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Dr. J. R. Condray CERTIFIED MATT
Director

Regulatory Management
Monsanto Company

800 N. Lindbergh Boulevard
St. Louis, Missouri 63167
Dear Sir:

With regard to:

TSCA Section 8(e) submission on: Elemental Phosphorus

Submitted by: Monsanto Company {on behalf of the Ad-Hoc
Committee of Phosphorus Manufacturers)

Date submitted: Aucust 24, 1989

EPA Document Control Number: BEHQfOSSQ-OBEOd/

"For Your Information” Notice on: Elemental Phosphorus

Submitted by: Monsanto Company

Date _~bmitted: June 11, 1985

EPA Document Control Number: FYI-OTS—-0785-0423

The Office of Toxic Substances (O0TS) has completed a preliminary
evaluation of the above referenced TSCA Section B(e) and "For Your
Information" (FYI) submissions concerning elemental phosphorus.
The encleosed status report is the result of that preliminary OTS
evaluation but does not necessarily represent EPA's conclusion on
this chemical substance. EPA asks that you ensure that a copy of
the enclosed status report is forwarded to each company on whose
behalf the above referenced Section 8(e) notice was submitted.

In order for the Agency to evaluate the overall significance of the
reported toxicologic findings, please submit complete copies of the
final reports (including the actual experimental protocols, results
of gross/histopathological examinations, results of any statistical
analyses, etc.} from the one-generation reprocduction studies cited-
in the above referenced Section 8(e) and FYI submissions. -
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Regarding the referenced FYI notice, it is EPA's initial position
that the parturitiocn-related toxic effects decribed therein should
have been submitted under Section 8(e) of TSCA. The basis for this
Agency position on the Section 8(e)-applicability/reportability of
the subject findings can be found in the COMMENTS/RECOMMENDATIONS
section of the enclosed status report. Considering EPA's position
in this matter, Monsanto is asked to provide (within 20 working
days) its rationale as to why the toxicologic information contained
in FYI-OT5-0785-0423 was not submitted to EPA under Section 8(e)
of TSCA.

In view of EPA's general interest in corporate actions that are
taken on a wveoluntary basis in response to chemical toxicity or
exposure data, please describe the actions that Monsanto and other
members of the "Ad-Hoc Committee of Phosphorus Manufacturers" have
taken or plan to take 1) to notify workers and others about the
reported toxicological findings, and 2) to reduce or eliminate the
exposure to elemental phosphorus. In addition, please describe the
nature and results, if available, of all studies (other than those
submitted already to EPA or those published in the open scientific
literature) about which Monsanto and the other "ad-Hoc Committee"
member companies are aware or that Monsanto or those companies have
conducted, are conducting, or plan to conduct that are designed to
determine the toxicity of or the exposure to elemental phosphorus.

In responding to this reguest for information, or in otherwise
communicating with EPA about the referenced TSCA Section 8(e) and
FYI subnmissions, please refer to the respective Document Control
Numbers assigned to those submissions. As in the case of initial
FYI and TSCA Section 8(2) subnissions, all responses/correspondence
will be placed in the Agency's public files unless confidentiality
is claimed according to the procedures outlined in Part X of EPA's
TSCA Section 8(e) policy statement ("Statement of Interpretation
and Enfeorcement Policy; Notification of Substantial Risk"™ 42 FR
11110; March 16, 1978). Any claims for confidsntiality should be
supported by submission of information as described in the enclosed
item entitled "Support Information for Confidentiality Claims.™

Unless specified otherwise, all available information requested by
my letter should be transmitted to the Office of Toxic Substances
(OTS) Document Processing Center at the following address within
20 working days of your receipt of my letter; any requested infor-
mation or supplemental information that may become available after
your response to my letter should be sent to the Agency immediately
upon receipt of such information.

Document Processing Center (TS-790)
(Attn: Section 8(e) Coordinator)
Office of Toxic Substances

U.S. Environmental Protection Agency
401 "M" Street, S.W.

Washington, D.C. 20460



Should you have any questions or comments prior to responding to
EPA's request for informaticn, please contact Mr. Frank D. Kover,
Chief, Chemical Screening Branch/ECAD at (202)-382-3436.

The U.S. Environmental Protection Agency looks forward to continued
cooperation with Monsanto and the other corporate members of the
"Ad-Hoc Committee of Phosphorus Manufacturers" in ongoing efforts
to evaluate and minimize the potential risks posed by chemicals to
health or the environment.

Sincerely,

Clpute Te: R

Charles M. Auer

Acting Director

Existing Chemical
Assessment Division

Enclosures
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SUBJECT: Status Report! SEHQ-0889-0820 INITY
8ERHQ-0889-0820 SUPP
FYI-OTS-0785-0423 INIT

L.
FROM: Q;nk D. Kover, Branch Chief
Chemical Screening Branch/ECAD

TO0: Charles M. Auer, Acting Director
Existing Chemical Assessment Division/OTS

SUBMISSTION DESCRIPTION

On behalf of the "Ad-Hoc Committee of Phosphorus Manufacturers,®
the Monsanto Company submitted preliminary findings from a one-
generation rat reproduction study of elemental phosphorus (CAS No.
7723-14-0). (The Committee's member companies, whoe manufacture,
import or distribute elemental phosphorus in the U.S., are listed
on the last page (Page 9) of this status report.) In its TSCa
Section 8(e) submission (S8EHQ-0889-0820 INIT), Monsanto provided
the following summary information about the conduct and preliminary
resuits of this one-generation reproduction study:

“In this study, elemental phospheorus was administered by
gavage in either corn oil or tricaprylin at a dose level
of 0.075 mg/kg/day to rats 100 days prior to mating,
through mating, and either through day 15 of gestation
or throughout gestation. The preliminary results show
the occurrence of deaths in treated dams during the last
two days of gestation and during parturition. A similar
effect was seen in rats dosed throughout gestation and
those withdrawn from treatment after gestation day 15."

1 This status report is the result of a preliminary evaluation of information that has been
submirted to EPA under Section 8(e), the "substantial risk" information reporting provision of
the Toxic Substances Control Act (TSCA), as well as on a "For Your Informartion" (FYI) basis.
The statements made in this status report should not be regarded as expressing final Agency
policy or intent with respect 1o the subject chemical Any review of this status report should
take into account that the reporr may be based on incomplete information.
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In a supplemental Section 8(e) notice (SEHQ-0889~0820 SUPP), the
FMC Corporation stated that FMC concurred in Monsanto's submission
of the subject informatlion to EPA under Section 8(e) of TSCA.

It should be noted that the Agency previously received a "For Your
Information" (FYI) notice (FYI-OTS-0785-0423) in which the Monsanto
Company submitted the following summary information with regard to
the ccnduct and results of a one-generation reproduction study of
elemental phosphorus in rats:

"Methods

"Blemental yellow phosphorus (Elemental P) in corn oil
was administered by gavage to three groups of 15 male and
30 female 8 week-old Sprague=-Dawley derived . . . rats
at dosage levels of 0.005, 0.015, [or] 0.075 mg/Kg/day.
All [cf the] animals received a c¢onstant volume of corm
cil, 5.0 ml/Kg/day. Treatment began 80 days prior to
mating and continued throughout mating, gestation and
lactation periods. A control group of 15 males and 30
female rats received the wvehicle, corn oil, and a
comparable regimen. While this study was originally
designed to be a one-litter, one-generation reproduction
study, because of low fertility in all groups in the
first litter, the study was extended to a two-litter,
one-generation study. [The] dosing was continued between
the two mating pericds. all adult and weaning animals
were observed for nmnortality and c¢linical signs of
toxicity twice daily. Detailed physical examinations were
performed weekly. Male body weights were recorded
weekly. Female body weights were recorded weekly and on
days 0, 6, 13 and 20 of gestation, [and] on days 0, 4,
14, and 21 of lactation. Adult food consumption was
measured weekly except during mating for males and
females. Females were smeared for ten days prior to
mating to establish estrous cycle. Smearing was
continued until evidence of copulation [was] observed.
Pups were examined twice daily and counted on days 0, 4,
14 and 21 of lactation. [The] individual pup weights
were recorded on days 0, 4, 14 and 21 of lactation.

"All [of the] pups were sacrificed at weaning while the
parental animals were sacrificed after weaning of [the]
Fib litter. Complete post-mortem examinations were per-
formed on 10 Fy parental males per group, all Fo parental
females, all Fp females which did not deliver litters, 10
Fib pups per sex per group, 5 Fja pups per sex per group
and all animals that died on study or were Xilled in a
moribund condition. All other animals were examined

externally, sacrificed by carbon dioxide asphyxiation and
discarded. . . . .
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"Results

"The incidence of mortality among control, low, mid and
high level male rats was 1, 2, 0 and 0, respectively-.-
These deaths were not considered to be related to [the]
administration of test compound. Mortality among female
rats was 4, 1, 1 and 16 for the control, low, mid- and
high dosage groups, respectively. While the exact cause
of deaths in the high dosage group is not known (except
for one female which died of rupture of uterine walls),
these deaths are considered to be related to difficulty
at parturition because seven females died on gestation
day 21 or 22 after Fja mating and six females died on the
last two days of gestation after F;b matings. There was
no evidence of difficulty in giving birth in the 0.015
and 0.005 mg/Kg dosage groups. There were no apparent
clinical signs of toxicity among animals treated with
Elemental P except for hair loss on both forelimbs in
the 0.075 mg/Kg/day dosage group.

"Mean body weights for Fp males in the low and mid-dosage
group, wWhile not statistically different, were slightly
lower than controls throughcut the study. In the high
dosage group, mean body welghts of male rats were com-
parable to controls for the first part of the study (15
weeks) but appeared to be lower than controls for the
latter part of the study. However, there was no dose-
related decrease and thus the significance of these
changes is unknown. Mean body weights in females treated
with Elemental P were considered to be comparable to
controls. Fy; mean body weilghts of treated females were
comparable to controls during gestation and lactation for
both litters. [The] food consumption data for treated
rats were also comparakle to controls throughout the
study.

"Wwhile there was no significant difference in male and
female fertility indices in the control and treated
groups, the fertility index for male and female [rats]
in all groups for the F;a mating was low. The lowest
values [observed] occurred in the control group; the male
and female fertility index in the control group 73.3 and
60.0, respectively. These values were just outside the
historical range at . . . [the testing laboratory]. Thus
a decision was made to mate the parental animals for cne
more litter. Male and female fertility indices of treated
animals for the F;b matings were comparable to controls.
Estrous cycle determined prior to Fja and F;b matings
showed occasional irregularities (proleonged estrous and
post-estrous) at equal frequencies in control and treated
groups. The mean length of gestation in the treated
groups was comparable to controls.
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"Mean number of viable pups in the Fja litter at 0.075
mg/Kg/day were slightly lower than controls, but this
change was not statistically significant. There was a
concomitant slight increase in the mean number of dead
pups in the F;a litter. [A] similar trend was also
observed in the Fib litter. Mean numbers of viable and
dead pups in the low and mid-dosage level animals for
both the Fi;a and Fib litters were comparable to controls.
Pup survival through weaning for both Fija and Fib litters
for all treated groups was comparable to centrols.

"Mean pup weights at birth and throughout lactation were
comparable to controls. The appearance and behavior of
pups at birth and throughout lactation was not adversely
affected by treatment with Elemental P.

"There were no compound-related gross changes at necropsy
of the Fy, Fia or Fib generations. There were no compound-
related microscopic changes [observed] in the Fy and Fib
generations.

"Conclusions

"[The] administration of Elemental P at a dosage level
of 0.075 mg/Kg/day adversely affected parturition for
both litters. Mean number of live pups was alsoc slightly
reduced in the 0.075 mg/Kg/day dosage group. The no-
observable-adverse-effect~level [(i.e., NOAEL)] in this
study was considered to be 0.015 mg/Kg/day."

In submitting the preceding information to EPA on an FYI basis,
Monsanto noted that "while certain toxic effects of exposure to
phosphorus are well known," the adverse parturition-related effect
described in the submitted report may not be well known. Monsanto
also acknowledged the fact that "difficulty at parturition is an
infrequently observed event in rat reproduction studies." Further,
Monsante stated specifically that the "administration of 0.075
mg/Kg/day of elemental phosphorus in corn oil to rats for 80 days
‘prior to mating, during mating and gestation was considered to have
resulted in difficulty in delivery, so much so that 13 females in
this group died on gestation days 21 or 22 (seven females during
generation of a first litter and six females during generation of
a second litter)." Monsanto also presented the following hypo-
thesis with regard to the influence that the corn oil vehicle may
have exerted on phosphorus biocavailability during the study:

"The corn oil vehicle used to prevent reaction of the
phosphorus with gastric djuices and intestinal fluids
probably influenced the tissue bicavailability of [the]
phosphorus. It may not only have protected phosphorus
from degradation to phosphate ion, but may have permitted
relatively small amounts of phosphorus to have direct
access to cells.™
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In conclusion, Mensanto offered the following information regarding
the significance of the findings reported to EPA on an FYI basis,
rather than under Section 8(e), the "substantial risk"™ information
reporting provision of the Toxic Substances Contrel Act (TSCA):

"This information does not indicate that [elemental]
yvyellow phosphorus presents a substantial risk of injury
to health of the environment because it is extremely
unlikely that anyone would ingest phosphorus at levels
sufficiently high to result in adverse effects."

SUBMISSION EVALUATION

TSCA Section 8(e) Submission

Based on a preliminary evaluation of Monsanto's TSCA Section 8(e)
submission, which consists of a brief written summary and some data
tables, the performed one-generation reproduction study provides
evidence of the maternal and developmental toxicity of elemental
phosphorus. In this study, elemental phosphorus was tested at a
single dosage level of 0.075 mg/kg/day in corm oil or tricaprylin
as follows:

Duration of

Group Vehicle Phosphorus Treatment
1 corn oil 0 throughout
gestation
2 corn oil 0.075 ng/kg throughout
gestation
3 corn oil 0.075 mg/kg until day 15
of gestation
4 tricaprylin o] throughout
gestation
5 tricaprylin 0.075 mg/kg througheut
gestation

Although the submitted summary provides no evidence that there was
a treatment-related effect on male fertility, female fertility was
found to be slightly reduced in all phosphorus-treated groups (the
pregnancy rate was ~8-10% less than controls). The most significant
finding was increased mortality of dams during the last few days
of pregnancy and during parturition. The increased mortality was
observed in those groups receiving phosphorus in either corn oil
or tricaprylin throughout gestation, as well as in the single group
in which treatment with phosphorus in corn oil was stopped on day
15 of gestation. In group 2, 6 dams died on gestation day 21, 1
on day 22, and 1 on day 23. In group 3, 5 dams died on day 21 and
3 on day 22. In group 5, 4 dams died on day 21 and 2 on day 22.
No parturition-related deaths occurred in either the corn oil or
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tricaprylin control groups. In this study, there was also some
evidence of developmental toxicity in that the mean litter sizes
of the phosphorus-treated groups were found to be slightly reduced
compared to their respective control groups. The mean litter sizes
for test groups 2 and 3 were 9.7 and 11.7, respectively, while the
litter sSiZze in the corn cil control group (group 1) was 12.8:; the
mean litter size of group 5 was 11.8, while litter size in the
tricaprylin control group (group 4) was 12.9. At the time that
Monsanto submitted the preliminary report to the Agency, this cne-
generation reproducticn study was still in the lactation period of
the F; pups and further information about the pup body weights and
pup survival was not yet available.

FYI Submission

In the FYI submission, Monsanto provided summary results ¢f a one-
generation rat reproduction study of elemental phosphorus. This FYI
submission consisted only of a cover letter and a short summary
report of the study:; none of the actual data were provided. In
this previcus study, elemental phosphorus was administered to rats
by gavage at doses of 0, 0.005, 0.015, or 0.075 mg/kg/day in corn
oil. According to the summary, there were no effects on male or
female fertility, or on body weight, and there were apparently no
clinical signs of toxicity. However, in the high-dose group (0.075
mg/kg/day), there was an increase in mortality of dams prior to or
during parturition. This is the same result as that obtained in
the study cited in Monsanto's current Section 8(e) submission.
The FYI submission summary also states that the litter size was
slightly reduced in the high-dose group (again, a similar result
to that reported in the current Section 8(e) submission), but that

pup weight, survival, appearance and behavior of treated pups were
found to be comparable to controls.

Overall Evaluation

The individual Section 8(e) and FYI submissions provide evidence
that very low exposures to elemental phosphorus (0.075 mg/kg/day)
can have a deleterious effect on dam survival just prior to and
during parturition. The bioclogical explanation for this serious
adverse effect is not at all clear. Parturition is a very complex
sequence of events, requiring accurate bioclogical timing. From the
summary information presented in Monsanto's Section 8(e) and FYI
submissions, the observed parturition failure could be interpreted
as being maternal or fetal in origin, and/or could represent
maternal hormonal imbalance or other factors or fetal deficit,
including death.

In order for EPA to attempt to evaluate the overall significance
of the reported toxicologic findings, Monsanto should be asked to
submit complete copies of the final reports from the reproductiocn
studies cited in the company's Section 8(e) and FYI submissijions.
In addition, it would be of interest to know why this particular
type of toxicologic study was conducted with elemental phosphorus.
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CURRENT PRODUCTION AND USE

A review of the production range (includes importation volumes)
statistics for phosphorus (CAS No. 7723-14-0), which is listed in
the initial TSCA Inventory, showed that about 380 million to 1.76
billion pounds were reported as produced/imported in 1977. This
production range information does not include any data claimed to
be TSCA Confidential Business Information (CBI) by the person(s)
who reported for the TSCA Inventory, nor does it include any data
that would compromise TSCA CBI. All data reported for the initial
TSCA Inventory, including the production range d&ata, are subject
to the limitations contained in the TSCA Inventory Reporting
Regqulations (40 CFR 710).

Monsanto did not provide any information on the use(s) of elenmental
phospherus; secondary literature references revealed that elemental
phosphorus is used in rodenticides, smoke screens and analytical
chermistry (gas analysis).

COMMENTS/RECOMMENDATIONS

All members of the "Ad=-Hoc Committee of Phosphorus Manufacturers"
reportedly received a copy of Monsanto's Section 8{e) submission.

Following a preliminary review of FYI-OTS-0785-0423, it is EPA's
initial position that the parturition-related nmaternal toxicity
findings presented therein should have been submitted to the Agency
under Section 8(e2), the "“substantial risk" information reporting
provision of the Toxic Substances Centrol Act (TSCA). The basis for
EPA's position in this matter is as follows:

Section 8{e) states that "any person who manufactures,
[imports,] processes or distributes in commerce a chemi-
cal substance or mixture and who obtains information
which reasonably supports the conclusion that such sub-
stance or mixture presents a substantial risk of injury
to health or the environment shall immediately inform the
[EPA] Administrator of such information unless such
person has actual knowledge that the Administrator has
been adequately informed of such information.”

The preface to Part V of EPA's TSCA Section 8(e) policy
stat explains that a ¥Ysubstantial risk of injury to
health . . . is a risk of considerable concern because
of (a) the seriocusness of the effect . . . and (b) the
fact or probability of its occurrence." With regard to
the seriocusness of the effect, Part V states that EPA
considers the types of health effects for which substan-
tial risk information must be reported teo include "any
pattern of effects or evidence that the [tested] chemical
substance or mixture can produce . . . birth defects or
toxic effects resulting in death, or serious or prolonged
incapacitation [Part V{(a) (2)]." The infermation regarding
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these effects can be obtained directly or inferred from
designed tests (e.g., studies in animals) as described
in Part VI of the TSCA Section 8(e) policy statement.
Part VI explains alsc that a '"person is neot to delay
reporting until he obtains conclusive information that
a substantial risk exists, but is to immediately report
any evidence that reascnably supports that conclusion.”

With regard to the "fact or probability of its [(i.e.,
the serious effect's)] occurrence'" criterion, Part V of
the Section 8(e) policy statement explains that certain
types of adverse health effects (e.g., those described
in Part V(a) (2) of the policy statement) are considered
by EPA to be so serious that relatively little or - -
weight should be attached to the subject chemical’
exposure in determining whether a risk is substantial.
Further, EPA's response to Comment 31 in Appendix B of
the Section 8(e)} policy statement, as it pertains to a
question on R&D chemicals, states that the occurrence of
serious effects such as those described in Part V(a) (1)
or (2) of the peolicy statement presuppose exposure to the
tested chemical and must be reported immediately to EPA
under Sectiocn 8(e).

Considering the preceding discussion, EPA believes that the serious
parturition-related toxicity data contained in FYI-QTS-0785-0423
offer reasocnable support for a conclusion of substantial risk and
as such should have been submitted under Section 8(e) of TSCA.

a) The Existing Chemical Assessment Division will provide
the Monsanto Company ample opportunity (20 working days)
to rebut EPA's initial position on the TSCA Section 8(e)-
applicability/reportability of the information contained
in the company's FYI submission.

The Chemical Screening Branch will also ask Monsanto to
ensure that EPA receives a full copy of the final report
(including the actual experimental protoccl, results of
gross and histopathological examinations, results of any
statistical analyses, etc.) from the one-generation rat
reproduction studies cited in the company’s TSCA Section
8(e) amd FYI submissions. In addition, Monsanto will be
asked to provide the specific rationale for the conduct
of such studies on elemental phosphorus.

In view of EPA's general interest in company actions that
are taken on a voluntary basis in response to chemical
toxicity and/or exposure data, Monsanteo will be requested
to describe the actions that Monsanto and other members
of the "Ad-Hoc Committee ¢f Phosphorus Manufacturers®
have taken or plan to take 1) to notify workers/others
abcout the reported toxicological findings, and 2) to
reduce or eliminate exposure to elemental phosphorus.
Monsanto will be asked also to describe the nature and
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results, if available, of all studies (other than those
submitted already to EPA or those published in the open
scientific literature) about which Monsanto and other
"ad-Hoc Committee™ companies are aware or that Mconsanto
or those companies have conducted, are conducting, or
plan to conduct that are designed to determine the
toxicity of or the exposure to elemental phosphorus.

The Chemical Screening Branch will review the reported
information in order to determine the need for further
CTS assessment of elemental phosphorus.

The Chemical Screening Branch will send copies of this
status report to NIOSH, OSHA, CPSC, FDA, NTP, OSWER/EPA,
CW/EPA, ORD/EPA, COAR/EPA and OPP/OPTS/EPA; in addition,
copies of this report will be sent to the Environmental
Assistance Divisicn/OTS (formerly the TSCA Assistance
Qffice/0TS) for further distribution.

Members of the "Ad-Hoc Committee of ﬁhosghorus Manufacturers

FMC Corporation
Mcnsanto Company
Hoechst AG Knapsack
Stauffer Chemical Company
Occidental Chemical Corporation
Albright & Wilson, Americas, Inc.



CODING FORM FOR SRC INDEXING REVISED 10/15/86

].

////////////////////////////////////// T

OOOOOOOOOOOOO

Submiming Organization

rrrrrrrrr




CONTAINS NO CBt
: IPT OFC.
& EPA-OTS Monsanto OTS DOCUMENT RECEIPT ©

LT — 30.JAN 11 _AHIC: 18

BDUEBBEqSV 800 N. Lindbergh Boulevard January 9, 19%0

St Louis, Missouri 63167
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Document Processing Center (TS-790)

(Attn: Section 8(e) Coordinator) m-w-agzg ;M

Office of Toxic Substances

U. S. Environment Protection Agency p'DC'N _?% ‘quC)oDO 65
401 M. Street, S. W. B - OO0 19

Washington, D. €. 20460

beas sir: Jp- Pages

This letter is in response to the Nov. 29, 1989 letter from Mr. Charles M.
Auer regquesting further information on the elemental phosphorus studies
submitted by Mcnsanto (FYI - OTS - 0785-0423 and S8EBQ-0889-082C). The Agency
has inguired as to Monsanto’s rationale for conducting these studies. Human
exposure to elemental phosphorus is carefully controlled becausge it is widely
recognized as a highly toxic and pyrophoric substance. Therefore the first
study was undertaken not because of widespread human exposure but because of a
literature review which revealed reproductive toxicity in agquatic species at
low phosphorus concentrations. We wanted to ascertain if these repraductive
effects would alsc be present in mammalian species. s

While the results ¢f the first study were suggestive of toxicity in female
rats at the time of delivery, there was some evidence that the results may
have been complicated by a reaction between elemental phosphorus and corn cil.
Thus the results may have been an artifact of the testing methodology and not
indicative of risk to humans. In light of this potential complication and
very low human exposure to elemental phosphorus, the results of this study
were submitted for informational purpceses to the Agency, to customers, and to
other producers of this element.

Following the submission to the Agency a research program was undertaken to
understand the possible interaction between elemental phosphorus and corm oil
and to refine tke analytical technigues. A two year research program by
Monsanto scientists revealed that such interaction indeed occurs if extreme
care is not taken to eliminate air during the preparation and handling of
dosing solutions. This research effort led to the development of a testing
protocel (Attachment 1) which recquired extremely meticulous care in all stages
of sample preparation and analysis beyond the precautions already in the
protocol for the first study. A secend study on the repreductive effects of
elemental phosphorus was undertsken by a consortium of elemental phosphorus
producers, using the revised protocol. The results of the second study
confirmed that the effects were related to administration of elemental
rhosphorus, and these prelinminary results were submitted as an 8(e).

We are enclosing the final report from the first study (Attachment 2). The
consortium has not yet received the final report for the second study. We
will submit it to the Agency promptly after we obtain it from the testing
laboratory. The report is anticipated in first gquarter of 1990.
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Mr. Auer‘’s letter also requests information on actions taken to notify workers
and others about the toxicological findings and actions taken to reduce
exposure. Monsanto determined that the material safety data sheet (MSDS)
would be an effective medium for communicating these toxicological findings.
Therefore, shortly after receipt of the results from the first study, we
incorporated the results into Monsanto’e elemental phosphorus MSDS and broadly
digtributed the revised MSDS. A copy of this MSDS, dated 5/1/86, is enclosed
{Attachment 3). Shortly after receipt of the preliminary toxicological
results from the second study, Monsanto again modified its elemental
phoephorus MSPS to provide additional warnings to female employees. A copy of
the reviged MSDS was sent to zll Monsante plants which produce or handle
elemental phosphorus, to customers and to other producers of elemental
phosphorus. The MSDS was enclosed with a letter which provided additional
information about the study and which cutlined Monsanto‘s exposure limitation
practice. This practice is to exclude women of childbearing potential from
workplace areas where airborne concentrations on an 8-hour time-weighted
average may exceed 0.01mg/m3. A copy of the letter and the MSDS dated 9/5/8S
are also enclosed (Attachment 4).

We alsc conducted further industrial hygiene monitoring to assure ocurselves
that employee exposures did not exceed the above target. Personnel meonitoring
conducted with several employees at each of seven plants representing
phosphorus producing and using facilities confirmed that exposures were less
than the above target. Further exposure reductions do not appear to be
necessary at this time.

As requested in Mr. Auer’s letter, we are forwarding copies of EPA’s status
report to the other members of the industry consortium, along with a copy of
Mr. RAuer‘s letter and this response letter. The other ccmpanies are reguested
to respond directly to the Agency on the worker notification, exposure
reduction and other studies submission requests in Mr. Auer’s letter. No
further studies are planned by the consortium.

Sincerely,

DL Con i

J. Ropald Condray
Director, Regulatory Management

cc: Dr. James T. Elfstrum
Stauffer Chemical Co.
Division of Rhone—Poulenc, Inc.
One Corporate Drive
Shelton, CT 06484
Dr. Myra Weiner

Mr. John C. Heussner
Tenneco Inc.

Tenneco Bldg.

1010 Miram

P. O. Box 2511

Houston, TX 77252-2511



Dr. Ladd W. Smith
occidental Chemical Corp.
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QUOTE NO.: 3833C
STUDY TITLI: vne-Generation Reproduccion Study in Rats with Zlemeatai
Phospnorus

The racilicties of Bioa.dvynamics, Inc. and this study wiil
be operated/conducted in accordance with the requirements
and recommendacions o the Animal Welfare Azt (P.L. B9-
544, as amended by P.L. 91-579 and P.L. $4-279), and echer
applicable federal, scate and local laws, ragulations and
policies.

SPONSOR: Monsanto Coopany
80O N. Liadbergh Boulevard
St. louis, YMissouri 63167

ATTENTION: Rashmi Nair, Ph.D., D.A.B.T., Product Toxicology Manager
I. PURPOSE:

The objecctive of this study is to evaluare che effects of elemental
phesphorus on the reproductive performance of the CD® rac through one
generation. Test article will be adminiscered by gastric imtubatiom
daily tc male and female racs over an B0 day pre-macing period and
throughout the macing period. Mated females will continue on treat-
ment throughout the ensuing gestation and lactatioa periods through
to weaning of the pups. F_ adult generatiom animals will ccatinue

to be treaced uncil sacrificed.

II. TESTING FACILITIY:

This study will be conducted at Bio/dynamics, Inc. locaced on
Mectlers Road (P.0. Box 2360) in East Millstone, New Jersey 08875-2360.

III1. PROPOSED STUDY DATES:

Receipt of Test Animals: *
Initiation of Treatment: *
Initiation of Mating: *
Firsc Day 21 lactation: %
Sacrifice of Eb Adults:
Males: *
Females: *
Submission of Audited Draft
Reporc: *
iv. STUDY PERSONNEL:
Sctudy Direccor: Raymoand E. Schrceder, M.S., T.A.B.T.
Project Supervisor: Ellen Whiting, AALAS, L.A.T.

*ro be determined
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vi. MATERIALS AND METHODS:

A.

Iesc article:
Suppliier:
NBP No's.:
Description:

Storage Cendicions:

Expiracion Dace:

Hazards and Precaucionary
Procedures:

Vehicles:

Source:

Test Animals (F _):
n" e

Species:

Sctrain:

Supplier:

Justification of Species

and Straio of the Test
Systen:

Number of Animals:

7 [ R
iV TAmIce T

Ziemental Phospnortus

Monsanto Cempany

3865209-210 (Ngo)

Colorless, waxy salid

Stored under water in vials. The latter
will be refrigerated in a solid mecta’
coacainer,

12/89

See Monsante Toxicology Sample
Submission Form and MSDS (also Appendix
D).

1, Corn o0il (Mazola¥®)

2, Iricaprylian (glycerol trioctanoarte)

1, Commercially available

2, Sigma Chemical Co., St. Louis, MO.

Rat
Crl:CD® (SD) BR (outbred)

Charles River Breeding Laboratories
Portage, Michigaa

Generally recognized standard laboratory
rat. This strain of rat is commonly
used in reproduction studies, and
Bio/dynamics has historical ceotrol data
concerning the reproductive performance
of this strain.

Females - 180 ordered; 150 used on ctesz.
Males = 95 ordered; 75 used on rtesc.
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vI. MATERTALS AND METHODS:

<. 12st Animals (Fji—:anc;nued:

Age:

Iquilibraction Period:

dusbandry:

Males/Femaies - 6 weeks at receipc; 3=-9
weeks at the initiation of treacsent.

At least 10 days.
Currently-acceptable practices of good
animal husbandry will be followed; e.zZ.,
Guide for the Care and Use of Labaraczory
Anigpals; DHHS Publicacion No. (NIH) 335-
23, Revised 1985.

Housing - individually, excepc: che
firse week of acclimation (2/sex/caze):
during maciang (2 females/male) and
lactaztion (dam wich the liczcer).
Animals will be housed in suspended,
sctainless steel cages with wire mesn
floors. On Day 20 of gestation,
stainless steel floor pans will be
inserted inteo the cages of mated females
to retain the bedding marterial. These
floor pans will be removed om Day l+ of
laccacion. Throughout the s:tudy
absorbent cage papers will be placed
beneach each section of cages on the
a2nimal rack to catch urine and rIeces.
These absorbent rack papers wiil be
changed at least three times weexkly
along with cleaning of the animal room.

Food - Purina Certified Rodent Chow®,No.
5002 (mash form); ad libitum. Each cage
will contain a glass feeder jar wicth a
stainless steel lid. Fresh feeders and
dier will be provided at least weekiv.

Water - via automated water delivery
system (Elizabethtown Water Company); ad

libicum,

There are no known c¢ontaminants in the
feed of water which are expected to be
capable of interfering with the results
of this study.



vi. MATERIALS AND METHODS:

e

Test Animals (F )=-consinued:
S

dusbandry=consinued: 3edding Mazerial = Lizzer Kleen® harz-
wood shavings; provided for each maczed
remale on Dav 20 of geszacion: fresh
bedding will be provided as needed
rhrough to Day 14 of lacratien.

Bt .

Znvirconmental Condicions: Light/Dark Cycle - via automatic cimer;
12 hour light/dark cycle (7 A.M. to 7
P.H.).

Temperature ~ (72 + 5°F); monizored
rwice daily (moraning/afterncon).

Humidicy (30-70%) will be moritored
once daily {(morning).

Temperature and humidity will be main-
tained within zhese ranges co the maxi-

mum exteat possible.

animal Idencification:

All F  adulrt generaction animals will be idenrified with a meral ear
zag. The animal's ear tag aumber plus the Bic/dynamics' Project
Number will comprise a unique idencificacion number for each animzl.

Assignment of Animals ro Groups:

Afrer ar least one wesk of acclimacion, all animals received for
this study will be given 3 derailed examinarion. The health status
of the animal population will be evaluated at that fime by the Staff
Vecerinarian, and unhealchy animals will be killed and discarded.

Prior to initiation of treatment (4~7 days), animals will be sorted
into groups so as to equalize as best possible the mean body weights
between test groups. A computerized sorting preogram will be used
which sorts animals on the basis of their pre-sorc vody weight and
temporary cage card anumber.
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VI, MATERIALS AND METHODS-conrinued:

. Administration of Test Articie:

Rouce of Adminiscracion: Gascricz inctubacion

Justification Zor Route of

Administracionu: A Previous reproduccion study counducced
by the oral route showed toxicityv. °
Since chis study is, in part, a repeat
of this previous work, it is appropriace
£o use this same rouce of administca-
tion.

Preparation of Dosing

Solutions: A procedure for preparing the dosing
solutions (Corn o0il - Groups II and III
and tricaprylin Group V) is presented in
Appendix E. Bottle of dosing solution
will be prepared for use on individual
davs (one bottle/dose group/day).
Dosing solutions will be prepared at two
week intervals at Bio/dynamics, Inc.

Stability:

Stability of the dosing solutions over the incended use inzerval
will be conducted by Bio/dynamics, Inc. (see Appendix E.).

Accuracy of Preparacion:
The analysis of dosing solutious for use in the study to confirm
concentration levels of test article with che carrier will be

conducted by Bio/dymamics, Inc. (see Appendix E).

G. TIreatment Schedule:

F° males and females will be dosed daily for ac least 80 days prior to
mating. Dosing of the male animals (all groups - Groups I-V) will
continue throughout the maring period unril sacrifice. Females will
be dosed daily during the macing period (Groups I-V) and maced females
from Groups I, II, IV and V will continue to be treatad during che
engsuing gescarion and lactation periods until sacrificed. Unmaced
females will continue to be dosed daily until sacrificed. In Group
II1 females will be dosed duriag the mating period and once maced
through to include Day 15 of gescacion. These animals (Group III)
will not be dosed for the remainder of the gestation period or during
lactacion.
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vi.

MATERIALS AND METHODS:

R

H.

Treacment Schedule=-czunctinued:

A conscant dose volume ol Smlr/kgrdav will be used Zaor Groups I-IIT and
2 ml/kgrday for Groups IV and V. individual animal dose volumes will
be adjusced atr each weighing inferval during che study with che
exception of Day 20 gestarion. females at Day 20 of gesctarion will be
dosed in accords with their gestation Nay 1% weighe® " All anigals will
be dosed at approximacely the same cime each day. Concrol animals
(Groups I and IV) will be administered vehicle only (gastric
intubacion) at a comparable dose volume as treated animals (V
Experimental Design, page 3).

Dosing solutions will be provided by Bio/dynamics (Deparcmenc of
Yetabolism and Analyzical Chemisctry) in rubber capped glass boccles.
The following procedure will be used for drawing out dosing solurions.

1, The plastic svringe will be filled with Nitrogen gas (N,) ro a
volume equivalent to the volume of liquid to be drawn out. (Volume
to be dosed plus excess to account for volume in the intubation
needle).

2, The syringe at this time will be fitted with a 3-4 inch blunced 1B
gauge intubation needle.

3, The needle will be insercted chru the rubber cap, the volume of gas
in the syringe expelled into the conrainmer and the appropriace
volume of dosing solurion drawn out.

, The dose will be delivered (gastric incubacion) to the animal.

5, The plunger on the syringe will be removed and the syringe Ilushed
with N, and the plunger placed back in the syvringe and the volume
set fof the next dose volume plus a licrle excra to coapensate for
displacement in che intubation needle.

6. All syringes will be filled with dosing solutions in a Nz blanketed
air bag.

Maring:

One mele will be co-housed nightly with the same two females from the
same treatment level until a female shows evidence of macting or for 10
consecutive days. Following this interval, all unmated females will
be randomly distributed among the sexually active males (males mating
during the first 10-day period) in their respective groups Ior a
second period imnvolving 5 nightly intervals of co-housing. Thus, :he
maring period will be a toral of 15 days.
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vi. MATERIALS AND METHODS:

He

ﬂating—con:inued:

Each wmoraing following intervals of co-housing, Zemalas will te
evaluaced Zor evidence of mating (copulatory plug in the vagina and/f:sc
sperms in the vaginal smear). The day evidence of mating is observed
will be considered Day Q of gestarion and mated females will be
removed from the macing unit and housed individually for the remainde:
of gescation.

Parturicion and Laccation:

On Day 20 of gestation, each mated female's cage will be fitted with a
stainless sceel floor pan and bedding material will be provided.
Therearfter, examination of individual females for signs of parturicion
will be wmade 24 times daily ar hourly intervals. The darte and cixe
that parcuricicn iniriares wiil be identified as will the cime azd
date chat parturition is considered completed. These daca will be
noted on the individual female litter examination sheets. Formal
litter examinations will be conducted twice daily (morming 8:00~-10:30
A.M. and afcternoon 3:00-5:00 P.M.). The day oo which all pups have

* been delivered withiz am individual litter will be designated Day 0 ol

lactation for chat female.

Litters will be housed with their respective dams throughoutr the
lactation period.

optional Second (Elb) Litter:

The decision to re-mate males and females to produce a second (F ,)
licter will be determined by the sponsor after reviewidz

reproductive data for the Fla litcers.

VII. EXPERIMENTAL EVALUATION (IN-LIFE):

A.

General Qbservations:

F° Females:

During late gestation and parcturition intervals animals will be
observed for wmortality/mocbidity hourly over che 24 hour interval.
During other iantervals of the scudy, viability checks will be made ac
least twice daily (morniag, afterncon). Animals £found dead during
intervals after S:00 p.m. and before 8:30 a.m. will be refrigerated
until necropsy can be performed. Observations of pharmacologic and/or
toxicolegie effects will be made twice daily along with the daily
viability checks. A detailed physical in-life evaluation will be
performed weekly for each adult generation animal.
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ZXPERIMENTAL EVALLUATION (IN~LIFE)-contiaued:

3.

D.

3odv Weight Detercinations:

Scdv weights Zor the f_ adult =ales ana females will be recorcec a-
initiation of treatment (first day of dosing) and weekly thereaZcer
during the pre-marzing period. Males will conriace cto be weizhed
weekly during the zating and post-macting incervals. remales that =zaze
will be weighed on Days 0, 7, 1% and 20 of gescacion, and fesales thac
deliver will be weighed on Days 0, 4, 14 and ‘21 of lactatioan. Unaaced
femalas will be weighed weekly unzil termination.

Food Consumption:

incerval (designated baseline period} and weekly for che pre-maring
creatment period. Food consumption will be recorded Ior mated females
ove: cthe Day 0-7, 7-1% and 14-20 gescation interval. Food consumption
will nocr be recorded in the follewing instances: wmales during che
macting period; females during the mating and lactation iancervals; or
females during the post-weaning period cill sacrifice. Focd
consumption will be recorded weekly for maies during the post-mating
period until sacrificed.

Liteter Evaluations:

Litters will be observed as soon as possible after delivery during the
specified morning or afternoon intervals (Sec. I. Parturicion and
Laccacion; Page 9) for the number of live, deaa and toral pups ac
birch. Thereafcer, licters will be observed twice daily (marning;
afternoon) for che presence of dead pups. The latter will be removed
from the litter immediately when found. The occurrence of dead pups
during lactation will be recorded on the individual female's litter
examination sheet.

Pups will be counted in each litter on Days 0, 4, 7, 14 and 21 of
lacrtation. Omn Day 4 of lactationm, each litter with greater than eight
pups will be culled to that number with sex distribution equalized
(4/sex) whea possible.

Eaczh pup will be given a gross physical examimacion on Days 0, 4, l4&
and 21.

Pups will be weighed individually and sexed {(external sexing criteria)
on Days 0, 4, 7, 14 and 2l.
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VilI. POSTMORTEM:
A. [ Females:
Zo-a=RAles

. Temales :znac rezain iizcers => Jav 2i of lactazieq will be sacr:-
ficed afrer the last lizzer on study is weaned (sponsor decision..
All these females will be given a gross postmorzem evaluaczion ang
uterine implancaczion scars will be counted. Abnormal zissues will
be noted and tissues saved as per Sectcion C, Page l2.

2. Females that experience complete litter mortalily wiil be sacri-
ficed afcar the last lictter on study is weaned (sponsor decision).
Thase females will be given a gross postmorcem evaluation and
urerine implantcacion scars c¢ounted. Abnormal ctissues will be
noted and tissues saved as per Section C, Page 12.

3. Mated females tchat do not deliver a litter will be killed as a
group with chose females that have weanad litcers (sponsor
decision). Females will be given a gross postmortem evaluacion
wich particular atzencion given zo the uterus for the presence of
implancacion sizes or scars. Tissues will be saved as per Section
C, Page 12.

4, Females rhar do not mate will be sacrificed as a group with
females cthat have weaned litters (spoasor decision). These
females will be given a gross poscmortem examination with
particular attention givea zo =he uterus for implancation sites or
scars. Abnormal tissues will Se noted and tissues saved as per
Section C, Page 12.

5. Females zhat die during the study or are killed in a moribund
condition will be given a gross postmortem evaluyation. Abnormal
tissues will be noted and tissues saved as per Secrion C, Page 12.

B. F_Males:
L - LA

Males will be sacrificed after the last F lizters have been weaned
(sponsor decision). This will provide an dpportunicy to evaluate the
fertility of these males prior to sacrifice. Such animals may be
recained to produce a secoand (Flb) lirrer (sponsor decision -
addirional cost item).
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VIIT. POSTMORIEM-~conrinued:

C.

Fe.

G.

Tissues Saved and YWeighed:

The following rcissues will be saved for all F_ adult generacisa
animals {scheduled sacrifice, moribund sacriffie or spontanecus
deach):

Males Females

liver liver

kidneys kidneys

bone (right femur) bone (rignc femur)
heart hearc

cestasw ovaries
epididymides#* uterus

prostate vagina

seminal vesicles pituitary
pituitary gross lesions

gross lesions

*Testes and epididymides will be fixed in Beuin's Solutiorm prior to
permanent storage in 10Z seutral buffered formalin.

Organs identified with an * above will be weighed at necropsy.
£1 Pups:
These pups will be sacrificed on Day 2! of lactaction and given z gross-

external and internal examination. Only abnormal tissues will be
saved.

Dead Pups:

Dead pups recovered during lactation will be given an exterunzl aad
internal examination, sexed (internal inspeccion of the gomads) and
preserved in 102 neutral buffered formalin.

Culled Pups (Day 4):
Sexed by internal luspection of the gonads and discarded.

Method of Sacrifice (Fo Adylcs ang Fl Pupe):

Overdose of ether inhalation.

Presarvation of Tissues:

10% neutral buffered formalinm.
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STATISTICAL EVALUATIONS:

Jaca for test Group Il and ILI will be coopared to data rfor ccacrsl
Group I and data Jor test Croup V will be compared co data for coatral
Group 1V,

Paramecers Zvaluated Scacistical Procedures
Mortality Data Incidence Data®
weekly Body Weights - Males and Females 5

Pre-Mating Period Interval Data
Weekly Food Consumptiomn - Males and Females

Pre-Macing Period Interval Data
Mean Weighc Gain (Entire Pre-Mating Period)

- Males and Females Interval Daca
Weekly Body Weight and Food Consumprioa - Males

- Post-Maring Period Interval Data
Macing, Pregnancy, Fertilicy Indices Ineidence Daca
Gescartion Body Weights and Food Coansumption Interval Daca
Parturicion Daca {Gestation Length, MNumber of

Live, Dead and Total Pups at Birch) Interval Dara
Mean Licrer Size at Days 4 (Pre- and Post-~Cull),

14 and 21: Interval Data
Mean Pup Weight (Litter Experimencal Unit): Incerval Data
Pup Survival Indices (Days 0-4, 4-21): Incidence Data
Licter Survival Index: Incidence Data
Organ weight data - absolute and relacive to

rerminal body weights (TBW) Interval Data

2 Incidence Data - appendix A [A-] multiple groups {(Groups I-III)} and a-2
two group (Groups IV-V) comparisoas]

® Incerval Daca - Appendix B [B-l multiple groups (Croups I-III) ané 3-2
two group comparison (Groups IV-V]

REPORT:

A final report will be prepared and will include che following (prior to
subniczing che final report, ome copy of an audited draft report will be
sent to the sponsor):

Abstract

Introduction
Materials and Methods
Experimental Design
Results and Discussion
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X.

XI.

XII.

REPORT-cconrinued:
The rollowing daza will he summarized:

Morzalizy

Mean bSody weight daza; pre-maziag treatment period and mean weight
gain for the entire iatecval .

Mean body weighr data (males); posc-mating inCerval (weekly)

Mean mazernal body weighr daca; gestaczions/lacration interval

Mean fcod consumption; each recortded imterval

Mating, pregmnancy and fertzilicy indices

Summary statement for physical in-life evaluation data and gross
postmorzem observations

F1 lizter data; gestaction length, litter size, dead pups at birch,
missing pups during laccagion

Mean pup weight and sex diszributicn razios; each recorded interval
Pup survival indices

Organ weight daca (Fo adults) - absolute and relative to TBW

appended daca will include buz noc be limired to:

Animal cerminatioca hiszory

Individyal body weight daca; all recorded intervals

Individual food consumption data; all recorded intervals
Individual female F, licter daca to include: gesecacion length,
number of live, dedd and zotal pups ac birth and litter size on
Days 0, 4, 14 and 21; mean pup weight (each recorded interval} and
number of male/female pups each recorded interval

Individual and summarized physical in-life observation dacta
Individual gross postmortem observation data (Pachology Repar:) -
F  adulcs/F, pups

Individual ofgan weight data — absclute and relarive to TBW
Qualiry Assurance Statement

Personnel Involved in =he study

Copy of Protocol

QUALITY ASSURANCE STATEMENT:

This study will be subject zo the quality assurance auditing procedures
as segz forth by the Qualiry Assurance Unic of Bio/dymamics Inc. This
study is designed to conform to the EPA (ISCA) GLP regulations as sec
forth im 40 CFR, Part 792.

ALTERATION OF DESIGN:

Alterations of this protocol may be made as che study progresses. No
changes in the protocol will be made without che specific written

request or coansent of the sponsor. In che event that the sponsor author—
izes a protocol change verbally, such change will be hocored by Bio/dy-
namics which will follow such verbal change with a written verification.
All protocol modifications will be signed by the Study Direcrcor.
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XIIl1. PRESERVATION OF TEST RECORDS AND SPECIMENS:

Az the complezion of zhe szudy, all reports, raw data, preserved spec—
.zens and retained samples will be zainzained wichour charge ia the
3iosdynamics Inc. Arcnives for a period of az leas:z one year aflter
subRissian of the final reporz. The sponsor will be notified annually
thereafter regarding additijonal cost for sample space needed o retaia
raw darta,ssamples beyond one year. .

The unused partion of cthe rest mazercial will be 'retyrned =c the sponsor
following completion of the szudy.

PROTOCOL REVIEWED AND ACCEPTED:

—

BY: o {7 fr — DATE: ¥
Raymdnd £. Schroeder, M.5., D.A.B.T.

TITLE: Study Director

FOR: Bio/dynamies, Inc.

BY: DATE:
Rashwi Nair, Ph.D., D.A.B.T.

TITLE: Product Toxicology Manager

FOR: Monsanto Company

I have reviewed che preococol of the above srtudy and have found that the szudy
design will minimize pain or discress by the resc animals wichin the objectives
of the study. 1f aneschezic, anzlgesic, or tranquilizer drugs can be used, zhey
are the proper type for the given species. If eutharmasia is to be performed,
the mezhod is proper for the given species.

N ﬂ“ﬁazz«:: .l £

Edwvard T. Gteenste D.V.M., DACLAM
TITLE: Dirzector of Labora Animal Medicine
EpR: Bio/dynamiecs, Inc.
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APPENDIX A

STATISTICAL PROGRAM - {ILTIPLE/TWO CROUP STURIES (INCIDENCE)

~sratistiecal analvsis of iacldence data will be performed using
contingency table technicues, comparing each rtreated eroup with the
control ¢roup. For each such comparison, a 2x2 rable will be [formed
from che numbers of animals with and withour rthe event of interesc in
both the control and treated group. The rable will be evaluated by the

Fisher's Exact tesct. Tescs will he conducted ac the 1% two-sided risk
level.

Reference for this procedure is Bradliey, J.V., Distribution Free

Statiscical Tests, Prentice~Hall, Englewood Cliffs, N.J., 1968, pp. 195-
203,
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APPENDIX A

MULTIPLE GROUP STUDIES (INCIDENCE)

Statistical analysis of incidence data will be performed using contin-
zengy tables. First a standard chi-square analysis will be performed to
detergine Lf the proportion of {ncidences differ between the groups
rested, =m]ln keening with standard statistical practice, if any one cell
has an expected value less than 5, this step will not be reporred. Nexr,
each treatment group will be compared to the control group using a 2x2
Fisher Exact test, the significance level will be corrected wvia the
Bonferroni inequalitvy to assure an overall test of rhe srated signif-
icance level. Thirdly, Armirage’s tesrc for linear trend in the dozaxe
groups will be performed.

All cescs will be reported at the 5% and 1T level of significance.

References for the techniques are:

Chi-square: Snedecor, G.W., and Cochran, W.G., Stacis-
tical Methods, 6th ed., Ilowa Scace University'
Press, Ames, lowa, 1971, pp. 250-253. ' -

Fisher Exact Test: Bradley, J.V. Distriburion Free Statistical
Tests, Prenrice-Hall, Englewvood Cliffs, N.J.,
1968, pp. 195-203,

Bonferroni Inequalicy: Miller, R.G., Jr., Simultaneous Statiscical
Inference, McGrav-Hill Bock Company, N.J.,
1966, pp. 15. :

Armitage's Testc: Armitage, P., "Tests for Linear Trends in
Proporcions and Frequencies™, Biometrics,
Sepz. 1955, pp. 375-386. .
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APPENDIX B

BIO STAT MULTIPLE GROUP DATA (ABSOLUTE)

Statistical evaluaticon of equality of means will be made by the appropriate
one way analysis of variance technique, followed by a multiple comparison
procedure :f needed. First Bartlett's test will be performed to determine
if groups have egual variance. If the variances are equal, paranetric
procedures will be used; if not, nonparametric procedures will be used. The
parametric procedures will be the standard one way ANOVA using the F distri~-
oution to assess significance. If significant differences among the means
are indicated, Dunnett's test will be used to detemine which means are
significantly different fram the control. If a nonparametric procedure for
testing eguality of means is needed, the Kruskal-Wallis test will be used,
ard if differences are indicated, a summed rank test (Dumn) will be used to
determine wnich treatments differ fram control.

A statistical test for trend in the dose levels will alsc be performed. In
the parametric case (i.e., equal varjance), standard regression techniques
with a test fcr trend and lack of fit will be used. In the nonparametric
case, Jonckneere's test for monotonic trerd will be usad.

The test for equal variance (Bartlett's) will be conducted at the 1% two-
sided risk level., All other statistical tests will be conducted at tne 5%
ard 1%, two-sided risk levels.

References for these techniques are Snedecor, G.W. and Cochran, W.G.,
Statistical Methods, 6th edition, Iowa State University Press {1967},
Hollander and wolfe, Nonparanetric Statistical Methods, John Wiley and Ssons,
New York (1973), Dunnett, C.W., J. An. Sta. Assn. 58: 1996-1121 (1955) and
Biometrics 20: 482, (1964).

Bartlett's Test PP. 296-298 s&C
ANCOVA PP. 277=279 S&8C
Dunnett's Test PP. 1896-1121, D
PP. 482-491 Bio
Kruskal-Wallis . 114-116 HeW
Sumed Rank Test (Dunn) pp. 121 HEW
Regression Analysis - Trend PP. 149-152 S&C
Lack of Fit PP. 456-459 ssC

Jorckheere's Statistic pp. i20-123 Haw
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APPENDIX B
Two=-Group F-test

The variances of the two grouds will be tested for equality using
the F-test. If the variances are egqual, a standard independent two
sample t-test will be used to determine equality of means. IS the
variances differ at the 1% level of significance, Welch's t-test
will be used to determine equality of means. T-tests will be
conducted at the 5% and 1%, two-sided risk level.

References for these techniques are:

F-rest: Gill, J.L., Design and Analysis of
Experiments in the Animal and Medical
Sciences. Iowa State University Press,
ames, lowa (1978). Vol. I, pp. 63-65.

t-test: Ibid., pp. 67-78.

welch's t-test: Ibid., pp. 71.
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PREPARATION AND ANALYSES QF DOSING SOLUTIONS Gh

i. METHOD VALISATION:

Preparation method supplied by tne Sponsor will me validataed at our
iaboratary for coth corn ofl and tricaprylin. Control vehicle will be
fortified with test material ang will be evaluatad for reproducibility of
results by the supplied method. Mean and standard deviations will be
computed on multiple extractions and injections of the concentration level

to be used for the study.

2. STABILITY ANALYSES:

Stakility of the test material in corn oil, iso-octane and tricaprylin
will be determined on Days O, 1, 7, 14 and 21. I[f the data indicates the test
material is unstable in solution at room temperature, stored under nitrogen,

stability will be re-evaluated.

3. PREPARATION AND ANALYSES OF DOSE SCLUTIONS:

Preparation and analyses of the dose solutions wiil be performed
bi-weekly. Analyses will be performed on each sampie prepared to determine
that the concentration is within + 10% of the nominal concentration prior to
dosing. Those not within the acceptable range will be discarded and new
solutions will be prepared. Dose solutions will be divided into 21 vials for
dosing using the last 7 vials only in the event of the fresh dose solution
falling outside the acceptable range. An additional analysis will be performed
to determine if the dosing solution degrades during the actual desing. This
will be done by preparing a dose soiution and obtaining its concentration.
After the concentration is known the solution will be transferred to a dosing
vial and mock dosing of twenty doses will be performed. The dosing vial will

then be re-analyzed to determine the concentration.
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PREPARATION AND ANALYSES OF JOQSING SOLUTIONS - continued

<. JISPJISAL OF SOLUTIGNS:

A11 salutions containing more than 4C ug/ml of phosphorus will be

aisposed of according to the method supplied by the Sponsor.
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PREPARATION CF ELEMENTAL PHOSPHORUS (B&D
DOSING SOLYTIONS

Written bHy: T.M. Ngo
4.L. Trehy
Mansanto Company

Revised by: Mark Edfort
Bio/dynamics, Inc.

The attached method was formulated by Monsanto Company for the
preparation of elemental phoshorus in tricaprylin., This method was followed
for the preparation of elemental phosphorys in tricaprylin and corn oil.

Ammendmants to procedure are included on page 14.
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Preparation of Elemental Phosphorus Solutieons in Tricaprylin Q‘rl

T. ¥. Ngo and M, L. Trehy

October . lgas

Elemental white (yellow) phasphorus is spontaneously combustible and
toxic. Isgoctane and Methanol are flammable.

One carkon dioxide fire extinguisher is required at all times. In
addition, one safety shower nearby is required. This operation is
nst to be performed alone, requires at least one person neardy in
case of accident, and also requires two people during steps which
require weighing to cross-check and record the weight precisely.

White {yellow) phosphorus is very sensitive to oxygen from the air, to u.v
1ight, and is flammable. Tricaprylin is a very expensive material.
Therefare, extreme care and precaution should be taken during the preparation
of dosing solutions and analytical solutions. Study the material safety data
sheet (MSOS) thoroughly and follow the procedure given below in detail in
order to avoid injury and loss of experimental work.

I. Equipment needed:

1.
2.

One drying oven at 140 degrees centigrade.

House Nz or N7 cylinder (< S ppm oxygen) equipped with an oxygen
scrubber unit available Trom American Scientific Products (Baxter),
Part #G5301-1. The N2 cylinder purchased should have a minimum
purity of 99.9% with an oxygen content of ltess than 5 ppm.

One variable transformer connected to a heating mantle that fits the
3 liter - 3 neck round bottom flask.

One glass thermometer with temperature range of -10 to 110 degrees
centigrade.

A thermometer adaptor that fits the 24/40 side neck.

A nitrogen glove box, model XPLBSSAC from Baxter with accessories
from Fisher (see attached memo).

One glass adaptor that has an open or close valve that fits 24/40
side neck flask (Pyrex brand glass connecting tube with stop cock
and 90° angle connection, Fisher 88 - cat #15-324E).

An amalytical balance with digital display that can weigh to 0.1 mg.
{Mettler A-100 obtained through Fisher}.

A stirring plate that has a base of at least 8" X 6".
Two 3 liter pyrex flasks with three vertical necks (side neck:
24/40; center neck: 34/45). :

-1 -
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1. 3 Yiters 2f 99% tricaprylin. Sigma T-3001. 1ot # 38F-8371. <L
12, Zpproximately 559 m1. G.C srade 1sdocCtane.

13. Approximately 120 m1. §.C grade methanol.

14. Two magnetic stirring bars (1 1/2" L X 5/18" D).

15. Four magnetic stirring bars (1™ L X 5/16" ).

16. One ] liter filtering flask.

17. 0One 500 m1 filtering flask.

18. Six 30 ml beakers.

19. Two 100 ml beakers.

20. One vial of purified elemental phasphorus weighing between 0.1 to
0.2 grams as supplied by Monsanto.

21. Two Braun jeweler, curved forceps (length 4 1/2" obtained from
Fisher 88-cat. # 08-953F),

22. A box of Shur-Wipe Wipers paper tissue, size 15" X 16 1/2", or
equivalent Kleenex paper tissue.

23. A box of aluminum foil wrap - 12 X 100°.
24. One 250 ml volumetric flask with teflon cap.
25. Ten 50 m! volumetric flasks with teflon caps.

26. Fifteen of 1/8" X 1/2" Fisher brand magnetic stirring bars. cat. #
14-511-60.

27. Two each of No. 6, 7, 8, and 9 rubber stoppers.
28. Five Pasteur pipette bulbs (2 ml. size).

29. Twenty each of 15 ¢m and 23 cm long disposable glass Pasteur
pipettes.

30. A case of 1 @l serum bottles, Borosilicate glass (Fisher cat. #
06-406AA or Varian 1 ml autosampler vials).

31. A case of one-piece aluminum seals (Fisher 88-cat. #06-406-13A).
32. One manual crimper (Fisher cat. #06-406-20).

33. 20 ft of Tygon tubing for connections such as between vacuum line,’
N2 Tine, glass tubing, etec..

34. A glass marker pen to label bottles, vials, etc., and a scissors
for cutting tubing.
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35.
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37.
i8.

Several 500 ml glass disposal tottles with caps that have plastic Cq
liners to contain waste soiution. ?h

Twenty-five of 100 ml sarum battles with one piece atuminum seais
and a manual crimper.

Four screw-clamps (Fisher hose ciamp, Part ¥5-847).

One ring-stand and ring-stand clamp to support flasks.
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Phosphorus 15 highly toxre. 00 mg is generally fatal. 15 mg 1s severely

. toxic upon ingestion.

Py vapor in air is toxic., the OSHA standard is 100 ug/m3d

P4 is reputed to be absorbed through skin.

Comment on safety:

Salid elemental white phosphorus can be exposed to room temperature air
for periods of up to about 20 secands and ignition may not occur.
However, the time can vary appreciably depending on temperature, the size
and shape. the adherence of a water film. etc. It is recommended that
white phosphorus not be exposed to air even for short periods.

Phosphorus fires can be extinguished readily with water, inert material
(such as sand) or by excluding oxygen with a cover. and also by a carbon
dioxide fire extinguisher. Reignition will be rapid unless the material
is kept wet or covered. Burning phospharus may extinguish itself with a
coating of phosphoric acid, leaving unburned residue. The smoke from
burning phosphorus (P05 or H3PO4} is irritating, but not particulariy
toxic. Combustion in a closed area or with a deficiency of oxygen could
conceivably produce toxic concentrations of Pg vapors.

Important: In the evant of a major spill in the nitrogen glove box

* Methanel and isooctane are flammable!
* Phosphorus is spontaneously flammable in air!

In the event of a methanol or isooctane spill of more than a 4 m]
quantity in the nitrogen glove box, STOP all operations. Make sure all
phosphorus is in a closed bottle; if not, return it to a closed bottle.
Use tissye to wipe up any spilled methanol or isooctane, and pour any
methanol or ispoctane into the waste bottlg. Flush the glove box for at
least one hour with Nz at the rate of 6 ft3/hr. Remove all tissue from
the box threugh the interlock system and dispose of it in a metal bucket
where it may be burned. HNote: Interlock purged by alternating
application of vacuum and then addition of nitrogen to atmospheric
pressure 3 times.

[n the event any elemental phosphorus is lost i=-the nitrogen glove box.
STOP all aperations. Pour all open methangl or isooctane into the waste
pottles. Return ali phosphorus to a closed coptainer. Continuogsly
£lush the box with nitrogen at the rate of Sft3/hr. Remove all items
which are burnaole or flammable from the box through a prepurged Nz

]
- w o~
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meta] bucket where they may Le burned safely 1n the event of spontaneous
combustian. (Observe the nterior of the box thorougnly for at least ten
minutes to be certain no particie of elemental phosphorus is left in the
box. If not able to Tocate the pnosphorus. open the box entirely and
ciean 1t thoroughly before restarting the operation again.

interlock system. B8e certain that any fiammable items are placed 'n 2 [\;\

Preparation of Solutions:

The preparation of dosing solutions for toxicity studies of purified
elemental white phasphorus at a concentratian of 0.0375 mg/ml in
tricaprylin and of purified phosphorus in isooctane for stability study
by G.C requires extreme care ang attention to the follewing critical
steps:

* A1l glasswares or lab-wares must be carefully cleaned and preheated
at least at 140 degrees centigrade for one hour and immediately
transferred to the nitrogen glove box.

- Purge the nitrogen glove box with nitrogen gas that has been
scrubbed with an oxygen or air remover unit (Amerigan Scientific
Products Part #GS031-1) at a rate of 2.0 to 2.5 ft3/hr with a
minimum of 1S volumes of N2 and a minimum of 24 hours prior to
preparing solutions. Make sure there is a positive nitrogen
pressure at all times. NOTE: Make sure all empty bottles, flasks,
boxes, cans, etc are cpened during N2 purge.

* Check to make sure there is no leak due to a poor seil between the
bottem half and top half of the box by using a leak detector
solution.

* Cover the bottom of the nitrogen box totally with Kimwipe to absorb
a minor spill ar keep the total system clean to avoid contamination.

* Prov.de a metal can to contain waste tissues and pipettes.

* Provide four 500 m1 bottles with plastic caps to contain waste
salutions. Make certain that these containers are purged with N»
while in the Nz glove box.

* Four extra large Kimwipe sheets, and 12" x 3’ aluminum foil.

* Make sure the solutions that contain phosphorus are covered with

aluminum foil to prevent white phosphorus exposure to light which
converts to red Pg.
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Preraration ¢f dosing and analyt:cal soluticns: All steps Delow ol aw ﬂ}
*n sequence and myst be gone in No clave box. Livel everything
-==g31ately t0 orevent Tix-up.

Place all of preheated [l hour at 1409C) glasswares, labwares, and
equipments necessary for the experimental work into a nitrogen glove
box.

2. Purge the box with nitrogen gas that has been scrubbed with a proper
oxygen or air remover unit at a rate of 2.0 to 2.5 ft3/hr with a
minimum of 15 volumes of Nz and Tor a minimum of 24 hours. Once
purged, maintain continous Nz flow.

3.  Pour approximately 2200.0 m! of tricaprylin (Sigma T-5001, 38§F-8371)
into a 3 liter - 3 neck - round bottom flask and place a stirring
bar {1 1/2" L x 5/16" D) into the flask.

4. Check the the nitrogen flow rate intoe the nitrogen glove box to
assure a flow rate of 2.0 or 2.5 ft3/hr and start deaerating
tricaprylin at 60 degrees centigrade for at least twelve hours after
reaching 609 C as shown in Figure I. Carefully set a mild nitrogen
fiow through the tricaprylin as a result of positive pressure of
nitrogen from the box and control the fiow of nitrogen by a hose
¢Tamp while pulling a vacuum on the erlemmeyer flask. The
temperature of tricaprylin is monitored by a thermometer and
controlled by a variable transformer or with a thersowatch.

5. Deaerate approximately 500.0 ml G.C grade isooctane at room
temperature for at least 30 minutes as shown in Figure II. NOTE: A
mild amount of nitrogen bubbles inside the flask is controlled
similarly to step 4.

6. Deaerate approximately 100.0 ml G.C grade methanol at room
temperature for 10 minutes as shown in Figure III. NOTE: A miid
amount of nitrogen bubbles inside the flask is controlled similarly

to step 4.

7. Set up empty 3 liter 3 neck round bottem flask similar to step 4.

g. Pour a precut chunk of purified eiementai phosphorus (weighing
approximately between 0.10 to 0.2g) contained in a small vial of
deaerat~d deionized water into a 30 ml beiaker and use 2 sharp-edged
3-inch ..oden spatula to cut the chunk of phosphorus in half.

9. Pour approximately 15 ml of deaerated G.C grade methanol prepared in
step & to a 30 m] beaker.
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2. Transfer the chunk OF zhospnorus o ostan 19 by means of a curved
mcrafarced onto a <iean Shur-Wipe ar Kleerex paper tissue to ary
off methanal by rolling the chunk several t'mes. Transfer the chunx
10 a prepared balance and gbtain its weight. [mmediately transfer

it to the 3 liter flask n step 7.

13. Volumetrically transfer the proper amgunt of ceaerated tricapryiin
prepared in step 3 inta 3 liter -3 nerk round bottom flask
containing Pz by means of a 500 and 100 m1 graduate cylinder.

NOTE: Make sure the deaerated tricaprylin is no lgnger dripping
from the graduate cylinder during the transfer to the flask. The
X-amount of deaerated tricaorylin required in order to obrain a
go??entration of 0.0375 mg Pe/ml tricaprylin can be calculated as

ollows:

X-ml of tricaprylin a weight of Pg 1n g
0. 0375

14. Dissolve Py in deaarated tricaprylin at 60 degrees centigrade for 2
1/2 hours as shown in figure IV. NOTE: Make sure the phosphorus is
totally dissolved by visual cbservation for at least 5 minutes.

Also cover the flask with aluminum foil during the dissolving step.
Transfer the prepared solution to many 100 ml serum bottles with ane
piece, aiuminum seal caps.

15. Transfer a weighed chunk of phasphorus (similar to the step of
preparing P4 in tricaprylin) to a clean 250 ml volume and pour
deaerated .C grade isooctane to the mark by means of a glass 65 mm
mouth funnel. Carefully place a 1 L x 5/16" D magnetic stirring
bar to the flask and cap the flask with a teflon cap. Wrap the
flask with aluminum fail while waiting for P4 in tricaprylin to
dissolve in step 14.

16. Stir P4 in isgoctane for } 1/2 hours at room tamperature to dissolve
Pg and make sure Pg is totally dissolved by visual observation for
at Teast S minutes. NOTE: The phosphorus should be complately
dissolved within this period if the concentration is less than 350
ppm. Tine solution prepared in step 16 is considered a stock
solution,
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i7. Transfer proper amounts of s¢lutions prepared in step 14, Pg n Q\
tricaprylin, and weigh them. The weighings are done each into tnres n')
separate preweighed 50 ml volume flasks in such a way that the
congentration of P4, after diluting to the mark with deaerated
iscoctane (prepared in step 5), fall into a 0.3 to 1.0 mg_Pg/liier
solution. Carefully place a 1/8" x 1/2" magnetic stirring bar inte
each of the flasks and cap the flasks with teflon caps. Stir these
solutions for at least 10 minutes. NOTE: One alse prepares another
50 ml solution similar to the step 17 with the excaption of diluting
with deaerated tricaprylin. These ftour solutions are used for
stability study by G.C analysis. The concentration of Pg with
respect to the total sclution is calculated as follows:

Concentration of Py after dilution (or Py with respect to total selution)ug/ml

Grams of solution in step 17 X {Concentration of Pg solution in step 17}ug/ml
Density (Trycaprylin or = 50 mi.
Isoocrane) in g/ml

where density of trycaprylin is equal to 0.950 g/m! and
where density of icooctane is equal to 0.692 g/ml.

18. Transfer an appropriate ameunt of stock solutions prepared in step 16,
P4 in isnoctane, each into one of three sepirate preweighed 50 m
volumetr.c flasks, and weigh them. The weighings of stock solution are
done in such a way that the concentration of Pg, after being diluted to
the mark with deaerated isooctane prepared in step 5, fall into 0.3 to
1.0 mg of Pg/liter solution or ug/ml. Carefully place a 1/8" X 1/2 °
magnetic stirring bar inte each of the flasks and cap the flasks with a
teflon cap. Stir these solutions for at least 10 minutes. NQTE: One
also prepares another solution similar to step 18 with the exception of
diluting with deaerated tricaprylin. These first three solutions are
used to establish a standard calibration curve by 6.C and the fourth one
is used to crass-check stability of Pg solution in step 17. The
concentration of P4, with respect to the total solution is calculated as
follows:

Concentration of P4 after dilution {(or P4 with respect to total solution)ug/mi

Grams of solution in step 18 X (Concentration of P4 sclution in step 18)ua/mi
Density (Irycaprylin or = 50 ml.
Isooctane) in g/ml

where density of trycaprylin is equal to 0.950 g/ml and
where density of icooctane is equal to 0.652 g/ml.
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Transfer each of the solutions presared in steps 17 and 18 into at least
10 vials af | ml capacity by means of 13 cm disposable glass c-pette witr
S5ulb. Seal the vials with one piece aluminum seals using a manual
crimper. These prepared vials are either loaded into the sample tray of
the G.C, or storeg in a dark and cocol (209 C) piace, if not in use. The
procedure for the stability of Pg in tricacrylin or iscoctane by G6.C was
reported earlier in Report No. MSL-7144 and ES-87-55-01 and a copy is

attached.

Disposal of waste solutions, pipettes, and contaminate paper tissues:

A1l steps done outside Nz glove box have to be burned inside the hood.
As mentioned previously in the safety and preparaticn of safution. the
staps require extreme care and precaution. The disposal of wastes also
requires similar attention. For example, never mix waste solutions with
different constituents into the same waste-bottle. Following is
step-by-step disposal of waste material:

1. Half-fi11 a 5 gallon steel bucket withk sand ard cover the top 2f the
sand with aluminum foil. Then place a 250 ml1 ceramic crucible into
the metal bucket and place th2 bucket inside the hood.

2. Pour 2 ml of waste solution into the ceramic crucible and use a
propane biowtorch to burn the wastes. MNOTE: Always wear rubber
apron, rubber gloves and face shield during this operation.

3. Make sure there are no more spontaneous sparks under continuous
burning by the propane torch and wait for the crucible to cool tc
room temperature before adding more waste solution.

4. Perform similar procedures with glassware that contains small traces
of waste material (similar to step 2.).

5. Dip all of the glassware in step 4 into a 50% NaOH solution and
leave it overnight before cleaning several times with brush and
water.

6. The waste paper tissues can be burned totally by blow torch and
disposed in paper disposal bucket.
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AMMENOMEMTS TQ PROCISURE

2

“age 7, “o. 12: C{hange tO: Transfer tne cnunk of pnasphorus in Stap 10 by

Page 7, Np. 7: Delete tnis Step.

means of a curved micraforcep onto a clean paper
tissue to dry off methanol by rolling the chunk
several times. Transfer the c¢hunk to a prepared
balance and obtain its weignt. Immediately
transfer it to a 500 ml round bottom flask
containing 250 ml of tricaprylin or corn gil.
Page 7, No. 13: Change to: Concentration of the stock solution is calculated

by the eguation:

Concentration of Py in stock solution (ug/ml) = mg Ps added 1000 ug
250 ml X mg

Page 7, No. 14: Change to: Dissolve Pg in deaerated vehicle at 60°C for
2 1/2 hours under continuous stirring. Make sure
the phosphorus s totally dissolved by visual
observation for at least S minutes. Cover the
flask with aluminum foil during dissclving step.
After P4 is totally dissolved the dilytion to the
dose level is calculated using the following
equation:

ml of stock soln. needed = final volume needed (m1) x concentraticn needed
concentratign stock SOln.

Stir dose salution for 1/2 hour then transfer the
solution to serum bottles for dosing.
Page 7, No. 15: Refer to Amalytical Method for analysis for the remainﬁgrfof-
the procedure. ‘

18-
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ANALYTICL METHOD FOR THE DETZIMINATION OF | ,ﬂ'\
ELEMENTAL PHOSHORUS [N DOSING SOLUTIONS W
BY GAS CHROMATOGRAPHY

Method No.: 3D-028-88

Sponsor: Monsanto Corporation
St. Louis, M

Prepared by: Mark Edfort
Associate Chemist

Issued by: Bio/dynami¢s, Inc.
Department of Metabolism
and Analytical Chemistry
Mettlers Road, P.0. Box 2380
East Millstone, New Jersey 08875-2360
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ANALYTICL METHOD FQR THE DETERMINATION OF r\]
SLEMENTAL PHOSHORUS IN DOSING SOLUTIONS Q\
3Y GAS CHROMATOGRAPHY

1.3 SC2pE

This method describes the analytical procedure for the determination
of elemental ohosphorus in dosing solutions by gas chrematgraphy. The limit

of detection is 0.2 ng injected (2 ul of Q.1 ug/ml standard).

2.0 PRINCIPAL

Concentrations of elamental phosphorus in corn 01l and tricapryiin are
determined by gas chromatography following appropriate dilution of the sample
in isg-o¢tane. The final determination is made using a flame photometric
detector (FPD) at 130°C with a 6 foot column packed with 5% Dexil 410 on

Chromosord G 80Q/100.

3.0 EQUIPMENT

Warning: Elemental white phosphorus is spontaneously cambustible and
toxic. lso-octane and Methancl are flammable. One carbon
dicxide fire extinquisher is required at all times. In the
event of a methanol or iso-octane spill of more than a 4 ml
quantity in the nitrogen glove box, STOP all operations.
MAKE SURE all phosphorus is in a closed bottle. Clean up
spillage with tissues and flush the glove box for at least
one hour with nitrogen at a rate of 6 cu. ft./hr. Remove
all tissues and contaminated solvents from the glove box.

3.1 Orying oven (temp. up to 140°C)

3.2 Nitrogen glove box equipped with two nitrogen tanks. V(See
mixing procedure)

3.3 Analytical balance Mettlers AE 260 or equivaieqt

3.4 Stir plate
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SJIPMENT - continued &]

3.8

3.9

3.10
3.1
3.12
3.13
3.14

3.15
3.16
3.17
3.18
3.9
3.20
3.21
3.22
NOTE.

dppraxinataly 400 ni 4PLL graze Tsg-actane
Approximately 200 = HPLC grade Methangl
Magnetic stir bars:
10 - 1/8" x 1/2" stir bars
2 -1 12" x 5/15" stir bars
4 - 1" x 5/16" stir bars
Filter flasks: 1 liter and 500 m!
Beakers: &4 - 100 ml, 2 - 30 ml
Vial of purified elemental phospharus suppiied by Monsanto
Curved forceps (Fisher Cat. #08-953F)
Kimwipes
Aluminum foil
Class A volumetric flasks:
16 - 50 ml, 1 - 100 ml
Rubber stoppars
Dispo pasteur pipets
Tygon tubing
Scisseors
Glass marker pen
2 - waste hottles
Ring-stand and ring-stand clamp
Screw cap GC vials with cap and septum

A11 glassware and labware must be carefully cleanred and

preheated to at least 140°C for one hour and immediately
transferred to the nitrogen glave box. All equipment must

be placed in the nitrogen glove box at least 24 hours before
starting procedure. Nitrogen glove box is then purged with
nitrogen at a rate of 2.5 cu. ft./hr for at least 24 hours prior
to the start of the procedure. Make syre there is 2 positive
nitrogen pressure at all times. ATso, make sure all empty
bottles, flasks and vials are opened during the nitrogen purge.
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T DRCPARATION &\

—eaeration of Tsg-gctine:

200 ceaerata anproximately &30 ml af iso-octane at raoom
femoera:ure for at least 3Q minutes és shcwn in Figure A.
The flaw of nitrogen is controlled with the valve above the
stappers shown in the Figure.

Deaeration of Methanol:

3.2.7 Oeaerate approximately 150 ml of methanol at rogm
temperature for ten minytes as shown in Figure B. The flow
of nitroegen is controlled with the valve above the stopper

as shown in the Figure.

5.0 PROCEQURE

5.1

Standard Preparation:

5.1.1 Pour a precut chunk of purified elemental phgsphorus
into a 30 nl beaker and use 2 shart-edged 3-inch wooden spatula
to cut the chunk of phosphorus in half.

5.1.2 Pour apprcximately 15 ml of deaerated methanol to 2

30 m1 beaker. Transfer a chunk of phesphorus from Step 5.1.1
{chunk of phospharus Sshould weigh approximately 60 mg) into the
30 m1 beaker containing metharol. ‘

£.1.3 Zero the digital balance.

5.1.4 Transfer the chunk of phosphorus from Step 5.1.2 onto

a clean Kimwipe to dry methanol off.
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5.0 PROCEZIURE - continued y}
3.0 Stangarz? Prsparatisn - continged: ﬁk

5.1.5 Transfer tng coonk 0 a gredared halance and oprain iss
weight and immediately transfer iz to 2 100 ml volumetric flask
containing aoproxinately 50 ml of isg-cctane. 3ring the volume
up to the nark witn iso-octane.

5.1.6 Add a stir bar to the volumetric flask and wrap the
flask with aluminum foil. Stir phosphorus in iso-octane for

at least 1 1/2 hour at room temparature to dissolve. Make sure
that the phosphorus is totally. dissolved. This solution will
oe considered the stock standard and will be prepared fresh
monthly. The concentration of the stock standard should be
approximately 700 ug/ml.

5.1.7 Intermediate standard is prepared by weighing an amount
of the stock standard prepared in section 5.1.6 directly into
a 50 ml volumetric flask. Dilute to volume with isg-octane.
The concentration of the intermediate standard should be
approximately 40 ug/ml. The concentration of phosphorus with
respect to the salution is calculated using the following
equation:

Concentration of Pg after dilution (ug/ml) =

~ grams of stock standard concentration of stock standard (ug/mil}
density of iso=octane (g/mi) * 50 ml

Density of iso-octane is equal to 0.69Z g/ml.
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SROCESURT - continued \p
5.1, Standar? “rescaration - csntinued: %\

.13 Iri2ction standards are orepared by weighing four

(V]

2ifferent amounts of the intermediate standards directly into

50 ml volumetric flask. These are drought ta volume with iso-
octane. The standard range snould be between 0.1 and 1.3 ug/mi.
Standards are stirred for 10 minytes prior to use. All
staﬁdards are stored at room temperature in the nitrogen glove

box. All standards are prepared fresh monthly.

5.2 Sample Preparation:

Samples are diluted to S0 ml with iso-octane to fall within the
standard range. Samples are diluted in duplicate and iniected in
triplicate to arrive with an average concentraffon per sample. The
concentration of phosphorus with respect to the solution is calculated
u;ing the following equation:

grams of stock solution concentration of stock solution {ug/ml)
density of venicle (g/ml) * 50 ml

Density of tricaprylin = 0.950 g/ml
Density of corn oil = 0.921 g/ml
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.0 CHIOMATOGRAPHIC ANALYSIS \}\‘

S standard curve i5 generated -y iniezting at least three different
T3ngsazr2cion standards at the start of tne rum, a standard after every ‘our
semples and at zne eng of tnhe run. The peak area of phosphorus versus
concentration of phosphorus is plotted to construct the standard curve.
A stanaard correlation coefficient is then calculated by linear rearession
and the sample concentrations are obtained using this cpefficient. A typical
standard curve is shown in Figure (. Gas chrgmatographic conditions are

given in Table A. Typical sample and standard chromategrams are depicted in

Figure D.

Mfihhd psesr
Mark tdfort [ Date

Associate Chemist
Department of Metabolism
and Anlytical Chemistry

HManager
Department of Metabolism
and Anlytical Chemistry

By .
e G ELE R

b
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TABLE A: GAS CHROMATOGRAPHIC CONDITIQONS FOR THE ANALYS:S

OF ELEMENTAL PHOSPHORUS IN JOSING SQLUTIONS

Instrument:

Column:

Stationary Phase:

Support:
Carrier Gas:
Rate:
Temperature:
Column:
Detector:
Injector:
Detector Flows:
Hz
Air 1
Air 2
Attenuation:

Samples Size:

yarian 6000 Gas Chromatograpn

equipped with FPD

Varian 8000 Autosampler
varian 402 Integrator

6 ft x 2mm ID glass

Oexil 410

Chromoserd G 80/100

He

20 ml/minute

130°C
250°C
225°C

140 al/minute
80 ml/minute
170 mi/minute
128
2 ul

Sl fAatneea (o

&
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FIZRT A: DIACRAM OF 77iTER FLASK SIT P

A i

FOR THE DEIZRATIIN OF 130-0CTANE (;\

Slightly Open

Tygon tubing

Hose clamp

23 cm long pipette

Rubber stopper

Yacuum from N
slove box unit
Ring stand clamp

500 m]1 G.C grade Isooctane

1000 m1 filter flask

Stir plate {8" X 6" base
Stir bar
1" L X 5/16 " D)
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FIGURE 2: DIAGRAM OF FILTER FLASK SIT P
FAR T-E CEAFIATION OF YETWANOL

R

vsgon tubing

Hose
clamp
23 cm long pipette
- .
Rubber stooper
Vacuum from N

glove box uni
Ring stand clamp

250 m1 filter flask

= Stir nlate (8" X 8" base
Stir bar
(1" L x 5/16" D)
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FIGURE D: TYPICAL CHROMATORRAMS
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A ) International Research .
K& and Development Corporation

MATTAWAN, MICHIGAN, U.S A 49071 TELEPHONE 6161 668-1336

SPONSOR: Monsanto Compaay
TEST ARTICLE: Elemencal Phoaphorus
SUBJECT: One Gemeration Heproduction Study in Racs

with Elemental Phosphorus (IR-82-215)

DATE QF SUBMISSION: - January 22, 1985

401-189
“’credence through rse;n:h"



International Research

I’/ and Development Corporation

January 22, 1985

Dr. Rashmi Nair - GZWD

Monsanto Company

800 North Liundbergh Boulevard

St. Louis, Missouri 63167 Ref: 401-189 (IR-82-215)

Dear Dr. Nair:

Enclosed are three copies of the finmal report om your Onme Generation
Reproduction Study in Rats with Elemental Phosphorus (IR-82-215).

In general, your couments have been incorporated im the final report. We
feel that additiconal explamatiomn is necessary for several items. In regards
to the number of dead Fj5 Pups, it has been determined that a total of 47
were found dead and subsequently necropsied. Of the original 49 mentionmed
in the text, two were sacrificed due to death of the dam. Sixteen were
missing, or partially cannibalized and discarded without necropsy being per-—
formed. The discrepancy of five between your total of 58 and our total of
63 is due to five pups from litter #18049. These pups were found dead and
necropsied, however, were not included im the pup survival index because of
the death of their dam. This has been clarified both in the rext and oo the
appropriate summary table.

Reevaluation of the Fjp litter data and necropsy records revealed that 31
pups were found dead and necropsied, while 12 were either missing, or par—
tially cannibalized and discarded witbhout neeropsy being conducted.

The fewmale fertility values for the low- and high-dose groups in the

Fyp mating were verified as correct. Oue female from each of these groups
died on an early gestation day, and because pregnancy status Lor either ani-
mal ecould not be determined, they were excluded from the index caleculation.
An appropriate footnote has been added to the ¥y}, Summary of Gestatiou and
Lactatioc Data (Table 9).

If you shouzld have any questions relative to the enclosed report, please do
not hesirate to contact me,

Sincerely,

Ao L
James L. Schardein, M.S.
Assistant Director, Toxicology
Division and Director of
Reproduction =md Teratology
JLS:sce

Enclosures

Martawan, Michigan 49071 U.S.A. & telephone: (616) 668-3336 = telex: 224302 = cable: IRDC MAAN
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I. SUMMARY:

One Generation Reprodoction Study in Rats with Elemental
Phosphorus (IR-82-215)
IRDC Study 401=~189
Initiated October 19, 1982
Terminsted May 16, 1983

Elemsntal phosphorus was administered orally by gavage

to Charles River COBS® CD® racs at dosage levels of

0.005, 0.015 snd 0.075 mg/kg/da- at £ dose volume of 5 ml/kg.
Administration of the test and coutrol articles (cornm oil) to
both sexea began BO days prior to matihg. The Fg; generatiom
was oated twice to produce "a" sud "b™ offspring. In males
dosing continued until sacrifice. Administration to the
femaleas coutimued through gestation snd weaning of the pups.
Individual dosages were based cn the wost recent weekly body .
weighcs.

A. EXPERIMENTAL DESIGH/METHODS

TEST ARTICLE
Identification: Elemental phosphorus
Fisher Lot # 701628
Concentrations: 0.001, 0.003, 0.015 mg phosphorus/
el of prepared test malterial
Analysis: Conducted at IRDC; the prepared

test aolutions were stirred over—
night using a magnetic stir plate
and bars and analyzed after com~
plete dissolution of the phos-
phorus. Prior to administration
to the test snimals, samples from
each level and batch were analyzed
in duplicate.

TEST SYSTEM/IN~LIFE OBSERVATIONS

Animals:

401-189

Charles Rivar COBS® CD® rats,
Charles River Breeding Labora-
tories, Portage, MI, 56 days (8
weeks) of age at initiation.
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Cosage Groups:

Randomization Procedure:

Dosage leval Number of Rats

(mg/kg/day) Male  Female
0 (Comtrol) 15 30
0.005 15 30
0.015 15 30
0.07s5 15 30

Compucrerized random selection with
animsls more than + 1.5 standard
deviation from the quaraatine
population body weight mean
eliminated prior to randomizatiom.
Homogeneity of group meaun body
weight variances was used as the
eriterion for acceptance.

Housing/Enviroumental Conditioms:

Observations:

401-189

All apimals were lhoused in an
enviroomentally coatrolled rocm
with an average temperature of 23
+ 2°C and average huaidicy of 50

+ 15 percent. Fluorescent

lighting provided illuminatiom

12 hours per day. During the
scudy, racs were housed individ-
ually in suspfiended wire-mesh

cagas except during mating,
gestation and lactatiou. During
these periods, animals were housed
in plastic cages with wood shavirg
bedding. Oun gestation day 0, the
females were housed individually in
the plastic cages, until the end.

Certified Ralston Purina Rodent
Chowe #5002; available ad libitum
during acslinarion and throughout
study.

All parental animals were observed
for morcality and signs of overt
toxicity twice each day (morniang
and afternoen), 3seven days a week.
If morralicry or signs of overt
toxicity were observed, these were
recorded on the day observed.
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Observations (Cont): During treatment, a detailed clin~
ical observation of each amimal
wag performed weekly and the find-
ings recorded.

Measurementas: Body Weights: Parental males and
females were weighed weekly during
treatment until sacrifice. Femailes
were slso weighed on gestation
days 0, 7, 13 and 20 and on days
0, 7, 15 and 21 of lactation.

Food Consumption: Individual food
consumption was measured for all
parental animals weekly except
during the mating period when the
animals were cohabitating.

Mortality: Any rat showing signs
of severe debility or toxicity,
particularly if death appeared
imminent, was sacrificed to prevent
loss of tissues through autolysis.
All rats sacrificed in extremis or
found dead were subjected to a
routine necropsy procedure.

Estrous Cycle Determinations:

Ten days prior to mating and
until evidence of copularion was
observed or the mating period
ended, the females were smeared
daily to establish estrous cycles.

Reproductive and Litter Parameters:
Specific reproductive observations
included tabulation of male and
female fertility indices and the
length of gestation. Any abnor-
malities in nesting and nursing
behavior and difficulties at par—
turition were recorded. Litter
parameters assessed included mesn
number of live and stillborm pups
per litter {litter size), pup sur-
vival through weaning, pup weight
at birth and at specified inter-
vals during lactation and general
appearance and behavior.

401-189
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SIATISTICS
Methods:

ZBandomization:

401-189

All statiscical analyses compared

the treatment groups to the coo—

trol group with the level cof sig-
vificance at p<0.05 and p<G.0l.

The male and female fertility io-
dices were compared uaing the Chi-
square test criterion with Yates'
correction for 2 x 2 contingency
tables and/or Fisher's exact probabil-
ity test as described by Siegel to
judge significance of differences.
Pup survival indices were compared by
the Mgun-Whitner U-test as described
by Siegel and Weil to judge signi-
ficance of differences. Parental body
weights (at the study week prior to
eacting and ac terminacion of genes—
acion), mean number of live pups

per litter at birth sud mean pup
body weights taken con lactation

dgy= 0, 4, 7, 14 and 21 were com—
pared by analysis of variance (one-
vay clasaification), Bartlect's cest
for homogeneity of variances aud the
appropriate t-test (for equal and
unequal variances), as described by
Steel and Torrie using Dunnett's
multiple comparison tablea to

judge significance of differences.

Animal oumbers and correspounding
body weighcs were entered onto
magunetic tape vhich wvas used as
the data source for the ran—
domization procedure. The mean
body weight and standard deviatiom
vere calculated by sex and a
computer—generated edit developed
a listing of chose animals wvhose
body weights were within + 1.5
atandard devigtions of the mean.
From the qualifying animals, the
randomization pracedure selected
and assigned the required oumber
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Randomization (Cont.):

401-189

of animals. Bartlert's test for
homogeneity of variances was applied
to the groups. If the group variaaces
were judged to be ncnhomogeneous, new
randomizatious were generated until
homogeneity was established.
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B. RESULIS

Three F male rats did not survive until study termination: One male
in the control group died due to cystitis, one low-dose male died duye ro
an intubation error and one male in the low=dose group was sacrificed in
extrenis. The Py male deaths were not considared Creatment.related.
Four, one, one and sixteen Fg femsles in the coatrol, low—, mid—- and
high-dose groups, respectively, died during the study. Thirteen females
in the high dose group, seven in the Py, ind six in the Fjp matings, died
on gestation days 21 or 22. Thessa deaths may have resulted from dif-
ficulties at parturition. Except for one femsle in the control group
that died due to an intubation error and one high-dose female that died
due to & rupture of the uterine wall, the cause of death could not be
determined for the remaining Py females that died om study.

There were no memningful differences in the antemortem and necropsy
obsarvations between the control rats and rats in treated groups that
survived to study termination. During both the Fj, sud Pjp overall
gestation and lactation periods, the group mesn aaternal body weight
<hange values of the treated groups were comparable to the coatrol group
values. Male snd female fertility indices and the length of gestatiorn of
all treated groups in both the F;, aud Fip mstings were comparsble to the
coutrol group. Treatment related reductions in the mean mmbers of
vigble pups at birth and an increase in the mean nmabers of stillborn
pups occurred at the high-dose level during both matings in compariscn to
the coutrol sroup values. There was also & reduction in pup survival at
lactation day 0 for this dosage group during the Fj, mating when compared
to the control group value.

There were no meaningful differences in the litter parameter wvalues
(pup survival to weasning, pup weight at birth, pup weights during
lactation) of the treated groups when compared to those of the control

401-189
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group. Also, no physical or bebavioral differences were observed bac-
waen pups in the treated groups amd those in the control group., Necropay
exammingcions of pups that died during sctudy did not reveal any meaningful
differences betwaen the coutrol and treated groups. Thers ware ©o
macroscopic or microscopic compound-related changes cbserved during post-
mortem sxamingtion of snimals from the Fg, Fj, or Fip generations.

In conclusion, it —as determined that elemsntal phosphorus admin-
istersd orally b7 gavage at a dosage level of 0.075 og/kg/day adversely
sffected parturition, decressed the mesn number of visble pups 2t birth
and incressed the mean mmber of stillborn pups in Charles River COBS®
CD® rars. Similar findings ware not obsarved &t dosage lavels of 0.015
mg/kg/day or less.

To the best of =y imowledge, there were no significant deviations
from the Good Laboratory Practice Eegulations which affected the qualicy
snd integrity of the study. This study was conducted in conformance
with the Good Labevstory Pracrice Regulations. This report accurately
reflects the raw data ocbtained during the performance of the study.

Approved And .
Scbmitted By: @—LM—L—\ ITVASYI 2%

Jawse L. Schardein, M.S. Date’
Director of Reproduction and

Teratology
Assistant Director of Toxicology

Divigion

Study Director

401-189
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II.

QUALITY ASSURANCE STATEMENT

Study Tirle: Ons Gensration Esproduction Study in Racs with Elemenral
Phosphorus (IR=-32-215)

Taat Article: Elemsantal Phosphorus

The counduct of this study has been subjected to pericdic inspectious.
The daces of inspection and the dates that findings ware veported to
management and the Study Director are listed in Appendix A.

This report has beaen reviewed by the International Research and
Devalopwent Corporation Quality Assurance Department in sccordsnce with
che Onired Scates Food and Drug Administration Good Laboratory Pracctice
Ragulscions of Juns 20, 1979.

Approved And /
Submitted By: &AM Y RS
Pdtrick E. Traster, B.S. Le

Director of Quality Assurance

401-189
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III.

INTRODUCTIOR

This atudy was conducted in accordance with the protocol as
approved by the Sponsor and in complience with the Standard Operating
Procedures of International Research and Development Corporation
(IRDC). Procedures pertinent to this study are described herein.
A. OBJECTIVE

The objective of this study wvas to determine the effect of the teatr
article on ferrilicy, parturition, neonatal viability, growth of the
nevborn and reproductive performance in rats. The study design utilizes
treatment of bocth sexes.
B. SPECIES SELECTION

The rat is sz acceptable model for reproduction studies. This
laboratory has historical control data on the fertility, neonatal sur--
vival indices snd growth rates and the reproductive performance in rats
of this strain from this source.
C. JUSTIFICATION FOR BOUTE OF ADMINISTRATION

The test article was administered orally by gavage as this was oue
of the potential routes of cxrosure to bhumsns.
D. DATA EETENTIONR

All preservable specimens, raw data, a sample of the test article
and copies of the £inal report are ritained in the International
Resesrch snd Development Corporation Archives in Mattawan, Michigan.

401-~189
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IV. TEST ARTICLE
A. RECEIPT AND DESCRIFTION
The test article was received from Fisher Sciencifie Zo., Fair Lawa,

New Jersey on February 16, 1982 as indicaced below:

Label Descriprion

P-104 Yellow solid
500 g
(1.1 1b.)

Phosphorus

Yellow Sticks — 5/8" Diameter
Lot
701628

B. TEST ARTICLE SAMPLES

The stability of phosphorus in corm oil has been established as at
least 17 days by the Spousor. The prepared test solutions were stirred
overnight using a magnetic stir plate and bars and analyzed 24 hours
after preparation to allowv for complete dissolution of the phosphorus.
Prior to administratiocn to the test zmimals, ssmples from esch level and
batck were snalyzed in dupliczte. Asssy values wvhich deviated from
expected ranges were considered ocut of tolerance and were not adminis-—
tered to the mimals. A replacement solution was prepared immediately
and znalyzed.
C. TEST ARTICLE PREPARATION ARD ADMINISTRATION

I. Base Solution Preparation

The base solution was prepared in the followiag msnmer. A stick

of elemental phosphorus was quickly transferred to a2 psa of water., A
piece spprorimsately 2 mm thick was cut and transferred to a besker of
vater, Approximately 10 ml of water was added to su Erlemmeyer flask.
The outside and inside of the neck were dried and the flask, with stopper,

401-189
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was tared oo an analytical balance using care to avoid werting the
stopper. The piece of elemental phosphorus was transferred from the
beaker of water to a begker containing acetone. The elemencsl phosphorus
vas then transferred to a paper towel, turned once or twice to dry the
acetone, and then quickly transferred to the tared Erleammeyer flask.
The stoppered flask containing the elemental phosphorus was then
Teweighed to determine the weight of the cest article, The required
amount of vehicle, corn oil, needed to achieve the proper concentration
of 1.0 mg elemental phosphorus/ml prepared bage solution was calculated.
The appropriate amount of corn oil was then added to a stoppered bottle.
The bottle was purged with C0z. The piece of elemental phosphorus was
trausferred to the beaker of acetone and dried on a paper towel, as
befora, then quickly added to the bottle coutaining the required volume
of cil. The bottle was repurged with CO; aud stoppered tightly. The
bottle was imaersed in a hot water (60°C) bath and shaken to dissolve
the elemental phosthorus. The solution was stirred on a2 maguetic satir
plate for at least 24 hours.

2. Groups 2, ] and 4 Preparation

The corn oil used for the base solution and these dilucions had
the air removed by heating the oil in a suction flask znd stirring with
2 magnetic stir bar.

The required amcunt of 0il for each group was transferred to
the appropriate bottles. These bottles were purged with C03. A syringe
was purged with COz. The bottle of base solution was pierced with a
needle sud COz was expelled into the bottle. The bottle was inverted
and the syringe was drawm full. Any bubbles were expelled into the base
solution bottle. The volume in the syringe was adjuszed to the exact
quantity required before removing the needle. The appropriate purged
bottle coataining -diluen: oil was pierced with the needle, the base
solution was expelled inro the bottle, and the needle and syriange were

401-189
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withdrawa. 'rhg bottles were shaken to ensurs z homogeneous mixture.
The tear article was prepared, approximately, every two weeks ac coo-
centrations to permitr the administration of dose levels 0.005, 0.015,
and 0.075 mg/kg/day at a constant dosage volume of 5 al/kg.

The test article was administered orally by gavage as a single
dose at approximately the seme time egch day. Administration of the test
article to both sexes began 80 days prior to mating. In males, dosing
continued until sacrifice. Administration to the females continued
through gestation and wemning of the pups. The control group received
the vehicle anly, corn oil, oo & comparable regimen at a volume of 5
al/kg. Individusl dosages were determined from the most receat weekly
individual body weights.

3. Analysis

a. Analytical method for the determinatica of phosaphorus in
tesr solutionsa.

(1) Equipment

= Instrument. Varian Aerograph model 3700 equipped
with an P.P.D. and operated in the phoaphorus mode.

- Column, 6" x 2 mm I.D. glass column packed wirh ].5%
Qv 101 on 100-120 mesh Chromosorb G.H.P.

= Analytical balance

- Miscellaneous glassware washed with dilute hydro—
chloric acid, deionized water and acecone.

{2) Reagents

Hydrochloric acid

Acetone

Isococtane UV grade

{3) Gas chromatographic conditions

Temparature: Column 95°C, Detector 235°C, Injector
230°¢

Carrier/flow: Nitrogen/24 ml/min

Injection volume: Variable

Attenuation: Varisble

The parameters were varied as required in order to
achieve the desired chromatographic charscteristics of the test article.

401-189
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(4) Clezning of Elemencal Phosphorus:

(4)

®

Place a portion of phosphorus uynder distilled or
deionized H20 in a shallow dish. Use a spacula
or small knife and tougs to scrape off as much
of the oxidized coating as possible. Be careful
to keep phosphorus under water at zll cimes.
Rinse with distilled H;0.

Rinse the test article with acetome amd place in
container with + 100 ml isooctane. Swirl gently
until any remaining oxide coating is dissolved.
Remove clesned test article from isooctane, rinse
with gcetone, snd place in small jar cootaiming
enough fresh distilled H;0 to cover test article.
Purge jar with N7 and cap securely. Cover jar
completely with aluminum foil and store in a coo].
dark place until needed.

(5) Standards Preparsation:

(.Y

()

Criginal Stock Solutiom:

Taks a maall clean piece of test article (about 20
mg) and rinse thoroughly with acetone. Quickly dry
with paper toweling and place intc a tared 100 ml
volumstric flask covtaining about 2C ml of isooc-
tane. Reweigh the flask to determine weight of
cest article added (zo the nearest 0.1 mg). Dilute
to volume with isococtane sod mix until test article
is dissolved. Test article is very slow to
disaolve. Prepared in this maaner, the stock solu—
cion contsins about 200 ug/ml test article which is
near the saturation point of test article in isooc~
tane. If a test article stock solution of 2 higher
concentration is csed, the original atock solution
may be made unsing toluene as the solvent.

Working Stock Solutiom:

Make up a 10 pg/ml soluticn ar this point to
prepare actual G.C. standards. Calculate the ml
of original stock solution needed per 100 ml
working stock solution. The ml needed can be
measured out using volumetric pipets or by
assuming the density of iscoctane to be 0.688
g/ml and weighing the original stock solution
into a tared 100 ml volumetric flask thea diluting
to the mark.
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(6)

L&)

(C) G.C. Working Standards:

Prepare working standards in the 10, 32 and 180
/1l range for use with Groups 2, 3 and 4,
respectively, by diluting appropriate aliquots of
the 10 ug/ml stock standard with isooctame. All
stgnderd solurions should be tightly capned, sealed
with tape and stored in & cool dark place.

Preparation of Corn Oil Samples:

Tare a series of volumetric flasks snd, using a plastic
disposable syringe, transfer 830-110 mg of prepared test
material into respective flasks and re-weigh. Record
weight to oesarest 0.1 mg. Dilute to mark with iscoctane
and recocrd weight. Mix well. Sample is ready for ana-
lysis.

G.C. Analysis:

Inject equal volumes of sample snd the appropriate stan-
dzrd into a chromategraph set up as described in step 3.

(8) cCalculations:

& Test Article/liter = Peak Heijg-t (mm) Sample x ug/liter Standard
Found Peak Height (mm) Standard

g Test Article/al = ;g/L Test Article Found in Sample x g (Solvent & Sample) x 0.9141

in Sample

401~-189

g Standgrd x 0.688

19.914 = density of corn eil
27.688 = density of iscoctane
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4. Results
a. Results of Periodic Test Solutiou Amalysis

All tast solutions analyzed prior to use from sgudy week 2
through 31 sad found to contain within + 152 of the target test article
concentration ware certified for use. The mesn concentration of all
the certified solurions ranged from 99 to 101X of the desirsd levels.
Although the + 151 specificacion vas set at the end of study wesk 1,
the waek 1 results wers wvithin 152 of tha target values.

The dats are summarized in Table 1.

g Zﬂﬂﬁt& — / /7/4 i

Jossph H. Thorstenson, Ph.D. Date
Dirsctor of Analytical Chemistry

401-18%
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v.

STATISTICS
A. METHODS
l. ¥g Randomization Procedure

Anims]l oumbers and carresponding body weights were entered oato
magnecic tape wvhich was used as the data source for the randomization
procedure. The mean body weight aad standard deviatiou were calculated
by sex and s computer—genevated edit developed a listing of those ani-
mals whose body weights were within + 1.5 standard deviations of the
mean. From the qualifyiag snimals, the randomization procedure sslected
and .assigued the raquired number of smimals. Bartlett's test For homo~
geneity of variances was lppl{d to the groups. If the group variances
were judged to be ponhomogensous, new randomizations were generated
until homogeneilty vas established. ’

2. Data Analysis

All statistical analyses were two-tailed wich a level of
significance of p<0.05. Significance at p<0.0l was also indicaced.

4. Pazeatal Body Weights

Parental body weights by sex were udy:ed on the week prior

to the F;, mating (week 11), the week prior to the Fyp mating (week 21)
and at termination of the generation (week 30), by cone—way malysis of
variance and Bartlett's test for homogeneity of varismces. Treatment
groups wers compared to the coutrcl group using the sppropriate t—
statistic (for equal or unequal varicaces) as described by Steel and
Torriel and Ostle?, Significant differences were determined using
Dunnett ‘s3 multiple comparison tables.

b. Male and Female Partilicy

Male snd femsle fertility indices were compared using the

Chi-square test criterion with Yates' correction for 2 x 2 contingency
tables snd/or Fisher's exact probability test as described by Siegel?
to judge levels of significant differences. ’

401-189
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c. Pup Survival Indices
The proportion of live pups at birth per total number born
and the survival indices ar lactation days &, 7, 14 and 21 were com—
pared by the Msur=#hitnay U~cest as described by Siegel® and Weild co
judge significant differences.
d., Litter Size and Pup Body Weighes
The mean uumbers of liveborn pups per litter snd mean body
weights of pups wure analyzed by one—way snalysis of varisnce and
Bartlect's rtest for homogensiry of variances. Treatment groups were
compared to the control group using the appropriate t=stariscic (for
equal or unsqual variances) as described by Steel and Torriel and Oscle2.
Significant differences were determined using Dumett's) multiple com—
parison tables. ’ )
B. EESULIS
The results of the data snalyses are discussed in the appropriaste
sections of che report. ’

N > R334
Qé(" R. Jobtm Wesver, M.S. Date
Director of Statiatics

401-139
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¢. Pup Survival Indices
The proportioc of live pups ar birth per tocal number born
and the survival indices st lactation dsys &4, 7, 14 and 21 wars com
pared by the Mann—Whitney U-test as described by Siegel® and Weild to
judge significant differsccss.
d. Litter Size mad Pup Body Weights
The sesn oumbers of livedorn pups per litter znd msan bhody
waightrs of pups ware analyred by ons~way analysis of varisnce and
Bartlecc's tast for homogeneity of varisnces. Treatmsut groups were
compared to the coatrol group usiang the appropriate t—statistic (for
equal or coequal varisoces) sa described by Steel and Torriel aud Oscle2.
Significgac differsnces were detsrmined using Dummetts3 maltiple com—
paxrison tables. : )
B. EESOLTS
The results of the data snalyses are discussed in the appropriste
sections of the report. )

R. John Yesver, s. Date
Director of Statistics

-

401-139
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vI.

IN-LIFE PHASE

A. METHODS
1. Experimental Design
a. Animal Receipt and Eavirommental Conditions

Eighty-one male and 160 female 42-day old Charles River COBS®
CD® rate were received from The Charles River Breeding Laboratories,
Inc., Portage, Michigan on October 5, 1982, Upon receipt, the animals
were assigned temporary animal numbers and housed individually in
suspended wire-mesh cages.

During the l4-~day acclimation period, the rats were pro-
vided with basal laboratory diet of ground Purina® Certified Rodent Chow?
#5002 (each diet lot used was recorded) and tap warer available ad

libitum amnd carefully observed for changes in appearance and behavior.

Throughout the study, all animals were housed in environmmentally con-
trolled rooms. Temperature ranged becrween 21 and 24°C. Generally, humid-
ity was within 50 + 15X, however, protocol humidity requirements were
exceeded five times during the course of :he_sl:.udy. Fluorescent
lighting provided illumination 12 hours per day. BRats were housed
individually in suspended wire-mesh cages except during mating (when
rats were cohabitated), gestation and lactation when females were housed
in plastic breeding cages with wood shaving bedding. Feeder jars were
changed and sanitized once weekly.

Rats were identified by cage, group and individually by a
Monel® mecal esr tag. The individual snimal aumber plus the IRDC study
number comprised & unique idenmtificatiom unumber for each animal.

b. Organization of Test Groups

Animals exhibiting physical abnormalities were discarded
prior to randomization. At study initiation, animsls were randomly
assigned (see Sectiom V.A.l) to one control and three treacment groups
consisting of 15 males and 30 females each to become the Fp parents.

The study schematic is presented in Figure l.

401-189
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Figure 1.

Study Schemaric
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2. General Observations
a. General Appearance, Behavior and Mortalicy
The parental rats and pups w-.e¢ observed twice each day for
signs of overt toxicity, changes io -:r:--.i1 appearance and behavior, and
mortalicy. Decailed cbservations were recorded weekly oc the parental
rats. On study ueek §, detailed observations were inadvertently not
recorded for all animals. Examination of pups for gross deformities was
conducted at birth and on days &4, 7, 14 and 21 of lactatiom.
b. Body Weights
Individual body weights were recorded weekly for the adult
rats. Irn addition, females were weighed on days 0, 7, 13 and 20 of
gestation and days 0, 7, 14 and 21 of lactation for all matings. Pups
vere individually weighed on days 0, &, 7, 14 and 21 of lac;ation.
¢. Food Consumption
Parental food consumption was measured weekly for individual. '
rats except during mating. Food consumption was not measured during
maring as the males and females were cohabitated during this cime period.
d. Estrous Cycle Dererminations
Ten days prior to imitiarion of each mating period, the Fp
females were smeared daily to establish escrous cycles. Swmearing coa-
tigued until evidence of mating was determined or watil che mating period
ended.
e. Reproductive and Litter Parameters
Specific reproductive cbservations included tabulacion of
male and female fertility indices and the length of gestation. Any
abnormalities in nesting and nursing behavior and difficulties at par-
turition were recorded. Litter parameters assessed included mean number
of live and stillborn pups per litter (litter size), pup survival to 7
weaning, pup weight at birth and specified iantervals {(see Sectiom

VI.A.2.b.) during lactaticn and general appearance and behavior.
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3. Specific Breeding and Maintecance Schedule
a., First Geoeration - First Breeding (F;, Offspring)

After a minimum of 80 days of treacment (126 days of age),
the Fg parental rats were mated to produce the Fla offspring as follows:
Initially, the Fp animals were individually housed in suspended wire-mesh
cages. Each wmale was cohabitated with two females from the same rreac-
ment group and this matiag set was placed in a plastic cage with wood
shaving bedding for a period of 10 days. The females were examined daily
for evidence of copulation by means of vaginal smears and/or the
appesrauce of a vaginzl plug. The day evidence of copulation was
established wvas designated as gestation day O and the female was traos-
ferred to su individual plastic cage containing nesting materizl (wood
shaving bedding). Any females failing to exhibit evidence of mating
after the initial 10-day mating period were remated wicth a different male
(spermz positive during inicial 10 days) selected from che same tcrestmeat
group for a five—day period. The maximum mating periocd was 15 days.
After the matiang periocd, males were returned to individual suspended
wire-mesh cages snd maintained on treatment. Females for which no evi-
dence of copulation was detected after the 15—day mating period were
individually housed in plastic cages with wood shaving bedding. A vecord
of mating performance was maintaiced and both male and female fertility
indices were tabulated.

Toward the end of the gestation period, females were exa-
ained twice daily for signs of parturition. The bred females were
gllowed to give birth (F3,). The length of gestation was calculated
and any difficulties occurring at delivery were recorded. The day om
which all pups had been delivered was designated day 0 of lactacionm.

The litters were examined as soon as possible after delivery for litter

size, a:ill.bi;:hs. live births and any gross abnormalities. Licter
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size was reduced ta 10 pups, of equal sex distribution whenever pessible,
on lactation day 4 by use of a random numbers table. The culled pups
were examined externally and discarded. Litrers were caged with their
mothers for three weecks after birth. Dawms and pups were cbserved daily
for survival and behavioral abnormsalities in nesting and nursing; the
presance of dead pups was recorded. Intact dead pups were aecropsied,
examined for snomalies and discarded. Dams and pups were weighed during
gestation and/or lactation &s previocusly described. The number of pups
per sex wvas recorded on day 21 of lactatiom. At weaning, S5 male and 5
female F;, pups randomly selected from each group'hete sacrificed and
necrcpeied. An additional female pup {six total) from the 0.005
mg/kg/day group was inadvertently sacrificed and necropsied. All other
Flg Pupa were sacrificed and discarded afrer a gross external examinacion
at weaning.

b. First Generationm - Secoud Breeding (Fip Offspring)

Because of the reduced fertility observed in all groups,
the sctudy was extended for producriocn of a second litter (F)p) by the
Fo parents. All Fp males and femsles remaiced oca study aud continued
on treatment after the Fj, pups were weaned.

The Fp females were rested for a minimm of 10 days afrer
completion of the inicisl 21-day lactation period and then bred a second
time with a different male in the same treatment group to produce the
Flp litteras. The rats had been treated for a minimm of 132 days prior
to the F1p mating. Methodology and observatioms during mating, gesta-—
tion and lactaction were identical to those utilized for the F), mating.

Ar the completion of the Fip 21-day lactation period, a1l
dams and 10 male/10 female Fyy, pups randomly selected from each group
were sacrificed and necropsied., Uterine implantation sites of the dams
were recorded. All other pups were examined externally, sacrificed and
discarded. Also, 10 randomly selected Fj males from each group and
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those females that did not deliver litters were sacrificed and
necropsied, TUteri were stained with ammenium sulfide solution for
detection of inplan:aciansz. The remaining Fg msles were externally exa-
mined, sacrificed and discarded.
B. RESULTS
1. General Appearance, Behavior and Survival
a. Fq Parental Rata
Mortality of Fp perental rets is illustrated ian Figure 2.

Figure 2. Fg Parental Mortslity
Elemental Phoaphorus mg/kg/day
0 0.005 0.015 0.075
Males /15 2/15%  0/15  0/15
Pemales 4/30 1/30 1/30 15/30

4galye inclwudes one male sacrificed in exrremis

Upon necropsy, evidence of technical error in gavaging was
indicated as the cause of death in two mimals, one female {17952) in
the control group and one male {17964) in the 0.005 mg/kg/day treatmeant
group. There was no evidence of intubation error among the remaining
Fg parents that died om study.

One death occurred amoug the Fp males in the control group
during week 16. Although the mnimal (17927) exhibited mo visible
abnormalities prior to death, the cause of death was attributed to
eyscicia. Ome Pg male (17972) in the 0.005 wg/kg/day dosage group
wvas sacrificed in extremis during week 8. Prior to sacrifice, this rat
displayed clinical signs that included gasping, loss of righting reflex,
hypothermia, amd moribuadity. Hecropsy observations comsisted of
yellow-to-vhite lesions on the kidneys, vhite fluid in the kidneys and
enlarged kidneys.

Mortality gmong Fp females first occurred during week l4.
The majority of Fy females that died cu study displayed no visible
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abnormalities prior to death. The predominant climical sign observed
was hair loss on both forelimbs, primarily confined to the $.07S
wg/kg/day treatment group, and wvas considered a result of nesting behav—
ior. However, at the 0.075 mg/kg/day treatment level, seven females in
the Fj, and six females in the Fjy matings died on gestation daya 21 or
22; this may have resulted from difficulties in parturitiom.

Postmortem examinstiou revealed that one Py female in the
high-dose group (18094) died due to & rupture of the uterine wall during
delivery. With the exception of this aad the previously mentioned
control female that died of gavage injury, the cause of death could mot
be determined for the remainder of Fj females that died on scudy.

The majority of animals that survived to scudy ctermination
exhibited oo visible sbnormalities. The most frequently noted clinical
sign was hair loss, which was observed primarily amoag females. As
previously stated, this was comsidered a result of uesting behgvior.
Misaligned uypper incisors with or without 3 ¢orresponding dry material
around the eyes was observed in a2 few animals in each group but this is a
cammon observetion in this species and not considered treatment related,

There were no megningful differences in necropsy cbser—
vations between control group rats and those in the trestment groups
that survived to study termination. Necropsy observatioas cousisted
primarily of no gross lesions, with a few isolated incidents of remal
pelvic dilation, tan foci on the liver and emnlarged uterus.

2. Parental Body Weights (Tables 2-5, Appendices € and D)

Weekly group mesan body weight values for males in the high dose
group were generally comparable to the control group values during the
first half of the generation but were very slightly decreased during the
second half. lLow and mid-dose male weekly values were slightly to
moderately less than those of the control throughout the geuneratiocun.

401-189



@

International Research & Development Corporation

There was no clear dose-relationship in the pattern of body weight inhib-
ition among Fp males. The Py female mean weekly body weighe values of
the treated groups did not differ weaningfully from those of the comtrol
throughocut the gemeratiom.

There were no meaningful differences in group mean maternal body
‘weight changes between the control group values and those of the treat-
ment groups during the Fj, and F)j overall gescation periods. Group mesn
maternal body weights of the treatment groups were comparable zo those of
the control group throughout both the ¥y, and Fj, lactation incerval.
Slight losses in group mesn maternal body weight were occasionally
observed in the control and all treatment groups during the Fj, and
Fip lactation periods, but these are common in this species during lac-
gation and were oot cousidered meaningful.

3. Pood Consumption {Tables 6, 7)

The mesn food intake values (g/animal/day and g/kg/day) of
treated parents of both sexes were comparable to those ¢of the conmtrol
throughout the study.

4. Beproductive Parameters (Tables 8 and 9, Appendices B, E, F and G)

a, Perrilicy '

Male and female fertility indices were comparable to the
control group values at all creatment levels in the Fi, and F]p matings.
Evaluation of daily estrous examinations prior to and during the Fj, and
Fip matings did oot indicate a treatment effect. Occasiomal irregulari-
ties (primarily prolonged estrous and post—estrous) were observed at
roughly similar frequencies in the treated amnd coutrol groups.

b. Parturition and Length of Gestation

There were no significant differences in the ;ean length of
gestation between the treatment group females and thocé in rhe control
group in the Fj, and Fjp matings. At the high-dose level, seven Fj, aud
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six F1p dams died during the period of expected parturicion (days 21 or
22 of gestation). This finding was considered indicative of treatment-
induced dyscocia. There was no evidence of parturition difficulties in
females in the control, 0.005 or 0.015 mg/kg/day groups.
S. Litter Parameters (Tables 8 and 9, Appendices E and G)
‘a. Pup Viabilicy (birch)

Slight reductions in the mesan number of viable pups at birth
in the F1, litters were observad ac the 0.075 mg/kg/day level; there was
4 concurrent increase in the mean qumber of stillborn pupa. Also the
pup survival index at lactacion day O for the 0.075 mg/kg/day dosage
group was reduced vhen compared to the control group value.

Similar findings were noted in the nesn cumbers of viable and
stillbora pups at 0.075 mg/kg/day in Fip litters, but mot at similar
magnitudes as the Fy, litter values. Survival index values for che
0.075 mg/kg/day in Fip litters were comparable tc those of the comtrol.

There were oo biologically or statistically sigaificant dif-
ferences between the 0.005 or 0.015 mg/kg/day treated rats and the
control rats in the mean number of viable or stillborm pups on lactation
day O in the Fi, and P]p litgers.

b. Pup Survival to Weaning

Treatment with elemental phosphorus at levels of 0.005, 0.015
aund 0.075 mg/kg/day had no appareant effect on pup survival to weaning
in the P14 or F)p licters. Three Fip litters were sacrificed afrer the
death of their dams during the lactation period. The sacrificed pups
were excluded from the survival indices.

¢. Pup Weight at Birth

The mean pup weight at birth of treated litters in both
matings of che Fp generztion was stu.l:i.stict.lly comparable to that of the

control -group.
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d. Pgp Weights During Lactation
Pup body weights during lactarion wvere unaffected by treatment
with elemenral phosphorus at dosage levels of 0.005, 0.015 and C.07S
mg/kg/day in both matings of the Fg gensration.

e. Offspring Assessment

] There wvars no physical or behaviocral abnormalities asgsociated
witk treatmaunt with alemental phosphorus observad in pups at the 7.005,
0.01S or 0.075 mg/kg/day lavels when comparsd to control pups. In the
F;4 litters, 47 pups dled acd wers oscropsied; sevan, nine, fourteen and
saevenreen in the control, 0.005, 0.015 and 0.075 mg/kg/day groups,
respactively. Anomalies ware observed in two coatrol group pups (oue
male, ons fesale) at necropsy. The famale displayed mandibular
micrognachia; ons centrally located, larger than normal, naris opening;
oral cpening absent, cae fzcial papillse absent, pinona placed more
ventral than normal; aicrophthalmia of the left eyes and a cleft palate.
The male pop exhibited a right—sided sortic arch, the pulmonary trunk was
moTe nuarrow than normal, tha ductus artericsus suptisd into the lef:
subclavian, & vestigial vessel uwas retroesophageal (arose from the
descending aorts and entared the ares vhers the ductus arceriosus emptied
into the left subclavian) and an intecventriculsr septal defect. Also,
all lcbes of the lungs ware revarsed vith two lobes present om the right
.s8ide and three lobes prasent on the laft side.

Variations present in Fi, pups that died consisted of Grade O
kidney (agenssis of the renal papillse) in one female in the 0.00S
mg/kg/day group. NKecropsy fiandings observed in the remainder of dead
F)a Pups were primarily indicative of postmortem autolytic changes.

Sixteen Fi; pups, four, six, four and two in the coatrol, low-,
mid- aod high-dosa groups, Taspectively, were eithar ni.ssing and presumed
completely csanibalized, or partially ‘cannibalized and discarded without
necropsy.
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The appearauce ;md behavior of Fip pups at 0.005, 0.015 and
0.075 mg/kg/day was also comparable to that of the coatrol group pups.

In the Pip litters, 31 pups died and were necropsied; three, eight, eleven
and nine ir the control, 0.005, 0.015 and 9,075 wg/kg/day groups, respec—
tively.

.Ha].fom:iona were observed in one male pup from the 0.015
mg/kg/day group. The sbuormalities cousisted of mandibular micro—
gnathia (short lower jaw), microstomia, three fzcial papillae absent,
both pinnae located more ventral and posterior than oormal and cleft
palate.

Variations and pathological findings consisted of Grade 0 kid-
neys in one male pup in the comtrol group, and one male pup in the
0.075 mg/kg’day group exhibited a pericardium filled with dark red
clotted material and fluid, sud & large tear and red clotted material
on the left atrium. All other dead pups in the Fip litters were deter—
wined to be normal or had normal sutolytic changes.

Three litters, oue in the control group snd two in the 0.075
mg/kg/day group, were examined and discarded following the death of
their dams. Each of these litters consisted of 10 pups each. Of these
30 pups, all were normal except one male from one cf the 0.075 mg/kg/day
litters. This male pup displayed hydronephrosis which was counsidered a
pathological finding.

Twelve P13 pups, four, four, two and two in the conmtrol, low-,
mid- and high-dose groups, respectively, were either missing and presumed
coupletaly camnibalized, or partizlily cannibalized and discarded without

necropsy being performed.
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PATEOLOGY
A. METHODS
1. Macroscopic

Complete postmortem examinations, under the direct supervision
of a pathologist, were performed for 10 Fy parental males per group, all
Fp parental females, all Fp females which did not deliver litters, 10
F1p Pups per sex per group, 5 F1, Pups per sex per group (except Group 2
femgle which had six) and all iied on study and sacrificed in extremis
animals. All survivors and all snimals sacrificed in extremis were
euthanized by carbon dioxide asphyxiatiom.

Afrer a thorough external exmmination, each animal was opened aad
the contents of che abdominal, thoracic smd cranial cavities were exam—
ined both in situ and after removal and dissection. All macroscopic
abuormalities were recorded on the Patholcgy Recoerd sheet.

Represesatative samples of protocol designated tissues were
collected and placed in phosphate-buffered neutral formalin., Tissues
were collected from 10 Fy parents per sex per group, 10 Fij pups per sex
per group and gross lesiona from all died cn study and sacrificed in

extremis animals. The following tissues were collected:

- Adrenal (2) ~ Mammary gland (inguinal}

- Aorta {abdominal) ~ Nerve {sciatic)

- Boae (feamur) - Ovary (2)

- Bone zarrow (femur) - Pancreas

= Brain (2 levels) - Pituitary

- Esophagus ~ Prostate/seminal vesicle (2)

- Eye (2) (including optic - Salivary gland
nerve and Earderian - Skeletal muscle {biceps
gland, right). femoris, right)

= Heart - $kin (inguivcal, taken with

- Ilem wemnary gland)

- Jejunum - Spleen

- Cecum - Spinal cord (cervical)

- Bectum - Stomach

- Golon : - Testis (with epididymis) (2)
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- Duodenum = Thymus
- Ridney (2) - Thyroid {(with varathyroid)
- Liver (sections from - Trachea
at least 2 lobea)} - Orinary blas. r
- Lung (with mainstem -~ Oterus {corpus with cervix
broanchi) (2) uteri)
- Lymph nodes (meseuteric) - Gross lesions

2. Microscopic )

'Representative samples of protocol designated tissue:r were pro-
cessed for the preparation and microsccpic examination € hematoxylian-
and~eosin~stained paraffin sections. A full tissue cogpleaent was pre—
pared for 10 Fg parents per sex from the high-dose and contzrol groups, 10
F1y, pups per sex from the high~dose and control groups and gross lesions
from animals which died on study or were sacrificed in extremis. A four-
step grading system of trace, mild, moderate, and severe was used to
define gradable lesions for comparison between dosage groups. A complete
listing of tissue accountability ~an be found in the Tissue Inventory
(Appendix J).

The following list constitutes the fitll complement of tissues:

- Adrenal (2) - Ovary (2)
- Bone . - Prostate/seminal vesicle (2}
- Brain i - Stomach
- Heart - Tescis (with epididymis) {2)
- Kidoey (2) - Oterus (corpus with cerwvix
- Liver uteri)
- Lung {(with mainstem bronchi) - Gross lesions

B. Resulcs

1. Macroscopic (Tables 10-15, Appendix I)
There were no compound-related changes observed during postmortem
examination of animals from the Fg, Fls or P1h generations. All changes
observed were considered incidental and unrelated te the compound.
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2. Microscopic (Tables 16-19, Appendices I and J)

There were no compound-ralated changes observed during xicrosco-
pic examingcion of tissues from sunimsls in the Fg or F|p geasrzatioms. All
changas observed wers considered incidental snd unrelated to the admin=
istzation of the compound.

Microscopic tissua exmmirgcions wers performed by Linda C. Uraih,
D.V.M., M.5. Dr. Uraik is vo longer employed at IEDGC.

Raport -
Raviewed By: LSS P
Ward R. Richter, D.V.M., A.C.V.P. Date
Director, Pathology Division
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Jaxes L. Schardein, M.S. Date
Assistant Direstor of Toxicology

Divigion, and Director of

Reproduction and Teratology

Mo esbmm G o) 37&%

Malcolm Blair, Ph.D. Date
Director of Toxicology Division
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Group Mean Food Consumption (with Standard Deviation)

MALES:

TABLR 6.

Elemental Phosphorus (mg/kg/day)

0,005 0,015 0.075

0 (Control)

kg/
day

+ 8.D.

animal/
day

8/
kg/
day

+ 8.D.

g/
animal/
day

g/
kg/
day

+ B8.D.

8/ 8/
kg/ animal/
day day

+ 8.D,

g/
animal/
day

Study
Week

N.4

2.12
2.30
1.90
3.98
3.16

21

713.4

1.41
1.20
3.48
1.63
2,06

22,1

74.2

2,08
2,02
2.18

22,2

75.3

1.84
2.02
2.3
2.59
3.19

23.1

65.3

22,1

l9
59.9

21.5

65.9

21.8

66.6

22[6

58.7

21.5

21.3

59.7

21.3

61.0

22.5

52.6

20.5

57.3

2.7

55.6

3.02
2.93

20.9

56.7

22.3

54.6

22.5

53.8

53.9

21.3

54.7

22.6

45.0

2.03
2.10
2.29
1.99

21.2

47.0

1.69
1.85
1.98
2.719

21.1

47.3

2.74
2.59
2,60
2,83

21.3

45.4

2.52
2.49
2.57
2.37

42,

20,5

44.5

20.5

44.6

20.8

44.1

-3

40.

20.0

42.7

20.2

43.2

20.2

42.3

21.0

10

11

39.0

19.6

40.5

19.4

41.0

20.0

39.6

20.3

40
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36.3

2.02
1.98
2,40
2,08
1,92
1.56
1.43

19.1

38.0

2,3
2.12
2.58
2.19
1.77
1.62
2.18

19.3

7.9

2.91
2.80

19.4

36.9

35.5

19.1

36.6

18.9

38.0

19.9

36.7

333

18.3

35.8

19.0
19.0

33.7

3.66
2.69
2,43
3.45
2,13

33.4

18.6

36.1

1.50
1.74
1.64
.64

34.3

19.5

18
19

.5

17.6

3%.5

18.8

35.0

18.6

32,6

18.7

30.7

17.3

33.5

18.6

32,0

17.2

29.7

17.3
19

.3

17.8

33.8

19.0

3.2

18.6

32.8

29.0

3.63
2.52
3.7

16.5

27.9

1.92
1.71
2.29
2,09
1.95
1.37
1.33

15.7

33.7

6.78
.13
4.45
1,36
1.64

18.4

30.6

3.52
2.42
3.40

18

28.8

16.8

28.8

16.5

30.4

16.8
18.7

29.8

17.9

25
26

208.6

16.8

29,5

17.0

33.4

31.9

19.5

.l

18.2

3.0

18.8

30.8

19.0

27
28

15.5

27.8

16.6

27.7

15.9

26.6

2.34
1.92
1.92

16.6

26.2

1.51
3.81

15.9

28.3

17.1

28.6

1,86
2,52

16.6

27.6

17.5

26.8

16.4

27.3

16.7

27.5

16.0

26.7

17.0

308

8.D. - Standard deviation

3-day food consumption
brood consumption not recorded during mating interval

€g-day food consumption

d

401-189

5-day food consumption
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Abbreviations Utilized on the
Incidence of Microscopic Observations

U0S = Deaths and Unscheduled Sacrifices
SAC = Scheduled Sacrifice
Tis. - Tissue
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APFENDIX A

Quality Assurance Inspections
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Quality Assurance Iaspectioms

Dates of Reports Dates of Reports

Dates of Inspections to Management to Study Director
10/04/92 3/11/83 3/11/83
10/19/82 4/28/83 4/28/83
10/26/82 5/13/83 5/13/83
10/29/82 6/07/83 6/07/83
11/23/82 6/15/83 6/15/83
12/28/82 6/28/83 9/06/83

1/07/83 9/06/83 10/31/83
1/10/83 10/31/83 11/30/83
1/18/83 11/04/83 3/26/84
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6/23/83

6/27/33

7/12/83
10/31/83
11/04/83
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3/26/84

1/14/35

1/21/85
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APPENDIX C
Individual Weekly Body Weights



Nz

indlvidual Male weekly Sody Weights (g)

Test Article, -
Oosage Levet, S5Tudy Week

Male Number ) 1 2 3 4 L3 &6 7 8 9 19 i 3
C mq/kg/day (Controil:

17917 77 324 3585 401 435 454 496 505 345 %7 587 506 602
17918 Z70 315 362 N 425 443 477 493 523 347 35 380 585
17319 280 309 341 367 97 415 443 431 474 492 502 55 40%
17920 256 583 310 327 343 358 375 380 398 409 416 433 418
17921 210 306 0 365 385 402 419 418 445 439 LAl 488 479
17922 204 335 371 393 424 444 459 431 304 313 524 541 535
17923 264 304 333 352 356 383 407 401 417 430 437 456 43
17924 280 325 361 406 432 438 497 508 330 S48 558 373 564
17925 278 324 362 395 417 437 468 436 506 521 530 543 540
17926 262 304 a7 361 a1 393 41N 425 433 448 43 430 449
17927 3 295 23 352 7 403 429 434 470 494 499 519 506
17928 253 Z78 308 533 357 X4 393 408 422 435 448 466 464
17929 N 319 351 a7 418 437 465 487 519 53% S48 568 561
17938 254 235 333 362 a7 404 432 442 472 431 49% 303 496
17931 260 283 309 531 350 357 las 395 418 426 4235 438 414
Elemental Phosphorus,

0,003 =g/kg/days

17962 21 288 310 329 352 512 389 401 428 449 460 450
17963 252 3Q7 336 373 »2 412 426 a4D 450 459 470 485 443
17964 78 326 365 400 437 454 496 526 30 577 281 609 603
17963 9 257 333 360 389 391 421 439 463 454 488 494 434
17966 =8 Z19 300 3z 343 367 389 99 15 431 448 460 443
17967 256 297 330 350 04 385 397 41C 435 4ad 4354 468 465
17968 259 7 B4 %8 333 354 a9 425 a3 452 455 469 433
17969 n 32 349 373 391 406 AS7 445 463 474 478 483 486
17970 258 306 344 375 400 421 449 4356 455 456 458 430 471
17971 285 238 17 574 358 377 393 399 413 a1 425 433 432
17972 223 299 336 365 387 403 428 &7 Secriticed

17973 53 302 335 360 384 404 427 442 443 476 485 00 493
17974 29 306 260 304 402 432 447 470 434 301 509 500
17975 250 300 335 366 30 415 443 439 474 494 310 525 522
17976 9 280 302 2 343 3% hYrd 384 356 416 422 433 431
Elemsntal Phosphorus,

0.013 mg/kq/day:

18007 =4 284 310 336 360 380 405 414 420 445 450 463 452
13003 288 319 333 3o 357 366 378 356 415 426 432 427
18009 79 316 47 378 401 418 438 452 473 490 508 503 501
18010 256 228 324 333 3N 393 415 430 445 450 464 465 458
18011 72 312 342 385 384 387 418 434 453 457 458 508 431
18012 rai) 34 3952 384 432 429 447 450 482 485 50 504 450
18013 n n 347 b red 94 415 431 438 450 469 <81 435 432
18014 256 292 320 342 369 339 408 414 426 438 443 43 443
18013 264 310 342 373 399 420 430 461 485 458 311 521 525
18016 276 310 342 e 401 434 471 483 02 517 535 519 500
18017 250 299 324 331 mn 397 413 427 446 455 465 483 483
18018 268 2 331 am 378 402 420 431 453 474 484 501 497
18019 1 306 339 374 401 430 4561 482 501 320 41 548 544
18020 55 288 38 308 329 339 a5 364 34 381 380 391 382
18021 58 Q0 39 338 359 32 389 94 410 418 416 429 430

4031-189
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IndIvidual Male Weskly Body Weights (g}

Test Arricile,

Levei, Study Week
Male Humber 13 1% 12 1o 17 18 19 1] ZT - S > ]
Q ma/kg/day (Controil:
17917 510 625 643 562 681 683 693 706 77 71t 710
17918 %8 597 613 640 6§52 663 674 564 654 534 7a8
17918 4458 445 499 319 335 52% 533 546 353 543 591
17920 430 439 449 450 448 444 448 436 466 454 %9
17921 489 %07 925 531 546 559 sS04 570 995 957
17922 356 573 5712 800 §10 514 521 630 639 531 643
17923 433 468 456 483 480 495 495 488 492 489 00
17924 8% 602 608 514 632 846 547 547 654 ] 560
17925 338 569 592 503 610 616 629 636 645 535 638
17926 429 477 488 498 506 s11 527 533 543 557 542
17927 s 532 507 Died
17928 n 4838 506 Sta 526 536 5357 541 545 532 533
17929 563 578 600 621 629 642 534 640 640 55 ¥4l
17930 509 514 527 350 546 Sad 541 543 552 542 536
17931 437 453 465 482 480 4833 502 %iz 520 510 327
Elempntal Phosphorys,
0.005 wq/kg/doy:
17962 459 483 477 490 500 304 =2 21 32 32z 528
17963 477 490 490 508 524 330 538 533 548 S19 2
17964 621 639 657 676 Died
17965 489 512 513 5% 538 533 545 338 557 541 545
17966 450 458 478 492 503 512 516 s 522 S11 525
17367 484 433 503 518 325 532 542 542 545 546 555
17968 453 473 447 494 499 508 S14 319 %18 497 30%
17965 453 504 430 503 38 313 30 512 516 %07 514
17970 493 $13 m 337 339 547 60 1] 510 57 577
17971 443 453 458 484 490 491 492 458 503 498 05
17972 Sacriticad .
17973 497 506 516 325 525 532 837 %1 550 539 5453
17974 2 %256 533 > 549 350 358 562 65 555 569
17975 526 545 554 585 34 801 606 622 624 812 628
17976 439 435 ®e 473 488 £92 495 497 501 497 =05
Elemsntal Phosphorus,
0,015 mg/kg/day:
18007 451 458 435 450 516 52 526 536 541 s24 527
13003 414 434 435 451 435 450 455 473 482 472 476
18009 L 11 2 525 537 36 S50 558 573 S84 368 570
18010 472 430 493 b 1R 518 = 526 35S 328 S15 525
18011 4335 492 505 482 478 49% m 52 557 535 3%
18012 515 726 33 33 578 580 sas 335 503 9% 31
13013 494 500 501 508 20 53% 550 558 570 =57 563
18014 454 457 475 483 439 506 505 510 519 218 528
18015 529 543 557 510 a7 596 600 810 617 611 61%
18016 518 538 557 N 590 603 614 627 632 628 624
18017 493 506 m 512 520 532 542 347 562 348 553
18018 09 519 544 564 388 399 613 624 637 632 636
18019 549 L7 91 601 610 §16 62 632 639 &30 641
18020 409 425 437 445 446 443 49 457 465 435 434
18021 440 450 460 47 432 494 498 02 514 514 517




w

Individual Male Weskly Body weights (g}

Teat Article,

Dosage Level, Study Week

Male Number I = FL 7 | = £

0 =gq/kg/day_(Comtrel):

17917 712 717 728 743 50 755 770 Sacriflced
17918 720 128 733 30 758 759 773 Sacrificed
17919 565 562 574 559 356 581 579 Sacrificed
17929 459 ar7 479 493 499 499 504 Sacriflead
17921 573 590 500 64 618 528 612 Sacriticed
17922 652 556 672 &79 688 700 700 Sacrificed
17923 %07 500 507 509 513 518 510 Sacrlficad
17924 683 679 690 695 719 a1 T34 Sacrificed
17923 654 560 669 679 584 599 98 Sacriticed
17926 543 561 563 74 ] 576 588 595 Sacriflcad
17927 Dl

17928 351 246 559 569 124 sge 597 Sacriticad
17929 632 543 659 679 677 691 695 Sacriticed
17930 538 59 351 343 573 573 575 Sacriticed
17931 552 542 350 554 561 581 5655 Sacriticad
Elasental Pnosphorus,

0,005 mq/kg/day:

17962 525 534 548 5%0 51 561 554 Sacrltlcad
17963 547 551 566 * 368 567 %82 583 Sacriticad
178054 Diea

17965 36 47 43 330 25 s 508 Sacriticed
17966 528 532 S44 361 512 s 80 Sacriticed
17967 568 s s34 £00 599 608 611 Sacriticed
17968 510 525 529 47 345 52 554 Sacritficad
17969 52 M 529 540 534 41 b ] Sacriticed
17970 %83 596 504 618 85 636 657 Secriflcad
17971 %13 21 528 536 544 524 57 Socriticed
17972 Sacriticed

17973 354 550 559 571 583 %6 504 Secr{ficad
17974 73 573 578 583 N7 604 807 Sacriticed
17979 534 &40 549 6% 668 682 583 Secriticed
17976 914 21 532 340 553 57 564 Sacriticed
Eliemental Phosphorus,

0,013 mg/kq/day:

18007 528 545 553 568 566 380 382 Sacriticed
18008 482 54 490 495 501 510 508 Sacitlced
18009 57¢ 583 sas 597 604 619 628 Sacriticed
18010 533 540 546 55 559 564 558 Sacriticed
18011 553 57 569 71 512 S84 Sacriticsd
18012 395 600 613 &28 643 643 649 Sacrificed
18013 72 575 593 601 609 620 6265 Sacrificed.
18014 533 37 347 %9 558 m 585 Sacriticad
18013 816 516 518 [ 647 560 670 Saerificed
188156 642 S45 555 670 672 587 599 Sacrificed
18017 364 538 %51 366 79 %82 352 Sacriticad
18018 645 657 637 672 673 684 687 Sacriticed
18919 [ -} &51 574 688 692 708 714 Saeriticed
18020 431 461 AT 478 450 500 502 Sacrlflcad
18021 530 545 552 557 561 562 Sacriticed

431-189
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Individual Male weekly Body Weights {g)

TesT Article,

Dosage Level, Study week

Male Number [+ ) 2 3 T T 6 7 [:) ) 18 1 T2
Elemental Phosphorus

0.073 mq/kg/day:

18052 269 314 M9 78 92 415 am 449 4T3 e 0% 491 489
18033 278 323 360 386 412 437 460 478 490 517 A 535 529
18054 250 238 303 332 b)) 32 96 410 425 443 492 460 440
18035 23 pi) | 335 358 351 402 42 427 “ 452 464 466 4584
18086 24l 33 As 314 402 425 453 464 439 489 Q1 508 502
18057 268 302 330 362 381 405 425 442 462 472 478 486 480
180%8 272 323 352 377 339 42 451 462 432 510 522 536 534
180%5 Fer 316 355 0 418 447 473 490 512 524 33 540 542
18060 Py 229 b1} pt ] 550 377 405 421 4490 454 463 475 462
18061 252 85 30 347 3N 387 413 428 443 428 435 440 445
18062 26 39 335 363 b b} 420 444 435 477 496 514 521 7
18063 231 330 376 412 439 474 501 314 532 49 b2/ 580 572
18054 281 335 366 386 410 433 467 491 - S19. 533 a9 %68 551
18065 %0 r--1} 310 3352 344 357 377 »2 403 411 420 429 424
18066 252 500 331 338 386 404 429 443 883 477 41 504 454

401-189



87

(49

Test Article,

Individugl Male Weskly Body Weights {g)

Level, Study Wewk

Male Number T3 r} 3 L] ¥ 1 R = 33 privd z
Elomenatal Phospharus

0,075 mq/kg/day: .

18052 476 486 490 503 %03 506 S8 527 s38 sz S%
18093 33 933 %42 564 SN N3 %99 608 512 &0z 603
18054 435 463 481 494 497 S04 510 512 S17 s11 %16
18055 463 461  AT1  AB4 490 493 493 495 496 488 490
180%6 519 %521 531 %42 %51 %85 564 571 579 573 5718
18057 486 496 %04 S11 S2A  S33 840  S37 S44 535 543
18056 S48 352 576 W3 608 s513 819 627 527 2 &28 623
180%8 553 S82 %68 342 395 7T %8 %3 WE 579 %84
18060 473 485 %00 %16 527 336 538 M5 3R 42 &
18061 459 472 479 478 490 W1 499 N3 N9 02 9
18062 503 23 53 %0 361 567 S50 363 2562 2 %63 2 3%
18063 S8 %83 606 614 643 847 &54 657 A4 649 636
18064 S7T3 S84 S04 619 632 546 o435 &37 881 &7 €33
13065 432 443 457  ATS a8t 485 485 488 490 458 491
18066 457  S12 525 M2 %50 9% 365 S75 MO S1e %8S

401=-189



Individual Male Weakly Sody welgnTs (g)

TesT AN Ticle,

Dosage Level, Study Week

Mate Number L g ] 5 27 pi:] 3 T

Elesental Phoaspharus,

0.073 _wg/kg/day:

18052 533 545 554 360 568 s5a3 592 Sacriticed
18053 607 623 628 626 632 639 647 Sacrificed
18054 23 36 3 46 539 551 549 Secriticed
18055 495 499 502 309 518 518 526 Sxcriticed
18056 588 595 &00 615 524 628 628 Sacrificed
18057 543 530 9%2 45 42 550 552 Sacr | fleed
18038 632 545 553 667 580 683 650 Sacriticed
18039 534 512 520 526 545 650 659 Sacrificed
18060 359 57 73 575 588 554 604 Sacritices
18061 513 19 322 532 548 549 551 Sacriticed
18062 568 751 363 569 579 579 580 Sacrificed
18063 666 675 581 837 99 709 718 Sacriticed
18064 657 671 675 538 &34 691 700 Sacr|ticed
18065 492 500 305 518 s 533 336 Sacriticed
18065 =81 %7 < 620 634 643 551 Secrificed
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Indlvidual Female Weekly Bndy Wolghts (g)

Dosage Lavel, Study Week

Ffemale Number 0 T 2 3 4 > s 7 8 S {4} T 12
0 my/ka/day (Control):

17932 164 183 199 216 218 =2 241 244 -] Z6 238 59 277
17933 191 214 235 34 25 244 24 251 258 214 8 s 288
17934 177 198 208 s 243 243 248 63 286 287 286 a3 309
17935 184 205 216 2 254 =0 249 30 0 o a4 281 53
17936 179 198 212 3 2% 242 247 31 p-]] 254 28 20 %54
17957 186 208 228 5 243 =2 259 9 23 283 38 05 85
17938 175 191 203 214 2 1 231 240 244 249 29 =3 22
17929 170 193 208 215 20 pard 42 242 244 21 57 =7 =9
17940 185 208 220 230 =4 26 x4 =3 22 233 20 25 306
17941 73 195 209 219 =1 240 245 248 0 20 252 7 e
17542 m 208 2 sl =0 20 23 286 7 282 35 287 302
17543 184 20 218 216 s 248 =4 235 24 s as 7 292
17944 177 200 212 0 i) 244 238 =9 25 8 a7 237 4
17943 181 204 215 24 it 243 =0 247 34 0 a7 38 4
17945 167 189 2. ] 3 243 2482 243 =2 a1 a0 =7 s
1794 187 219 5 250 =5 n 228 30 7 32 312 311 314
17948 71 203 1 231 245 245 x4 =6 8 zia 30 301 35
17943 173 192 205 210 =2 243 =2 355 25 Zid 74 I8 87
17950 177 199 216 z7 282 2 =4 5 283 26 288 33 B
17951 176 217 3 278 =48 54 ns 330 338 3» =0 %7 X5
17952 182 208 221 27 236 247 =0 =4 83 7o a2 s 287
17933 1909 25 240 =4 2 223 =93 56 307 320 24 3 525
17954 185 209 224 233 247 3 22 258 7 27 28R 33 3xar
17955 168 1839 181 195 196 215 2. 217 23 32 34 38 240
17956 172 190 202 201 214 @2 Fr. ] ] 242 242 =49 =0 =5
17957 168 196 204 216 s =1 242 u =7 8 57 a2 2
17958 87 206 05 218 218 228 o7 30 7 244 =7 =1 =7
17959 w7 199 208 208 24 214 s 3 241 240 245 =5 =2
17969 m 2R 213 @8 249 247 =0 30 s 6 as D1 285
17961 166 187 195 214 o] iz 4 243 33 248 36 =1 =9

401-189
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Individunl Female wWesk!y Body Welgirts (g)

Oosage Level, Study wesk

Female® Number T is 5 T Y i[) % 20 T 22 23
0 mg/kg/day (Control):

17932 21 21 260 217 Z38 I 247 219 ;I8 299 319
17933 310 3 36 357 348 317 2 23 23 3 334
17934 333 033 3™ 3% 353 341 306 9 36 321 349
17935 309 34 312 X6 I8 304 23 B4 D4 28 319
17936 72 ™ %1 82 X9 282 M3 3 218 A3 /5
17937 28 32 343 &2 32 321 28 288 303 314 341
17938 F 4] X6 215 W9 29 289 21 %9 27 9 2%
179% ZT4 304 381 300 310 312 281 286 289 22 308
17940 312 308 300 308 315 31 314 3 36 328 349
17241 S0 218 21 285 pay 283 282 283 28 231 9
17942 317 311 n 30 31 311 319 hv4 | b7 4] 324 44
17543 314 370 32 M0 3N 299 %7 32 38 M3 3%
17944 30 X3 28 310 303 3% 39 B1 32 35 169
17945 TS /W3 I8 79 282 B4 BT B7 JQ 287 B3
17946 M2 33 312 330 30 302 W2 W/3 W4 BF 300
17947° 341 B St BT 387 =4 308 3T 325 340 B0
17948 37 30 X5 X2 319 41 301 300 J9 310 2%
17949 301 341 X2 36 304 33 W4 B3 M/E B0 B8
179%0 20 %9 32 314 321 25 DI 05 304 33 3=
17951 1S 34 B ms 3% 36 3\3 34 B9 05 421
17952 MR D[ W2 2 H6 B4 D5 W0 D8 Dl

17953 33 O3 3> 2 320 M5 323 I 331 3% 33
17934 Rt 347 32 32X W3 M8 N7 37T 33 314 332
17955 x5 Dles

17935 20 Z0 ;7 2% 28 X5 X3 28 X/7 TS 289
17957 @&/ 284 281 23 Wi B/ B2 DI [y Hé 300
17953 257 72 X5 X6 X8 27 M3 A% B3 T3 280
17953 =9 76 9 3P 3N¢ N3 T8 B2 X3 0TI 24
17960 305 329 401 316 320 W3 X6 BS 301 30 2t
17961 21 22 309 ™Q 304 322 34 282 D6 298 39

401=189
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A

Individyal Femle Wewkily Body Weights (g)

Dosage Level, Study Wasi

Female Number 2 s = = 27 i | -3 n

0 mg/kg/day (Controf:

17932 h72 329 340 n2 Sacriticed

17933 391 44 a7 37 Sacriticed

17934 436 Oled

17935 337 405 331 352 307 Sacrificed

17936 344 303 309 78 Sacritlced

17937 306 349 338 pri] Seacrifliced

17938 341 298 307 266 Secrificed

17939 338 310 521 82 Sacrificed

17940 401 3182 31 Died

17941 316 380 318 mna 285 Sscritlced

17942 396 I8 341 36 Secrificed

17943 352 340 376 344 Sacriticed

17944 350 M7 355 334 338 382 355 Sacrificed
17945 204 295 30 304 03 308 307 Sacriticed
17546 297 289 a5 284 286 255 290 Sacr i flced
17947 b5 348 347 341 339 3% 387 Sserlticed
175948 3|2 133 n2 369 Secrifliced

17545 344 48 338 77 Sacrificed

179%0 3\ b2 363 k11 Sacrificed

17951 434 473 430 448 434 Sacriflced

17952 Dled

17953 .3 348 340 42 Sacrificed

17954 a7 329 339 236 Sacriticed

1795S Dliad

17955 329 32 508 277 Sacriticed

17957 298 299 31 9 305 303 D3 Sacrificed
17958 7 76 - 13 4 290 26 235 Sacrificed
179%9 353 307 327 278 Sacrificad

17960 310 310 B9 281 B4 -1 306 Sacr #Toced
17961 343 31 333 3 Sacrificad

401-189
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Femnie Weakly Body Weights (g)

Tesr Articie,

Dosmge Level, Study Week

Female Numder Q T 3 ] 4 5 [ 7 -] 9 6 11 12
Eiemental Prasplorus

0.005 mg/Rg/day:

17977 172 91 159 218 z 53 5 248 =7 = 54 F2 1 286
17978 182 189 201 218 213 216 prd] 25 il 230 =6 =7 27
17979 171 190 25 1 228 237 240 248 =7 &2 pai] 69 =6
17580 172 192 206 218 =20 Z31 ra ] 243 267 =35 %1 7 247
17981 182 201 214 230 sl 281 i) -3 =3 =7 68 -2 283
17982 182 202 1 218 54 243 243 248 254 Z3 s 1 288
17983 183 206 =2 e 241 20 36 =3 =1 8 272 a3 23
17984 166 Lrai 188 197 205 208 216 3 23 @22 235 4 245
17985 170 190 210 216 24 20 25 232 238 =1 2% =7 23
17986 180 Fairg s} B 2485 =6 -1 ] %3 75 25 26 288 288
17987 173 196 216 =3 > =2 252 53 270 i 9 284 282
17588 182 202 s 02 =20 0 250 255 2 79 6 284 300
17989 169 187 199 219 prol 54 =5 244 1 =2 =6 283 26
17990 1a0 199 208 213 =2 =6 257 240 1 zZa 0 39 Za
17991 178 195 214 o] 54 245 222 33 27 7 s 280 278
17992 170 193 203 216 225 s 242 247 =0 1 a0 26 23
17993 73 190 208 = 231 243 34 238 28 zZ78 238 34 o1
17994 181 208 = ] =0 24 28 x5 218 26 223 285 300
17993 180 212 s} 238 250 276 23 285 8 3as 320 330 -]
17996 170 191 2u 21 230 240 24 20 %8 210 218 23 2,2
17997 183 206 219 8 244 254 0 =7 a3 24 19 r? s
17998 167 191 198 205 224 2352 pa ] 57 1 =7 258 6 28
17599 76 196 208 217 219 29 241 240 281 246 =5 27 %9
18000 180 199 209 20 30 8 246 242 248 =5 4 286 n
18001 178 192 208 213 218 s 56 257 240 245 0 249 245
18002 180 202 210 208 - 22 23, 20 240 58 22 0 8 52
18003 171 194 2n 1 2% 246 24 23 =7 =5 23 210 273
18004 180 200 208 211 220 232 240 240 247 20 =7 26 a3
18005 178 196 207 218 29 57 244 32 =2 x4 3 n 3ne
18008 178 200 207 21 s 33 s 241 245 =1 54 =8 =7

401-189
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Female woekly HSody wWelghts (g9}

Level, STudy Week
Female Number 1) X 5 16 17 T8 Lk 1] 27 7] =5
Elemantal Phosphorus
0.005 mg/kg/day:
17877 32 29% 294 293 296 o4 288 290 296 303 316
17978 268 263 254 255 35 252 o3 257 248 218 204
17979 Fax) 305 358 295 305 3058 285 292 254 291 299
17980 5 298 351 293 305 287 28 76 282 284 27
17981 258 292 285 281 283 287 280 286 2835 1 235
17982 27 M2 306 313 319 291 283 274 269 prap 281
17983 293 24 306 320 315 320 26 292 P-4 ] Dlad
17984 262 286 216 288 284 281 264 266 269 280 7
17588 m 305 3%0 286 301 19 285 254 76 3% 303
17986 303 321 390 323 336 324 33 3086 a8 316 338
17587 01 33 412 33s 318 322 294 305 306 310 33
17588 306 339 308 315 313 323 29% 297 30 301 305
17989 n 301 343 299 312 303 s 285 284 Fap] 79
17930 302 348 319 33 351 304 22 282 77 224 308
17991 283 300 318 395 354 7 27 92 a1 312 328
17992 253 200 2 b 3! 294 290 =1 280 204 286 296
17993 23 32 408 hral 3= 316 23 308 318 313 349
17954 321 »3 322 328 330 b2 318 318 311 336 339
17995 381 B2 353 1 357 308 3 318 323 37 348
17996 293 0 i ) 3] 349 329 31 310 302 307 32
17997 34 21 383 325 309 s 290 296 298 304 306
17998 287 ] 9 78 278 281 289 27 =0 303 20
17999 69 39 m Fxi.] Z74 Z75 Fza] s 274 212 216
18000 5 b 1] 35 33 357 b3 33 299 296 37 324
18001 252 296 363 25 7 27 212 a3 Z74 zi18 298
18002 316 356 311 324 353 3 952 304 304 330 354
18003 268 287 292 239 286 282 a5 288 286 23 306
18004 59 286 344 Z74 92 280 24 256 262 resd 204
18005 302 300 54 293 235 300 299 305 306 311 315
18006 r1al 292 ral] 285 29% 304 253 73 274 2713 289

401-189
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Individua! Femmle weekly Body Welghts (g)

Test Articls,
Dosage Level,

Studv_Wesk
. 2

Fesm (o Number r3 i} .1 7 =

Elementz| Phosphorus,

0.003 mg/kg/day:

17977 313 33 308 305 313 33 326 Sacriflced
17978 328 Q2 305 230 Sacriticed

17979 299 295 308 308 294 308 33 Sacrificed
17580 337 294 320 272 Sscrifliced

17981 295 97 304 310 305 3t 311 Sacrifliced
17582 277 218 283 2065 294 305 306 Sacrificed
17983 Dlied

17984 259 14 rard 72 2 75 263 Sacrifliced
17985 549 299 312 55 Sacriflced

17965 396 358 66 335 Sacriticed

17987 m 361 368 M8 Sacriticed

17983 323 394 329 132 300 Sacrificed

17989 279 285 290 a9 287 29 295 Sacrificed
17950 314 319 321 330 pv.r] Sacriticad

17931 379 343 358 38 Sacriticed

17992 312 385 332 329 297 Sacriticed

17993 343 340 41 344 339 344 347 Sacrificed
17954 376 -347 347 14 Sacrificed

17993 405 355 354 537 Sacrificed

17996 357 3ss 37a 328 Sacrificad

17997 315 3% 347 36 Sacrificed

17998 349 329 338 338 " Sacrificed

17599 218 280 289 288 288 293 287 Sacriticed
18000 388 M7 370 343 Sacrlficed

18001 339 302 326 257 Sacriticsd

18002 423 392 3717 353 Sacrificed

18003 317 32 310 3n 12 318 304 Sacrificed
18004 0 285 03 =1 Sacriflced

18005 317 32 325 325 37 336 Sacrificad
18006 3z 304 324 312 Sacrificed

4Q1-189
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Individual Femnle ¥Week!y Body Weights (g)

Test Article,

Y I A

Female Number 0 T 2z -] g 13 §] 12
Elemental Phosphorus

0,01% mg/kg/aay:

18022 180 154 199 201 216 218 214 e 234 235 233 245
18025 170 196 209 225 221 228 237 245 254 257 272 75 259
18024 188 n 220 229 243 293 256 =6 25 273 78 mn 299
1802% 170 19% 209 210 222 37 249 2490 255 253 255 268 17
18026 183 207 08 211 218 221 @B 232 24 251 249 2258
18027 182 205 220 251 238 242 280 262 21 289 280 rz] brrp ]
18028 155 190 197 207 213 213 25 232 250 2 240 2%+ 241
18029 173 200 206 221 8 258 243 249 254 237 e} 256 250
18030 183 212 221 U3 253 258 254 79 22 289 21 290 290
180351 179 209 230 47 o) 21 76 285 288 1 299 303 311
18032 179 195 20% 207 223 4 4 2% 248 257 260 254 223
18033 178 195 04 214 F-44 251 =0 232 233 255 242 242 246
18034 1654 188 196 207 219 232 43 M 8 251 258 24 280
1803% 169 154 210 30 234 247 Feil 255 261 264 s 273 216
18038 180 204 23 57 248 257 8 271 20 278 J2 300 25
18037 168 152 210 22 e 240 248 247 =3 =9 257 266 280
13038 178 209 -] 238 241 24 248 253 2259 259 778 230 re
18039 173 199 213 228 254 20 246 732 =7 258 53 273 72
18040 153 o0 214 27 231 43 ™ 249 4 24 Fe 72 2Te
1804 1 185 214 e ] 250 263 276 281 295 304 318 327 33 525
18042 179 199 214 28 2 240 243 243 259 284 =9 275 270
18043 179 n 216 252 22 =0 248 23 m 270 274 216 289
18044 182 199 211 2 7 254 241 247 42 256 262 257 256
18045 178 201 210 22t ratd 238 242 2% e %5 259 79 25
18046 177 191 200 2006 209 217 226 9 232 242 246 245 245
18047 179 199 pzx =4 244 247 245 1 268 268 13 280 280
18048 184 22 217 o] 232 57 246 257 2% 261 210 270 249
16049 191 27 219 Fr..) 244 20 256 255 276 285 284 52 295
18050 184 206 213 25 242 250 =5 237 256 273 268 raf] 280
18051 187 209 2z7 40 293 22 F- 1) 263 n 1S 75 31 285

401=18¢
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Indlvidunl Famnle Jeekly Body Weights (g)

Dosage Level, Study Wesk

Fansie Nuaber 13 4 12 16 17 LI 19 20 FX =3 22
Elemsntal Phosphorus

0.018 mo/kg/dey:

18022 72 302 50 312 N7 3 a3 9 79 23 32
18023 =5 3 413 309 312 317 306 303 1 313 332
18026 mn 26 26 37 21 21 36 =6 302 37 324
18023 o5 307 06 x5 56 288 294 22 22 01 317
18025 273 230 362 26 301 304 256 266 283 283 23
18027 20 s 92 292 313 303 274 Zi6 27 28 312
18028 2% 2 233 2 28 2 na 2 0 268 283
180 =8 253 0 235 22 ~38 50 =7 262 258 262
18030 2 296 303 33 323 -] 336 340 344 44 M6
18031 323 3 397 328 330 o | 314 3 323 320 331
18032 300 292 80 283 22 230 238 289 27 309 332
18033 20 255 25 231 254 254 258 263 =9 261 262
18034 239 5 305 317 7 301 300 298 57 307 319
18035 23 316 413 321 332 309 27 302 29 307 330
18036 308 326 358 7 i 321 30t 21 302 316 =
18037 =1 azr 288 309 a7 24 280 273 278 286 >3
13038 28 220 23 304 29 293 27 300 303 3z 328
18029 4 313 388 2 -319 3= 299 287 35 302 28
180490 235 7 415 323 334 334 o2 305 304 38 345
18041 342 335 3 343 e 348 354 350 357 348 354
18042 278 38 334 34 04 300 276 217 23 2 313
18043 308 347 318 331 356 27 7 301 35 33 54
16044 272 3 366 34 309 21 a3 7 285 29 7
18045 306 46 306 315 3 314 288 54 32 39 3
18046 6 2859 305 Zi4 oS54 308 301 Zr2 73 280 =0
18047 23 4 317 62 325 332 334 293 56 37 319
18048 283 7 381 312 329 1 276 - =2 28 307
18049 308 3 228 Dleg

18030 38 06 310 306 306 303 58 301 37 308 312
18031 230 310 319 29 305 305 302 -2} 293 32 37

401-189
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Individual Fessis Wesily Body Walghts (g}

Test Article,

Dasage Level, Study Wesk

Famaie Numder % = -3 prg .3 il ]

Elemantal Phasphorus,

0,013 gll_tgldlv:

18022 350 325 348 295 Sacriticed

18023 387 350 139 346 Sacriticad

18024 347 L ¥..] 151 352 352 Sacrificed

18028 nz 307 304 303 310 319 320 Sace| f1cad
180265 280 n 54 260 n n 264 Sacrif1cod
18027 364 312 30 87 Sacriticed

18028 303 338 319 340 342 Secrificed

18029 268 a9 265 2n F4 20 3 Sacr11]cmd
18030 334 358 %7 77 386 191 392 Sacrificed
18031 358 335 411 353 346 Sacrificad

18032 378 341 a2 313 Sacriticad

16033 264 263 57 N 280 n 272 Sacriticed
18034 M 392 330 324 324 Secrificad .

180335 N4 353 w7 345 Secrificed

18036 350 338 330 344 Sacrlficed

18037 323 304 320 3120 Sacrifliced

18038 384 32 350 26 Sacriticed

18039 =9 308 31t 307 310 m 32z Sacriflcmd
18040 402 3%52 a8 358 Secriticed

18041 338 3% 361 369 75 39 358 Sacrificed
18042 343 m 3 314 Sacriticed

18043 296 296 233 =4 297 308 350 Sacrificed
18044 33 308 334 308 Sscriticad

18045 3 318 7 223 Sacriticed

18046 317 9 310- b4l Secriticed

18047 340 421 353 334 by ° Sacrificed

18048 355 ns 33 =6 Secriticed

18049 Cied

18050 325 347 42 343 343 330 Sacrificed

1805t 308 31z 313 = 328 33 336 Sacriticed

491-189



o8

5P

Inglvidual Female wWeskiy Pndy Welghts (g)
Test Article,
Dosage Level, Study Veek
Female Number ] T 2 X Z 5 [ L3 2 0] T Y
Elemsntal Plosphorus
18057 174 188 198 203 216 22 20 28 =7 44 248 248 62
18058 169 192 206 21 yr. 3 240 =6 =3 56 B4 o 280 %9
18069 185 210 21 25 =7 247 =4 =6 r-1) 233 20 286 35
18070 175 a8 201 202 213 218 ] 218 @7 6 241 244 254
18071 168 183 188 203 216 217 =20 224 234 =5 22 242 242
18072 166 181 203 212 3 235 238 247 23 62 5 25 ZZo
18073 180 188 207 213 224 230 35 259 244 a2 =5 58 =9
18074 188 174 187 200 205 209 20 27 232 236 2435 249 248
18073 180 194 207 21% 20 23 224 pra 0 -4 243 245 14
18076 178 199 213 25 33 pal 245 -1 =5 =8 8 %8 a3
180717 173 18% H3 224 =0 B 242 21 249 a0 Z0 s Tz
18078 171 201 219 37 30 =8 23 =8 272 as 27 28 2%
18079 1L 2] 212 218 38 261 =2 7% Z10 N 281 =8 288 31
18080 180 207 e 240 =1 256 8 a4 20 2% 9 37 300
18081 179 158 04 213 il 238 243 242 =1 =7 2 2 a7
18082 172 196 212 23 o] 230 =5 245 30 23 0 x4 57
18083 175 159 213 = 51 245 247 245 =9 =5 -3 &S0 66
18084 172 204 216 24 27 248 =6 =2 =6 =9 Zz 275 70
18088 154 183 201 %2 216 2% 235 233 243 247 20 55 a2
18085 178 02 38 =5 =0 . =4 2 212 276 76 6 33 56
18087 173 196 214 27 28 52 rrg] 213 3 284 238 29 37
13088 174 199 205 217 1 a2 242 248 x4 1 287 56 =6
18083 181 207 215 233 245 3 a2 2 278 282 289 58 35
1890 169 193 roid 215 23 =5 31 30 =7 243 248 =0 =5
1801 77 203 218 =7 240 245 54 20 285 =3 n 9 23
18092 17 201 215 21 4 236 2 34 242 249 =7 - 251 =5
18053 185 203 210 213 23 =8 243 242 23 x4 s 256 59
1894 168 134 187 189 200 208 213 216 25 =3 5 238 30
18099 188 212 4 34 54 2 zz Zs 232 21 302 9 301
180596 158 197 4] 218 =2 22 243 242 249 3 =0 33 33

401-189
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individual Femaie wWeekly Body Weights (g)

ks

Dosage Level, Study seak

Female Nusber TS 113 -] 5 17 T8 9 = 41 o 51
Elemprtal Phosphorus

0.073 mo/kg/day:

18067 276 292 74 284 p. .4 3 252 252 252 7% Dlad
18068 %9 293 314 302 30 28 pol} 294 27 m 309
18069 nz 301 206 302 304 307 313 311 38 318 33
18070 255 303 22 289 302 275 254 287 271 283 59
18071 28 a3 32 Dled

18072 282 30 333 20 308 306 3 300 20 74 306
18073 a1 28 Dlied

18074 87 284 254 »2 30 56 202 248 =0 p-1] 259
18073 6 250 2 254 7 2650 7 =9 1 274 33
18076 n7 322 Dled

18077 29 35 h-rp 312 330 33 233 39 301 308 322
18078 34 340 310 337 354 330 300 313 321 332 h1rd
13079 311 31 407 333 363 349 B3 93 35 318 M2
18080 33 315 m 321 320 323 37 332 335 341 360
18081 306 38 25 316 b ] 316 208 28 28 34 333
18082 B0 301 3% Died

18283 283 304 383 303 315 308 0 23 5 309 33
18084 23 306 373 28 305 30 269 e /8 286 304
18085 n 35 354 305 17 304 16 23 283 293 b1k
18086 312 324 309 306 301 313 310 312 316 3% a9
18087 308 33 392 =0 328 306 280 28 306 I14 152
18088 308 303 283 54 305 31t 318 319 320 37 332
18089 319 315 325 324 323 b-x11 348 b1 335 s a3
18090 5 282 307 282 m k3 }H 280 200 276 282 04
18091 304 338 306 321 % 3 300 30 29 307 32
18092 22 263 264 32 s 21 27 287 26 304 518
18093 re 23 336 Died

16094 262 28 Died

16055 311 42 408 Dled

18096 =7 21 Zi4 276 -1 204 29 288 22 22 =6

4071=189



Individua! Femle Weskly Body Welghts (g)

TesT Arricle,

Dosage Lavel, Study Week

Femzla Nusber ) = 26 27 b )

Elemental Phasphorus,

0.07% Ell_gld_n'z:

18067 Bled

18068 37 312 320 321 3324 323 b1 Sacriticed
18069 359 353 352 S48 Sacriticed

18070 8 a3 312 91 Sacrifliced

18071 Died .

18072 324 318 332 346 322 Socr1$iced

18073 Dled

18074 191 Died

18075 320 290 297 300 Sacrificed

18076 Died

18077 93 318 341 Died

18078 410 363 363 334 Sacritliced

18079 407 Died

18080 404 356 350 Died

18081 9 Dlied

18082 Dled

18083 -3 325 332 331 Sacrificed

180684 346 Diwd

18085 347 331 332 300 Sacriticed

18086 338 125 7 e 326 336 330 Sacriticed
18087 375 Dleg

13088 325 333 40 352 350 359 363 Sscrificed
18089 425 2 hx 358 Sacritlcad

18090 33 m Dled

18091 352 325 548 nz Sacriticed

18092 X7 307 316 316 330 335 338 Sacriflced
18093 Died

18094 Dled

18093 Dlea

18096 38 304 37 307 312 317 318 Socritlced

401-189
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APPENDIX D

Individual Maternal Body Weights
During Gestation and Lactation
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o

Individual ané Group Maan Macernmal Body Weights
During Gestation and Lactatiom - Fj,

Actusl Body Weight (grams)

Dosage Level,

Day of Gestation
7

Day of Lactation

Dam Numbar [1] 13 20 Q 7 14 21
0 mg/kg/day (Comtrel):
179320 261 289 295 284 Did not deliver
17933 272 304 319 395 317 327 327 320
17934 294 319 353 458 335 335 362 %0
17935 284 300 314 173 110 313 335 315
17936 264 272 280 as1 278 286 385 289
17937 297 318 337 404 313 314 317 293
17938 252 268 27; 334 282 288 285 283
17939 259 274 293 369 285 285 312 314
17940P 291 306 316 299 Did not deliver
17941° 262 280 230 277 pid not deliver
17942b 287 307 323 307 Did not deliver
17943 279 302 328 405 289 326 13s 133
179440 287 316 325 317 Did ot deliver
17945P 263 278 273 279 Did not deliver
17946 270 287 316 376 302 329 333 119
17947 314 341 362 446 347 155 370 347
17948 292 322 351 401 331 325 333 341
17949 274 292 3 376 297 308 302 303
17950 294 308 329 406 314 326 307 315
179s51b 365 372 I 394 pid not deliver
179520 277 295 305 291 Did not deliver
17953 a Did not deliver
17954 293 313 329 366 329 323 327 316
17955 233 261 Died gestation day 13 (gravid)
179562 245 265 275 291 Did not deliver
17957P 266 285 284 282 Did not deliver
17958 & Did bot deliver
17959 257 273 289 322 313 295 297 282
17960 285 305 319 385 320 319 310 328
17961 2%6 284 303 360 300 303 326 a1l
Mean 275 296 317 378 310 315 327 315
+S.D. 19.9 21.4 26.6 41.5 19.7 19.1  26.1 19.8
a - No evidence of copulation
401-189 b - Gestation body weights not included in calenlarion of mean

S.D. - Standard deviation
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Individual and Group Mean Maternal Body Weights
During Gestatioan and Lactatiocnm - Fy,

Test Article, Actual Body Weight (grams)
Dosage Level, Day of Geatation Day of Lactation
Dam Number o 7 13 20 o 7 14 21

Elenental Phosphorus,

0.005 mg/kg/day:

179770 279 291 302 293 Did oot deliver
17978® 243 265 270 259 Did mot deliver
17979 269 279 299 150 276 299 311 308
17980 247 275 294 3438 269 300 302 287
17981 a Did not deliver
17982 276 286 308 393 311 310 322 300
17983 272 293 309 345 303 323 312 317
17984 233 255 278 306 271 293 300 277
17985 264 288 305 353 287 302 282 284
17986 . 293 303 321 191 300 340 329 317
17987 282 301 329 390 342 326 324 336
17988 282 300 316 392 301 319 306 326
17989 259 281 298 3s8 283 314 313 314
17990 258 291 321 394 306 3264 320 326
17991 288 299 318 395 345 337 333 324
17992 263 280 290° 329 275 287 298 300
17993 301 323 340 396 342 330 320 311
1799% 231 307 323 ass 336 330 3254 336
17995 324 338 358 415 345 343 335 328
17996 , 279 301 327 182 319 327 344 317
17997 78 297 321 38 310 328 325 338
17998P 261 287 295 278 Did not deliver
17599° 260 277 276 275 Did not deliver
18000 258 283 309 372 297 323 328 335
18001 245 262 283 344 282 299 290 289
18002 267 308 330 411 311 320 327 328
18003% 262 287 291 284 Did not deliver
18004 254 272 286 344 2€2 273 288 280
1800sP 276 298 302 293 Did not deliver
18006 a 272 283 296 258
Mean 27 292 312 370 102 314 314 212
+S.D. 20.7 18.9 19.6  28.5 26.6  19.1 16.5  19.3

a - Ho evidence of copulation
401-189 b - Gestation body weights not included in calculation of mesn
S.D. ~ Standgrd deviation
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Individual and Group Mean Maternal Body Weights
During Gestation and Lactation - Fi;

Test Article, Actual Body Weight (grams)
Dosage Llevel, Day of Gestatioun Day of Lectatioun
Dam Number o 7 13 20 0 7 14 21

Elemental Phosphorus,
0.015 mg/kg/day:

18022 245 280 302 372 276 317 328 320
18023 266 299 319 394 305 326 31s 327
18024P 279 300 299 298 Did mot deliver
1802sb 268 285 302 313 Did not deliver
18026 245 273 280 352 273 293 303 309
18027 271 290 302 377 297 299 305 300
18028 260 269 284 350 276 279 298 301
18029Y 252 253 251 247 Did not deliver
18030P 288 291 298 306 Did not deliver
18031 302 321 332 383 324 328 335 s
18032% 270 287 302 284 Did pot deliver
180330 : 246 259 251 248 Did not deliver
18034 a Did pot deliver
18035 274 295 308 395 317 328 341 305
18036 295 312 328 390 329 329 335 338
18037 268 283 295 375 285 305 307 307
18038P 277 298 302 308 Did oot deliver
18039 272 2e7 313 397 309 332 329 331
18040 273 285 318 406 314 328 339 334
18041 a Did noit deliver
18042 270 287 302 354 288 290 308 291
18043 273 298 319 382 314 331 333 300
18044 266 272 290 356 291 299 304 302
18045 271 292 320 392 296 306 325 307
18046 250 262 277 237 271 290 308 302
18047 281 299 323 401 311 332 337 319
18648 265 283 305 373 285 310 306 290
18049 286 301 316 388 285 Died lactation day 6
18050Y 277 290 295 306 Did mot deliver
18051P 290 31e 317 305 Did not deliver

Mean 269 289 307 373 298 312 320 311
+S.D. 16.1 4.8  15.9 36.7 18.3 17.6 15.0 14.4

a - Bo evidence of copulatiom
401-189 b ~ Gestation body weights not included in calculation of mean
S.D. - Standard deviation
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Individual and Group Mean Maternal Body Reights
During Gestation aud Lasctatiom - F,

Test Article, Actual Body Weighe (grams)
Dosage Level, Day of Gestation Day of Lactation
Dam Number [} 7 13 20 0 7 14 21

Elemental Phosphorus,

0.075 mg/kg/day:

18067 247 269 283 319 281 280 287 288
180638 a Did notr deliver
18069 285 300 308 296 Did ot deliver
18070 243 257 275 332 263 277 298 285
18071 240 2680 276 339 Died gestation day 22
18072 2654 285 303 364 284 301 308 305
18073 254 269 291 365 Died gestation day 21
18074 242 258 272 330 254 262 289 269
1807sP 242 258 258 253 Did not deliver
18076 267 288 317 391 Died gestacion day 22
18077 270 289 308 395 309 315 326 294
18078 289 310 329 407 311 337 347 325
18079 281 311 327 371 326 340 359 33
18080 a Did wot deliver
18081 260 293 314 383 285 308 327 329
18082 - 264 289 309 380 Died gestation day 22
18083 270 282 304 361 294 296 307 312
18084 263 283 297 349 277 301 295 291
18085 262 271 292 347 312 305 306 308
18086 a Did not deliver
18087 297 305 327 384 313 288 329 302
18088P 301 304 290 286 Did oot deliver
18089 a Did not deliver
18090 256 270 286 342 272 297 303 278
18091 276 299 320 395 302 321 321 327
18092 a Did oot deliver
18093 265 278 297 355 Died gescation day 21
1809 260 251 270 346 Died gestation dxy 22
18095 3ol 311 337 399 Died gestation day 21
1 8096b 257 281 277 277 Did not deliver

Mean 264 282 302 364 292 302 314 303

*Ss.D. 17.5 18.5 20.2 25.5 21.3 21.8 19.9 20.3

8 — Ko evidence of copulatiom
401-189 b - Gestatiomn body weights not inclwuded in calcuiation of mean
§$.D. - Standard deviatien
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Individual and Group Mean Matermal Body Weights
During Gestation and Lactation - Fyp

Actual Body Weight (grams)

Dosage Level,

Day of Gestation

Day of Lactation

Dam Number 0 7 13 20 o 7 14 21

0 mg/kg/day (Contrel):

17932 279 309 328 396 333 330 336 311

17933 294 313 338 401 335 354 339 315

17934 301 328 361 463 Died gestation day 22

17935 295 319 346 421 337 359 358 334

17936 268 278 289 371 285 315 296 305

17937 299 324 341 432 330 352 346 318

17938 265 278 294 359 291 302 312 291

17939 285 296 307 370 306 321 341 320

17940 320 331 355 418 338 347 351 Died

lactation
day 18

17941 283 299 316 380 317 314 305 303

17942 . 312 332 346 416 330 351 336 322

17943 300 328 344 417 325 364 343 327

1794640 345 367 375 347 Did not deliver

17945P 291 293 294 295 Did not deliver

179462 290 303 311 295 Did not deliver

179470 332 356 351 347 Did not deliver

17948 301 322 347 4la 325 361 364 295

17949 283 285 314 392 305 333 319 340

17950 300 318 337 414 338 344 358 312

17951 403 420 43 457 439 451 542 438

17952 Died prior to Fjp maring

17953 325 338 350 413 334 341 339 3z7

17954 308 318 341 421 326 344, 327 307

17955 Died prior ro Fjp mating

17956 265 283 296 354 308 295 296 298

17957° 299 300 298 300 Did not deliver

179580 284 281 276 281 Did oot deliver

17959 267 285 302 374 c 327 309 121

17960b 250 315 317 312 Did aot deliver

17961 290 310 325 411 309 326 339 3%
Mean 297 315 334 404 327 . 341 338 322

+5.D. 29.7 30.7 31.4 29.1 31.5 32.2 31.8 31.2

401-189 b - Gestation body weights not included in calculation of mean

¢ — Lactation day 0 body weight inad:
S.D. -~ Standard deviaciom

~ertently not recorded
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Individusal and Group Mean Maternal Body Weights
During Gestation and Lactation - Py

Test Article,
Dosage Level,

Actual Body Weight (grams)

Day of Gestaciaon

Day of Lactation

Dam Number [3] 7 13 20 1] 7 14 21
Elemental Phosphorus,
0.005 mg/kg/day:
179770 301 312 312 316 - Did not deliver
17978 253 281 296 340 316 3064 302 287
17979 293 299 296 298 Did pot deliver
17980 283 289 308 379 287 307 311 292
17981b 287 297 292 297 Did not deliver
17982° 2 pid not deliver
179834 286 Died gestation day 1
17984 266 282 275 271 Did not deliver
17985 275 293 313 375 304 16 323 273
17986 306 328 337 414 354 359 373 340
17987 302 319 335 372 352 358 358 360
17983 302 311 328 413 ansy 331 334 320
17989P 271 277 280 286 Did por deliver
17990 281 312 313 329 307 316 337 329
17991 302 310 333 396 157 350 348 318
17992 286 299 310 371 316 333 336 310
17993P 314 341 343 339 Did wot deliver
17994 314 333 342 383 358 339 352 350
17995 315 32 353 444 376 353 372 131
17996 302 323 343 406 350 363 3s4 352
17997 298 312 320 361 326 339 343 324
17998 285 309 329 381 329 333 318 315
17999P a Did nor deliver
18000 291 306 329 505 336 358 365 336
18001 274 284 304 378 297 311 285 297
18002 305 335 366 542 359 346 as1 346
18003P 293 302 317 312 Did mot deliver
18006 267 284 294 375 274 296 300 283
18005% s pid oot deliver
18006 273 280 302 361 296 318 319 314
Mean 290 308 324 386 326 333 338 320
+S.D. 16.9 18.8 19.7 30.1 28.1 20.5 26.7 25.0
a - Ko evidence of copulsation
401-189 b - Gastation body weights not inciuded in calcularion of memn
d - Unable to confirm pregnancy status due to early gestazion

S$.D. - Standsard deviscion

day at time of death, value(s) excluded from calculiatioas
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Individusl and Group Mean Maternal Body Weights
During Gescation and Lactation - Pjip

Test Arcicle,

Actual Body Weight (grams)

Dosage Level,

Day of Gestation

Day of Laccacion

Dam Number 0 7 13 20 ) 7 1% 21
Elemental Phosphorus,
0.015 mg/kg/day:
18022 277 298 317 501 310 340 152 316
18023 290 318 337 429 356 138 153 336
18026 319 324 342 405 351 %8 355 48
18a25P 289 314 323 315 Did not deliver
18026P 263 290 286 275 Did not deliver
18027 283 303 316 197 318 328 326 313
18028 265 290 315 374 301 333 333 33
18029P 255 260 262 262 Did not deliver
18030 a Did oot deliver
18031 3126 331 346 388 352 356 kTA 338
18032 288 315 332 336 351 339 337 306
18033° 252 257 266 262 Did oot deliver
18036 302 323 343 392 303 127 318 3064
18035 297 316 336 416 349 349 374 362
18036 12 326 336 370 369 %7 347 345
18037 282 297 308 348 320 N2 316 313
18038 305 314 330 416 322 351 336 325
18039% 303 306 302 302 Did not deliver
18040 308 126 - 350 438 360 364 361 341
18041® 355 361 3s8 360 Did oot deliver
18042 280 102 311 371 303 3zs 319 300
18043% 291 291 296 295 Did not deliver
18044 285 294 310 380 328 331 330 320
18045 291 304 326 401 303 3zl 323 3346
18645 273 280 293 333 308 310 308 305
18047 297 318 333 402 c 337 325 339
18048 275 293 313 377 325 325 316 315
18049 Died prior to F)p maring
18050 316 327 347 518 132 353 336 318
18051 a Did wot deliver

Mean 294 310 327 392 130 336 335 325
+§.D. 16.8 14.7 15.8 26.0 22.5 14.2 17.3 15.4

401-189 o

[1]
t 1o

s.D.

No evidence of copulation

Gestation body weights not included in czlculation of mean
Lactation day 0 body weight insdvertently not recorded

Standard deviacion
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Individual and Group Mean Materunal Body Weights

During Gestation and Lactatiom =~ Flp

Test Article,
Dosage Level,

Actual Body Weight (grams)

Day of Gestation

Day of Lactation

Dam Number 0 7 13 20 0 7 14 21

Elemental Phosphorus,

0.075 bog/kg/day:

180674 266 Died gestarion day 5

18068b 301 306 306 308 Did oot deliver

18069 307 336 353 378 350 351 349 351

18070 270 287 - 301 361 312 303 319 301

18071 Died prior to Fy, mating

18072 287 307 317 361 337 334 332 325

18073 Died prior to Fly mating

18074 248 258 272 334 Died gestation day 22

18075 269 288 308 368 287 296 309 302

18076 Died prior to Fip mating

18077 289 313 329 413 315 318 327 Died
lactation
day 18

18078 314 334 35¢ 431 353 364 362 339

18079 293 324 347 421 Died gescation day 22

18080 326 343 365 438 366 47 357 Died
lactation
day 17

18081 280 314 33s 416 Died gestation day 21

18082 Died prior to Fip mating .

18083 300 317 333 415 328 328 347 314

18084 275 287 304 375 Died gestatiom day 22

18085 279 299 316 377 350 338 351 335

18086° 310 341 343 336 Did not deliver

18087 301 320 332 407 Died gestation dsy 22

18088 a Did not deliver

18089 359 377 393 474 383 362 353 334

18090 278 298 306 386 Died gesration day 22

18091 297 320 330 406 316 3545 349 327

18092% 301 322 307 307 Did aot delivev

18093 Died prior to F)p macing

18094 Died prior to Flp mating

18095 Died prior to Flp mating

180960 297 295 301 301 Did not deliver

Mean 292 313 330 398 336 335 341 325
+5.D. 25.4 27.0 28.8 34.7 27.7 22.3 17.0 16.9
a - Bo evidence of copulation
401-189 b = Gescatioo body weights not iacluded in calculation of mean
d

Unable to confirm pregnancy status due to early gestation

day at time of deach, value(s) excluded from calcylations
S.D. = Standard deviation
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APPENDIX E
Individual Litter Data
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Individusl Uterine Exmmination Data

Total
Implentation
Dosage Level Sites Number of Pups Delivered
Dam Number Af Necropsy T1a Fib Sites®

0_mg/kg/day (Control):

17932 12 b 1 1
17933 - 17 14 11 -8
1793% - 18 Died (gravid,
«17 total
implanrcs &
delivared pups
12 normally
developing
implants, 1
early rasorp-
eion)
17935 21 8 12 1
17936 23 12 12 -1
17937 27 14 12 1
17938 20 10 12 -2
17939 20 15 8 -3
17940 12 b 12 0
17941 13 b 12 1
17942 13 b 12 1
17943 30 16 13 1
17944 0 b b -
17945 1] b b -
17946 . 17 13 b 4
17947 ) 14 16 b -2
17948 19 10 12 -3
17949 25 13 12 0
17950 27 13 14 -5
17951 2 b 2 o]
17952 0 b Died -
17953 10 b 9 1
17954 17 3 13 1
17955 - Died (gravid,
14 implants)
17956 10 b 9 1
17957 o b b -
17958 0 b b -
17959 22 3 12 7
17960 15 13 b 2
17961 22 10 15 -3

&toral implantation sites minus total pups delivered
Did not deliver
401-139 =-Not applicable
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Individual Uterine Examination Data

Total

Test Article, Implantacicn
Dosage Level, Sites Rumber of Pups Delivered Remaining

Dan Number At Necropsy Fla F1p Sices?
Elemental Phosphorus,
0.005_mg/kg/day:
17977 0 b | b -
17978 5 b 5 0
17979 10 10 b Q
17980 18 12 14 -8
17981 0 b b -
17982 14 14 b (4]
17983 4 3 Died® 1
17984 5 5 b 1
17985 14 12 14 -12
17986 23 15 12 -4
17987 25 11 14 0
17938 kY 15 16 0
17989 14 . 12 b 2
17930 16 14 "2 0
17991 19 11 9 -1
17992 16 6 9 1
17993 10 9 b 1l
1799 ' 5 2 4 -1
17995 22 11 14 -3
17996 14 10 10 -6
17997 17 11 s 1
17998 ) 6 b 6 0
17999 0 b b -
18000 19 12 13 -6
18001 23 11 13 -1
18002 28 15 16 -3
18003 0 b b -
18004 16 14 13 ~-11
18005 0 b b -
18006 19 °] 10 0

ATotal implentsetion sites minus total pups delivered

Did not deliver

S¥umber of implmtations unavailable due to 'el.rly'sea':a:_ion

day
401-189 -Not applicadble



/%7

Individual Uterine Examination Data

Total
Test Article, Implantation _
Dosage Level, Sites Number of Pups Delivered - Remaiaing
Dam Number At Necropsy Fla P1v Sices®

Elemental Fheosphorus,

0.015 mg/kg/day:

18022 27 12 14 1
18023 25 13 13 -1
18024 12 b 10 2
18025 1 b b 1
18026 14 14 b 2
18027 28 14 13 1
18028 23 12 11 0
18029 0 b b -
18030 0 b b -
18031 10 9 8 ~7
18032 6 b 6 0
18033 0 b b -
18034 14 b 13 1
18035 30 14 13 3
18036 17 12 3 2
18037 24 17 7 0
18038 15 B 14 1
18039 14 15 b -1
18040 28 16 13 -1
18041 0 ® b -
18042 16 9 9 -2
18043 12 12 b 0
18044 21 11 11 -1
18045 2 - 15 12 -3
18046 17 11 6 0
18047 28 15 12 1
18048 25 13 11 1
18049 15 14 Died 1
18050 15 b 12 3
18051 0 b b -

2Totsl implantation sites minus total pups delivered
id not deliver :
401-18% -Not applicable
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Individual Uterine Exmmination Data

Total
Test Article, Implantation
Dosage Level, Sites Number of Pups Delivered i
Dam Number At Necropsy Pla F1b Sites?

Elemental Phosphorus,

0.075 mg/kg/day:

18067 5 S Died€ a
18068 (4] ] b -
18069 2 b 2 ]
18070 20 12 11 -3
13071 - Died (gravid, - -
10 implamets)
18072 19 10 5 4
18073 - Died (gravid, - -
15 implants)
18074 - 12 - Died (gravid, -
11 implancs)
18075 13 b . 12 1
18076 - Died (gravid, - -
12 implants)
18077 19 8 13 -2
18078 24 14 13 -3
18079 - 12 Died (gravid, -
14 implruts)
18080 13 b 13 Q
18081 - 13 Died (gravid, =
16 implumta)
18082 - Died (gravid, - -
12 implamts) .
18083 20 ? 11 2
18084 - 9 Died (gravid, -
12 implants)
18085 19 7 8 4
18086 0 b b -
18087 12 Died (gravid, -~
N : 13 implamts)
13038 0 b b -
18089 15 b 13 2
18090 10 Died (gravid, -
13 implants)
18051 25 14 13 -2
18092 0 b b -
18093 - Died (gravid, - -
14 implamts)
18094 - Died {gravid, - -
. 14 implants)
18095 - Died (grawvid, - -
12 implants
18696 0 b b -

ATotal implamtation sites minus totzl pups del:.vered
bpid not deliver
SNamber of implantations unavailsble due to exrly geatatmn
day
401-189 =Not applicable
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Historical Control Data
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APPENDIX H
Persconel Involved in the Study



The following list of people

of various phases of this study:

Dale Aldridge, B.S.
Stephen Allen, B.S.
Carol Bajo

Malcolm Blair, Fh.D.

Dixie K. Bushee, B.S.

Serena Cole, B.A.

Mark W. Griggs, B.S.

Joan Homneysett, B.A.

Jacqueline M. Leng, B.S.

Ward R. Richter, D.V.M.
A.C.V.P.

James L., Schardein, M.S.

Colleen A. Schwartz

Yolanta Sochanek, B.S.

Roger Terry, B.S.

Joseph H. Thorstenson, Fh.D
Patrick E. Traster, B.S.
Linda ¢. Uraih, D.V.M,, M.S.
Robert E. Vollmar, M.S.

R. John Weaver, M.S.

401-139

81

were responsible for the supervision

Gnit Supervisor, Report Writiasg,
Reproduction and Teratology

Tnit Supervisor, Test Material
Control

Group Supervisor, Reproduction and
Teratology

Director of Toxicology Division

Tonit Supervisor, Test Material
Control

Unit Supervisor, Reproductionm and
Teratology

Group Supervisor, Teat Material
Control

Dunit Supervisor, Reproduction and
Teratclogy

Report Writer, Reproductiocn and
Teratology

Divsctor of Pathology Division

Director of Reproduction and
Teratology

Assistant to the Director,
Reproduction and Teratology

Tnit Supervisor, Reproduction and
Teratology

Group Supervisor, Reproduction and
Teratology -

Director of Analytical Chemistry
Director of Laboratory Services
staff Pathologist

Director of Statistics and
Computer

Biostatistician, Statistics and
Computer
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Abbreviations Utilized on the
Individual Animal Data Record

Tis. = Tissue

9l
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Abbrevistions Utilized on the
Microscopic Tissue Iaventory

DCS - Deaths and Unscheduled Sacrifices
SAC - Scheduled Sacrifice
Tis. = Tissue
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INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISION OR CLARIFICATION

Protocol Sheet No. 5 Study No. 401-189 (IR-82-215)

‘TITLE: ONE GENERATION REPRODUCTION STUDY IN RATS WITH ELEMENTAL PHOSPHORDS

ITEM JUSTLFICATION
1l Persconel changes due to the resignation of

Mr. Barry W. Bensoun.

ITEM PROTOCOL REVISION OR CLARIFICATION

1 Director of Quality Assurance: Patrick E, Traster, B.S.
Manager of Test Material Control: Mark W. Griggs, B.S.
Manager of Animal Services: James R. Casey, B.S.

Study Director James L. Schardein, M.S.

/.l--q L j%ﬁl\slzusa

Signarure Date
4

;

IR90-43~5 ¥

A8F



INTERNATIONAL RESEARCE AND DEVELOPMENT CORFCRATION

PROTOCOL REVISION OR CLARTFICATION

Protococl Sheet No. 4 Study No. _ 401-189 (IR-82-215)

38K

TITLE: ONE GENERATION REPRODUCTION STUDY IN RATS WITH ELEMENTAL PHOSPHORUOS

ITEM JUSTIFICATION

1 Documentation of a2 protocol deviation resulting
in the incorrect number of F1a PUPS necropsied
at weaning.

ITEM PROTOCOL REVISION OR CLARIFICATION
1 At weaning, 5 male and 5 female F), pups were

necropsied instead of the protocol-designated
number of 10/sex/group.

Study Director James L. Schardein, M.S.

(T
Signaturae Date

’

IR90-49-5
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INTERNAT IONAL RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISICN OR CLARIFICATION

Protocol Sheet No. 3 Study No. 401-189 (IR-82-215)

TITLE: ONE GENERATION REPRODUCTION STUDY IN RATS WITH ELEMENTAL PHOSPHORDS

ITEM JUSTIFICATION

1 Designation of F) pups to be examined histopatho-
logically.

ITEM PROTOCOL REVISION OR CLARIFICATION

1 The protocol designated tissues and organs of the

Fip pups preserved at necropsy will be examined
microscopically for the high dose aad control
groups. The tissues 2vd organs of the Fj; pups
will oot be examined.

Study Director James L. Schardein, M.S.

(’7, L ,é'-wl__,L—\ 5/26/83

Signature Date
/

IR90-49-5 !



INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION

)

PROTOCOL REVISION OR CILARIFICATION

Protocol Sheetr No. 2 Studvy No. 401-189 (IR-82-215)

TITLE: ONE GENERATION REPRODUCTION STUDY IN RATS WITH ELEMENTAL PHOSPHCRUS

Page | of 2
ITEM JUSTIFICATION
1 Due to the reduced fertilicy observed inm all

groups, the study will be extended for production
of a second litter (Fjn) by the Fpy pareats.

2 Mating, gestation and .actation procedures for
production of F|p litters.

3 Revised study cermination procedures.
& Revision of histopathology evaluation of pups.
5 Study schedule revision.
ITEM _ PROTOCOL REVISION OR CLARIFICATICON
1 All Fg males and females will remain on study and

continue on treatment after the F] pups (hereafter
described as F], pups) are weaned for producticn
cf a second litter (Fip).

2 Ten days after completion cf the Fj, weaning
period, the Fg females will be bred a second time
to produce the Fip litters. Each mating will be
with 2 different male within the same treatmeat
group., All observations and measuremenfs pre-
viously described for the Fgp parents and Fj, pups
will subsequently be made during gestation and
lactation of the Fjp litters.

Study Director James L. Schardein, M.S.

4_'/;'% L_ M—L\ 2/25/83
Signature - Date
;

IR90-49-5



INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISICN OR CLARIFICATION

Protocol Sheet No. 2 Study No. 401-189 (IR-82-215)

TITLE: ONE GENERATION REPRCDUCTION STUDY IN RATS WITH ELEMENTAL PECSPHORUCS

Page 2 of 2
ITEM PROTOCOL REVISION OR CLARIFICATION

3 At weaning, all Fp dams and 10 male and 10 female
Fip pups randomly selected from each group will
be sacrificed and necropsied ar weaning. At the
complecion of the Fp weaning period, 1O randomly
selected Fp males from each group and Fj females
oot delivering litters will be sacrificed and
necropsied. Specific evaluatioas at aecropsy
will be coanducted as directed ia Section XVI.D.
cf the protocel. Tissues will be preserved from
the above Fg (10/sex/group) amimals and evaluacted
as described in Section XVI.E.2. of the protocol.
Tigsues will also be preserved from the Fjj Dups
(10/sex/group) for possible histopathology.

4 The tissues and organs of the Fi, (previcusly
designacted as Fj) and Fip Pups preserved at nec—
ropsy will not be examined histopathologically at
this rime. The Sponsor will make 3 decision at a
latar date which of the two litters will be eval-
uated.

5 Proposed Completion Date of Study: May L7, 1983

Study Director James L. Schardein, M.S.

-,_O:r-.__ L_,Aﬂ'_&_&-z—\ 2/25/83

Signgture Date

IR90-439-5

383



INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISION OR CLARIFICATION

Protocal Sheet No, 1 Study No. 401-189 (IR-82-215)

TITLE: ONE GENERATION REPRODUCTION STUDY IN RATS WITH ELEMENTAL PHOSPHORUS

Page 1 of 2

ITEM JUSTIFICATION

1 Bstablish study number,

2 Determine study schedule.

3 Establish dose levels as set by Sponsor.

4 Identification of test article,

5 Study iniciatrion.
JITEM PROTOCOL REVISION OR CLARIFICATION

1 IRDC Study No. 401-189 (IR-82-215).

2 Proposed Starting Date of Study: October 19, 1982

Proposed Completion Date of Study: March 4, 1983

Proposed Date of Final Report: September 9, 1983

3 Xv.D.
Number of Parental
Group Animals Dosage Level
Number Males Females (mg/kg/day)
1 15 30 -0
2 15 30 0.005
3 15 3¢ 0.015
4 15 30 0.075

Study Director James L. Schardein, M.S.

-

rnn L ' 9/28/82

Sigj&ure < - Date

IR90-49-5

369



INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISION OR CLARIFICATION

—

e ———————————— e ———

Protocol Sheer No. 1 Study No. 401-189 (IR-82-215)

TITLE: ONE GENERATION REPRODUCTION STUDY IN RATS WITH ELEMENTAL PHOSPHORUS

Page 2 of 2
ITEM PROTOCOL REVISION OR CLARIFICATION
4 IRDC No. 7481B.
5 Initiate study in accordance with attached protocol.

Study Director James L. Schardein, M.S.

9/28/82
Date

IR90-49-5



II.

III.

vI.

vil.

VIII.

STUDY TITLE

One Generation Reproduction Study in Rats with Elemental Phosphorus

PURPOSE OF THE SIUDY

The objective cof this study is to determine the effect of the test
article on fertility, parturition, neonatal viability, growth of

the newborn and reproductive performance in rates.

utilizes treatment of boch sexes,

STUDT NUMBER

TESTING FACILITY

The study design

International REesearch and Development Corporation

Mattawan, Michigan 49071
SPONSOR

Monsanto Chemical Company

300 North Lindbergh Boulevazrd

St. Louis, Missouri 63166

SPONSOR'S REPRESENTATIVE

Dr. Rasbmi Nair

IRDC PERSONNEL RESPONSIBILITIES
Study Direcror:
Director of Toxicology Diviaion:
Agsoclace Director of Toxicology

Division:

Director of Quality Assurance:
Director of Laboratory Services:
Directar of Statistics & Computer:
Director of Pathology Division:

SCHEDULE
Proposed Starting Date of Study:
Propogsed Completion Date of Study:

Propesed Date of Final Reporct:

James L., Schardein, M.S.

Director of Reproduction and
Teratology

Malcolm Blair, Ph.D.

.Dale E, Johnson, Pharm.D., Ph.D.

Barry W. Benson, B.S,

Patrick E. Traster, B.S.

Robert E. Vo].lll.r, M.S.

Ward R. R:I-Chter, D-v-!-, H-S.,
A.C.V.P.

September, 1982

Pebruary, 19383
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X.

TEST ARTICLE DATA (To be supplied by Sponsor)

Page 2 of 12

Al

E.

Identification: Phosphorus (yellow); IRDC 7481EB

Lot Number: Pisher 701623
Baceh Number:

Physice=Chemical Propertles:

Purity:
Shelf Life:

Storage Conditions: Phosphorus is shipped and stored in accordaace

wvith DOT regulations (see actached information).

Safety Precautions: Phosphorus is a flammable solid and 1a

considered hazardous.

TEST ARTICLE PREPARATION

A.

B.

Doaage Concentrations

Based on data supplied by the Sponsor a stock solution will be
prepared for dilution to deliver the stated dosages., Preparation
of the solution and the analytical method for determimation of
phoaphorus in prepared test solutions is ocutlined in Appendix T.

Stock and dosing solutions will each be prepared in separate
batches as required since the atability of phosphorus iz corn
o1l has been established as at least 17 days by the Sponsor.
The prepared test solutions will be stirred overnight usiag a
magnetic stir plete and bars and anaiyzed 24 bours after pre-
paration to allow for complete dissolution of the phosphorus.
Prior to administration te the resat animals, samples from each
lavel and batch will be analyzed in duplicate. Assay values
which deviate from normal expecrad ranges (Table 3, Appendix I)
will be cousidered out of tolerance and will not be administered
to the animals. A replacement solution will be prepared imme~
diately and analyzed.

Dosage Preparation

The test article will be given in corm oll at 2 conszant volume

of 5 ml/kg. The concrol group will be given cora aoil only at a
volume of 5 ml/kg.

=)



Page 3 of 12
XI. TEST ANTMALS .

A. Species: Rat

B. Strain: Charles River COBS® CD®
C. Scurce: The Charlea River Breeding Laboratories, Inc,

9801 Shaver Road
Portage, Michigan 49081

D. Age at Start of Study: Approximately 6-7 weeks of age it receipt;
56 days of age at initiation cf dosing.

E. Body Weight ar Start of Study: Males: approximately 225-250 g
Females: approxrimately 175200 g

P. Method of Identification: EBach parental rat will be identified by
cage, group and individually by a monel meral ear tag bearing
ity ani{mai oumber. The individual animsl ommber plus the IRDC

project number will comprise a unique identificatioe mmber for
each animal.

G. Number on Study: 60 males and 120 females

H. Reason for Selection: The rat is an acceptable model for
reproduction studies. This laboratory has historical
coutrol data on the fertility, neonatal survival indices
and growth rates and the reproductive performance in rats
of this strain from rhis source.

XII. STUDY DURATION

The duration of the entire study from initiaticn of treatment in the
males through lactation of the pups 13 approximarely 412 months. A
study schedule will be igsued prior to study initiacion that w111
include the following informatioun: dates for animal ar»ival, mating
initiation and cermination, administration of the rest amd centrol
arricies (initfarioz and termination), parturicion, lacratiom and
gacrifice.

XIII. ROUTE OF ADMINISTRATION

Oral.

Beason for Use: One of the potential routes of exposure to Immans
is oral.



XIV. METHOD AND FREQUENCY OF ADMINISTRATION CF THE TEST ARTICLE

Page 4 of 12

Gavage. Animsls will receive the teat acticle by gavage as a single
daily doge. It will be administered in corm all at a constant volume
of 5.0 ml/kg/day. Adminigrration of both the test and control articles
(corn oil) to both sexes will begin 30 days prior to mating. In wmales
dosing will comtinue until sacrifice. Adminiatration in the females
will contizue through gestation and wesaning of the pups., Individual
dosages will be based on the most recent weekly body weights.

EXPERTMENTAL DESIGN

A. Animal Condicioning and Selectiom

Approximately 150 female and 75 male Charles River COBS® CD®
rats will be removed randomly from the shipping cartons and
housed for a minimm 10 day acclimarion periocd. During this
conditioning period, the Tats will be aobserved daily for any
clinical signas of disease and all snimais will be given a
detailed physical examinatior just prior o study initiacion.
All rats with any evidence of dizease or pocor physical coundition
will be discarded. Animals considered suitable for study will
be randomly selected and divided into the groups indicated
using the procedure described in Section XV.C.

B. Eousing

All animals will be housed in an envirommentally contzolled
room with an average temperature of 23 + Z°C amd average
humpidity of 50 + 15 percent. Fluorescent lighting will
provide illuminacion 12 hours per day. Doring the gtudy,
racs will be bhoused individually in suspended wire~mesh cages
except during mating, gestation and lactation. On geatation
day 0, the females will be housed in plastic cages wirth wood
shaving bedding mmtil sacrifice,

C. Randomization (Procedure A)

Animal mmbers and corresponding body weights are emncered

onto magnetic tape which is used as the data source for che
randomization procedure. The mean body weight and standard
deviation are calculated by sax and 4 <owputer—generarted edit
develops a listing of those animalis whose body weights are
within + 1.5 standard deviations of the mean. From the
qualifying smimals, the randomization procedure selects and
assigns the required number of animals. Bartlett's Chi-square
test for homogeneity of variances is applied to the groups. If
the groups are not judged to be homogeneous, new randomizations
are applied mntil homogeneity is established.
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XV. EXPERIMENTAL DESIGN (continued)

D. Dosage Levels
Number of Parental

Group Animals Dosage Level
Number Males Females (mg/kg/day)
1 15 30 0 (Vehicle Control)
2 15 30 Low Dose
3 15 30 Mid Dose
[ 15 30 BEigh Dose

E. Basal Laboratory Diet

1. Basal Diet: Certified Rodent Chow® #5002, Ralston Purina
Company. Diet will be available ad libizum to all
animals. -

2. Identificatiom: Each lot utilized will be ildeatified and
Tecorded.

3. Contaminanr levels: The diet used will be a certified diet
with specified analyses for contaminants performed by
the supplier.

F. Dripking Water

The drinking water used for test animals at IRDC will be
aocnitored for contaminants ar periodic intervals according
to IRDC Standard Operating Procedures. Water will be
avallable ad libitum for all amimals.

ZVI. OBSERVATICNS AND EXAMINATTONS

A. Parantal Observations

1. Signs: All parental amimals will be observed for mortality
and signs of overt toxicity twice each day (morning and
afternoon), seven days a week., Should mortality or
such signs of overt toxicity be observed, these will
be recorded cn the day cbservad. Examples of overt
toxicity include cremors, convulsions, loss of rightiag
reflex, axceasive hiood loss and moribundicy. An excep-
tior to this would be a recurring, frequently observed
reaction for which a generagl statement will suffice.
Puring treatment, a detailed clinfcal cbeexvation of
each anima]l will be performed weekly and the findings
recorded.



m.

OBSERVATIONS AND EXAMTNATIONS (centinued)

Page 6 of 12

2. Body Weights: Males and females will be weighed weekly
during treatment until sacrifice. Females will also be
weighed on gestation days 0, 7, 13 and 20 and om days O,
7, 14 and 21 of lacration.

3. PFood Consumprion: Individual food cousumption will be
meagsured for all parental animals weekly except during
the sating period when the animals will be cohabitating.

4, Mortalicy: Any rat sbowing signs of severe debility or
toxicirty, particularly if death appears imminent, will
be kilied to prevent loss of tissues through antolysis.
All rats killed in extremis or found dead will be scb~
jected to a routine necropsy procedure., The dispositicc
of all animals and intact fetuses or pups 13 described
in Secrion XVI.E.

5. Estrous Cycle Determinacions: Ten days prior to mating and
until evidence of copulation 13 observed or the mating
period bas ended, the females will be gmeared dally ro
eatabligh eatrous cycles,

Breeding Procedures

Sexually pature male and fegale rats will be acclimared in chis
laboratery for & mipimom of 10 days prior to study initiacion.
All vats will be randomly assigned by a computer—gemerated
program to three tTeatment groups and one control groop of 15
males and 30 females each and properly identified by ear tag.

After B0 days of exposure to the Fp animals ope male will

be housed with two females of the same (reatmeat group in

a plastic cage with wood shaving bedding for mating. The
occurrence of copulation will be established by daily
inspection for a copulatory plug or vaginal smear for sperm.
A positive finding 1is considered day "0 of gestatiomn. Each
female is then returned to an ind{vidual plastic cage. The
maxinum mating period will be 15 days. If no evidence of
copulation is cbtained in 10 days, the female will be placed
wvith another male (sperm positive in the infrial 10 days) in
the same treatment group for the remaining S5 days. After the
15~day marting pericd the males will be returned to suspended
wire-mash cages until sacrifice. At this time, femsles with no
evidence of mating will be housed individually and provided
nesting material.

DG/ -
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IVI. OBSERVATIONS AND EXAMINATIONS (continued)

Cc. Deliveg

All females from each group will be allowed to deliver, Toward
the end of the gestation period, females will be examined rwice
daily for gigns of parturition. The bred females will be
allowed to give birth (P;). The duration of gestation will be
caleulared and any difficulties occurring at parturitiom will
be recorded. The day oun which all pups have been delivered
will be defined as day O of lactation. The litters will be
examinad as soon as possible after delivery for litter size,
stillborns, live births and any gross anomalies, LitTer size
will be reduced to 10 pups, of equal sex discribotion whenever
posgsible, on lactation day 4. TkRe culled pups will be examined
externglly and discarded. Litters will be caged with their
mothers for 3 weaks after birth. The dams and pups will be
observed daily for survival, behavioral abmormalities in
nesting and pursing and presence of dead pups will be recorded.

Any intact dead pups fourd will be necropsied, examined for
anomalies and discarded. The heart wiil be dissected by a
modification of the method described by S:a‘plesl. Pups will be
weighed individually om édays 0, 4, 7, 14 and 21 of lactation.
The number of pups per gex will be recorded on day 21 of
lactation.

D. Termination of the Study

Unless otherwise specified by the Sponsor prior to this time,
2ll dgas and 10 male/10 female P; pups rTandomly selected from
each group will bde sacrificed and necropsied at weaning.
Uterine implantation sites of the damsa will be recorded.

If abvormalities are noted in any pap at weaning, these pups
will also be aecropsied., All other pups will be examined
exterually, sacrificed and discarded.

At the completion of the weaning pericd, 10 randomly selected
males from each group and females not delivering litters will
be sacrificed and necropsied. Uteri will be stained with
ammonium sulfide solution to determine pregnancey. If there=
is no evidence of reduced fertility, the remaining males will
be externally examined, sacrificed and discarded at thia time,

Tissues will be saved from the above Py parental animals and
F; pupa as directed in Section XVI.E.2.

lseaples, R. E. (1974). Detecrion of visceral alterations in mammalian fetuses.
Taeratology, 9: A37-A38.
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OBSERVATIONS AND EXAMINATIONS (continued)

E.

Pathology
1. Andimals Dying on Test or Sacrificed in Extremis:

A groas

necropsy will be performed om all rats oot surviving to
acheduled sacrifice in an attempt to determine the cause

of deatk.

The fetuses from dams dying during gestation

will be examined externally to the fullest possible

extent and discarded.

Pups from dams which die during

the lactacion pericd will be externally examined, sacri-
ficed aad necropsied.

The thoracic and abdominal cavities and organs of the
animals will be examined for grogsly evident morphological

changes and the carcasses discarded.

Tissues from che

rats will be discarded except for macroscopic lesions
which will be saved in neutral buffered formalin for
histopathological examinaticn.

2. Histopathology:

The following tissues and organs from

animals specified below will be preserved at necropsy

in 10% neutzal buffered formalin.

Underlined tissues

Will be examined microscopically for the high dose and

control groups.

l. Fp parental animsls - 10/sex/group

2. 1 pups ~ 1D/sex/group

adremal (,I)’ "P b

aorta (abdominal)

bone

bone marrow

brain (2 levels)

esophagus

eye (including optic
perve and Harderian
gland, right)

heart

intestine (2)

colon

duodenum

kddneys (2)

liver (sections from
at leagt 2 lobes)

l;mﬁ (with maingtem
brenchi) (2)

lymph nodes (mesenteric)

mammary gland (inguinal)

nerve (sciatic)

ovaries {2)

pancreas
pitiatary
prostate/seminal vesicles

salivary gland

skeletal muacle (biceps femoris,

ight)

skin (inguinal, taken with

memmery gland)
spleen
pinal cord (cervical)
stomach

testes (with epididymides) (2)

thymus

shyroid (eten perasiyzota)
trachea “ T

arinary bladder

.u’u-['*‘

urerus (corpus and cervix utari)
gross lesions (including a section

of a:pparunt.ly normal contiguous

tisgsue, if possible)
tissue masses
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XVII. STATISTICAL ANALYSIS

All statiarical analyses will compare the treatment groups to the
control group with the level of significance at p < 0.05 and p < 0.01.

The male and female fertility indices will be compared using the Chi-
square test criterion with Yatea' correction for 2 x 2 contingency
tables and/or Pisher's exact probabllity test as described by

Siegell to judge significance of differences. Pup survival irdices
will be compared by the Mann—Whitney U-test as described by Siegel?
and Weild to judge significance of differences.

Parental body weights (at week prior to mating and at termination

of generation), mean nmmber of live oups per litter at birth and mean
pup body weights taken on lactation days 0, &, 7, 14 and 21 will be
compared by analysia of variarce (one-way clasmsification), Dartlecr’s
tast for homogeneity of wvarlances and the appropriate t-test (for
equal and unequal variances), as described by Steel and Torrie® using
Dummett's multiple couwpariscn tables3 to judge aignificance of
differences.

XVIII. REPORT

A comprehensive report will be prepared upon completicn of the
stud;. The final report will contain a summary, experimental
design and methods, evaluation of the test results, and data
and measurements required by this protocol. The report will
include the following:

A. Text

l. Experimental design

2. Survival data

3. BEesults of aignificant daily observations

4. Body weights

5« Necropsy and histopathologic findings

6. BResults of parturition and litrter observations

25iegel, S. (1956). Nooparametric Statistics for the Behavioral Sciences.
MeGraw=-ELlll, New Tork, N.Y.
3Weil, C. S. (1970), Selection of the valid number of sampling tnics and a
consideration of their combinatiorn in toxicological studies involving
reproduction, teracogenesis or carcinogenesis. Food Cosmet. Toxicol.,

8: 177-182.
4Steel, Rs Ge Da and Torrie, J. H. (1960). Principles and Procedures of
Statistics. McGraw-Hill, RNew York, H.T.

Smnne:t, C. W. (1964). New tables for multiple comparisons with a control.
Biomerrics, S51: 482-491.
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XVIII. REPORT (continued)

B. Tables

l. Egtrous cycle determipations (individual)

2. Fp male and female weekly body weights and survival
(summary aod individual)

3. Maternal body welghrs during gestation and lactation
(summary, including body weight changes and individuwal)

4. Gesration and lactarion data (summary and individual)

S. Uterine observations at weaning {(individual)

C. Appendices

1. Test article data (if available)

2. Dates of Quality Assurance inspections and report of
significant deviarions from protocol

3. Historical control data

XIX. PERSONNEL HEALTH AND SAFETY

Normal safety precautions will be emploved in the handling of the
test article, unless otherwise indicated in Section IX.

XX. DATA AND SAMPLE RETENTION

All data, ineluding reports from this study, will be retained for at
least 10 years after completion of the study and stored in the IRDC
Archives and will be made available for inspection upon request by
authorized perscnmel of the Spomscr.

Tissues pregerved in fixative will be retained for at least 5 years
in the IRDC Archives. Paraffin embedded blocks and all tissue slides
will be retained indefinitely in the IRDC Archives,

XXT. RECORDS TO BE MAINTAINED

A. Protocol 3and protocol addenda

B. Study schedule

C. Pre—initiation data

D. Technical personpel 1list with signatures

E. Source, purchase order, shipping labels and age records for animals
F. Sex verification records

G. Diet lot mummbers and contaminant analyses records
H. Animal identification (ear tag records)

I. Room humidity and temperature rtecords

J. General procedures

K. Scale and balance accuracy verification

L. Daily obaervation (room check) records
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M. Weekly detailed observations for pharmacotoxic asigms, and gemeral
appearance and behavior

N. Bedy weigh: xecords

0. Food consumption records

P. Tast article data

Q. Test artic¢le preparaticon instructions

R. Test article preparation tecords

S. Test article administracion records

T. Date and type of termination for each animal in the atudy, i.e.,
spontanecus death, accidental deach, sacrificed ia axtremis
(unscheduled sacrifice), or scheduled sacrifice

U. Necropsy records

V. Randomization data

W. Quality Assurance inspections

X. DIDrinking water analysis

Y. Miscellaneous study data

ZXTTI. QUALITY ASSUBANCE AND GOOD LABORATORY PRACTICES

This nonclinicsl laboratory study will be conducted in =ccordance
with the Good Laboratory Practice Regulations.

The study will be subjected to periocdic inapecriona, and the final
report will be reviewed, by IRDC's Quality Assurance Department in
accordance with IERDC's Standerd Operating Procedures. Study qualiry
assurance Inspection records will be made available to the Sponsor
during Sponsor visits to IRDC.

ZXIII. STATEMERT OF COMPLIANCE

The final report will include a statement signed by the Study
Director that the Fina] Report accurately reflects the raw data
obtained during the performance of the study and that there were
no significant deviations from the Good Laboratory Practice
Regulations which affected the quality or integrity of the study.
If deviartions are encountered that will affect the quality or
integrity of the study, each deviation will be described in
detail.

IXIV. ALTERATION QF DESIGN

Alterations of this protocol may be made as the study progresses. No
changes in the protocol will be made without the specific written
Tequest or consent of the Sponsor. In the event that the Sponsor
authorizeg a protocol change verbally, such change will be boaored by
IRDC. However, it then becomes the responsibility of the Spoasor to
follow such verbal change with a wricten verificarfon. All protocol
modifications will be signed by the Study Direccter.
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This study is inrended to support (Spomnsor should iInirial where

appropriate):

A. Ragisrtracion or motificatiocm of a
product or chemical by the U,S.
Environmental Protection Agency

B. Applicarion for research and/or marketing
permits for a product regulated by the
U.S. Food and Drug Administrazion

C. Neither of the above

Approved by Spousor
MONSANTO CHEMICAL COMPANY

L= ) . v
By: Nashms f\;cu::—
Dr. Zashmi Nair

PT\;C.L.d’ Tc @ld‘:;iof‘

Title: 5-‘\

Date: CP/-ZQ-J%D\

Issued by

INTERNATIONAL RESEARCH AND DEVELOPMENT
CORPORATION

J; L. Schardein, M.5.

Title: Director of Reproduetion and

Terstology
9 Lo of F e
Zfeof

Date:
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This study is intended to support (Sponsor siwuld initial where

appropriate):

A. Registration or notificaticn of a
product or chemical by the U.S.
Envirommental Protection Agency

B. Application for research and/or marketing
permits for a product regulated by the
U.S. Food and Drug Administration

C. Neirher of the above
Approved by Sponsor
MONSANTC CHEMICAL COMPANY

K . . 1 "
By: Rabh e Noan
Dr. Rashmi Nair

ricle: Sn.  Oroduc _I:‘tlwfoq«:]

Date: ‘1122 {8.2.
-4 ':

RS

Igsued by

INTERNATIONAL RESEARCH AND DEVELOPMENT
CORPORATION

By: 744—-—-14 M

James“l., Schardein, M.S.

Title: Director of Reproduction and

Teratology

Date: '?[(4'[_81,.——
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SAMPLE SUBMISSION FORM

STUDY NUMBER: IRDC Study No. 401-177
Monsanto No. IR-81-321

SAMPLE IDENTIFICATION:

Product Names:
Elemental phosphorus (yellow sticks, 5/8" diameter)

CP Number:

Lot or I.D. No., Notebook Reference:

IRDC No. 7481B
Sample Disposition

CHEMICAL AND PHYSICAL PROPERTIES:

See Atrached Sheet

Storage and Stablility

Stored in accdrdance with DCT Regulations

TOXICITY INFORMATION:

Chronic poisoning occurs from long continued absorption through the lungs
and gastrointestinal tract.

DOCUMENTATION:

Composition and Purity

Method of Synthesis

P SR PN A BV Y
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CONTAINS NO CBI
MOﬂSBﬂtOMATERIAL SAFETY DATA Page 1 ot 7
MONSANTO COMPANY
800 N. LINDBERGH BLVD.
MONSANTO PRODUCT NAME ST. LOUIS, MO 63167
Emergency Phone No.
PHOSPHORUS mency Phon
k 314-684-1000
PRODUCT IDENTIFICATION
Synonym(s): P.: "Phos”; Elamental phosphorus, white;
Elemental phosphorus, yellow
Chemical Name: Phosphorus
Chemical Formula: P,
Chemical Family: Phosphorus
CAS No.: 7723140
DOT Proper Shipping
Name: Phosphorus, white, in water
DOT Mazard Class/
1LD. Mo.: Flammable Solid, Poison UN1381
DOT Labei(s); Flammable Solid and Poison
U.S. Surface Freight
Classification: Phosphorus, white, in water
Reaportable Quaniity (RQ)
Under U.S. EFA CERCLA
and DOT Reguiations: 11ib.
Hazardous Chemicai(s)
Under OSHA Hazard

Communication Siandard: This substance is identified as a hazardous chemical under
the criteria of the OSHA Hazard Communication Standard
{29 CFR 1910.1200):

>-3ysphorus, CAS Reg. No. 7723-14-0

WARNING STATEMENTS

DANGER!

POISONI

EXTREMELY FLAMMABLE

CATCHES FIRE IF EXPOSED TO AIR

CAUSES SEVERE BURNS TO EYES AND SKIN

MAY BE FATAL IF SWALLOWED

VAPOR AND SMOKE OR FUMES FACM BURNING PHOSPHORUS CAUSE IRRITATION TO
RESPIRATORY TRACT

WINET A |71 IO T e e
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Monsanto MATERIAL SAFETY DATA Page 2 of 7

PRECAUTIONARY MEASURES

Contents packed under water and will ignite if water is removed.
Do not get in ayes, on skin, on clothing.

Avoid breathing vapor or fume from buming phosphorus.

Avoid breathing vapor, mist or dust.

Keep container closed.

Use with adequate ventilation.

Wash thoroughly after handling.

Drum Dizposal: Emptied container retains vapor and product residue. Observe all labeled
safeguards until container is destroyed. DO NOT REUSE THIS CONTAINER. DO NOT CUT OR WELD
ON OR NEAR THIS CONTAINER.

Bulk Container: The hazardous nature of tank inspection, cleaning, repairs, elc requites trained
personnel familiar with the hazards involved. Emptied tank retains vapor and product residue. DO NOT
CUT OR WELD ON OR NEAR THIS CONTAINER.

EMERGENCY AND FIRST AID PROCEDURES

POISON: CALL A PHYSICIAN.

FIRST AID: IF IN EYES OR ON SKIN, immediately flush with plenty of water for at least 15 minutes
and immediately remove contaminated clothing and shoes. Keep skin area wet until medical attention is
obtained. Destroy contaminated clothing and shoes.

IF SWALLOWED, induce vomiting immediately by giving two glasses of water and sticking finger down
throat. NEVER GIVE ANYTHING BY MOUTH TO AN UNCONSCIOUS PERSON.

IF PHOSPHORUS OR SMOKE AND FUMES FROM BURNING PHOSPHORUS ARE INHALED,
remove to fresh air. If not breathing, give artificial respiration, preferably mouth-to-mouth. if breathing is
ditficuit, give oxygen. '

IN CASE OF: FIRE, SPILL OR LEAK, cover with water, sand or earth,

OCCUPATIONAL CONTROL PROCEDURES

IATERIAL SAFETY DATA  pposphorus

Eye Protection: When small quantities are handied and may come in contact with air, a shield
recommended. When bulk quantilies are being handled, a fire-resistant face
shield integrated with 2 whole head hood is recommended (See Skin Protaction).
Provide an eye bath were there is potential for eye contact.

Skin Protection: Where material is fikely to be handled in pure form, fire-resistant apparel should
be.used. Consult glove and body apparel manufacturer to determine appropriate
glove/ciothing for your application. Wash immediately if skin is contaminated.
Launder contaminated equipment before reuse. Provide a safety shower at any
location where skin contact can occur. Wash thoroughly after handiing.

Respiratory

Protection: Avoid breathing dust, vapor or mist. Use NIOSH/MSHA approved equipment
when airbome exposure limits are exceeded. Full facepiece equipment is recom-
mended and, if used, replaces need for face shield and/or chemical splash gog-
gles. Consult respirator manufacturer 10 determine appropriate type equipment for
given application. The respirator use limitations specified by NIOCSH/MSHA or the
manufacturer must be observed. High airbome concentrations may require use of
self-contained breathing apparatus or supplied air respirator. Respiratory protec-
tion programs must be in compliance with 29 CFR 1910.134.

(Qeccupatonal Contral Procedures Continued On The Next Page)
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OCCUPATIONAL CONTROL PROCEDURES (Continued)

Ventliation:

Airborne
Exposure Limits:

Provide ventilation to control exposure levels below airborme exposure fimits.
Use local mecharnical exhaust ventilation at sources of air contamination such
as open process equipment. Consult NFPA Standard 91 for design of exhaust

systems.

Product: Phosphorus

QOSHA PEL: 0.1 mg/m* 8-hour lime-weighted average
ACGIH TLV: 0.1 mg/m?® 8-hour time-weighted average

0.3 mg/m® short-term exposure limit - 1985-86 Proposed Deletion

Neote: In light of a recent reproductive study in rats that demonstrated difficulty in delivery for some female rats,
Monsanto has adopted an internal restriction for pregnant lemales where exposure excesds 0.01 mg/m? 8-hour
time-weighted average. Monsanto considers this a prudent and responsible precaution until further studies are

performed and evaluated.

FIRE PROTECTION INFORMATION

Waxy solid
Moaiting Point:
Ignition Temperature:

Extinguishing Medla:

Special Fire Fighting
Procedures:

Unusual Fire or

111°F

ignites spontanecusly on contact with air. Explosive when mixed with oxidizing
materials.

Fire can be controlled by carefully covering, avoid splashing with water,
moist sand or dirt to exclude air. Apply cold water spray to freaze the liquid
and stop leaks.

Fire fighters and others who may be expesed 1o producis of combustion
should wear full protective clothing and self-contained breathing apparatus.
Fire fighting equipment should be thoroughly decontaminated after use.

Explosion Hazards: | intense fire meits tank insulation, there is risk of explosion from stsam or
phasphoric vapor pressure. if cooling cannot be applied, either vent the tank or
evacuate the area. Buming produces dense white irritating fumes of phos-

) phorus pentoxide and H;PQ,.
REACTIVITY DATA
Materials to Avoid: Aveid contact with air (ignites spontaneously on exposure), oxidizing
agents, strong bases or basic solutions.
Hszardous Decomposition
Products:

On combustion, releases dense, white, irritating fumes of PO or, if
moisture is present, H,PO,. With strong bases, releases highly toxic
and spontaneously ignitable phosphine (PH,) gas.

Hszardous Polymerization:  Above about 200°C (392°F), polymerizes exothermically 1o red phos-

phorus. May then heat uncontrollably to develop vapor pressure above
tank bursting pressure.

Snioydsoyd  Y1VQ AL34YS WIHILVW
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Phosphorus

ATERIAL SAFETY DATA

HEALTH EFFECTS SUMMARY

The following information presents both human experience and the results of scientific experiments used by
qualified experts to assess the effects of phosphorus on the health of industrially exposed individuals and to
support the Precautionary Statements and Occupational Control Procedures recommended in this docu-
ment. To avoid misunderstanding, the data provided in this section should be interpreted by individuals
frained in evaluation of this type of information.

Dermal contact and inhalation are expected to be the primary routes of occupational exposure 1o
phosphorus. Phasphorus ¢an be absorbed through the skin, respiratery tract and gastrointestinal tract.
Phosphorus ignites and burns spontanecusly when exposed to air and the vapor produced is irritating
to the eyes, nose, throat and fungs. The solid in contact with the skin or eyes produces severe bumns.
Phosphorus fume is an irritant to the respiratory tract and eyes.

The acute Isthal oral dose of phosphorus for an adult is reported to be about 1 mg/kg, with adverse
effects reported at 0.1 mg/kg. Acute cral phosphorus intoxication is usually described as having two
stages. In the initial phase, gastrointestinal effects, characterized by nausea, vomiting, beiching, and
severe abdominal pain predominate. Death from cardiovascular collapse can occur in about 12 hours
or symptoms may regress with an apparent recovery lasting approximately two days. The second
phase may be characterized by retum of gastrointestinal distress with signs of hepatic, cardiovascular
and renal involvement, including jaundice, oliguria, pitting edema, increased pulse rate, low blood
pressure, and coma.

Early signs of chronic systemic intoxication by phosphorus a:e reported 1o include anemia, loss of ap-
petite, gastrointestinal distress, chronic cough, a phosphorus garlic-iike odor of the breath, and palior. A
common response to severe chronic poisoning is necrosis of the mandible or maxilla (jawbone), known
as “phossy jaw.” The first indications of “phossy jaw” are toothache and excassive salivation, foliowed
by loosening of teeth, severe pain, and swelling ot the jaw. Ulcerations can deveiop which may invade
the bone.

Toxicological Data
Data from Monsanto studies and from the scientific literature indicate the following:

Oral LD, (Male Rat): 3.76 mg/kg, Highly Toxic
Oral LD, (Female Rat): 3.03 mg/kg. Highly Toxic
Oral LD, {Male Mice): 4.85 mg/kg, Highly Toxic
Oral LD« (Fomale Mice): 4.82 mg/kg, Highly Toxic

Bone changes were reported in fermnale rats (23 days old) given phosphorus at a dietary level of 1.30
mg/kg/day for 8 or 16 days. In the animals treated for 16 days, the bone changes were reversed
following withdrawal of the test diet.

Deprassed growth was reported in a 22-week feeding study in young female rats fed diets containing
phosphorus at median daify dosage levels of 0.0032, 0.018, and 0.072 mg/kg/day. A recovery in growth
occurred at the mid-dose level following withdrawal of phosphorus from the diet; no recovery in growth
was reported at the high-dose level. Old male rats fed diets containing 0.0027 myg/kg/day displayed no
overt effects. Pathology and bone studies were not performed.

In a subchronic toxicity study, female dogs were injected subcutaneously with 0.1, 0.2 or 0.4 mg phos-
phorus/kg/day. Mortality resuited within 6 days in animals given 0.4 mg/kg. The one animal given
0.2 mg/kg developed severe kidney hemorrhage and died by day 12. Fatty livers, hydropic degenera-
tion in the kidneys, body weight icss, and changes in blood chemistry parameters were repofted in
dogs surviving treatment with 0.1 mg/kg/day for 116 days.

Retardation of longitudinal bone growth and body weight gain were reported in rabbits orally given 0.6
mg phosphorus/day, via ¢apsule, for periods of 13 to 117 days. Similar effects were ncted in rats
treated for 22 to 57 days with cod liver oil containing 0.1% phosphorus mixed in the diet. Disturbance of
dentin calcification in the teeth of rats was also reported.

(Heaith Effects Summary Continued On The Neaxt Page)
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HEALTH EFFECTS SUMMARY (Continued) ”

Phosphorus was administered to rats by subcutaneous injection of ail solutions at dosages ranging
from 0.05 to 3.2 mg/kg/day twice weekly for periods up to 610 days. Guinea pigs were injected
subcutaneously with similar soiutions at dosages of 0.05 to 0.4 mg/kg/day twice weekly for up to 720
days. In the rats, mortality was reported to increase with increasing dosage. Bone pathology (reported
to be more marked in rats than in guinea pigs) was observed in an apparent dose-related fashion. Lass
conspicuous bone changes were noted in rats fed diets containing phosphorus in peanut oil at dosages
of 0.2 to 16 mg/kg/day for 174 to 512 days. Montality was reported 10 increase in these rats with
increase in the total amount of phosphorus administered. The decreased growth rate observed in rats
fed phosphorus in the diet was attributed to decreased food consumption.

Phosphorus in com oil was administered by gavage to female rats at dosages of 0, 0.1, 0.3 or 0.75
mg/kg/day on days 6 through 19 of gestation. A second, satellite study was conducted in which rats
received either 0.6 mg phosphorus/kg/day in com oil or com oil (control) on a comparable regimen. Due
to significant maternal mortality (84%) at 0.75 mg/kg. no fetal evaluations wera parformed at this
dosage. Decreased mean body weights were noted in surviving dams at 0.75 mg/kg. No teratogenic or
fetatoxic effects were observed at dosages of 0.6 mg/kg or less. Mortality and decreased mean body
weight gain were noted in dams at 0.6 mg/kg.

Administration of phosphorus in corn oil to male and female rats by gavage at doses of 0.005, 0.015,
and 0.075 mg/kg/day throughout premating, mating, gestation, and lactation periods for one generation
resulted in increased mortality among femalas of the high dose group during day 21 or 22 of gestation
after both the F,, and F, matings. This observation suggests that deaths may have been related to
ditficulties in delivering. A reduction in the mean number of live pups was alsc observed at the highest
dose. No patholegic or histopathologic lesions were reported.in either parental animals or pups. The
no-obsarvable effect level was considered to be 0.015 mg/kg/day.

Following administration of single oral doses (0.3 mg/kg) of phosphorus to rats, slimination of phospho-

rus or its matabolites was reported 0 occur primarily in urine and feces. Approximately 46.7% and 33%

of the absorbed radioactivity was excreted in the urine and feces, respectively, ot rats within five days.

Increases in total body burden were noted in rats dosaed for five consecutive days compared to rats
-dosed oncse.

Additianal Information

A Threshold Limit Value (TLV) has been established by the American Conference of Governmental
Industrial Hygienists for phosphorus (P,). For further information on this material, please refer to the
current edition of the Documentation of Threshold Values.

Based on resuits of the one-generation reproduction study (discussed above), which reported adverse
effects on pregnant rodents at the time of delivery, Monsanto considers it prudent to review job situa-
tions involving the handling and use of P, for poszible restrictions for pregnant female workers. Work
situations are evaluated within Monsanto to determine the extent of routine exposures, and the poten-
tial for accidental exposures, 10 phosphorus. Pregnant females will be restricted from areas where ex-
posures are deemed significant (greater than 0.01 mg/m® B-hour time weighted average or where there
is a significant potential for accidental exposure). Thia restriction will apply as soon as pregnancy is
confirmed. Since the animal data suggest a potentiai for adverse effects during delivery, this restriction
remains in effect for the pregnant female until after delivery.

PHYSICAL DATA

Appesrance; Waxy solid, normally pale yeliow ‘0 straw-colored

Oder: Mildly characteristic (phossy); fumes from burning phosphorus
are pungent and sharp

Maelting Point: 44 .1°C (111°F)

(Prysical Data Continued Qn Tha Next Page)
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PHYSICAL DATA (Continued)

Bolling Point:
Vapor Density (Air =

280.5°C (536.9°F)

1): 4.42
Specific Gravity @ 20°C (65°F): 1.8231
@ 25°C (77°F): 1.8198
@ 50°C (122°F): 1.737
Solubility in Watsr @ 20°C (68°F): 0.003%

Note: These physical data are typical values based on material {asted but may vary from sample to sample.
Typical values should not be construed as a guaranteed analysis of any specific ot or as specification items,

EMERGENCY SPILL AND LEAK INFORMATION

1ATERIAL SAEETY DATA _Phosphorus

Emergency Spill and
Leak information:

Disposal Information:

When released to the environment in quantities equal to or exceeding one
pound (0.454 kilograms), phosphorus is defined as a hazardous substance in
the Comprehensive Environmental Response, Compensation and Liability Act
ot 1980 (Superfund) and in the current federal regulations 40 CFR, Part 116
{Section 311, Clean Water Act). As a result, notification of such a reiease is
required 10 be made to the National Response Center {800-424-8802).

Contain ail spilled material (i.e., earthen dike, sand, e!c.) and apply a low
pressure, cold water spray to extinguish fire and freeze contents. Continue
applying water spray o prevent reignition and maintain water cover.

Dispose of in accordance with all iocal, state, and federal reguiations.

As currently defined in federal Resource Conservation & Recovery Act (RCRA)
regulations, phosphorus, when discarded, is a hazardous waste exhibiting the
characteristics of ignitability (D-001). See 40 CFR 261.21. its disposal, thersfore,
is regulated federal RCRA regulations. Elemental phosphorus manutacturing
facilities are currently exempt from RCRA regulations by 40 CFR 261.4({b){7).

Disposal by incineration is recommended.

Consuit your attomey or appropriate reguiztory officials for information regarding

ADDITIONAL COMMENTS

Environmentai Toxicity Information

Phosphorus is highly toxic to fish. The 48 to 96 hour LC, for 2 variety of fish and invertebrates is less
than 1 ppm. For additional data, the reader is referred to the National Technical Information Service
(NTIS) publication “Mammalian Toxicology and Toxicity to Aquatic Organisms of Four Important Types
of Waterborne Munitions Pollutants,” March 1974, Technical Repont 7403.
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. DATE: s/1/86 SUPERSEDES: 7/1/83 ..

MSDS NO.: 007723140

FOR ADDITIONAL NON-EMERGENCY INFORMATION, CONTACT:

MSDS Coordinator

Detergents

Monsanto Chemicai Company
(314) 695-1000

(A Unit of Monsanio Company)

Natice: ARhough the information and recomme—nciations set forth harsin (hersinafier “information”) are presenind in good tallh and beligved 10
be crect as of the date herecl, Monsanio Company makes nO Mpressnialions of wirTanties & 10 Ihe completeness o accuracy thamol.

Irformation is supplisd upoN A condiion thet the Persans NIceiving 2ame wil maks their own delermination as 1© s sullablity for their-

pupases prior 10 use. In o event will Monaso Comparny be reaponsible for damages of any naturs whataosver resulling from the use of or
reflance upon irformation o the procuct 10 which inforration relery. Nothing cortained hersin is 10 be construad as 8 recommendstion 10 Uss
any procuct, process, squipment or formulstion in conflict with any patent, end Monsanio Company makas no représentation o, warranty,
opress or implied, that the use thersat will not infrings any petant. NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR

WITH RESPECT TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS.
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ATTACHMENT 4 CONTAINS No cgy 'v;@\
Monsanto

Monsamo Chemical Company
800 N. Lindbergh Boulevard
8t Lows, Mssoun §3167
Phone: {314) 684-1000

September S5, 1989

Dear (Customer):

An industry consortium ied by Monsanto recently completed the in-life portion
of a reproductive effects study on elemental phosphorus, alsc known as white
or yellow phosphorus. In this study rats were given the test material by
gavage, i.s. dosed by stomach tube with phosphorus dissolved in a solvent.
Dosing toock place daily for 100 days prior to mating, throughout mating, and
either through day 15 of gestation or throughout gestation. Preliminary
results show the occurrence of deaths in treated female rats during the last
two daye of gestation and during the birthing process. The incidence of
deaths was similar in the groups of rats whether dosed just through day 15 or
throughout the entire gestation period.

These results indicate that stopping the dosing in rats at a time
corresponding approximately to the end of the firast trimester in humans still
led to deaths. Accordingly Monsante is changing its intermal workplace
protective measures for female employees.

Our past practice, as outlined on cur MSDS dated 5/1/86, was to exclude
pregnant female employees from areas in our plants where airborne elemental
phosphorus concentrations might exceed 0.01 mg/m . ©Our new practice is to
exclude women of childbearing potential from workplace areas where airborne
concentration may exceed 0.01 mg/m?. asaun;ng all inhaled phosphorus were
absorbed during an 8-hour workday at 0.01 mg/m , the dose to a pregnant female
would be leas thanthat administered to rats. Thus there is still an adequate
margin of safety at this airborne concentration and the protective measures
are conservative and prudent. A copy of our revised MSDS dated $/1/89 is
enclosed for your files. Please discard the previous MSDS.

The test results were judged toc meet EPA‘s reporting criteria under Section
8(e) of TSCA. Therefore, Monsanto, on behalf of the industry consortium,

a undt of Monsarko Compeny
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submitted a summary of these results to the Agency. A copy of the letter and
attachment is enclosed for your reference. If you have questions regarding
the test results, the change in Monsanto’s workplace protective measures or
the submissgion to EFA, please contact ma.

Sincerely,

James P. Mieure, Ph.D.
Manager, Product Safety

Enclosure
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MONSANTO PRODUCT NAME

MONSANTO COMPANY
800 NORTH LINDBERGH BLVD.

PHOSPHORUS ST. LOUIS, MO 63167
Emergency Phone No.
(Call Collect)
(314) 694-1000

PRODUCT IDENTIFICATION
Synonym(s): P4; "Phos"; Elemental phosphorus, white; Elemental phosphorus, yellow
Chemical Name: Phogphorus
Chemical Formula: P4
Chemical Family: Phosphorus
CAS No.: T723-14-0

0OT Proper Shipping Name: Phosphorus, white, in water
DOT Hazard Class/I.D. No.: Flammable Solid, Poison UN1381

DOT Label(s): Flarnmable Solid and Polson
U.S. Surface Fraight

Classification: Phosphorus, white, in water
Reportable Quartity (RQ)

Under U.S. EPA CERCLA

and DOT Regulations: 1 1b.

SARA MHazard Notification:
Hazard Categorias Under Criteria
of SARA Titie Il Rules
{40 CFR Part 370): immediate, Delayed, Fire
Section 313 Toxic Chemicali(s):
This product containg the following substance which is defined as a toxic chemical under, and subject to

the reporting requirements of, Section 313 of Title  of the Superfund Amendments and Reauthorization
Act of 1986 and 42 CFR Part 372:

Toxic Chemical Chemical Abstracts Percent by Weight
—Name Service Registry No. —in Product
Phosphorus 7723-14-0 100

Hazardous Chemical(s) Under OSHA Hazard Communication Standard:

ln addition, this subsiance is considered a hazardous chemical under the crileria of the OSHA Haxard
Communication Standard, 29 CFR 1910.1200):

WARNING STATEMENTS

DANGERI!

POISON!

EXTREMELY FLAMMABLE

CATCHES FIRE IF EXPOSED TO AIR

CAUSES SEVERE BURNS TO EYES AND SKIN
MAY BE FATAL IF SWALLOWED

VAPOR AND SMOKE OR FUMES FROM BURNING PHOSPHORUS CAUSE IRRITATION TO RESPIRATORY
TRACT

POSSIBLE HAZARD TO PREGNANT WOMEN, BASED ON ANIMAL DATA
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OCCUPATIONAL CONTROL PROCEDURES - CONTINUED

Ventilation: Provide vantilation to control exposure levels below airbome exposure limits. Use local mechanical
exhaust verntilation at sources of air contamination such as open process equipment. Consult NFPA Standard
91 for design of exhaust systems.

Alrborne Exposure Limis:

Phosphorus

OSHA PEL: 0.1 mg/m3 8-hour TWA
ACGIH TLV: 0.1 mg/m3 8-hour TWA

Note: Recemt reproductive studies demonstrated increased maternal mortality In pregnant female rats.
Monsanto has adopleds‘n internal restriction to exciude women of chiidbearing potential where exposurs
may excede 0.01 mg/m> 8-hour time-weighted average. Monsanto considers this a prudent and roaponsfblo
precaution until further studies are performed and evaluated.

FIRE PROTECTION INFORMATION
Waxy solid
Melting Point: 111°F

Ignltlon':cmmmn: ignites spontaneously on contact with air. Explosive when mixed with oxidizing

Extinguishing Media: Fire can be controlled by carefully covering with moist sand or dirt to exclude alr. Avoid
splashing with water. Apply coid water spray to freezs the liquid and stop leaks.

Special Fire Fighting Procedures: Fire fighters and others who may be exposed 1o products of combustion
should wear full protective clothing and self-contained breathing apparatus. Fire fighting equipment should
be thoroughly decontaminated after use.

Unusual Fire or Explosion Hazards: I intense fire melts tank insulation, there Is risk of explosion from steam
or phosphoric vapor pressure. if cocling cannot be applied, either vent tha tank or svacuate the area. Buming
produces dense white kritating fumes of phosphorus pentoxide and H3PO4,

REACTIVITY DATA

Materiais to Avoid: Avoid contact with air (ignites spontaneously on exposure), oxidizing agents, strong bases
or basic solutions.

Hazardous Decomposition Products: On combustion, releases dense, white, iritating fumes of P20S or, if
moisture is present, H3P0O4. With strong bases, releases highly toxic and spontaneously ignitable phosphine
(PHJ) gas.

Hazardous Polymerization: Above about 200°C (392°F), polymerizes exothermically to red phosphorus. May
then heat uncontrollably to develop vapor pressure above tank bursting pressure.
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HEALTH EFFECTS SUMMARY

The tollowing information summarizes human experience and the results of sclentific investigations reviewed
by heaith professionals for hazard avaluation of phesphorus and development of Precautionary Statements and
Occupational Control Procedures recommended in this document.

Etlects of Expogyre

Dermal contact and inhelation are expected to be the primary routes of occupational exposure to phosphorus.
Phosphorus can be absorbed through the skin, respiratory tract and gastrointestinal tract. Phosphorus ignktes
and bums spontaneocusly when axposed 10 air and the vapor produced is irritating to the eyes, nose, throst
and lungs. The solid in contact with the skin or syes produces savers burns. Phosphorus fume is an kritant
10 the respiratory tract and eyes.

The acute lethal oral dose of phosphorus for an adult Is reported to be about 1 mg/kg, with adverse sffects
reported at 0.1 mg/kg. Acute oral phosphorus intoxicstion ls usually described as having two stages. In the
initial phase, gastrolntestinal effects, characterized by nausea, vomiting, beiching, and savers abdominal pain
predominate. Dezth from cardiovasculsr collapss can oceur in aboit 12 hours or sympioms may regress with
an apparent recovery lasting approximataly two days. The second phass may be characterized by retum of
gastrointestinal distress with signs of hepatic, cardiovascular and renal involvement, including jaundice,
oliguria, pitting edema, increased pulse rate, low blood pressure, and coma.

Early signs of chronic systemic intoxication by phosphorus are reported to include anemia, loss of appetite,
gastrointestinal distress, chronic cough, a phosphorus garile-like odor of the breath, and pallor. A common
response to severe chronic polsoning Is necrosis of the mandible or maxilla (jawbonas), known as “phoasy jaw."
The first incications of "phossy jaw" are toothache and excessive sallvation, followed by loosening of teeth,
severe pain, and awelling of the jaw. Ulcorations can develop which may invade the bone.

Although no dats are avallable on the effects of phosphorus In pregnant women, this material was reported
10 produce & high Incidence of deaths In experimental animals during Ilate pregnancy and dellvery. Workplace
conirols for phosphorus exposure may be necersary 1o prevent significant exposures 10 women of child-
bearing potential.

Torxigological Daty
Data from Monsanto studles and from the scientific iteraturs indicate the following:

Oral LD50 (Male Rat): 3.76 mg/kg, Highly Toxie
Oral LD50 (Female Rat): 3.03 mg/kg, Highly Toxie
Oral LD50 (Male Mics): 4.85 mg/kg, Highly Toxic
Oral LD50 (Femmale Mics): 4.82 mg/kg, Highly Toxic

Bone changes were reported in female rats (23 days old) given phosphorus at a digtary level of 1.30
mg/kg/day for 8 or 18 days. In the animals treated for 16 days, the bone changes were reversed following
withdrawal of the test diet.

Depressed growth was reported in a 22.week feeding study in young female rats fed diets containing
phosphorus at median daily dosage levels of 0.0032, 0.018, and 0.072 mg/kg/day. A recovery In grawth
occurred at the mid-dose level following withdrawal of phosphorus from the diet; no recovery in growth was
reported at the highdose level. Oid male rats fed diets containing 0.0027 mg/kg/day displayed no overt
effects. Pathology and bone studies were not pericrmed.
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HEALTH EFFECTS SUMMARY - CONTINUED

In a subchronic toxicity study, female dogs wers Injected subcutaneously with 0.1, 0.2 or 0.4 mg
phosphorus/kg/day. Mortality resulted within 6 days in animals given 0.4 mg/kg. The one animal given 0.2
mg/kg developed severe kidney hemorrhage and died by day 12. Fatty livers, hydropic degeneration in ths
kidneys, body weight loss, and changes In blood chemistry parameters were reported In dogs surviving
treatment with 0.1 mg/kg/day for 116 days.

Aetardation of longitudinal bone growth and body weight gain were reported in rabbits orally given 0.6 mg
phosphorus/day, via capsuls, for periods of 13 to 117 days. Similar effects were noted in rats treated for 22
to 57 days with cod liver oll contalning 0.1% phosphorus mixed in the diet. Disturbance of dentin calcification
in the teoth of rats was also reported.

Phosphorus was administered to rats by subcutaneous injection of oil solutions st dosages ranging from 0.05
1o 3.2 mg/ky/day twice weekly for periods up 10 810 days. Guinea pigs were injected subcutaneously with
similar solutlons at dosages of 0.05 10 0.4 mg/kg/day twica weekly for up 10 720 days. In the rats, mortality
was reported to Increase with increasing dosage. Bone pathology (reported to be more marked in rats thsn
in guinea pigs) was observed in an apparent dose-related fashion. Less conspicuous bone changes wers
noted In rats fed diets containing phosphorus in peanut il st dosagas of 0.2 t0 18 mg/kg/day for 174 to 512
days. Mortality was reported to increase in these rate with increase In the total amount of
administered. The decreased growth rate observed in rats fed phosphorus in the dist was attributed to
decreased {food consumption.

Phosphorus In com oil was administered by gavage to female rats at dosages of 0, 0.1, 0.3 or 0.75 mg/kg/day
on days 6 through 19 of gestation. A second, satellite study was conducted in which rats received either 0.8
mg phosphorus/kg/day in com oil or com 6/l {control) on & comparable regimen. Duas to significant matemal
mortality (84%) at 0.75 mg/kg, no fatal evaluations were performed st this dosage. Decreased mean body
weights were noted In surviving dams at 0.75 mg/kg. No terstogenic or fetotoxic effects wers observed at
dos;akges of 0.6 mg/kg or less. Mortality and decreasad mean body weight gain were noted In dams st 0.8
mg/kg.

Administration of phosphorus in com oil to male and female rats by gavage at doses of 0.005, 0.015, and 0.075
mg/kg/day throughout premating, mating, gestation, and lactation periods for one generation resulted in
Increased mortality among females of the high dose group during day 21 or 22 of gestation after both the Fia
and Fib matings. This observation suggests that deaths may have been related to difficulties In delivering.
A reduction in the mean number of five pups was siso obsorved at the highest dose. No pathologic or
histopathologic lesions wers reported In either parentsal animals or pups. Ths no-observable sffect level was
considerad to be 0.015 mg/kg/dsay. A similar study was conducted at a signie doss level of 0.075 mg/kg/day
as a follow up to the sarller reproduction study. Preliminary results confirm sardier findings In that death In
femnales was increased during Iate pregnancy and deiivery. Death was also Increased in femnaeie rats dosed only
through day 15 of pregnancy.

Following administration of single oral doses (0.3 mg/kg) of phosphorus to rats, elimination of

or itz metaboliies was reported to occur primarily In urine and feces. Approximately 46.7% and 33% of the
absorbed radioactivity was excreted in the urine and feces, respectively, of rats within five days. Increases in
total body burden were noted in rats dosed for five consecutive days compared to rats dosed once.

Additional Information

Two reproduction studies with phosphorus in experimental animals reported increased deaths late In pregnancy
snd during delivery. As & result of these effects reported in experimental animals, Monsanto considers it
prudent to review job situations involving the handling and use of phosphorus for possible restrictions for
pregnant female workers. Work situations are evaluated within Monsanto to determine the extent of routing
exposures, and the potential for accidental exposures, to phosphorus. Women of child-bearing potential will
be restricted from areas where exposures are deemed significant (greater than 0.01 mg/m3 8-hour time-
weighted average or hwere there Is & high potential for accidental axposure).
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HEALTH EFFECTS SUMMARY - CONTINUED

A Threghold Uimit Value (TLY) has been established by the American Conferance of Governmenta! Industrial
Hygienists for phosphorus (P4). For further Information on this material, please rafer to the current sdition of

the, m tion of the Threshold Val lological Inclices.

PHYSICAL DATA

Appearance: Waxy solid, normally pale yellow to straw-colored

Odor: Mildly characteristic (phossy); fumes from bumning phosphorus are
pungent and sharp

Melting Point: 44.1°C (111°F)
Bolling Point: 280.5°C (536.9°F)
Vapor Density (Alr = 1): 4.42
Specific Gravity @ 20°C (89°F): 1.8231
@ 25°C (77°F): 1.8198
@ 50°C (122°F): 1.737
Solubility in Water @ 20°C (68°F): 0.003%

NOTE: These physical data are typlical values based on material tested but may vary from sample to umple.
Typlcal values should not be construed as a gusranteed analysis of any spodﬁc fot or as specification Rems.

SPILL, LEAK & DISPOSAL INFORMATION

Emergency Spill and Leak Information: wnenrelusadlothoonvlronmﬂnmqmnuuuoqmuoorueoadlng
ons pound (0.454 kilograms), phosphorus is defined as s hazsrdous substance in the Comprehensive
Environmental Response, Compensation and Liability Act of 1980 (Supertund) and in the cumrent federal
regulations 40 CFR, Part 1168 (Section 311, Clean Water Act). As a rasult, notification of such a release is
required to be made to the National Response Center (800-424-8802).

Contain all spilled material (Le., earthen dike, sand, eic.) and apply a low pressure, cold water spray to
extinguish fire and freeza contents. Continue applying water spray to prevent reignition and maintain water
cover.

Disposal Information: Dispose of in accordance with all local, state, and federal regulations.

As currently defined in federal Resource Conservation & Recovery Act (RCRA) regulations, phosphorus, when
discarded, is a2 hazardous waste exhibiting the characteristics of ignitabiiity (D-001). See 40 CFR 261.21. Is
disposal, therefore, is regulated federal RCRA regulations. Elemental phosphorus manufacturing facilities are
currently exempt from RCRA regulations by 40 CFR 281.4(b)(7).

Disposal by incineration is recommended.

Consult your attorney or appropriate regulstory officlals for information regarding spm, lealk, and waste disposal
requirements,
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ADDITIONAL COMMENTS

nvironm: 1 Toxi Inf ti

Phosphorus is highly toxic to fish. The 48 to 96 hour LCS0 for a variety of fish and invartebrates is less than
1 ppm. For additicnal data, the reader is referred to the National Technical Information Service

(NTIS)
publication "Mammalian Toxicology and Texicity to Aquatic Organisms of Four Important Types of Waterborne
Munitions Poliutants,” March 1974, Technical Report 7403.

DATE 9/5/8% SUPERSEDES s/1/88
MSDS NUMBER 007723140

FOR ADDITIONAL NON-EMERGENCY INFORMATION, CONTACT:

MSDS Coordinator

Detergents

Monsanto Chemical Company
(314) 695-1000

{A Unit of Monsanto Company)
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accuracy
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Mthmmhmhmmmmmﬂy responsible for damages of any nxture
whatsoever resulting from the use of or rellance upon Information. NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS
OR IMPUED, OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR OF ANY OTHER NATURE ARE MADE
HEREUNDER WITH RESPECT TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS.




