 25
104.97 205
98.58 19

94.1 5
100.9 19
106.2 8
102.7 17
103.76 11
99.67 45
11091 13
117.16 14
115.05 17
106.6 42
103.26 275
1124 8
108.39 8
114.5 6

96.5 17
118.4 40
111.8 19
108.1 8.5

85.5 18
1216 23
114.5 16
. 1256 23
1115 24

85.4 20
158.5 35
155.6 30
1398 - 13
149.5 18

Kidney(q) Bile(ml)

113

161

18

Catheter length (cm)

172

16.6
17.5
16.2




Appendix D

Mean Body Weights

Animal Mean BW

Ear tag (0-14)
1501 14.6
1502 14.4
1503 122
1504 11.4
1505 11.6
1506 14.3
1507 16.8
1508 -
1509 14.7
1510 13.8
1511 134
1512 137
1513 139
1514 -
1515 13.6
1516 136
1517 13.7
1518 138
1519 13.5
1521 14.0
1522 16.3
1523 14.3
1525 152
1527 10.9
1528 134
1629 15.4
1530 15.2
1531 124
1532 15.3
1533 14.3
1534 14.0
1535 12,6
1536 13.1
1537 14.6
1538 11.0
1539 13.9
1540 14.4

prswine\epa\arsenic\data\pilots\15tissue.xis
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