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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. Z0450

NOV 29 /989

Dr. J. R. Condray
Director
Regulatory Management
Monsanto Company
800 N. Lindbergh Boulevard
St. Louis, Missouri 63167

Dear Sir:

~fC. B£

FILE COpy
O",..ICEOII'

II'ESTICIDES AND TOXIC SU.STAHCa

CERTIFIED MAIL

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: :!:A~u!.::gu~s2t.l:::.......!:2:.:4!...'L.-=1"",,9~8",,9:...- _

EPA Docunent Control Number: .:::B:.=E~H~Q~-....:0~8:::;8~9_-~O~8~2~O~./ _

"For Your Information" Notice on: Elemental Phosphorus

Submitted by: Monsanto Company

Date ;.-··l:lmitted: ~J~u~n.!.::e:.......1=-=1.L,~1",,9~8!-:5~ _

EPA Document Control Number: .:!:.F..!Y..:I....-....::O::."T~S~-~O~7~8~5:...-....::0!.:4~2""3::!.....- _

The Office of Toxic Substances (OTS) has completed a preliminary
evaluation of the above referenced TSCA section B(e) and "For Your
Information" (FYI) submissions concerning elemental phospho:!:Us.
The enclosed 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 B(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 reproduction studies cited­
in the above referenced Section SCe) and FYI submissions. ,

Printsdon RKYd«!P.-



Regarding the referenced FYI notice, it is EPA's initial position
that the parturition-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-OTS-0785-0423 was not submitted to EPA under Section See)
of TSCA.

In view of EPA's general interest in corporate actions that are
taken on a voluntary 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 OL 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 request for information, or in otherwise
communicating with EPA about the referenced TSCA section See) and
FYI submissions, please refer to the respective Document Control
Numbers assigned to those submissions. As in the case of initial
FYI and TSCA Section 8 (e) SUbmissions, 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 Sce) policy statement ("statement of Interp~etation

and Enforcement Policy: Notification of Substantial Risk" 43 FR
11110: March 16, 1975). Any claims for confidentiality 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 worki.ng 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 information, 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,

Charles M. Auer
Acting Director
Existing Chemical

Assessment Division

Enclosures
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~rank D. Kover, Branch Chief
Chemical Screening Branch/ECAD

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

SUBM7SS~ON DESCR7PT70N

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, who 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 See) submission (8EHQ-OSS9-0820 INIT), Monsanto provided
the following summary information about the conduct and preliminary
resuits of this one-generation reproduction study:

"In this study, elemental phosphorus 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 repon is the result of a preliminary evaluation of information that has been
submined to EPA wuier Section B(e), the "substantial rislC' information reporting provision of
the Toxic Substances Control Act (TSCA), as well as on a "For Your Information" (FYI) basis.
The statements made in this status repon should not be regarded as expressing final Agency
policy or intent with respect to the subject chemical Any review of tl;is status repon slwuJd
take intO account that the repon may be based Oil incomplete ilzformation.
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In a supplemental Section See) notice (SEHQ-0889-0820 SOPP), the
FMC corporation stated that FMC concurred in Monsanto's submission
of the subject information to EPA under section SCe) of TSCA.

It shot:.ld be noted that the Agency previously received a IIFor Your
Information ll (FYI) notice (FYI-OTS-0785-0423) in which the Monsanto
Company submitted the following summary information with regard to
the c~n~uct and results of a one-generation reproduction study of
elemental phosphorus in rats:

IIMethods

IIElemental yellow phosphorus (Elemental P) in corn oil
was administered by gavage to three groups of 15 male and
30 female S week-old Sprague-Dawley derived . • . rats
at dosage levels of 0.005, 0.015, [or] 0.075 mg/Kg/day.
All [of the] animals received a constant volume of corn
oil, 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 vehicle, corn oil, and a
comparable regimen. While this study was origina~ly

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 periods. All adult and weaning animals
were observed for mortality and clinical 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.

IIAII [of the] pups were sacrificed at weaning while the
parental animals were sacrificed after weaning of [the]
FID litter. Complete post-mortem examinations were per­
formed on 10 Fo parental males per group, all Fo parental
females, all Fo females which did not deliver litters, 10
FID pups per sex per group, 5 F1a pups per sex per group
and all animals that died on study or were killed 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 c~ntrol, 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 Fla mating and six females died on the
last two days of gestation after FIb 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 forelimb~ in
the 0.075 mg/Kg/day dosage group.

"Mean body weights for Fo males in the low and mid-dosage
group, whil~ not statistically different, were slightly
lower than controls throughout the study. In the high
dosage group, mean body weights 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. Fa mean body weights of treated females were
comparable to controls during gestation and lactation for
both litters. [The] food consumption data for treated
rats were also comparable to controls throughout the
study.

"While 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 F1a 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 one
more litter. Male and female fertility indices o£ treated
animals for-the FIb matings were comparable to controls.
Estrous cycle determined prior to F1a and FIb matings
showed occasional irregularities (prolonged 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 F1a litter, at 0.075
mg/Kg/day were slightly lower than controls, but this
change was not statistically siqnificant. There was a
concomitant slight increase in the mean number of dead
pups in the Fla 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 F1a and FIb litters were comparable to controls.
Pup survival through weaning for both F1a and FIb litters
for all treated groups was comparable to controls.

"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 Fo, Fla or FIb generations. There were no compound­
related microscopic changes [observed) in the Fo 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 also slightly
reduced in the 0.075 mg/Kg/day dosage group. The no­
observable-adverse-effect-Ievel [(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,
Monsanto stated specifically that the lIadministration of 0.075
mg/Kg/day of elemental phosphorus in corn oil to rats for SO 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 p~osphorus bioavailability during the study:

"The corn oil vehicle used to prevent reaction of the
phosphorus with gastric juices and intestinal fluids
probably influenced the tissue bioavailability 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, Monsanto offered the following information regarding
the significance of the findings reported to EPA on an FYI basis,
rather thcua under Section 8 (e), the "substantial risk" information
reporting provision of the Toxic Substances Control Act (TSCA):

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

SUBMISSION EVALUATION

TSCA Section SCe) Submission

Based on a preliminary evaluation of Monsanto's TSCA section See)
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 corn oil or tricaprylin
as follows:

Group Vehicle Phosphorus
Duration of
Treatment

1 corn oil 0 throughout
gestation

2 corn oil 0.075 mg/kg throughout
gestation

3 corn oil 0.075 mg/kg until day 15
of gestation

4 tricaprylin a throughout
gestation

tricaprylin 0.075 mg/kg5 throughout
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 darns 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 size in ~~e corn oil 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 one­
generation reproduction study was still in the lactation period of
the Fl pups and further information about th~ pup body weights and
pup survival was not yet available.

FYI Submission

In the FYI Submission, Monsanto provided summary results of 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 previous study, elemental phospho~s 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, su=vival, 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 biological explanation for this serious
adverse effect is not at all clear. Parturition is a very complex
sequence ot events, requiring accurate biological timing. From the
summary ~orma~ion 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 siqni.ficance
of the reported toxicologic findings, Monsanto should be asked to
submit complete copies of the final reports from the reproduction
studies cited in the company·s Section 8(e) and FYI submissions.
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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ctJRREFl' PROPQ9'1'IOH AND 9SB

A review of the production range (includes importation volumes)
statistics for phosphorus (CAS No. 7723-~4-0), which is listed in
the initial TSCA Inventory, showed that about 3S0 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 (CBl) 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 data, are subject
to the limitations contained in the TSCA Inventory Reporting
Regulations (40 CFR 710).

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

COMMENTS/RECOKMENDATIONS

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

Following a preliminary review of FYl-OTS-07SS-0423, it is EPA's
initial position that the parturition-related maternal toxicity
findings presented therein should have been submitted to the Agency
under Section see), the "substantial risk" information reporting
provision of the Toxic Substances Control Act (TSCA). The basis for
EPA's position in this matter is as follows:

section See) states that "any person who manUfactures,
[imports,] processes or distributes in commerce a chemi­
cal substance or mixture and who o:btains 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 ~::~ to Part V of EPA's TSCA section S (e) policy
stat explains that a "substantial risk of injury to
healtb.••• is a risk of considerable concern :because
of (a) the seriousness of the effect • • • and Cb) the
fact or probability of its occurrence. a With regard to
the seriousness of the effect, Part V states that EPA
considers the types of health effects for which substan­
tial risk information must be reported to 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 Veal (2)]." The information 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 SCe) policy statement.
Part VI explains also that a "person is not to delay
reporting until he obtains conclusive information that
a substantial risk exists, but is to immediately report
any evidence that reasonably 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 See) 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 subj ect chemicaJ;
exposure in determining whether a risk is substantial.
Further, EPA's response to Comment 31 in Appendix B of
the section SCe) 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 VCa) (1)
or (2) of the policy statement presuppose exposure to the
tested chemical and must be reported immediately to EPA
under Section B(e).

Considering the preceding discussion, EPA believes that the serious
parturition-related toxicity data contained in FYI-OTS-078S-0423
offer reasonable support for a conclusion of substantial risk and
as such should have been submitted under section BCe) 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 S(e)­
applicability/reportability of the ~nformation 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 protocol, 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) act. 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.ls general interest in company actions that
are taken on a voluntary basis in response to chemical
toxicity and/or exposure data, Monsanto will be requested
to 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/others
about 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 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.

b) The Chemical Screening Branch will review the reported
information in order to determine the need for furth~=

OTS assessment of elemental phosphorus.

c) The Chemical Screening Branch will send copies of this
status report to NIOSH, OSHA, CPSC, FDA, NTP, OSWER/EPA,
OW/EPA, ORO/EPA, OAR/EPA and OPP/OPTS/EPA; in addition,
copies of this report will be sent to the Environmental
Assistance Division/OTS (formerly the TSCA Assistance
Office/OTS) for further distribution.

Members of the "Ad-Hoc Committee of Phosphorus Manufacturers

FMC Corporation
Monsanto Company

Hoechst AG Knapsack
Stauffer Chemical Company

Occidental Chemical corporation
Albright & Wilson, Americas, Inc.
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Dear Sir:

MonsanIO Company

800 N. Wnclbergh Boulevard January 9, 1990
St. louis. Missouri 63167
E'!1Pne: (314) 694-1000

Document Processing center (TS-790) ~~

(Attn: Section 8(e) COOrdinator) ~·DI9/!).()4'.lO~~
Office of. Toxic Substance~ -P..Dc..,!'J -~~ -8Cf?'v<\ 0 rs
u. S. Env~ronment Protect~on Agency ~~ ~

401 M. Street, S. w. 139 -90 () D D D 0/9
Washington, D. C. 20460

'3110- poses
This letter is in response to the Nov. 29, 1989 letter from Mr. Charles M.
Auer requesting further information on the elemental phosphorus studies
submitted by Monsanto (FYI - OTS - 0785-0423 and 8ESQ-0889-0820). The Agency
has inquired as to Monsanto's rationale for conducting these studies. Suman
exposure to elemental phosphorus is caref~lly controlled because 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 aquatic species at
low phosphorus concentrations. We wanted to ascertain if these reproductive
effects would also be present in mammalian species.

While the results of the first study were suggestive of toxicity in female
rats at th~ time of delivery, there was some evidence that the results may
have been complicated by a reaction between elemental phosphorus and corn oil.
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 purpcses to the Agency, to customers, and to
other r~oducers of this element.

Following the submission to the Agency a research program was undertaken to
understand the possible interaction between elemental phosphorus and corn oil
and to ref£ne the analytical techniques. 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
protocol (Attachment 1) which required extremely meticulous care in all stages
of sample preparation and analysis beyond the precautions already in the
protocol for the first study. A second study on the reproductive effects of
elemental phosphorus was undertaken 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
phosphorus, and these preliminary 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 f~om the testing
laboratory. The report is anticipated in first quarter of 1990.



Mr. Auer' s letter also requests in£ormation 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's elemental phosphorus HSDS and broadly
distributed the revised MSDS. A copy of this MSDS, dated 5/1/86, is enclosed
(Attachment 3). Shortly after receipt of the pre1~ary toxicological
results from the second study, Monsanto again modified its elemental
phosphorus MSOS to provide additional warnings to female employees. A copy of
the revised MSDS was sent to all Monsanto plants which produce or handle
elemental phosphorus, to customers and to other producers of elemental
phosphorus. The MSOS was enclosed with a letter which provided additional
information about the study and which outlined 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.Olmg/m3 • A copy of the letter and the MSDS dated 9/5/89
are also enclosed (Attachment 4).

We also conducted further industrial hygiene monitoring to assure ourselves
that employee exposures did not exceed the above target. Personnel monitoring
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
Hr. Auer's letter and this response letter. The other companies are requested
to respond directly to the Agency on the worker notification, exposure
reduction and other studies submission requests in Hr. Auer's letter. No
further studies are planned by the consortium.

Sincerely,

;)t-~~
J. Ronald 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

Hr. John C. Heussner
Tenneco Inc.
Tenneco Bldg.
1010 Miram
P. O. Box 2511
Houston, TX 77252-2511



Dr. Ladd W. Smith
OCcidental Chemi.cal Corp.
360 Rainbow Blvd. S.
Box 728
Niagara Falls, NY 14301

Dr. H. J. Ulrich
Boechst AG Werk Knapsack
05030
Burth-Knapsack
West Germany

Dr. Myra Winer
FMC Corporation
P. o. Box 8
Princeton, NJ 08540

Dr. James P. Mieure
Monsanto Company
800 North Lindbergh Blvd.
St. Louis, MO 63167
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ATTACHMENT 1

Bio,kynamics Inc.
Department of Toxicology

QUOTE NO.: 38330

ONE-GENEUJ:ION 1EP10DUCTION STUDt IN RAI'S
WItH ELEMENTAL PHOSPHORUS

SllbaLtted to: Mclnaanto COlIPatly

Attention: aa.haL Nair. Ph.D., D.A.8.T.

Date: January. 1989



QUOTE ~O.:

SPONSOR:

ATTEsnON:

I. PURPOSE:

-1-

3833C

une-Genet'acion :l.e;>t'.:lciucci:m Scudy i:1. :tacs 'Jich E:1.ece:1.:al.
?ho:i?no::,;.Is

The tacilicies Qt Bio:dynamics, Inc. and :hi; study wiil
be operaceci/conducted in accordance ~ch che requiremencs
and recommendacions 0; che Animal welfare Acc (P.t. 89­
544, as amended by P.L. 91-5i9 and P.L. 94-,79}, ana echer
applicab1.~ federal, sca:e and local laws, ~2gula:ions and
policies.

~onsanco Cocpany
SOu N. Li~dbergh Boulevard
Sc. Louis, ~ssouri 63167

Rashmi Nair, Ph.D., D.A.B.T., Product Toxicology Manager

The objeccive of chis scudy is co evaluate the effeccs of elemental
phosphorus on che reproduccive performance of the CD~ rat through one
generation. Tesc article ~ll be administered by gastric incubation
daily to male and female racs over an 80 day pre-mating period and
chroughouc the macing period. Hated females will continue on treat­
menc throughout che ensuing gestation and lactation periods chrough
co weaning of che pups. F adult generacion animals will continue
co be created until sacrif~ced.

II. TESTING FACILITY:

This scudy will be conducced ac Bio/dynamics, Inc. located on
~eccLers Road (P.O. Box 2360) in East Millstone, Sew Jersey 08875-2360.

III. PROPOSED STUDY DATES:

Receipc of Tesc Animals:
Initiacion of Treatment:
Iniciacion of Hating:
First Day 21 Lactation:
Sacrifice of Fo Adulcs:

Hales:
Females:

SubQission of Audited Draft
Report:

IV. STUDY PERSONNEL:

Scudy Director:
Project Supervisor:

*to be decermined

*
*
*
*

*
*

*

Raymond E. Schroeder, ~.S., ~.A.B.T.

Ellen Whiting, AALAS, L.A.T.
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VI. ~TERIALS AND ~THODS:

A. Test Arcic:le:

Supplier:

~BP So's.:

Descri.,tion:

7
- ..-

~lcmental Phospnorus

~nsanto Company

3865209-210 (~go)

Colorless, •.-axy s~~~ __

(J I'· I

/"1,10 n..,1'T':1{-" 'n

Storage Conditions:

Expiration Dace:

Hazards and Precautionary
Procedures:

B. Vehicles:

Source:

C. Test Animals (F ):
~

Species:

Strain:

Supplier:

Justification of Sp~cies

and Strain of the Yest
Systelll:

Stored under water in vials. The latcer
will be refrigerated in a solid I:IecaJ
container.

12189

See ~onsanto Toxicology Sall&ple
Submission Form a~d MSDS (also Appendix
0).

1, Corn oil (Mazolaa)

2, !ricaprylin (glycerol trioctanoate)

I, Commercially available

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

Rat

Crl:CD8 (SD) SR (outbree)

Charles River Breeding Laboratories
Portage, Michigan

Generally recognized standard laboratory
rat. This strain of rat is cOlZllllOnly
used in reproduction studies. and
Bio/dynami~s bas historical control data
concerning the reproductive performanc.e
of this strain.

~umber of Animals: Females
~ales

180 ordered; 150 used on tes::.
95 ordered; 75 used on test.



Vl. ~~TERIALS ~~D ~ETHODS:

..... rest Ani::lals it )-,,::;,nt":'1ueci:
--?-

nusbandry:

-3-

~LesIFeoa.es - 6 ~eeks at receipt; :-9
~eeks at the initiation or treatce:1t.

At Least 10 days.

Currently-acceptable practices 0: good
animal husbandry will be follo~ed; e.5 ••
Guide for the Care and use of Labora:orv
Animals; OHMS Publication So. (SIH) 33­
23. Revised 1985.

Housing - individuall)'. except: the
firSt week of acclimation (21sexica!;e):
during mating (2 females/male) and
1 act a t ion ( dam 10 i t h t he 1 i::: t e r ) •
Animals will be housed in suspencied,
stainless steel cages with ~re 2sn
floor s • On Day 2 0 0 f g est a t ion ,
stainless steel floor pans will be
inserted into the cages of mated fecales
to retain the bedding lIlaterial. ~ese

floor pans will be removed on Day 1:' of
lactation. Throughout the s:udy
absorbent cage papers .ill be placed
beneath each section of cages on the
animal rack to catch urine and feces.
ThEse absorbent rack papers _ill be
changed at least three times weeitly
along with cleaning of the animal room.

Food - Purina certified Rodent ChowL,So.
5002 (mash form); ad libitum. Each ~age

will contain a glass feeder jar ~th a
stainless steel lid. Fresh feeders and
diet will be prOVided at least ,,;eekly.

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

There are 110 known contaminants in the
feed or water which are expected t:) be
capable of interfering with the res.:lts
of this study.



,
Vi. ~~!ERIALS A~D ~ETHODS:

~. :est ~nimals CF )-con:i~ued:
lOr""

~nvironmental Conditions:

D. ~nimal Identification:

3~ddi~g ~a:erial - Li::er Kleen! har~­

_ood shavings; provided for each ~a:ee

female on Day 20 of gestation; fresh
~edding .ill be provided as needed
through :0 Day l~ of lactation.

- ..>.

Light/Dark Cycle - via automatic timer;
12 hour light/dark cycle (7 A.~. to 7
? .M.).

Te~perature - (72 + S'F); monitored
twice daily (morning/afternoon).

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

Temperature and humidity will be main­
tained within these ranges :0 the maxi­
mum extent possible.

All F adult generatlon animals will be identified with a metal ear
tag. °The animal's ear tag number plus the Bio/dynamics' Pr~ject
~umber will comprise a unique identification number for each animal.

E. Assignment of Animals to GrouDs:

After at least one week of acclimation, all animals received for
this study will be given a detailed examination. The health status
of the animal population will be evaluated at that time by the Staff
Veterinarian. and unhealthy 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 lIIean body weights
between test groups. A computerized sorting program will be used
which sorts animals on the basis of their pre-sort Cody W!ight and
temporary cage card number.
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VI. YATERIALS ~~D ~ETHODS-conc~~ued:

: •.~~inistrac~on of Tesc Arcicle:

It I'·"
l'Iou .... nl.r_ I".

Ro~ce 0; .~miniscration:

Justificacion for Route of
Admi:liscracion:

Preparacion of Dosing
Solutions:

Scabilicy:

Gascri~ inc~bacion

A ~revious reproduccion scudy conducced·
by che oral rOl.!ce sfl,ow.ed tOl(ici cy. ~
Since chis scudy is, Ln parc, a repeac
of chis previous work, ic is appropriace
co use chis same rouce of admin~scra­

cion.

A procedure for preparing che dosing
solucions (Corn oil - Groups II and III
and cricaprylin Group V) is presenced in
Appendix E. BoccIe of dosing solucion
will be prepared for use on individual
days (one boccIe/dose group/day).
DOSing solucions will be prepared ac cwo
week incervals ac Bio/dynamics, Inc.

Scabilicy of che dosing solutions over che incended use in:;erval
will be conducced by Bio/dynamics, Inc. (see Appendix E.).

Accuracy of Pre~aracion:

The analysis of dosing solucions for use in che scudy co confirm
concencracion levels of cest arcicle with the carrier will be
conducced ~ Bio/dynamics, Inc. (see Appendix E).

G. Treatment Schedule:

F males and females will be dosed daily for at least 80 days prior to
miting. Dosing of the male ani_ls (all groups - Groups I-V) will
continue throughout the mating period until sacrifice. Females will
be dosed daily during the mating period (Groups I-V) and mated females
f rom Groups I. II, IV and V will continue to be treated cluring the
ensuing gestation and lactation periods until sacrificed. unmated
females will concinue to be dosed daily until sacrificed. In Group
III females will be dosed during the III&ting period and once maced
through to include Day 15 of geseation. These animals (G:-oup III)
will not be dosed for the remainder of the gestacion period or during
lactation.
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VI. ~TERIALS ~~D ~~~HODS:

A conscanc dose vol~ce 0= 3ml 1 kgrday will be used :or Grc~ps I-II! a~d

Z llIl/kg/day for GC'IJUpS IV and V. Individual animal dos~ voluces :.ri:l
be adjusted ac each weighing in::erval during the study with c::e
c~ceptLon of Day 20 gestation. reQale~ ac Day 20 of gestation will ~
dosed in accords lo1i.th their gestacion !'lay 1:' weigh~ . All animals :.lill
be dosed ac approximately the same time each day. Control animals
(Groups I and IV) will be administered vehicle only (gastric
incubation) ac a comparable dose volume as created animals (V
~xperimental Design, ?age 3).

Dosing solutions will be provided by Bio/dynamics (Department of
Xetabolism and J.nalytical Chemistry) in rubber capped glass beetles.
The following pr~cedure will be used for drawing out dosing solucions.

I, The plastic syringe will be filled with Sitrogen gas (N
2

) to a
volume eqUivalent to che volume of liquid to be drawn out. (Volume
to be dosed plus excess to account for volume in the intubation
needle).

2. The syringe ac this time will be fitted wich a 3-4 inch blunced 18
gauge incubation needle.

3, The needle Will be inserted thru the rubber cap, che volume of gas
in che syringe expelled inco the concainer and the appropriate
volume of dosing solution drawn out.

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

S. The plunger on che syringe will be removed and the syringe flushed
wi ttl. N, and the plunger placed back in the syringe and the volume
se t fof the next aose volume plus a li ttle extra to compensate for
displacement in the intubation needle.

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

One Ill2le will be co-housed nightly wi tll. the sallie twO females from the
same trea~ent level until a female shows evidence of mating or for 10
consecutive days. FollOWing this interval, all unmaced females will
be randomly distributed among the sexually active males (males mating
during the first lO-ciay period) in their respective groups for a
second period involving 5 nightly intervals of co-housing. Thus, :he
mating period will be a total of 15 days.
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VI. ~~!ERIALS ~D ~!HODS:

H. ~eing-continuea;

Each morning following intervals 0: co-housing, :emales will ~e

evaluatea :or evidence of mating (copulatory plug in the vagina andj~~

sperm in the vaginal smear). !he aay evidence of mating is observed
will be consiaerea Day a of gestation and mated fegales will be
rem~vea from the mating unit and housed inaividualLy for the reQainde:
of gestation.

I. Parturition and Lactation:

On Day 20 of gestation, each gated feQale's cage will be fitted with a
seainless seeel floor pan and bedding material will be providea.
Thereafeer, examination of individual females for signs of parturiti~n

will be made 24 times daily ae hourly intervals. !he ciate and ti:lle
that parturition initiates will' be identified as will the time a::ci
aaee that parturition is considered completed. These data will be
noted on the individual female litter ex.amillation sheets. Formal
litter examinacions will be conducted twice daily (IIlOrnillg 8:00-10:30
A.H. and afternoon 3:00-5:00 P.M.). The:fay on which all pups have
~een delivered within an indiVidual litter will be designated Day 0 0;
laceation for chat female.

Li tters will be housed with their respeceive cialllS throughoue the
lactation period.

Optional Second (Fib) Litter:

The decision to re-maee males and females to produce a second (F1b )
litter will be deeerlllined by the sponsor after review1.ni;'
reproductive daea for the F

la
litters.

VII. EXPERIMENTAL EVALUATION (IN-LIFE):

A. General Observaeions:

F
o

Females:

During late gestation and. parturition in~ervals animals will be
observed for IIIOrtality!morbidity hourly over tne 24 hour interval.
During other in~ervals of the seudy. viability checks will be made at
lease ewice daily (morning. afternoon). Animals found dead durioi;'
intervals afeer 5:00 p.lI. and before 8:30 a.lI. will be refrigerated..
until necropsy can be performed. ObseevatioDS of pharmacologic andlor
tQxicologic effects will be made twice daily along with the daily
viability checks. A detailecl physical in:-11fe evaluacion will ~
performed weekly for each adult generation animal.
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v::. ~XPERI~E~TAt EVAL~ATIOS (!~-LIFE)-conti~ued;

3. 30dv I,:eillht :Je:erc:':lations:

15 13 , •• /
i'1~ "I4tn',... .. In

30ciy .,eights :.:Jr :~e r adul:: ::lO!~es ana :eoales orill be recorc:ec a:
i:l:'tiation of tredtoent? (first day .:Jf dosing) and weekly therea::e:­
during the pre-llIa::ing period. ~les will continue to !)e wei~hed

~e~kly during the ~ting and pOst-matlng intervals. remales t~~t :a::e
",ill be ",eighed on Days 0, i, 1~ and 20 of gestation, and females t~t

deliver .""ill be weighed on Days 0, 4, 14 and "21 of' lactatioa. ' r.:n~ted

f~males will be weighed weekly uri:il termination.

c. food ConsumDtion:

food consumption Ionll be recorded for the pre-study (pOSt-so:,::':':;)
interval (designated baseline period) and weekly for the pre-mating
treatment period. Food consumption will be recorded for mated females
ove: the Day 0-7, 7-14 and 14-20 gestation interval. food consumption
",ill not be recorded in the follOWing instances: males during the
lIlating period; females during the mating and lactation intervals; or
females during the post-weaning period till sacrifice. Food
consumption Will be recorded weeic.ly for males during the post-mating
period until sacrificed.

D. Litter Evaluations:

Litters will be observed as soon as possible after delivery during :he
specified morning or afternoon intervals (Sec. I. Parturition and
Lactation; Page 9) for the number of live, deaa and total ;lups at
birth. Thereafter, litters will be observed twice daily (morning;
afternoon) for the presence of dead pups. The latter will be removed
f rom the li tter immediately when found. The occurrence of dead pups
during lactation will be recorded on the individual female's l~tter

examination sheet.

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

Each pup will be given a gross physical examiaacion on Days 0, 4, 14
and 21.

Pups will be weighed individually and sexed (external sexing cr~te:'ia)

on Days 0, 4, 7, 14 and 21.
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~Irr. POS~ORTE~:

A. F Females:
~

:emales :hat retain litters :~ Jav 21 of lactation will be sac~~­

ficed after the last litter on st~dy is weaned (s?onsor decisi~n,.
All these females \Jill be given a gross postmortem evaluation an~

~terine implantation scars ~ill be counted. Abnor~l tissues ~~:

be noted and tissues saved as ?er Section C. Page 12.

2.

3.

5.

Females that experience compl~te litter mortality will be sacri­
ficed aft~r the last litter on study is weaned (sponsor decision).
These females will be given a gross postmortem evaluation and
uterine implantation scars counted. Abnormal tissues will be
~oted and tissues saved as per Section C. Page 12.

~ted females that do not deliver a litter will be killed as a
group with those females that have weaned litters (sponsor
decision). Females will be given a gross postmortem evaluation
with particular attention given to the uterus for the presence of
implantation sites or scars. Tissues will be saved as per Section
C. Page 12.

Females that do not mate will be sacrificed as a group with
females that have weaned litters (sponsor decision). These
females will be given a gross postmortem examination with
particular attention given to the uterus for implantation sites or
scars. Abnormal tissues will ~e noted and tissues saved as per
Section C. Page 12.

Females that die during the study or are killed in a moribund
condition will be given a gross postmortem evaluation. Abnormal
tissues will be noted and tissues saved as per Section C. Page 12.

B. F Males:
\OJ

Males will be sacrificed after the last F1 litters have been weaned
(sponsor decision). This will provide an 8pportunity to evaluate the
fertility of these males prior to sacrifice. Such animals may be
retained to produce a second (FIb) litter (sponsor decision ­
additional cost item).
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VIII. POS~ORT£H-continued;

c. :issues Saved and ~eighed:

"4he following tissues 101111 be saved :or all F ad~lt gener:at~~C1

animals (sch:!duled sacrifice. mor:ibund sacrifflce or: spontaneous
death) ;

Females

liver:
kidneys
bone (right fetllUr)
heart
testes*
epididymides'"
proscate
seminal vesicles
pituitary
gross lesions

liver
kidneys
bone (right femur)
heart
ovaries
uterus
vagina
pituitary
gross lesions

*Testes and epididymides will be fixed in Bouin's Solution prior to
permanent storage in 10% neutral buffered formalin.

Organs identified with an * above will be weighed at necropsy.

These pups will be sacrificed on Day 21 of lactation and given a gross
external and internal examinae ion. Only abnor:mal tissues will be
saved.

E. Dead Pups:

Dead pups recovered during lactation will be given an external and.
internal examination. sexed (internal itlspection of the gonads) and
preserved in 10% neutral buffered formalin.

F. Culled Pup. (Day 4):

Sexed by internal inspection of the gonads and discarded.

G. Method of Sacrifice (F0 Ac:!.ul ts anci F1 Pup~):

Overdose of ether inhalation.

H. Pres~rvation of Tissues:

10% neutral buffered formalin.
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IX. SrAIISTICAL EVALUArIOSS:

f), .. :
1'I~n""nlC'"-

)ata fcJr test Group!! ana I1:! lOill be cOQpared to data for cc::::~,;;'

Grou~ I ana data ;or test Group V ~ill be cOQpar~d co data for co~t=~:

Group I'••

?arameters Evaluated

~!ortality Data
:.ieekly Body \./eights - ~ales and Females
~re-Mating Period

~eekly Food Consumption - ~ales and Females
Pre-Mating Period

~ean Weight Gain (Entire Pre-Mating Period)
- Xales and Females

Weekly Body Weight and Food Consumption - Males
- Post-Mating Period

~ating, Pregnancy, Fertility Indices
Gestation Eody Weights and Food Consumption
Parturition Data (Gestation Length, Number of
Live, Dead and rotal Pups at Birth)

~ean Litter Size at Days 4 (Pre- and Post-Cull),
14 and 21:

~ean Pup Weight (Litter Experimental Unit):
Pup Survival Indices (Days 0-4, 4-21):
Litter Survival Index:
Organ weight data - absolute and relative to
terminal body weights (IBW)

Statistical Procedu=e

Incidence Dataa

Interval Data
!)

Interval Data

Interval Data

Interval Data
Incidence Data
Interval Data

lnterval Data

Interval Data
Interval Data
InCidence Data
Incidence Data

Interval Data

a Incidence Data - Appendix A [A-l multiple groups (Groups I-III) and A-2
two g~oup (Groups IV-V) comparisons]

b
Interval Data - Appendix B (B-1 multiple groups (Groups I-III) ane 3-2

two group comparison (Groups IV-V)

X. REPORT:

A final report will be prepared and will include the follow1.l1g (priClr to
subaltting the final report. Ol1e copy Clf an audited clraft reporc v.i.ll be
s~nt to the sponsor):

Abstract
Introduction
~aterial5 and Methods
Experimental Desigl1
Results and Discussion
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x. !li:PORT-co n: i nued:

the tollowi:lg da:a ~ll be SUllIllla:-ized:

"I' ..,. .1." n .... n' It"'_ !

:1or:ali:y
~can ~dy weight ja:a; pre-mati:lg treatment period and mea:l ~eignt

gain for the entire i:lterval
~ean body ~igh~ ~ata (males); pos:-ma:in; interval (weekly)
~ean ~:ernal body weight data; gestation/lactation i:lterval
~ean food consumption: each recorded interval
Mating, pregnancy and fertility lndices
Summary statement for physical in-life evaluation data and gross

postmortem observations
F1 litter data; gestation length, litter size, dead pups at birth,
missing pups during lactation

~ean pup weight and sex distribution ratios; each recorded interval
Pup survival indices
Organ weight data (Fo adults) - absolute and relative to TBW

Appended data will include but not be limited to:

Animal termination history
Individual body weight data; all recorded intervals
Individual food consumption data; all recorded intervals
Individual female F

1
litter data to include: gestation length,

number of live. dead and total pups at birth and litter size on
Days O. 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 data
Individual gross postmortem observation data (Pathology Report) -

F adults/F
1

pups
Inaividual organ weight data - absolute aDd relative to TBW
Quality Assurance Statement
Personnel Involved in the study
Copy of Protocol

XI. QUALITY ASSURANCE STA'TEME:NT:

This study will be subject to the quality assurance auditing procedures
as set foren by the Qualiey Assurance Unit of &{o/dynamics Inc. T~is

study is designed to conform to the EPA (TSeA) GLP regulations as set
forth ia 40 CFR, Part 792.

XII. Al'IERAnON OF DESIGN:

Alterations of this protocol may be made as the study progre3ses. No
changes in the protocol will be made wi~hout the speCific ~itten

requ~st or consent of the sponsor. In the 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 Director.
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XItI. ?RESERVATION OF TEST RECORDS AND SPECI~ENS:

~: ~he cocple:ion of :he s:udy, all ~epo~ts. raw data, p~eserved spec­
~~ens and ~etained saopl~s ~ll be zaintained ~ithout charge i~ :he
3io/dy~ami~s Inc. ~~cnives for a pe~iod of a: leas: one year af~er

SUbQ15S10n of the final repor:. The sponso~ will be notified annually
thereafter ~ega~ding additional COSt for sample space needed :0 retain
raw da:a/samples beyond one year.

The unuscd portion of the test ma:e~i~l will be"returned to the sponsor
following completion of the study.

PROTOCOL REVIEWED AND ACCEPTED:

BY:

rr!r.E:
FOR:

BY:

TITLE:
FOR:

? ....... ,{ r1.:_
Rayidnd E. Schroeder, M.S., D.A.B.!.
Study Director
Sio/dynamics, tnc.

Rashmi Nair. Ph.D., D•.~.B.!.
Product Toxicology Manager
Monsanto Company

DAIE:

DAIE:

f If

r have reviewed the protocol of che above study and have found thac the study
design will minimize pain or discress by the tesc animals within the objecCives
of the study. If anesthetic, an.lgesic, or cranquilizer drugs can be used, they
at"e the proper type for the given species. If euthanasia is to be perforllled,
the method is proper for the given species.

BY:

TInE:
FOR:
/

Edward T. Greenste'
Director of Labora 0

Bio/dynamics, Inc.

DATE:
DACLAM
Medicine
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APPESDIX A

STATI<;nCAL PROGRA."I - 'flItTIPLE/1\30 CRO\:? STl.'t'I~S (I~CIOI';~CE)

------t:..

-S:'!l-c:isc:1:c"a1 anal~sis of i~ci"ence data wi 11 he perfor-:netl usinsz:
conc:inllency table techniques, cOl!lparinli!; each treated llroup with the
control <zrOUD. J:'or each such cOlllparison. a 2x2 table to7i.ll ~e formed
from the numbers of animals :.lith and without the event of interest in
hoth the control and treated groul" The table will be evaluac:erl by the
Fisne:o's Exact test. Tests Iotill he conducted ac: tt-e l~ cwo-sided r;sk
leve 1.

~eference for this orocedure is Bradley. J.V•• Distribution Free
Statistical Tests, Prentice-Hall, Englewood Cliffs, N.J., 1968, PI" 195­
203.
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APPESDIX A

~UtTIPLE GROUP STUDIES (ISCID~SCE)

S~a~istical analysis of incidence data wi 11 be perfor:1ed usinll: contin­
iZen~ tables. First a standard c!'li-square analysis w11l be performed to
.:ete.~n,", ~~ t~e proportion of incidences differ between the groups
cested.·--.l!!. ~e~i-nll: with standard statistical practice •. if anyone cell
has an expected value less than 5, this sten will not he reported. Sext.
each treatment ~roup wi 11 be cOlDpared to the control lft'oup usinsr a 2x2
Fisher Exact test. the significance level wi 11 be corrected via the
Ronferroni inequality to assure an overall test of the stated sf.lI'"1f­
icance level. Thirdly, ArlIIitage's test for linear trend in the dosa~e

groups will be performed.

All tests will be reported at the 5% and l~ level of significance.

References for the techniques are:

Chi-square:

Fisher Exact Test:

Bonferroni Inequality:

Armitage's Test:

Snedecor. G.Y•• anrl Cochran. ".C., Statis­
tical Methods, 6th ed•• Iowa State University
Press. Allies, Iowa, 1971. pp. 250-253. .

Bradley, J.V. Distribution Free Statistical~

Tests, Prentice-Hall. Englewood Cliffs. N.J.,
1968. pp. 195-203.

Miller. R.C., Jr •• Simultaneous Statistical
Inference. ~cCraw-Hill Boo~ Company, N.J.,
1966. pp. 15.

At'T'lita~e. P•• "Tests for Linear Trends in
Proportions and Frequencies". Biollll!trics,
Sept. 1955, pp. 375-386.
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APPDIDIX S

BIO STAT ~ULTIPLE CROUP DATA (ABSOLUTE)

Statistlcal evaluation of equality of means will be made by the appropriate
one way analysls of variance technique. followed by a multiple canpanson
procedure lf neede:3. first. Bartlett's test will be performed t.o ceter:n:.ne
if groups have equal variance. If the variances are equal, para"'llet.nc
procedures will be used; if not. nonparametric procedures will be used. The
parametric procedures will be the standard one way ANOVA using the F clstrl­
bution to assess significance. If significant differen<:t!s among the means
are indicated, Dunnett's test will be used to determine which means are
signlficantly different from ~~ control. If a nonparametric procedure for
testlng equali ty of means is needed. the Kruslcal-wallis test will be used,
and if differences are indlcated, a sumned rank test (Cunn) will be used to
dete~ine which treatments differ fram control.

A s.tatistical test for trend in the dose levels will also be performEd. In
the paranetric case (i.e •• equal variance). standard regression techt1iques
with a test fer trend and lack of fit will be used. In the nonparametric
case, Jonckileere's test for monotonic trend will be used.

'Itle test for equal variance (Bartlett's) will be cordueted at the 11 two­
sided riSk level. All other statistical tests will be conducted at the 5%
and 1%, two-sided risk levels.

References for these techniques are snedec:or. C.W. ana Cochran. W.G.,
Statistical Methods, 6th edition, 10"8 State university Press (1967),
Hollander and W)lfe, Nonparanetric Statistical Methods. John Wiley and sons,
NeW '{ork (1973), Dunnett. C.W., J. Am. Sta. Assn. sa: 1996-1121 (1955) and
Biometrics 29: 482. (1964).

Bartlett's Test
lV¥:NA
Dunnett's Tes~

Kruskal-irJallis
Sl.JMIed Rank Test (Dunn)
Regressian Analysis - Trend

Lack of Fit
Jonckheere's Statistic

pp. 296-298
pp. 277-279
pp. UJ96-1121,
pp. 482-491
pp. 114-116
pp. 131
pp. 149-152
pt). 456-459
pp. 129-123

S5C
SiC
D
Bio
Ii'W
!i.'W
S&.C
sec
H&W
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APPENDIX 8

Two-Group t-test

T~£ variances of the two grou~s will be tested for equality using
the F-test. If the variances are equal, a standard independent e<JO
sample i:-eest will be used to determine equality of means. If t.'1e
variances differ at the 1% level of significance, welch's t-test
will be used to detel:mine equality of ITeans. T-tests will be
conducted at the 5i and 1%. e-""o-sided risk level.

References for these techniques are:

t-test:

t-test:

Woelch's t-test:

Gill, J.t-., Design and Analysis of
Experiments in the Animal and Medical
Sciences. Iowa State Un~versity Press,
AmeS, Iowa (1978). Vol. I, pp. 63-65.

Ibid., pp. 67-78.

Ibid., pp. 71.



pqEPA~ATION AND 4NALYSES OF DOSING SOLUTIONS

Preparation method suppliec by tne Sponsor will be validated at ~ur

;aboratory hr ::oth corn oil anj ~ricapryl in. Conuol vehi cl e wi 11 be

fortified with test material and wil 1 be evaluatad for reproducibility of

results by the su~plied method. Mean and standard deviations will be

compute·j on multiple extractions and injections of the concentration level

to be used for the study.

2. STABILITY ANALYSES:

Staeilityof the test iIIaterial in corn oil, iso-octane and tricaprylin

~ill be determined on Days 0, 1. 7, 14 and 21. if 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 SOLUTIONS:

Preparation and analyses of the dose solutions wiil be performed

bi-weekly. Analyses will be perfonmed on each sample prepared to detenmine

that the concentration is within + 101 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 detenmine if the dosing solution degrades during the actual dosing. This

will be done by preparing a dose solution 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.



Appencix : ::~nt.;

U.O,/.I:" ,,~mlC". In.·

r;.4 .:sa;i

PREPARATrON AND ANALYS:S OF JOSI~G SOLurfONS - continued

~. JIS?OSAL OF SOLUTIONS:

All solutions containing more than 40 ug/ml of phosphorus will be

aisposed of dccording to the method supplied by the Sponsor.
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~QEPARATrON OF EL~MENTAL ?HOSPHORUS
DOSING SOL~TrONS

To M. Ngo
~.l. Trehy
Monsanto Company

Marie 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 preoaration of elemental phosphorus in tricaprylin and COrn oil.

Ammendmants to procedure are included on page 14.
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Preparation of Elemental Phospr.orus Solu:ions in Tricaprylin ~()
T. ~. Ngo and ~. L. Trehy

October ,1988

Warning: Elemental white (yellow) phosphorus is spontaneously combustible and
toxic. Isooctane and "eth~nol are flammable.

Note: One care~n dioxide fire extinguisher is required at all times. In
addition, one safety shower nearby is required. This operation is
not to be performed alone, requires at least one person nearby 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 f~om the air, to u.v
light, and is flammable. Tricaprylin is a very expensive material.
Therefore, extreme care and precaution should be taken during the preparation
of dosing solutions and analytical solutions. Study the material safety data
sheet (MSDS) thoroughly and follow the procedure given below in detail in
order to avoid injury and loss of experimental work.

I. Equipment needed:

1. One drying oven at 140 degrees centigrade.

2. House NZ or HZ cylinder « 5 ppm oxygen) equipped with an oxygen
scrubber unit available from American Scientific Products (Baxter),
Part NG530I-I. The HZ cylinder purchased should have a minimum
purity of 99.~ with an oxygen content of less than 5 ppm.

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

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

5. A thermometer adap~or that fits the 24/40 side neck.

6. A nitrogen glove box, model XPLB55AC from Baxter with accessories
from Fisher (see attached memo).

7. 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 900 angle connection, Fisher 88 - cat '15-324E).

B. An analytical balance with digital display that can weigh to 0.1 mg.
(Mettler A-IOO obtained through Fisher).

9. A stirring plate that has a base of at least S" X 6".

10. TwO 3 liter pyrex flasks with three vertical necks (side neck:
24/40; center neck: 34/45).

- 1 -



!~. 3 liters of 99r. tricaorylin. Sig~a T·9001. lot. 3SF-S371.

~2. ~cprox,mately 550 ~l. G.C ;rade 1sooctane.

13. Appro~imately 1Z0 ml. G.: grade wethanol.

14. T~o magnetic stirring bars (1 l/Z" L X 5/16" 0).

15. Four magnetic stirring bars (I" L X 5/16" 0).

16. One 1 liter filtering flask.

17. One 500 ml filtering flask.

IS. Six 30 ml beakers.

19. Two 100 ml beakers.

20. One vial of purified elemental phosphorus weighing between 0.1 to
O.Z grams as supplied by Honsanto.

21. Two Braun jeweler, curved forceps (length 4 1/2- obtained from
Fisher SS-cat. ; OS-953F).

22. A box of Shur-Wipe Wipers paper tissue, size 15- X 16 l/Z-, 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 m1 volumetric flasks with teflon caps.

26. Fifteen of l/S" 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. Fiv~ Pasteur pipette bulbs (2 m1. size).

29. Twenty each of 15 em and 23 em long disposable glass Pasteur
pipettes.

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

31. A case of one-piece aluminum seals (Fisher as-cat. 106-406-13A).

32. One manual crimper (Fisher cat. '06-406-20).

33. 20 ft of Tygon tubing for connections such as between vacuum line,'
N2 line, glass tubing, etc ..

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

- 2 -



35.

11 ... / .
./d~ lu,m.~. r,"I',

Several 500 ml glass dis~osal tattles with ca~s that have ~lastic

1iners to contaln waste So!ution.

35. Twenty-five of 100 ml serum bottles wlth one piece aiuminum seais
and a manual crlmper.

37. Four screw-clamps (Fisher hose clamp, Part _5-847).

38. One ring-stand and ring-stand clamp to support flasks.

- 3 -
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burns

Phoschorus :5 highly tOXIC. 100 mg is generally fatal. 15 mg IS severely
. tOXIC upon ingestion.

P4 vapor in air is toxic. the OSHA standard is 100 ug/m3

P4 is reputed to be absorbed through skin.

III. Comment on safety:

1. Solid elemental white phosphorus can be exposed to room temperature air
for periods of up to about 20 seconds 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.

2. 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 wHl be rapid unless the material
is kept wet or covered. Burning phosphorus may extinguish itself with a
coating of phosphoric acid, leaving unburned residue. The smoke from
burning phosphorus (PZOS or H3P04) is irritating, but not particularly
toxic. Combustion in a closed area or with a deficiency of oxygen could
conceivably produce toxic concentrations of P4 vapors.

Important: In the evant ofa major spill in the nitrogen glove box

* "ethanol and isooctane are flammable!

* Phosphorus ;s spontaneously flaJllllable in air!

In the event of a methanol or isooctane 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; if not, return it toa closed bottle.
Use tissue to wipe up any spilled methanol or isooctane, and pour any
methanol or isooctane into the waste bottl~. Flush the glove box for at
least one hour with NZ at the rate of 6 ft3/hr. Remove all tissue from
the box through the interlock system and dispose of it in a metal bucket
where it may be burned. Note: Interlock purged by alternating
application of vacuum and then addition of nitrogen to atmospheric
pressure 3 times.

In the event any elemental phosphorus is lost i~·the nitrogen glove box.
STOP all operations. Pour all open methanol or isooctane into the waste
bottles. Return all phosphorus to a closed container. Continuously
~1ush the box with nitrogen at the rate of Sft3/hr. Remove all items
whicM are burnaole or flammable from tMe box througr. a prepurged HZ

.. .. .
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:r.~erlcck system. Be certa1n that any fla~able ite~s are placed 1n a ~

~etal oucket where they may be b~rnea safely In the event ~f spontaneous ~
comOustion. Observe the InterIor of the bOx thorougnly for at least te~ . 'J
m1nutes to be certain no particie of elemental Phosphorus is left 1n t~e

box. !f not able to locate the phosphorus. open the box entirely and
c~ean :~ thoroughly before restarting the operat10n again.

IV. Preparation of Solutions:

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

*

*

*

*

*

*

*

All 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 (Ameri~an Scientific
Products Part 'GS03l-l) at a rate of 2.0 to 2.5 ft3/hr with a
minimum of 15 volumes of HZ and a minimum of 24 hours prior to
preparing solutions. Make su~e there 1s a positive nitrogen
pressure at all times. NOTE: Mat. sure all .-pty bottles. flasks.
boxes. cans. etc are opened during HZ purge.

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

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

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

Provide four sao ml bottles with plastic caps to contain waste
solutions. Make certain that these containers are purged with HZ
while in the HZ 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 phosp~orus exposure to light which
converts to red P4.

·5-
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~~e~arat,on of dos'ng and analy::cai so;uticns: ~11 stees oelo~

~" seQuence and must be Qone in ~, clove box. La~el everytn'"9
'-~e~'ately to ~revent ~lX-~C. -

~1ace a11 of preheated (1 hOur at 1400C) glasswares. 1abwares. and
equlpments necessary for the experlmental work lnto a nitrogen g1ov2
box.

2. Purge the box with nitrogen gas that has been scrubbed with a proper
oxygen Or air remover un,t at a rate of 2.0 to 2.5 ft3/hr wlth a
minimum of IS volumes of HZ and fOr a minimum of 24 hours. Once
purged, maintain continous HZ flow.

3. Pour approximately 2Z00.0 ml of tricaprylin (Sigma T-9001. 3SF·8371)
into a 3 liter - 3 neck - round bottom flask and place a stirrlng
bar (I 1/2" L x 5/16" 0) into the flask.

4. Check the the nitrogen flow rate into the nltrogen glove box to
assure a flow rate of 2.0 or 2.5 ft3/hr and start deaerating
tricaprylln at 60 degrees centigrade for at least twelve hours after
reaching 600 C as shown in Figure I. Carefully set a mild nitrogen
flow through the tricaprylin as a result of positive press~re of
nitrogen from the box and control the flow of nitrogen by a h~~e

clamp while pulling a vacuum on the erlenmeyer flask. The
temperature of tricaprylin is monitored by a thermometer and
controlled by a variable transforme,. or with a ther.nowatch.

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 mild
amount of nitrogen bubbles inside the flask is controlled similarly
to step 4.

7. Set UP empty 3 liter 3 neck round bottom flask similar to step 4.

S. Pour a precut chunk of purified e1emental phosphorus (weighing
approximately between 0.10 to 0.29) containQd in a small vial of
deaerat~~ deionized water into a 30 ml beaker and use a sharp-edged
3-inch h~~den spatula to cut the chunk of phosphorus in half.

9. Pour approximately 15 ml of deaerated G.e grade methanol prepared in
step 6 to a 30 ml beaker.

- 6 -
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7 ransfcr t~e c~~n~ 0: :~os~r.orus :n S:2D l~ ~y ~eans of a curved
ilcrororceo onto a :iean Shur-Wlpe or Kl~er.ex paper t1ssue to dry
off ~ethanol by roiling the chunk several t'mes. Transfer the ChunK
:0 a prepared balance and obtain its weight. Immediately transfer
it to the 3 liter flaSK ln step 7.

Volumetrical1y transfer the prop~~_a~u~~f c~aerated tricaprylin
prepared in step 3 into 3 liter ·-r-ne~ round bottom flask
containing P4 by means of a 500 and 100 ml grad~~te cylinder.

HOTE: Make sure the deaerated tricaprylin is no longer dripping
from the graduate cylinder during the transfer to the flask. The
X-amount of deaerated trica~rylin required in order to obtain a
concentration of 0.0375 mg ?4/ml tricaprylin can be calculated as
follows:

X-ml of tricaprylin a weight of P4~
0.0375 mq~

14. Dissolve P4 in deaerated tricaprylin at 60 degrees centigrade for 2
1/2 hours as shown in figure IV. NOTE: Make sure t~e phosphorus is
totally dissolved by visual observatiOn for at least 5 minutes.
Also cover the flask with aluminum foil during the dissolving step.
Transfe~ the prepared solution to many 100 ml serum bottles with one
piece, aiuminum seal caps.

15. Transfer a w~ighed chunk of phosphorus (similar to the step of
preparing P4 in tricaprylin) to a clean Z50 ml volume and pour
deaerated G.C grade isooctane to the mark by ~eans of a glass 65 mm
mouth funnel. Cat'efully place a I" L x 5/16· 0 magnetic stirring
bar to the flask and cap the flask with a teflon cap. Wrap the
flask with aluminum foil while waiting fo~ P4 in tricaprylin to
dissolve in step 14.

16. Stir P4 in isoocta"e for 1 l/Z hours at room temperature to dissolve
P4 and make sure P4 is totally dissolved by visual observation for
at least 5 minutes. NOTE: T~e phosphorus should be completely
dissolved within this period if the concentration is less than 350
ppm. The solution prepared in step 16 is considered a stock
solution.



.1. Transfer proper amounts of solutions prepared in seeD ~4. P4 in (\,...~
tricaprylin. and weigh them. The weigh,ngs are done each into tnre~ •• )
separate preweighed 50 ml volume-flasks in such a way that the
concentration of P4, after diluting to the mark with deaerat~d

isooctane (prepared in step 5). fall into a 0.3 to 1.0 ~4/1it!r

solution. Carefully place a I/S" x 1/2" magnetic stirring bar into
each of the flasks and cap the flasks with teflon caps. Stir these
solutions for at least 10 minutes. NOTE: One also prepares another
50 ml solution similar to the step l~h the exception of diluting
with deaerated tricaprylin. These four solutions are used for
stability study by G.C analysis. The concentratlon 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/ml

Grams of solution in step 17 X (Concentration of P4 solution in step 17)ug/ml
Density (Trycaprylin 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 0.692 g/ml.

IS. Transfer an appropriate amount of stock solutions prepared in step 16.
P4 in isnoctane. each into one of three separate preweighed SO ml
volumetric flasks. and we19h them. The weighings of stock solution are
done in such a ~ay that the concentration of P4. after being diluted to
the mark with deaerated isooctane prepared in step 5. fall into 0.3 to
1.0 mg of P4/liter solution or ug/ml. Carefully place a 1/8- X 1/2 m

magnetic stirring bar into each of the flasks and cap the flasks with a
teflon cap. Stir these solutions for at least 10 minutes. NOTE: 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 G.e ind the fourth one
is used to cross-check stability of P4 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/ml

Grams of solution in step IS X (Concentration of P4 solution in steD 18)ug/ml
Density (TrycapryJin 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 0.692 g/ml.

. a ·



19. Transfer each of the solutions preoared in steps 17 and 18 into at 1east (
10 vials of 1 ml capacity by means of 13 cm disposable glass c~~ette ~1~~ _~
~ulb. Seal the ~'als w1th one piece alumlnum seals using a manual ~

crimper. These p~epared vials are e,ther loaded into the sample tray of
the G.C. or stored in a dark and ccol (200 C) place. if not in use. ihe
procedure for the stability of P4 in tricacrylin or isooctane by G.e was
reported earlier in Report No. HSL·7144 and ES-87-S$-Ol and a copy is
attached.

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

All steps done outside N2 glove box have to be burned inside the hood.
As mentioned previously in the safety and preparation of solution, the
steps require extreme care and precaution. The disposal of ~astes also
requires similar attention. For example, never mix ~aste solutions with
different constituents into the same waste-bottle. Following is
st~p·by-step disposal of waste material:

1. Half-fill a 5 gallon steel bucket with sand ar.~ cover the top ~f the
sand with aluminum foil. Then place a 250 ml ceramic crucible into
the metal bucket and place th~ bucket inside the hood.

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

3. Hake sure there are no more spontaneous sparks und.r continuous
burninq by the propane torch and wait for the crucible to cool to
roon. tl:mperature 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 5~ 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.

- 9 -
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Delete tnis Step.

:hange to:

means of a curved microforcep onto a clean paper

tissue to dry off methanol by rolling the chunk

several times. Transfer the chunk to a prepared

balance and obtain its weight. Immediately

transfer it to a 500 ml round bottom flask

containing 250 ml of tricaprylin or corn oil.

Page 7. ~o. 13: Change to: Concentration of the stock solution is calculated

by the eQuation:

Concentration of P4 in stocK solution (ug/ml) =~4 added 1000 ug
-----ZSO m1 x, mg

Page 7, No. 14: Change to: Dissolve P4 in deaerated vehicle at 60°C for

2 1/2 hours under continuous stirring. Make sure

the phosphorus is totally dissolved by visual

observation for at least 5 minutes. Cover the

nask with aluminum foil during dissolving step.

After P4 is totally dissolved the dilution to the

dose level is calculated using the following

equation:

m1 of stock soln. needed = final volume needed (ml) x concentration needed
concentratlon stodtsoln.

Stir dose solution for 1/2 hour then transfer the

solution to serum bottles for dosing.

Page 7, No. 15: Refer to Analytical Method for analysis for the remainder-of..

the procedure.

-14-



ANALYTrCL ME:~OO FO~ THE DE7~~MINAirON OF
ELEMENTAL PHO~rlORUS IN DOSING SOLUTIONS

BY GAS CHROMATOGR~HY

~ethod ~o.; 30-028-88

Sponsor: Monsanto Corporation
St. Louis, :'9J

~repared by: Mark Edfort
Associate Chemist

Issued by: Bio/dynam1cs. Inc.
Department of Metabolism
and Analytical Chemistry

Mettlers Road. P.O. Box 2360
East Millstone. New Jersey 08875-2360



A~ALYTICL MET~OD ~O~ TnE DETERMINATION OF
ELEMENTAL ?HOSHORUS ~N DOSI~G SOLUTrONS

av GAS C~ROMA;0GRAPHY

This ~thod describes the analytical procedure for the detenmination

of elemental phosphorus in dosing solutions by gas chromatgraphy. The limit

of detection is 0.2 ng injected (2 ul of 0.1 ug/ml standard).

2.0 PRINCIPAL

Concentrations of elemental phosphorus in corn oil and tricaprylin are

detenmined by gas chromatography following appropriate dilution of the sample

in iso-octane. The final detennination is made using a flame photometric

detector (FPO) at 130°C with a 6 foot column packed with 5~ Dexil 410 on

Chromosorb G 80/100.

3.0 EQUIPMENT

Warning: Elemental white phosphorus is spontaneously combustible and
toxic. Iso-octane and Methanol are flammable. One carbon
dioxide fire extinguisher 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;
HAKE 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 Drying oven (temp. up to 140°C)

3.2 Nitrogen glove box equipped with two nitrogen tanks. (See

mixing procedure)

3.3 Analytical balance Mettlers AE 260 or equivalent

3.4 Stir plate



:~~I?~ENT - conti~ued

;.5 ~pproxi~atgly 500 ~i ~PLC gra1e ~so-octane

3.5 ~oprox:~a~e1y ZOO ~! ~PLC grade ~e:hanol

;.7 Magnetic stir bars:

10 - l/S" x l/Z" sti~ bars
2 - 1 1/2 " x 5/1S" stir bars
4 - 1" x 5/16" stir bars

3.8 Filter flasks: 1 liter and 500 ml

3.9 Beakers: 4 -lOOml, Z - 30ml

3.10 Vial of purified elemental phosphorus supplied by Monsanto

3.11 Curved forceps (Fisher Cat. i08-9S3F)

3.12 Kimwipes

3.13 Al uminum foil

3.14 Class A volumetric flasks:

16 - 50 n:l, 1 - 100 m1

3.1S Rubber stoppers

3.16 Dispo pasteur pipets

3.17 Tygon tUbing

3.18 Scissors

3.19 Glass marker pen

3.Z0 2 - waste bottles

3.21 Rin~-sta~d and ring-stand clamp

3.22 Sc~ew cap GC vials with cap and septum

NOTE. All 91asswa~e and labware must ~e carefully cleaned and
preheated to at least 140°C for one hour and immediately
transferred to the nitrogen glove box. All equipment must ..
be placed in the nitrogen glove box at least 24 hours before
starting procedure. Nit~ogen glove box is then purged with
nitrogen at a ~ate of 2.5 cu. ft./h~ fo~ at least 24 hours prior·
to the start of the p~ocedure. Make sure there is a positive
nitrogen p~essure at all times. Also. nake sure all empty
bottles. flasks and vials a~e opened during the nitrogen purge~



.1.0

. . ,
-. & • I Jeaerat; aooroxirnatc~y 600 mi of iso-octane at roon

:c~oera~~re for at least 30 minutes as shown in ~igure A.

~he flow of ~itrogen is controlled with the valve "above t~e

stoppers shown in the Figure •

.1.2 Jeaera:ion of Methanol:

4.2.1 Deaerate approximately 150 al of methanol at room

temperature for ten minutes as shown in Figure B. The flow

of nitrogen is controlled with the valve above the stopper

as shown in the Figure.

5.0 PROCEDURE

5.1 Standard Preparation:

5.1 .1 Pour a precut chunk of purified elemental phosphorus

into a 30 ml beaker and use a shart-edged 3-inch wooden spatula

to cut the chunk of phosphorus in half.

5.1 .2 Pour appr~ximately 15 m1 of deaerated nethano1 to a

30 m1 beaker. Transfer a chunk of phosphorus from Step 5.1.1

(chunk of phosphorus should weigh approximately 60 mg) into the

30 m1 beaker containing methanol.

5.1.3 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 ~~OC£~URE - continuea

5.; Standar~ Of"':oarati~n - c~nti":Je~:

J

~
5•1 • 5 7ransfer :~e c~~n~ :Q a oreDared ~a1ance and obtain i~s

weight and i~ediately transfer i: to a 100 ml volumetric ~lask

containing accroxi~ately SO ml of iso-octane. 3ring the voi~e

UP to the mark witn iso-octane.

5.1.6 Add a stir bar to the volumetric flask an1 wrac the

flask with alumin~ foil. Stir phosphorus in iso-octane for

at least 1/2 hour at room temparature to dissolve. Hake sure

that the phosphorus is totally. dissolved. This solution will

oe considered the stock standard and will be ~repared fresh

mOnthly. The concentration of the stock standard should be

approximately 700 ug/m1.

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 m1 volumetric flask. Dilute to volur.te with iso-octane.

The concentration of the intermediate standard should be

approximately 40 ug/m1. The concentration of phosphorus with

respect to the solution is calculated using the following

equation:

Concentration of P4 after dilution (ug/ml) =

concentration of stock standard (u9/~1~

50 ml
grams of stoclc standard

density of iso-octane (g/ml) x

Density of iso-octane is equal to 0.692 g/rnl.
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5.J ~~aCEJ~RE - cont:nued

~ifferEnt a~ounts of :~e inte~e~iate standards direct1y into

50 ~l volumetric flask. These are Jrought to volume with iso-

octane. ~e s:andard range snould be between 0.1 and l.~ ug/nl.

StandardS are stirred r~r 10 minutes prior to use. All

standards are stored at room temperature in the nitrogen glove

box. All standards are prepared fresh monthly.

5.2 Sarnole Preoaration:

Samples are diluted to 50 ml with iso-octane to fall within the

standard range. Samples are diluted in duplicate and injected in

trip1 icate to arrive with an average concentration per sample. The

concentration of phosphorus with respect to the solutio" is calculated

using the following equation:

orams of stock solution
density of vehicle (g/mlj

concentration of stock solution (u9/~l)

x SO ml

Density of tricapry1in
Density of corn oil

= 0.950 g/r.tl
= 0.921 glmI



5.0

~ standarj curve is gener3:ed ~y in?ec:inq at least three different

sanoles and at :ne end of tne r~n. 7he peak area of ~nosphorus versus

~oncentration of phosphorus is plotted to construct the standard curve.

~ stanaarj correlation coefficient is then calculated by linear regression

and the sanple concentrations are obtained using this coefficient. A tyoical

standard ~JrVe is shown in Figure C. Gas chromatographic conditions are

given 1n Table A. Typical sample and standard chromatograms are depicted in

,=-igure D.

/Z,... j-Yr
Date

Associate Chemist
Depart~ent of Metabolis~

and Anlytical Chemistry

~BOa
. anager
Depar~~ent of Metabolism
and Anlytical Chemistry
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~~BL: A: GAS C~ROMATOGR~PHIC CONDITiONS FOR THE ANALYS;S ~
OF :L:ME~T~L PHOSPHORUS :~ JOSI~G SOLUT:ONS

:nstI"'Jment:

Column:

Stationary Phase:

Support:

Carrier Gas:

Rate:

Temperature:

Col umn:

Detector:

Injector:

Detector Flows:

H2

Ai r

Air 2

At tenuat ion:

Samples Size:

V~rian 6000 Gas Chromatograpn
equipped with FPD
Varian 8000 Autosampler
Varian 402 Integrator

6 Ft x 2 mm ID glass

Dexil 410

Chromosorb G 80/100

He

20 ml/minute

140 :ll/mi nute

80 ml/minute

170 ml/mi nute

128

2 ul
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International Research
and Development Corporation

January 22, 1985

Dr. Rashmi Nair - G2k'D
Monsanto Company
800 North Lindbergh Boulevard
St. Louis, Missouri 63167

Dear Dr. Nair:

Ref: 401-189 (IR-82-21S)

Enclosed are three copies of the final report on your One Generation
Reproduction Study in Rats with Elemental Phosphorus (IR-82-2IS).

In general, your comments have been incorporated in the final report. We
feel that additional explanation is necessary for several items. In regards
to the number of dead Fla pups, it has been dete~ined that a total of 47
were found dead and subsequently necropsied. Of the original 49 mentioned
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 in the pup survival index because of
the death of their dam. This has been clarified both in the text and on the
appropriate summary table.

Reevaluation of the Flb litter data and necropsy records revealed that 31
pups ~ere found dead and necropsied, while 12 were either ~8sing, or par­
tially cannibalized and discarded without necropsy being conducted.

The female fertility values for the low- and high-dose groups in the
FIb mating were verified as correct. One female from each of these groups
d~ed on an early gestation day, and because pregnancy status for either ani­
mal could not be determined, th~y were excluded from the index calculation.
An appropriate footnote has been added to the Flb Summary of Gestation and
Lactatioc Data (Table 9).

If you should have any questions relative to the enclosed report. please do
not hesitate to contact me.

Sincerely,

L-L~
James L. Scbardein, M.S.
Assistant Director, Toxicology

Division and Director of
Reproduction and Teratology

JLS:sce

E'lclosures

Mattawan, Michigan 49071 U.S.A. • telephone: (616) 668-3336. telex: 224302. cabla: IROC MAAN
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1. StJM!IARy: ODe Geceration Bep~oduction Study in Rats with Elemental
Phosphorus (lR-82-215)

1BDe Study 401-189
Initiated October 19. 1982
Tenaiaated May 16. 1983

Ele.antal pbosphorua va. adminiatered orally by gavage
to Charles River CO~ cue rats at dosage levela of
0.005. 0.015 aDd 0.075 rag/k.a1da~ at & dose vo1U1l1e of 5 IIIJ./kg.
Administration of the test and control articlea (corn oil) to
both aaaa began 80 days prior to I118tiilg. 'the 1'0 generation
v.. mated ~c. to produce nan and "b" offspring. 1u males
doaiUS contiaued UDtil sacrifice. Administration to the
f_l.a contimsed through geatation and weaning of the pupa.
Inc!iridaal dosqea were ~aed on the .,at recent weekly body.
v.i~ca.

A. EXPERIMIRTAL DESIGB/ME'IElODS

tEST ArrlCLE

Ideutification:

Concentratioua:

ADalyaia:

'tEST SYSt'EMIIH-LIFE OBSDVAnOBS

AIIimala:

401-189

n ...ntal phoaphorua
Fisher Lot # 701628

0.001. 0.003. 0.015 rag phospborus/
al of prepared teat m&:erial

Conducted at lRDCj tbe prepared
teat solutions were stirred over­
night using a magnetic stir plate
and bars and analyzed after co.­
plete diaaolution of the phos­
phorua. Prior to adlllinia tration
to the teat aWAls. SGlples £rca
each level and batch were analyzed
in duplicate.

Charles River CO~ co- rata.
Charlea River Breeding Labora­
t~iea. Portap. -MI. 56 daya (8
weeks) of age at iniciation.
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~sage Gronp.: Dosage level.
(g/kg/day)

o (Control)
0.005
0.015
0.075

Ramber of Rats
!!!!. FemaJ.e

15 30
15 30
15 30
15 30

1laD.dOll1zaUon Procedure: Collputer1zed rando1Il selection with
aaiJlals lmre than + 1.S staDd.a:rd
devia~ion frOli the- quaraDt1.ae
population body weight 1IIUIl

el1m1Dated pnor to randolllization.
B01mgeaaity of group JDUn body
veigM varlaacu 1RUI used as the
entenon for ac:c:eptaa.c:e.

BoasiDg/ElIV1.rolmentU Coa.dJ.tiOll8:

All aJdJuls were !'..oused in 811

envirolmellt:a1ly C011trolled roOlll
rith all aven.ge tapera~e of 23
+ 2·C aDd average bami.dicy of SO
+ 15 percent. nuorescent
l:1gbt.1Dg prorlded UlUllliuati011
12 hoars per day. Durtag che
sC:=y. rats vere housed 1.ad1.v1d­
aal1y 111 suspeDded w1re-aaesh
caps escept darlag _tlag.
gestation aDd lactation. Dunag
these pc!ri.ods. aD1l11&1s vere housed
in plasUc cages with wooci sbaviq
bedd1.ag. On gestation day O. the
faales uere housed 1nd1.viciual1y in
the plasUc cases. UDtll the ed•

.2!!.E.: Certified llalstOD Pur:f.ua Rodent:
Cbove #5002: ava1.lable ad Ubitua
durl.ag ac~ll3atiOD and throughout
st:a.ciy.

All pareneal ",,1...Is vere observed
for ereal1.ty and signs of overt
toz1e1cy ar.lee each day (D:lru1.ug
.Del aftenooa.). seven days a week.
If 1DD~CY or signs of overt:
toz1.e1cy were observed. thue were
recorded on the day observed.

401-189
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Observationa (Coat):

Heasurements:

401-189

During treatmeat. a detailed <:l in­
ical observatioa of each aaimal
was performed weekly aad the find­
ings recorded.

Body Weights: Pareatal 1II&1es aad
females were weighed weekly during
trea~t UQtil sacrifice. Females
were also weighed oa gestation
days O. 7. 13 aacl 20 8Ild OQ days
O. 7, 14 and 21 of lactatioa.

Food CoaaUlllption: Iadivid~l food
coas~ptiOD. was measured for all
parental animals weekly ezc:ept
during the lUting period when the
aaUlals wre cobabitating.

Mortality: Any rat showing signs
of severe debility or toxicity,
particularly if death appeared
imalineat, vas sacrificed to prevent
loss of tissues through autolys~s.

All rats sacrificed in extremis or
found dead were subjected to a
routine necropsy procedure.

Estrous Cycle Determinatioaa:
Tea days prior to lUting cd
until ev'ideace of copulation 1AS

observed or the lUting period
ended, the females were SIIleared
daily to establish estrous cycles.

Reproductive and Litter Paraaeters:
Specific reproductive observations
included tabulation of 1II&1e and
feaale fertility indices and the
length of gestation. my abnor­
malities in nesting aad nursing
behavior and difficulties at par­
turitioa were recorded. Litter
para-eters ..sessed included mesa
nlBber of live and stillborn pups
per litter (litter size), pap sur­
vival tbroUlh weaning, pup weight
at birth and at specified inter­
vals during lactation and general
appea.raace .md behavior.
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sunsncs
Methods:

401-189

All statistical analyses compared
the treatment groups to the coa-
trol group with the level of sig­
nificance at p<O.OS aad p<O.Ol.
The 11181e .md felll81e fereility in­
dices were compared using the Chi­
square test criterion with Yates'
correction for 2 z 2 contingency
tables aDd/or Fisher's ezact probabil­
ity ten as ~cribed. by Siegel to
judge significance of differences.
Pup survival indices were compared by
the ~itDe7 U-test as described
by Sieael and Weil to judge signi­
ficaace of differences. Parental body
weights (at the study week prior to
mating &Dd at termination of gener­
atioD). mean number of live pup.
per litter U birth aad meau pup
body weight. taken on lactation
d.ayp 0. 4. 1. 14 &Dd 21 vere ca.­
pared by analysis of variaace (one­
way clasaification). Barelett'. test
for bolIogeaeity of variaaces and the
appropriate t-test (for equal &ad
unequal vari.aDces). as desc:ribed·by
Steel aac! Torrie using Danaett's
lDUltiple coaparis011 tables to
jud.ge significance of differences.

Animal 'lllllllbers aad correapoading
body ..ilbts were eatered onto
III&gaecic tape which vas ased as
the data source for the ran-
dOlDizat ion procedure. 'I'be mean
body weight ad staad.ard deviation
were calculated by sex aad a
computer-geaerated edit developed
a listing of those mrima.ls nose
body weipta were within .. 1.5
standard devi.atioa.8 of the _aD.
FrOlll the qualifying animals. the
randomization proceeare selected.
and aasiped the required lIUlIIber
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R.aDdoIIIizatiou (Coat.):

401-189

of animat.. Bartlett's test for
homogeneity of variances vas applied
to the groups. If the group variaac:es
were judged to be aCDbomogeaeOlU. aew
randomizacious were generaCed until
homogeneity V88 established.
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B. llESULTS

'l'bree "0 _le rats did 'DOt survive UIltil study tenainatiOll: ODe male

in tbe cOIltrol group died due to c:yatitia. ODe la-doae male died due to

CD illtubat ion error cd ODe aale in tbe la-doae aroUP 1IIaS sacrificed..!!!.

ezcreaia. '1'he "0 male deatbs ~re DOt considered treabaeDt,relaced.

Foar. one. OIle aDd sizteen "0 fe.alea ill the control. lov-~ aid- and

hi;h-dose groupe. reapectivel,.. clied clariDa the study. 1:hirteen feu.les

in the hilh dose sroup. seven in the "la ldld siz ia the Flb lUtiD&s~ died

OIl leatation cia,.. 21 or 22. 'tile.. deatba ..,. have resulted trOll dif­

ficulti.s at pertarition. Ezcept for ODe fe.ale ill tbe control group

that died due to an intubation error aDd one 'hiIh-dose female that died

due to a rupture of the ateriae ..U. the cauae of deach could DOt be

determined for" the reuiniDg "0 feaales that died OIl study.

'there 1I8re DO -.niDgful difference. ill tbe antemortem and necropsy

observations between tbe control rata 4Ild rats ill treated groups that

surviVed to stOll,. terainatioa. DuriDa both the "la and Fib overall

aestation ad lctation period.. the group -.D maternal body _isht

cbGIge valu•• of the cr..ted &rOups wre ca.parable to the control group

values. !lale c:ad m.at. fertility indice. aDd the l~h of ge.tation of

aU treated &rOups ill both the "la and Flb matills- wer. c:o-pU'able to the

control group. Treal:laent related reductiOll. in the aeaa mahers of

viable papa at birth and an iller.... in the ..CD aaabers of stillboru

pups occurred at the hiah-dose level darius both ..tiDgs in cOlaparison to

the control group value.. '!:bere ..s also. reduction in pap .urvival U

lactation day 0 for this dosage group duriDg the Fla ..tiDg vbea coapared

to the control sroup value.

'there 1I8re DO 188CDingful. difference. ill the litter per_eter values

(pup survival to _anias. pup weight at birth. pup _ight. during

lactation) of the treated groups wheu ca.pared to those of the control

401-189
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sraup. Also, DO phyaic:al ~ bebavioral cliffereac:•• wre observed bet­

vee! pups in the treated KroUPS cel eIlos. in the C:011trol groll('. Rec:roptly

e.,.-;naciOlU of pups Chat c!iecI daZ'ma sewSy clid Ql)t reveal my _.aiagful

cl iffer8SIC.s bee-CD the COIlcrol .ad Created croape. 'J:bere VU'e DC)

~acopic or llic:roacopic c:aapcnmd-related c:haDc" obHn'ed cluriDs posc­

laOrt_ ...-iaaci_ of GIiaals fraa the PO. PIa or P1b gllDeratioas.

III c:oncluioa. it ~ cI.ceraiDeci Chat e1..-atal phosphorus adain­

i.cered ~al1y '1,:1 g_~. at • dosag. 1..e1 of 0.075 mg/kg/day adversely

effected partaritioa. deereased the _.a DaUer of viable pups at birth

aDd :increased the be of stillborn pap. ill <21£1.. live' COBS-

cue rats. Siai1c fiDc1i.as- ~r. ZlGC obaerved at claNge 1..e18 of O.OlS

walt:e/day or 1....

%0 the but of ~ Imowlqs, thars~ DO aipific:aat deviatiOll8

&0. tbe c:ood Laboratory Prac:tice "sulciau which affected th6 qaalicy

aDd integricy of t!w scally. DiU stally 1iJIU c:011ductecl izl COIlforlUllCe

with the Good ~atory Practice Kep1UiollS. this repore accUrately

reneeta the r_ due abtaiDecl dm.-iDc cbs perfo1:'lUllCe of the stUlly.

/ "'/1. zJtyDufF ;

401-189
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SeudI Tiele: oa. GeDeraei.01l Baproduceioa Stud,. iD lata vith El_Dl:&l
Ph~pho'CUa (II.-32-21S)

Tese Areicle: Elemeneal Phospbora.

'the caad1Ice of chis seDGy ha 1IeeI1 ~jeceed eo periodic inspeceioua.

'rbe c!ac.. of ilupec::iQll aD4 ella elae.. chaC findiDp 1IIUe nporeed to

~t -.d che St'ady Director ue listeci i.D Appea.ciiz A.

'this repore ha been reviewed by che tn:ernatioaal Research aad.

D...loJ-eDt Corporation Qualitl" ullurance ~11t ia ac:CGrd.aoce vich

ebe Dllite4 Seat•• rood. aDd DTuI AdaiDi.atratioa Good Laborat~ Practice

hl111uioaa of JaM 20. 1979.

P~enck K. 'rruter. B.S.
DiNce01:' of Qaaliey MSU'aace

401-189
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III. INTRODUcnOR

'lhis seucly vas coaduceed in accordance with the protocol as

approved by the Sponsor aDd in compliance with the Standard Operating

Procedures of Interuaeional Research aDd Developaent Corporation

(nmc) • Procedures pereinent eo mis study are described herein.

A. OBJ'EcrIVE

'lhe objeceive of mis seudy vas eo determine the effect of the test

areicle oa. fereiliey, parturitioa., aeouatal viability, growth of the

newbonL aDd reproductive perfcmMllCe in rau. 'the study design ~ilizes

treatment of both sexes.

B • SPECIES SELEcrIOlI

the rat is an accepeable lmdel for reproduction studies. 'lhis

laboratory has hi.seorical control daea oa. the fereility, Deouaeal sur-"

vival iDllices .m grOVCb. rat.. .ad me reproductive performance in rats

of this strain fro. this source.

c. JUSTInCArIOR FOB. BOIJ"m OF~OR

the test article vas aclmiDistered orally by g_age as this -.s one

of ebe poeeneial r~es of ~.ure to baaaDa.

D. DA:IA. IE'rEBtIOll

All preservule specimeaa, raw data, a sample: of the test ~icle

aDd copies of the fiDal report are rc:taiDed in the Interaatioual

Research and Developaene Corporaeioa. Archives in ~teavaa., Michigan.

401-189
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IV. '!EST ARTICLE

A. RECEIPT AND DESCRIPTION

the teet article vas received from Fisber SCientific Co., Fair Lawn,

- 5/8n DiGll!ter

P-104
500 I
Cl.1 lb.)

Phoephona
Yellow Sticka

New Jersey 011 February 16. 1982 as indical:ed below:

Label Description

Yellow solid

Lot
701628

B. '!EST.unCLE SA!tPLES

the stability of pbospbO%'1lS in cora oil has been established as at

least 17 days by the Spoaaor. the prepared test solutiOlLS were stirred

oveni.bt using a ..petie stir plate &Dc! bars &Dc! au.alyzed 24 boan

after preparation to allow for cc.plece dissolutica of the pbospbona.

Prior to admi:ai.stration to tbe test IIIIimals, .-.ples froaa eacb level aDd

batcb were aaalyzed in duplicate. &.say values vbicb deviated fro.

expected ranges _~e C01Widerccl OlZt of tolerance &Dc! Vl!re not aclminis­

tered to tbe Climala. A. replaceaeut solatica vas prepared ialediate1y

and aaalyzed.

C. 'rES'r.unCLE PREPAUnOR ARD ADMDIIsnATIOtI

1. ~e Solutioa Preparation

TIle bue solution prepared ia the follovins .-maer. A. stick

of ele.ental pboapbona quickly traaaferred to a paD of water. ;.\

piece approxi.ately 2 .. tbick ... cut aacI traaaferred to a beaker of

vater. Approziaately 10 al of vater vas added to as Erlea.eyer fluk.

The 00 ItSide aDd inside of the:~~~ dried aDd the fluk" with stopper,

401-189
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V&8 eared oa an aaalyeical balance U8iag care to avoid ¥l!Ctiag the

s topper. The piece of elelll8atal phosphorus uu traasferred fro. the

heaker of _ter to a beaker coataiuiag acetone. The elemental phosphorus

vu then traoaferred to a paper towel. turned ODce cir twice to dry the

acetoae, and thea quickly trauferred to the tared Erlea-yer fluke

The atoppered nuk c:oataiaiug tIM el..-atal pboa~horua va.a then

reve~ed to determine the 1Niiht of the test ~icle_ Tb6 required

amouat of vehicle, cora oil, ueeded to achieve the proper conceatratioa

of 1.0 -a; el..-utal phoapborua/.t prepared bue solutioa .... calc:alated.

The appropriate -.ouat of cora oil ... ~ added to a stoppered bottle.

The bottle was purzed with CO2- The piece of ele.eatal pbaaphorus vas

tranaferred to the beaker of acetone aad dried on a paper tavel, ..

before, thea. quickly added to the bottle coataiaiac the required 'fDl_

of oil. The bottle was repuraed with CO2 aad stoppered tiptly. The

bottle vas iJDersed in a hot vater (60·C) bath aacl sbaken to diuolve

the el_atal pI=:-."ho~- 'DIe solutioa vas stirred OD a sapetic stir

p late for at leut 24 hours.

2. Groups %. 3 and 4 Preparatioa

orb. cora oil used for the baae solution aad these dilatioas had

the air ~ed by ~tins the oil in a aac:tiOl1 flask aDd stirri11l with

a maeaetic stir bar.

The required amount of oil for each &roup .... traasferred to

the appropriate bottles. These bottles vere purged with CO2- A syrinse

vu pursed with CO2- The bottle of bue solutiOl1 vas pierced with a

needle 8Dd CO2 -. expelled into the bottle. 'the bottle ... imrerted

aad the syri.Dse ... dravn full. Any bubbles ':fII!re expelled iDto the baae

solutioa bottle_ 'DIe vol'lDle iD the syringe ".. aij1lllted to tbe exact

quantity required before rellDVi11l the needle. 'rbe appropriate purged

bottle coatainiag diluent oil vas pierced with the needle, the baae

solution was expelled into the bottle. 8Dd the needle and syriaae ..ore

401-189
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withdrawa. Th! bottles were shakel1 to ~sure a bomogeaeoWl 1IIUture.

The test article was prepared, approximately, every two weeks at coa­

cel1tratiOl1s to permit the admiDistratiOl1 of dose levels 0.005, 0.015,

al1d 0.075 mg/q/day at a COl1staDt dosage volUllle of 5 1Il1/kg.

The test article vas administered orally by g8Vage as a siagle

dOle at appro:ltimately the .... time each day. Admiuistratiol1 of the test

article to both seses begau 80 days prior to _til1g. In -.les, dosing

cOl1til1ued UI1til sacrifice. Admiuistratioa to the females COl1tiaaed

through gestation aad veaDiag of the pup.. The coutrol group received

the· vehicle 0111y. coru oil, OJ!. a ca.parable reg:imeD at a voluae of 5

lIl1/q. Individa.al dosages were determiaed froa the IIlOst receut weekly

il1divida.al bocIy _ights.

3. ADalysis

a. ADalytical method for the detemiaatiou of phosphorus in

test 801atious.

(1) Eqai~eDt

- IDat~ent. Varian Aerograph lDodel 3700 equipped
with aD P.P.D. aDd operated in the phosphoru 1IIOde.

- Col..... 6' z 2 _ I.D. gl..s col.... packed. with !.5%
OV 101 011 100-120 aesh ctm.G8Orb G.II.P.
AIlalytical bal.u:e

- !ti.scell_eoas g1asware washed with dilaee h,.eiro­
chloric cid. deiouized _ter .ad acetoae.

(2) Reagents

Hydrochloric cid
Acetoae
:I8ooctaDe UV grce

(3) Cas chrcaatographic couditioas

T.-peratare: Co1aml 9S·C. Detector 23S·C, Injector
230·C

Carrier/flov: lIitrogeaJ24 .1/1111ia
IujectiOl1 vo1wae: VC'iable
Attel1aati011: VC'iable

The PE"_ters were vC'ied a required ill order to

achieve the desired chrCDatographic characteristic. of the teat £ticle.
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(4) Cleaning of Elemeatal Phosphorus:

(A) Place a portioa of phosphorus UDder distilled or
deionized H20 iD a ~hallov duh. Use a spatula
or small knife .ad toags to scrape off as much
of the oxidized coatiag as possible. Be careful
to keep phosphorus UDder water u all times.
Riase with distilled H20.

(B) RiDSe the test article wich ceetODe aad place ia
cODtaiaer with '" 100 al. Uooctaae. Swirl geutly
uatil any remainiag oxide co.tiog is dissolved.
Remove cleaned test article frca isooctaae. riase
with acetoae. aDd place in small jar coataiDiog
eaoagh fresh distilled H20 to cover test article.
Purse jar with &2 aDd cap eecurely. Cover jar
ca.pletely with alumiDu. foil &ad store ia a cool
dark place until aeeded.

(5) Staadarda Preparatioo:

(A) Orisiaal Stock SolutiOD:

'fake a Slll4l1 cleaa piece of test article (about 20
IllS) aad. ria.ae thorouply with acetoae. Quickly dry
with paper toweling aDd place into a tared 100 IIIl
volUllll!tric fluk cO\.'~aining about 20 ml of uooc­
I:ane. lleweiJh the flask to determine weigbt of
I:esl: article added (to the aearest 0.1 mg). Dilute
1:0 vollJlR witb uoocl:aae aDd IIIi.x UI1til test article
ia dissolvecl. 'fesl: art:icle is very slow to
dissolve. Prepared ia thu maaaer. the stock sola­
I:ioo cODtailUl aboul: 200 lJ&/al I:esl: article which is
Dear the sal:aral:iOD point: of tesl: article ia isooe-­
I:aae. If a test article Bl:ock 801utioo of a higher
cooceDl:ral:ioa is used. the origiaal 51:ock 801uI:ioa
_y be 1Ude using tolaeae as the solvent.

(B) Working Stock Solud011:

~ up a 10 lIa/m!. so11l'l:ioo at this point to
prepare actaal G.e. SI:&Ddarda. Calculate the ml
of origiaal stock 801uti01l oeeded per 100 III
vorkiag stock 801utioa. 'the 1111 Deeded can be
measured out usiag volUllll!tric pipets or by
asSUllli.a& the density of uooctaDe to be 0.688
g/ml and weighiaa the oriainal stock 50lutioa
iDI:O a tared 100 ml volUllll!tric flask then dilutiag
to the _n.
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Cc) G.C. Working SeaDdard.:

Prepare wrking sUllclard. ill the 10. 32 aad 180
!.C/I rmge for use with Groaps 2. 3 aad 4.
respeceively. by dill,lemg appropriate aliqgots of
ebe 10 ~al seock seaadard wieb isooc:eane. All
sealldard solueioaa sbol.l1d be eigbUy cap,ed. sealed
vieb upe ad stored ill a cool dark pIce.

(6) PreparaeioQ of COrn Oil Samples:

Tare a .eries of vollDeeric flasks aad. using a plastic
disposable syriage. eraasfer SO-110 mg of prepared test
aaterial mto reapective flasks ad re-veigb. Record
weight to aearese 0.1 mg. Diluee to lUrk with "isooc:taae
aDd record veighe. !liz 111811. Scaple is ready for ana­
lyais.

(7) G.C. ADal,.is:

Iajec:t equal volmae. of ...ple aDd the appropriate staa­
ded into • chrOlll&eograph see up as described in seep 3.

(8) ca1c:ului011S:

1C T.se MticleJ liur • Peak Reipe Cal) Scapl. :It !lS/liter Staaclard
FoaDd Peak Heighe (-u StGldard

\.Ig T.et ArticLelal - pl/L Tut Article Fouad ill SapIe :It g (Solvent & S_le) :It 0.9141
ill Saaple as SUlldard x 0.6882

10.914 - dea.ity of cora oil
20.688 - dea.iey of isooctaae
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4. ltuulte

a. :a..alte of Periodic Tat Solllcioa Aaalyeia

All teet 8011lcioae &D&lyzed prior to Gae &ua eeady~ 1

throqh 31 cad fauocl to coatain vithiG ~ 15% of the taqet tut cticle

coacatratiaa .-re certified for aae. nut..-a CODCeatratiOll of all

the certifiell _lucioaa raapd &ua 99 to 101% of the c!uiree! 1.e'qu.
Althoalh the ~ 15% epecificaciola va eec at the ad of et1ady 1MB 1.

the ... 1 ratita wen vitJIia 15% of tha carpt vahau.

fte etc. ce --.rU" ill Tule 1•

.1oe. H. ~et..OD. Pb.D.
Director of Aaalytical Cb.m.try

401-!ff":



TA
BI

.B
1.

P
er

ce
nt

of
T

.r
ae

t
T

es
t

A
rt

ic
le

L
ev

el
e

Fo
un

d
in

T
ee

t
S

ol
ut

io
ne

D
ou

ae
Le

ve
I

S
ol

ut
io

n.
P

re
p.

re
d

fo
r

St
ud

y
W

ee
k.

G
ro

up
m

a/
ka

/d
.y

1
2,

3
4,

5
6-

8
8-

10
10

-1
2

12
-1

4
14

-1
6

2
0.

00
5

10
8,

10
3

11
0,

10
5

97
,1

00
93

,9
8

96
,1

00
10

3.
10

5
98

,
99

95
,9

6
(1

06
)

(1
08

)
(9

9)
(9

6
)

(9
8)

(1
04

)
(9

9)
(9

6)

3
0.

01
5

10
7,

10
8

10
2,

10
5

91
,

94
97

,9
9

10
9.

11
1

10
0,

10
3

10
2,

10
1

93
,8

7
(l

O
S

)
(0

4
)

(9
3)

(9
8)

(1
10

)
(1

02
)

(1
02

)
(9

0)

4
0.

07
5

10
6,

10
3

10
0,

98
83

,8
5,

89
,9

6
98

,9
7

10
5,

10
7

10
1,

99
97

,1
02

87
,9

4
(1

05
)

(9
9)

(8
8)

(9
8)

(1
06

)
(0

0
)

(1
00

)
(9

1
)

D
ou

se
L

ev
el

S
ol

ut
io

n.
,r

et
ar

ed
fo

r
8t

ud
y

W
ee

k.
H

ea
n

G
ro

up
_I

/k
a/

da
y

16
-1

8
18

-2
0

20
-2

2
22

-2
24

-2
6

26
-2

8
28

-3
0

30
,3

1
.!

.s
.n

.

2
0.

00
5

95
,9

4
95

,1
00

10
3.

10
1

10
0,

10
3

10
7,

11
0

10
1,

10
3

10
5,

10
2

10
2,

10
4

10
1

...
U

S
)

(9
8)

(1
02

)
(1

02
)

(
0

9
)

(1
02

)
(0

4
)

(1
0]

)
.!.

4.
]

0
\

3
0.

01
5

96
,9

6
10

1,
!J9

99
,

98
97

,
96

11
3,

11
1

10
0,

10
4

10
7,

11
2

98
,

98
10

1
(9

6)
(l

0
0

)
(9

9)
(9

7)
(1

12
)

(1
02

)
(1

10
)

(9
8)

!:
,6

.'
)

4
0.

07
5

99
,9

0
98

,
97

97
,

97
95

,
94

10
7,

10
1

10
1,

98
10

4,
10

3
10

0,
10

1
99

(9
5

)
(9

8)
(9

7)
(9

5)
(0

4
)

(1
00

)
(1

0
4

)
(1

01
)

,t4
.9

'4
01

-1
89

r'

(
)

-
A

ve
r.

ae
of

re
p

li
c.

te
••

••
y

.
H

ea
n

+
8

.0
.

i.
c.

lc
u

l.
te

d
on

th
e

b•
•i

.
of

th
e

.v
er

.s
e

of
re

p
li

ca
te

••
••

y
.

fo
un

d
S.

D
.
=S

t.
n

d
.r

d
de

vi
at

io
n

-::
>
~
-



, 7

International Research & Development Corporation

V. S'UTIS'rICS

A. lm'mDDS

1. FO Emldollization Procedure

Animal amabers ancI correapoacliq body weiahta were eatered oato

-saetic: tape which was used .. the data aoarce for the raadGaWtioa

procedure. The _aa body ...ipt ancI ataac!arcl deviatioa were calculated

by aez aad a COIIpUter-geDerated edit cI...elopecl a lutiaa of thos. _i­

-.1.. whoae body weighta ..re withiD =. 1.S .taIlc!arcI cleriaciou of the

aeaa. he:- the qualifyiac aDiaa18. the raada.iution proceclare Hlected.

aat! ....igued the required au.ber of .w...18. Bartlett'. te.t for holD­

aeaeity of variaace. ... applied to the groups. If the groap variaaca

"ere iadgecl to be aoam-opaeoua. Dew r~ioaa 1Alre auerated.

Qutil ~geaeity ... established..

2. Data Aaaly.ia

All statistical &Dalys.s were two-tailed. with • level of

s igaificaace of p<o .05. Sipificace at p<O .01 was also iDclicated..

a. PareDtal lady Weigbta

Pareatal boGy veigbta by sez vere aaalyzed. OIl the week prior

to the Fla aac:iq (week 11). tb. week prior to the Flb ..tiq (veek 21)

ad at t~ioa of tbe paeruioa (week 30). by aae-vay aaalysis of

vari,aace aad Bartlett's test for ~ity of vari.caces. 'treac.eat

arogpa ..r. ca.pared to the coatrol ~p aiDa tbe appropriate t­

.tatistic (for equal or UDeqU&l variace.> .. clesc:ribed. by Steel cad

'torriel aacI Osue2. Siaaif~cat differeacea were cleter.iDecl -iaa

J)qzmett's3 aaltiple c:a.pariaoa tables.

b. Kal. aacI F-.le Fertility

Kal. ad f_l. fertility iaAlc.. were c:GIIpC'ed aiDa the

Chi-square teat criterioa with Yates' correctioa for 2 z 2 coatiDpDcy

table. aacl/or Fisher's ezact probability teat as cluc:ribed by Siep14

to judge 1....18 of siaaificaat cliffereacea.
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c. Pap Sarrival Indic..

TIle propo~ioa of live pap ac Di:1:h per eotal DlIIIIber Dorn

aDd the sarnval iadicas ac lAaaeioa days 4. 7. 14 aDd 2.1 were co.­

pared by the~ u-e_t .. described by Siepl4 ad ~lS to

jaclp ripifica:ae differeacu.

d. Litter Size ad Pap Bod,. Veipcs

'lbe -.n 1IIIIIber. of liveborn pap. per litter &Dei -.n bocly

weipca of pap8 .-,re csalyzed by~ aaa1,.,ie of vari.aDce aad

Bc-clece '. eae for hGlmpaeiC]r of vari.aDcu. Truc.eac FOIqI. 1Mre

ca.pared to die eoaerol group aaiDa C2le appropriate c_cuieeic (for

equal or Uaeqa.al variace8) .. ddcribed by Steel &Dei Torrie! all oaete2..
Sipifica:ae differeaca were dece~ aaiDs DuaDett,.3 _ltiple COIr

pariaoll eabla.

B. DSUL%S

'lbe n-alee of tIM data &D&1.,.... are diacaa8el! in the appropriAr:e

.e=ioas of the nporC.

o~ •.~---->
~,. Director of Statistics

401-189
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c. Pap Sarri.va1. IDdic..

'lIM proporcioa of li".~ u biz1:h per coca! "'81:' bora.

aGll c!ua sarviva1. iDdicu ac lAe:taeioa ay. 4. 7. 14 &DIi 21 WWJ:8 ~

pared by the !lalla ~CDa7 u-euc .. u.cribad by Si.ep14 aad VeilS Co

joel.. ripific:aae diffen=u.

d. Licca: Size ad Pap Body Vaipca

'file .eel 1IUIIbua of 1i~ pa,. PC' liccer ad. -.aD body

_eipca of pope wara aalyza4 by 0De-W&y aalysia of~ ad

BaRl.cc·. cue for ~paaity of Yari.aDcaa. orr........c F'oap. WlUe

cc.perad co cha c:aauol FGaP -iDe Ch. appropriu. c-suciacic (fett

.qaa1 ett~ ..n.-c..) .. 4Hcribad b1 Seed ad Tomei &lid o.cte2.

S~ clif'fanac.. wara _ce~ -ilia DalllMCl: ".3 ~ll:iple ca.­

parieoa cabl...

B. aaaLTS

'fba nsalta of the data aaly... are diac:oeael ill the approprice

.eeciou of tile nporc.

~:~-----_..
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VI. IR-LIPE PRASE

A. METHODS

1. EEperimental Design

a. Animal Receipt md EnviroDlllental Conditions

Eightrone lIIa1e md 160 fEmale 42-day old Charles River COBS­

cO- rate were received from !he Charles River Breeding Laboratories.

Inc •• Portage. I!ti.chigBD on October 5. 1982. Upon receipt. the aDimals

were assigned temporary aaimal nlDbers and housed individually in

suspeaded wire-Illesh cages.

During the 14-ciay acclimation period. the rats were pro-

vided with basal laboratory diet of ground Purin" cerdfied Rodent Qlove
15002 (each diet lot used was recorded) and tap water available.!!!.

libitUlll aDd carefully observed for changes in appearance md behavior.

'throughout the study. all aaimals were hol18ed in enviroamentally con­

trolled roClU. T8IIIperature ranged between 21 and 24·C. Generally. humid­

ity vas within 50 .:t 1S:. bowever. protocol h...idity requirements loIl!re

exceeded five times during tbe course of the. study. Fluorescent

ligbting provided illUlllination 12 hours per day. Rats were boused

individually in saspended vire-lllesb cages except during _ting (when

rats were cohabitated). gestation md lactation when females were boused

ia plutic breeciins cages with tlOOd sbaving bedding. Feeder jars were

changed md sClitized once weekly.

bts _re identified by cag&. group md iadividually by a

!fQael- lIIetal ear tag. 'Ihe individual animal nllllber plus the IBDC study

nllllber camprised a uuique identification n...ber for each mimal.

b. Organization of Teat Groups

ADimal. ezhibiting pbyaical abnormalities loIl!re discarded

prior to raadOlllization. AI:. study iDitiatioa. animals were randOlll1y

assigned (see section V.A.l) to one control md tbree treatllleut S1=OtlPS

coasistiug of 1S 1II&1es and 30 females each to become the FO parents.

The study schematic is presented in Figure 1.

401-189
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Figure 1. Stady SCht!lllatic
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2. General ObservatioDS

a. General Appearance. Behavior and Mortality

The parental ra~s and pups .." :.'~ observed twice each day for

signs of overt toxicity. changes iD ,;,.i":,-~;.l appearance and behavior. and

mor~ality. De~ailed observations were recorded weekly on the parental

rats. CD study week 6. detailed observatious were iuadve~ently DOt

recorded for all animals. Examination of pups for gross deformities vas

conducted at birth and on days 4. 7. 14 and 21 of lactation.

b. Body Weights

Individual body veights vere recorded weekly for the adult

rats. In addition. females were weighed on clays O. 7. 13 and 20 of

gestation and days O. 7. 14 and 21 of lactati= for all matiags. Pups

were individually weighed on days O. 4. 7. 14 and 21 of lactation.

c. Food CoDSumption

Pareutal food cODSumption ,as llleasured weekly for individual­

rats except during ..ting. Food couaua:pciou vas DOt llleasured durieg

mating as the males and females vere cohabitated during this tu.e period.

d. Estrous Cycle Determinations

Ten days prior Co initiation of each mating

females were smeared daily Co establish estrous cycles.

tiaaed until evidence of matiag ~ determined or UDtil

ended.
e. Reproductive and Litter Parameters

Specific reproductive observatious iacluded tabulation of

male aad female fe~ility iudices and the length of gestation. by

abnormalities in nesting aad oursing behavior and difficulties at par-­
turition were recorded. Litter parameters assessed included mean number

of live and stillboru pups per litter (litter size). pap survival to

weaning. pup weight at bi~h and specified intervals (see section

VI.A.2.b.) during lactation and geaeral appearance and bebavior.
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3. Specific Breeding mcl Mauu:enance Schedule

a. First Geaeration - First Breec1ing (Fl a Offspring)

After a mini1lllDll of 80 clays of treatment Cl36 days of age),

the FO parental rats were mated to produce the Fla offspring as follows:

Initially, the FO animals were iadividually boused in suspeaded wire-mesh

cagea. Each male was cobabit.ted with two females frOlll the same treat­

ment group -ad this mating set vas placed in a plastic cage witb wood

shaving bedding for a period of 10 days. '!be females ~re examined daily

for evidence of copulation by meana of vaginal smears aDd/or the

appearance of a vaginal plug. '!be day evidence of copulation vas

established was designated .. gestation day 0 aad the female w.. Otraus­

ferred to &11 individual plastic cage containing ueatiug material (wood

shaving bedcii.Dg). Any females failing to ezb.ibit evidence of mating

after the initial lo-day mating period were reaated with a different male

(sperm positive during initial 10 days) selectec1 from. the same treatment

group for a five-day period. 'the 1M:O:;!III"I mating period was 15 days.

After the mating period, males were retuned to individual suspended

vire-mesh cages -ad maintained on treatment. Females for which no evi­

deuce of copulation vas detected after the 1500day mating period were

incliviclually housed in plastic cages with wood shaving bedcliug. A record

of mating performance was maintained -ad both 1IIIIle and female fertility

indices were tabulated.

Toward the end of the gestation period, females were exa­

mined twice daily for signs of parturition. 'the bred females were

.llowecl to give birth (Fl.>. '!be length of gestation vas calculated

aDd any cliffic:ulties occurring at delivery were recorded. The day on

which all pups had been delivered was designated day 0 of lactation.

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

size••tillbi~h•• live births -ad any gross abnormalities. Litter
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size wa reduced to 10 pups. of equal sex distributiou whenever possible.

on lactatiou day 4 by use of a randolll DUlllbers table. The culled pups

were e:camiaeci ezeeraally &Dei discarded. Litters were caged with their

mothers for three wee" after birth. Dams ~ pups were observed daily

for survival and behavioral abnormalities in nestins and cursing; the

presence of dead pups va recorded. Intact dead pups were necropsied.

ezazained for anomalies and discarded. DaIIIs and pups were weighed .during

gestatiou arui/or lactation a previously described. The culllber of paps

per sex va recorded on day 21 of lactation. At weaains. 5 male and 5

female F1a pups raudomly selected &om. each pooup' 'Vl!re sacrificed and

necrcpsied. AD a1ditioual female pup (siz total) &0. the 0.005

IDI/kg/day group vas inadverteetly sacrificed and necropsied. All other

Fla paps were sacrificed aad discarded after a pooss estercal ezamination

at wesainl.

b. lirst Geaeratiou - Second Breeciilll (Flb Offspring)

Because of the reduced fertility observed ie all groups.

the study wall extended for productiou of a secoed litter (FIb) by the

FO parents. All FO males and females remained oa study aDd continued

oe treat:lleDt aft:er the F1a pups were weaned.

The FO females were rested for a minimum of 10 days after

cOlllpleticm of the initial 21-11ay lactatioe period aDd thee bred a second

time with a differeat ..le ia the s... treat_at group to produce the

FIb litters. '!:be rau bad been treated for a maiDDII of 132 days prior

to the FIb lU!:iq. Methodology aDd observaticms during matins. gesta­

tion aDd lactation were identical to those utilized for the F1a mating.

At the completion of the FIb 21-day lactation period. all

dams aDd 10 sale/10 female 'Ib pups raadOlllly selected from each group

were sacrificed aDd necropsied. Uterine implantation sites of the dams

were recorded. All other paps were examined extercally. sacrificed and

discarded. Also. 10 randomly selected FO males frOID each group and
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~

a/Is

IS/30Females

!lales

General Appearance, Behavior md Survival

a. Fa Parental Rats

Mortality of Fa parental rats is illustrated in Figure 2.

Fa Parental McIrtality
Elemental Phosphorus mg/'q/day

..L- ~ ~

1115 2/1Sa 0115

4/30 1/30 1/30

Figure 2.

those females that did DOt deliver litters were sacrificed and

necropsied. Uteri were stained with ammonilD sulfide solution for

detection of implantations2 • 'rhe remaining Fa III&les were externally exa­

mined. sacrificed md discarded.

B. RESULTS

1.

aValue includes one male sacrificed in eztreUa

Upon necropay, evidmce of technical error in gavaging vas

indicated as tbe cause of deatb in two _imals ,0 one female (17952) in

the control group aDd oae 1I&1e (17964) in tbe 0.005 mg!'q/day treatlllent

group. 1:herC! vall 'GO evideace of intubacion error _ODS the remaining

Fa parents that died on study.

ODe deatb occurred _ong tbe FO males in tbe control group

during week 16. Altbougb tbe cimal (17927) ezhibited DO visible

ab'GOrmalities prior to death, tbe cause of deatb was attributed to

cystitis. One FO male (17972) in tbe 0.005 mg/"q/day dosage group

v.. sacrificed i!! eztremi.. during week 8. Prior to sacrifice. this rat

displayed clinical signa tbat included gasping, loss of rigbting reflex,

hypothermia. &Dd moribaDdity. Recroplly observations consisted of

yellow-to-white lesions on tbe kidneys, white fluid in the kidneys and

enlarged kidneys.

Mortality /Dong FO females first occurred during week 14.

The majority of FO females that died on study displayed DO visible
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abnormalities prior to death. the predolllinmlt clinical sign observed

was hair loes oa both forelimbs. primarily confined to the 0.075

mg/q/day treatlllent group. aDd vaa considered a result of Deseing behav­

ior. However. at the O. 075 mg/q/day treatlllent level. sevea females in

the Fla &Dd six females in the FIb matings died OD lueacion days 21 or

22; this may have resulted from difficulties in partur1t1OD.

Postmortem exoaiD.ation revealed that ODe Fa female in the

high-dose gro~p (18094) died due to a rupture of the uterine vall during

delivery. With the exception of this aad the previously lIIentioaed

control female that died of gavage iujury. the cause of death could DOt

be determined for the remainder of FO females that died on stady.

'lbe III&jority of animals that survived to study termination

exhibited 110 visible ab11OrIII&lities. the IIIOst frequeutly DOted cl inical

sign vas hair loss. which vas observed primarily 8DODI feaal.es. As

previoaaly stated. this vas considered a result of Desting belurvior.

!Iisaligned upper incisors with or without a corresponding dry material

arouad the eyes was observed in a few anilllals in each group bat this is a

Call1D011 observation in this species and DOt considered creatlllent related.

'!here were DO meaniugful differences in aecropsy obser­

vations between control group rats and those in the treatment groups

that survived to study teradnation. Necropsy observuions co11Sisted

primarily of no gross lesions. with a few isolated iucideats of renal

pelvic dilation. tan foci on the liver md enlarged ~teraa.

2. Parental Body weights ('rabIes 2-5. Appeadices C and D)

weekly gro~p lIIeaD body weight values for lU.les in the high dose

group were generally cOlllparable to the control group values duriDg the

first half of the geaeration but were very slightly decreased during the

secoad half. r.o- md mid-dose male weekly values were slightly to

lIIoderately less thaD those of the cODtrol throughout the generation.
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'!here wa.s no clear dose-relatioasbip in the patten of body weight inhib­

ition _aug Po 1II&1es. !be Po female mean weekly body weight values of

the treated groups did DOt differ llIe8Zlingfully frOID those of the control

throughout the generatioa.

'there were DO meaniDgful differeuc:es in group mean III&ternal body

"weight changes between the control group values aDd those of the treat­

ment groups duriDg the PIa cad pib overall gestation periods. Group mean

maternal body weights of the t~eatlllent groups were comparable to those of

the control group thro-.hout both the 1'1& aud FIb lactatioa interval.

Sl ight losses in group lDeau III&teraal body weight _;re occasioaally

observed in the control cad all treatlaeat groups during the pla aad

FIb lactation period., but thes. are coaaon in this species duriDg lac­

tation aDd were not considered .uniugful.

3. Food Coasmaption (Tables 6, 7)

The 1IIIeca food intake values (g/animal/day aDd g/'q/day) of

treated parents of both sexes were cOlRpuable to those of the coctrol

throughout the study.

4. Beproductive Par_eters (Tables 8 aDd 9, Appeadices B. E. F and G)

a. Fertility

!tale aDd female fertility iDdices _re comparable to the

coctrol groap values at all treatlaent levels iD the Fla cad FIb 1IUltings.

Evalaatioa of daily estrous 8X8RiDations prior to aad during the Fla and

FIb matiags did DOt indicate & treatlaent effect. Occasional irregulari­

ties (primarily proloaged estrous cad post-estrous) were observed at

roughly similar frequeacies in the treated aDd control grol1p&.

b. Parturition aDd Leagth of Gestatioa

There were no significant differeaces u the lIIl!an length of

gestation bet'Ren the treatment group females and those in the control

group in the PIa aud FIb matings. At the high-dose level. sevea Fla aiid
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six Flb dams died during the period of expected parturition (days 21 or

22 of gestation). 'Ibis finding vas considered ind:cative of treatlDent­

induced dystocia. There va W) evideDCe of parturitiO'l1 diffi~lties in

females in the control, 0.005 or 0.015 TAg/kg/day groups.

5. Litter Parameters (Tables 8 aDd 9, Appendices E and G)

a. Pup Viability (birth)

Slight reductiO'l1S in the me&I1 I1WIIber of viable pups at birth

in the Fl~ litters were obaervad at the 0.075 me/kg/day level; there was

a C011current increase in the mean number of stillborn pups. Also the

pup survival iDdex at lactatiO'l1 day 0 for the 0.075 mg/kg/day dosage

group vas reduced wen COlIlPared to the control group value.

Silli.lar findings vere DOted in the -.a 'l1UIIlbers of viable and

stillborn pupa at 0.075 mg/~g/day in Flb litters, but DOt at si.lllilar

mapitucl.a as the Fla litter values. Survival index values for the

0.075 mg/kg/day in Flb litters vere comparable to those of the control.

There vere DO biologically or statistically sig.3ificant dif­

fereDCes betveca the 0.005 or 0.015 mg/kg/day treated rats and the

control rats in the mean DUmber of viable or stillborn pups 0'l1 lactation

clay 0 in the Fla aDd Flb litters.

b. Pup Survival to Weaniq

'freatJllent with e181111!nta1 phospborus at levels of 0.005, 0.015

and 0.075 mg/kg/day had no apparent effect on pup SlZrvival to weaning

in the Fla or Flb litters. three Flb litters were sacrificed after the

death of their dam8 during the lactation period. The sacrificed pups

vere excluded fro. the survival indices.

c. Pup Weight at Birth

The mean pup weigbt at birth of treated litters in both

.atings of the FO geaeration vas statistically comparable to that of the

cO'l1trol -group.
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d. Pap ilei.ghu Dariq Lacta~lOD

Pup body we1.ghee clarl.ug 1actat:101l 1Mre uaaffeceeci by treal3eat:

wlth e1eJIeDtal phospborus ae cla8ap leva18 of 0.005, 0.015 aad 0.075

rag/k.&ld&y 1D. both aaae1ap of tIw FO ICleration.

e. Offapriug Assessment

There were DO physlcal. or behanora.l abnormal.1t1es associated

wlth tr~nt with e1eMntal. pboepbona obllenu 111 pape ae the Q.OO5,

O.OlS or 0.075 q!k&ldAy levels 1Iben c:oaparecl to control paps. In the

Fla Utten, 47 pups cl1ec:l aDd ware aecrope1ed; s~n, une, fOCU'eeell aDd.

seve=eea 1D. the CGntrol, 0.005, 0.015 aa4 0.075 ,./ks/fUy sroups,

r_pect:l:nly. UC-UU ..re observ.cl 1J:l. two CGlltrol sroup pups (01le

aale, 0118 faale) ac ucrops,.. The f_I.e dJ.spla,.ed -u:l.ba1ar

.1cropath1a; ODa C81ttraU,. located. larpr thaD aaJ:'lUl. aar1.s open1ag;

oral. opea:1q abe.t. 0Ile fac1a1. paplllae absent. plllDA placed more

vezltral :haD. DOrmal; a1crophtb_,.:la of the left eye aDd a cleft palate­

The male pap ah:l.1titecl a riPt-.1ded lIOrt:1c arch. tbe~ u'I1Dk vas

Dore aarrov tbaI1 aal:Wa1. the dIlct:u arterio-.ss aptiecl into the left

subclav:i.aD. a va&t1&1al ~el vas retroeeopbageal (arose froa the

desceDel1118 aorta aDd eatared tha area where the c!uct:a. arter1.oeus eapt1ed

lnto the left nbcla'ri.aD) aDd All lnterventric:alar septal defect. Alao,

all lobes of the limp -.re reversed with t1fD lobes present OIl the right

s:l.de and three lolte8 prue= OIl the left dde.

Var1atlou prueat ill F1a pups that died CGll8utad of Grade a
k:1.dDey CapllUu of the raul papillae) In oae fe.ale in the 0.005

..g/kg/day srOllp. Bacrops,. f1Dd.f.np observed in the re.a1nder of dead

Fia pups _re prt.ari.ly lDd:l.cative of postaortea aut:olyt;1c c:haD&es.

S1z:een 'la pups. foar, 81%. four aDd two in the CGlltrol. lOlJ-.

del- aDd h1S~ose srOUP8. respect1ftly, vere elther ..usll11 and presUlDl!d

cOlaPletely camuba11zed. or part;.1&l1y C&JU11balUed aDd discarded vf.thout

Ilecropey.
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'!be appear&Dce and behavior of Flb pup. at 0 .OOS, O.OlS &Dd

0.075 ag/q/day wu also cOlapC'able to that of the coatrol group pap••

In the Flb litters, 31 pups died and were aecropsied; three, eight, elavea

aad niEle il! the coatrol, 0.005, 0.015 &Dd 0.075 mg/kg/day groups, respec­

tively.

Ka.lfonaatioa.s vere observed ia ODe ..le pap frOlll the 0.015

q/q/day group. '!be abaonaalities c:oaaiated of lII&Ild.ibalar mcre­

gtl&tbia (short lover jaw), aic:rostaaia, three facial papillae abaeat,

both pinnae located more veatral &Dd posterior tbaa oorlll&l &ad cleft

palate.

variatioaa &Dd pathological fiacliqs c:oaaisted of Grade 0 kid­

aey. in ODe ..le pup in the coatrol group, cd oae 1II&1e pap in the

o.075 ag/kg!~ay group ahibited a pericardiua filled witb dark red

clotted material aad fluid, &Dd a large tear &Dd red clotted material

on tbe left atriua. All otber dead paps :iD tbe Flb litten were deter­

IIlined to be DOraaal or had DOrma1 autolytic changes.

'three litters, one ill the coatrol group ad tva in the 0.075

fAg/kg/day grOl1p, vere ezalaiaed &Dd di&carded following the death of

tbeir dams. Each of the.e litters consisted of 10 pups each. Of these

30 pups, all were aormal ezcept ODe _le frOlll oae of the 0.075 mg/kg/day

litten. 'thia male pup displayed bydroaephrosis wbich wu considered a

patholop,cal fiDdiq.

Twelve Flb pupa, four, foar. two mel two in the c:oatrol, low-,

IIlid- aacl hip-doae groups, respectively, vere either lIIissing and presumed

coepleeely c&IIIlibalbed, or pc:tially c&IUlibalized ad discarded without

necropsy beiDg perfo~d.
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VII. PA:rBOLOGY

A. HEnlOnS

1. Macroscopic

Complete postlllortem examinations. UDder the direct superviaion

of a pathologist. were performed for 10 FO parental lII&1es per group. all

FO parental females. all FO females which did DOt deliver litters. 10

FIb pups per SllZ per group. 5 FIa pup. per sex per group (except Group 2

female wbich had six) ~d all ~ied oa study aad Hcrificed i!!. extremis

animals. All survivors aad all Climals sacrificed in extremis were

euthauized by carbon dioxide upbyziati011.

After a thorough external ex.unatioa. each animal vas opened and

the contents of .:he abdCllli.nal. thoracic cd cranial cavities were ex__

ined both~~ mld after removal cd dissection. All IUCroscopic

abnormalities vere recorded on the Patholcgy Record sheeC.

RepreseA1tative samples of protocol designated tissues were

collected and placed in phosphate--buffered neutral fOrmalin. Tissues

were collected froa 10 FO parents ~ sex per group. 10 FIb pups per sex

per group and gro•• lesions frOlll all died 011 study and sacrificed in

8Zttaai.S animals. 'Ibe followiag tissues 1iiI!re collected:

- Adrenal (2) - !faaRary glmd (inguinal)
- Aorta (abdoaainal) - Herve (sciatic:)
- Bone (fllDUr) - Ov~ (2)
- Bone sarrov (femur) - Pauc:reu
- Braiu U levels) - Pituitary
- Esophagus - Prostate/seminal vesicle (2)

Eye (2) (including optic Salivary glead
nerve and Barderiml - Skeletal 1IlUScie (biceps
gland. right)· femoris. right)

- Beart - Skin (inguinal. taken with
- IleWi 1UIIIII&rY gland)
- J'ejuuWll - Spleen
- ceCWll - Spinal cord (cervical)
- l.ect18 - StOlUCh
- Colon - Testis (with epididymis) (2)
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Duodenum
Kidney (2)
Liver (seccious from

at leasc 2 lobes)
Luag (wiCh 1D&instem

bronchi) (2)
- Lymph aodes (mesenteric)

- Thymus
- thyroid (with oarachyroid)
- Trachea
- Urinary bl~ r

Uterus (corpus with cervix
uteri)

- Gross lesions

- OYary (2)
Prostate/seminal vesicle (2)
StOlllach
Testis (with epididymis) (2)
Uterus (corpus with cervix

uteri)
Gross 1esiol18

2. Microscopic

Represencacive samples ~f protocol designated tissue~ were pro­

cessed for the preparation and microscopic examination ~f hematoxylin­

aad_osin-stained paraffin sections. A full tissue coaplement was pre­

pared for 10 FO parents per sex frOlll the high-dose and control groups. 10

FIb pups per sex from the high-d08e and control groups and gross lesions

from animals which died on seudy or were sacrificed in extremis. A four­

s tep grading system of trace. mId. lIIOderate. and severe vas used Co

define gradable lelions for comparison beCWeen dosage groups. A complete

listing of tissue accountability ':aa be found in the Tissue Inventory

(Appendix J).

The following list constitutes the full complement of tissues:

Adrenal (2)
Bone
BraiD
Beart
Kidney (2)
Liver
Lung (with lIIllinstem bronchi)

B. Results

1. Macroscopic (Tables 10-15. Appendix I)

There were DO compound-related changes observed during postmortem

examination of animals from the FO. Fla or FIb generations. All changes

observed were conaidered iDcidental and unrelated to the' compound.
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z. Microscopic (Tel.. l6-l9. ~ic:es I cd .1)

There were DO ca.pouad-ral&ted cbaases oosan8d cluri.Ds mcrosco­

pic ~lI&tioD. o~ tissues frca anilII&ls iD the FO or FIb gcaratioas. All

cbaqu ooservri tMre coaaidered iDcidental GId unrelated to C!Ie abIin­

ist::atiOl1 of the ea-pouacl.

Hicroscopic tissue .....;r·tioas vera parfo~ by Litida C. Graih.

D.V.II•• H.S. Dr. Uraih is DO loapr ellplO)"ed at IBDC~

/-of5=- fr
Date
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APn=NDIX A

Qualiey Assurance Inspeceions



Dates of Inspections

10/04/82
10/19/82
10/26/82
10/29/82
11/23/82
12/28/82
1/07/83
1/10/83
1/18/83
1/25/83
2/01/83
3/01/83
3/09/83
3/15/83
3/15/83
3/11/83
3/31/83
4/01/83
4/08/83
4/28/83
6/15/83
6/23/83
6/27/83
7/12/83

10/31/83
11/04/83
11/30/83
3/26/84
1/14/85
1/21/85

401-189

64

Quality As.oraace Iaspectioas

Dates of Reports
to KaDagemeDt

3/11/83
4/28/83
5/13/83
6/07/83
6/15/83
6/28/83
9/06/83

10/31/83
11/04/83
11/30/83
3/26/84
1/14/85

Dates of Reports
to Study Director

3/11/83
4/28/83
5/13/83
6/07/83
6/15/83
9/06/83

10/31/83
11/30/83
3/26/84
1/14/85
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Al'PENDIX B·

Daily Estrous Cycle Observations
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)t\~
Individual MIlle lMekly Body llfe19111'5 (9)

Tes? Article.
~. Level.

2 3 5
51'udy lMelc

Ma'e N~ 0 4 6 1 8 9 10 11 12

o IDCI/kg/day [Con1'r01 ):

17917 277 324 36' 401 43' 464 496 !509 !l46 567 587 606 602
17918 270 315 362 YJl 425 448 477 493 '23 547 559 580 585
17919 280 :509 341 367 :597 415 443 4'1 474 492 502 '23 ~

17920 256 28' 310 327 348 358 37' 380 YJ8 409 416 433 416
17921 270 :506 340 365 38' 402 419 418 ", 459 471 488 479
17922 284 33' 371 YJ, 424 444 469 <181 !lIM 513 '24 541 539
17923 264 304 333 3'2 366 :583 407 401 417 430 437 456 ..,;3
17924 280 325 361 406 432 458 497 508 !l3Cl 5<18 '58 573 56&
17925 278 324 362 :593 417 437 468 486 506 '21 '30 "'9 540
17926 262 304 337 361 381 395 411 423 43!l 4<18 451 450 449
17927 263 295 325 352 3n 403 429 454 470 484 499 '19 506
17928 :a3 278 308 335 357 374 393 408 427 435 4<18 466 464
17929 271 319 351 387 418 437 465 487 '19 535 548 568 561
17930 Z!54 299 333 362 387 404 432 442 472 481 495 !lO5 496
17931 260 288 309 331 350 367 385 395 418 426 423 438 414

EI_?a1 PIIoIPbonis.
0.005 !lil!cg/d..,:

17962 261 288 310 329 352 :572 389 401 428 440 449 460 450
17963 262 307 336 375 392 412 426 440 450 459 470 486 448
17964 278 326 365 400 437 454 496 '26 550 577 581 609 608
17965 259 297 333 360 388 YJl 421 4YJ 463 484 488 494 484
17966 258 278 300 322 343 367 389 399 41' 431 448 460 448
17967 266 297 330 350 364 385 YJ7 41e .435 444 454 468 46'
1796a 259 297 D4 358 333 364 401 426 443 452 455 469 455
17969 277 312 349 37!l YJl 406 437 446 463 474 478 488 486
17970 258 306 344 375 400 421 440 456 466 466 468 480 471
17971 263 288 317 337 358 377 393 399 41' 421 425 433 432
17972 26' 299 ~ 36' 387 ~ 428 447 SlIerI t IC8CI
17973 263 302 335 360 384 404 427 442 463 476 485 !lOO 493
17974 2159 306 340 360 384 402 432 447 470 484 501 509 500
17975 260 300 335 366 390 413 443 459 474 494 '10 525 522
17976 259 280 302 321 343 358 572 384 396 416 422 433 431

EI_?a1 PlIospIlclruS.
0.015 !9/hS/d!y:

18007 Z54 284 310 336 360 380 405 41. 428 445 450 465 452
18008 Z54 288 319 33' 3~ 357 366 376 J96 415 ~ 432 427
18009 279 ~16 347 378 401 418 438 452 473 490 508 505 501
18010 256 288 324 353 371 395 415 430 445 450 464 466 458
18011 27' 312 342 36' 384 YJ7 418 434 453 461 468 508 481
18012 276 314 352 384 402 429 447 460 482 485 50i !lO4 490
18013 271 311 347 377 394 415 431 438 460 469 "81 485 482
18014 256 292 320 342 369 389 408 414 426 438 443 443 445
18015 264 310 342 373 399 420 450 461 485 498 511 521 525
18016 276 310 342 m 401 434 471 483 502 '17 '3' 519 500
18017 260 299 324 351 377 397 413 427 446 455 466 483 483
18018 268 302 331 357 378 402 420 431 4" 474 484 501 497
18019 2151 306 339 ]'74 401 430 461 482 501 520 541 548 544
18020 25' 288 318 308 329 339 351 ]64 374 381 380 391 3B2
18021 258 300 319 338 359 372 389 394 410 418 416 429 430

401-189



84 )')J~
IndIvidual NIII • ...-Iy Body "lgtI1's <II)

T..1' Ar1'lcl••
Oosege L._I.

i3 14 I, 16 .,S1'udy lleeIc
19 2014.1. tI~ 18 21 zz 2j

o .;/kg/d.., (ConWOoI):

17917 610 ~ 643 662 681 685 693 706 717 711 710
17918 598 597 615 640 652 663 674 684 694 694 708
17919 468 485 499 519 535 521 533 546 553 ,.3 551
17920 430 439 449 460 448 444 448 456 466 4,. &59
17921 489 507 52!l 531 !l46 555 560 564 570 ,,, 551
17922 !l!l6 573 572 600 6.10 614 621 630 639 631 643
17923 453 466 466 483 480 495 495 Q8 492 489 !lOO
17924 ,., 602 608 614 632 646 647 647 664 64' 660
1792!l 556 !l69 !l92 603 610 616 629 636 646 635 638
17926 459 477 488 49' !lO6 511 527 535 548 537 ,.2
17927 515 532 507 Died
17928 471 48' !lO6 518 525 536 537 ,.1 546 532 533
17929 563 578 600 621 629 642 634 640 640 631 623
17930 509 514 '27 '50 546 !l44 541 ,., 552 542 536
17931 437 453 46' 482 480 483 !lO2 5i2 520 510 527

EI_11I1 Pt!ospllor'us.
0.00' !lI/kg/dlry:

179Q 459 463 477 490 !lOO 504 ~12 521 532 '22 524
17963 477 490 490 !lOS 524 530 538 535 548 519 529
17964 621 639 657 576 DIed
17965 489 512 513 529 538 "3 546 556 557 ,., ,.,
17966 460 468 478 492 503 512 516 518 522 511 5215
17967 4&1 49' 503 518 5215 532 542 ,.2 ,.5 546 556
17968 463 473 487 494 499 508 514 519 518 497 505
17969 493 !lO4 480 503 508 513 511 512 516 507 514
17970 493 513 521 537 '39 ,.7 360 565 570 567 577
17971 443 463 468 4&1 490 491 492 498 503 498 505
17972 SIIcr It Ic.d
17973 497 !lO6 516 525 525 532 537 541 550 539 ,.5
17974 512 5215 533 539 ,.9 !l6O 558 !l62 565 555 569
11975 5215 ,.5 564 585 594 601 606 622 624 612 628
11976 439 455 464 473 "" 492 496 497 501 497 509

EI_nl PhosplIOnIS.
0.015 !!I/!lg/dey:

leoo7 461 468 485 490 516 522 5215 536 ,., 52& 527
18008 414 434 4" 451 455 460 466 473 482 472 476
18009 511 522 525 m 556 !l6O 568 573 !l84 568 570
18010 472 480 493 511 518 522 526 525 !l28 515 525
18011 485 492 5O!l 482 478 495 511 !l22 537 '" 539
18012 515 525 533 '" !l78 !l8O !l89 593 1503 595 591
18013 494- 500 501 !lO6 520 "5 550 558 570 557 563
18014 454 467 479 485 &99 !lO6 505 510 519 518 528
18015 !l29 ,.3 5" 570 587 596 600 610 617 611 615
18016 518 538 557 571 590 603 614 627 632 628 624
18017 493 506 511 512 520 532 ,.2 ,.7 562 !l48 '"18018 509 519 !l44 564 588 !l99 613 624 637 l5l2 636
18019 "9 575 591 601 610 616 622 632 639 630 641
18020 409 425 437 445 446 443 449 457 465 439 434
18021 440 450 460 471 482 494- 498 !lO2 514 514 517

401-189
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llt 19
InCllvlClual *1• .-Iy BoCIy "lgIlts <g>

Tes't ArtIc:I••
Dosag. I..... ,.

24 25 Z6 27 StudhWeek
Mal.~ 29 3d

o lSi/kg/d.y <Cocrtro1) :

17917 712 717 728 743 750 765 no Sec:rH Ic:8CI
17918 720 728 735 750 758 7~ n3 sacr I t Ic:8CI
17919 565 562 574 559 !l66 581 579 sacr I t Ic:8CI
17920 469 4n 479 493 499 499 :lO4 Sec:r I t Ic:8CI
17921 m 590 600 614 618 l528 612 Sec:r I t Ic:8CI
17922 652 656 672 679 688 700 700 sacr It Ic:8CI
17923 501 :;00 507 509 513 518 510 sacr It Ic:8CI
17924 663 6~ 690 696 719 731 734 Sec:r I t Ic:8CI
17925 654 660 669 679 684 699 698 sacrltlced
17926 543 561 565 571 576 ,. 595 Sac:r I t Ic:ed
17927 Died
17928 531 546 559 569 577 ,. 597 Sec:r I t i c:8CI
17929 632 643 659 675 6n 691 695 sacr It Ic:8CI
17930 538 539 "1 5" 573 m 575 SlIc:r It Ic:8CI
17931 532 542 560 554 561 561 566 sacr It Ic:8CI

EI-"81 PlIOSllboI"uS.
0.005 !915/CI!'t:

17962 525 534 548 550 551 561 564 sacr It1c:8C1
17963 547 551 566 • 568 567 58Z 583 Sec:r I t Ic:8CI
1"'~~ Died
17965 536 547 5" 530 525 519 508 Sec:rIt Ic:8CI
17966 528 532 544 561 572 .571 580 sac-I t Ic:8CI
17967 568 577 584 l500 599 60S 611 sac-1tlc:ed
17968 510 525 529 547 545 "2 554 sac-Itlad
17969 525 511 529 540 534 541 525 sacr I t Ic:8CI
17970 585 596 604 618 m 636 637 seer It Ic:8CI
17971 513 521 528 536 544 5" 527 sacrIt Ic:8CI
17972 SlIc:r I t IeM
17973 5" 560 5~ 571 sa5 596 604 sac:r I t Ic:eCI
17974 573 575 578 585 597 604 607 sacr It Ic:ed
17975 634 640 649 656 668 682 1583 sac:r It Ic:8CI
17976 514 521 532 540 553 557 564 s.c:r I t Ic:8CI

EI_hl PIlosIlIlcrus.
0.015 !9Ikq/d!'t:

18007 528 ,.5 553 568 !l66 580 582 sacr I t Ic:8CI
18008 482 494 490 495 501 510 508 s.c::-I t Ic:8CI
18009 570 "5 ~5 597 604 619 l528 sac:r It Ic:ed
lSOl0 "5 540 546 556 559 564 :l68 sac-I t Ic:8CI
18011 540 5" 5" 569 571 572 584 sac- I f 1c:ed
18012 595 600 613 628 643 643 649 sac:rIt Ic:ed
18013 572 575 593 601 609 620 626 sac- It Ic:8CI .
18014 53' 537 547 559 568 577 585 SlIer I t 1c:ed
18015 616 616 618 634 647 660 670 sac:r It Ic:8CI
18016 642 ~ 656 670 672 687 699 SlIer I t 1c:8CI
18017 564 5" 561 566 579 582 582 sac- It Ic:ed
18018 645 657 657 672 673 684 687 sac:rI t Ic:8CI
18019 645 661 674 688 692 705 714 SlIer It Ic:ed
18020 451 461 .73 476 490 500 502 SlIer It 1c:8CI
18021 525 530 546 552 557 561 562 sac:r I t Ic:ed

401-189
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J~~
Individual N111. weekly Body welgll1'S Ig)

Ta1' Ar1'lcl••
DcliNge Level.

3 4
S1'udy week

8 9 \6N11le NUIDer d 2 !i 6 , i \2

EI--"al PlIospllorus
0.07' -slkg/day:

18052 2159 314 349 376 392 415 439 449 473 4~ 505 491 48'18053 278 323 :560 386 412 437 460 478 490 517 528 '35 529
18054 2l5O 288 305 332 351 372 396 410 423 443 4~ 460 440
18055 2153 301 335 358 381 4QZ 425 427 441 452 464 466 454
1~ 271 313 345 374 402 425 453 464 489 489 501 508 502
18057 268 302 330 362 381 405 4215 442 462 472 478 486 480
18058 272 323 352 377 399 422 451 ~ 492 510 522 536 5,.
1805S 272 316 355 390 418 447 475 490 512 524 533 540 542
l806Q 259 289 318 339 360 377 405 421 440 454 463 475 462
18061 262 28;; 520 347 371 ~7 413 428 443 428 435 440 445
18062 266 299 335 368 391 420 444 456 477 496 514 521 ~;

18063 281 330 376 412 439 474 501 514 532 549 570 580 572
18064 281 335 366 386 410 433 467 491 . 519· "5 549 568 561
18065 ~ 281 ~10 332 344 357 J77 392 , 403 411 420 429 424
18066 262 300 331 358 386 ~ 429 445 ' -"63 477 491 50C 494

401-189
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PIt)
Indlvld..1 MIlle "'Iy 8cdy W.lgII1's Cg)

T_1' ArTicle.
Dllsage ~I.

13 14 i, 10 17
Study w.ek

19 20 2\ Z2 23MIlle~ Ii

EI-'e' Pbospborus
0.075 ms/kg/dey:

180~ 476 486 490 503 503 5Ol5 518 5'Z1 "5 522 5lQ
18053 533 "3 542 564 579 593 599 608 512 502 603
18054 4" 463 481 4514 497 50' 510 512 517 511 515
180" 463 461 471 484 490 495 493 4!16 496 488 490
1~ 519 ~1 "1 542 551 565 564 571 579 573 578
18057 486 496 50' 511 528 5" 540 537 544 535 543
18058 548 562 576 593 506 513 619 6XI 6XI l528 l523
18059 5" 562 568 512 595 597 588 583 596 579 5M
18060 473 486 500 516 m 536 538 545 552 542 546
18061 459 472 479 478 490 501 499 503 50lI 502 5O'i
18062 503 523 536 550 561 567 560 563 562 563 559
18063 56e ~ 506 616 "'3 647 654 657 654 649 656
18Cl64 m 584 60t 61!1 632 646 645 657 661 649 655
18065 432 443 457 473 481 485 485 488 490 468 491
18066 497 512 525 542 550 5" 569 "5 590 574 585

401-189
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,H'b°
Individual Mel. W"ly 8cldy W.lgll1'S (9)

T.a? Ar1' Ic I••
Dcsege Level.

23 26 2' SNlSWMk 2§MIlle NuIIIIef' 21 3d

EI-.rtlll P!Iospllorua.
0.075 l!9I!al/day:

18052 535 545 5~ ~ ~ 583 m SCrlflced
180" 607 623 628 626 632 639 6&7 SCrlflcecl
180~ m "' ~, "6 "' "1 ,.9 s.crI t IcecI
180" 495 499 'OZ ~ "8 518 m SlIerIt IcecI
180~ ~ ~, 600 615 624 62B 628 SlIerlflcecl
18057 5&, 6~ 552 5&6 5&2 ,~ 552 SCrlflcecl
180'S 632 6&5 6':5 667 680 683 690 SlIcrlflcecl
18O~ '94 612 620 626 643 6~ 6~ 5a:rltlcecl
18060 '9 577 m '75 5B8 '94 604 SCrltlcecl
18061 ", 519 522 532 548 5&9 551 $crltlcecl
18<'152 568 551 563 ~ 579 579 590 SCrlilcecl
18063 666 675 681 687 699 709 718 SCrlflcecl
18064 667 671 675 688 6M 697 700 SCrltlcecl
18065 492 500 - 518 5215 '33 "' $crltlcecl
18066 511 597 6C: 620 634 6&8 651 SCrltlcecl

401-189
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)$'\ .

IndIvidual ~l • .-, Y Ebdy "lgII's (g)

OoSllg. l_l.
0 Z 3 4 3

Study -.k
7 8 § to~I. IUIbr 6 11 12

o 5/'S/day (Cl:In~l):

17932 164 183 199 216 218 ~2 241 244 251 2!16 258 359 Zl7
17933 191 214 23' 234 2215 244 244 261 258 %14 2158 m 288
17934 177 198 208 2215 243 243 248 26' 286 287 286 303 309
179" 184 205 216 222 234 250 249 250 260 270 Zl7 281 493
17936 179 198 212 223 2215 242 247 251 251 254 258 260 354
17937 186 208 228 2S 248 252 2159 %19 283 285 498 305 49'
17938 17' 191 203 214 222 231 231 240 244 249 2. 253 352
17939 170 193 208 21' 220 232 242 242 244 251 257 257 259
17940 18' 2111 220 230 254 2156 264 253 282 283 490 49' 306
17941 173 19' 209 219 231 240 24' 249 260 260 262 357 279
17942 171 205 222 ~ 250 260 263 2IS6 Zl7 282 as 287 302
17943 184 209 21' 216 225l 248 254 25' Z/4 %15 27' 277 492
17944 177 200 212 230 25 244 2!58 259 26' %18 287 287 494
1794' 181 204 2" 224 238 243 250 247 254 260 357 2158 2IS.4
17946 167 189 209 220 228 243 242 243 252 2151 350 257 %19
17947 187 219 235 250 25' 271 288 290 297 302 312 . 311 314
17948 171 203 221 231 246 246 264 2IS6 Z18 278 290 301 49'
179. 173 192 209 210 232 243 252 25' 26' Z74 'rI4 'rI8 287
179'0 m 199 216 227 242 252 2154 2IS6 283 286 288 493 309
179'1 176 217 25' 'rI8 2lS4 294 313 330 DB 3'; 350 357 3"
179'2 182 208 221 227 236 247 250 254 263 270 272 %19 287
17953 190 225 240 254 272 28' 29' 296 XJ1 320 324 327 326
179'4 185 209 224 233 247 253 262 2IS8 277 287 2M 293 J(J1

179" IIS8 180 181 19' 196 2" 209 217 223 232 234 238 240
179!56 172 190 202 201 214 222 2215 229 242 242 250 250 239
17957 168 196 204 216 223 231 242 244 257 2!58 357 272 352
17958 187 206 205 218 216 228 227 230 U1 244 257 2151 2S7
17959 m 19' 205 2CIl 224 214 2215 233 241 240 24' 25' 252
17960 m 202 213 228 240 247 250 260 Z75 276 278 491 285
17961 166 187 19' 214 225 231 234 243 253 248 2!16 2151 259

401-189
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rJq
Indlyldual F_/e .,..kl y lbdy */gh1"s (g)

Dosage 1._1.
1! I. 15 16 17

S'tudy"'k
19 20F_le ~C«' Ie 21 Z2 23

o '5/!cg/day (COn1r'O I):

17932 291 291 280 zn 278 713 2157 m 278 2!iI9 319
17933 310 D9 316 337 ,., 317 291 293 293 3C9 334-
179,. 333 378 338 338 353 ,.1 305 309 3Ol5 321 349
17935 309 3" 312 ~ 328 ~ 293 294 294 298 319
17936 272 291 361 282 2!iI9 282 2153 273 278 273 285
17937 298 322 343 412 322 321 2!iI8 288 303 31. 341
17938 271 296 27' 289 279 2S9 2151 2159 2157 279 295
17939 Zl. 304 381 300 310 312 281 286 2S9 292 308
179-0 312 303 300 304 31' 311 314 31' 316 328 349
17941 290 278 281 285 279 283 282 283 278 281 2!iI9
179~ 317 311 311 310 311 311 319 321 321 324 344
17943 314 370 312 340 329 2!iI9 297 302 308 313 336
17944 310 323 298 310 303 309 309 331 "2 359 369
17945 275 273 278 279 282 2lU 287 287 290 287 293
17946 3Cl2 335 312 330 340 302 282 283 2lU 293 300
17941" ,.1 366 .4 ~ 367 354 308 317 ~ 340 350
17948 3" 340 m 322 319 341 301 300 299 310 ~
17949 301 ,.1 302 316 304 3m 284 28' 2B6 280 2!iI8
17950 320 369 322 314 321 295 291 305 304 318 335
17951 379 J84 51 38' '37' '376 388 394 389 403 421
17952 302 298 292 292 296 294 295 300 298 Died
17953 3" 339 325 322 320 31' 323 324 331 336 338
17954 321 347 3215 J2I5 323 318 307 307 313 314 332
17955 2155 Died
17956 250 270 m 28' 258 2155 2153 2158 2157 m 289
17957 28-4 284 281 283 2114 285 292 293 299 . 294 300
17958 2157 272 2155 2S6 2158 257 258 as, 2153 273 280
17959 259 276 2!iI9 3:59 300 .303 278 2152 2153 Z79 294
17960 305 329 401 316 320 323 296 295 301 30J 321
17961 2151 282 309 '":"0 ~ 322 314 282 2B6 298 309

401-189



91

,6\
Individual F_le weekly Body _lgh1"S (g)

Dosage L_I. S'tudy IIIeek
F_lc KUIIbec" 2l :z:s 26 27 28 2§ 3d

o !9/kq/d.,. (ConTrol:

17932 m 329 3CO 332 SlIerI t Ic:ecI
17933 391 3'" 3&7 m SlIerItIQd
17934 436 Died
17935 337 .a5 351 362 307 Seer I t Ic:ecI
17936 3W 303 309 278 Seer1t Ic:ecI
17937 396 3&9 :5'8 326 SlIerltlQd
17938 3&1 298 307 266 SlIer I t Ic:ecI
17939 338 310 321 282 SlIerItIQd
17940 401 352 351 Died
17941 316 380 318 !!J8 295 SeerltlC8d
17942 390 338 3&1 296 SlIerItIQd
17943 J92 3CO 376 3W SlIerIt Ic:ecI
17944 360 3&7 355 J38 J38 352 355 SlIcrltlQd
17945 2M 295 300 JO& 303 308 307 5acrltlQd
17946 297 289 285 284 286 295 290 Seer It Ic:ecI
17947 3&5 348 3&7 3&1 D9 356 357 SeerltlQd
17948 382 3D ::162 369 SecrItIQd
17949 3W 348 338 Z17 SlIer I t Ic:ecI
17950 396 351 363 331 SlIerItIQd
179" .3& .73 4'l) 448 .3& Secrltlced
17952 Died
17953 385 3&6 340 3&2 Sltcrlt Iced
17954 387 329 359 296 Sltcrl t Iced
17955 Died
17956 329 292 308 Z17 SlIerI t Ic:ecI
17957 298 299 301 299 305 305 303 SecrltlQd
17958 Z17 716 283 224 290 296 285 5ac:r1t IC8CI
17959 353 307 '5Z1 278 SlIerIt Ic:ecI
17960 310 310 289 281 2B4 291 306 Secr I t IcecI
17961 343 311 333 293 SlIerltlQd

401-189
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IS~
Individual F_I. -.kly ~y *Iglrfa (g>

Te3'T' ArTlcl ••
1)Q8g. LWei.

0 2 ! l 5
Study"'k

7 8 9 10 II 12~Ie *-OeI" 6

EI_TaI PlI)spll)l"US
0.005 B:!/!cgIday:

179TI 172 191 199 218 2Z1 233 235 248 ~ 2!l9 254 U7 2B6
17978 182 189 201 210 213 216 221 225 231 230 236 'ZS1 2<7
17979 171 190 2Q!l 221 228 2S1 240 247 257 352 270 2a9 2156
17980 172 192 2Oi5 216 220 231 25 243 2<7 255 2151 357 2<7
17981 182 201 214 230 2J9 241 251 251 m 257 2158 2154 283
17982 182 202 211 218 234 243 243 248 2154 273 273 271 288
17983 185 206 222 226 241 249 256 253 351 2158 272 273 283
17984 166 177 185 197 205 208 216 223 223 222 235 234 2016
17985 170 190 210 216 224 220 226 232 238 251 249 257 2153
17986 180 2fJ7 22!l 2311 245 256 2150 2153 275 285 2B6 288 288
17987 173 196 216 233 2J9 252 252 253 210 271 Z79 284 282
17988 182 202 228 24:2 250 2150 250 355 212 Z79 276 284 300
17989 169 187 199 219 229 234 236 244 251 252 256 2153 256
17990 180 199 208 215 232 236 7S7 240 251 Zl8 2150 2!l9 1:14
17991 178 195 214 229 234 245 252 25J ~ 2157 Z75 280 278
17992 170 195 2Q!l 216 226 229 24.2 247 250 251 250 266 2153
17993 173 190 208 222 231 243 254 258 2158 278 288 294 301
17994 181 208 222 25 250 2154 2158 355 278 286 283 285 300
17995 180 212 228 238 2150 276 283 2B6 298 303 320 3JO 3J5
17996 170 191 211 221 230 240 254 350 2158 270 278 28' 282
17997 185 206 219 228 2" 254 2150 257 273 284 1:19 U7 275
17998 167 191 198 2DI5 224 2J2 238 m 251 257 258 256 258
17999 176 196 203 217 219 229 241 240 241 2016 255 357 259
18000 180 199 2Q9 220 230 238 246 242 248 255 2154 2156 277
18001 178 192 2Q5 213 218 226 236 2S1 240 245 250 249 245
1800z 180 202 210 208 • 222 223 • 230 240 238 252 2150 2158 292
18003 171 194 211 221 239 2. 247 253 ~ 2!l9 2153 1:10 273
18001 180 200 2DI5 211 220 2J2 240 240 247 2150 257 256 253
18005 178 196 2fJ7 218 229 m 2" 252 252 2154 2159 277 304
18006 178 200 207 221 226 233 25 241 2. 251 254 258 257

401-189
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(6~
"

Indlvlduel F_le -....Iy Bady ..19,," (9)

Ooaage L_I.
13 Ii i5 16 17

S1'udy .....
19 20F_le ~ber 18 21 22 Z

EI_ftl PIIospllOr'us
0.005 '5/kg/dey:

l79n 292 295 2M 293 296 2M 288 290 296 303 316
17978 268 263 25£ m 255 252 255 257 248 278 294
17979 m 306 358 295 305 306 28' 292 294 291 299
17980 2':"5 298 351 293 306 287 278 276 282 284 297
17981 298 292 285 281 283 287 280 286 28' 291 295
17982 297 342 306 313 319 291 283 274 269 273 281
17983 295 324 306 320 315 320 296 292 288 Died
17984 262 286 276 288 284 281 264 266 269 280 Z17
17985 rn 305 3!1O 286 301 279 26' 2lS4 276 285 303
17986 303 321 390 323 336 324 303 306 308 316 338
17987 301 m 412 336 315 322 294 305 306 310 333
17988 306 D9 305 315 318 323 295 297 300 301 305
17989 Z17 301 345 299 312 303 275 285 284 273 279
17990 302 34' 319 3:39 351 304 292 282 Z17 284 306
17991 283 300 318 395 334 337 327 292 301 312 328
17992 263 280 292 341 294 290 291 280 284 286 296
17993 323 352 408 323 328 316 293 308 318 313 340
179904 321 D9 329 328 330 334 318 318 311 336 339
17995 351 382 353 341 357 308 301 315 323 327 348
17996 293 320 370 331 349 329 319 310 302 307 322
17997 294 321 385 325 309 315 290 296 298 304 306
17998 287 295 279 278 278 281 289 287 290 303 320
17999 269 285 272 2715 274 275 271 275 274 272 276
18000 299 340 309 333 357 334 293 299 296 307 324
18001 252 296 363 295 287 297 272 273 274 278 298
18002 316 356 311 324 3:53 325 292 304 304 330 354
18003 268 287 292 239 286 282 28' 288 286 293 306
18004 269 286 344 274 292 280 244 256 262 273 294
18005 302 300 294 295 295 300 299 305 306 311 31'
180015 271 292 270 285 295 304 265 Z73 274 273 289

401-189
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16~
IndlvldU81 F_le ....Iy !locIy "I~'ts (gl

Tes1' Ar1'1c:le.
Dosage Level.

24 23 26 21
Study "-Ie

2!1 3dF_ Ie Nu8lller 2&

EI.-.n1'B1 Pha.DhoruS.
0.00' !!Kl/k9/~y:

17977 313 313 308 30' 313 323 326 SecrltlC8d
17978 328 302 30' 290 Secrltlced
17979 299 295 305 J08 294 308 305 SeerltlC8d
17980 337 294 320 272 Secrltlced
17981 295 297 ~ 310 30' 311 311 SeerltlC8d
17982 Z77 278 283 286 2SI4 305 306 Secr If Iced
17983 Died
17984 269 274 272 272 272 175 21S5 Seer IfI c:ecl
1798' 349 299 312 m Seer If1CIed
17986 396 358 366 "5 SlIerIf I ced
17987 391 361 368 348 SlIcrltlc.d
17988 323 394 329 332 300 Secrlf1ced
17989 279 285 29D 289 287 295 295 Secrlf I CIed
17990 314 319 321 330 322 Secrltlewd
17991 379 343 358 308 Secrlflced
17992 312 386 332 329 287 Seer I t I cecI
17993 30&3 340 341 344 339 344 347 SBcrltlCied
17994 376 -347 347 344 Secrlf I CIed
17995 405 356 364 337 SItcrI t-I ced
17996 367 3" 374 328 Secrlflced
17997 335 334 30&7 336 Secrl t I cecI
17998 349 329 338 338 Secrlficed
17999 278 280 289 288 2B8 293 287 SecrltlCied
18000 388 347 370 343 Secrltlced
18001 339 302 326 2157 SBcrlflC8d
18002 425 352 "577 3" SBcrlflcecl
18003 317 312 310 311 312 318 ~ 5acr I tI c:ecl
18004 340 285 303 251 5lIcrlticecl
18005 317 322 325 326 334 337 336 Sacrificed
18Q06 322 31M 324 312 Secrltlcec1

401-189
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)~~
Ind',,'dUII' F_'. ""y BrxIy We'gllt'S (g)

T.1' Ar't'cle.
S1'udy WMkDosage L_'.

2 j l !5 , 8 § 10 Ii 12F_le NUIIDW' 0 6

EI-nl "'-DIloI"'Us
0.01' 1!C!I!cll/cIay:

18022 180 194 199 201 208 216 216 214 225 234 235 233 24'18023 '70 196 209 223 221 228 '2S1 24' 254 257 Z72 27' 269
18024 188 211 220 229 243 253 256 256 265 273 27' 277 299
18025 170 195 209 210 222 '2S1 2'0 240 255 263 26' 268 277
18026 183 207 208 211 218 221 Z2B 23' 232 24' 251 249 246
18027 182 205 220 231 23B 242 260 262 261 269 280 271 273
'8028 165 190 197 207 2'3 213 225 232 230 22lS 2'0 2U 241
18029 173 200 206 221 228 238 243 249 254 ~7 25' 256 260
18030 18' 212 221 243 253 258 264 27' 282 289 291 290 290
18031 179 209 230 247 255 261 276 285 288 291 299 303 311
18032 179 195 205 '2JJ7 223 234 234 238 248 257 260 264 283
18033 178 195 204 214 227 231 230 232 233 235 242 242 246
18034 164 188 196 '2JJ7 219 232 243 241 Z48 2151 2&8 264 280
18035 169 194 210 230 234 247 251 255 261 264 275 273 276
18036 180 204 223 m 246 257 258 271 280 278 292 300 29'
18037 168 192 210 224 227 240 21.8 247 253 259 267 266 280
18038 178 205 222 238 241 254 258 263 269 269 278 280 279
18039 173 199 213 225 234 241 246 252 267 258 258 273 272
18040 168 200 214 227 231 243 251 249 254 264 274 272 274
18041 183 214 229 250 2153 276 281 295 304 318 327 331 3215
18042 179 199 214 228 232 240 243 243 259 264 259 275 270
18043 179 211 216 232 242 250 25' 265 273 270 278 276 289
Il1044 182 199 211 221 227 234 241 247 24~ 256 262 267 2156
1804' 178 201 210 221 m 238 242 250 258 26' 2159 27' 286
18046 In 191 200 206 209 217 235 229 23: 242 246 245 245
18047 179 199 222 234 244 247 24' 251 268 268 273 280 280
18048 184 202 217 229 232 m 246 257 259 261 270 270 249
18049 191 207 219 22B 244 2ISO 266 265 276 285 284 292 29'
18050 184 2D6 213 225 242 250 255 257 266 273 2IS8 271 280
18051 187 209 'ZZ1 240 253 252 2151 263 271 275 275 281 2S6

401-18f·
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"

\~II
IndlvlCSlIII1 F_le .-Iy Elady Welgll1's (9)

Dauge Level. S1'udy w-k
F_le NlIIItler \5 14 i, 14 17 Ii 19 20 21 ti fi

EI-nI Pllosllllor'us
0.015 !QIJcg/CS"':

18022 272 302 370 312 317 ~ 285 279 279 295 312
18023 299 3~ 413 309 312 517 306 303 291 513 332
18024 311 2i6 296 297 291 291 296 2516 302 317 324
180Zl 295 307 306 295 296 288 2M 2512 292 301 317
18025 273 2!10 362 2B6 301 304 2156 2156 2155 283 293
18027 2!10 315 ~2 292 311 :S05 274 276 287 298 312
18028 259 2152 283 3215 298 292 318 272 2l5O 268 283
18029 258 Zl3 250 256 2152 '"'58 2fIO 257 2152 258 2l5Z
18030 302 2i6 503 313 321 !''2S 336 340 3U 3U 346
18031 325 3~ ~7 128 350 ::1 314 325 325 320 331
18032 300 2!12 280 285 2!12 2!10 288 289 287 309 332
18033 260 255 245 Z51 254 254 258 2153 259 261 262
180301 295 505 305 317 307 JOI 300 298 2S7 307 319
18035 295 316 413 321 332 309 297 302 . 299 307 350
180J6 305 3215 368 317 329 327 301 31 302 316 322
18037 291 327 288 309 307 2M 280 275 276 2B6 298
lao38 2B6 2!10 295 304 299 293 297 300 J03 312 328
18039 294 315 384 322 ·319 325 299 287 293 302 38
18040 285 327 415 323 3~ 334 292 J03 304 318 346
18041 3015 355 3015 3018 3016 348 354 350 357 348 354
18042 278 298 3301 294 304 300 276 277 283 292 313
18043 308 3017 316 331 3Xi 297 297 301 295 293 294
18044 Z72 33 366 294 309 291 275 277 285 289 297
18045 3C6 346 306 315 337 314 288 2M 32 299 322
18046 256 2159 305 274 294 308 501 272 275 280 290
18047 293 2M 317 362 526 332 334 293 36 37 319
18048 283 307 381 312 529 291 276 286 2B2 288 307
18049 308 3301 2lS8 Died
18050 38 306 310 306 306 303 298 501 297 308 312
18051 290 310 319 39 J05 305 302 31 293 292 297

401-189
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I~~
IncllvhSual F_le .....Iy BocIy "lgII1'S (g>

Tes1' Ar1'lcle.
Dos8ge Level.

S S Z7
S1'ucIy *ek

F_leN~ 24 28 Z§ j()

EI_1'81 PIlOSPIlCruS.
0.015 !!!J/kg/clllY:

18022 350 325 348 29' sec:r I t IC8cI
18023 387 350 339 ~ s.cr I t IC8cI
18024 347 420 351 352 352 sec:rIf IC8cI
18025 312 307 304 303 310 319 320 Seer I t IC8cI
18026 280 270 264 260 271 271 264 S8crltlcod
18027 364 312 DO 287 SacrIt IC8cI
18028 303 358 319 340 342 sec:rIf IcecI
18029 2M 269 266 277 279 280 273 Seer1t IC8cI
18030 354 358 367 m 386 391 392 SeerI t IC8cI
18031 358 35' 411 353 3016 SIIcrIf IcecI
18032 378 341 m 31' 5ecrltlQcl
16033 264 26' 157 277 280 2.77 272 SacrIt lcec1
t8034 343 392 330 324 324 SIIcr It IcecI
t8035 394 353 167 34' SIIcrI t IcecI
t8036 350 338 350 344 SeerIt IcecI
t8037 323 304 32D 32D Seer I fIC8cI
t8038 384 329 350 2M SeerIf IcecI
t8O:59 2!J9 30' 311 307 310 311 325 SeerIt IC8cI
t8040 402 352 368 355 Seer I t IcecI
18041 338 359 361 369 m 3119 396 SeerIt IC8cI
18042 34' 311 322 314 Seer I t IcecI
18043 2!J6 2!J6 293 294 297' 3118 3tO Seer I t IC8cI
18044 325 3118 334 308 Seer1t IcecI
1804' 36' 318 327 28' Seer I t IcecI
18046 317 299 310· 321 Seer I t IcecI
18047 340 421 333 334 33 Seer It1cecI
t8048 3~ 313 332 2M s.crIf IcecI
t8049 01..
18050 325 347 422 343 343 330 SeerIf IcecI
18051 30' 31~ 315 322 328 33' 336 Seer I t Ic:ed

401-t89
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,?'P
Incllvldua. F_I. *-kl'f B:ldy _lgII,., (9)

T.s~ k"tlc:I ••
Dosag. L....a. S'l'IIdy"'le , 8 9 10 Ii 12F_I.....ber 0 2 j 4 5 1I

EI_llIl Plospl'orus
0.075 lIl9/kg/day:

18057 17£ 188 198 203 216 222 228 228 237 24.0& 2C8 248 262
18~ 169 192 206 221 23i 2£0 256 255 266 264 270 280 269
18059 186 210 221 22ti 237 247 25£ 256 268 283 290 286 295
18070 175 188 201 202 213 216 222 218 'lZ1 2J6 2£1 244 254
18071 168 183 188 203 216 217 ZlO 224 234 255 239 242 242
18072 166 181 203 212 223 236 238 2£'1 253 262 265 265 270
18073 180 195 207 213 224 230 235 239 244 252 255 258 259
18074 186 174 187 200 205 2«& 220 'lZ1 232 236 245 249 248
18075 180 194 207 215 220 223 224 229 230 229 243 245 2£7
18076 178 199 213 225 233 239 245 251 259 258 2IS8 2158 273
18077 173 195 213 224 230 235 242 251 249 260 270 275 272
18078 171 201 219 2S1 250 258 263 258 272 276 287 298 295
18079 191 212 218 23B 241 25' 273 270 271 281 288 288 281
18080 180 207 224 240 251 266 268 274 280 295 299 307 300
18081 179 198 2G4 213 253 238 245 2Q 251 257 262 262 277
18082 172 196 210 223 229 230 2S 246 250 253 260 264 267
18083 175 199 213 225 231 245 247 245 250 255 261 2150 266
18084 172 204 216 224 m 248 256 252 256 259 272 27' 270
1808' 16£ 18' 201 212 216 225 236 233 243 2£7 2150 255 2152
18086 175 202 238 255 ao 2154 a2 272 276 276 286 293 296
18087 175 196 214 'lZ1 238 252 Z75 273 273 284 288 29' 297
18088 174 199 2a5 217 231 232 242 248 a4 271 2B7 296 296
18089 181 2f11 215 233 2-S 253 2152 272 278 282 289 298 X15
18090 169 193 2f11 215 223 ~ 231 230 2S1 243 248 250 25'
18091 177 203 218 'lZ1 2£0 245 254 260 "2155 2IS8 277 269 283
18092 171 201 21' 221 224 236 25 234 2£2 249 257 - al 25'
18093 186 203 210 213 225 236 2£3 242 25' 264 2155 2156 299
18094 168 184 187 189 200 208 213 216 22IS 233 236 238 250
1809' 186 212 234 234 254 262 272 278 282 291 302 299 301
18096 168 197 210 215 223 232 243 242 249 253 250 253 253

£01-189
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)~~
Indl.,lduel F_I. "'Iy BoGy •• lgJl1's (g)

Dosage Level.
Ii i5 1& Ii

Study ....
i§ 2b 21 22 23F_I. NuIO.. 13 iB

EI-nI Phosphorus
0.07' !9Ikg/d.'t:

18067 276 292 274 2B4 28' 273 252 2IS2 252 27' Died
18068 299 295 314 302 301 298 ~I 29& 197 301 305
18069 312 301 296 302 304 307 31' 311 318 318 338
18070 2M 303 272 285 302 276 2M 2157 271 2B3 199
18071 258 283 324 Died
18072 282 301 333 290 305 306 305 300 290 292 306
18073 281 325 Died
18074 257 284 254 262 290 2IS6 242 248 250 251 259
18075 Z56 260 252 ~ 257 260 257 259 2151 274 293
18076 287 32!J Died
18077 289 31' 377 312 330 313 293 295 301 308 322
18078 314 340 310 337 3" 330 300 313 321 332 3~
18079 311 331 407 333 363 340 285 293 295 318 342
18080 313 315 311 321 320 323 327 332 335 341 360
18081 J06 338 28' 316 340 316 288 288 288 314 333
18082 2lSO 301 35 Died
18083 285 304 363 303 315 308 290 293 195 305 323
18084 283 306 373 298 30' 300 2159 273 218 286 304
1808' 271 293 354 30' 317 304 276 283 283 293 313
18086 312 324 305 306 301 313 310 312 316 35 349
18087 30' 333 392 290 328 306 2lSO 298 306 314 332
18088 308 303 288 2M 305 311 316 319 J20 327 332
18089 319 315 3Z3 324 328 331 348 346 355 366 383
18090 .215' 282 307 282 311 311 2lSO 270 276 282 29&
18091 304 338 306 321 35 329 300 301 299 307 320
18092 252 253 2M 322 275 281 287 287 296 304 316
18093 279 293 356 Died
1809& 2IS2 2M Died
1809' 311 342 408 Died
18096 257 281 274 276 283 2B4 289 288 292 292 296

401-189



1 00

-bllf '
Individual F_I. -'kly Body _lgll1's ell)

T..-r Al"'tlcl ••
eosag. L_I.

26 27 Z8
St'Udy lMek

2§F_I........ 24 25 3b

EI~I PIIOSPIlOnaS.
0.07' !i/kg/day:

18067 Ol~

18068 '307 312 320 321 32.1 325 331 SKrlflc.d
18069 3~ 3'3 3~

,. Secrlflc.d
18070 338 303 312 291 seerlflc.d
18071 Ol~

18072 324 318 332 346 322 5ecrlflC8d
18073 Ol~

18074 391 Ol~

1807' 320 290 297 300 SKrlflc.d
18076 01.
18077 393 318 341 DI~

18078 410 363 363 334 secrlflC8d
18079 407 Ol~

18080 401 3~ 3~ Dl~

18081 399 01.
18082 DIM
18083 3!l4 326 332 331 SKrltlC8d
18084 346 01.
1808' "7 331 332 300 secrlflc.d
18086 336 325 327 318 326 336 330 SecrlflcM
18087 37' 01_
18088 325 333 340 3'2 3~ 359 363 5ac:rlflC8d
18089 426 392 339 3~ secr It Ic.d
18090 313 377 01_
18091 352 325 348 317 Sllcrltlc.d
18092 307 307 316 316 330 335 SecTltlc.d
18093 DIM
18094 DIM
1809' DIM
18096 298 304 307 307 312 317 316 5ac:rltlC8d

~1-189
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Jb~
IDdividual and Grou.p !fIIan Materaal Body Weight.

Duriag Gestation aad Lactation - F1a

Actual Bociy weight (gr-.)
Dosage Level. Day of c..tatioD Da,. of Laetatioa
D_ Nuaber 0 7 13 20 0 7 14 Zl

o !II/ka/d..,. (Coatrol):

17932b 261 289 295 284 Did DOt deliver
17933 272 304 319 395 317 327 327 320
17934 294 319 353 458 335 335 362 340
17935 284 300 314 373 310 313 335 315
17936 264 272 280 351 278 286 385 289
17937 297 318 337 404 313 314 317 293
17938 252 268 27,' 334 282 288 285 283
17939 259 274 293 369 28S 285 312 314
17940b 291 306 316 299 Did DO t deliver
17941b 262 280 280 277 Did DO t deliver
17942b 287 307 323 307 Did DOt deliver
17943 279 302 328 405 289 326 335 333
17944b 287 316 325 317 Did DO t deliver
17945b 263 278 273 279 Did DO t deliver
17946 270 287 316 376 302 329 333 319
17947 314 341 362 446 347 355 370 347
17948 292 322 351 401 331 325 333 341
17949 274 292 313 376 297 308 302 303
17950 294 308 329 406 314 326 307 315
17951b 365 372 379 394 Die! DOt deliver
17952b 277 295 305 291 Did DOt deliver
17953 a Did DOt deliver
17954 293 313 329 366 329 323 327 316
17955 233 261 Died •••tatioa day 13 (aravid)
17956b 245 265 275 291 Did DOt deliver
17957b 266 285 284 282 Did DO t deliver
17958 a Die DOt deliver
17959 257 273 289 322 313 295 297 282
i7960 285 305 319 385 320 319 310 328
17961 256 284 303 360 300 303 326 311

Mean 275 296 317 378 310 315 327 315

.:!:.S.D. 19.9 21.4 24.6 41.5 19.7 19.1 26.1 19.8

401-189
a - No wid_c. of copalatioa
b - ceatatioD body ..ighu DOt iIIcladed. ill calcaladoD of mean

S.D. - Standard deviatioD
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/lp~
Individual .md Group Hun Maternal Body weights

During Gestation and Lactation - Fl.

Test Article. Actual Body Weight (grams>
Dosage Level. Day of Gestaticm Day of Lactation
D_ Number 0 7 13 20 0 7 14 21

Elemental Phosphorus.
0.005 mg/kg/day:

17977b 279 291 302 293 Did DOt deliver
17978b 243 265 270 259 Did DOt deliver
17979 249 279 299 350 276 299 311 308
17980 247 275 294 348 269 300 302 287
17981 a Did DOt 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 293 303 321 391 300 340 329 317
17987 282 301 329 390 342 326 324 336
17988 282 300 316 392 301 319 306 326
17989 259 281 298 358 283 314 313 314
17990 2S8 291 321 394 306 324 320 326
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
17994 281 307 323 356 336 330 324 336
17995 324 338 358 415 345 343 335 328
17996 279 301 327 382 319 327 344 317
17'197 278 297 321 38'-, 310 328 325 338
17998b 261 287 295 278 Did DOt deliver
17999b 260 277 276 275 Did DOt 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
18003b 263 287 291 284 Did not deliver
18004 254 272 286 3114 262 273 288 280
18005b 276 298 302 293 Did not cleliver
18006 a 272 283 296 298

!fe.m 271 292 312 370 302 314 314 ~12

+5.D. 20.7 18.9 19.6 28.5 26.6 19.1 16.5 19.3

401-189
a - Bo e"idmce of cOpulation
b - Gestation body ~iahts bOt included in calclllaeion of~

S.D. - StaDd.rd deviation
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tL'"
Individual aDd Group :iean Materl1al Bod,. Weights

During Gestatioa aDd Lactatioa - Fl~

Test Article. Actual Body Weight (e->
Dosage Level. Day of eestatioa Day of L&ctatiou
D_ Nmaber 0 7 13 20 0 7 ·14 21

ElemeDtal Phosphorus.
0.015 g!kg!day:

18022 245 280 302 372 276 317 328 320
18023 266 299 319 394 305 326 315 327
18024b 279 JOO 299 298 Did DOt deliver
18025b 268 285 302 313 Did DOt deliver
18026 245 273 280 352 273 293 303 309
18027 271 290 302 377 297 299 305 300
18028 240 269 284 360 276 279 298 JOl
18029b 252 253 251 247 Did DOt del iver
18OJOb 288 291 298 J06 Oid DOt deliver
18031, 302 321 332 383 324 328 335 318
18032b 270 287 J02 284 Did 1JOt deliver
18033b 246 259 251 248 Did DOt deliver
18034 a Did DOt deliver
18035 274 295 J08 395 317 328 341 J05
18036 295 312 328 390 329 329 3J5 338
18037 268 283 2'5 375 285 J05 307 '307
lS038b 2n 298 J02 J08 Did DO t deliver
18039 272 ~7 313 397 309 332 329 331
18040 273 2S5 318 406 314 328 339 334
18041 a Did I1Q1; deliver
18042 270 287 302 354 288 290 308 291
18043 273 298 310 382 314 331 333 300
18044 266 272 290 356 291 299 304 302
18045 271 292 320 392 294 306 325 307
18046 250 262 2n 237 271 290 J08 302
18047 281 ~ 323 401 311 332 337 319
18048 265 283 305 373 285 310 306 290
18049 286 301 316 388 285 Died lac tat ion da,. 6
18050b 2n 290 295 J06 Did DOt deliver
~8051b 290 31C 317 305 Did DOt deliver

Keel 269 289 307 373 298 312 320 311

=5.0. 16.1 14.8 15.9 36.7 18.3 17.6 15.0 14.4

401-189
a - 110 wideace of copa1uiou
b - eeatatiou bod,. ~i&hta DOt included in calcalatioa of mean

5.D. - Staad.ard deriatioa
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I~'
Individu.al and Group Mean Maternal Body "ights

During Gestation &ad LactatioD - F1a

Test Article. Actual Bocly Weight (gr__)
Dosqe Level. Day of Gestation Dey of Lactation
D_ Number 0 7 13 20 0 7 14 21

Eleaenta1 Phosphorus.
0.075 lIII!kg!day:

18067 247 269 283 319 281 280 287 288
18068 a Did DOt deliver
18069b 285 300 308 296 Did :lOt deliver
18070 243 257 275 332 263 277 298 285
18071 240 260 276 339 Died gest~tion day 22
18072 264 285 303 364 284 301 308 305
18073 254 269 291 365 Died ge8tatioa day 21
18074 242 258 272 330 254 262 289 269
18075b 242 258 2S8 253 Did DOt deliver
18076 267 288 317 391 Died gestation day 22
18077 270 289 308 395 309 315 326 294
18078 289 310 329 407 311 337 347 325
18079 281 311 327 371 326 340 349 334
18080 a Did aot deliver
18081 260 293 314 383 285 J06 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 JOI 295 291
18085 262 271· 292 347 312 J05 306 J08
18086 a Did ao t deliver
18087 297 305 327 384 313 288 329 J02
180asb 301 304 290 286 Did aot deliver
18089 a Did ao t deliver
18090 256 270 286 342 272 297 303 278
18091 276 299 320 395 302 321 321 327
18092 a Did aot deliver
18093 265 278 297 3S5 Died gestation day 21
18094 240 251 270 J4.6 Died gestation day 22
18095 301 311 337 399 Died ge-tation day 21
18096b 257 281 277 277 Did aot deliver

!ieau 264 282 302 364 292 302 314 303

~S.D. 17.5 18.5 20.2 25.S 21.3 21.8 19.9 20.3

a-50 611'idence of copulation
401-189 b - Gestation body wichts 1IOt included ill calcar.ion of lIlean

S.D. - Staarlard deviation
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)~,

Individual aDd Group Mean Hacernal Body Weights
During Gestacion and Laccation - Fib

Actual Body Weight (grams)
Dosage Level. Day of Gescacion Day of Laccacion

Dam Humber 0 7 13 20 0 7 14 21

o 1II!/kg/day (Control):

17932 279 309 328 396 333 330 336 311
17933 294 313 338 401 335 354 339 314
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

uctacion
day 18

17941 283 299 316 380 317 314 305 303
17942 312 332 346 416 330 341 336 322
11943 300 328 344 417 325 364 343 327
11944b 345 367 375 347 Did DOt deliver
17945b 291 293 294 295 Did DOt deliv~r

17946b 290 303 311 295 Did not deliver
17947b 332 356 351 347 Did DOt deliver
17948 303 322 347 414 325 361 364 295
17949 283 285 314 392 305 333 319 340
17950 JOO 318 337 414 338 344 358 312
17951 403 420 434 451 439 451 442 438
17952 Died prior co FIb lllacing
17953 325 338 350 413 3;J4 341 339 327
17954 J08 318 341 421 326 344 327 307
11955 Died prior co FIb macing
17956 265 283 296 354 308 295 296 298
11957b 299 300 298 300 Did DOt deliver
17958b 284 281 276 281 Did not deliver
11959 267 285 302 374 c 327 309 321
1796Db 290 315 317 312 Did cot deliver
17961 290 310 325 411 309 326 339 334

Itean 297 315 334 404 327 . 341 338 322

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

401-189 b - c;e.tation body weighu DOt included in calculacion of lIIII!!an
c - Laccacion day 0 body veigbc iDad~~rceatly DOt recorded

S.D. - Stadara denacion
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I~
Individual and Group Mean Maternal Body Weights

During cestatioa and Lactation - Flb

Test Article. Actual Body Weight (FallIS)

Dosage Level. Day of Gestation Day of Lactatioa
Dam Number 0 7 13 20 0 7 14 21

Elemental Phosphorus,
o.005 g/9/day:

17977b 301 312 312 314 Did not deliver
17978 253 281 296 340 316 304 J02 287
17979b 293 299 296 298 Did DOt deliver
17980 283 289 308 379 287 J07 311 292
17981b 287 297 292 297 Did DOt deliver
17982b a Did not deliver
17983d 286 Died g••tation day 1
17984b 266 282 275 271 Did not deliver
17985 275 293 313 375 304 316 323 273
17986 J06 328 337 414 354 359 373 340
17987 302 319 335 372 352 358 358 360
17988 302 311 328 413 319 331 334 320
17989b 271 2n 280 286 Did DOt deliver
17990 281 312 313 329 J07 316 337 329
17991 302 310 333 396 357 350 348 318
17992 286 .299 310 371 316 333 336 310
17993b 314 341 343 339 Did IIGt deliver
17994 314 338 342 383 358 339 352 350
17995 315 3~2 353 444 376 353 372 331
17996 302 323 343 406 350 363 354 352
17997 298 312 320 361 326 339 343 324
17998 285 J09 329 381 329 333 338 315
17999b a Did aat deliver
18000 291 306 329 405 336 348 365 336
18001 274 284 304 378 297 311 285 297
18002 305 335 366 442 349 346 381 346
18003b 293 J02 317 312 Did aat deliver
18004 267 284 294 375 274 296 JOO 283
18005b a Did aat deliver
18006 273 280 J02 361 296 318 319 314

!lean 290 J08 324 386 326 333 338 320

+S.D. 16.9 18.8 19.7 JO.1 28.1 20.5 26.7 25.0

401-189
a - Bo evidea.ee of eopalatioa
b - eeatatiou body _i&hu aot melacleel ill ealcaladoa of IDUIL

d - Unable to coafi.na presa-aey statas dae to eu'ly gestadoa
d.,. at tiae of death. valae<.> ezclalled frOil calc~atio...

S.D. - Stadard deviation
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,Zv~

Individu.&1 acd Grogp HeaD Maternal Body weights
During GescacioD and Lactation - F1b

-.:'est Article. Actual Body Weighe (sr..u)
Dosage Level. Day of Gestatioa Day of Laccacioa

Dam RUlDber 0 7 13 20 0 7 14 21

ElemeDtal Phosphorus.
0.015 g/g/day:

18022 277 298 317 401 310 340 352 316
18023 290 318 337 429 356 338 353 336
18026. 319 324 342 405 351 348 355 348
18025b 289 314 323 315 Did DOt deliver
18026b 263 290 284 275 Did. DOt deliver
18027 283 303 316 397 318 328 326 313
18028 265 290 315 374 J01 333 333 334
18029b 255 260 262 262 Did DOl: deliver
lS030 a Did DOt deliver
18031 326 331 346 388 352 356 341 338
18032 288 315 332 386 351 339 337 306
lS033b 2S2 257 266 262 Did. aot deliver
18034 302 323 343 392 303 327 318 304"
18035 297 316 336 416 349 349 374 342
lS036 312 326 336 370 369 347 347 345
18037 282 297 308 348 320 312 316 313
lS038 305 314 330 416 322 3'51 336 325
18039b J03 304 J02 J02 Did. aot deliver
18040 308 326 350 438 360 364 361 341
18041b 355 361 358 360 Did. DOt deliver
18042 280 302 311 371 303 325 319 JOO
18043b 291 291 296 295 Did. aot deliver
18044 285 294 310 380 328 331 330 320
18045 291 304 326 401 303 321 323 334
18G&6 273 280 293 333 J08 310 J09 305
18047 297 318 333 402 c 337 325 339
18048 275 293 313 377 325 325 316 315
18049 Died prior to FIb ..tiDe
18050 316 327 347 418 332 343 336 318
18051 a Did DOt deliver

MeaD 294 310 327 392 330 336 335 325

+S.D. 16.8 14.7 15.8 26.0 22.5 14.2 17.3 15.4

401-189
a - 110 evideace of COpalatiOll
b - Geatatioa bod,. -ishes DOt iacluded ill calculation of meaD
c - Laceatioa da,. 0 bod,. weilht iDad.verteatl,. DOt recorded

S.D. - Standard deriatioa



Test Article,
Dosage Level.

Dam Number

09

Individual and Group MeaD Maternal Body Weights
During Geatation and Lactation - FIb

Actual Body Weight (grams)

I~

Did not deliver
350 351 349 351
312 303 319 301

337 334 332 325

Died gestation day 22
287 296 309 302

315 318 327 Died
lactation
day 18

353 364 362 339
Died gestation day 22
366 347 357 Died

lactation
day 17

Died gestation day 21

328 328 347 314
Died gestation day 22
350 338 351 335
Did not deliver
Died gestation day 22
Did not deliver
383 362 353 334
Died gestation clay 22
316 345 349 327
Did not delive....

Did not deliver

Elemental Phosphorus.
0.075 mg/kg/day:

lS067d 266 Died gestacion day 5
lS06Sb 301 306 306 30S
IS069 307 336 353 37S
IS070 270 287 301 361
IS071 Died prior to FIb IUtiug
IS072 2S7 307 317 361
lS073 Died prior to FIb .mating
IS074 248 258 272 334
18075 269 288 308 368
IS076 Died prior to FIb lUting
IS077 289 313 329 413

1807S 314 334 359 431
18079 293 324 347 421
18080 326 343 365 438

18081 280 314 339 416
18082 Died prior to Fib mating
lS083 300 317 333 415
IS084 275 287 304 375
IS085 279 299 316 377
IS086b 310 341 343 336
18087 301 320 332 407
18088 a
lS089 359 377 393 474
IS090 278 298 306 386
18091 297 320 330 406
18092b 301 322 307 307
18093 Died prior to rib ..ting
18094 Died prior to rIb ..tiDg
18095 Died prior to FIb ..tics
18096b 297 295 301 301

Mean 292 313 330 398

+5.D. 25.4 27.0 28.8 34.7

336

27.7

335

22.3

341

17.0

325

16.9

401-189
a - Ro evidence of copulation
b - Gestatiou body weights not ~claded in calculation of mean
d - UDable to eoafir-. pregaaacy status due to early gestation

day u time of death. "alae(s) uc:luded nOlI cale:ulatioas
5.D. - 5taadard deviation
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Individual Uterme E%GUaatioa Data

Dosage Level
DOD Rgaber

'rotal
Implctatiou

Sites
~ Recropsy

Ruaaber of Pups Delivered
~la Flb

Bema;n;,,!
Sitesa

17935 21 8
17936 23 12
17937 27 "14
17938 20 10
17939 20 15
17940 12 b
17941 13 b
17942 13 b
17943 30 16
17944 0 b
17945 0 b
17946 17 13
17947 14 16
17948 19 10
17949 2S 13
17950 27 18
17951 2 b
17952 0 b
17953 10 b
17954 17 3
17955 Died (zravid.

14 mplcts)
17956 10 b
17957 0 b
17958 0 b
17959 22 3
17960 15 13
17961 22 10

11 ·1
11 -8
Died (zravid. -

c,17 total
iIIlplcts 4
delivered pips
12 aormally
d..elopiDg
iIIlpl.mts. 1
early resorp­
tioa)
12 1
12 -1
12 1
12 -2

8 -3
12 0
12 1
12 1
13 1
b
b
b 4
b -2
12 -3
12 0
14 -5
2 0

Died.
9 1

13 1

o lIII/1951day (Coatrol):

17932 12
17933 17
17934

b
14
18

9
b
b
12
b
15

1

7
2

-3

401-189

&rotal i.p1aatatiou sites minus total ~ps delivered
bDid DOt deliver
-Rot applicable



1 21

I~'
Individual Uterine Eza=inatioa Data

Total
test Article. Implaatation
Dosage Level. Sites Number of Pups Delivered BelUiDiDg
D_ Number At Necropsy Fla FIb Sitesa

Elemental Phosphorus.
0.005 mg/kg/day:

17977 0 b b
17978 5 b 5 0
17979 10 10 b 0
17980 18 12 14 -8
17981 0 b b
17982 14 14 b 0
17983 4 3 Diedc 1
17984 6 5 b 1
17985 14 12 14 -12
17986 23 15 12 -4
17987 25 11 14 0
17988 31 15 16 0
17989 14 12 b 2
17990 16 14 ·2 0
17991 19 11 9 -1
17992 16 6 9 1
17993 10 9 b 1
17994 5 2 4 -1
17995 22 11 14 -3
17996 14 10 10 -6
17997 17 11 5 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 9 10 0

401-189

~otal implautatioa sites uinua total pups delivered
bDid not deliver
cRuaaber of illlpl&1tations lIIlII'V'ulable due to early· geatatioD
day

-Rot applicable



122 ,<6)
Individual Uterine Ez..jnaeioa Data

'fotal
'fest Article, Implaatatioa.
Dosage Level, Sites Number of Pups Delivered BemainiDg
D_ Nuaaber At Necropsy Fl. Fib Site.a

Elemental Phosphorus,
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 a
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
1803;3 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 IS b -1
18040 28 16 13 -1
18041 0 b b
18042 16 9 9 -2
18043 12 12 b 0
18044 21 11 11 -1
18045 24 15 12 -3
18046 17 11 6 0
18047 28 IS 12 1
18048 25 13 11 1
18049 15 14 Died 1
18050 15 b 12 3
18051 0 b b

401-189

&rotal implaatatiou sites lUDas total paps delivered
boid DOt deliver
-Not applicable



1 23

IDdividual Uterine Ex-uaation Data

Test Article.
Dosage Level.
D_ NUIIlber

Total
IIIIplctati011

Sites
At Necropsy

Hamber of Pupa !lelivered
Fl. FIb

i.c..;nius
Sites·

Elemental Phosphorus.
0.075 mg/kg/day:

18067 5
18068 0
18069 2
18070 20
18071

18072 19
18073

18074

18075 13
18076

18077 19
18078 24
18079

18080 13
18081

18082

18083 20
18084

18085 19
18086 0
18087

18088 0
18089 15
18090

18091 25
18092 0
18093

18094

18095

18096 0

5
11
b
12
Died (gravid.
10 implcta)
10
Died (sravid.
15 iaphnts)
12

b
Died (sravid.
12 implants)

8
14
12

b
13

Died (sravid.
12 implants)

7
9

7
11
12

11
b
10

14
b
Died (gravid.
14 imp1aats)
Died (gravid.
14 iap1aats)
Died (gravid.
12 imp1aats
b

Diede 0
b

2 0
11 -3

5 4

Died (srzvid. ­
11 imp1aats)
12 1

13 -2
13 -3
Died (gravid. ­
14 iap1r.uts)
13 0
Died (gravid. ­
16 imp1cts)

11 2
Died (gravid. ­
12 implcts)

8 4
b
Died (gravid.
13 imp1cts)
b
13 2
Died (gravid. ­
13 implcts)
13 -2
b

b

401-189

~otal imp1aatation sites minus total IQPS delivered
bDid DOt deliver
ca.-ber of illlp1ctationll UDaVailable due to early -geStation
day

-Rot applicable



401-189

124

APPEHDIX G

BiAtorical COI1trol Data
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AbbreviatioQS Utilized aa the
Microscopic Tissue Inventory

DOS - neatb. aad Unscbeduled Sacrifices
SAC - Scbeduled Sacrifice

Tis. - Tissue
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INTERBAl'IONAI. RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISION OR CLAlUFICAnON

Protocol Sheet No. __--'5"-- _ Study No • 401-189 (IR-82-21S)

. TITLE: ONE GENERA1'ION REPRODUCTION STUDY IN .RATS WITH ELEMENTAL PHOSPHORUS

ITEM .JUSTIFICAl'ION

1 Personnel changes due to the resignation of
Hr. Barry W. Benson.

---------------------
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.

Date
8/27/84

Signature
/

:,'

Study Director .James L. Scbardeia. H.S.

(LL~

IR90-49-5

,



INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISION OR CLARIFICATION

Protocol Sheet No. ...;4 _ Study No. _.::;4.:::.0.:.1-..:1:.:8::.::9~(.:::.I.::R-..:8:::.:2::.-..::2=.:1:.::5~) __

TInE: ONE GENERATION REPRODUCTION STUDY IN RATS WITH ELEMENTAL PHOSPHORUS

ITEM JUSTIFICATION

1 Documentation of a protocol deviation resulting
in the incorrect number of Fl a pups necropsie~

at weaning.

~

I

IR90-49-S

PROTOCOL REVISION OR CI.ARIFICATION

At weaning, 5 male and 5 female Fl a pups were
necropsied instead of the prococol-designated
number of IO/sex/group.



INTERNATIONAL RESEARCH AND DEVELOPMENT COlU'ORA:l'ION

PROTOCOL REVISION OR CLARIFICAl'ION

Protocol Sheet No. __~3~ _ Study No. _....;.40;:,;I:..-..:I:.:8:.:;9~(IR=.-..:8:.;:2:.,.-2::;I=5;.:>;..-._

TITLE: ONE GENERA1'ION REPRODOCnON STUDY IN RAI'S WITH ELEMENTAL PBOSPBORIJS

ITEM JUSTITICAl'ION

1 Designati.on of FI pups to be examined his topatllo­
logically.

ITEM. PROTOCOL REVISION OR CLARIFICATION

1 'Ihe protocol des1gnated tissues and organs of the
FIb pups preserved at necropsy W1.11 be exam1.ned
microscopically for the hi.gh dose and control
groups. The tissues and organs of the Fla pups
will not be exami.ned.

5/26/83
Date

IR90-49-5



IN"I'ERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISION OR CLARIFICATION

Protocol Sheet No. 2 Study No. _..;.4.;:.O.;:.l-_1;;.;8;.;9;......(;.;I;.;;R,;.-..;;8;.;2;..-.;;2;.;l,;;,5,;,)__

TITLE: ONE GENERATION REPRODUCTION STUDY IN RATS WITH ELEMENTAL PHOSPHORUS

ITEM

2

3

4

5

ITEM

2

IR90-49-5

Page I of 2
JUSTIFICATION

Due to the reduced fert il ity observed in all
groups. the study will be extended for production
of a second litter (FI~) by the FO parents.

Mating. ges~ation and .aetation procedures for
product~on of FIb litters.

Revised study termination procedures.

Revision of histopathology evaluation of pups.

Study schedule revision.

PROTOCOL REVISION OR CLARIFICATION

All Fa males and females ~rill remain on study and
continue on treatment after the Fl pups (hereafter
described as Fi a pups) are weaned for production
of a second litter (FIb).

Ten days after completion cf the Fla weaning
period. the Fa females will be bred a second time
to produce the FIb litters. Each mating will be
with a different male within the same treatment
group. All observations aDd measurements pre­
viously described for the Fa parents and Fl a pups
will subsequently be made during gestation and
lactation of the FIb litters.

2/25/83
Date



INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISION OR CLARIFICATION

P~otocol Sheet No. 2 Study No. 401-189 (IR-82-21S)

TITLE: ONE GENERArION REPRODUCTION STUDY IN RATS ~ITH ELEMENTAL PHOSPHORUS

:=z 2/25/83

ITEM

3

4

5

IR90-49-S

Page 2 of 2
PROTOCOL REVISION OR CLARIFICATION

At weaning, all FO dams and 10 male and 10 female
FIb pups randomly selected from each group will
be sacrificed and necropsied at weaning. At the
completion ~f the FIb weaning period, LO randomly
selected FO males from each group and FO females
not delivering litters will be sacrificed and
necropsied. Specific evaluations at necropsy
will be conducted as directed in Section XVI.D.
of the protocol. Tissues will be preserved from
the above FO (IO/sex/group) animals and evaluated
as described in Section XVI.E.2. of the protocol.
Tissues will also be preserved fro~ the FI~ ?~Ps

(IO/sex/group) for possible histopathology.

The tissues and organs of the FLa (previously
designated as Fl) and FIb pups preserved at nec­
ropsy will not be examined histopathologically at
this time. The Sponsor will make a decision at a
lat~r date which of the tvo litters will be eval­
uated.

Proposed Completion Date of Study: May L7, 1983

Study Director James L. Schardein, M.S.

:/Z~L~
Date



INTERNA1'IONAI. RESEARCH AND DEVELOPMENT CORPORA1:ION

PRO'!OCOL REVISION OR CLARIFICA1:ION

Protoco 1 Sheet No. __--.;1;.... _ Study No. _4....0;;.;1;;..-..;;1~8..;;.oJ_(;;.;IR;;;;;.;..-.;;;8~2-...;2_1_5_) __

TITLE: ONE GENERATION REPRODuCTION STUDY IN RATS WITH ELEMENTAL PHOSPHORUS

ITEM

1

2

3

4

JUSTIFICATION

Establish study number.

Determine study schedule.

Establish dose levels as set by Sponsor.

Identification of test article.

Page 1 of 2

---------------------------------------------------------

5 Study initiation.

-----------
ITEM

1

2

PROTOCOL REVISION OR CLARIFlCA:l'ION

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

Proposed Starting Date of Study: OCtober 19, 1982

Proposed Completion Date of S~udy: March 4, 1983

Proposed Date of Final Report: September 9, 1983

Kales Females

Number of Parental
Animals

3

IR90-49-5

XV.D.

Group
Number

1

2

3

4

15

15

15

15.

30

30

30

30

Dosage Level
(!I!g/kg/day)

o
0.005

0.015

0.075



INTERNATIONAL RESEARCH AND DEVELOPMENT CORPORATION

PROTOCOL REVISION OR CLARIFICATION

Protocol Sheec No. __......;1;;.... _ ScudY No. _4.;.;0;;,;1;..-..;;1..;;8.;.9......;.:(I:;;;R;;..-..;;8.=2...;-2;;.;1;.:5;.::)__

TI'!LE; ONE GENERATION REPRODUCTION STUDY IN RATS WITH ELEMEN'rAL PHOSPHORUS

Page 2 of 2
ITEM

4

5

IR90-49-5

PROTOCOL REVISION OR CLARIFICATION

!ROC No. 748lB.

Iniciace scudy in accordance wiCh attached protocol.



I. STUDY Tnu:

ODe Generat:1011 Reproduction Seady in Rats nth El.ementa.l Phosphorus

II. PURPOSE OF THE STUDY

The objective of this study ~~ to determine the effect of the test
art.1c:le on fert:1J.j,ty, parturitio1l. neonatal viab1.li.ty, grovtl1 of
tbe uewboru md reprodact::1ve performance in rats. The study design
ut:1.l:1zes treatment of both sexes.

III. STUDY RUMBa

IV. TES'l'ING FAcn.ITY

II1teruatioaal I.esearch aDd Devel.opment Corporation
Hat~an. H:1ch1gan 49071

V. SPONSOR

Mousanto Chem:1cal COlllPany
800 North LiDdbergb Boulevard
St. Louis. Hissourt 63166

VI. SPONSOR.' 5 REPIESENUTIVE

Dr. Rasbllli Nair

VII. IlUlC PERSONNEL RESPONSIBILITIES

Study Director:

Director of To::1cology Divisio1l:
Associate Director of Toz:1cology

D1vis:1on:
Director of Quall. ty Assurance:
Director of Laboratory Services:
Director of Seatistics & CoIIlputer:
Director of Pathology D:1vis1on:

VIII. SCBEDDLE

James L. SChardeJ.n, !i.S.
Director of lteproducti01l and

Teratology
Malcolm Bla:1.r, Ph.D.

. Dale E. Jolmso1l, Pbam.D., Ph.D.
Barry W. BelUIo1l. B.S.
Patrtck E. ']%uter, I.S.
Xobert E. Vollmar, !i.S.
Ward I.. tichter. D.V.!!!., K.S.,

A.C.V.P.

Proposed Searting Date of Study: Sept8llher, 1982

Proposed Completio1l Date of Seady: February, 1983

Proposed Date of F:1.D.al Repon:
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IX. TEST ARl'ICLE DAn (TO be supplied by Spousor)

A. Ident:l.£:1catiou: Phosphorus (yellow); IlIDC 74alB

3. Lot N~er: F:1sher 701628

c. Ntc:h Number:

D. Physi~Cheadcal Properties:

E. Purtey:

F. SheJ.£ L:1fe:

G. Seorage Cond:itlous: Phosphorus is sh:1pped. and. stored in accordance
With DOT regulat:1ous (see attached information).

H. Saf!!ty Preeaut:1ous: Phosphorus is a f.1.amlllable 80lid and 18
cons1dered hazardous.

x. TEST AB.1'ICLE PREPARAXION

A. Dosage Concentrat1ous

Baaed 01ll data supplied by the Sponsor a stock sol~:1on w:1ll. be
prepared for d.1l.at:1.ou to del:1.ver the seated dosages. Preparat:1.on
of the solution aDd t.he aualyt::1eal method for deeem.111ation of
phosphorus in prepared test solutions is outl:f.ned in AppeDd:ix I.

Stock and. dos:1ng solutions will each be prepared :1n separate
batches as requ.ireci since the stab:1.l:1.ty of phosphorus in corn
o:U bas been established as at least 17 days by the Sponsor.
The prepared test solutions wi.1.l be stirred overnight usiag a
IIagnet:1.c stir plate aDd bars and. anal.yzed 24 hours after pre­
parat:1.on to allow for complete d:Lssolatiou of the phosphorus.
Pr:l.or to adIa:1.n;l.s trat:1ol1 to the tea t aD:1mals. samples frOlll each
level and batch will. be analyzed i.n duplicate. Assay values
vb:l.ch deviate ttOlll aormal. expected ranges ('rable 3. AppeDd..1x I)
will be c:oa.sidered out of tolerance and will uot be administered
to the ani m-'s. A repl.1.c:ement 1I01ut:1.on will be prepared iJIae­
d:l.ately aDd m2&l.yzed..

B. Douge heparat:1011

'rhe test ar1::Lcle will be given in corn oil at a COl1St:.UI.t va11Dlle
;)f 5 ml/kg. '!he col1trol group w1.l1 be g:iven corn oi.l. only at a.
volume of 5 1lIl/kg.
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XI. TEST ANIMALS

A. Species: Rat

B. Sttain: Charles lliver COBS- CD.

c. So-..Irce: The Cbarlea lliver Breeding Laboratories, Inc.
9801 Shaver Road
Portage, !!:l.c:higan 49081

D. Age at Start of Study: Appronmately 6-7 weelcs of age z.: receipt;
56 days of age at initiation of dosing.

E. Body Weight at Start of Study: Mal.es: approximateJ.y 225-250 g
Pemales: appro:d.mately 175-200 g

F. Method of Identification: Each parental rat will be identified by
cage, group and 1nd.ividually by a IIIOnel metal ear tag bearing
its animal number. The individual animal cumber plus the UDC
project number w1l.l comprise a unique identification number 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
control data on the fertUity, neoaatal aurvj.val 1Dd1ces
and growth rates aDd the reproducti.ve performance in raes
of this sttain from this source.

XII. STUDY DURA:rION

The duration of t~ entire study U01IL iDi.ti.ation of ueatllleDt in the
males through lactation of the pups is approz1mateJ.y 4112 months. A
study sc:hedul.e wi.ll be issued prior to study 1n1t1.atiou chat w1l.l
1nc:lac1e the following iDformation: dates for aD1IIIaJ. arnval, mating
initiation aDd termination, aQm.1n.isUation of the test aDd. control
arti.cles (initiation aDd term:1nation). parcuti. tion, lactation and
sacri.fic:e.

XIII. ROUTE OF AD!miIS'rIAnON

Oral.

ReaIIon for Use: One of the potential routes of exposure to buman&
1s oral.
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XIV • METHOD AND FUQCENCY OF ADKINISTUTIOR OF THE TEST ARTICLE

Gavage. AD;Wals will. rece:lve the test a...~1cle by gavage as a single
da1ly dose. It~ be ad:IIin:lstered in corn 0:1.1 at a c:oustant volQllle
of 5.0 mJ.!kg!cay. .Adm1n.istrat10n of both the ~t aad control art1eles
(corn oU) to both sexes w:lll begin 80 ciays ptior to mating. In males
dos1ng w:lll coutinue =:lt11 sacrU:Lc:e. A""'1n1s-erat:1on 1n the females
nil c:ont1:me through gestation lUId we.an:LDg of the pups. Individual
dosages wi.l.l be blued on the 1IIC8 t recent weekly body weights.

xv. EXPERnIEN'lAL DESIGN

A. Au1maJ. Coud:lt1ou1Dg aDd Selection

ApprO%1mately 150 female ad 75 1Iale Charles R1.ver COBS- a;e
rats will be removed. raudoaly from the shipping c:ar-eOl1S aDd
housed :Eor a III1D.:1mIm 10 day acc:l1mat1on per:lod. Durtng this
coudit1oaiug per:lod, the rau will be observed da:Uy for lJDy
cl1nic:a.l signs of disease and. all an1luJ.s w1ll be given a
deta.1J.ed physical ez81l1nstion just prior to study 1n.1tiacion.
All rats with cy evideDce of diseue or poor phyaic:al c:oud.:Ltiou
will be discarded. AxWaals =a.sidered ~table for study will
be randoaUY selected ad d:1vicled into the groups indicated
using the procednre ciescribed 1n Section XV.C.

B. Rousing

All animals iliJ.l be bo~ed 1n aD el:lV'1rOUllleDrally controlled
room with an average tealperature of 23 + Z·C and. average
hulllidity of SO + 15 perc:ene. Fluorescent lighting will
provide illUlll1n&tiou 12 hours per day. DartDg the 8~y,
rats w1ll be boused 1Ddividually in saspeadecl vU-e-tlIUh cages
l!%Cept during mad.ng, gestation ~ lactation. on gestation
day O. the females v1ll be housed in pla.stic cages with wood
shaviDg beddiDg =:leU sacrifice.

C. RaDdom:ization (Procedure A)

.AzWul m=bers and. correspondi.ng body WIII:I.g~ ~e ell1:ered.
onto -.guet1c tape wb:1c:h 18 used as the data source for the
r~ion procedure. The lIe.Bn body waig= aDd su:ada.rd
dev:Lat:Lou are calculated by sex aDd a CO!aputer-geuerated. edit
develops a listiDg of tho8e ..,1 mel s wbose body weighu are
wieh1n + 1.5 standard dev:Lat1ons of the 1IIe8Zl. FrOia the
qua.l.1fii'ng cn1ma Js. the raDd01ldzation procedure ~eets and
a.ssigDs m. required nuaber of 1JD1.e1a. Bartlett's Chi-square
test for ~geneity of varl.ances is appUeci to the groups. If
the groups are aat Judgell to be bolIo8eneo~, DeW raDliOllizad.oDS
are applied mttU bolDogeneity is established.
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xv• EXPER.!MEETAL DESIGN ( c:onr:1nued)

D. Dosage Levels

Males Females

Number of Parenta1
An1maJ.sGroup

Number

1
2
3
4

15
15
15
15

30
30
30
30

Dosage Level
(mg/kg/<iay)

o (Veh1.cle Control)
Low Dose
ttl.cl Dose
B:1gh Dose

E. Basal Laborar:ory Dier:

1. Basal. Diet:
Company.
an1mals.

Certified 1t.oclent Chowe 15002, RalatQU Punna
D:1et wUl be ava:1l.able !! llbitum to all.

2. Ident:1fic:ation: Each lot utllized. wUl be 1dent.1.fiecl and
recorded.

3. Conra"d nanr: Leve.ls: !he d:1e t usecl w1ll be a cerr::1fied d:1er:
ntli speClf:1.ed aDalyses for c:onUmi n8D ts performed. by
the suppller.

F. DritUdng water

!he clr:1.Dking ~ter used for test: aD1.mals at nne will be
lIOn1.tored for contaminants at period.1c intervals aecord.1ng
to nmc Standard Operating Procedures. Water w::Lll be
ava:1.1able !! llb:1.tlml for all an1.mals.

XVI. OBsnvA!IO!lS AND !:XAHDIA!'IO!iS

A.. Pa..~Ul Observations

1. ~: All parenul. an1.mals w1ll be observecl for IIIIOttallty
aud sigDa of overt tonc:1.r:y t:m.ce each day (lIIOrn1ng and
afternoon), seven clays a week. Should 1IIOrtallty or
.uch signs of overt tonc:1.ty be observed, these will
be recorded on the clay observed. Examples of overt:
r:oncity include eremors, c:oavu.lSiODS, 10S8 of nght:l.ng
reflez, ezceasive blood 10s8 a:nd IDOrib.md1.r:y. .All. a:cep­
t:1.ot!. to th1.s would be a recurr1ng, frequently observed.
reaction for W:Lc:h a general st:ate1lll!D.r: w1.ll suffice.
Dnrlng trea1:ment, a detai.l.ecl cl:l.n.1cal obeervad.ol1 of
each lID1mal. W1.l.l be performed weekly aDd the !1.Dd:t:lgs
recorded.
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XVI. OBSERVAl'IONS AND EXA!fiNAT.IONS (continued)

2. Body W'eigbts: MaJ.es and femaJ.es TiI1ll be weighed ~kly

during treatment until sacrtfice. Felll&les w1ll also be
ve.1ghed 011 gestation days 0, 7, 13 and 20 and 011 days 0,
7, 14 and 21 of lactation.

3. Food Consumption: Ind.1v1dual food consumption wll.l be
measured. for all parental animals iMekly except duting
the _ting penod wheD. the animals W1.ll be cobabitati.ng.

4. Monali.ty: Any rat abowing signs of severe deb1li.ty or
tonc:ity, particularly if death appears Umi.nent. wi.ll
be k1l1ed to prevent loss· of tissues tbrougb aatolysis.
All ral:S k:Uled in ~rem1s or found dead w'.ll be s~b-

j ected to a. rout1ii"e necropsy procedure. 'I:he disposi.tion
of all. an1mal.s and intact fetuses or pupa 15 desc:r1bed
in Section XVI.E.

5. Estrous Cycle Determinations: Ten days prior to _ting and
until evidence of copulation 15 observed or the mating
period bas ended, the females W1.ll be smeared daily to
es~bliah estroWi cycles.

B. Breedi.ng Procedures

5e%aally mature male and female rats will be ac:c:.l1mated. 111 d1:1s
la.boratory for a lIdn1mmg of 10 days prior to study 1111tiati.on.
All !'ats w1.ll be randomly assigned by a colllP11t:er-generated.
program. to tbree t:reatment groups and one control groap of 15
males aDd 30 females each and properly identified by ear tag.

After 80 days of exposure to tbe FO an:llIIal.s ODe lIIllle wi.ll
be housed nth two females of the same creatment gro~p in
a plaat:1c cage with liIOOd sbavUg beddi..ng for 1III.t1ng. '!be
occurrence of copulation will be eseabllshed by da1.ly
inspection for a copulatory plug or vaginal smear for sperm.
A positive fincl:lng is coas:1dered day ·0· of gutation. Each
female is then retuned to aD :1ndi.vidual. plasti.c cage. '!he
m.Tj'mmn mating period will be 15 days. If ~ evidence of
copulation is obtained in 10 days. dle female wU.l be placed
nth another male (sperm poai.t1ve :1D the 1D1.tial 10 days) :in
the S8IIIe tteatmc1t group for the reu1 111 ng 5 da~. Af1:er the
15-day mating peri.od the males will be Rturned to suspended
nre-...b cages unt.1l sacnfi.c:e. ~ thJ.s t:1me. females nth DO

evi.dence of lII&t.1ng w1l.1 be housed 1nd.:1vi.dually and provided
nesti.ng mater1al.
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XVI. OBSERV.u'IONS AND EXAlaNAIIONS (concinued)

c. Delivery

AD. females from each gr0Ul' will be allowed co deliver. Toward
the end of the gescaeion penod. females will. be ezamined twice
daily for s;lgD.s of parcuntion. The bred females ~ be
allowed to gj,ve birch (Fl). The duracion of gesution w1ll. be
c.alclUa.t;ed and ;my d;f.ffIc:ulcies oce:urr1ng at; par~don w1l.l
be recorded. The day on which all. pups have been dellvered
~ be defined as day 0 of lactation. '!.'he IIteen will. be
e%SDdned as soon as possible afeer del.Ivery for liteer sUe.
stillborns. live birchs and ;my gross anOlU.1Ies. Litter size
wi.l.l. be reduced to 10 pups. of eqoa.l sex <U.sertbat1on whenever
possIble. au lacueion day 4. '1'b.e culled pups w1ll. be eum:1ned
ext:et11&.lly and discarded. Liteers W1ll. be caged with their
mothers for 3 weeks after bIrt~. The dams md pups w1l.l be
obeerved daily for surnval. behavioral. aJmon&allt:Les in
nesti:1g and uursing 8!2d presence of dead pups w1l.l be recorded.

AzJ.y 1ntact dead pups fotmd will. be necropsied. esam1ned for
aDOlIal.1es and d:1scarcied. The beart w1.ll be dissected by a
mod:LfIc:a.tion of the met;hod. described by Staples1 • Pups v1.ll be
we;lgbed indJ.vid~y on days O. 4. 7. 14 aDd 21 of lactation.
The nUllber of paps per ae:z: 1d.ll be recorded on day 21 of
lactatiou.

D. Term1nation of the Study

trnlus otherwi.Se spec::1fied by the Spousor prtor to this time.
all doIIIU and 10 malellO female Fl pups randomly selected tt01ll
each group will be sacri.fIced aDd IIecropsied at 'Peaning.
UteriDe 1mplaD.taCion sItes of the dmu wiJ.l. be recorded.
If abuomal1t:f.es are tIOted in any pap at wean1.ng. these pups
~ also be ·.c:ropsied. All other pups W13.l be ~ed
ext:ernally. aac:rlficed and discarded.

At the co-pletion of the 'lIl'l!8Idng pertod. 10 randomly selected
males frOID each group and females DOt del.1ven.ng l1.tters w1l.l
be sacrt£iced aDd necropsied. Uteri will be sta.1ned with
a-.aniUII nl.fide solution to detendne preguancy. If there
18 nO evi.cieDce of reduced fertillty. the rema:l~ng aales will
be uteraaJ..ly '!T81Iine<d. sacrU1ceci aDd. cUaearded at: this time.

'!:tssues wU.l be lI&ved frOIII the above FO parental. ani ...' s md
11 pups as d1rec~ed in Sectiol1 XV!..E.2.

lScaples, i.. E. (1974). Detection of vi.Bceral alt:eratiOD.S 111 ..amy l1 an fetuses.
Ieral:ology. 9: A31-A38.
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XVI. OBSERVAXIONS AND E:XA!!INAnONS (cout:1nued)

E. Pathology

1. Animals Dy1Dg ou Test or Sacrificed in Extremis: A gross
necropsy will be performed on all rats DOt surviv:1ng to
scheduled sac:rl..fice 1n an attempt to deterllli.ue the cause
of death. 'Ihe fetuses frail dams dying dur:1.ng gestation
w1.ll be e%3lD1.I1ed ~erna.lly to the fullest possible
ext:ent and d:1.scarded. Pups fr01ll dams which cUe during
the lactatiou period wi.ll be 8%terna.lly exam1 ned. sacri­
ficed ~d necropsied.

The thoracic and abd01ll1nal cavities and organs of the
an1ma.ls w1J.l be ~ed for grossly evident IIIOrphological
changes aDd the carcasses cUscarded. Ussues fr01ll the
rats will be discarded except for macroscopic lesious
wbich wU.l be saved 1n Del;1tral buffered forma.l.1.u for
histopathological exam1np~on.

2. Histopathology: 'lbe following tiasues aDd. organs fr01ll
au1lIIals sped.£ied below w1.ll be preserved u necropsy
in 10% I:leutral buffered formali.n. Uuder.l1.ned tissues
will be m:am:1ned 'lllicroscopically for the h1gb. dose and
control groups.

1. FO parental animals - 10/se%/group

2. ~l paps lO/sex/group

2 ~N.I(::.
adreDal <1r .", po r
aorta (abdoll1ual)
bone
bOiie marrow
brain (2 levels)
esopbagus
eye (including optic

I:lerve aDd Harderian
gland. nght)

heart
iiitU'tine (2)
colon
duodenum.
Id.ciDeys (2)
liver (sections from
-ae-leaat 2 lobes)
~ (with IIIIl1.uatem

bronchi) (2)
lymph aodes (mesenteric)
lII8llIIII8rY gland (~u1.ual)

nerve (sciatic)

ovar1.es (2)
pancreas
pit~....tary
pro_tate/seminal vesicles
sal1.vary gland
skelecal. l!IWIcle (b1.ceps femoris.

right)
skin (1ngu:Lnal.. taken Wi.e~

!II8IIIIIarY gland)
spleen
-1l1Dal cord (c:erv:1.cal)
stOZll&Ch
testes (~ep1d1dr;Ldes) (2) ..,('tJ./~ l.

th~ ~~~

~yroac:hid ~~e ~~~td)
.... ea' -
l1rl.nary bJ.adder
uterus (corpus aDd. C8rvU uteri)
.E2!!.. les1.ol18 (iuclud:1ng a sectiou

of apparently DOrmal contiguous
t:l.ssae. if poasible)

e:l.sSU8 ...es
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control group with t:he level of sign1f:icance at p < 0.05 and P < 0.01.

STA1'ISTlCAL ANALYSISXVII.

The male and female fert.1llty 1nd.1ces w::I.ll be colIIPared U8:1.ng t:he Cb1.­
square test criterion with Yates' correc~on for 2 % 2 cont:1Dgency
tables and/or F1sher's ezact probability test as described by
S1egel2 to jadge sign.:l£:icance of differences. Pup 811rv1.vaJ. 1nd.1ee.s
will be c:ompared by the MaDD-wbieney U-test as described by S:1.egel2
and ~e:1l3 to judge s1gn:1f1cance of differences.

Parental body 1R!1.ghl:s (at week prior to lllating .mel al: t:endDat:l.on
of generat:1on), mean DtIIIlber of 1:1ve paps per litter at bitth and mean
pap body weights taken on laceat:ion days 0, 4, 7, 14 and 21 w:l.ll be
compared by analysis of var:1m:ce (one-way elaaai.fieat10n), ~letl:'s
test for bomogene:1.ty of vu1.ances .mel the appropriate t-tes~ (for
equal and unequal vati.ances). as described by Steel and Torrte4 as:1ng
Dwmett's 1III11.tiple CC1l11Par1sol1 tables5 to judge signif1cance of
differences.

XVIII. REPORX

A COlI:Prehens~ve report w::I.ll be prepared upon CC1mplet:l.ol1 of the
stndj • 'l'he f:1nal report w::I.ll CC1nta:1.n a samaaary, e%perimental.
des:ign and methods, evalas.t:ion of the test results, and data
and meuurements requi.red by this pro~ocol. The report will
:include the follonng:

A. Text

1. E%per:l.mental design
2. Surv1.val data
3 • Reaulu of s:1gn:1ficant da:1ly observations
4. Body ve:1ghts
5. Neaopay aDd histopathologic fiDd:l.ngs
6. Kesul~8 of partudtioa and l:i.tt~ observations

2Siegel, S. (1956). Honparametric Statiat:1es for the Behan.oral Sciences.
Hc:Graw-B:U.l, New York, N.Y.

3Wei.l, C. S. (1970). selection of the 'falld Dmaher of S&1IIPllng an1.es .mel a
cons:1deration of their c:ombiDation in to:ld.cologic:.al ~ea involving
reprodnction. teratogeaea:1s or carcinogenesis. Food Cosmet. Toncol.,
8: 177-182.

4St eel, R. G. D. and Torr.Le, J. R. (1960). Pnnciple.lll and Procedures of
Statistics. HeGraw-B:111, Nev Yorl:, N.Y.

SDumlett, C. w. (964). NeW' tables for lIIII1t:l.ple COIIIP~0D8 Vith a conl:rol.
Biometr:1cs. 51: 482-491.
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XVIII. REPORT (continued)

..~

~.

B. Tables

1. Es~roua cycle determinations (ind1.v1dual)
2. FO lII&l.e and female weekl.y body we:lghts and survival

(summary and. 1Dd:1vidual)
3. Maternal body weights during ges:ation and laceation

(sum:mary. including body weight changes and individual)
4. Gestation and laceat:1on data (summary and. individual)
5. Uterine observations a1: weaning (ind1v:ldua.l)

c. Appendices

1. Test article data (if available)
2. Dates of Quality Assurance inspections and report of

significant deviations from protocol
3. Historical control data

XIX. PERSONNEL HEALTH AND SAFETY

Normal. safety precautions will. be employed in the bandJ.ing of the
test article. unl.ess otherwise indicated in Sect1.on u.

xx. DA:rA AND SAMPLE RETENTION

III data. inclwi1.ng repo~s from this study. will be retaineci for at:
least 10 years after completion of the study and s~ored in the IRDC
Arch1ves and nll be made ava1J.able for inspection upon request by
authorized personnel of the Sponsor.

Tissues preserved 1.0 f1%ative ld.ll be retained -for at: least 5 years
1.n the IRDC Arch:lves. ParaffiD embedded blocks and al.l tissue slides
Will be retained 1Ddef::l.n1tel.y in the IRDC Arch:lves.

XXI. RECORDS TO BE MAINTAINED

A. Protocol and prot;ocol addeuda
B. Study scheduJ.e
C. Pre-initiation uta
D. Teclm:Lcal persoDDel list; w:1th s1.gnat;ures
E. Source, parchase order. shipping labels and age records for au1mals
F. 5e::I:: ver1£ication records
G. Diet lot IMIIlbers aDel contaminant analyses records
R. AzWaal ielent1..f1cation (ear tag records)
I. Room haIII:l.d:l.ty and temperature records
.]• General procedures
K. Scale aDd balance accuracy verl.f1cation
L. Daily observation (rOO1ll. check) records
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XXI. RECORDS TO BE HAIN'!AINED (coo.tio.ued.)

M. Weekly deea.1.led observations for pha.r.Dacoconc 51.gus. and general
a.ppearance aDd behavior

N. Body ~gh~ l'!cords
o. Food co!1S1DrlJlt::Loo. records
P. Tesc att1.ele da~a

Q. Tes~ utiele preparation 1nstructions
i.. Tesc art1.ele preparation records
S. Test att:1.ele a.dm.1n1stra~1.oo. records
T. Date and type of termiDat::LoEl for each aa:Lmal in the study. i.e.,

sponcaneous death, acc:1.dental death, sacrlficed io. extrem.1s
(unscheduled sacrifice), or scheduled sacrlfice -

U. Necropsy records
V • RaDdom1.za~1.on data
W. Qual.:1.ty Assurance 1nspectious
x. Dr::lDk1.ng water anaJ.ys1.s
Y. M1scellaneous study data

XXII. QUALrrY ASSURANCE AND GOOD LABORAroi.Y PRACTICES

Th:Ls DOnc.1.:lD1.cal laboratory study v1.ll be c:onducted in accordance
nth the Good Laboratory Practice Regulations.

The study W1.ll be snbjected to per:l.od:1.c 1napeCtiOI2S. and. the f1.naJ.
report W1.ll be renewed. by IRDC's Qua1.1ty Assurance Department in
accordance nth IRDC's Standard Operating Procedures. Study quality
assurance 1DBpection records ~ be made ava:1.~ab~e to the Sponsor
dur1.ng Spol2Sor v1.s1ts to IRDC.

XXIII. S'I.A1'EMEIir OF COMPLIANCE

The f:1.~ report W1.ll 1.nclude a statellll!l1t signed by the Study
D1.rector that the F1.IuU Report aecnrat~y reflects the raw data
obta:!.ned during the performance of the s~udy and d1at there were
ElO s1.gn1f1.can~ dertations from the Good. Laboratory Practice
Regulat1.ons which affec~ed the qual1.~y or 1.ntegrtty of the study.
If dev1.ationa are eacountered that will affect the qaal1.ty or
1ntegrlty of the study. each dev1.aUOI1 will be deser1.bed. in
deta1.l..

XXIV • ALnunON OF DESIGN

Alteratiou of th1.s protocol may be lUde as the study progresses. No
changes in the protocol will be made without the spee1.f1.c wr1.tten
request or c:onsent of the Sponsor. In the event that the Sponsor
authorizes a protocol change verbally. such change v1.l.l be honored. by
IllDC. Bawever, 1.t then bec:omes the re..spons1.b:U.1ty of the Spoaaor to
follow such verbal change w.1th a wn.tten ver1.£:1.cat::Lon. All protocol
lIIOd:1.£:1.cations II1ll be s1.gned. by the Study D1.rector.
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xxv• DECIARA!'ION OF nrrENT

'!h:1s seudy is 1neeneleel co support (SpoDSor shoulel 1D1tial where
approprtaee) :

A. i.egiseration or l1oe1f1cae1011 of a
produce or chemical by che U.S.
Enviroamental. Proeectior:1 Agency

B. Application for research ~/or market:Lng
permits for a produce regulaeed by Che
U.S. Fooel and Drug Admir:11strae1011

c. Ne1eher of z:he above

Approved by SpollSor

.k' . . il"
By: f),Q.h h I'""f1.L fv a....."1.-

Dr. iaahmi Na:1.r

~ue: S:, P-nxLJ= lc.<.; c••d~~-t
OJ

Issued by

IN'rElUlAnONAL IESEAl.CH AND DEVELOPMENT
COUORAnON

By, l ~J..d.- ,J ·
: j L. Scharde111. K.S.-

'!1ue: Direceor of Reproduction and
Teratology

Dace: Date:
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xxv• DECLARATION OF IN"!ZN'!

This study is intended to support (Sponsor s~Quld initial where
appropriate):

A. Registration or notification of a
product or chemical by the U.S.
Environmental Protection Agency

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

C. Neither of the above

Approved by Sponsor Issued by

Dr. Rasbmi Nair

MONSANTO CHEMICAL COMPANY

By:

....'..Title: ....vII

INTERNATIONAL RESEARCH AND DEVELOPMENT
CORPORATION

By, ~_L.LLJ ·
James"L. SChardein. M:S.

Title: Director of Reproduction and
Teratology

Date: Date:



SAMPLE SUBMJ:SSJ:ON FORM

STUDY NUMBER: IRDC Study No. 401-177
Monsanto No. IR-8l-32l

I. SAMPLE mENTIFlCA'E'JK:

Product Names:

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

CP Number:

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

IRDC No. 748lB

Sample Disposition

II. CHEMICAL AND PHYSICAL PROPER:IIES:

See Attached Sheet

~ Storage and Stability

Stored in accordance wi.th DOT Regulatioas

III. TOXICITY INFORMA:rION:

ChrolJ1c poisoniDg occurs from long coat:lnued absorption through the lungs
and gastrointestinal tract.

IV• DOctlMENTATIOR:

Composition and Purity

Method of Synthesis



ATTACHMENT
MonsantoMATERIAL SAFETY DATA

;
MONSANTO PRODUCT NAME

PHOSPHORUS
\.

PRODUCT IDENTIFICATION

3 ,!>JfJ
,CONTAINS NO CSI

Page 1 017

MONSANTO COMPANY
800 N. UNDBEAGH BLVD.

ST. lOUIS, MO 63167

EmMgMey PIJoM No.
(c.lI COII«:t)
314-81U-1DtJO

Synonym(6j: P4; "Phos"; E!9mentaI phosphorus, white;
EJementai phosphoIus, yellow

Chem/cal1Mme: Phosphorus

Chem/c.l Formula:

ChemlcM F.mlly:

CAS No.:

DOT Proper Shipping
IMme:

DOT~rdCia""
I.D. No.:

DOT Lllbel(a):

U.S. Surface Freight
CI...lflcatlon:

Repon.ble Quantity (RO)
Under U.S. EPA CERCLA
and DOT Regulatlo,.:

Haardou. Chem/cal(aj
UndtIt OSHA ~nJ
CommunlClltlon sgndard:

Phosphorus, white, in water

Flammable Solid, Poison UN1381

Flammable Solid and Poison

Phosphorus, white, in water

1 lb.

This substance is identified as a hazardous chemicaJ under
the criteria of the OSHA Hazard Communication Standard
(29 CFA 1910.12(0):

~JSPhorus,CAS Reg. No. 7723-14-0

r

r

r

c......

WARNING STATEMENTS ::r
~~;";;';"'''';'';;'''';;''';'';'';''~~;';;'';''';;;'''-------------------..,I~
DANGERI e
POISONI -
EXTREMELY FLAMMABLE
CATCHES FIRE IF EXPOSED TO AJR
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



Monsanto MATERIAL SAFETY DATA
PRECAUTIONARY MEASURES
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Contents packed under water and will ignite if water is removed.
Do not get in eyes. on skin. on clothing.
Avoid breathing vapor or fume from burning phosphorus.
Avoid breathing vapor. mist or dust.
Keep container closed.
Use with adequate ventilation.
Wash thoroughly after handling.

Drum D/~pos.': Emptied container retains vapor and product residue. Observe all labeled
safeguards until container is destroyed. DO NOT REUSE THIS CONTAINER. 00 NOT CUT OR WELD
ON OR NEAR THIS CONTAINER.

Sulk ContaIner: The hazardous nature of tank inspection, cleaning, repairs, etc requires trained
personnel familiar with the hazards involved. Emptied tank retains vapor and product residue. 00 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 !east 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
difficult, give oxygen. .

IN CASE OF: FIRE. SPILL OR LEAK. cover with water. sand or ear1h.

OCCUPATIONAL CONTROL PROCEDURES

(Occupational Control Procedures Continued On The Next Psge)

Eye Protection:

Sldn Protection:

Respll'8tory
Protection:

When small quantities are handled and may come in contact with air. a shield is
recommended. When bulk quantities are being handled. a fire-resistant face
shield integrated with a whole head hood is recommended (See Skin Protection).
Provide an f!If8 baSh were there is potential for eye oontael

Where material is likely to be handled in pure form. finH8sistant 8A)8r8I should
be.\JS8d. Consult glove and body apparel manufacturer to deIBnnine apprcpnate
glove/clothing for your application. Wash imrnedWely if skin is contaminated.
Launder contaminated equipment before reuse. Provide a safety shcMer at &rtf
location where skin contact can occur. Wash thoroughly aftBr handing.

Avoid breathing dust, vapor or mist. Use NIOSHIMSHA approved equipment
when airborne exposure limits are exceeded. FuU facer:liece equipment is rec0m­
mended and. if used. replaces need for face shield and/or chemical splash gag­
gles. Consult respirator manufacturer to del8rmine appropriate type equipment for
given application. The respirator use limitaUons specified byN~ rx the
manufacturer must be observed. High airtxIme COI"ICei IInltioI is may require use of
self~ntained breathing apparatus or supplied air respHabJr. Respiratory proteo­
tion programs must be in compliance with 29 CFR 1910.134.
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Monsanto MATERIAL SAFETY DATA ~;~of7
OCCUPATIONAL CONTROL PROCEDURES (Continued)

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

Airborne
Exposure Limits: Product: Phosphorus

OSHA PEL: 0.1 mglnt3 a-hour time-weighted average
ACGIH TLV: 0.1 mglnt3 a-hour time-weighted average

0.3 mglnt3 short-term exposure limit· 1985-86 Proposed DeletiOn

Nor.: In light of a recent reproductive study in rats that demonstrated difficulty in delivery for some female raIs,
Monsanto has adopted an internal restriction for pregnant females where exposure exceeds 0.01 mgI~ &-hour
time-weighted average. Monsanto considers this a prudent and responsible precaution until further studies are
performed and evaluated.

FIRE PROTECTION INFORMATION
Waxy solid

Menlng Point: 111°F

Ignition Temperatuffl: Ignites spontaneously on contact with air. Explosive when mixed wilt! oxidizing
materials.

ExtIngUishing Medlll: Fire can be controlled by carefully covering. avoid splashing with water.
moist sand or dirt to exclude air. Apply ccJd water spray to freeze the liquid
and stop leaks.

Specilli FlffI Fighting
Procedures: Fire fighters and others who may be exposed to products of combustion

should wear full protective clothing and self-contained breathing apparatus.
Fire fighting equipment should be thoroughly decontaminated after use.

UnusulIl Fire or
&pl.on HBlirds: If intense fire melts tank insulation. there is risk of explosion from steam or

phosphoric vapor pressure. If c:ooIing cannot be applied. either vent the tank or
evacuate the area Burning produces dense white irritating fumes of ph0s­
phorus pentoxide and H3PO•.

REACTIVITY DATA
~rl"'s 10 Avoid:

H8ZlIrdou. DfIcomposltJon
Produm:

HllZIUdous Polymer/ZIIUon:

Avcid contact with air (ignites spontaneously on exposure). oxidiZing
agents. strong bases or basic solutionS.

On combustion. releases dense. white. irritating fumes of PPs or. if
moisture is present" H3PO•. With strong bases. releases highly toxic
and spontaneously ignitable phosphine (PH~ gas.

Above about 2OQOC (392"F), polymerizes exothennicaJly to red phos­
phorus. May then heat uncסntroןiabiy to develop vapor pressure above
tank bursting pressure.

~.

oa"••

II
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The following infonnation presents bOth human experience and the results of scientific experiments used by
qUalified experts to assess the effects of phosphorus on the heaJlh of industrially exposed individuals and to
support the Precautionary Statements and Occupational Control Procedures recommended in this d0cu­
ment. To avoid misunderstanding, the data provided in this section should be interpreted by individuals
trained in evaluation of this type of information.

Dermal contact and inhalation are expected to be the primary routes of occupationaJ exposure to
phosphorus. Phosphorus can be absorbed through the skin. respiratory tract and gastrointestinal tract.
Phosphorus ig:"lites and bums spontaneously when exposed to air and the vapor produced is irritating
to the eyes. nose, throat and lungs. The solid in contact with the skin or eyes produces severe bums.
Phosphorus fume is an irritant to the respiratory tract and eyes.

The acute lethal oral dose of phosphorus for an adult is reported to be about 1 mglkg. with adverse
effects reported at 0.1 mglkg. Acute oral phosphorus intoxication is usually described as having two
stages. In the initial phase. gastrointestinal effects. characterized by nausea. vomiting. belching. 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 return of gastrointestinal distress with signs of hepati:. 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 4"e reported to include anemia. loss of ap­
petite. gastrointestinal distress, chronic cough. a phospho~ garfiC-like odvr of the breath. and pallor. 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 excessive salivation. followed
by loosening of teeth. severe pain. and swelling of the jaw. Ulcerations can develop which may invade
the bone.

Tox/co/ogal "..
Data from Monsanto studies and from the SCientific literature indicate the following:

Oral LOse (Male Rat): 3.76 mglkg. Highly Toxic
Oral LOse (Female Rat): 3.03 mglkg. Highly Toxic
Oral LOse (Male Mice): 4.85 mglkg. Highly Toxic
Oral LOse (Female Mice): 4.82 mglkg. Highly Toxic

Bone changes were reponed in female rats (23 days old) given phosphorus at a dietary level of 1.30
mglkglday for 8 or 16 days. In the animals treated for 16 days. the bone changes were reversed
following withdrawal of the test diet.

oepres..~ growth was reponed 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 mgllcglday. A recovery in growth
occurred at the mid-dose level following withdrawal of phosphorus from the diet; no rec:overy in growth
was reponed at the high-dose 1eYeI. Old male rats fed diets containing 0.0027 rngIkglday displayed no
oven 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
phoruslkglday. MonaJity resulted within 6 days in animals given 0.4 mgIkg. The one animal given
0.2 mglkg developed severe kidney hemorrhage and died by day 12. Fatty livers. hydropic degenera­
tion in the kidneys. body weight loss. and changes in blood chemiStry parameters were reported in
dogs surviving treatment with 0.1 mg/kgIday for 116 days.

Retardation of longitudinal bone growth and body weight gain were reported in rabbits orally given 0.6
mg phosphorus/day. via capsule. for periods of 13 to 117 days. Similar effeclS were noted in rats
treated for 22 to 57 days with cod liver oil containing 0.1"'0 phosphorus mixed in the diet. Disturbance of
dentin calcification in the teeth of rats was also reported.

(He8Jth ERects SummlJ/Y Continued On T1rfI Next Page)



~TERIAL SAFETY DATA
HEALTH EFFECTS SUMMARY (Continued)
Phosphorus was administered to rats by subcutaneous injection of oil solutions at dosages ranging
from 0.05 to 3.2 mgJkg/day twice weekly for periods up to 610 days. Guinea pigs were injected
subcutaneously with similar solutions at dosages of 0.05 to 0.4 mgikglday 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. Less
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. Mortality was reported to 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 at:tributed 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
mglkgJday on days 6 through 19 of gestation. A second, satellite study was conducted in which rats
received either 0.6 mg phosphoruslkglday in com oil or com Oil (control) on a comparable regimen. Due
to significant maternal mortality (84%) at 0.75 mglkg. no fetal evaluations were performed at this
dosage. Decreased mean body weights were noted in surviving dams at 0.75 mgIkg. No teratogenic or
fetotoxic effects were observed at dosages of 0.6 mglkg or Jess. Mortality and decreased mean body
weight gain were noted in dams at 0.6 mglkg.

Administration of phosphorus in com oil to male and female rats by gavage at doses of 0.005, 0.015,
and 0.075 mglkgJday 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 F1a and Fib matings. This observation suggests that deaths may have been related to
difficulties in delivering. A reduction in the mean number of live pups was also observed at the highest
dose. No pathologic or histopathologic lesions were reportedjn either parental animals or pups. The
no-observable effect level was considered to be 0.015 mglkglday.

Following administration of single oral doses (0.3 mglkg) of phosphorus to rats, elimination of ph0spho­
rus or its metabolites 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.

Add,tlon,,' Inform.tlon
A Threshold Umit 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 results 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 PA for possible restrictions for pregnant femaJe workers. Work
situations are evaluated within Monsanto to determine the extent of routine exposures, and the poten­
tia/ for accidental exposu·res. to phosphorus. Pregnant females will be restricted from areas where ex­
posures are deemed significant (greater than 0.01 mglnt3 8-hour time weighted average or where there
is a significant potential for accidental exposure). This restriction will apply as soon as pregnancy is
confirmed. Since the animal data S!.!99est a potentiai for adverse effects during delivery, this restridion
remains in effect for the pregnant female until after delivery.

PHYSICAL DATA
Apparllnce:

Odor:

MelUng Point:

(PhysicsJ Data Continued On The Next Page)

Waxy solid, normally pale yellow ~ straw-coJored

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

44.1OC (111°F)



Monsanto MATERIAL SAFETY
PHYSICAL DATA (Continued)
Boiling Point: 280.5~C (536.9°F)

Page.S of 7

VIIpOT Density (Air = 1):

Specific G,.vlty @ 2frC (69°F):
@ 2SOC (77'F):

@ sooC (122"F):

Solubility In W.ter @ 20°C (68°F):

4.42

1.8231
1.8198
1.737

0.003%

Phosphorus is highly toxic to fish. The 48 to 96 hour LCso for a 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 Report 7403.

ND,.: These physical data are typical values based on materia!t~ but may vary from sample to sample.
Typical values should not be constru~.as a guaranteed analysis of any specific lot or as specification items.

EMERGENCY SPILL AND LEAK INFORMATION
Emergency Spill .nd

LMk Inform.tloi7: 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 Uability Act
of 1980 (Superfund) and in the current federal regulations 40 CFR, Pan 116
(Section 311, Clean Water Act). As a result, notification of such a release is
required to be made to the National Response center (800-424-8802).

Contain all spilled material (i.e., earthen dike, sand, etc.) and apply a low
pressure, cold water spray to extinguish fire and freeze contents. Continue
applying water spray to prevent reignitiOn and maintain water cover.

DI.poaJ Infonnlltlon: Dispose of in accordance with all local. state. and federal regulations.

As currently defined in federal Resource Conservation & Recovery kt (RCRA)
regulations, phosphorus. when discarded. is a haZardous waste exhibiting the
characteristics of ignitability (~1). See 40 CFR 26121. Its disposal, therefore,
is regulated federal RCRA regulations. Semental phosphorus manufacturing

~ facilities are currently exempt from RCRA regulations by 40 CFR 261.4(b)(7).
~o Disposal by incineration is recommended.
.c;

Consult your attcmey or appropriate regulatory offic:iaIs for information regarding
~ spill.~ and waste disposal requirements.
~L-~~~~~~~~ ~ _

ADDITIONAL COMMENTS
~ Environmental Toxicity Information
<t:
o
>­
!­
UJ
u..
<t:
(f)

-J
~

a:
UJ

~.,...



Monsanto MATERIAL SAFETY DATA
DATE: 511186
MSDS NO.: oon23140

FOR ADDITIONAL NON-EMERGENCY INFORMATION, CONTACT:

MSDS Coordinator
Detergents
Monsanto Chemical Company
(314) 695-1000
(A Unit of Monsanto Company)

A)~;:lt
SUPERSEDES: 7/1/83.

.
c

~.
C

l~
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'*""'»: Mh:1u;h"~, • 'iall'i'.idIdb. _ ftdI .... (Mi "Infomi8llaiI' .. ,,_Aldinpel".~ II»
t. carr-=r • ot .. d* '*-:lI.~~ ...... no lepi__ or _,..... II:l .. WI....._ or KICInI:Y""'"
klbii"" II SUIlIlIId upcn 1M ccrdIan .... I*UII I'ICIIMng __ WII nw." CMi'l cllllniilillllcln _" ..~ b' IlIir
~ IlIIlIr 10 In no .-It..Mar..-.~ tie lli4JOi'" far~ ot"" nan ~ tan ot CI'

r-.IIncI upon klb'I or .. pn:ldur:l II» wtictl klbillillbi ,...... NllIlInI c:anlaInm .... illD tie~ •••&01.' II» we
IIPf produl:t. Jll'Cl*I, equIpiNnt CI' fl:lmUdln in canlIct Inl'~ • Mai-*l~ ,..... no iepi_""" CI'. ..,..,.•

..... or implied. ....... twa WII not II*Inge ." NOREPAESENTAT1ONS OR WAAfWITIES, EI1'HER EXPRESS OR
IMPUED. OF MERCHANTA8lJTV. FmIESS FeR A PARTICl.A.AA PURPOSE OR OF Nt'( <mER NAllJAE ARE:MADE HEAB.N:lEFl ..
WITH RESPECT TO JNFORrMTION OR THE PRODUCT'1'O WHICH IFOAMATION REFERS.
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ATTACHMENT

Dear (Customer):

4
.CONTAINS NO CSI

Monsanto
Monsanto Chemic:aI Company
800 N. lindbergh 8QJIevard
St. LOUIS. Missoun 63167
Phone: (314) 694-1000

September 5, 1989

An industry consortium led by Monsanto recently completed the in-life portion
of a reproductive ef~ects study on elemental phosphorus, also known as white
or yellow phosp~orus. In this study rats were given the test material by
gavage, i.~. dosed by stomach tube with phosphorus dissolved in a solvent.
Dosing took place daily for 100 days prior to mating, throughout mating, and
either through day 15 of gestation or throughout gestation. Prel~inary

results show the occurrence of deaths in treated female rats during the last
two days 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 first trimester in humans still
led to deaths. Accordingly Monsanto is changing its internal workplace
protective measures for female employees.

Our past practice, as outlined on our HSDS 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/m3 • Our new practice is to
exclude women of childbearing potential from workplace areas where airborne
concentration may exceed 0.01 mg/m3• Assw:ling all inhaled phosphorus were
absorbed during an 8-hour workday at 0.01 mg/m3, the dose to a pregnant f8llale
would be less 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 KSDS dated 9/1/89 i.e
enclosed for your files. Please discard the previous KSDS.

The test results were judged to meet EPA's reporting criteria under section
8(e) of TSCA. Therefore, Monsanto, on behalf of the industry consorti.um•

....d-c.:n-.
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submitted a summary of these results to the Agency. A copy of the letter and
attachment i8 enclosed for your reference. If you have que8tions regarding
the test results, the change in Honsanto's workplace protective measures or
the submission to EPA, please contact me.

Sincerely,

James P. Hieure, Ph.D.
Manager, Product safety

Enclosure
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MONSANTO PRODUCT NAME

PHOSPHORUS

PRODUCT IDENTIFICATION
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MONSANTO COMPANY
800 NORTH UNDBERGH BLVD.

ST. LOUIS, MO 63167

Emergency Phone No.
(Call COllect)

(314) 694-1000

'! lb.

Phosphorus, white. In water

P4; "Phos"; Elemental phosphorus, white; Elemental phosphorus, y.now
Phosphorus
P4
Phosphorus
7723-14-0
Phosphorus, whit•• In water
Flammabl. Solid. Poison UN1381
F18mmable Solid and Polson

Synonym(s):
Chemical Nam.:
Chemical Formula:
Chemical FamDy:
CAS No.:
DOT Proper Shipping Name:
DOT Hazard Claas/l.D. No.:
DOT Label(e):
U.S. Surface Freight
Classification:

Reportable Quantity (RQ)
Under U.S. EPA CERCLA
and DOT RegUlations:

SARA Hazard Notification:
Hazard categories Under Criteria
01 SARA TitI. III Rules
(40 CFR Part 370): Immediate, Delayed. Fire
Section 313 Toxic Chemlcal(s):
This product contains the following substance which Is defined as a toxic chemical under. and subject to
the reporting requirements of, section 313 of TlUe III of the Super1und Amendments and Reauthorization
Act of 1986 and 40 CFR Part 372:

Toxic Chemical
Name

Phosphorus

ChernJcal Abstracts
Serylce Reqlsby No.

T72:r14-0

P.-cent by Weight
In Produd

100

Hazardous Chemlcal(s) Unci.. OSHA Hazard Communication Standard:
In addition, this substance Is considered a hazardous chemical under the criIerIa of the OSHA Hazard
Communication Standard. 2t CFR 1810.1200):

WARNING STATEMENTS

DANGERI
POISONI
EXTREMELY FLAMMABLE
CATCHES ARE IF EXPOSED TO AIR
CAUSES SEVERE BURNS TO EYES AND SKIN
MAY BE FAT/-\L 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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OCCUPAnONALCONTAOLPROCEDURES·CONnNUED

Ventilation: Provide ventilation to control exposure IeYeis below airborne exposure nmltL Uulocal mechanical
eXhaust ventilation at sources of air contamination such as open process equipment. Consult NFPA Standard
81 for design of exhaust systems.
AIrborne EXposure Umlts:

Phosphorus

OSHA PEL: 0.1 mg/m3 I-hour TWA
ACGIH n.V: 0.1 mg/m3~ TWA

Note: Recent reproducUve atudles demonstrated Increased mal.....1 mortality In pr8iMnt f.male rats.
Monsanto hal adoptedl" Int.....1 restriction to exclude women of ch.1dbearlng potentllli whwe uposura
may acede 0.01 rng/m 1-hoLB' time-weighted average. Monsanto considers this a prudent and responsible
precaution unUI further studies are performed and e..,.luated.

FIRE PROTECTION INFORMAnON

Waxy soIld

Melting Point: 111"1=

ignition T.mpermn: ignites spontaneously on contIct with air. ExplosIve when mixed with oxidizing
materials.

ExtInguishing Media: Fire can be controDecl by carefully covering with moist ..nd or dirt to exelude air. AYOId
~"shlng with water. Apply cold wal.. spray to freeze the liquid and Mop leaks.

Special Fire Fighting Procedures: fire fighters and others who may be exposed to produclS of combustion
should wear fun protectlw clothing and self..contalned breathing apparatus. Fire fighting equipment should
be thoroughly decontaminated after use.

Unusual Fire or explosion Huard.: "Intense fire m.... tank insulation, there Is risk of explosion from steam
or phosphoric vapor pr8ISIft. "cooUng cannot be applied, either WIll the ..nk or evacuate the area. Bwnlng
prodUC(llS dense white irritating fumes of phosphorus pentoxlde and H3P04.

REACnvnv DATA

Materials to Avoid: Avoid conIIIc:I with air (ignites spontaneously on exposure), oxidizing agents, strong bases
or basic .clutionL

Hazardous Decomposition Products: On combustion, releases dense. white, InilatJng fumes of P205 or, If
moisture Is present. H3P04. With strong bases, releases highly toxic and spontaneously ignitable phosphine
(PH3) gas.

Hazardous Polymerization: Above about 200"C (392"F), polymerizes exothermically to red phosphorus. May
then heal uncontrollably to develop vapor pressure above tank bursting pressure.
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The 'ollowing In'onnIItion summarizes human experience and the results o'lClentlflc Investigations reviewed
by health pro'euIoNlls'or hazard .V11llat1on o. phosphorus and development oi PreQutlOMry St.-tements and
OccupatioNiI Control Procedures recommended In this document.

Effects 0' Exposure

Dermal co~ct andlnhaletlon are expected to be the prImery routes 0' occupetioMI exposure to phosphorus.
Phosphorus can be absorbed through the skin, reaplratory ....ct and g..trolntestlnal ....et. Phosphorus ignites
and bums aponl8neous!y when exposed to air and the vapor produced .. InitatIng to the .y.., nose, throat
and lungL The solid In contact with the skin or ey.. produces severw bums. Phosphorus fume .. an Irritant
to the respiratory tract and 8)'eL

The acut. lethal oral dose 0' phosphorus for an adult Is reported to be about 1 mgf1cg, with adv.... dads
reported at 0.1 mg/kg. Acute oral phosphorus intoxication .. usually descrfbec:l as having two stag... In the
Initial phase, gastrointestinal effects, characterized by MUUI, vomiting, belching, and severw abdominal pain
predominate. Death from cardloVIIlCuler collapse can occur In about 12 hcHn or symptoms may regress wfth
an apparent recovwy lasting approximately two claya. The second pha.. may be charaet.-lzecl by retwn of
gastrolntestiMI distress with slgl18 of hepatic, cardloVIISCUIer and ....1 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 Inclucle anemia, lou of appetite,
gastrointestinal distress, chronic cough, a phosphorus garilc-llk. odor of the breath, and pallor. A common
response to severe chronic poisoning Is necrosis of the mandible ar maxilla (Jawbone). known a. "phoay jaw"
The first Indications of "phouy jaw" .... toothache and excessive aDvaUon. followecl by loosening of teeth,
severe pain. and railing of the jaw. UIcer'atloM can dewlop which may Invade the bone.

Although no data .... aVIIlJabie on the .ffects of phosphorus In pr8gMnt women. this malerial _. reported
to produce a high Inddence of deaths In experimental.nlmal. dwlng .... pregnancy and delivery. Workplace
conb'ols for phosphorus exposure may be neceuary to prevent algnificant exposures to women of chlld­
bearing potential

TOxicological om
Data from Monsanto stuclies and from the scientIfiC IIteraIure indicate the following:

Oral LDSO (Male Rat): 3.71 mg/kg. Highly TOXIC
Oral LDSO (Female Rat): 3.03 mg/kg, Highly l"o:dc
Oral LDSO (Male MIce): 4.85 mgJkg. Highly Toxic
Oral LDSO (Female UIce): 4.82 mgJkg, Highly Toxic

Bone changes were reported In female rata (23 days old) given phosphorus at a dietary "wi of 1.30
mg/kg/clay for 8 or 11 clays. In the animals treateel for 11 days. the bone changes were reversed foDowing
withdrawal of the test diet.

Depressed growth WlS 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. end 0.072 mg/kg/day. A recovery In growth
OCCUfl'ed at the mKHIose level following withdrawal 0' phosphorus from the diet; no recovery In growth was
reported at the hlgtHIose level Old male ..... feel diets containing 0.0027 mgJkg/ciay d1apIayeci no overt
effects. Pathology and bone studies were not perlormeel.
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In a sUbchronlc toxicity study. female dogs w.... 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 anlrnll given 0.2
mg/k; developed severe kidney hemorrhage and died by day 12. Fatty IIv..... hydropic degeneration In the
kidneys. body weight lou, and chang.. In blood chemistry paramet.... were reported In dogs surviving
treatment with 0.1 rng!kg/day for 118 days.

Retardation 01 longitudinal bone growth and body weight gain were reported In rabbits orally given 0.8 mg
phosphorus/day, viii capsule. lor periods 0113 to 117 days. Similar effects were noted In rats treeted lor 22
to 57 days with cociliver oD containing 0.1% phosphorus mixed In the diet. Disturbance of dentin calcllicatlon
In the teeth 01 rats was also reporled.

Phosphorus was administered to rats by subcutaneous Injection of 011 solutions at doug.. ranging from 0.05
to 3.2 mg/kg/day twice weekly lor periods up to 610 days. Guinea pigs were Injected subcutaneously with
similar solutions .. doseg.. of 0.05 to 0.4 rng/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 IMrked In ..... IMn
In guinea pigs) was obsrled In an apparent dose-related fashion. Less conspicuous bone changes were
noted In rats fed diets containing phosphorus In peanut oil .. dose;es 01 0.2 to 16 rng/kg/day for 174 to 512
days. Mortality was reported to Increase In these rats with Increase In the toIIil amount of phosphorus
a-imlnlstered. The decreased growth rate obserVed In rats fed phosphorus In the diet was ettributed to
decreased food consumption.

Phosphorus In com oil was administered by gavage to female rats at dosages of O. 0.1, 0.3 or 0.75 mg/k8/day
on days 8 through 19 01 gestation. A second, ....lIit. stucJy was conducted In which rata NC8IWd either 0.1
mg pbosphorus/kg/day In com 00 or corn on (control) on a comparable regimen. Due to significant maternal
mortality (84%) .. 0.75 mg!kg. no fetal .valuatlons were performed at th18 dosage. Decrused mean body
weights were noted In surviYlng dams .. 0.75 mg/kg. No teratogenic or fetotoxlc effects were observcld et
dosages of 0.6 mg/kg or Jess. Mortality and decreased mean body weight gain were noted In dal11l at 0.1
mglkg·

Administration of phosphorus In com 011 to male and female rats by gavage at doses of 0.005, 0.015, and 0.075
mglkg/day ttvoughout prematlng. mdng, gestation, and lactation periods for one generation rnultecl In
Increased mortality among females of the high dose group during day 21 or 22 of gestlUon attw both the F1a
and Fib mating.. Th18 obIer'vatIon suggests that deaths lMy ha". been related to dIIIIcuItIes In dallv8rlng.
A reduction In the mean number of live pups WII. alao obserwd at the highest dose. No pathologic: or
histopathologic lesions were f8POItecIln eIUw parental animals or pups. The no-obMrWbIe eIIect .... was
considered to be 0.01! mglkg/day. A s1mI18r study was conducted at a sign" dose level of 0.075 mg/k8lday
as a fonow up to the earaw reproduction study. PreDmlrwy resulta connrm earlier finding. In that d...... In
females was Increased during lat. pregnancy lind delivery. Death was also Increased In female rab dosed only
through day 15 of pregnancy.

Following administration of single oral doses (0.3 mg/kg) of phosphorus to ...... eDmlnation of phosphorus
or Its metabolItes was reported to occur primarily In urine and feces. Approximately 46.7% and 33% of the
absorbed radloac:tJvity was excreted In the urine and feces. respectively, of rats within tive clays. Increases In
total body burden were noted In rats dosed for live consecutive days compared to rats dosed once.

Additional Information

Tworeproduction studies with phosphorus In experimental animals reported Increased deaths late In pregnancy
and during delivery. As a resun of these effects reported in exs:erlmental anllM'" Monsanto considers I
prudent to review job situations Involving the handling and use 01 phosphorus for possible restric:Uons for
pregnant female workers. Work situations are evaluated within Monsanto to determine the extent of routine
exposures, and the potential for accidental exposures. to phosphorus. Women of ehlld-bearlng potential wiD
be restricted from areas where exposures are deemed significant (greater than 0.01 mg/m3 I-hour time­
weighted average or hwere there 18 a high potential for accidental ~posure).
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A Threshold Umll Value (n.V) has been established by the Amerl~nConference of Govemmentallndustrial
Hygienists for phosphorus (P4). For further Information on this lMterlal, please refer to the current ecllUon of
the Documentation of the Threshold Values 'nd BloloqlClI IMlen.

PHYSICAL DATA

Appearance: WIX'f solid, normIIlly pale yenow to straw-coIorecI

Odor: Mildly characteristic (phony); tumes from burning phosphon,ls ....
pungent and aharp

Melting Point: 44.1-C (111"F)

Bomng Point: 280.SOC (536.1"f)

Vapor Denslly (AIr = 1): 4.42

Speciftc Gravity @ 2O-c (WF): 1.8231
@ 25"C (77"F): 1.8188
@ 500C (122"f): 1.737

Solublrdy In Water @ 2O"C (68"F): 0.003%

NOTE: These physical data are typlC81 wlues b8sed on material tested but ...y wry from sample to sample.
Typical V11luH Mould not be construed as a guaranteed ....,... of .ny 8peCiflc lot or as specHIC8tIon ItemL

SPILL, LEAK & DISPOSAL INFORMATION

Emergency SDm .nd Leak InforJl9tlOO: When released to the enWorunent Inq~equal to or u::ceecIIng
one pound (0.454 kilograms). phosphorus Is detlnecl .s . heprdOUl IV_PCI In .... Comprel1enslw
EnvIronmental Response, COmpensation .nd Uablllty Act of 1180 (Superfund) .nd In the current ted..1
l'8gubltlons 40 CFR, Part 118 (SecUon 311, Clean Wit. Ad). As. raul, notification of such • release II
required to be ...de to the NatIonal Response center (~4-8802).

Contain an spilled matertlll (I.e., earthen dike. sand. etc.) .nd .pply • low .......... cold water spray to
extinguish ..... and freeze cont...... ContInue .pplylng water spray to prevent reignlUon .nd ...Intlln water
covet.

Disposal Information: Dispose of In .ccord,nce with .n local, state, and federal flgulatlonL

As currently defined In federal Resource Conservation & Recovery Ad (ACRA) regulations, phosphorus, when
discarded, Is. hazardous waste exhibiting the characteristics of Ignitabilfty (0-001). see 40 CFR 261.21. Its
disposal. therefore, Is regulated federal RCRA regulations. Elemental phosphorus manullle:turing facDlUes are
currently exempt from faCRA regulations by 40 CFR 281.4(b){7).

Disposal by incineration Is recommended.

Consult your attorney orappropriate regulatory officials for Information regarding spm, leak. and watte disposal
requlremenb.
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Environmental Tox!elty Information

Phosphorus Is highly toxic to fish. The 48 to 96 hour LCSO for • variety of fish and Invertebrates Is leu than
1 ppm. For additional datil, the reader Is ref8ITed to the National Technical Information s.vic:e (NTIS)
publication "Maml'l1llllan Toxicology and Toxicity to Aquatic Organisms of Four Important Types of Water1)ome
Munitions Pollutants: March 1t74, Technical Report 7403.

DATE t/5/O
MSDS NUMBER 007723140

SUPERSEDES 5/1/86

FOR ADDmONAL NON-EMERGENCY INFORMATION. CONTACT:

MSDS Coordinator
Detergents
Monsanto Chemical Company
(314) 695-1000
(A Unit of Monsanto Company)

DPHOSRUS(2125)7

NOTICE: Altl»ugh the information lind NCClftUMIIdatIoa Nt Ior1tI -.In (hereinafter "InIormdon' _~ In good fdb 8nd
beDe¥ed to be correct .. of the elate heNof. Monaanto CompMr mUu no NPNMntatlona .. to the -..pIe...... or -.cy
e..r.of. InronMllon la aupplled upon the condition 1Mt the peraona receiving _ wIIlMb ..... own dftIralinatIon .. to Ita
auhUIDty ror their purpoaea prior to -. In no-'wII MonunID CompMy tie raponaIIlIe lor cs-.gn 01 asy MIIn
whatsoever raultlng from the UN 01 or ren- upon InronnatJon. NO REPAESENTAT10NS OR WARAANTlES, EITHER EXPRESS
OR IMPUED. OF MERCHANTABIUTY. FITNESS FOR A PARTICULAR PURPOSE OR OF AJfY OTHER NA1URE ARE MADE
HEREUNDER WITH RESPECT TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS.


