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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of Health and
Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health; the National Institute of
Environmental Health Sciences (NIEHS), National Institutes of Health; the National Center for Toxicological Research
(NCTR), Food and Drug Administration; and the National Institute for Occupational Safety and Health (NIOSH),
Centers for Disease Control. In July 1981, the @agenesis Bioassay Testing Program, NCI, was transferred to the
NIEHS. The NTP coordinates the relevant programs, staff, and resources from these Public Health Service agencies
relating to basic and applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous chemicals.
This knowledge is used for protecting the health of the American people and for the primary prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and were conducted in
compliance with NTP laboratory health and safety requirements and must meet or exceed all applicable federal, state,
and local health and safety regulations. Animal care and use were in accordance with the Public Health Service Policy
on Humane Care and Use of Animals. The prechronic and chronic studies were conducted in compliance with Food and
Drug Administration (FDA) Good Laboratory Practice Regulations, and all aspects of the chronic studies were subjected
to retrospective quality assurance audits before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic
activity, of selected chemicals in laboratory animals (usually two species, rats and mice). Chemicals selected for NTP
toxicology and carcinogenesis studies are chosen primarily on the bases of human exposure, level of production, and
chemical structure. Selectiper seis not an indicator of a chemical's carcinogenic potential.

These NTP Technical Reports are available for sale from the National Technical Information Service, U.S. Department
of Commerce, 5285 Port Royal Road, Springdfield, VA 22161 (703-487-4650). Single copies of this Technical Report
are available without charge while supplies last from the NTP Central Data Management, NIEHS, RZ230MD

A0-01, Research Triangle Park, NC 27709

(919-541-1371).
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ABSTRACT

MANGAN ESE (II) SULFATE MONOHY DRATE

CAS No. 10034-96-5
Chemical Formula: MNnSO H O Molecular Weight: 168.95

Synonyms Manganese sulfate; manganous sulfate; sulfuric acid, mangfanese salt (1:1), monohydrate

Manganese is the 12th most abundant element in the earth’'s 50,000 ppm manganese (ll) sulfate monohydrate. One
crust. The base metal does not occur naturally, but is a female mouse in the 25,000 ppm group died on day 1 of
component of more than 100 minerals, including sulfidesinknown causes; all other mice survived to the end of the
oxides, carbonates, silicates, phosphates, and borates. In  study. Differences in body weights between exposed and
addition to occurring in foods and drinking water, manga-  control mice could not be attributed to chemical administra-
nese occurs in the atmosphere from dust, volcanic activity,  tion.

forest fires, and industrial emissions. Manganese (Il) sulfate

monohydrate was chosen for stuaychuse of its stability,

solubility, and availability. Toxicology and carcinogenesig-:?"\NEEK STUDY IN RATS

studies were conducted by administering manganese (q?p)'oups of 10 male and 10 female rats received diets con-
sulfate monohydrate (97% pure) in feed to groups of maf@ining 0, 1,600, 3,130, 6,250, 12,500, or 25,000 ppm

and female F344/N rats and B6G3F mice for 14 day§)anganese () sulfate monohydrate. Mean daily ingestion

13 weeks, and 2 years. Genetic toxicology studies wepémanganese (ll) sulfate monohydrate ranged frafto

conducted inSalmonella typhimuriumgerm cells of 1,700 mg/kg body weight in males ahtl5 to 2,000 mg/kg

Drosophila melanogasternd cultured Chinese hamsterin females. All rats survived to the end of the study. Mean
ovary cells. body weight gains were marginally lower than that of con-

trols in males exposed to 3,130 ppm or more; mean body

weight gains were significantly lower than that of the
14-Day STUDY IN RATS ) . controls in females exposed to 6,250, 12,500, or
Groups_ of five male and five female rats received d|e§5,000 ppm. At the end of the study, absolute and relative
containing 0, 3,130, 6,250, 12,500, 25,000, or 50,000 ppifer weights of all exposed male rats and of 25,000 ppm
manganese (Il) sulfate monohydrate. All rats survived 10 themaje rats were significantly lower than those of controls.
end of the study. Male rats exposed to 50,000 ppm hagge total leukocyte count in males was similar between
mean body weight gain 57% lower and a final mean bogyoseqd and control rats; however, neutrophil counts of all
weight 13% lower than those of the controls. The megqy,,sed groups were greater than those of the controls,
body weight gain of 50,00Q ppm females was 20% lowe{pareas lymphocyte counts of the2&), 12,500, and
and the final mean.body weight was 7% lower than those@é,ooo ppm groups were significantly lower than those of
the controls. During the second week 08I, ppm males  {he controls. Total leukocyte counts 260, 12,500, and
and females exhibited diarrhea. 25,000 ppm females were significantly decreassmhise

of a decrease in lymphocytes. Male rats also demonstrated

14-Day StuDY IN MICE marginal but significant increases in percent hematocrit and
Groups of five male and five female mice received diegrythrocyte count in the 850, 12,500, and 25,000 ppm
containing 0, 3,130, 6,250, 12,500, 25,000, or groups. No clinical or histopathologic findings in rats were

chemical related.
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13-WEEK STUDY IN MICE body weight of 15,000 ppm males was 10% lower than that

Groups of 10 male and 10 female mice received die?éthe control group. The mean body weights of 1,500 and

containing 0, 3,130, 6,250, 12,500, 25,000, or 50,000 pp%OQO ppm male rats and all exposed female groups were
manganese (Il) sulfate monohydrate. Mean daily ingesti(");Hnllar to Fhose of the controls throughout t.he. study. Feed
of manganese (1l) sulfate monohydrate ranged B8hto consumption by all exposure groups was similar to that by
7,400 mg/kg body weight in males 2880 to 6,900 mg/kg the control groups. No clinical findings were attributed to
body weight in females. No deaths were chemical relategf@nganese (1) sulfate monohydrate ingestion.

The mean body weight gains of exposed male mice andﬂbmatobgy’ Clinical Chemistry,

50,000 ppm female mice were significantly lower than those . .
of controls. The absolute and relative liver weights o?‘nd Tissue Metal Concentration Analyses

50,000 ppm males were significantly lower than those oo d|fferences. n hematology anq clinical ‘chemistry
controls. The percent hematocrit and hemog|0biHarameters attributable to the ingestion of manganese (ll)
concentration of males and females exposed to 50,000 pﬁHlnfate monohydrate occurred between_expgsed and cpntrol
were lower than those of the controls, and the medli®UPS: At both the 9- and 15-month interim eyalu_qﬂons,
erythrocyte volumes were significantly lower than those &Issuet gqnctintrlgtlons fo; g)%ngagelss O‘gg re S|gn|f||cantI(3j/
the controls. The total leukocyte counts of males in th evated In the fivers of o, an ' ppm male an

25,000 and 50,000 ppm groups were significantly low pmale rats, with an accompanying depression of hepatic

than that of the controls. No clinical findings were attrib!on-
uted to manganese (ll) sulfate monohydrate ingestion. o
Epithelial hyperplasia and hyperkeratosis of the forestomaéfathology Findings

occurred in three 50,000 ppm males. The ingestion of diets containing 15,000 ppm manganese
(I1) sulfate monohydrate was associated with a marginal
2-YEAR STUDY IN RATS increase in the average severity of nephropathy in male rats

0 ppm, 2.9; 1,500 ppm, 3.0; 5,000 ppm, 3.0; 15,000 ppm,
2). The increased severity of nephropathy in the 15,000
m male rats was accompanied by significantly increased

Groups of 70 male and 70 female rats were fed die
containing 0, 1,500, 5,000, or 15,000 ppm manganese (

sulfate monohydrate. Based on average daily feed consu cidences of mineralization of the blood vessels (4/52,

tion, these doses resulted in the daily ingestion of 60, 200,
615 mglkg body weight (males) or 70, 230, or 715 mg/k§6/51’ 6/51, 17/52) and glandular stomach (8/52, 13/51,

: 151, 23/52), parathyroid gland hyperplasia (14/51, 14/46,
(fter;alez).lsaght tt?‘ 10 rats from each group were evaluat(i /49, 23/50), and fibrous osteodystrophy of the femur
at>an months. (12/52, 14/51, 12/51, 24/52). These lesions are manifes-
Survival, Body Weights, Feed Consumption, fations of renal failure, uremia, and secondary
. . hyperparathyroidism. The increased incidence of advanced
and.C“nlcal Findings . renal disease caused reduced survival of the high-dose male
Survival of 15,000 ppm male rats in the 2-year study was,
L S.
significantly lower than that of the control group. The

deaths of males in the control and exposure groups were . . oo .
: . . increase in the incidence of neoplasms in male or female
attributed to a variety of spontaneous neoplastic and

. o7 ra*ts was attributed to the ingestion of diets containing
nonneoplastic lesions; however, the greater number g

deaths in the 15,000 ppm group resulted from increasey 9aese (If) sulfate monohydrate.

incidences of advanced renal disease related to ingestion of

manganese (Il) sulfate monohydrate. The decreasédYEAR STUDY IN MICE

survival of the 15,000 ppm males did not occur untiGroups of 70 male and 70 female mice received diets

approximately week 93 of the study; before week 9%ontaining 0, 1,500, 5,000, or 15,000 ppm manganese (l1)

survival was similar in all groups. Survival of exposedulfate monohydrate. These levels resulted in an average

females was similar to that of the controls. The mean bodgily ingestion of 160, 540, or 1,800 mg/kg body weight

weight of 15,000 ppm male rats was within 5% of thémales) or 200700, or 2,250 mg/kg (females). Nine or 10

control group until week 89; by wedlk4, the mean mice from each group were evaluated at the 9-month and
15-month interim evaluations.
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Survival, Body Weights, Feed Consumption, The incidences of focal hyperplasia of the forestomach

and Clinical Findings epithelium were significantly greater in the 15,000 ppm
Survival rates of exposed male and female mice in the male and exposed female groups. The hyperplasia was
2-year study were similar to those of the control groups.  associated with ulcers and inflammation in some mice,
The mean body weights of exposed male mice were similar  particularly males.

to that of the control group. Compared to controls, female

mice had exposure-related lower mean body weights after

week 37, and the final mean body weights for the 1, 50GGENETIC T OXICOLOGY

5,000, and 1800 ppm groups were 6%, 9%, and 13%yanganese (Il) sulfate monohydrate was not mutagenic in
lower than that of the control group. Feed consumption By3imonella typhimuriunstrains TA97, TA98, TA100,

all exposure groups was similar to that by the contrgta1535 or TAL537, with or wihout exogenous metabolic
groups. No clinical findings were attributed to theyctivation (S9), and did not induce sex-linked recessive
administration of manganese (Il) sulfate monohydrate. |gthal mutations in germ cells of malBrosophila
Hematology, Clinical Chemistry, melanogaster Tests for induction of sister chromatid

. . exchanges and chromosomal aberrations in cultured Chinese
and Tissue Metal Concentration Analyses  pamster ovary cells treated without S9 were positive; with

No chemical-related differences between exposed arR@ only the sister chromatid exchange test with manganese
control groups occured in hematology or clinical chemistny|y syifate monohydrate was positive.

parameters. At the 9- and 15-month interim evaluations,

tissue concentrations of manganese were significantly

elevated in the livers of the 5,000 and 15,000 ppm groURS:ONCLUSIONS

Hepatic iron levels were significantly lower in exposqu

females at the 9-month interim evaluation and in 5,000 and’ der.the conditions (.Jf thesg 2-ye.ar. feed studies, there was
np evidence of carcinogenic activitgf manganese (ll)

ﬁ,e?i?r(])er\r/]aalll?;tigr?d all exposed females at the 15'monsulfate monohydrate in male or femal84B/N rats
' receiving 1,500, 5,000, or 15,000 ppm. There was
.. equivocal evidence of carcinogenic activifymanganese
Pa,th0|ogy F'nd'_ngs ) ) ) () sulfate monohydrate in male and female B6C3F mice,
Incidences of thyroid follicular dilatation and hyperplasig,;sed on the marginally increased incidences of thyroid

were significantly greater in 15,000 ppm male and femalgang follicular cell adenoma and the significantly increased
mice than in controls. Follicular cell adenomas occurred iRcidences of follicular cell hyperplasia.

one 15,000 ppm male at the 15-month interim evaluation

and in three 15,000 ppm males at the end of the study but

not in the lower exposure groups or the control groufrhe ingestion of diets containing manganese (ll) sulfate

Follicular cell adenomas also occurred in two control, on@onohydrate was associated with an increased severity of

1,500, and five 1900 ppm female mice at the end of thenephropathy in male rats, focal squamous hyperplasia of the

study. It is uncertain if the slightly increased incidence dgbrestomach in male and female mice, and ulcers and

follicular cell adenoma is related to the ingestion ahflammation of the forestomach in male mice. These

manganese () sulfate monohydrate. studies were not designed to assess any neurotoxicity that
might have been expected with chronic exposure to
sufficiently high doses of manganese.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 9. A summary of the Technical Reports Review Swgacoommitents and
the public discussion on this Technical Report appears on page 11.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies
of Manganese (Il) Sulfate Monohydrate

Male F344/N Rats

Female F344/N Rats

Male B6C3F Mice

Female B6G3F Mice

Doses

0, 1,500, 5,000, or
15,000 ppm in feed
(equivalent to 60, 200, or
615 mg/kgbody weight per
day)

Body weights
15,000 ppm group lower
than controls

2-Year survival rates
25/52,17/51, 21/51, 7/52

Nonneoplastic effects
Kidney: nephropathy
severity (2.9, 3.0, 3.0, 3.2)

Uncertain effects
None

Level of evidence of

carcinogenic activity
No evidence

Genetic toxicology

0, 1,500, 5,000, or

15,000 ppm in feed

(equivalent to 70, 230, or
715 mg/kgbody weight per
day)

¥posed groups similar to
controls

37/50, 37/50, 42/50, 36/48

None

None

No evidence

0, 1,500, 5,000, or
15,000 ppm in feed
(equivalent to 160, 540, or
B00 mg/kdbody weight
per day)

Exposed groups similar to
controls

45/50, 44/50, 46/51, 46/50

Thyroid gland: follicular

cell focal hyperplasia (5/50,
2/49, 8/51, 27/50)
Forestomach: focal squa-
mous hyperplasia (2/50,
1/49, 5/51, 14/50);
ulcer: (0/50, 0/49, 0/51,
6/50); inflammation: (0/50,
0/49, 0/51, 5/50)

Thyroid gland: follicular
cell adenoma (0/50, 0/49,
0/51, 3/50)

Equivocal evidence

0, 1,500, 5,000, or
15,000 ppm in feed
(equivalent to 200, 700, or
2250 mg/kgbody weight
per day)

Exposed groups lower than
controls

42/50, 46/50, 38/50, 42/51

Thyroid gland: follicular
cell focal hyperplasia (3/50,
15/50, 27/49, 43/51)
Forestomach: focal squa-
mous hyperplasia (1/51,
3/50, 3/49, 9/50)

Thyroid gland: follicular
cell adenoma (2/50, 1/50,
0/49, 5/51)

Equivocal evidence

Salmonella typhimuriurgene mutation:
Sister chromatid exchanges
Cultured Chinese hamster ovary céllyitro:

Chromosomal aberrations
Cultured Chinese hamster ovary cellgitro:

Sex-linked recessive lethal mutations
Drosophila melanogaster

Negative in strains TA97, TA98, TA100, TA1535, and TA1537 with
and without S9

Positive with and without S9

Paositive without S9; negative with S9

Negative when administered in feed or by injection
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EXPLANATION OF LEV ELS OF EVIDENCE OF CARCIN OGENIC ACT IVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the Isérengtbrafd for
conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence ofareoptasih dimimals, do
not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limitebsst ¢fasitide results
demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate thad thedokamaical has the
potential for hazard to humans. Other organizations, such as the International Agency for Research on Cancer, ashigh evidesrag for
conclusions based on an examination of all available evidence, including animal studies such as those conducted by deenildgjieptudies,
and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogericyiataiaiatrequires a
wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strevigibnottiobgerved in each
experiment: two categories for positive resuttsedr evidenceandsome evidenck one category for uncertain findingsgiiivocal evidencg one
category for no observable effeat® (evidencg; and one category for experiments that cannot be evaluated because of majordtieugiate

study). These categories of interpretative conclusions were first adopted ih@B®and then revised in March 1986 for use in the Technical Report
series to incorporate more specifically the concept of actual weight of evidence of carcinogenic activity. For eachxpepanate gmale rats,

female rats, male mice, female mice), one of the following five categories is selected to describe the findings. Thieserefgetwthe strength of

the experimental evidence and not to potency or mechanism.

« Clear evidenceof carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) markeaf remease
neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

« Some evidencef carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related increased incidence
of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for ckear eviden

< Equivocal evidenceof carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase of neoplasms
that may be chemical related.

< No evidenceof carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related increases in
malignant or benign neoplasms.

« Inadequate studyof carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative limitations,
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors thamavthdchetdal boundary
of an individual category of evidence. Such consideration should allow for incorporation of scientific experience anohderstanding of long-
term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline betj@eenttl@geds. These
considerations should include:

« adequacy of the experimental design and conduct;

» occurrence of common versus uncommon neoplasia;

« progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

« some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At presssibli i®impo
identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to absuaige that
neoplasms of those types have the potential to become malignant;

« combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or tissue

« latency in tumor induction;

« multiplicity in site-specific neoplasia;

* metastases;

« supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experimentdqsame le
another sex or species);

« presence or absence of dose relationships;

« statistical significance of the observed tumor increase;

« concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

« survival-adjusted analyses and false positive or false negative concerns;

¢ structure-activity correlations; and

* in some cases, genetic toxicology.
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NATIONAL TOXICOLOGY PROG RAM BOARD OF SCIENTIFIC COUN SELORS
TECHNICAL REPORTS REVIEW SUBCOMMITTEE

The members of the Technical Reports Review Subdtteemvho evaluated the draft NTP Technical Report on manganese (l1) suifadbydrate
on June 23, 1992, are listed below. Subcdtemmmembers serve as independent scientists, not as representatives tfwigninsompany, or
governmental agency. In this capacity, subcommitiebers have five major resporildiiles in reviewing NTP studies:

Gary P. Carlson, Ph.DBchair
Department of Pharmacology and Toxicology
Purdue University
West Lafayette, IN

Paul T. Bailey, Ph.D.
Environmental and Health Sciences Laboratory

Mobil Oil Corporation
Princeton, NJ

Louis S. Beliczky, M.S., M.P.H.*
Department of Industrial Hygiene

United Rubber Workers International Union
Akron, OH

Kowetha A. Davidson, Ph.D.
Health and Safety Research Division
Oak Ridge National Laboratory
Oak Ridge, TN

Harold Davis, D.V.M., Ph.D.
School of Aerospace Medicine
Brooks Air Force Base, TX

Jay I. Goodman, Ph.D.
Department of Pharmacology and Toxicology
Michigan State University
East Lansing, M|

David W. Hayden, D.V.M., Ph.D.
Department of Veterinary Pathobiology
College of Veterinary Medicine
University of Minnesota
St. Paul, MN

* Did not attend

to ascertain that all relevant literature data have been adequately cited and interpreted,

to determine if the design and conditions of the NTP studies were appropriate,

to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
to judge the significance of the experimental results by scientific criteria, and

to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.

Curtis D. Klaassen, Ph.D.*
Department of Pharmacology and Toxicology
University of Kansas Medical Center
Kansas City, KS

Daniel S. Longnecker, M.D.*
Department of Pathology
Dartmouth Medical School
Lebanon, NH

Barbara McKnight, Ph.D.*
Department of Biostatistics
University of Washington
Seattle, WA

Ellen K. Silbergeld, Ph.D.
University of Maryland Medical School
Baltimore, MD

Matthew J. van Zwieten, D.V.M., Ph.D.
Principal Reviewer
Department of Safety Assessment
Merck, Sharp & Dohme Research Laboratories
West Point, PA

Lauren Zeise, Ph.Deyincipal Reviewer

Reproductive and Cancer Hazard Assessment Section

California Environmental Protection Agency
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On June 23, 1992, the draft Technical Report on the incorporated specific measures of neurobehavioral assess-

toxicology and carcinogenesis studies of manganese (I) ment into the experimental design.

sulfate monohydrateeceived public review by the National

Toxicology Program Board of Scientific Counselors Dr. Hayden commented that the only indication of a

Technical Reports Review Subcommittee. The review carcinogenic effect in male rats was in pancreatic islet cells

meeting was held at the National Institute of Environmental  in which the incidences of hyperplasia and adenoma were

Health Sciences, Research Triangle Park, NC. slightly higher in exposed groups. Since manganese
preferentially accumulates in tissues rich in mitochondria

. . . with islet cells among the richest, Dr. Hayden said there
Mr. J.D. Cirvello, NIEHS, introduced the toxicology and ight be a correlation

carcinogenesis studies of manganese (ll) sulfa{g

monohydrate by discussing the occurrence, uses aBg J. Haartz, NIOSH, asked if the actual oxidation state of

rationale for study of manganese, describing th anganese in the animal diet is known, because manganese

e>f<fpe:|mentc<;;1l design, ;_eportlnghon ;ur;/lvalll ?r:jd bOd{ WEIORR rather easily oxidized and oxidation state plays a role in
€liects, and commenting on chemical-related neopiasms, i, carcinogenicity of certain metals. Dr. T.J. Goehl,

mice and nonneoplastic lesions in rats and mice. T . L
_p ) . . EHS, confirmed the oxidation state.
proposed conclusions wer® evidence of carcinogenic

activity of manganese (”,) sulfate.monohydrate in malg %r. van zwieten moved that the Technical Report on
fema!e ',:344/ N rats arsjuivocal ewden_ce of CarCInOgenICmanganese (1) sulfate monohydrate be accepted with the
activityin male and female BSC3F mice. revisions discussed and with the conclusions as written for
male and female ratap evidence of carcinogenic actiyity
Dr. van Zwieten, a principal reviewer, agreed with th@nd for male and female miceguivocal evidence of
proposed conclusions. He suggested that photomicrogragiscinogenic activity Dr. Zeise seconded the motion. Dr.
illustrating some of the thyroid lesions observed in mic&eise then offered an amendment to add a statement that
would be a useful addition to the report. female rats and male mice might have tolerated higher dose
levels. Dr. Bailey seconded the motion, which was defeated
five no votes with one abstention (Dr. Silbergeld) to two
s votes (Drs. Bailey and Zeise). Dr. Silbergeld said she
Lo .
F‘}stamed because the study was wholly inadequate to assess
ﬁicity, so it was impossible to determine an overall dose
response. Dr. Silbergeld offered an amendment that the
following sentence be added to the end of the second para-
Dr. R.A. Griesemer, NIEHS, contrasted the lack ofraph of the conclusions: "The study was inadequate to
neurologic effects of manganese in rodents withetect or assess any neurotoxicity that would have been
characteristic neurotoxicity in humans. He noted that thexpected to be associated with chronic manganese
effects found in humans are related to the neuromelaniexposure.” Dr. Davis seconded the motion, which was
containing parts of the brain, and rats and mice do not hasecepted by six yes to two no votes (Drs. Davidson and
neuromelanin. Dr. Silbergeld stated that since mangangseodman). The original motion by Dr. Van Zwieten as
is a known neurotoxin, the National Toxicology Progranamended by Dr. Silbergeld was accepted unanimously with
should have eight votes.

Dr. Zeise, the second principal reviewer, agreed in princip,
with the proposed conclusions, adding that it appeared t
the maximum tolerated dose was not reached for female r
and male mice.
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INTRODUCTION

MANGAN ESE (II) SULFATE MONOHY DRATE

CAS No. 10034-96-5
Chemical Formula: MNnSO H O Molecular Weight: 168.95

Synonyms Manganese sulfate; manganous sulfate; sulfuric acid, man§fanese salt (1:1), monohydrate

CHEMICAL AND PHYSICAL PROPERTIES Because of its ubiquitous nature, manganese is commonly
Manganese (I) sulfate monohydrate is a white, slightfpund in bod and drinking water. Humans ingest
efflorescent crystalline compound that dehydrategpat  manganese from three main sources: diet, drinking water,
to 450° C and is stable up 860° C. Manganesg!) and inhaled particles cleared from the respiratory tract

sulfate monohydrate is soluble in water and insoluble f/SEPA, 1984a). Natural occurrences including conti-
alcohol Kirk-Othmer, 1981:Merck Index 1989). nental dust, volcanic gas and dust, and forest fires are the

principal sources of manganese in the atmosphere
(USEPA, 1984b). Anthropogenic manganese emissions
to the air are mainly from the production of ferroalloys,
USE AND HUMAN EXPOSURE iron, and steel. Fossil fuel combustion is also an impor-
Manganese is the 12th most abundant element in gt source because of the volume of coal burned each
earth's crust and is present in soil, rocks, sediments, 3rer. Atmospheric manganese may occur as coarse dusts
water. The base metal does not occur naturally but ig@ntaining low concentrations of manganese as oxides,
component of more than 100 minerals, including sulfidedydroxides, or carbonates  mg Mn/g). Manganese
oxides, carbonates, silicates, phosphates, and boratgsm smelting or combustion processes is often present in
Pyrolusite (manganese dioxide), rhodochrosite (mangfine particles with high concentrations of manganese as
nese carbonate), and rhodonite (mangaritsats) are oxides (as high as 250 mg/g). Organic manganese is
the most commonly occurring manganese-bearing mingfsually not present in detectable concentrations. Atmo-
als Merck Index1989). spheric reactions of manganese oxides with sulfur dioxide
or nitrogen dioxide are thought to produce the divalent
The primary use of elemental manganese is in metallifate or nitrate salts. The combustion of leaded gaso-
lurgical processing and approximately 90% is used line, which contains methylcyclopentadienyl manganese
steel manufacturing. Domestic consumption of mangéricarbonyl as an additive, also contributes a small
nese sulfate in 1988 was estimated at 14,000 to 14,58®ount of manganese to the atmosphere (Detvid.
tons. Of that amount, approximately 60% was used &988). In public water supplies a median concentration
micronutrient fetilizer, primarily for citrus fruit; an of 4 /L has been reported (USEPA, 1984a).
estimated 30% was used as a trace mineral in animal
feeds, especially for poultryChemical Marketing Food is the major source of manganese for the general
Reporter 1988). Manganese is considered an essentjdpulation; however, since manganese concentrations in
element and the sulfate salt is used as a nutrient anddstuffs vary widely and dietary habits differ, determin-
dietary supplement for humans and other animalig an average daily intake is difficult; an estimate of
Manganese (l1) sulfate monohydrate is also used for r&B mg a day for 15- to 18-year-old males has been made
glazes on porcelain, in dyes, in fertilizers for vine crop@JSEPA, 1984a). The dietary needs of humans are
and tobacco, and in boiling oils for varnishes. Thassumed to be in the range of 3 to 7 mg a day (
chemical is produced by dissolving manganese carbon#tek-Othmer, 1981). In areas wibut manganese-
ore or manganese Il oxide in sulfuric acid; prior to 1986mitting ndustries, daily exposure to manganese from air
it was also obtained as a byproduct in the manufacturihgs been estimated to be lower thargflay; whereas in
process of hydroquinon&iftk-Othmer, 1981). areas with an emission source, the maximum daily
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exposure can be up to 2p@/day (Saric, 1986). The manganese is ingested or inhaldabugh absorption

highest ambient air concentrations of manganese were of cationic manganese by the skin is poor, organic
seen in the 1960's in areas of ferromanganese manufac- mangameEsecsnare absorbed rapidly (Venugopal

turing, with levels exceeding 10g/m?; more recent and Luckey978).

measurements indicated that decreases of at least an order

of magnitude had occurred (USEPA, 1984a). Occupa- Turnover of manganese in mammalian tissues is rapid,
tional exposures to manganese are highest in mines, but  depending on the exogenous supply. Absorbed
no appreciable amount is mined in the United States. manganese is retiiggd by mitochondria in the

Values in the range of 5 to 8 mg/m , and occasionally up  liver, pancreas, and kidneys. About 40% of the total
to 20 mg/m, were found in dry cell battery and body content of manganese is retained in the bone
ferromanganese plants (Saric, 1986). The Occupational marrow, and the rest is in a freely exchangeable, labile
Safety and Health Administration has established a pool. The uniform manganese concentration in mammals
Permissible Exposure Limit (PEL) of 5 mg/m for and the lack of accumulation with age are due to an
manganese compounds in the workplace; for manganese  efficient homeostasis that regulates manganese excretion
fumes and certain specific compounds, the PEL varies. more than absorption. Manganese excretion is almost
From a survey conducted froh®81 to 1983, NIOSH exclusively fecal andrélves the liver, pancreas, and
estimated that 300 workers in the U.S. were potentially  intestinal wall. If manganese is administered as soluble
exposed to pure manganese and 630,000 workers to other and stable manganese chelates, approximately 6% is
forms of manganese; this survey also estimated that 893  excreted in the urine. Under normal conditions, other
workers at 60 plants were potentially exposed to metal ions do not affect manganese metabolism

manganese (Il) sulfate monohydrate (NIOSB90). (Vewugopal and Luckey,978).

Humans
ABSORPTION, DISTRIBUTION , Manganese deficiency has not been clearly demonstrated
M ETABOLISM , AND EXCRETION in humans. In humans, the liver, pancreas, kidneys, and

Experimental Animals intestines are specific tissues for manganese retention

Manganese is a cofactor essential for the activity of mal(%/anc’ 1986).

cellular enzymes such as pyruvate carboxylase, arginase,

and phosphatase. Absorption from the gastrointestinal

tract is poor under normal cdtidns because of the low 1 OXICITY

solubility of cationic manganese. At the alkaline pH oExperimental Animals

the small intestine, Mh is converted into Mn , and\mong the essential trace elements, manganese is
absorption of Mf  depends on the intestinal manganesensidered the least toxic. Venugopal and Luckéy g)
concentration and the level and form of the manganeseate that mice, rats, and rabbits can tolerate
and organic chelates in the body. Iron deficiencgpproximately 1,000 ppm Mh in the diet or drinking
increases manganese absorption, whereas absorptiowaser; however, the length of time is not specified.
reduced by excess dietary calcium or phosphorusiterference with iron metabolism, specifically
Absorbed manganese is transported to the liveiemoglobin formation, is one of the first toxic effects
conjugated with bile, and excreted into the intestin@oticed Kirk-Othmer, 1981). The average LD
where part of the manganese is reabsorbed into tbleserved in different animal experiments indicates that
enterohepatic circulation. The lower valence oxides ¢ie oral dose values range from 400 to 830 mg of
manganese are poorly absorbed. Manganese absorptiinganese per kilogram of body weight for soluble
from sites of parenteral administration is slow buftnanganese compounds, much higher than the 38 to
continuous util complete absorption occurs. Soluble64 mg of manganese per kilogram of body weight for
manganese chelates are absorbed rapidly. Inhajearenteral injection (USEPA, 1984a).

manganese salts are deposited in the lungs, where slow

but ﬁongmcl;ous absorption takes plasce, thefrart]e dependmganimal studies, marked degenerative changes in the
on the body manganese reserves. Some of the Mangallgtiniterous tubules were found in rats and rabbits
absorbed from the lung is transferred to the gastrg-

. . X . osed to high levels of manganese (Chaetiral,
intestinal tract and reabsorbed. The gastrointestinal 3973 $ukia and Chandr 4977). Chronic exposure to
is the effective route of entry and excretion whether "’ ’
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manganese oxide in the diet at 1,050 ppm caused the basal ganglia at exposure levels that do not otherwise
retarded sexual development in male mice (Gray and produce an effect (Getsakli984) and a reduction
Laskey, 1980). Subcutaneous injection of 150 mg mafogenous dopamine in the caudate nucleus (Neff
manganese per kilogram of body weight produceet al, 1969) further substantiate a parkinsonian-like
significant increases in percent hematocrit and mean cell  syndrome. The epidemiologic data regarding manganism
volume in rats, while serum calcium and iron were have come from exposures to manganese at a variety of
markedly depressed (Baxtet al, 1965). Similar industrial operations such as ore crushing and packing,
findings occurred when rabbits were exposed to ferroalloy production, the use of manganese in steel
manganese dioxide in inhalation chambers (Doi, 1959).odugtion, the manufacture of dry cell batteries, welding
Conversely, depressed hemoglobin formation waad rod manufacture, and manganese mining. Thus, the
in animals exposed to manganese in the diet (Hartman particle size, concentration, and chemical form of
et al, 1955; Matronet al, 1959). Marked degenerative manganese to which workers developing manganism
changes in the adrenal cortex, with an increase in have been exposed varies widely, making the
cholesterol content, were found in rabbits administered establishment of a dose-response relationship difficult.
manganese chloride intravenously in doses of 2.5 mg/kg A review of the epidemiology studies leads to the
body weight (Chandra and Imam, 1975). |In rats, conclusion that no substantial evidence of chronic
exposure to 0.7 to 2.0 mg manganese sulfate in feed may manganese poisoning exists at exposures less than
result in depressed thyroid activity, reduced thyroid 5 rhg/m.
weight, and thinning of follicular epithelium (Khakimova
et al, 1969). Cases dimosed as manganism have been found in
workers in mines with airborne manganese concentrations
of 40 to 250 mg/rh or higher, but occasionally also in
mines with lower concentrations. In a ferromanganese
fant, manganism has occurred at exposure levels of 2.1
12.9 mg/h and cases of slight neurological
in aerosols or fine dusts. The syndrome begins 4 %normali.ties have occurred at manganese exposure
12 hours after sufficien.t exposure, with symptom Bncentrations ofO.?f.t(.) 20 mg/m . A number of workers
mimicking influenza, and usually Iasts: 24 hours witho gxposed at other faC|I|t|¢s, such as dry cell battery plants,
X ' . Yad symptoms of the disease at exposure levels of 1.9 to
producing permanent  damage (Piscatdtd76). 28.4 mg/m (Saric, 1986). The existing data on the

FOHOW'.ng |r1|halat|qn qf deStS fOf mang;ane_si OX'.dfgffects of manganese on human blood conflict. A reduced
approximately 3;m in size for a few months, industria white cell count was found in a number of workers

\I/_vor::ers fg;/gloplr;])ulr:]or_lary pfn ﬁilgor;'t's (Mgtopa_l antd affected by manganese exposure (Fletnal, 1941;
UCKEY, ). Inareview o rature pertaining to Faught, 1946). In other studies, small doses of

the effects of manganese in the lungs of animals, Sa nganese had a stimulatory effect on erythropoiesis
(1986) concluded that the available data were insufficie%esiC and Hausler, 1954; Paterni, 1954). In findings
for te_ St'lm?tmt% th§ exact lung effectls t9f mﬁ.ngangse_;l ated to chronic manganese exposure, large amounts of
particuiarly the dose-response refationsnip. esl ?r?anganese caused depression of both erythropoiesis and

paren.ter.al rout.es, systemlc_ paisoning may result_ fro anulocyte formation (Rodier, 1955; Cotzias, 1958).
chronic inhalation or chronic ingestion. Occupational

exposure to manganese for periods from 6 months he]
2 years can result in manganism, a disease of the cen

nervous system characte_rlzed by psychogenic ag ruption in the excretion of 17-ketosteroids was also
neurological disorders with symptoms resemblin und in patients with chronic manganese exposure
Parkinson's disease. Permanent damage to the gang 100 derkoet al 1971)

cells of

Humans

In humans, acute systemic intoxication rarely occurs aft
oral administration. "Metal fume fever" is an acute effe
of occupational inhalation of manganese or other met

otence has often been reported in workers affected by
ganese exposure (Venugopal and Luckayg). A
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REPRODUCTIVE AND DEVELOPMENTAL manganese were higher in the livers of pregnant rats with

ToxicITy the highest manganese intake; whereas in nonpregnant

Experimental Animals animals, the dietary manganese level had no appreciable
effect on manganese concentrations in the liver.

Little conclusive evidence wasund in theliterature However, the iron content of the livers of both pregnant
regarding the teratogenicity of manganese. Impalrmenté)rfd nonp;regnant rats fell as the manganese level of the
geotaxis performance, but not intelligence, was report%(i'jet

in mice treatedn utero with manganese (Hoshishima
et al, 1977). In another study, female mice wer
exposed to manganese dioxide dust (48.9 + 7.8 g/
continuous exposure) from days O through 18

pregnancy (Massaret al, 1980). No significant
differences in pup weight or activity were found wheth

the pup had been exposaduteroor not, but as adults, No inf i th ducti develoomental
pups exposedn utero were deficient in open-field, |\° 'Mformation on the reproductive or developmenta

exploratory, and rotarod (balance and coordinatiorﬁzxiCityOf manganese (ll) sulfateanohydrate in humans

performance. Pups not exposedutero fostered to as found in théiterature.

exposed mothers also showed decreased rotarod

performance, indicating that postpartum exposure can

also have an adverse effect on behavioral developme®RtARCINOGENICITY

Additional evidence that may have some bearing on thisxperimental Animals

result is reported in a study of the effect of manganese Branganese (1) sulfate in physiological saline was tested

learning in the adult rat (Murthgt al, 1981). The for carcinogenic activity in the strain A mousag tumor

findings in a study of the distribution 8 Mn in fetal,model (Stoneet al, 1976). In this study, male and

young, and adult rats may also relate to the above resylifhale mice, 6 to 8 weeks old, were injected

(Kauret al, 1980). Early neonates and 19-day fetuseéatraperitoneally three times a week with doses of 132,

were more susceptible to manganese than the old30, or 660 mg manganese (Il) sulfate/kg of body weight

groups; manganese was localized in the liver and brainfef a total of 22 injections. Ten male and 10 female mice

the younger groups and more manganese per gramwefre used for each dose level and for a vehicle (saline)

body weight was accumulated than in the older groupsnd a positive (urethane) control group. Mice wélteck

No fetal abnormalities occurred when 18-day embrya®) weeks after the first injection. A slight increase

were exposed to 16mol/200 g maternal weight. (P=0.068, Fisher exact test) in the number of pulmonary
adenomas per mouse was associated with administration

A teratologic evaluation of manganese (Il) sulfatef the high dose. The response at the other doses was

monohydrate wasonducted in rats, mice, hamsters, andimilar to that of the vehicle controls. Subsequent

rabbits using the following gavage dose ranges for Kludies, however, have questioned the capability of the

consecutive days: rats 0.783 to 78.3 mg/kg; mice 1.254@rain A model to detect carcinogenicity. In a study by

125 mg/kg; hamsters 1.36 186 mg/kg; rabbits 1.12 to Smith and Witschi (1984) of 1&nown human

112 mg/kg (NTIS, 1973). No clearly discernible effectarcinogens, only five were unequivocally pigs in the

on nidation or on maternal or fetal survival was foundung tumor assay.

and the number of abnormalities in either soft or skeletal

tissues of the test groups did not differ from the contr@dBA mice were injected subcutaneously or intra-

animals. peritoneally with 0.1 mL of a 1% manganese chloride
aqueous solution twice weekly for 6 months (DiPaolo,

The effect of dietary manganese on the content 0964). Mice wereiked as they became motihd or at

manganese, iron, copper, and zinc in maternal and fet&8 months of age. Sixty-seven percent (24/36) of the

tissues was studied in female Sprague-Dawley ratsice treated subcutaneously and 41% (16/39) of the mice

(Jarvinen and Ahlstrom, 1975). Diets containing 4, 24seated intraperitoneally developed lymphosarcomas

54, 154, 504, or 1,004 mg manganese per kg feed wetgmpared with 24% of the control group.

administered from the time of weaning. The animals

were mated and the offspring collected by cesarean

section at day 21 of pregnancy. Concentrations of

increased. The manganese content was highest and
the iron content was lowest in the offspring of dams
%xposed to the largest amounts of manganese. No gross

alformations or bone structure anomalies occurred in
Fhe fetuses at any dose level.

elr-lumans
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A study was conducted to evaluate the carcinogenicity of increased cancer incidence was reported &Kjuus
manganese powder and manganese dioxide in F344 rats  1986).

and Swiss mice, and manganese (Il) acetylacetonate in

F344 rats (Furst1978). Trioctanoin suspensions of

manganese dioxide and manganese powder WEBENETIC TOXICITY

administered intramuscularly to rats (monthly fOfrne resyits of genetic toxicity tests with manganese
9 months) and mice (a single injection of manganesgqmpjstered as various salts) were mixed. Detection of
powder; six monthly injections of 3 mg manganesg,,nganese mutagenicity appears dependent on the

dioxide; six monthly injections of 5 mg manganesga ticylar assay system and the protocol used. In

dioxide), and manganese powder was also administeig§d \qarq bacterial assays, manganese sulfate did not

by gavage (twice monthly for 12 months) to the rats. N 4 ,ce gene mutations iSalmonella typhimurium

difference in neoplasm incidence was noted betWe%Qewellet al, 1974; Marzin and Phi,985: Mortelmans
treated and control animals during 2 years. In contragf, 1986) or SOS DNA repair processes in

manganese  (ll)  acetylacetonate  administerqes harichia coli(Olivier and Marzin, 1987) but was
intramuscularly to rats (monthly for 9 months) produceq,eakly positive in theBacillus subtilisRec assay for

a statistically significant number of fibrosarcomas at th&rowth inhibition due to DNA damage (Newell al,

S|te§ of injection. After_ the positive results Wer8 974 Nishioka1975). Pagano and Zeiger (1992) have
obtained, another experiment was conducted Wil that in the standard assays, components of the
manganese powder administered orally (twice monthly;iyre media inhibit the mutagenic activity of metal ions
for 12 months); rats received approximately 3.75 times %'?, chelating these ions or by competition for active

much manganese as was present in the organomangaggsesnort sites. Therefore, the lack of mutagenicity in
compound and no neoplasms developed after 2 yearsq, e pacterial assays may be due to the lack of

. , . . __bioavailability of the metal ion, not to the insiivity of
Studies by other investigators indicated that singlge pacteria to the genetic effects ofn . Conducting

intramuscular injections of penicillin - suspensiong typhimurium mutation assays with a modified
containing manganese dust did not induce injection sifeqin nation protocol in which distilled, deionized water
neoplasms in Fischer rats (Sun_derrrmr_lal., 1974, was substituted for the standard sodium phosphate buffer
1976). The results of other experiments in these studigg, e the detection of manganese mutagenicity (Pagano
indicated that the addlt!on of eqwm_olar amounts ofg Zeiger, 1992). In assays with yeast, weaklitiges
manganese dust to nickel subsulfide ;(Mi S) dughgyits with manganese were reported for gene mutation
significantly depressed Ni,S induced tumorigenesi Singh,1984), and both weakly pitise (Singh, 1984)
However, subsequent studies (Sunderman and McCully, 4 negative (Baranowsket al, 1977; Parry, 1977)
1983) demonstrated that when manganese dust Wasis were reported for gene conversion. Manganese
injected in one thigh of a rat and;Nj S in the Oppositgyministered as a salt at nontoxic levels induced forward
thigh of the same animal, no inhibitory effect on, iations at the hypoxanthine guanine
tumorigenesis occurred, and the conclusion was thah,sphoribosylitransferase locus in cultured Chinese

inhibition of neoplasms by manganese dust is a l06gl ygter V79 cell cultures (Zelikodft al, 1986). No
rather than systemic effect. Additional findings were thafyrease in sex-linked recessive lethal mutations was

with the possible exception of manganese sulfide, Othgf)served in germ cells ddrosophila melanogaster

manganese compounds tested (manganese sesquioXigeninistered manganese (Il) sulfate monohydrate by

manganese dioxide, and manganese carbonyl) did 'i’é?éding or by injection (Valenciet al, 1985).
inhibit the tumorigenicity of nickel subsulfide. The same

group of investigators showed that manganese dys{nqsre of cultured Chinese hamster ovary cells and
inhibited local sarcoma induction by benzo(a)pyrene. p man fibroblast cell cultures to high concentrations

(10 mM) of manganese chloride resulted in the formation
Humans of DNA strand breaks (Hamilton-Koat al, 1986).
No information was found regarding the carcinogenicit¢ultured Chinese hamster ovary cells were shown to be
of manganese or its compounds in humans. A cohortdfirkedly more sensitive to the toxic effects of
3,961 men employed at three ferromanganese plantsfanganese, although comparative uptake of the metal
Norway was followed from 1953 to 1982, and novas similar between the two cell types. Significant
increases in sister chromatid exchanges were seen in
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mouse fibroblasts (Andersen, 1983), cultured Chinese gavage once a day for 1 to 5 days (ratst(Alewell
hamster ovary cells (Galloway al, 1987), and human  1974).

lymphocytes (Andersen, 1983) treated with manganese

sulfate without exogenous metabolic activation (SOSTUDY RATIONALE

Chromosomal aberrations were also induced in culturggle National Cancer Institute nominated manganese for
Chinese hamster ovary cells following treatment with ay,ation because of its reported carcinogenicity in mice,
manganese sulfate without S9 (Gallovetyal, 1987). 1 yagenicity in severah vitro systems, and widespread

The cytogenetic effects observed in cultured Chineggman exposure. Manganese (Il) sulfate monohydrate
hamster ovary cells were accompanied by Sevefg s chosen as the specific compound for testing due to

cytotoxicity. No induction of heritable translocations irbtability, soluliiity, availability, and use of the sulfate as

mice or domln_ar_lt Iethal mutations in rats were observeg 4 supplement for humans and animals.
following administration
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MATERIALS AND METHODS

PROCUREMENT AND titration and elemental analyses (Galbraith Laboratories,
CHARACTERIZATION OF MANGANESE Inc., Knoxille, TN) indicated no degradation of the bulk
(| |) SULFATE M ONOHYDRATE chemical during the studies.

Manganese (ll) sulfate anohydrate was obtained in one

lot (003261) from the J'.T. Baker Qhemlcal CompanpREPARATION AND ANALYSIS OF DOSE

(Glen Ellyn, IL). Identity and purity analyses were

conducted by the analytical chemistry laboratory, MidE ORMULATIONS

west Research Institute (Kansas City, MO). Reports &pse formulations were prepared by mixing manganese

analyses performed in support of manganese (ll) sulfa® sulfate nonohydrate with feed (Table 11). Homoge-

monohydrate studies are on file at the Nationditlite  neity and stability analyses of the dose formulations were

of Environmental Health Sciences. conducted by the analytical chemistry laboratory using a
spectrophotometric method. Homogeneity was con-

The chemical, a white, slightly efflorescent crystallindirmed; stability of the dose formulations was established

compound, was identified as manganese (ll) sulfafer 2 weeks in the dark at room temperature and for

monohydrate by infrared and ultraviolet/visible spectrost week exposed to air and light. A subsequent study

copy. The infrared spectrum matched a literature refegonfirmed the stability of the dose formulations for

ence (Miller and Wilkins1952), and the absence of a3 weeks under the coitidns listed above. No direct

signal in the visible spectrum indicated that no mangapeciation was performed. However, complete recovery

nate (VI) or permanganate (V1) species were preseifitom dose formulations was achieved and other likely

The purity was determined by elemental analyses, weigipecies are not soluble in dilute acid which was used for

loss on drying, chelometric titration, and spark sourgextraction. These findings strongly support the conclu-

mass spectroscopy. Elemental analyses for manganesen that the manganese remained in the divalent state.

sulfur, and hydrogen were in reasonable agreement withe dose formulations were prepared once for the 14-day

theoretical values for manganese (ll) sulfate monohgtudies and weekly for the 13-week and 2-year studies.

drate. Weight loss on drying indicated 10.6% + 0.01%ose formulations were discarded 21 days after the date

water, consistent with a theoretical value of 10.7% faf preparation.

manganese (Il) sulfate monohydrate. Spark source mass

spectrometry confirmed manganese as the major comgeriodic analyses of the dose formulations of manganese

nent. The most significant impurities were sodium (ll) sulfatnohydrate were conducted at the study

(640 ppm), potassium (120 ppm), arlicen (160 ppm). laboratory and at the analytical chemistry laboratory

Chelometric titration indicated a purity of 97.7% £ 0.4%. using spectrophotometric methods. Dose formulations

The overall data indicated that the manganese was inthe  were analyzed once during the 14-day studies, three times

divalent state and supported a purity of greater than 97%.  during the 13-week studies, and every 2 months during
the 2-year studies. All dose formulations for rats and

The divalent state of manganese is the most common  mice were within the specified 10% of the target concen-

form of this element and is stable in neutral or acid trations throughout the studies (Tables 12 through 14).

medium. Because of the physical and chemical properties  Results of periodic referee analyses performed by the

of manganese (Il) sulfateanohydrate, no bulk chemical analytical chemistry laboratory were also within 10% of

stability studies were performed. In accordance with  the target concentrations (Table 15).

analytical chemistry laboratory recommendations, the

bulk chemical was stored in the dark at room temperateq-Day STUDIES

throughout the studies. Periodic mo_nitoring of th_‘ﬁ/lale and female F344/N rats and B6G3F mice were
chemical by the study laboratory using ChEIOmetrI8btained from Charles River Breeding Laboratories
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(Portage, MI). At receipt, the rats were an average of formed on five control animals of each species and sex

31 days old, and the mice were an average of 35 days old.  using the protocols of the NTP Sentinel Animal Program

The rats were quarantined for 19 days and the mice for  (Appendix L).

20 days before exposure began. Before the beginning of

the studies, five male and five female rats and mice were  Groups of 10 male and 10 female rats were fed diets

randomly selected for parasite evaluation and gross containing @10,1,3,130, 6,250, 12,500, or

observation for evidence of disease. 25,000 ppm manganese (Il) sulfate monohydrate.
Groups of 10 male and 10 female mice were fed diets

Groups of five male and five female rats and mice wef@ntaining 0, 3,130, 6,250, 12,500, 25,000, or
fed diets containing 0, 3,130, 6,250, 12,500, 25,000, 8P:000 ppm manganeg) sulfate monohydrate. The
50,000 ppm manganegé) sulfate monohydrate. The level of manganese in the diet received by controls was
level of manganese in the diet received by controls waPProximately 92 ppm. The appropriate feed was
approximately 92 ppm. The appropriate feed waaupplied twice weekly and was availalgd libitum
supplied twice weekly and was availakdd libitum C_)Iinical findings were recorded weekly. Feed consump-
Clinical findings for rats were recorded daily days 1 to gion was recorded weekly by cage. The rats were weighed
then twice daily days 9 to 14; clinical findings for miceat the beginning of the studies and weekly thereafter;
were recorded twice daily. Feed consumption wdgice were weighed initially and twice weekly thereatfter.
recorded weekly by cage. The animals were weighed%ﬁ*”her details of study design and animal maintenance
study initiation, on day 7, and at the end of the studie@® summarized in Table 1.

Details of study design and animal maintenance are )
summarized in Table 1. At the end of the 13-week studies, blood was collected

from the vena cava of all animals for hematology analy-

ses. The hematology parameters measured are listed in

At the end of the 14-day studies, blood from the venr';l .
. able 1. A necropsy was performed on all animals. The
cava of all animals was collected for hematology anaI?
in

ses. The hematology parameters measured are liste r@in, heart, right kidne_y , liver, Iung_s, left te_sticle, a_nd
Table 1. A gross necropsy was performed on all anima hymus were weighed. Tissues for microscopic examina-
. ? ) . 0

The brain, heart, right kidney, liver, lungs, left testicle lon were fixed and prese_rved in 10% neutra_ll buﬁergd
formalin, processed and trimmed, embedded in paraffin,

and thymus were weighed. Tissue samples of the Ilvesrsctioned to a thickness of &, and stained with

from high-dose and control rats and mice were CO"eCt%(imatoxylin and eosin. A complete histopathologic

for manganese concentration analyses. Histopathologlc L .
= Xamination was performed on all control and high-dose
examinations were not conducted.

animals. Table 1 lists the tissues and organs routinely
examined.

13-WEEK STUDIES

The 13-week studies were conducted to evaluate theYEAR STUDIES
cumulative toxic effects of repeated exposure to manga- .
nese (Il) sulfate monohydrate and to determine ”%tudy Design

. : . Groups of 70 male and 70 female rats and mice were fed
appropriate exposures to be used in the 2-year StUd'eaiets containing 0, 1,500, 5,000, or 15,000 ppm manganese

(I) sulfate monohydrate fol03 weeks. The level of
Male and female F344/N rats were obtained from th@anganese in the diet received by controls was approxi-
Charles River Breeding Laboratories (Stone Ridge, N¥pately 92 ppm. As many as 10 rats and 10 mice per group
and male and female B6C3F mice were obtained frofere evaluated after 9 months and 15 months of chemical
Simonsen Labs, Inc. (Gilroy, CA). On receipt, the ratsxposure.
were an average of 31 days old and the mice were an

average of 43 days old. The rats were quarantined 8burce and Specification of Animals

19 days and the mice for 20 days before exposure begmale and female F344/N rats and B6GC3F mice were
Before initiation of the studies, five male and five femalebtained from Frederick Cancer Research Facility (Freder-
rats and mice were randomly selected for parasiigk, MD) for use in the 2-year studies. Rats were quaran-
evaluation and gross observation for evidence of diseaiaed for 12 days, and mice were quarantined for 13 days
At the end of the studies, serologic analyses were péefore the beginning of the studies. Five rats and five mice
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of each sex were selected for parasite evaluation and gross male and female mice, and the pituitary gland of female
observation of disease. Serology samples were collected for  mice.

viral screening. Rats and mice in the 2-year studies were

approximately 41 days old at the beginning of the studieShe quality assessment report and slides were submitted to

The health of the animals was monitored during the studitse NTP Pathology Working Group (PWG) chair, who
according to the protocols of the NTP Sentinel Animaleviewed the selected tissues for which a disagreement in

Program (Appendix L). diagnosis between the laboratory and quality assessment
pathologists existed. Representative histopathology slides
Animal Maintenance containing examples of lesions related to chemical adminis-

Rats and mice were housed five per cage. Feed and watation, examples of disagreements in diagnoses between the
were availabled libitum Feed consumption was measuredpboratory and quality assessment pathologist, or lesions of
for 7 days, once a month. Cages were rotated eved§neralinterest were presented by the chair to the PWG for
2 weeks; racks were rotated every 2 weeks. Further detdfyiew. Tissues examined included the kidney of male and

of animal maintenance are given in Table 1. Information dJamale rats, pancreas of male rats, forestomach, liver, and

feed composition is provided in Appendix K. thyroid gland of male and female mice, pituitary gland,
glandular stomach, and testes of male mice, and bone of
Clinical Examinations and Pathology female mice. The PWG consisted of the quality assessment

All animals were observed twice daily. Clinical findingsp""t_hOlogi,St and other pathologists experlienced in.rodent
were recorded weekly for the first 13 weeks and month@x'cologIC pathology. This group examined the tissues
thereafter. The brain, kidneys, and liver from animal ithout any knowledge of dose groups or PfeV'OU?"Y
selected for the 9- and 15-month evaluations were weighkg'dered diagnoses.  When the PWG consensus opinion
at necropsy. Tissues examined in metal concentratigiffered from that of the laboratory pathologist, the diagnosis

analyses for copper, iron, manganese, and zinc were blo$g® cfhanged. Thus,htr:e final dlggsoses represeqlt a ?or:lsen-
plasma (rats), brain, kidney, liver, and pancreas. sus of contractor pathologists and the PWG. Details of these

review procedures have been described, in part, by

All animals were necropsied. At necropsy, all organs ajdaronpot and Boorman (1982) and Boorneaial (1985).

tissues were examined for gross lesions, and all majpP" SuPsequent analyses of the pathology data, the diagnosed

tissues were fixed and preserved in 10% neutral buffer&gfions for each tissue type were evaluated separately or

formalin, processed and trimmed, embedded in paraffifompined according to the guidelines of McConagthl

sectioned to a thickness of 5 toun, and stained with (1986).

hematoxylin and eosin for microscopic examination.

Complete histopathologic examinations were performed datatistical Methods

0 and 15,000 ppm animals at the 9- and 15-month interi®urvival Analyses

evaluations and gross lesions were examined for the 1,5¢Re probability of survival was estimated by the product-

and 5,000 ppm groups. Complete histopathologic exafimit procedure of Kaplan and Meier (1958) and is

inations were performed on all animals surviving until th%resented in the form of graphs. Animals were censored

end of the studies and on those that died or were killgghm the survival analyses if they were found dead of other

moribund during the studies. Tissues examined are listedifthn natural causes, were found to be missing, or were

Table 1. missexed; animals dying from natural causes were not
censored. Statistical analyses for possible dose-related

Microscopic evaluations were completed by the studyfects on survival used Cox's (1972) huet for testing two

laboratory pathologist, and the pathology data were enterggbups for equality and Tarones9(5) life table test to

into the Toxicology Data Management System. The micrqdentify dose-related trends. All reported P values for the
scopic slides, paraffin blocks, and residual wet tissues weggrvival analyses are two sided.

sent to the NTP Archives for inventory, slide/block match,
and wet tissue audit. The slides, individual animal daie5|cylation of Incidence
records, and pathology tables were evaluated by an ind’T'

pendent quality assessment laboratory. The individu esented in Tables AL, A5, B1, B4, C1, C5, D1, and D5

ammal reqords and tables were ;ompared for accuracy, g given as the ratio of the number of animals bearing such
slide and tissue counts were venﬂed_, and the h'SIOIeChn'qfégions at a specific anatomic site to the number of animals
was evaluated. For the 2-year studies, a quality assesSmag 1 site examined microscopically. For calculation of

patht_)logist reviewed the pancreas of male and fgmale "Aatistical significance, the incidences of all nonneoplastic
the kidney of male rats, the forestomach and thyroid glandlg ions and most neoplasms (Tables A3, B3, C3, and D3)

e incidences of neoplasms or nonneoplastic lesions as



22 Manganese (Il) Sulfate Monohydrate, NTP TR 428

are also given as the ratio of the number of affected animals  logistic regression analysis in which lesion prevalence was
to the number of animals with the site examined modeled as a logistic function of chemical exposure and
microscopically. However, when macroscopic examination  time. For lesions detected at the interim evaluation, the
was required to detect neoplasms in certain tissues (e.g.,  Fisher exact test was used, a procedure based on the overall
skin, intestine, harderian gland, and mammary gland) before  proportion of affected animals.

microscopic evaluation, or when neoplasms had multiple

potential sites of occurrence (e.g., leukemia or IymphomaAna|y5is of Continuous Variables

the denominatOI’S ConSiSt Of the number Of animals on Whlq'hvo approaches were emp|0yed to assess the Signiﬁcance

a necropsy was performed. of pairwise comparisons between exposed and control
) _ groups in the analysis of continuous variables. Organ and
Analysis of Neoplasm Incidences body weight data, which have approximately normal

The majority of lesions in these studies were considered to  distributions, were analyzed using the parametric multiple
be incidental to the cause of death or not rapidly lethal. comparison procedures of DigbeXtand Wliams

Thus, the primary statistical method used was logistic  (1B22). Clinical chemistry and hematology data and
regression analysis, which assumed that the diagnosed tissue metal concentrations, which have typically skewed
lesions were discovered as the result of death from an distributions, were analyzed using the nonparametric multi-
unrelated cause and thus did not affect the risk of death. In  ple comparison methods of BJiT¢yahd Dunn

this approach, lesion prevalence was modeled as a logistic ~ (1964). Jonckheere's test (Jonckheere, 1954) was used to
function of chemical exposure and time. Both linear and  assess the significance of the dose-response trends and to
quadratic terms in time were incorporated initially, and the  determine whether a trend-sensitive test (Williams' or
quadratic term was eliminated if the fit of the model was not ~ Shirley's test) was more appropriate for pairwise
significantly enhanced. The exposed and control groups  comparisons than a test that does not assume a monotonic
were compared on the basis of the likelihood score test for  dose-response trend (Dunnett's or Dunn's test). Average
the regression coefficient of dose. This method of adjusting  severity values were analyzed for significance using the
for intercurrent mortality is the prevalence analysis of Dinse ~ Mann-Whitney U test (Hollander andl\@/zi#g,

and Lagakos (1983), further described dhutrated by

Dinse and Haseman (1986). When lesions are incidenti{istorical Control Data

this comparison of the time-specific lesion prevalences algthough the concurrent control group is always the first and
provides a comparison of the time-specific lesion incidencegost appropriate control group used for evaluation, there
(McKnight and Crowley, 1984). are certain instances in which historical control data can be
helpful in the overall assessment of lesion incidence.
In addition to logistic regression, other methods of statisticalonsequently, lesion incidences from the NTP historical
analysis were used, and the results of these tests aftrol database (Hasemeinal,, 1984, 1985) are included

summarized in the appendixes. These methods include fiéhe NTP reports for lesions appearing to show compound-
life table test (Cox, 1972; Tarone, 1975), appropriate fQg|ated effects.

rapidly lethal lesions, and the Fisher exact test and Cochran-

Armitage trEnd 'Ejest (ﬁrmitageil, 1971, .Gett]:’:lll, .197?)), _%uality Assurance Methods
procedures based on the overall proportion of lesion-beari e 13-week and 2-year studies were conducted in

animals. compliance with Food and Drug Administration Good

aboratory Practice Regulations (21 CFR, Part 58). In

Tests of significance included pairwise comparisons of eagy dition, as records from the 2-year studies were submitted
exposed group with controls and a test for an overall do 8 the NTP Archives. these studies were audited

respon.setreno!. C.on.tinuity—corrected tests were used in p%‘?rospectively by an independent quality assurance
analysis of lesion incidence, and reported P values are tractor. Separate audits covering completeness and

sided. hT he procedlIJres des(;:ribed in Ithe precledi%%curacy of the pathology data, pathology specimens, final
paragraphs ~were aiso use to eva ua_lte Selec gthology tables, and preliminary review draft of this NTP
nonneoplastic lesions. For further discussion of the

. chnical Report were conducted. Audit procedures and
statistical methods, see Hasemzg4). findings are presented in the reports and are on file at
) i . . NIEHS. The audit findings were reviewed and assessed by
Analysis of Nonneoplastic Lesion Incidences ntp staff, so all comments had been resolved or were
Because allnonneoplastic lesions in this study werestherwise addressed during the preparation of this Technical
considered to be incidental to the cause of death or negport.
rapidly lethal, the primary statistical analysis used was a
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GENETIC TOXICOLOGY There | . lation between the botential
Th . icity of N sulf h ere is a strong correlation between the potential
e genetic toxicity of manganese () sulfate mono ydrattfﬂectrophiIicity of a chemical (structural alert to DNA

was assessed by testing its ability to induce mutations L o S himuri q
various strains dbalmonella typhimuriurand in germ cells reac_tlwty), . .mqtagenlcny n . t.yp imuritim - anc
carcinogenicity in rats and mice at single or multiple tissue

of male Drosophila melanogasteand to induce sister ™ o
P g Sites (Ashby and Tennant, 1991). The othetitro tests do

chromatid exchanges and chromosomal aberrations " lat Il with . icitv in rodents (T t
cultured Chinese hamster ovary cells. The protocols fgpt correlate well with carcinogenicity in roden s (Tennan

these studies and the results are given in Appendix E. €t &l 1987; Zeigeet al, 1990), alough these other tests
can provide information on the types of DNA and

chromosome effects that can be induced by the chemical

The genetic toxicity studies of manganese (I) sulfatgnger investigation. Data from NTP studies show that a
monohydrate are part of a larger effort by the NTP to develygitive response i8. typhimuriuris currently the most

op a database that would permit the evaluation @fegictivein vitro test for rodent carcinogenicity (89% of

carcinogenicity in experimental animals from the Structurgye iy tagens were rodent carcinogens), and that there is no
ofthe chemical and its responses in short-teritro and o mplimentarity among thia vitro genetic toxicity tests.

In vivo genetic toxicity tests. These genetic toxicity test§patis no battery of tests that included $aéyphimurium
were originally developed to study mechanisms ghqt improved the predictivity of tH8. typhimuriumtest

chemically - induced ::)NA damaghe "’lmd,‘, to predichione * The predictivity of a positive response in bone
carcinogenicity in animals, based on the electfsptheory 6\ chromosome aberration or micronucleus tests is not
of chemical carcinogenesis and the somatic mutation thetg;é(t defined.

(Miller and Miller, 1977; Straus, 1981; Crawford, 1985).
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TABLE 1

Experimental Design and Materials and Methods in the Feed Studies

Manganese (Il) Sulfate Monohydrate, NTP TR 428

of Manganese (Il) Sulfate Monohydrate

14-Day Studies

13-Week Studies

2-Year Studies

Study Laboratory
Gulf South Research Institute
(New lberia, LA)

Strain and Species
Rats: F344/N
Mice: B6C3R

Animal Source
Charles River Breeding Laboratories
(Portage, Ml)

Time Held Before Studies
Rats: 19 days
Mice: 20 days

Average Age When Studies Began
Rats: 50 days
Mice: 55 days

Date of First Dose
Rats: 1 February 1982
Mice: 29 March 1982

Duration of Dosing
14 days

Date of Last Dose
Rats: 15 February 1982
Mice: 14 April 1982

Necropsy Dates
Rats: 15 February 1982
Mice: 14 April 1982

Gulf South Research Institute
(New lberia, LA)

Rats: F344/N
Mice: B6C3FF

Rats: Charles River Breeding
Laboratories (Stone Ridge, NY)
Mice: Simonsen Labs, Inc.
(Gilroy, CA)

Rats: 19 days
Mice: 20 days

Rats: 50 days
Mice: 63 days

30 August 1982

Rats: 93-94 days
Mice: 90-91 days

Rats: 1, @Bmbed 982
Mice: 29, 30 November 1982

Rats: 1-2d®@mbed 982
Mice: 29-30 November 1982

Battelle Columbus Laboratories
(Columbus, OH)

Rats: F344/N
Mice: B6C3F

Frederick Cancer Research Facility
(Frederick, MD)

Rats: 12 days
Mice: 13 days

Rats: 41 days
Mice: 41 days

Rats: 24 September 1984
Mice: 8 October 1984

103 weeks

Rats: 14 September 1986
Mice: 28 September 1986

Rats

9-Month interim: 25-26 June 1985
15-Month interim: 4 Decembé985
Terminal: 22-25 September 1986
Mice
9-Month interim: 10-11 July 1985
15-Month interim: 2-3 January 1986
Terminal: 6-10 October 1986
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TABLE 1

Experimental Design and Materials and Methods in the Feed Studies

of Manganese (ll) Sulfate Monohydratecontinued)

25

14-Day Studies

13-Week Studies

2-Year Studies

Average Age at Necropsy
Rats: 65 days
Mice: 72 days

Size of Study Groups
5 males and 5 females

Method of Distribution

Animals were grouped by weight
intervals. Animals from each interval
were randomized and proportionately
assigned to cages, then the cages were
assigned to dose groups using an
appropriate table of random numbers.

Animals per Cage
5

Method of Animal Identification
Ear punch/notch and toe clip

Diet*

NIH-07 open formula meal rat and mouse
diet (Zeigler Brothers, Inc., Gardners,
PA), availablead libitum

Maximum Storage Time for Feed
90 days

Water
Automatic watering system (Edstrom
Industries, Waterford, WI), availabéel
libitum

Cages
Polycarbonate (Lab Products, Inc.,
Garfield, NJ), changed twice weekly

Bedding
Heat-treated hardwood chips (PWI, Inc.,
Loweville, NY), changed twice weekly

Rats: 20-21 weeks
Mice: 22 weeks

10 males and 10 females

Same as 14-day studies

Ear clip/notch and toe clip

Same as 14-day studies

90 days

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

9-Month interim: 45 weeks
15-Month interim: 68 weeks (rats)
and 70 weeks (mice)
Terminal: 110 weeks

70 males and 70 females

Same as 14-day studies

Toe mark

Same as 14-day studies

120 days

Same as 14-day studies

Same as 14-day studies

BetaChips, hardwood chips (Northeastern
Products, Inc., Warrensburg, NY),
changed twice weekly or more frequently
when needed

* NIH-07 diet contains 60 g manganous oxide per 2,000 Ibs feed.
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TABLE 1

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Experimental Design and Materials and Methods in the Feed Studies
of Manganese (ll) Sulfate Monohydratecontinued)

14-Day Studies

13-Week Studies

2-Year Studies

Cage Filters

Spun-bonded polyester (Lab Products,
Inc., Garfield, NJ), changed once every 2
weeks

Racks

Stainless steel (Lab Products, Inc.,
Garfield, NJ), changed once every
2 weeks

Animal Room Environment
Temperature: 23.3°+2°C
Relative humidity: 40 - 80%
Fluorescent light: 12 hours/day
Room air: 12 changes/hour

Doses
0, 3,130, 6,250, 12,500, 25,000, or
50,000 ppm in feed, availakdel libitum

Type and Frequency of Observation
Observed and observations recorded once
daily on days 1-8, twice daily on days
9-14 (rats) or twice daily (mice). Animals
weighed initially, at the end of 1 week,

and at end of the studies. Feed
consumption recorded weekly by cage.

Method of Sacrifice
Anesthetization and exsanguination

Necropsy

Necropsy performed on all animals.
Organs weighed were brain, heart, right
kidney, liver, lungs, left testicle, and
thymus.

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Rats: 0, 1,600, 3,130, 6,250, 12,500,
or 25,000 ppm in feed, available
ad libitum
Mice: 0, 3,130, 6,250, 12,500, 25,000,
or 50,000 ppm in feed, available
ad libitum

Observed once weekly. Clinical
observations recorded once weekly.
Animals weighed initially, once weekly
(rats) or twice weekly (mice), and at end

of study. Feed consumption recorded
weekly by cage.

Same as 14-day studies

Same as 14-day studies

Spun-bonded2D24Ppntyester
(Snow Filtration Co., Cincinnati, OH),
changed once every 2 weeks

Same as 14-day studies

Temperature: 20.6°-23.9°C
Relative humidity: 35 - 65%
Fluorescent light: 12 hours/day
Room air: minimum of 10 changes/hour

0, 1,500, 5,000, or 15,000 ppm in feed,
availablead libitum

Observed twice daily. Clinical
observations and animal weights recorded
initially, weekly during first 13 weeks of
study, monthly thereafter, and at interim
evaluations. Feed consumption measured
for a 7-day period once every 4 weeks.

Carbon dioxide asphyxiation

Necropsy performed on all animals.
Organs weighed at the interim evaluations
were brain, kidneys, and liver.
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TABLE 1
Experimental Design and Materials and Methods in the Feed Studies
of Manganese (ll) Sulfate Monohydratecontinued)
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14-Day Studies 13-Week Studies

2-Year Studies

Clinical Pathology

Blood samples were collected from the
vena cava of all animals at the end of the
studies. Tissue samples of livers of
high-dose and control animals were
collected.

Hematology: hematocrit, hemoglobin,
erythrocytes, mean erythrocyte volume,
and leukocyte count and differential
Tissue metal concentration analyses:
manganese concentration

Blood was collected from the vena cava of
all animals at the end of the studies.
Hematology: hematocrit, hemoglobin,
erythrocytes, mean erythrocyte volume,
and leukocyte count and differential

Histopathology
None Complete histopathologic examinations
were performed on all control and
high-dose animals. In addition to gross
lesions, tissue masses, and associated
lymph nodes, the tissues examined
included: adrenal gland, blood, bone
marrow (sternum), brain, cecum (rats),
colon, duodenum, esophagus, gallbladder
(mice), heart, kidney, liver, lung,
mammary gland, mandibular lymph node,
nose, ovary, pancreas, parathyroid gland,
pituitary gland, preputial or clitoral gland
(rats), prostate gland, salivary gland,
spleen, stomach, testes/epididymis, thyroid
gland, trachea, thymus, urinary bladder,
and uterus.

Blood was collected at the 9- and
15-month interim evaluations for hema-

tology and clinical chemistry determi-

nations. Samples of blood plasma (rats),
kidneys, livers, and pancreas were
collected at the 9- and 15-month
evaluations for tissue metal concentration
analyses.
Hematology: Erythrocytes, hemoglobin,
hematocrit, platelets, mean erythrocyte
volume, mean erythrocyte hemoglobin,
mean erythrocyte hemoglobin
concentration, reticulocytes, nucleated
erythrocytes, and leukocyte count and
differential
Clinical chemistry: alanine
aminotransferase, aspartate aminotransfer-
ase, sorbitol dehydrogenase, blood urea
nitrogen, and creatinine
Tissue metal concentration analyses:
manganese, iron, copper, and zinc
concentrations

Complete histopathologic examinations
were performed on all 0 and 15,000 ppm
animals at the 9- and 15-month interim

evaluations and gross lesions examined
for tl®@,and 5,000 ppm groups.
Complete histopathologic examinations
were performed on all animals at the end
of the studies and on all animals that died
or were killed moribund during the
studies. In addition to gross lesions, tissue
masses, and associated lymph nodes, the
tissues examined included: adrenal gland,
bone, bone marrow, brain, cecum, colon
and rectum, esophagus, gallbladder
(mice), heart, kidney, liver, lung,
mandibular and mesenteric lymph nodes,
mammary gland, nose, ovary, pancreas,
parathyroid gland, pituitary gland,
prostate gland, salivary gland, skin, small
intestine, spleen, stomach (forestomach
and glandular), testes/epididymis, thymus,
thyroid gland, trachea, uterus, and urinary
bladder.
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RESULTS

RATS however, feed consumption by both male and female
50,000 ppm groups was similar to that by controls.
14-Day StubpY

All rats survived to the end of the study (Table 2). The

mean body weight gain of the male 50,000 ppm group Bliales exposed to 50,000 ppm and all exposed groups of
the end of the 14-day study was 57% less than that of fleenales exhibited diarrhea during the second week. In
control group, and the final mean body weight of thithe hematology evaluation, the total leukocyte and
group was 13% lower than that of the controls. Theeutrophil counts were significantly increased in
mean body weight gain of 50,000 ppm females was 20%6,000 ppm groups, particularly males (Table G1).
less than that of the controls and the final mean bo@ther slight changes in hematology parameters were not
weight was 7% lower than that of the controls. Malesonsidered related to chemical ingestion. At necropsy,
and females in each exposure group consumed apprdkie absolute and relative liver weights of 50,000 ppm
mately equal amounts of manganese (Il) sulfate mongale rats were significantly lower than those of the
hydrate per body weight (25 to 370 mg/kg). During theontrols (Table F1). Manganese concentrations in the
first week, feed consumption by 50,000 ppm males wdigers of 50,000 ppm males and females were more than
19% lower than controls, whereas that by 50,000 pptwice those of controls (males: control, 2.80/g;
females was 15% lower. During the second week, 50,000 ppm, 5.92.9/g; females: 2.40.g/g, 6.82.:.9/9).

TABLE 2
Survival, Body Weights, and Feed Consumption of Rats in the 14-Day Feed Study
of Manganese (Il) Sulfate Monohydrate

Final Weight
Concentration Mean Body Weight and Weight Chanq@s (gRelative  Feed
(ppm) Survival? Initial Final Change to Controls Consumption®
(%) Week1l  Week?2
Male
0 5/5 183 +14 241 +£12 58+2 17.2 17.2
3,130 5/5 176 + 6 235+ 5 59+3 98 16.6 17.2
6,250 5/5 182 + 15 242 £13 60+3 101 16.7 17.7
12,500 5/5 176 £ 7 235+ 6 58+3 98 16.7 17.7
25,000 5/5 186+ 7 243+ 6 571 101 17.0 18.1
50,000 5/5 185+ 5 210 £ 6* 25 £ 2% 87 13.9 16.8
Female
0 5/5 140+ 3 165+4 252 12.2 114
3,130 5/5 144 +5 1715 27+3 104 14.2 11.8
6,250 5/5 134 +4 157 +3 23+2 95 11.8 11.0
12,500 5/5 136 +5 163 +6 271 99 13.2 11.9
25,000 5/5 139+5 166 +4 271 101 13.3 12.0
50,000 5/5 1345 153+5 201 93 10.4 12.1

*  Significantly different (R0.05) from the control group by Williams' or Dunnett's test.
= P<0.01
& Number of animals surviving at 14 days/number initially in group
Weights given as mean + standard error.
¢ Feed consumption is expressed as grams per animal per day.
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13-WEEK StubDY o

Because of the decreased mean body weight gains in #hificantly lower than those of the controls (Table F2).
50,000 ppm male and female rat groups in the 14_dg§)e absolute and rela'ltlv.e' lung weights of all exposed
study, 25,000 ppm was selected as the high dose fgmales were also significantly lower than those of
males and females in the 13-week study. No rats dig_entrols. No other biologically significant organ weight
during the study, but the mean body weight gain in ma|géff_erences were observed between exposed and control
receiving 3130 ppm was marginally lower than that o@nimals. — Although the total leukocyte counts were
the controls and was significantly lower in the thre§Milar in exposed and control males, neutrophil counts
highest female dose groups than the controls (Table %§€re significantly higher in all exposed male groups,
Final mean body weights of all exposed animals wehereas lymphocyte counts were significantly lower in
within 5% of those of the controls. Feed consumption 4§€ 6,250, 12,500, and 25,000 ppm groups (Table G2).
exposed rats was similar to that by the controls (Table ). contrast, the total leukocyte counts df#), 12,500,
Mean daily ingestion of manganese (1) sulfate monoh@nd 25,000 ppm females were significantly lower,
drate ranged from 110 to 1,700 mg/kg body weight igrimarily because of lower lymphocyte counts. A mar-
males and 115 to 2,000 mg/kg in females. Femal@inal but significant increase in percent hematocrit and
ingested an average of 20% more manganese (I1) sulf§f¥throcyte counts occurred in males exposed26(,

monohydrate than males in the corresponding exposdré>00; or 28100 ppm. The relationship between these
groups. differences and the ingestion of manganese (ll) sulfate

monohydrate is not clear. No clinical or histopathologic
Absolute and relative liver weights of all exposed maldsdings were attributed to the administration of manga-
and of the female 25,000 ppm group were (ibswulfate monohydrate.

TABLE 3

Survival, Body Weights, and Feed Consumption of Rats in the 13-Week Feed Study
of Manganese (Il) Sulfate Monohydrate

Final Weight
Concentration Mean Body Weight and Weight Chanq@sR@tive Feed
(ppm) Survival? Initial Final Change to Controls Consumption®
(%) Week 1 Week 13
Male
0 10/10 136+ 5 291 +4 155+ 4 14.9 13.1
1,600 10/10 142 + 4 294 +5 152+ 4 101 145 13.5
3,130 10/10 149+ 3 291+4 141+ 4 100 14.8 13.6
6,250 10/10 148 + 2 294 +3 146 + 3 101 15.0 9.6
12,500 10/10 150+ 11 290+ 6 140 £ 11 99 14.9 14.9
25,000 10/10 140+ 4 284 +6 144 + 4 97 14.1 14.4
Female
0 10/10 99+1 184+ 2 84 +2 10.7 9.2
1,600 10/10 103+1 181+2 79+2 99 10.8 9.3
3,130 10/10 96 +1 175 + 2* 80+3 95 10.9 9.2
6,250 10/10 101+1 176 + 2* 75 £ 1* 96 10.7 14.3
12,500 10/10 106 £ 1** 178 £ 1* 73 £ 2% 97 10.7 10.5
25,000 10/10 104 £ 1** 174 £ 3** 70 £ 2% 95 12.1 10.3

*  Significantly different (R0.05) from the control group by Williams' or Dunnett's test.
= P<0.01
& Number of animals surviving at 13 weeks/number initially in group
Weights given as mean + standard error.
¢ Feed consumption is expressed as grams per animal per day.
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Dose Selection RationaleBased on decreases in body monohydrate in feed for 2 years are presented in Table 4
weight gain and the lower absolute and relative liver and in Kaplan-Meier survival curves (Figure 1). Survival
weights in the 25,000 ppm groups in the 13-week study, 00Q%pm male rats was significantly lower than that
doses of 0, 1,500, 5,000, and 15,000 ppm were selected  of the controls; survival of 1,500 and 5,000 ppm males
for the 2-year study in rats. and all exposed groups of females was similar to that of
controls. The significant reduction in survival of 15,000
ppm males was attributed to increased severity of ne-
2-YEAR STUDY phropathy and renal failure. The decreased survival did
Survival not occur until approximately week 93 of the study
Estimates of survival probabilities for male and femalé~igure 1).
rats administered manganese (Il) sulfate

TABLE 4
Survival of Rats in the 2-Year Feed Study of Manganese (Il) Sulfate Monohydrate

Control 1,500 ppm 5,000 ppm 15,000 ppm
Male
Animals initially in study 70 70 70 70
9-Month interim evaluatich 8 10 10 10
15-Month interim evaluatich 10 9 9 8
Moribund 21 24 24 38
Natural deaths 6 10 5 7
Animals surviving to study termination 25 17 B2 7
Percent probability of survival at end of stéidy 49 34 43 14
Mean survival (day 581 573 579 571
Survival analysés P=0.004 P=0.381 P=0.872 P=0.006
Female
Animals initially in study 70 70 70 70
9-Month interim evaluatich 10 10 10 10
15-Month interim evaluatich 10 10 9 10
Accidental deatffs 0 0 1 0
Moribund 6 11 6 11
Natural deaths 7 2 2 1
Missexed 0 0 0 2
Animals surviving to study termination 37 37 42 36
Percent probability of survival at end of study 74 74 85 75
Mean survival (days) 608 594 596 607
Survival analyses P=0.914N P=0.986 P=0.378N P=0.984N
@ Censored from survival analyses
b Includes one animal that died the last week of study
¢ Kaplan-Meier determinations
g Mean of all deaths (uncensored, censored, and terminal sacrifice)

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table papais®oefCox, 1972) with
the controls are in the exposed columns. A negative trend or lower mortality in an exposure group is indicated by
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Body Weights, Feed Consumption, plastic lesions, individual animal tumor diagnoses,
and Clinical Findings statistical analyses of primary neoplasms that occurred
The mean body weights of 1,500 and 5,000 ppm malgth an incidence of at least 5% in at least one animal
rats exposed to manganese (ll) sulfate monohydrate wegreup,and historical incidences for the neoplasms men-
similar to those of controls throughout the 2-year studjoned in this section are presented in Appendixes A for
(Table 5 and Figure 2). The mean body weights @fale rats and B for female rats.

15,000 ppm male rats were within 5% of that of controls

until week 89. From week 89, the mean body weightsancreas: Hyperplasia or adenoma of the pancreatic
ranged from 8% to 13% lower than that of controls; dtlets occurred in a few males in each of the exposure
the end of the 2-year study, the final mean body weight gfoups but not in the control group (hyperplasia: control,
15,000 ppm males was 10% lower than that of controlg/52; 1,500 ppm, 2/50; 5,000 ppm, 2/51; 15,000 ppm,
Mean body weights of exposed females were similar ®/51; adenoma: 0/52, 3/50, 4/51, 3/51; Tables A5
that of controls throughout the study (Table 6). Feeshd Al). In addition, a carcinoma of the pancreatic islets
consumption by exposed groups was similar to that pyas found in one 1600 ppm male. However, neither
control groups (Tables J1 and J2). Rats exposedthe trend test nor pairwise comparisons were significant
1,500, 5000, or 15,000 ppm mangane@h sulfate (Table A3), and the incidences in each of the dose groups
monohydrate eceived approximate daily doses of 60were within the range of NTP historical control groups
200, or615 mg/kg body weight (males) or 70, 230, o(adenoma, 0% to 12%; carcinoma, 0% to 6%;
715 mg/kg (females). No clinical findings were chemicafable A4a).

related.

. . Kidney: At the 9- and 15-month interim evaluations, the
Hema_t0|ogy’ Clinical Chemls_try’ absolute kidney weights of exposed rats were similar to
and Tissue Metal Concentration Analyses  those of the controls (Tables F3 and F4). Chronic
Values for hematology and clinical chemistry parametefgephropathy occurred in all male rats examined at both
were generally similar among exposed and control groupfierim evaluations and most of the control and exposed
at the 9- and 15-month interim evaluations (Tables GRales at the end of the study (Tables 7 and A5). The
and G4). Slight differences in some parameters betwegferage severity of nephropathy was slightly greater in
exposed and control groups were not considered relagg@ high-dose group, but the difference was not
to the ingestion of manganese (Il) sulfate monohydratéatistically significant. Because of the subjective nature
At both the 9- and 15-month interim evaluations, thef the severity grading, an additional evaluation of the
manganese levels in the liver of 5,000 and 15,000 pp@diney of high-dose and control male rats was performed
males and females were significantly greater than thoseifthout knowledge of the previous diaoses. The result
controls. The hepatic iron concentrations for thessr the additional evaluation confirmed the presence of a
exposure groups were lower than for controls (Tables Haarginally increased severity of nephropathy in the
and H2). The concentrations of manganese in the brajfigh-dose group, and the difference was significant
kidney, and pancreas of exposed and control rats w¢re=0.04) by a two-sided MannWhitney U test. The
variable; 15,000 ppm males had a significantly highefeverity of nephropathy varied from minimal to marked.
concentration of manganese in the brain and kidney at tgnhimal nephropathy was characterized by a few sparsely
9-month interim evaluation and in the brain, kidney, angcattered cortical foci of regenerating tubules with
pancreas at the 15-month interim evaluation. Coppricreased epithelial cytoplasmic basophilia and slightly
levels in the kidney of 15,000 ppm males at 9 monthfiickened  glomerular ~ basement  membranes.
and in 15,000 ppm females at 9 and 15 months wexgsphropathy of mild severity had similar morphologic

significantly greater than those of the controls. features, but these features occurred with greater
frequency. Also present were occasional dilated tubules
Pathology and Statistical Evaluation filled with homogenous hyaline material and lined by

This section describes the statistically significant or flattened epithelial cells. Nephropathy of moderate to
biologically noteworthy changes in the incidences of marked severity had similar but more severe and
neoplasms and nonneoplastic lesions in the pancreas, extensive tubule

kidney, and adrenal gland. No chemical-related lesions

were observed at the 9- or 15-month interim evaluations.

Summaries of the incidences of neoplastic and nonneo-
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TABLE 5

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Mean Body Weights and Survival of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate

Weeks 0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of  No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of  No. of
Study (9) Survivors (9) controls) Survivors (9) controls) Survivors (9) controls) Survivors
1 126 70 124 98 70 126 100 70 123 98 70
2 167 70 166 100 70 167 101 70 164 98 70
3 201 70 197 98 70 202 101 70 193 96 70
4 227 70 220 97 70 228 100 70 220 97 70
5 247 70 244 98 70 251 101 70 244 99 70
6 272 70 268 98 70 274 101 70 268 98 70
7 283 70 280 99 70 287 102 70 280 99 70
8 297 70 295 99 70 303 102 70 293 99 70
9 314 70 307 98 70 313 100 70 306 98 70
10 327 70 318 97 70 328 100 70 321 98 70
11 334 70 327 98 70 334 100 70 324 97 70
12 343 70 335 98 70 343 100 70 335 98 70
13 353 70 347 98 70 351 99 70 341 97 70
18 386 69 375 97 70 383 99 70 376 97 70
21 399 69 394 99 69 394 99 70 386 97 70
25 415 69 408 98 69 411 99 70 399 96 70
28 431 69 423 98 69 425 98 70 416 96 70
32 447 69 440 98 69 441 99 70 429 96 70
36 462 69 455 99 69 453 98 70 442 96 70
407 460 60 453 98 60 452 98 60 441 96 58
44 472 60 450 95 60 451 96 60 441 93 58
48 480 60 474 99 58 476 99 60 466 97 58
53 484 60 479 99 57 479 99 60 471 97 57
57 496 60 487 98 57 487 98 59 482 97 57
61 497 60 485 98 57 490 99 58 481 97 57
652 505 50 488 97 48 493 98 49 488 97 49
69 509 49 487 96 46 491 97 49 486 95 49
73 510 48 493 97 46 497 97 47 493 97 47
77 509 47 490 96 45 496 98 43 490 96 46
81 498 46 479 96 45 484 97 42 477 96 45
85 492 43 479 97 44 484 99 41 478 97 44
89 486 38 469 97 40 469 97 39 449 92 43
93 472 35 451 96 38 460 97 35 432 91 35
97 449 31 426 95 32 443 99 32 409 91 26
101 433 26 431 100 23 423 98 28 378 87 18
104 402 26 402 100 20 393 98 24 360 90 10
Mean for weeks
1-13 269 264 98 270 100 262 97
14-52 439 430 98 432 98 422 96
53-104 482 468 97 471 98 455 94

a

Interim evaluations occurred during weeks 39 and 65.
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TABLE 6
Mean Body Weights and Survival of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate

Weeks 0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of  No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of  No. of
Study (9) Survivors (9) controls) Survivors (9) controls) Survivors (9) controls) Survivors
1 104 70 103 100 70 104 100 70 103 99 70
2 127 70 128 101 70 128 101 70 126 99 69
3 143 70 143 100 70 143 100 70 142 99 69
4 154 70 154 100 70 153 99 70 151 98 68
5 161 70 164 102 70 160 99 70 160 99 68
6 170 70 173 102 70 170 100 70 168 99 68
7 174 70 179 103 70 176 101 70 175 101 68
8 181 70 184 102 70 181 100 69 181 100 68
9 186 70 190 102 70 186 100 69 186 100 68
10 190 70 194 102 70 190 100 69 190 100 68
11 191 70 195 102 70 192 100 69 191 100 68
12 196 70 198 101 70 196 100 68 195 100 68
13 199 70 201 101 70 199 100 68 198 100 68
18 205 70 208 101 70 206 100 68 205 100 68
21 210 70 213 101 70 211 100 68 211 100 68
25 217 70 221 102 70 218 100 68 217 100 68
28 225 70 225 100 70 222 99 68 223 99 68
32 232 70 236 102 70 231 100 68 231 100 68
36 237 70 244 103 70 240 101 68 237 100 68
407 241 60 245 102 60 240 101 58 243 101 58
44 249 60 257 103 60 251 101 58 251 101 58
48 258 60 260 101 60 261 101 58 266 103 58
53 272 60 277 102 60 270 99 58 277 102 58
57 277 60 287 104 60 279 101 58 287 104 58
61 286 60 294 103 59 287 101 58 295 103 58
652 296 50 305 103 48 298 101 49 303 103 48
69 305 50 313 103 48 306 101 49 312 102 48
73 311 50 320 103 47 316 101 49 318 102 47
77 321 50 327 102 47 328 102 48 329 103 46
81 327 49 332 102 43 333 102 48 335 103 46
85 335 48 339 101 42 340 102 47 342 102 46
89 336 47 346 103 41 346 103 45 346 103 46
93 340 43 342 101 41 345 102 45 345 102 45
97 334 43 335 100 39 341 102 43 337 101 44
101 336 38 330 98 39 337 100 42 333 99 38
104 327 38 326 100 37 336 103 42 336 103 36

Mean for weeks

1-13 167 170 102 168 101 167 100
14-52 230 234 102 231 100 232 101
53-104 315 320 102 319 101 321 102

2 Interim evaluations occurred during weeks 39 and 65.
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lesions. In addition, variable interstitial fibrosis and 24/52), and parathyroid gland hyperplasia (14/51, 14/46,

mineralization with mononuclear leukocyteilinhtion, 12/49, 23/50) (Table A5).

variable tubule loss and atrophy, and degenerative

glomerular changes occurred. In the most severe caskdrenal Gland: In females, medullary hyperplasia

cystic tubules lined by cuboidal or attenuated epithelial occurred with a significant negative trend and a

cells were present. significantly decreased incidence in the 15,000 ppm
group (control 12/50, 1,500 ppm 11/50080 ppm 6/51,

The incidences of several lesions commonly associated and 15,000 ppm 1/48; Table B4). Benign pheochro-

with advanced nephropathy and renal failure were mocytomas of the adrenal medulla in males occurred with

significantly increased in 15,000 ppm male rats. These a significant negative trend, but the decreases were not

lesions included mineralization of blood vessels (4/52,  significant by pairwise comparison (14/52, 17/51, 14/51,

10/51, 6/51, 17/52), mineralization of the glandular and 6/52; Table A3); the incidence of medullary

stomach (8/52, 13/51, 9/51, 23/52), fibrous hyperplasiain exposed males was similar to that of the

osteodystrophy of the femur (12/52, 14/51, 12/51, controls (Table A5).

TABLE 7
Incidence and Severity of Nephropathy of Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydrate

Dose (ppm) 0 1,500 5,000 15,000

Males

9-Month Interim Evaluation

Kidney? 8 10 10 10
Nephropath9 8 (1.3 10 (1.1) 10 (1.1) 10 (1.3)

15-Month Interim Evaluation

Kidney 10 9 9 8
Nephropathy 10 (1.6) 9(1.9) 9(1.9) 8(2.0)

2-Year Study

Kidney 52 50 51 52
Nephropathy (initial evaluation) 50 (2.9) 49 (3.0) 51 (3.0) 50 (3.2)
Nephropathy (additional evaluation) 52 (2.8) - - 51 (3.1)*

Females

2-Year Study

Kidney 50 50 51 48
Nephropathy 48 (1.8) 50 (1.5) 49 (1.7) 48 (1.9)

*  Significantly different (R0.05) from the control group by two-sided Mann-Whitney U test

& Number of animals with organ examined microscopically

2 Number of animals with lesion

Average severity grade of lesions in all animals (O=normal; 1=minimal; 2=mild; 3=moderate; 4=marked)
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MICE

14-Day StubDY exposure (Table F5). Absolute or relative organ weight

One female mouse in the 25,000 ppm group died of differences in some of the exposure groups were probably
unknown causes on day 1; all other mice survived to the related to body weight differences between exposed and
end of the study (Table 8). No significant evidence of control groups. No chemical-related differences in
toxicity was observed except possible body weight effects  hematology parameters were observed (Table Gb5).
in both sexes. However, no conclusions can be made Manganese concentrations in the livers of 50,000 ppm
regarding the body weight data because of poor mice were 8 to 15 times higher than those found in
randomization of animals at studytiation. No organ  controls (males: control, 0.2689; 50,000 ppm, 8.020

weight differences were attributed to manganese (Il) pg/g; femalé88,0g/g; 10.300.9/9).

sulfate monohydrate

TABLE 8

Survival, Body Weights, and Feed Consumption of Mice in the 14-Day Feed Study
of Manganese (Il) Sulfate Monohydrate

Final Weight
Concentration Mean Body Weight and Weight Chanq@sR@tive Feed
(ppm) Survival? Initial Final Change to Controls Consumption®
(%) Week1l  Week?2
Male
0 5/5 21.4+0.6 256+1.2 42+0.8 4.2 4.2
3,130 5/5 23.8+0.4* 26.8+0.7 3.0+£05 105 2.8 3.2
6,250 5/5 24.4 +0.5* 26.0+1.0 1.6 +0.5* 102 3.0 3.5
12,500 5/5 246 £0.7% 240+0.7 -0.6 +0.5* 94 3.7 4.3
25,000 5/5 24.8 £ 0.4* 244 +0.2 -0.4 £0.2* 95 5.1 4.6
50,000 5/5 19.2 +0.4* 21.8+0.7* 2.6 £0.5% 85 3.2 4.9
Female
0 5/5 156 +0.6 21.0+1.0 54+0.8 3.3 4.2
3,130 5/5 18.4 £+ 0.2 18.0 £ 0.3* -0.4 £0.2* 86 3.8 4.8
6,250 5/5 17.8 £ 0.2 17.2 £0.4* -0.6 £ 0.4* 82 4.1 4.3
12,500 5/5 18.6 + 0.7 16.8 + 0.6** -1.8 +0.4* 80 4.1 5.2
25,000 4/8 18.2 + 0.4 17.0 £ 0.4* -1.3+0.3* 81 4.8
6.0
50,000 5/5 18.6 + 0.4 15.2 + 0.5* -3.4 +0.2* 72 35 3.9

* Significantly different (R0.05) from the control group by Williams' or Dunnett's test.
= P<0.01
& Number of animals surviving at 14 days/number initially in group
Weights given as mean + standard error.
¢ Feed consumption is expressed as grams per animal per day.
Day of death: 1
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13-WEEK STUDY concentrations, and mean erythrocyte volumes of

The doses selected for the 13-week study were the sanfeC00 Ppm male and female mice were significantly
as those used in the 14-day study. One control maf¥ver than those of the controls (Table G6). These
mouse and one female mouse receiviig@,ppm died findings suggest microcytic anemia and may be related to
of unknown causes during this study (Table 9). Meaf Seduestration or deficiency of iron.  Although the total
body weight gains of all exposed males were significant/fUkOcyte counts in the two highest male exposure groups
lower than that of the control group, and the final meaf{€"® significantly lower than that in the control group,
body weight of the 50,000 ppm group was 13% lowdhis may not. be related tq manganese (1) sulfate monohy-
than that of the controls. The mean body weight gain 8t ingestion. Afew mice in the male and female expo-
50,000 ppm females was significantly lower than that GHr€ groups exhibited fight wounds. Three080,ppm
the controls. Feed consumption by exposed male amgles had mild epithelial hyperplasia and hyperkeratosis
female mice was similar to that by the controls (Table 9§’ the forestomach.

Mean daily ingestion of manganese (Il) sulfate

monohydrate ranged from 330 to 7,400 mg/kg bodpose Selection RationaleThe doses selected for the

weight in males and 390 to 6,900 ppm in females. The 2-year study in mice were 0, 1,500, 5,000, and

absolute and relative liver weights of 50,000 ppm male 0QBppm. These doses were based on the significantly

mice were significantly lower than those of the controls  lower mean body weight gains of all exposed males and
(Table F6); absolute and relative liver weights of females 50,000 ppm females and the significantly lower absolute
were similar to those of the controls. The percent and relative liver weights of 50,000 ppm males in the 13-

hematocrit, hemoglobin week study.

TABLE 9
Survival, Body Weights, and Feed Consumption of Mice in the 13-Week Feed Study
of Manganese (Il) Sulfate Monohydrate

Final Weight
Concentration Mean Body Weight and Weight Chanq@sR@tive Feed
(ppm) Survival? Initial Final Change to Controls Consumption®
(%) Week 1 Week 13
Male
0 9/1(5j 25.0+£0.5 31.4+0.6 6.6+0.5 3.4 3.0
3,130 10/10 25.7+0.3 30.5+05 4.8 £0.4* 97 3.0 3.0
6,250 10/10 26.3 £0.2* 31.0+0.3 4.7 £0.4* 99 3.4 3.3
12,500 10/10 26.0+0.3 309+04 4.9 +£0.4* 98 3.4 3.8
25,000 10/10 25.9+0.2 30.6+05 4.7 £0.5* 97 2.6 3.3
50,000 10/10 25.1+04 27.4 £0.3* 2.3+0.4* 87 3.0 4.7
Female
0 10/10 20.0+0.2 24.2+£0.3 4.2+0.3 2.4 2.3
3,130 9/16 20.0+0.3 24.2+0.5 4.1+0.3 100 3.3 2.4
6,250 10/10 20.5+0.2 24.3+0.3 3.8+0.3 100 2.8 2.2
12,500 10/10 21.0+0.3 245+0.3 35+£03 101 2.7 3.0
25,000 10/10 20.3+0.3 24.2+04 39+04 100 3.1 3.4
50,000 10/10 20.1+0.2 22.8 £0.3* 2.7 £0.2* 94 2.8 3.0

*  Significantly different (R0.05) from the control group by Williams' or Dunnett's test.
= P<0.01

& Number of animals surviving at 13 weeks/number initially in group

Weights given as mean + standard error.

Feed consumption is expressed as grams per animal per day.

Week of death: 11

Week of death: 6

o Qoo
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2-YEAR STUDY Figure 4). After week 37, mean body weights of all
Survival exposed groups of females were lower than that of the
controls (Table 12); the final mean body weights for the

Estimates of survival probabilities for male and femal 500. 5.000. and 15.000 bom arouns were 6% 9%. and
mice administered manganese (Il) sulfate monohydrateirg% ’IO\’Ner ' than th’at oIfjptheg corrlJtroI group ’ Fée d

feed for 2 years are presented in Table 10 and Bnsumption by exposed male and female mice was
Kaplan-Meier survival curves (Figure 3). Survival of" P y €xp

exposed males and females was similar to that of tﬁ{em”ar to that of the control groups (Tables J3
P and J4). Mice exposed to 1,500, 5,000, or 15,000 ppm
control groups.

manganese (Il) sulfate monohydrate received approximate
. . daily doses of 160, 540, or 1,800 mg/kg body weight
Body Weights, Feed Consumption, (males) or 200, 700, or 2,250 mg/kg body weight
and Clinical Findings (females). No clinical findings were attributed to the
The mean body weights of exposed males were similarddministration of manganese (ll) sulfate monohydrate.
those of the control group (Table 11 and

TaABLE 10
Survival of Mice in the 2-Year Feed Study of Manganese (ll) Sulfate Monohydrate

Control 1,500 ppm 5,000 ppm 15,000 ppm
Male
Animals initially in study 70 70 70 70
9-Month interim evaluatich 10 10 10 9
15-Month interim evaluati¢h 10 10 9 10
Accidental deatffs 0 0 0 1
Moribund 2 3 2 1
Natural deaths 2 3 3 3
Animals surviving to study termination 86 B4 46 46
Percent probability of survival at end of stéidy 92 88 91 93
Mean survival (day: 620 619 615 615
Survival analysés P=0.920N P=0.708 P=0.992 P=0.748
Female
Animals initially in study 70 70 70 70
9-Month interim evaluatich 10 10 10 10
15-Month interim evaluatidh 9 10 9 9
Accidental deatffs 1 0 0 0
Moribund 6 4 6 4
Natural deaths 2 0 6 5
Missing® 0 0 1 0
Animals surviving to study termination 42 46 38 42
Percent probability of survival at end of study 85 92 77 83
Mean survival (days) 605 623 594 614
Survival analyses P=0.563 P=0.318N P=0.456 P=0.961
& Censored from survival analyses
b Includes one animal that died during the last week of the study.
¢ Kaplan-Meier determinations
g Mean of all deaths (uncensored, censored, and terminal sacrifice)

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table papais®nsifCox, 1972) with
the controls are in the exposed columns. A negative trend or lower mortality in an exposure group is indicated by
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Kaplan-Meier Survival Curves for Male and Female B6C3F, Mice Administered
Manganese (II) Sulfate Monohydrate in Feed for 2 Years



42 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE 11
Mean Body Weights and Survival of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate

Weeks 0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of  No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of  No. of
Study (9) Survivors (9) controls) Survivors (9) controls) Survivors (9) controls) Survivors
1 21.1 70 21.1 100 70 21.1 100 70 20.6 98 70
2 229 70 22.7 99 70 22.8 100 70 22.1 97 70
3 23.8 70 23.9 100 70 23.6 99 70 23.1 97 70
4 24.7 70 25.1 102 70 24.8 100 70 24.2 98 70
5 25.6 70 26.1 102 70 25.7 100 70 25.0 98 70
6 26.2 70 26.9 103 70 26.4 101 70 25.8 99 70
7 27.4 70 28.1 103 70 27.6 101 70 26.9 98 70
8 27.7 70 28.4 103 70 27.6 100 70 26.9 97 70
9 28.7 70 29.2 102 70 28.8 100 70 27.8 97 70
10 29.1 70 29.4 101 70 29.1 100 70 28.1 97 70
11 29.9 70 30.3 101 70 30.1 101 70 29.0 97 70
12 30.5 70 31.3 103 70 30.9 101 70 29.5 97 70
13 31.6 70 325 103 70 31.8 101 70 30.6 97 70
17 34.1 70 35.2 103 70 34.6 102 70 32.8 96 70
21 36.9 70 37.9 103 70 37.1 101 70 35.4 96 69
25 39.0 70 40.1 103 70 39.3 101 70 37.6 96 69
29 41.4 70 42.1 102 70 41.4 100 70 39.3 95 69
33 43.3 70 43.7 101 70 43.1 100 70 411 95 69
37 43.8 70 44.5 102 70 43.9 100 69 421 96 69
418 445 60 45.2 102 60 44.8 101 59 43.2 97 60
45 45.4 60 46.5 102 60 46.0 101 59 44.4 98 60
49 46.8 60 48.2 103 60 47.4 101 59 45.8 98 60
54 46.7 60 48.0 103 60 47.3 101 59 46.0 99 60
57 46.0 60 47.6 103 60 46.5 101 59 457 99 60
61 46.6 60 48.0 103 60 47.1 101 58 46.4 100 60
652 47.0 50 48.4 103 50 47.3 100 49 46.4 99 49
69 46.9 49 48.2 103 50 47.1 100 49 457 97 49
73 46.8 49 48.1 103 50 46.5 99 49 45.3 97 49
78 46.4 49 48.3 104 50 47.1 102 49 46.0 99 49
82 47.7 49 49.3 103 50 48.2 101 49 46.6 98 49
86 47.8 49 48.9 102 49 48.2 101 48 46.8 98 49
90 48.4 49 48.9 101 48 48.7 101 48 47.4 98 49
94 47.0 49 47.6 101 47 47.0 100 48 46.2 98 46
98 46.6 49 48.1 103 46 47.0 101 48 457 98 46
101 45.9 48 46.9 102 44 44.9 98 47 44.0 96 46
104 45.2 47 46.3 102 44 44.9 99 47 441 98 46

Mean for weeks

1-13 26.9 27.3 102 26.9 100 26.1 97
14-52 41.7 42.6 102 42.0 101 40.2 96
53-104 46.8 48.0 103 47.0 100 45.9 98

2 Interim evaluations occurred during weeks 39 and 65.
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TABLE 12
Mean Body Weights and Survival of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate

Weeks 0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of  No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of  No. of
Study (9) Survivors (9) controls) Survivors (9) controls) Survivors (9) controls) Survivors
1 17.2 70 17.0 99 70 17.1 99 70 17.0 99 70
2 18.4 70 18.4 100 70 18.5 101 70 18.0 98 70
3 19.5 70 19.5 100 70 19.5 100 70 19.2 99 70
4 20.6 70 20.7 101 70 20.7 101 69 20.0 97 70
5 21.6 70 21.7 101 70 21.5 100 69 20.7 96 70
6 21.9 70 22.0 101 70 21.9 100 69 21.3 97 70
7 23.0 70 22.8 99 70 229 100 69 22.3 97 70
8 234 70 23.8 102 70 23.6 101 69 229 98 70
9 24.3 70 243 100 70 24.3 100 69 23.9 98 70
10 24.5 70 24.4 100 70 24.4 100 69 23.8 97 70
11 25.1 70 25.1 100 70 25.1 100 69 24.6 98 70
12 25.6 70 25.6 100 70 25.7 100 69 25.2 98 70
13 25.6 70 26.2 102 70 26.3 103 69 25.5 100 70
17 28.1 70 28.8 103 70 28.6 102 68 27.7 99 70
21 30.4 70 31.4 103 70 31.5 104 68 30.5 100 70
25 33.0 70 33.7 102 70 33.9 103 68 32.8 99 70
29 36.0 70 35.7 99 70 36.0 100 68 345 96 70
33 38.5 70 38.3 100 70 38.2 99 68 37.0 96 70
37 40.3 70 39.7 99 70 39.3 98 68 379 94 70
412 41.9 59 41.6 99 60 40.9 98 58 39.0 93 60
45 43.8 59 43.6 100 60 42.7 98 58 41.6 95 60
49 46.3 58 46.6 101 60 454 98 58 43.6 94 60
54 47.6 58 47.0 99 60 45.8 96 58 43.8 92 60
57 47.6 57 47.4 100 60 46.0 97 58 43.9 92 60
61 48.6 57 48.4 100 60 46.6 96 57 45.0 93 60
652 49.7 48 48.6 98 50 47.0 95 48 45.3 91 50
69 49.8 48 49.5 99 50 47.8 96 48 45.6 92 49
73 51.0 48 50.7 99 50 48.1 94 47 46.3 91 48
78 50.6 47 50.5 100 50 48.4 96 47 46.3 92 48
82 52.7 47 51.6 98 50 50.1 95 46 47.9 91 48
86 53.1 47 52.0 98 50 50.0 94 46 47.8 90 48
90 53.5 45 51.8 97 50 50.8 95 44 48.3 90 48
94 53.8 45 51.0 95 50 50.5 94 44 47.7 89 47
98 52.4 45 49.7 95 49 48.6 93 44 46.2 88 46
102 51.6 43 48.4 94 48 47.2 92 40 44.4 86 44
104 50.8 42 47.8 94 46 46.2 91 40 44.3 87 43

Mean for weeks

1-13 22.4 22.4 100 22.4 100 21.9 98
14-52 37.6 37.7 100 37.4 99 36.1 96
53-104 50.9 49.6 97 48.1 94 45.9 90

2 Interim evaluations occurred during weeks 39 and 65.
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Growth Curves for Male and Female B6C3F,; Mice Administered
Manganese (II) Sulfate Monohydrate in Feed for 2 Years
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Hematology, Clinical Chemistry, 15,000 ppm males and females were not significantly
and Tissue Metal Concentration Analyses  greater than those of the controls (Tables C3 and D3).
Percent hematocrit, hemoglobin concentrations, and

erythrocyte counts in 1800 ppm male mice at theF

15 th interi luati ter than th F{ljllicular dilatation at the 9-month evaluation was
-month interim evaluation were greater than those @, 5 o cterized by a uniform increase in the follicular
the controls. These slight increases are not consist

. - ) .diameter throughout the gland. Iklar dilatation in
with the findings in the 13-week study and the"E‘nice at the end of the study differed from that observed in

significance is u'ncertaln. No other notgple dlﬁerencqﬁice at the 9-month interim evaluation in that the dilated
were observed in the hematology or clinical ChemISt:ﬁl?

licles were limited to the periphery of the glands. The
parameters (I'a!oles G.7 and G8). At th.e 9-and 15-mo ected follicles contained pale eosinophilic colloid and
interim evaluations, tissue concentrations of mangan

L . . ®re lined by a single layer of flat to slightly cuboidal
were significantly elevated in the I!ver_s ofthe 5,000 a llicular epithelial cells. Récular cell hyperplasia and
15,000 ppm groups. Hepatic iron levels wer

anificantlv | . qf | tthe 9- and 1 denoma constitute a morphological couatim.
signiiicantly lower in exposed females at the =- an -ollicular cell hyperplasia consisted of single ofltipie

TSOBE)hO |n|ter|mtthevi515Iuatlo?hS . tan_d ml 5,2_000 Ti "Lollections of variably sized follicles with irregular
’ males at the Lo-month Interim evaiuation.  T1Ss ertrophy and increased cellularity of the follicular

concentrations of manganese in the brain (except 1,5 ejiym (Plates 1 and 2). Minimal to mild follicular
and 5,000 pptnlfggg" les Iat 15t n;onths:[)r,] kldndeyi zr(l)%p |l hyperplasia consisted of one or several follicles lined
creas (except 1, males at > monws and -, pg_ columnar epithelium with small and infrequent

females at 15 months) of exposed groups were signif(=. .. - : :
apillary infoldings. Moderate to marked hyperplasia
cantly greater those of controls (Tables H3 and H4). involved clusters of variably sized follicles with more

. ) prominent papillary formations. Hoular cell adenomas
Pathology and Statistical Evaluation were generally more discrete collections of altered

This section describes the statistically significant Opjjicles compressing the surrounding parenchyma (Plates
biologically noteworthy changes in the incidences of gnq 4).

neoplasms and nonneoplastic lesions in the thyroid gland,

forestomach, and liver. Summaries of the incidences of o o .

neoplastic and nonneoplastic lesions, individual tum&Prestomach: - A statistically significant increased
diagnoses, statistical analyses of primary neoplasms tj¥gidence of focal squamous hyperplasia of the
occurred with an incidence of at least 5% in at least offfStomach occurreq in the 15’000, ppm males and
animal group, and historical incidences for the neoplasr{%males' accompanied by ulceration/erosion and

mentioned in this section are presented in Appendixes''ﬂfl_""mm""t'On (Table 14). Hyperplas!a of thg squamous
for male mice and D for female mice. epithelium occurred focally at various sites of the

forestomach mucosa. The lesion was characterized by

Thyroid Gland: At the 9- and 15-month interim br_oad—_based areas of eif[her proliferatiye epith_elial
evaluations, thyroid follicle dilatation was present irfhickening and hyperkeratosis or by polypoid projections

15,000 ppm males and females but not in the contrdik thicke_ned epithelium protruding directly from_the
(Table 13). At the end of the 2-year study, the incidendgucosa _|nto the Iu_men of the stomach. Infl_ammatlon of
of follicular dilatation increased significantly in 15,000the Iamlna propria an_d submucos_,a subjager_]t tq the
ppm males and 5,000 and 15,000 ppm females. ceratlvg lesions consisted of a mixture of infiltrating
significantly increased incidence of focal hyperplasia gteutrophils and mononuclear leukocytes.

follicular epithelium also occurred in B0 ppm males

and in all exposed females. Follicular cell adenomasver: At the 9-month interim evaluation, absolute liver
were found in three (6%) 15,000 ppm males. This ratevwgights of 15,000 ppm males and of 5,000 and
marginally higher than the average rate of 2% and ju$b,000 ppm females were significantly lower than those
within the range of 0%-6% for historical control maleof controls (Table F7). Since these groups also had
mice (Table C4). The incidence of this neoplasm wdswer mean body weights, and relative liver weights were
10% in 15,000 ppm females, which is slightly above thsimilar to controls, the lower absolute

average of 3% and range of 0%-9% for historical control

female mice (Table D4a). The incidences of adenoma in
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TABLE 13
Incidences of Selected Lesions of the Thyroid Gland of Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydrate

Dose (ppm) 0 1,500 5,000 15,000

Males
9-Month Interim Evaluation

Thyroid Gland 10 0 0 9
Follicular Dilatatior? 0 -c - 6 (1.0)¢

15-Month Interim Evaluation

Thyroid Gland 10 2 1 10
Follicular Dilatation 0 0 0 9* (1.0)
Follicular Cell Adenoma 0 0 0 1

2-Year Study

Thyroid Gland 50 49 51 50
Follicular Dilatation 2(1.0) 2(15) 5(1.0) 23**(1.2)
Follicular Cell, Hyperplasia, Focal 5(1.0) 2(1.5) 8 (1.5) 27*(1.9)
Follicular Cell Adenom&

Overall rat 0/50 (0%) 0/49 (0%) 0/51 (0%) 3/50 (6%)

Adjusted rat8 0.0% 0.0% 0.0% 6.5%

Terminal rat8 0/46 (0%) 0/44 (0%) 0/46 (0%) 3/46 (7%)

First incidence (days - - - 729 (T)

Logistic regression test P=0.015 - - P=0.121
Females

9-Month Interim Evaluation

Thyroid Gland 10 0 1 10
Follicular Dilatation 0 - 1(1.0) 7**(1.0)

15-Month Interim Evaluation

Thyroid Gland 9 0 2 9
Follicular Dilatation 0 - 0 5*(1.0)

2-Year Study

Thyroid Gland 50 50 49 51
Follicular Dilatation 1(1.0) 5 (1.0) 11*(1.4) 24*(1.2)
Follicular Cell, Hyperplasia, Diffuse 1(1.0) 1 (1.0 0 0
Follicular Cell, Hyperplasia, Focal 3(2.3) 15* (1.5) 27*(1.5) 43* (2.1)
Follicular Cell Adenomba
Overall rates 2/50 (4%) 1/50 (2%) 0/49 (0%) 5/51 (10%)
Adjusted rates 4.8% 2.2% 0.0% 11.9%
Terminal rates 2/42 (5%) 1/46 (2%) 0/37 (0%) 5/42 (12%)
First incidence (days) 729 (T) 729 (T) - 729 (T)

Logistic regression tests P=0.037 P=0.468N P=0.267N P=0.216
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TABLE 13
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Incidences of Selected Lesions of the Thyroid Gland of Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratecontinued)

(T)Terminal Sacrifice

Observed incidence at terminal kill

* Significantly different (R0.05) from the control group by the Fisher exact test (interim evaluations) or by the logistic regression test (2-year study)
= P<0.01

& Number of animals with organ examined microscopically

b Number of animals with lesion

¢ Not applicable; tissue not examined microscopically in this group

d Average severity grade of lesions in affected animals (1=minimal; 2=mild; 3=moderate; 4=marked)

€ Historical incidence for 2-year feed studies with untreated control groups (mean + standard deviation): 19/1,105 (1.7%andeT%)-4%

' Number of neoplasm-bearing animals/number of animals microscopically examined

g Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

I

Beneath the control incidence are the P values associated with the trend test. Beneath the exposed group incidereieesetneeBponding

to pairwise comparisons between the controls and that exposed group. The logistic regression test regards these neofatsm# davwer

incidence in an exposure group is indicatedNby
Historical incidence: 27/1,099 (2.5% + 2.9%); range 0%-9%

liver weights are not considered chemical related. At the
15-month interim evaluation, absolute and relative liver

weights of exposed mice were similar to controls

(Table F8). One male in the 15,000 ppm group and two
females in the 5,000 ppm group had hepatocellular
adenomas at the 15-month interim evaluation (Tables C1
and D1). Atthe end of the 2-year study, hepatocellular
adenomas occurred with a statistically significant

negative trend in males (30/50, 29/49, 19/51, 20/50) that
was also significant by pairwise comparison in the 5,000
and 15,000 ppm groups (Table C3). Hepatocellular foci
did not occur in an exposure-related pattern (foci of any
type, males: 4/50, 16/49, 9/51, 1/50). The incidences of
adenoma or foci in exposed females were similar to those

In cytogenetic tests with cultured Chinese hamster ovary
cells, manganese (Il) sulfate monohydrate induced sister
chromatid exchanges with and without S9 activation

(Table E2). Two of the tlitiee pesponses obtained

in the absence of S9 required delayed cell culture harvest

to offset severe manganese (Il) sulfate monohydrate

induced cytotoxicity; with S9, all positive responses were
achieved with normal harvest times. Manganese (Il)

sulfate  monohydrate also induced chromosomal

aberrations in cultured Chinese hamster ovary cells in the
absence of S9 (Table E3); as with the sister chromatid
exchange test, the harvest time was extended to allow

sufficient cells to accumulate for analysis. Increases in

the percentage of cells with aberrations were not well

of the controls (Tables D3 and D5). correlated with the dose of manganese (ll) sulfate
monohydrate and occurred within a rather limited range
(176 to 300 pg/mL). In the presence of S9, no
significant increase in chromosomal aberrations was

observed.

GENETIC TOXICOLOGY

Manganese (ll) sulfate monohydratel0Q to
10,000 pg/plate) was not mutagenic Salmonella
typhimuriumstrains TA97, TA98, TA100, TA1535, or Manganese (ll) sulfate monohydrate did not induce
TA1537 in tests at two laboratories (Table E1). All tests sex-linkedssive lethal mutations in germ cells of
were performed with a preincubation protocol, with and  adult nialesophila melanogastertreated with
without Aroclor1254-nduced male Sprague-Dawley rat 12,500 ppm by feeding or 1,000 ppm administered by
or Syrian hamster liver S9. injection (Table E4).
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TABLE 14
Incidences of Selected Lesions of the Forestomach of Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydrate

Dose (ppm) 0 1,500 5,000 15,000

Males

2-Year Study

Forestomach 50 49 51 50
Erosion, Focd) 0 0 0 2 (30)
Squamous Hyperplasia, Focal 2(2.0) 1(2.0) 5(1.2) 14*(2.3)
Inflammation, Chronic Active 0 0 0 5* (2.0)
Ulcer 0 0 0 6* (2.5)
Squamous Cell Papilloma 1 1 0 0
Females

9-Month Interim Evaluation

Forestomach 10 0 0 9
Squamous Hyperplasia, Focal 0 0 0 1(2.0)

15-Month Interim Evaluation

Forestomach 9 0 1 9
Squamous Hyperplasia, Focal 0 0 1(2.0) 1(2.0)
Inflammation, Chronic Active 0 0 0 1(1.0)

2-Year Study

Forestomach 51 50 49 50
Squamous Hyperplasia, Focal 1(2.0) 3(1.7) 3(2.0) 9* (2.4)
Ulcer 2(2.0) 0 0
3 (2.7)

Inflammation, Chronic Active 0 1(2.0) 1(2.0) 3 (1.7)
Squamous Cell Papilloma 1 0 0 0

*  Significantly different (R0.05) from the control group by the logistic regression test
= P<0.01
& Number of animals with organ examined microscopically
Number of animals with lesion
Average severity grade of lesions in affected animals (1=minimal; 2=mild; 3=moderate; 4=marked)



PLATE 1
Thyroid follicular cell hyperplasiain afemale B6C3F, mouse exposed

015,000 ppm manganese sulfate in feed for 2 years. Note
the papillary infolding of the follicular epithelium that
partially obliterates the lumen of this enlarged follicle.
H&E, 50X

PLATE 2

Thyroid follicular cell adenomain amale B6C3F; mouse exposed to
15,000 ppm manganese sulfate in feed for 2 years. Note the discrete,
circumscribed mass adjacent to the dilated but otherwise normal thyroid
follicles. H&E, 25X

PLATE 3

Higher magnification of the follicular cell hyperplasia shown in Plate 1.
The hyperplastic follicular epithelium consists of asingle layer of
cuboidal to columnar cellsthat are well differentiated. The papillary
infoldings have a scant vascular stroma. H&E, 80X

PLATE 4

Higher magnification of the follicular cell adenoma shown in Plate 3.
The neoplastic follicular epithelium is cuboidal or low columnar, well
differentiated, and arranged in small follicles or narrow cords without
visible lumens. H&E, 80X
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DISCUSSION AND CONCLUSIONS

Manganese does not occur naturally in elemental form inhibit or reduce the activities of these enzymes, resulting
but is a component of more than 100 minerals and is used in ATP depletion and, consequently, secondary cell
primarily in the manufacture of steel. Manganese was injury.
nominated by the National Cancer Institute for toxicology
and carcinogenesis studies because of its reported carci- The 14-day studies in rats and mice and the 13-week
nogenicity in mice and widespread human exposure study in mice were conducted using doses as high as
through food, drinking water, inhalation, and industrial 0@, ppm in feed; 25,000 ppm was the highest dose
emissions. The sulfate compound was chosen because of used in the 13-week study of rats. Several species
its stability, solubility, availability, and use as a dietary differences were noted in the 14-day and 13-week studies.
supplement for humans and animals. In the 14-day studies, the final mean body weight of male
rats receiving 5000 ppm was 13% lower than that of
The most consistent chemical-related changes associated the controls, and both males and females receiving
with the ingestion of diets containing high levels of 50,000 ppm exhibited diarrhea. Similar effects were not
manganese (Il) sulfate monohydrate in the 14-day and observed in mice. In the 14-day studies, concentrations
13-week studies were lower body weight gains and of manganese in the livers of rats rec&Qidgpon
absolute and relative liver weights. Although lower were approximately twice those of the controls; while in
absolute liver weight usually accompanies and can be mice, manganese concentrations at this exposure level
simply related to lower body weight gain, the relative  were 8 to 14 times higher than those in controls. In the
liver weight is often unchanged or is slightly higher in  13-week study, all exposed male and 25,000 ppm female
these instances. However, in the studies of manganese rats had lower absolute and relative liver weights than the
(I1) sulfate nonohydrate, the relative and absolute liver  controls; this effect was present but was less pronounced
weights were lower, indicating a direct effect of manga- in exposed male mice. No effect on liver weights was
nese on the hepatocytes. Hepatocytes are the predomi- observed in exposed female mice.
nant cellular component of the liver, and the lower
absolute and relative liver weights probably reflect a  Effects of manganese exposure reported in the literature,
reduction in the size and/or number of hepatocytes as  which did not occur in these NTP studies, include
well as a reduction in metabolic capacity. degenerative changes in the seminiferous tubules (Shukla
and Chandra, 1977) and in the adrenal cortex (Chandra
Few studies have examined the mechanisms of and Imam, 1975). Some investigators have reported
manganese-induced injury to any tissue except the increases in percent hematocrit and mean cell volume
nervous system. Manganese preferentially accumulates  (Bdddkr1965) and depressed hemoglobin forma-
in tissues and organs rich in mitochondria. The highest tion (Haetrap 1955) following manganese expo-
concentrations have been found in the endocrine glands, sure. These studies, however, used different species of
liver, kidney, and the pancreatic islets in particular animals, different routes of administration, different
(Venugopal and Luckey,978). dosages, or different manganese cam@s than the
present NTP studies. Some minor changes were found in
The mitochondrion is the major site of oxidative phos- hematology parameters in the NTP studies, but these
phorylation and ATP production needed for normal changes were not clearly related to the ingestion of
cellular metabolic activities. Excessive mitoadrial manganese and are not consistent with the aforemen-
accumulation of manganese may have an adverse effect tioned studies. KhakialofA&069) exposed male
on the energy-generating pathways. The toxicity may rats to 0.2 to 2.3 mg manganese sulfate in feed for 1 year
also be related to the affinity for sulfhydryl groups to  and reported depressed thyroid gland activity, reduced
which manganese binds avidly, as do most heavy metals  thyroid weight, thinning of the follicular epithelium, and
(Passovet al, 1961). Sulfhydryl groups are components increased follicle diameter. In the present 2-year studies,
of many key enzymes and coenzymes in the energy- the incidences of focal hyperplasia and follicular dilata-
producing pathways. Binding with manganese might tion in the thyroid gland were significantly increased in
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exposed male and female mice, with a slight increase in
the incidence of adenoma. Thyroid gland effects, how-
ever, were not evident in rats. No mention of forestom-
ach toxicity due to manganese exposure was found in the
literature, but in the present 13-week studies of manga-
nese (Il) sulfate monohydrate, hyperkeratosis and hyper-
plasia occurred in 3 of 10 male mice given diets contain-
ing 50,000 ppm. In the 2-year studies, inflammation and
ulcers of the forestomach were present only in male mice
receiving 15000 ppm, and the incidence of each lesion
was significantly greater than that of the control. Signifi-
cantly increased incidences of forestomach hyperplasia
also occurred in male and female mice receiving
15,000 ppm in the 2-year feed studies. Although chronic
manganese toxicity in humans produces central nervous
system symptoms resembling parkinsonism (Rodier,

Manganese (Il) Sulfate Monohydrate, NTP TR 428

The findings in these 2-year feed studies do not provide
evidence of a deleterious effect of manganese (ll) sulfate
monohydrate on the metabolism of other essential trace
metals. €bahlér954) investigated the influence of
manganese on the metabolism of copper in male rats,
finding that the ingestion of large amounts of manganese
chloride (4%) in feed over a period of 120 days was
associated with an increase in the concentration of copper
in plasma and brain, a decrease in the concentration of
copper in the kidney, and no effect on copper levels in the
liver; additionally, the concentration of iron in the liver
was significantly reduced. The NTP manganese (ll)
sulfate monohydrate study data for male rats at the 9- and
15-month interim evaluations do not show similar copper
concentration patterns, but concentrations of iron in the
livers of exposed animals were lower than controls, often

1955), these effects are naiwuhd in small laboratory  significantly, in male and female rats and mice. Despite
animals (USEPA, 1984a) and did not occur in the NTP  the lower iron levels, no indications of anemia or iron
studies. deficiency occurred. Other studies (Hartetaal, 1955)

have shown that the addition of manganese to the diet of
The doses selected for the 2-year NTP studies in rats daithbs depleted of iron resulted in depressed hemoglobin
mice were 1,500, 5,000, and @60 ppm manganegl) concentrations, indicating that manganese was interfering
sulfate monohydrate in feed. In rats, this decision wagth iron absorption rather than hematopoiesis. The
based on the occurrence of diarrhea and lower bothteraction of iron and manganese metabolism was also
weight gain in 50,000 ppm males and females in trstudied by Diez-Ewaldt al. (1968) in rats. Manganese
14-day study, significantly lower absolute and relativabsorption increased with increased iron absorption in
liver weights in all male exposure groups (1,600 t@on-deficient animals; in animals not iron deficient, iron
25,000 ppm) and in the ZH0 ppm female group in the absorption decreased with decreased manganese
13-week study, and marginally lower body weight gaingbsorption. However in iron-deficient animals, the
in the male 12,500 and 25,000 ppm groups ariticrease in manganese absorption was accompanied by a
significantly lower body weight gains in 6,250, 12,500¢compensatory increase in manganese excretion, and in
and 25,000 ppm females in the 13-week study. Dosaimals not iron deficient, the decrease in manganese
selection for mice was based on significantly lower bodgbsorption accompanied a decrease in manganese
weight gains in exposed males and in 50,000 ppexcretion.
females and on significantly lower absolute and relative
liver weights in 50,000 ppm males in the 13-weelhe mean body weight of 15,000 ppm male rats was
studies. Doses of manganese many times higher than ¢hasistently lower than that of the control group
recommended dietary allowance for good itiotm in  throughout the 2-year study, and the final mean body
rodents might also produce complicating disturbances Wweight was 10% lower. Survival of 15,000 ppm male
the metabolism of other essential trace elements suchrais in the 2-year study was also significantly lower than
iron, copper, and zinc. The National Research Countilat of the control group. Despite the reduced final
had stated that the recommended dietary allowance sfrvival of 15,000 ppm males, the study was considered
manganese for rats is 50 mg/kg of diet and for mice #&lequate for assessing the carcinogenic potential of
45 mg/kg of diet. Thus, the high dose of 15,000 ppmanganese (Il) sulfate monohydrate, since a sufficient
manganese (ll) sulfate monohydrate chosen for the 2-ygarmber of rats lived long enough to be at risk for
studies in rats and mice is equivalent to 4,800 mg development of neoplasia. After 93 weeks, the survival
manganese per kg of feed or 96 times the recommendate for 15,000 ppm and control male rats was 67%. The
dietary allowance for rats and 107 times that for micgeduced survival of 15,000 ppm males resulted from the
Control animals receiving the NIH-07 diet were exposedicreased incidences of marked nephropathy and renal
to approximately 92 ppm manganese (approximatelgilure in this group. The increased severity of
2 ounces per ton).
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nephropathy in the 15,000 ppm male rats was attributed  Other than the forestomach effects, the principal lesions

to the ingestion of manganese (ll) sulfate monohydrate.  in mice associated with the ingestion of manganese (ll)
sulfate monohydrate were found in the thyroid gland.

Survival of mice in the 2-year feed study was similar to  Significantly increased incidences of follicular dilatation

that of controls. The mean body weights of 15,000 ppm  and focal hyperplasia dfithtafoepithelium were

male mice were slightly lower than, but within 5% of, found in 15,000 ppm males and exposed females. The

that of the control group throughout the study. Although occurrencdliotifar dilatation in mice is consistent

slight, this decrease may be chemical related. In female with the report of Khakinad\d 969) of depressed

mice, the decreases in mean body weights were exposure  thyroid gland activity, reduced thyroid gland weight,

related; the final mean body weights of the 1,500, 5,000, thinning of theultyr epithelium, and increased

and 15,000 ppm groups were 6%, 9%, and 13% lowellicufar diameter in rats given manganese sulfate in feed

than that of the control group. Toxicity also occurred in  for 1 year. While the mechanism of this effect is

the thyroid and forestomach of male and female mice. unknown, mang@ljesebelieved to regulate the

Incidences of thyroid follicular dilatation and focal activities of a number of cellular enzymes, including

hyperplasia in the 15,000 ppm males and females were pyruvate carboxylase, P-enolpyruvate carboxykinase,

increased significantly. In the forestomach, the incidence fructosel,6-bisphosphatase, insulin receptor protein

of focal hyperplasia was also increased significantly in  kinase, phosphorylase kinase, arginase, and superoxide

the 15,000 ppm males and females and was accompanied dismutase (S&®@eym.Thus, it is plausible that

by increased incidences of ulceration/erosion and high dietary levels of manganese resulted in depressed

inflammation. Because of these findings, the doses used thyroid gland activity and less than optimal production of

in the 2-year mouse study were considered adequate for triiodothyronine and thyroxine. Reduced thyroid activity

the determination of the potential carcinogenicity of due to the ingestion of manganese might produce a

manganese (ll) sulfate monohydrate. compensatory increase in the synthesis and release of
thyroid stimulating hormone from the pituitary gland as

In these 2-year feed studies, manganese (1) sulfate mono- is observed with goitrogenic chertlicets af

hydrate did not cause a significant increase in the 1989). Tlaged stimulation of the thyroid gland by

incidence of neoplasia in rats or mice. In rats, the only thyroid stimulating hormone is known to cause

indication of a possible carcinogenic effect occurred in  hyperplasia and neoplasia.

the pancreatic islets where the incidences of hyperplasia

and adenoma were slightly higher in exposed males than  In male mice, follicular cell adenomas occurred only in

in the control group. While an effect on the endocrine  theQbppm group and at a rate of 6%, as compared

pancreas is plausible in view of the preferential to the average rate of 2% and range of 0% to 4% for

accumulation of manganese in this organ, the occurrence historical control groups. Furthermore, the incidence of

of neither hyperplasia nor adenoma was exposure related  follicular cell adenomas of 1@@drppF) females

or statistically significant. Furthermore, the adenoma was also slightly above the range of 0% to 9% for

rates of 8% in the 5,000 ppm group and 6% in the historical controls. While the incidentlesutzfrfaell

15,000 ppm group are well within the range of 0% to  adenomas in exposed mice were not significantly greater

12% in the historical controls. Therefore, the incidence than those of the controls, the slight increase in incidence

of adenoma in the pancreatic islets in male rats is not relative to the historical control range and supported by

considered a carcinogenic effect of mangalssulfate  the increased incidence of follicular cell hyperplasia was

monohydrate. considered to provide equivocal evidence of carcinogenic
activity.
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CONCLUSIONS

Under the conditions of these 2-year feed studies, thefbe ingestion of diets containing manganese (l1) sulfate
wasno evidence of carcinogenic activityf manganese monohydrate was associated with an increased severity of
(1) sulfate nonohydrate in male or femal@#4/N rats nephropathy in male rats, focal squamous hyperplasia of
receiving 1500, 5,000, or 15,000 ppm. There waghe forestomach in male and female mice, and ulcers and
equivocal evidence of carcinogenic activitgf inflammation of the forestomach in male mice. These
manganese (ll) sulfate monohydrate in male and femagtudies were not designed to assess any neurotoxicity that
B6C3F mice, based on the marginally increasettight have been expected with chronic exposure to
incidences of thyroid gland follicular cell adenoma andufficiently high doses of manganese.

the significantly increased incidences of follicular cell

hyperplasia.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 9. A summary of Technical Reports Review Subcanmitéetscand the
public discussion on this Technical Report appears on page 11.
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APPENDIX A
SUMMARY OF LESIONS IN MALE RATS
IN THE 2-YEAR FEED STUDY
OF MANGANESE (lI) SULFATE MONOHYDRATE

TABLE A Summary of the Incidence of Neoplasms in Male Rats

TABLE A2 Individual Animal Tumor Pathology of Male Rats

TABLE A3 Statistical Analysis of Primary Neoplasms in Male Rats
TABLE Ada| Historical Incidence of Pancreatic Islets Neoplasms

TaBLE Adb| Historical Incidence of Adrenal Medulla Pheochromocytomas

TABLE A5 Summary of the Incidence of Nonneoplastic Lesions in Male Rats

in the 2-Year Feed Study of Manganese (Il) Sulfate Monohydrate ...................

in the 2-Year Feed Study of Manganese (Il) Sulfate Monohydrate ...................
in the 2-Year Feed Study of Manganese (Il) Sulfate Monohydrate ...................
in the 2-Year Feed Study of Manganese (Il) Sulfate Monohydrate ...................
in Untreated Male F344/N RatS. . ... ...t s

in Untreated Male F344/N Rats. . ... e e
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Lesions in Male Rats

TABLE Al

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydraté

61

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Disposition Summary
Animals initially in study
9-Month interim evaluatio
15-Month interim evaluatioff
Early deaths

Moribund

Natural deaths
Survivors

Died last week of study

Terminal sacrifice

Animals examined microscopically

70

10

21

25

70

70
10

24

17

70

70
10

38

70

15-Month Interim Evaluation

Endocrine System
Thyroid gland
C-cell, carcinoma

(10)

(8
1 (13%)

Genital System

Preputial gland
Adenoma

Testes
Bilateral, interstitial cell, adenoma
Interstitial cell, adenoma

10)

(10)
1 (10%)
1 (10%)

(1)
1 (100%)
(2)
1 (50%)
1 (50%)

(1)
1 (100%)

8
(8
2 (25%)

Nervous System
Brain
Granular cell tumor benign

(10)
1 (10%)

®)

Respiratory System
Lung
Alveolar/bronchiolar adenoma

(10)
1 (10%)

®)

Special Senses System
Zymbal's gland
Carcinoma

1)
1 (100%)

2-Year Study
Alimentary System
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Histiocytic sarcoma
Polyp adenomatous

(52)
(52)
(52)

1 (2%)

(50)
(51)
(51)

(50)
(50)
(51)

(51)
(52)
(52)

1 (2%)
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TABLE Al

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratgcontinued)

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

2-Year Studycontinued)

Alimentary System(continued)
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Polyp adenomatous
Liver
Hepatocellular adenoma
Hepatocellular adenoma, multiple
Histiocytic sarcoma
Mesentery
Pancreas
Acinus, adenoma
Pharynx
Papilloma squamous
Salivary glands
Stomach, forestomach
Papilloma squamous
Papilloma squamous, multiple
Stomach, glandular
Tongue
Papilloma squamous
Tooth
Gingiva, squamous cell carcinoma

(52)
(52)
(52)

(52)

1 (2%)
(6)
(52)

(1)
140%)
(52)
(52)

(52)
(1)
140%)
(51)

(51)
(50)
(51)
(51)
1 (2%)
9

(50)
2 (4%)

(47)
(51)

(51)

(50)

(52)
(51)
(51)

(52)

(6)
(51)

(51)
(52)

1 (2%)
(52)

(51)

Cardiovascular System
Heart
Alveolar/bronchiolar carcinoma, metastatic,
lung

(52)

(51)

(51)

(52)

1 (2%)

Endocrine System
Adrenal gland, cortex
Adenoma
Adrenal gland, medulla
Pheochromocytoma malignant
Pheochromocytoma complex
Pheochromocytoma benign
Bilateral, pheochromocytoma benign
Islets, pancreatic
Adenoma
Carcinoma
Mixed tumor benign
Parathyroid gland
Adenoma
Pituitary gland
Ependymoma malignant, metastatic, brain
Pars distalis, adenoma
Pars distalis, adenoma, multiple
Pars distalis, carcinoma
Pars intermedia, adenoma
Pars intermedia, carcinoma

(52)
1 (2%)
(52)
1 (2%)

9 (17%)
5 (10%)
(52)

(51)
1 (2%)
(52)

13 (25%)

(51)
(51)
1 (2%)
12 (24%)
5 (10%)
(50)
3 (6%)

1 (2%)
(46)

(49)

12 (24%)

1 (2%)

(51)

(51)
1 (2%)
1 (2%)
12 (24%)
2 (4%)
(51)
4/ (8%)

(49)

(51)
14 (27%)
1 (2%)

1 (2%)
1 (2%)

(52)
1 (2%)
(52)

4 (8%)
2 (4%)
(51)
3 (6%)
1 (2%)

(50)

(50)
1 (2%)
14 (28%)
1 (2%)
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TABLE Al

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratgcontinued)
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Studycontinued)
Endocrine System(continued)
Thyroid gland (52) (48) (51) (51)
Bilateral, C-cell, adenoma 1 (2%)
C-cell, adenoma 6 (12%) 6 (13%) 7 (14%) 4 (8%)
C-cell, adenoma, multiple 1 (2%)
Follicular cell, adenoma 1 (2%) 1 (2%) 1 (2%) 3 (6%)
Follicular cell, carcinoma 2 (4%)
General Body System
None
Genital System
Epididymis (52) (51) (51) (52)
Preputial gland (52) (51) (51) (52)
Adenoma 3 (6%) 1 (2%) 1 (2%)
Carcinoma 2 (4%) 2 (4%) 1 (2%) 2 (4%)
Bilateral, carcinoma 3 (6%)
Prostate (52) (51) (51) (52)
Seminal vesicle (52) (51) (51) (52)
Testes (52) (51) (51) (52)
Bilateral, interstitial cell, adenoma 35 (67%) 30 (59%) 33 (65%) 31 (60%)
Interstitial cell, adenoma 11 (21%) 12 (24%) 9 (18%) 10 (19%)
Hematopoietic System
Blood (46) (42) (44) (41)
Bone marrow (52) (51) (51) (52)
Femoral, fibrosarcoma 1 (2%)
Lymph node (52) (51) (51) (52)
Renal, carcinoma, metastatic, kidney 1 (2%)
Lymph node, mandibular (51) 47 (51) (50)
Fibrosarcoma, metastatic, skin 1 (2%)
Lymph node, mesenteric (51) (50) (51) (51)
Spleen (52) (51) (51) (52)
Fibrosarcoma 1 (2%)
Hemangioma 1 (2%)
Thymus (49) (47) (49) (45)
Integumentary System
Mammary gland (45) (38) (36) 39)
Fibroadenoma 1 (2%) 1 (3%) 2 (5%)
Skin (49) (51) (50) (52)
Basal cell adenoma 2 (4%)
Basal cell carcinoma 1 (2%) 1 (2%)
Basosquamous tumor benign 1 (2%)
Keratoacanthoma 1 (2%) 1 (2%)
Keratoacanthoma, multiple 1 (2%)
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TABLE Al

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratgcontinued)

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

2-Year Studycontinued)

Integumentary System(continued)

Skin (continued)
Papilloma squamous
Squamous cell carcinoma
Trichoepithelioma
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, fibrous histiocytoma
Subcutaneous tissue, lipoma
Subcutaneous tissue, neurofibroma
Subcutaneous tissue, neurofibrosarcoma

(49)

1 (2%)

1 (2%)

2 (4%)

(51)

1 (2%)

1 (2%)

1 (2%)

(50)
1 (2%)

1 (2%)

1 (2%)
1 (2%)

(52)
1 (2%)

1 (2%)

2 (4%)

Musculoskeletal System
Bone
Alveolar/bronchiolar carcinoma, metastatic,
lung
Squamous cell carcinoma, metastatic, tooth
Femur, fibrosarcoma
Skeletal muscle

(52)

1 (2%)
(52)

(51)

(51)

(51)

1 (2%)

(51)

(52)

1 (2%)

(52)

Nervous System
Brain
Astrocytoma malignant
Carcinoma, metastatic, pituitary gland
Ependymoma malignant
Spinal cord
Glioma benign

(52)
2 (4%)

(1)
1 (100%)

(50)
1 (2%)

@)

(51)

1 (2%)

(52)

1 (2%)
(1)

Respiratory System
Lung
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Fibrous histiocytoma, metastatic, skin
Histiocytic sarcoma
Neurofibrosarcoma, metastatic, uncertain
primary site
Pheochromocytoma malignant, metastatic,
adrenal gland
Nose
Papilloma squamous

(52)
2 (4%)
1 (2%)
1 (2%)

1 (2%)
(52)

(51)
3 (6%)

(50)
1 (2%)

(51)

(51)

(52)

1 (2%)
1 (2%)

(52)

Special Senses System
Ear

Fibrosarcoma

Papilloma squamous, multiple
Zymbal's gland

Adenoma

Carcinoma

(1)
1 (100%)

@

1DQ%)
1)

1 (100%)

(1)
1 (100%)

(1)
1 (100%)
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TaBLE Al
Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Studycontinued)
Urinary System
Kidney (52) (50) (51) (52)
Lipoma 1 (2%)
Renal tubule, adenoma 1 (2%) 2 (4%) 1 (2%)
Renal tubule, oncocytoma benign 1 (2%) 1 (2%)
Urinary bladder (52) (50) (51) (52)
Transitional epithelium, papilloma 1 (2%)
Systemic Lesjons
Multiple organd (52) (51) (51) (52)
Histiocytic sarcoma 1 (2%)
Leukemia mononuclear 32 (62%) 31 (61%) 30 (59%) 25 (48%)
Mesothelioma malignant 2 (4%) 2 (4%) 1 (2%)
Neoplasm Summary
Total animals with primary neoplas?ns
15-Month interim evaluation 4 3 1 3
2-Year study 50 47 49 51
Total primary neoplasms
15-Month interim evaluation 5 3 1 3
2-Year study 143 140 140 115
Total animals with benign neoplasms
15-Month interim evaluation 4 3 1 2
2-Year study 49 45 48 47
Total benign neoplasms
15-month interim evaluation 4 3 1 2
2-Year study 93 97 100 81
Total animals with malignant neoplasms
15-Month interim evaluation 1 1
2-Year study 37 38 34 30
Total malignant neoplasms
15-Month interim evaluation 1 1
2-Year study 50 43 40 34
Total animals with metastatic neoplasms
2-Year study 2 2 2 4
Total metastatic neoplasms
2-Year study 2 2 2 5
Total animals with malignant neoplasms
uncertain primary site
2-Year study 1

a8 Number of animals examined microscopically at site and number of animals with lesion

No neoplasms were observed at any site in any animal at the 9-month interim evaluation.

¢ No neoplasms were observed in the alimentary, cardiovascular, general body, hematopoietic, integumentary, musculoskelarg sgsms in any animal at
the 15-month interim evaluation.

Number of animals with any tissue examined microscopically

Primary neoplasms: all neoplasms except metastatic neoplasms

o
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study

of Manganese (Il) Sulfate Monohydrate: 0 ppm

0244555555666 6 6 6 6 6 6 6 6 6 6 6 6 7 7
Number of Days on Study 9 6 5924677 9001122457 77799902
596 567 2180330217 25033%70151F%6
0O 00O0OOOOOOOOOOOOOOOOOOOOOSOOODO
Carcass ID Number 1011001011011 010100011001100
092419013051 28051429125324372
4 4 2 325 2533133412413 354355155

Alimentary System

Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum

Histiocytic sarcoma
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Histiocytic sarcoma
Mesentery
Pancreas
Pharynx

Papilloma squamous
Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular
Tongue

Papilloma squamous
Tooth

+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + +
+ + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + +
+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + +

+ + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + +
+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + +

+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + +

+ +
+ 4+ + + + + 4+ + + + + + + + + + + + + + + + + + + + o+

+ + + + + + + + 4+ + + + + + + + + + + + +

Cardiovascular System
Blood vessel
Heart

Endocrine System

Adrenal gland + 4+ + 4+ +F o+ o+ o+ o+ o+ o+
Adrenal gland, cortex + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + o+ o+ o+ +
Adenoma X
Adrenal gland, medulla + + + + + + + + + + + + + + + + 4+ + + + + + + + + + +
Pheochromocytoma malignant X
X X X X

Pheochromocytoma benign
Bilateral, pheochromocytoma benign
Islets, pancreatic
Parathyroid gland
Adenoma
Pituitary gland
Pars distalis, adenoma
Thyroid gland
C-cell, adenoma
Follicular cell, adenoma

+ + + + + + + + + + 4+ 4+ 4+ 4+ + + + o+
+ 4+ 4+ + + 4+ 4+ 4+ + + + M+ 4+ 4+ + 4+ + + + + + + + + + o+

+ + + + + + + + + + + + + + 4+ 4+ 4+ + 4+ 4+ + + 4+
X X X X X X
+ 4+ 4+ + 4+ 4+ 4+ + + + + + + + + + + + + + + + + + + + o+

X X
X

+: Tissue examined microscopically
A: Autolysis precludes examination

X: Lesion present
Blank: Not examined

M: Missing tissue
I: Insufficient tissue
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)
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7777777777777 77777777777
Number of Days on Study 2222222 3333333333333333S33
9999999 0000001111112 222272
00 0O0OOOOOOOOOOOOOOOOOOOODOOO
Carcass ID Number 0000OO0110000O0OO0OO0O0OO0OO0OO0OO0O1I1I1I111 Total
4 46 7714112233666 738903334414 Tissues/
2 43 452434242412 4311512515 Tumors
Alimentary System
Esophagus + + + + + 4+ + + 4+ + + + + 4+ + + 4+ o+ 52
Intestine large + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 52
Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 52
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + 52
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + 52
Histiocytic sarcoma X 1
Intestine small + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 52
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 52
Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + 52
Intestine small, jejunum + + + + + + + + + + + + + + + + + + 4+ + + + + 52
Liver + + + + + 4+ + + 4+ + + + + 4+ + 52
Histiocytic sarcoma X 1
Mesentery + + + + 6
Pancreas + + + + + 4+ + + + + + + + 4+ 52
Pharynx + 1
Papilloma squamous X 1
Salivary glands + + + + + + + + + 4+ + + + + + + + + 4+ + + + + + 52
Stomach + + + + + + + 4+ + + 4+ + + + + 4+ + o+ o+ 52
Stomach, forestomach + + + + + + + + + + + + + + + + + + 52
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + 52
Tongue + 1
Papilloma squamous X 1
Tooth + + + + + + + + o+ + + + + + + + + + + + + + + o+ 51
Cardiovascular System
Blood vessel + + + + + + + + 4+ + + + 4+ + + + + + + + 52
Heart + + + + + + + + + + 4+ + + 4+ + + + o+ o+ 52
Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 52
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + 52
Adenoma 1
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + 52
Pheochromocytoma malignant 1
Pheochromocytoma benign X X X X 9
Bilateral, pheochromocytoma benign X X X X 5
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 52
Parathyroid gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 51
Adenoma X 1
Pituitary gland + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + + 52
Pars distalis, adenoma X X X X X X X 13
Thyroid gland + + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + 52
C-cell, adenoma X X X X 6
Follicular cell, adenoma 1
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

0 2 4 5 5

Number of Days on Study
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General Body System
None

Genital System
Coagulating gland
Epididymis + o+ + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + o+
Preputial gland + o+ + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+
Adenoma
Carcinoma
Prostate
Seminal vesicle
Testes
Bilateral, interstitial cell, adenoma X X
Interstitial cell, adenoma X X X X X

+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + + X
+ + +
+ + +
+ + +
+ + + X
+ + +
+ + +
+ + +
+

x T+t

><+++
+ + +
+ + +

+
+
+
X

><+++
><+++
><+.\\.+
><+++
><+++
<t + +
><><+++

X

x

Hematopoietic System
Blood + M+ + + + + + + + + + M+ ++ M+ M+ + + + + M+ M
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + + +
Femoral, fibrosarcoma
Lymph node
Lymph node, mandibular
Lymph node, mesenteric
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangioma
ThmeS + + + + + + + + + + + + + + + + + + + 4+ + + + + + M+

+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +

+
M
+

+ + +
+ + +
+ + +
+ + +
+ + +
+ + +

+

+

M
+

Integumentary System

Mammary gland M+ + ++ + M+ + + + 4+ + MM+ + + + 4+ + + + + M+ M
Fibroadenoma

Skin + + + + + + + + + + + + + + + + + + + + + + + + + + M
Basal cell carcinoma
Keratoacanthoma X
Squamous cell carcinoma X
Subcutaneous tissue, fibrosarcoma X
Subcutaneous tissue, neurofibrosarcoma X

Musculoskeletal System
Bone + + + + + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ o+
Femur, fibrosarcoma
Skeletal muscle + + + + + + + + + + + 4+ + + + + + + + + + + + + 4+ + +

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + + +
Astrocytoma malignant X
Peripheral nerve
Spinal cord
Glioma benign
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TABLE A2
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Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

7777777777777 77777777777

Number of Days on Study 2 2 2 2 3 3 3 3 3333333
999 9999000000111 111222222
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 00O0O0OO0OD110000O0O00OO0O0OO0OO0OO0O11I11111 Total
4 46 7714112233666 7 890333 4 4 Tissues
2 43 452434242412 4311512515 Tumors
General Body System
None
Genital System
Coagulating gland + 1
Epididymis + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 52
Preputial gland + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 52
Adenoma X X X 3
Carcinoma 2
Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 52
Seminal vesicle + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 52
Testes + + + + + + + + + + + + + + + + + + + + + + + + + 52
Bilateral, interstitial cell, adenoma X X X X X X X XXX XXXXXXXXXXXX 35
Interstitial cell, adenoma X X X 11
Hematopoietic System
Blood + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 46
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 52
Femoral, fibrosarcoma X 1
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 52
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymph node, mesenteric + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Spleen + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 52
Hemangioma X 1
Thymus M+ + + + M+ + + + + + + + + + + + + + + + + + + 49
Integumentary System
Mammary gland + + M+ + + + + + + + + + + + 4+ + + + + + + + + 4+ 45
Fibroadenoma X 1
Skin + + M+ + + + + + + + + + + + 4+ M+ + + + + + + + 49
Basal cell carcinoma X 1
Keratoacanthoma 1
Squamous cell carcinoma 1
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, neurofibrosarcoma X
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 52
Femur, fibrosarcoma X 1
Skeletal muscle + + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + 52
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 52
Astrocytoma malignant X 2
Peripheral nerve + 1
Spinal cord + 1
Glioma benign X 1
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

024455555056 666 66 6 6 66 6 6 6 6 6 7 7

Number of Days on Study 9 6 5924677 9001122457 77T7329 9 0 2
596567 2180330217 2503370151F¢E6
00O0OOOOOOOOODODODODOOOOOOOOOOOOO

Carcass ID Number 1011001011011 01010001100100
092419013051 2805142912%5132432
4 4 2 3252533133412 413351435H5H575

Respiratory System

Lung + + + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar carcinoma
Histiocytic sarcoma
Neurofibrosarcoma, metastatic,
uncertain primary site X
Pheochromocytoma malignant,
metastatic, adrenal gland X
Nose + + + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + + +
Special Senses System
Eye + + +
Harderian gland + + + + + + + 4+ + + + + + + + + 4+ + + + 4+ + + + + 4+ +
Zymbal's gland +
Carcinoma X
Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + + +
Renal tubule, adenoma
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + +
Transitional epithelium, papilloma
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + +
Histiocytic sarcoma
Leukemia mononuclear X X X XX XX XXX X X X X X

Mesothelioma malignant X
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)
r 777779777777 7777777777777
Number of Days on Study 2 2 2 2 2 3 3 3 3 3333332333
999 999900000011 111122222?2
000O0O0O0OOOOOOOOOOOOOOOOOOOO
Carcass ID Number 000O0O01100000OO0O0ODO0O0O0OO0O0O1111111 Total
4 46 7714112233666 78903 33 4 4 Tissues
2 43 452434242412 4311512515 Tumors
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 52
Alveolar/bronchiolar carcinoma X X 2
Histiocytic sarcoma X 1
Neurofibrosarcoma, metastatic,
uncertain primary site 1
Pheochromocytoma malignant,
metastatic, adrenal gland 1
Nose + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 52
Trachea + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + + + + + 52
Special Senses System
Eye 3
Harderian gland + + + + + + + 4+ + + + + + + + + 4+ + + + + + + + + 52
Zymbal's gland 1
Carcinoma 1
Urinary System
Kidney + + 4+ + + + + + + + + + + + + 4+ + + + + + + + + + 52
Renal tubule, adenoma X 1
Urinary bladder + + 4+ + + + + + + 4+ + + 4+ + + 4+ + + 4+ + + + + + + 52
Transitional epithelium, papilloma X 1
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 52
Histiocytic sarcoma X 1
Leukemia mononuclear X X X X X X X X X X X X X X X X X 32
Mesothelioma malignant X
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppm

133445556666 66 666666 666 6 6 6
Number of Days on Study 2345637 91113455%5%66 77728288929
4 3616 2 8033352289660 47 23404
00O0OOOOOOOOOOOOOOOOOOOOOOODO
Carcass ID Number 2221121211211 1222211222221
54887 8756 97897 42028¢6 1464238
4 214125315113 3152423345523
Alimentary System
Esophagus + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + o+ o+
Intestine large + + + + + + + + 4+ + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ o+ + 4
Intestine large, cecum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + M+ o+ o+ o+
Intestine large, colon + + + + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+
Intestine large, rectum + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ + 4
Intestine small + + 4+ + + + + + + + + 4+ + + + + + + + + 4+ + + + + 4
Intestine small, duodenum + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 4+
Intestine small, ileum + + + + + 4+ + + + o+
Intestine small, jejunum + + + + + + + 4+ + + + + 4+ + + 4+ +F 4+ + o+
Liver + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + o+
Hepatocellular adenoma, multiple X
Mesentery + +
Pancreas + 4+ + 4+ A+ + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ o+ 4+
Acinus, adenoma X
Salivary glands + + 4+ + + + + 4+ + + + M+ + + + + 4+ + + + + 4+ + + +
Stomach + + + + + + + + + + + + + + + 4+ 4+ o+ 4+ 4+ 4+ 4+ 4+ o+ 4+
Stomach, forestomach + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + o+ o+
Stomach, glandular + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + 4+ + + + +
Tooth + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Cardiovascular System
Blood vessel + + + + + 4+ + + + + + + + 4+ + o+
Heart + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4

Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + +
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + +
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + +
Pheochromocytoma complex
Pheochromocytoma benign X X X X
Bilateral, pheochromocytoma benign X X X
Islets, pancreatic + + + + A+ + + + + + + + + + + + + + + + + + + + +
Adenoma X X
Mixed tumor benign
Parathyroid gland M+ + + + + + M + +
Pituitary gland + + + M+ + + + + + + 4+ + + +
Pars distalis, adenoma X X X X X
Pars intermedia, carcinoma X
Thyroid gland M+ + + + + + + + + + M+ + + + + + + + + + + + + +
Bilateral, C-cell, adenoma X
C-cell, adenoma X X
C-cell, adenoma, multiple X
Follicular cell, adenoma X
Follicular cell, carcinoma X

X
+ M+ + + + M+ + + +
+ 4+ + 4+ + o+ + + 4+ + +

General Body System
None
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)
6 6 7 777777777777 7777777777
Number of Days on Study 9 91122222222 2333333333333
4 817 36 66 99999 000011112222
0O 0O0OO0OOOOOOOOOOOOOOOOOOSOOOO
Carcass ID Number 2112222211112 12222222222:?2 Total
2756 3577557 9050011235©626 838 Tissues/
12 3 42 223244115352 431513314 Tumors
Alimentary System
Esophagus + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Intestine large + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 51
Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 50
Intestine large, colon + + + + + + + + + + + + + + + + 51
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 51
Intestine small + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 51
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 51
Intestine small, ileum + M+ + + + + + + + + + + + + + + + + + + + + + + 50
Intestine small, jejunum + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Liver + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + o+ 51
Hepatocellular adenoma, multiple 1
Mesentery + + + + + + + 9
Pancreas + 4+ + + + + + + + + + 4+ + + + + 4+ + + + + + + o+ O+ 50
Acinus, adenoma X 2
Salivary glands + MM+ + + + + + + + + M+ + + + + + + + + + + + 47
Stomach + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + o+ 51
Stomach, forestomach + 4+ + + + + + + + o+ + + + + + 4+ + + + + + + + + 51
Stomach, glandular + + 4+ + + + + + + + + + + + + + + + 4+ + + + + + + 51
Tooth + M+ 4+ + + + + + + + + 4+ + + + + 4+ + + + + + + + 50
Cardiovascular System
Blood vessel + + + + + + + + + + + + + + + + + + + + + + 51
Heart + + 4+ + + + + + + + + 4+ + + + + 4+ + + + + + + + o+ 51
Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 51
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + 51
Pheochromocytoma complex X 1
Pheochromocytoma benign X X X X X X X X 12
Bilateral, pheochromocytoma benign X X 5
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50
Adenoma X 3
Mixed tumor benign 1
Parathyroid gland + M+ + + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 46
Pituitary gland + M+ + + + + + + + 4+ + + + + + + + + 4+ + + + + + 49
Pars distalis, adenoma X X X X X X X 12
Pars intermedia, carcinoma 1
Thyroid gland + M+ + + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 48
Bilateral, C-cell, adenoma 1
C-cell, adenoma X X X X 6
C-cell, adenoma, multiple 1
Follicular cell, adenoma 1
Follicular cell, carcinoma X 2

General Body System
None
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

34455566666 66 6 6 6 6

Number of Days on Study 2 6 3
6 2
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Genital System

Coagulating gland

Epididymis + 0+ + + 4+ 4+ 4+ 4+ 4+ o+ o+ o+ o+ + o+ + + + + + + + + o+
Penis +

Preputial gland + + + + + + + + 4+ + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4
Adenoma
Carcinoma
Prostate

Seminal vesicle

Testes
Bilateral, interstitial cell, adenoma X X X X X XX
Interstitial cell, adenoma X X X X X X X X

+

+ + +
+ + +
+ + +
+ +
+ +
+ +
+ +
+ +
+ + + X
+ + +
+ + +
+ + + X
+ + +
+ + +
><+.\\.+
+ +
+ + +
+ + +
+ + +
><+++
x t + +
+ + +
+ +

Hematopoietic System
Blood + + + + MM+ + + + + M+ + M+ + + + + MM+ + + M
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + +
Lymph node, mandibular + +
Fibrosarcoma, metastatic, skin X
Lymph node, mesenteric + + +
Spleen +
Thymus +

+ o+ + + + o+
+ o+ + + + o+

+ +

+ + + + o+ + 4+ + 4+
+ + + + + + o+ + +

+ o+
+ +
+ +
+ +
+ +
+ +

+ +
M +
+ + + + + 4+ + + + + 4+ + ++ + 4+ + M+ + + + +

+ o+ + + +
+ o+ + + +

o+

+ o+ + + + 4+
+ + + + + 4+

o+
+ o+

+ + + +
+ M M +

Integumentary System
Mammary gland +++ MM+ + + + +MMMMMM + + + + MM+ + + M
Skin + + + + + + + + + + + + + + + + + + + + + + + + + +
Squamous cell carcinoma
Subcutaneous tissue, fibrosarcoma X
Subcutaneous tissue, neurofibrosarcoma

Musculoskeletal System
Bone + + 4+ + + + + + + + 4+ + + + + o+ o+
Skeletal muscle + + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma, metastatic, pituitary gland X
Peripheral nerve + +
Spinal cord + +

Respiratory System
Lung + + 4+ + + 4+ + + 4+ + + + + + + + + + + + + + + + 4+ +
Alveolar/bronchiolar adenoma X
Nose + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + +
Papilloma squamous
Trachea + + 4+ + + 4+ + + + + + + + + + 4+ + + + + + + + + 4+ +
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)
6 6 v v 7777777777777 77777777
Number of Days on Study 9 91122222222 2333333333333
4 817 366 6 999990000111 12222
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 2112222211112 122222222222 Total
2756 3577557905001 1235866 88 Tissues/
12342 223244115352431513314 Tumors
Genital System
Coagulating gland + + + 3
Epididymis + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 51
Penis 1
Preputial gland + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 51
Adenoma X 1
Carcinoma 2
Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 51
Seminal vesicle + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 51
Testes + + + + + + + + + + + + + + + + + + + + + + + + + 51
Bilateral, interstitial cell, adenoma XX X X X X X X X X X X X X X X X X X X 30
Interstitial cell, adenoma X X X X 12
Hematopoietic System
Blood + M+ + + M+ + + + + + + + + + + + + + + + + + + 42
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 51
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymph node, mandibular + MM + + + + + + + + M+ + + + + + + + + + + + 47
Fibrosarcoma, metastatic, skin 1
Lymph node, mesenteric + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 51
Thymus + + + + + + + 4+ + + + + M+ + + 4+ + + + 4+ + + + + 47
Integumentary System
Mammary gland + + + + + + MM+ + + + + + + + + + + + + + + + + 38
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 51
Squamous cell carcinoma X 1
Subcutaneous tissue, fibrosarcoma 1
Subcutaneous tissue, neurofibrosarcoma X 1
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 51
Skeletal muscle + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + + 51
Nervous System
Brain + M+ + + + + + + + + + + + + + + + + + + + + + + 50
Carcinoma, metastatic, pituitary gland 1
Peripheral nerve 2
Spinal cord 2
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Alveolar/bronchiolar adenoma X X 3
Nose + M+ + + + + + + + + + + + + + + + + + + + + + + 50
Papilloma squamous X 1
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 51
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TABLE A2

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

1 33 445556 66 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
Number of Days on Study 2 3456 3791113455566 777881899
4 3 6 16 280 3 3 3522896604723 40 4
0 0O0OO0OOOOOOOOOOOOOOOOOOOOO OO ODO
Carcass ID Number 2 2211212112111 222211222221
548 87 87 56 978 97 420286 146 42 8
4 2141 253151133152 423 3451523

Special Senses System
Ear
Papilloma squamous, multiple
Eye
Harderian gland
Zymbal's gland

+ + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + +
+

Carcinoma X

Urinary System
Kidney + + + + A+ 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + + +
Lipoma

Renal tubule, adenoma
Renal tubule, oncocytoma benign
Urinary bladder

X
+ + + + + + + + + + + + + + + + + M+ o+ + + 4+

Systemic Lesions
Multiple organs
Leukemia mononuclear
Mesothelioma malignant

+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + +
X X X X X X X X X X X
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

77

6 6 v v 7777777777777 77777777
Number of Days on Study 9 91122222222 2333333333333
4 817 366 6 999990000111 12222
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 2112222211112 122222222222 Total
2756 3577557905001 1235866 88 Tissues/
12342 223244115352431513314 Tumors
Special Senses System
Ear + 1
Papilloma squamous, multiple X 1
Eye + 2
Harderian gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 51
Zymbal's gland 1
Carcinoma 1
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Lipoma X 1
Renal tubule, adenoma X X 2
Renal tubule, oncocytoma benign 1
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Leukemia mononuclear X X X X X X X X XX XX XXXXXX XX 31
Mesothelioma malignant X X 2
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppm

3444555555666 666666666 77 77
Number of Days on Study 8189012258011 233554618990011
071999887 2638115493408 131414
0 0O0OO0OOOOOOOOOOOOOOOOOOOOOODO
Carcass ID Number 3333332234343 4333323233313333
356798997 012001323961 9252322
4 4 4 4 25131214452 352454321472
Alimentary System
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large + + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum + + + + M+ + + + + 4+ + + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + + + + + + + + + 4+ + + + + + + + + + + + + + + +
Intestine small + + 4+ + + + + + + + + 4+ + + + + + + + + 4+ + + + + 4
Intestine small, duodenum + + + 4+ + + + + + + + + + + 4+ + + + + + 4+ + + + + +
Intestine small, ileum + + + + + + + + + + + + + + 4+ + + + + 4+ + + + + + +
Intestine small, jejunum + + 4+ + + + + 4+ + + + 4+ 4+ + + + 4+ + + + + + + + + 4
Polyp adenomatous
Liver + + + + + + + + + + + + + + + + + + + + + 4+ + + + +
Hepatocellular adenoma
Mesentery + +
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + +
Acinus, adenoma X
Salivary glands + + + + + + + 4+ + + + + + + + + 4+ + + + + + + + + 4+
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + 4+ + + + +
Papilloma squamous X
Stomach, glandular + + 4+ + + + + + + + + 4+ + + + + + + + + 4+ + + + + +
Tooth + + + + + + + + + + + + + + + + + + + + + + + + + +
Gingiva, squamous cell carcinoma
Cardiovascular System
Blood vessel + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 4+
Heart + + + + + + + + + + + + + + + + + + + + + + + + + +

Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + +
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + +
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + +
Pheochromocytoma malignant
Pheochromocytoma complex
Pheochromocytoma benign X X X X X
Bilateral, pheochromocytoma benign X
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma X X
Parathyroid gland + M+ + + M+ + + + +
Pituitary gland + + + + + + + o+ + + +
Pars distalis, adenoma X X X X X X X X
Pars distalis, adenoma, multiple X
Pars distalis, carcinoma X
Pars intermedia, adenoma
Thyroid gland + + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
C-cell, adenoma X X X X
Follicular cell, adenoma X

+ + + + + + + + + + + + +
+ + + + + + + + + + + + +

General Body System
None
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)
T v 7777777777777 °7 777707777777
Number of Days on Study 1222222 3 3 333 3 3 33333
5789999000000111111222222
0O 0O0OO0OOOOOOOOOOOOOOOOOOSOOOO
Carcass ID Number 4 3 3 3 33 3333333333333 34441414 Total
1400459112357 58888 9011122 Tissues/
52514313535 125123452313141F5 Tumors
Alimentary System
Esophagus + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Intestine large + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 51
Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 50
Intestine large, colon + + M+ + + + + + + + + + 4+ + + + + + + + + + + + 50
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 51
Intestine small + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 51
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 51
Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + + + 51
Intestine small, jejunum + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Polyp adenomatous X 1
Liver + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + o+ 51
Hepatocellular adenoma X 1
Mesentery + + + 5
Pancreas + 4+ + + + + + + + + + 4+ + + + + 4+ + + + + + + o+ O+ 51
Acinus, adenoma 1
Salivary glands + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + + 51
Stomach + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + o+ 51
Stomach, forestomach + + + + + + + + + + + + + + 4+ + + + + + + + + + + 51
Papilloma squamous 1
Stomach, glandular + + 4+ + + + + + + + + + + + + + + + 4+ + + + + + + 51
Tooth + + 4+ + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + o+ 51
Gingiva, squamous cell carcinoma X 1
Cardiovascular System
Blood vessel + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Heart + + 4+ + + + + + + + + 4+ + + + + 4+ + + + + + + + o+ 51
Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 51
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + 51
Pheochromocytoma malignant X 1
Pheochromocytoma complex X 1
Pheochromocytoma benign X X X X X X X 12
Bilateral, pheochromocytoma benign X 2
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 51
Adenoma X X 4
Parathyroid gland + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 49
Pituitary gland + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 4+ 51
Pars distalis, adenoma X X X X X X 14
Pars distalis, adenoma, multiple 1
Pars distalis, carcinoma 1
Pars intermedia, adenoma X 1
Thyroid gland + + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + 51
C-cell, adenoma X X X 7
Follicular cell, adenoma 1

General Body System
None
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)

3

Number of Days on Study 8
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Genital System
Coagulating gland +
Epididymis + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 4+
Preputial gland + + + + + + + 4+ + + + + + + + + 4+ + + + + + + + + 4+
Adenoma
Carcinoma X
Bilateral, carcinoma X
Prostate
Seminal vesicle
Testes
Bilateral, interstitial cell, adenoma X X X
Interstitial cell, adenoma X X X

+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
><+.\\.+
+ + +
><+++
><+++

Hematopoietic System

Blood + + + M+ + + + + + M+ + M+ + + + M+ + + + + + M
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node

Lymph node, mandibular
Lymph node, mesenteric
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + +
Fibrosarcoma

Thymus + + + M+ + + + + + + 4+ + + + + + + + + 4+ + + + + +

+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +

Integumentary System

Mammary gland + + + M+ M+ M+ M+ + M+ + M+ + + + + + M+ + +
Fibroadenoma X

Skin + + + + + + + + + + + + + + + + + + + + + + + + + +
Basal cell adenoma X
Basal cell carcinoma X
Basosquamous tumor benign
Keratoacanthoma X
Papilloma squamous X
Trichoepithelioma X
Subcutaneous tissue, lipoma X
Subcutaneous tissue, neurofibroma X

Musculoskeletal System
Bone + + + + + + + + 4+ + + 4+ + + 4+ + + + + + + + + + + +
Squamous cell carcinoma, metastatic,
tooth
Skeletal muscle + + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +

Nervous System
Brain + + 4+ + + 4+ + + + + + + + + + 4+ + + + + + + + + + +

Carcinoma, metastatic, pituitary gland X

Respiratory System
Lung
Nose
Trachea

+ + F
+ + F
+ + F
+ + F
+ + F
+ + 1
++ 7*
+ + F
+ + 7t
++ 7*
+ + F
+ + 1
++ 7*
+ + F
+ + 1
++ 7*
+ + F
+ + 1
++ 7*
+ + F
+ + 1
++ 7F
+ + F
+ + F
+ + 1
+ + F




Lesions in Male Rats

TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)

81

vy 7777777777777 77777777777
Number of Days on Study 1 2 22223 3 3 333 3 33333333
5789999000000111111222222
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 4 33 3333333333333 33334441414 Total
140045911235 7548888 9011122 Tissues/
525143135351 2512345313141F5 Tumors
Genital System
Coagulating gland 1
Epididymis + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 51
Preputial gland + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 51
Adenoma X 1
Carcinoma 1
Bilateral, carcinoma X X 3
Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 51
Seminal vesicle + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 51
Testes + + + + + + + + + + + + + + + + + + + + + + + + + 51
Bilateral, interstitial cell, adenoma XX X X XXX X XX XXX XXXX X X X 33
Interstitial cell, adenoma X X X X 9
Hematopoietic System
Blood + + M+ + M+ + + + + + + + + + + + + + + + + + + 44
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 51
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymph node, mesenteric + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 51
Fibrosarcoma X 1
Thymus + + + + + + M+ + + + + + + + + 4+ + + + 4+ + + + + 49
Integumentary System
Mammary gland M+ M+ MMM+ + + M+ M+ + + + + + + M+ + + + 36
Fibroadenoma 1
Skin + + + + + + + 4+ + + + 4+ M+ + 4+ + + + 4+ + + + + 4+ 50
Basal cell adenoma X 2
Basal cell carcinoma 1
Basosquamous tumor benign X 1
Keratoacanthoma 1
Papilloma squamous 1
Trichoepithelioma 1
Subcutaneous tissue, lipoma 1
Subcutaneous tissue, neurofibroma 1
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 51
Squamous cell carcinoma, metastatic,
tooth X 1
Skeletal muscle + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + + 51
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 51
Carcinoma, metastatic, pituitary gland 1
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 51
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 51
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)

344455555056 66666666 66°6 7777
Number of Days on Study 8189012258011 233554618990011
07199 9887 2638115493408 13114
00O0OOOOOOOOODODODODOOOOOOOOOOOO
Carcass ID Number 33333322343434333323333333
3567 989970120013239¢619252322
4 4 4 425131214452 35245432142
Special Senses System
Eye + + +
Harderian gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 4+
Zymbal's gland +
Adenoma
Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + +
Renal tubule, oncocytoma benign
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + +

Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +

Leukemia mononuclear X X X X X X X X X X X X X X X




Lesions in Male Rats

TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)

83

vy 7777777777777 77777777777
Number of Days on Study 1 2 2222 3 3 3 3333333333333
5789999000000111111222222
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 4 33 3333333333333 33334441414 Total
140045911235 7548888 9011122 Tissues/
525143135351 2512345313141F5 Tumors
Special Senses System
Eye + + + 6
Harderian gland + + + + + + + + + + + + + + + + 4+ + o+ o+ 51
Zymbal's gland + 1
Adenoma X 1
Urinary System
Kidney + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + + + + + 51
Renal tubule, oncocytoma benign X 1
Urinary bladder + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + + + + + 51
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Leukemia mononuclear X X X XX XX XXX X X X X X 30
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 ppm

2 2 4 455566 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
9
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Alimentary System
Esophagus + + + + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + +
Intestine large + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + +
Intestine large, cecum + + + + + 4+ + + + + 4+ + 4+ + + 4+ + A+ + + + + 4+ + + +
Intestine large, colon + + +
Intestine large, rectum + + +
Polyp adenomatous
Intestine small + 4+ + 4+ + + o+ o+ o+ o+
Intestine small, duodenum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + o+ o+ + o+ o+
Intestine small, ileum + + + + + + + + + + + + + + + + +
Intestine small, jejunum + + 4+ + + + + + + + + 4+ + + + + +
Liver + + + + 4+ + + + + + o+ + o+ + o+
Mesentery
Pancreas
Salivary glands
Stomach
Stomach, forestomach + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + o+ o+ + o+ o+
Papilloma squamous, multiple
Stomach, glandular + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4+
Tooth + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + +

+ + + o+ + o+ + +
+ + + + + + + +

+ +

+ + + + + + o+ + + + + + + 4+
+ + + + + + + + + + + + + +

x+ +

+
+

+ +
> >

+ +
+ +

+ +

+
+

+ +
+ +

+
+

+ + +
+ + +
+ + +
+ + +
+ + +
++ +
++ 4+ +
o+ o+ o+
+ 4+ + +

A
M
+

+ + +
+ + +
o+ +
+ + +
++ +
+ + +
+ + +
++ +
+ + +
+ + +
+ o+ +
+ + o+
+ + +
+ 4+ 4+
+ 4+ 4+
+ + +
+ 4+ o+

Cardiovascular System
Blood vessel + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + +
Heart + + + + + + + + 4+ + + 4+ + + + + + + + + + 4+ + + + + +
Alveolar/bronchiolar carcinoma,
metastatic, lung X

Endocrine System
Adrenal gland + 4+ + + o+ o+ o+ o+
Adrenal gland, cortex + + + + + + + + + + + + + + + 4+ + + + + + + + + +
Adenoma X
Adrenal gland, medulla + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+
Pheochromocytoma benign X
Bilateral, pheochromocytoma benign X
Islets, pancreatic + + + + + + + + + + + + + 4+ + + + A+ 4+ + + + + + + +
Adenoma X
Carcinoma X
Parathyroid gland + + + + + + + + + + + M+ + + + + + + + 4+
Pituitary gland + + + M+ + + + + + + M+ + + + + + + + +
Ependymoma malignant, metastatic, brain X
Pars distalis, adenoma X X X X X
Pars distalis, adenoma, multiple X
Thyroid gland + + + + + 4+ +F + 4+ ME o+ o+ o+
C-cell, adenoma X X X
Follicular cell, adenoma X

+ + + + +
+ + + + +

General Body System
None
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprtcontinued)
6 6 6 6 6 6 77 7777777777777 7777
Number of Days on Study 8889990011111112222333333
4 7 7 01817 1335559667 9001122
000OOOOOOOOOOOOOOOOOOOOODO
Carcass ID Number 4 45 4 45555555555 45554445055 Total
57 483243016 35505243346 1575 Tissues/
452 4133531211221 11221152335 Tumors
Alimentary System
Esophagus + + + 4+ + + + + + + + + + + + + + + + + + 4+ + + + 52
Intestine large + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 52
Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 51
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 52
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 52
Polyp adenomatous 1
Intestine small + + + + + + + + 4+ + + + + + + + + + + + + + + + 4+ 52
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 52
Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + 51
Intestine small, jejunum + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Liver + + + 4+ + + + + + + + + 4+ + + + + + + + + 4+ + + + 52
Mesentery + + + 6
Pancreas + + + 4+ + + + + + + + + + + + + + + + + + + + + + 51
Salivary glands + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 51
Stomach + + 4+ + + + + + + + + 4+ + + + + + + + + 4+ + + + 4+ 52
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 52
Papilloma squamous, multiple X 1
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 52
Tooth + + 4+ + + + + + + + + + + + + + 4+ + + + + + + + 51
Cardiovascular System
Blood vessel + + + + + + + + + + + + + + 4+ + + + + + + + + + + 52
Heart + + + + + + + + + + + + + + + + 4+ + + + + + + + + 52
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 52
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 52
Adenoma 1
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + 52
Pheochromocytoma benign X X X 4
Bilateral, pheochromocytoma benign X 2
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 51
Adenoma X X 3
Carcinoma 1
Parathyroid gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + M+ + + 50
Pituitary gland + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 4+ 50
Ependymoma malignant, metastatic, brain 1
Pars distalis, adenoma X X X X X X X X X 14
Pars distalis, adenoma, multiple 1
Thyroid gland + + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + 51
C-cell, adenoma X 4
Follicular cell, adenoma X X 3

General Body System
None
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprcontinued)
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Genital System
Coagulating gland +
Epididymis + o+ + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + o+
Penis
Preputial gland + o+ + + + 4+ 4+ 4+ 4+ o+ 4+ 4+ + o+ + o+

Carcinoma
Prostate + +
Seminal vesicle + +
Testes + +
Bilateral, interstitial cell, adenoma X X
Interstitial cell, adenoma X X X

+
+
+
+
+
+
+
+

+

+ + +
+
+ + +

+

+

+ + +
X+ + +
+
X + + +
+
+
+

Hematopoietic System
Blood M+ + + + + + ++ ++ M+ + + ++ M+ + M+ + + + M+
Bone marrow + + + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + + + + ++ +
Lymph node + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + o+ o+
Renal, carcinoma, metastatic, kidney
Lymph node, mandibular + + + + + + + + + +
Lymph node, mesenteric + + + + + + + + + +
Spleen + + 4+ + + + + + + + +
Thymus o+ o+ o+ o+ o+ o+ 4+

+ 4+ T
++++
+ 4+t
24+t
z,tF

Integumentary System

Mammary gland MM+ + + + M+ M+ + M+ + + + + + 4+ + + + + M+ M+
Fibroadenoma

Skin + + + + + + + 4+ + + + 4+ + + + 4+ 4+ + + + 4+ + + + + + +
Keratoacanthoma, multiple
Papilloma squamous
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrous

histiocytoma X X

Musculoskeletal System
Bone + + + + + + + + 4+ + + + + + + + + + + + + 4+ + + + + +
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Skeletal muscle + + + + + + + + + + + 4+ + + + + + + + + + + + + 4+ + o+

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + + +
Ependymoma malignant X
Peripheral nerve +
Spinal cord +

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar carcinoma X
Fibrous histiocytoma, metastatic, skin
Nose
Trachea

+ +
++ %
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprtcontinued)

6 6 6 6 6 6 7777777777777 777777
Number of Days on Study 8889990011111112222333333
4 77 0181713355596 67 9001122
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 4 45 4 4555555150505 05 4505054445255 Total
57 483243016 3550524334615 7°5 Tissues/
452 4133531211221112211531375 Tumors
Genital System
Coagulating gland 1
Epididymis + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 52
Penis + + 2
Preputial gland + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 52
Carcinoma X 2
Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 52
Seminal vesicle + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 52
Testes + + + + + + + + + + + + + + + + + + + + + + + + + 52
Bilateral, interstitial cell, adenoma X X X X X X X X X X X X X X X X X 31
Interstitial cell, adenoma X X X X X X 10
Hematopoietic System
Blood + + + + + + +MMMM+ + + + + MM+ + + + + + + 41
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 52
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 52
Renal, carcinoma, metastatic, kidney X 1
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + M+ + + + + 4+ + + + + 50
Lymph node, mesenteric + + + + + + + + 4+ + + + 4+ + + M+ + + + + + + + + 51
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 52
Thymus + + + + M+ + + M+ + + + + + 4+ + + + + + + M+ + 45
Integumentary System
Mammary gland + M+ + + + + + + + + 4+ + ++ 4+ + MM+ +tMM M + 39
Fibroadenoma X X 2
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 52
Keratoacanthoma, multiple X 1
Papilloma squamous X 1
Subcutaneous tissue, fibroma X 1
Subcutaneous tissue, fibrous
histiocytoma 2
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 52
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Skeletal muscle + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + + 52
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 52
Ependymoma malignant 1
Peripheral nerve 1
Spinal cord 1
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 52
Alveolar/bronchiolar carcinoma 1
Fibrous histiocytoma, metastatic, skin 1
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 52

Trachea + + + + + + + + + + + + + + + + + + + + + + + + o+ 52
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprcontinued)

2 23445556666 66 6 666 66666 6 6 6 6
Number of Days on Study 6 7599256 123333333558%62%62%68%686777
8 548877 886 1122288 2500113°¢037
00O0OOOOOOOOOOOOOOOOOOOOOOOODO
Carcass ID Number 545 4 4 45 4 4445 455 4455 44505 4444
06 2495294796 43464616 34168839
4 4 43 1355432353535 1343221522%514
Special Senses System
Ear
Fibrosarcoma
Eye + + + + + + +
Harderian gland + + + + + + + 4+ + + + + + + + + 4+ + + + 4+ + + + + 4+ +
Urinary System
Kidney + + + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + + ++++ +
Renal tubule, adenoma
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + +
Systemic Lesions
Multiple organs + + + + + + + + + + + + + + + + + + + + + + +

+ + + +
Leukemia mononuclear X X X X X X X X X X X X X
Mesothelioma malignant
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprtcontinued)

89

6 6 6 6 6 67 7777777777777 77777
Number of Days on Study 8889990011111112222333333
4 7701817 1335559667 9001122
000OOOOOOOOOOOOOOOOOOOODOOO
Carcass ID Number 4 45 4 45555555555 45505 444555 Total
57 48 3243016355052 43346 1575 Tissues/
452413353121 12211122115375 Tumors
Special Senses System
Ear + 1
Fibrosarcoma X 1
Eye + + + 10
Harderian gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 52
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 52
Renal tubule, adenoma X 1
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 52
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 52
Leukemia mononuclear X X X X X X X X XX X X 25
Mesothelioma malignant X 1




90 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Adrenal Medulla: Benign Pheochromocytoma
Overall rated 14/52 (27%) 17/51 (33%) 14/51 (27%) 6/52 (12%)
Adjusted rated 45.7% 52.7% 45.7% 31.8%
Terminal rate% 9/25 (36%) 3/17 (18%) 7122 (32%) 0/7 (0%)
First incidence (days) 621 613 618 661
Life table test$ P=0.232N P=0.168 P=0.503 P=0.501N
Logistic regression teds P=0.016N P=0.302 P=0.575 P=0.072N
Cochran-Armitage telt P=0.010N
Fisher exact te%t P=0.311 P=0.564 P=0.040N
Adrenal Medulla: Benign or Complex Pheochromocytoma
Overall rates 14/52 (27%) 18/51 (35%) 16/51 (31%) 6/52 (12%)
Adjusted rates 45.7% 56.1% 53.0% 31.8%
Terminal rates 9/25 (36%) 4/17 (24%) 9/22 (41%) 0/7 (0%)
First incidence (days) 621 613 618 661
Life table tests P=0.246N P=0.118 P=0.333 P=0.501N
Logistic regression tests P=0.014N P=0.230 P=0.392 P=0.072N
Cochran-Armitage test P=0.008N
Fisher exact test P=0.241 P=0.390 P=0.040N
Lung: Alveolar/bronchiolar Adenoma
Overall rates 0/52 (0%) 3/51 (6%) 0/51 (0%) 0/52 (0%)
Adjusted rates 0.0% 12.5% 0.0% 0.0%
Terminal rates 0/25 (0%) 1/17 (6%) 0/22 (0%) 0/7 (0%)
First incidence (days) € 666 - -
Life table tests P=0.353N P=0.097 - -
Logistic regression tests P=0.273N P=0.115 - -
Cochran-Armitage test P=0.254N
Fisher exact test P=0.118 - -
Lung: Alveolar/bronchiolar Adenoma or Carcinoma
Overall rates 2/52 (4%) 3/51 (6%) 0/51 (0%) 1/52 (2%)
Adjusted rates 8.0% 12.5% 0.0% 3.7%
Terminal rates 2/25 (8%) 1/17 (6%) 0/22 (0%) 0/7 (0%)
First incidence (days) 729 (T) 666 - 673
Life table tests P=0.498N P=0.388 P=0.266N P=0.695
Logistic regression tests P=0.332N P=0.478 P=0.266N P=0.581N
Cochran-Armitage test P=0.289N
Fisher exact test P=0.491 P=0.252N P=0.500N
Pancreatic Islets: Adenoma
Overall rates 0/52 (0%) 3/50 (6%) 4/51 (8%) 3/51 (6%)
Adjusted rates 0.0% 11.5% 15.4% 20.5%
Terminal rates 0/25 (0%) 1/17 (6%) 2/22 (9%) 1/7 (14%)
First incidence (days) - 613 701 631
Life table tests P=0.100 P=0.102 P=0.062 P=0.053
Logistic regression tests P=0.236 P=0.115 P=0.060 P=0.107
Cochran-Armitage test P=0.274

Fisher exact test P=0.114 P=0.057 P=0.118
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Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydratgcontinued)
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0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Pancreatic Islets: Adenoma or Carcinoma

Overall rates
Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

Pituitary Gland (Pars Distalis): Adenoma

Overall rates
Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

Pituitary Gland (Pars Distalis): Adenoma or Carcinoma

Overall rates
Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

Preputial Gland: Adenoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests

Cochran-Armitage test
Fisher exact test

Preputial Gland: Carcinoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests

Cochran-Armitage test
Fisher exact test

0/52 (0%)
0.0%
0/25 (0%)

P=0.036

P=0.115
P=0.139

13/52 (25%)
39.0%

7125 (28%)
547
P=0.028

P=0.267
P=0.300

13/52 (25%)
39.0%

7125 (28%)
547
P=0.030

P=0.276
P=0.304

3/52 (6%)
12.0%
3125 (12%)
729 (T)
P=0.252N

P=0.164N

P=0.116N

2/52 (4%)

4.9%

0/25 (0%)
571

P=0.499
P=0.594N

P=0.588N

3/50 (6%)
11.5%
1/17 (6%)
613
P=0.102

P=0.115

P=0.114

12149 (24%)
46.4%

6/17 (35%)
613
P=0.464

P=0.566N

P=0.568N

12149 (24%)
46.4%

6/17 (35%)
613
P=0.464

P=0.566N

P=0.568N

1/51 (2%)
3.8%
0/17 (0%)
694
P=0.420N

P=0.335N

P=0.316N

2/51 (4%)

5.0%

0/17 (0%)

613

P=0.666N
P=0.688

P=0.684

4/51 (8%)
15.4%
2122 (9%)
701
P=0.062

P=0.060

P=0.057

15/51 (29%)
43.2%

6122 (27%)
417
P=0.355

P=0.394

P=0.389

16/51 (31%)
44.5%

6122 (27%)
417
P=0.285

P=0.311

P=0.309

1/51 (2%)
4.5%

1122 (5%)
729 (T)
P=0.350N

P=0.350N

P=0.316N

4/51 (8%)
14.9%
2122 (9%)
659
P=0.322
P=0.330

P=0.330

4/51 (8%)
23.3%
117 (14%)
631
P=0.026

P=0.055

P=0.057

15/50 (30%)
65.5%

217 (29%)
618

P=0.041

P=0.312

P=0.365

15/50 (30%)
65.5%

217 (29%)
618

P=0.041

P=0.312
P=0.365
0/52 (0%)

0.0%

0/7 (0%)
P=0.411N

P=0.411N

P=0.121N

2/52 (4%)
9.9%
0/7 (0%)
655
P=0.646
P=0.693N

P=0.691N
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TABLE A3

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study

of Manganese (Il) Sulfate Monohydratgcontinued)

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Preputial Gland: Adenoma or Carcinoma

Overall rates 5/52 (10%)

Adjusted rates 16.3%
Terminal rates 3/25 (12%)
First incidence (days) 571

Life table tests P=0.466N
Logistic regression tests P=0.244N
Cochran-Armitage test P=0.226N

Fisher exact test

Skin: Basal Cell Adenoma or Basal Cell Carcinoma

Overall rates

1/52 (2%)

Adjusted rates 4.0%
Terminal rates 1/25 (4%)
First incidence (days) 729 (T)
Life table tests P=0.659N
Logistic regression tests P=0.518N
Cochran-Armitage test P=0.446N

Fisher exact test

3/51 (6%)

8.6%

0/17 (0%)

613

P=0.424N
P=0.367N

P=0.369N
0/51 (0%)
0.0%

0/17 (0%)

P=0.577N
P=0.577N

P=0.505N

5/51 (10%)
19.2%
3122 (14%)
659
P=0.580
P=0.623

P=0.617

3/51 (6%)
11.1%
1122 (5%)
684
P=0.291
P=0.300

P=0.301

Skin: Squamous Cell Paflloma, Keratoacanthoma, Basal Cell Adenoma or Basal Cell Carcinoma

Overall rates 3/52 (6%)

Adjusted rates 10.7%
Terminal rates 1/25 (4%)
First incidence (days) 691

Life table tests P=0.396
Logistic regression tests P=0.599

Cochran-Armitage test P=0.556N

Fisher exact test

Skin (Subcutaneous Tissue): Neurofibrosarcoma or Fibrosarcoma
Overall rates 3/52 (6%)

Adjusted rates 8.8%
Terminal rates 1/25 (4%)
First incidence (days) 495

Life table tests P=0.098N
Logistic regression tests P=0.073N
Cochran-Armitage test P=0.072N

Fisher exact test

Skin (Subcutaneous Tissue): Fibroma, Neurofibrosarcoma, or Fibrosarcoma

Overall rates 3/52 (6%)

Adjusted rates 8.8%
Terminal rates 1/25 (4%)
First incidence (days) 495

Life table tests P=0.343N
Logistic regression tests P=0.260N
Cochran-Armitage test P=0.261N

Fisher exact test

1/51 (2%)

5.9%

1/17 (6%)

729 (T)

P=0.403N
P=0.320N

P=0.316N

2/51 (4%)

6.3%

0/17 (0%)

333

P=0.553N
P=0.509N

P=0.509N

2/51 (4%)

6.3%

0/17 (0%)

333

P=0.553N
P=0.509N

P=0.509N

4/51 (8%)
13.6%
1122 (5%)
635
P=0.494
P=0.493

P=0.489

0/51 (0%)
0.0%
0/22 (0%)

P=0.135N
P=0.128N

P=0.125N

1/51 (2%)

2.6%

0/22 (0%)

618

P=0.322N
P=0.323N

P=0.316N

2/52 (4%)

9.9%

0/7 (0%)

655

P=0.492N
P=0.230N

P=0.218N

0/52 (0%)
0.0%
0/7 (0%)

P=0.752N
P=0.752N

P=0.500N

2/52 (4%)

18.0%

0/7 (0%)

713

P=0.567
P=0.617N

P=0.500N

0/52 (0%)
0.0%
0/7 (0%)

P=0.207N
P=0.119N

P=0.121N

1/52 (2%)
6.3%
0/7 (0%)
713
P=0.479N
P=0.305N

P=0.309N
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Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydratgcontinued)
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Testes: Adenoma
Overall rates 46/52 (88%) 42/51 (82%) 42/51 (82%) 41/52 (79%)
Adjusted rates 100.0% 97.7% 100.0% 97.5%
Terminal rates 25/25 (100%) 16/17 (94%) 22/22 (100%) 6/7 (86%)
First incidence (days) 456 532 481 498
Life table tests P=0.005 P=0.299 P=0.502N P=0.010
Logistic regression tests P=0.154N P=0.231N P=0.236N P=0.134N
Cochran-Armitage test P=0.174N
Fisher exact test P=0.275N P=0.275N P=0.144N
Thyroid Gland (C-cell): Adenoma
Overall rates 6/52 (12%) 8/48 (17%) 7/51 (14%) 4/51 (8%)
Adjusted rates 19.6% 29.7% 22.4% 12.9%
Terminal rates 4/25 (16%) 3/17 (18%) 3/22 (14%) 0/7 (0%)
First incidence (days) 495 451 519 631
Life table tests P=0.507N P=0.250 P=0.447 P=0.583
Logistic regression tests P=0.204N P=0.330 P=0.487 P=0.387N
Cochran-Armitage test P=0.200N
Fisher exact test P=0.326 P=0.485 P=0.383N
Thyroid Gland (Follicular Cell): Adenoma
Overall rates 1/52 (2%) 1/48 (2%) 1/51 (2%) 3/51 (6%)
Adjusted rates 3.0% 3.3% 2.6% 12.7%
Terminal rates 0/25 (0%) 0/17 (0%) 0/22 (0%) 0/7 (0%)
First incidence (days) 673 682 621 527
Life table tests P=0.119 P=0.757 P=0.757 P=0.227
Logistic regression tests P=0.162 P=0.748 P=0.756 P=0.298
Cochran-Armitage test P=0.160
Fisher exact test P=0.732 P=0.748 P=0.301
Thyroid Gland (Follicular Cell): Adenoma or Carcinoma
Overall rates 1/52 (2%) 3/48 (6%) 1/51 (2%) 3/51 (6%)
Adjusted rates 3.0% 11.0% 2.6% 12.7%
Terminal rates 0/25 (0%) 0/17 (0%) 0/22 (0%) 0/7 (0%)
First incidence (days) 673 682 621 527
Life table tests P=0.253 P=0.285 P=0.757 P=0.227
Logistic regression tests P=0.346 P=0.282 P=0.756 P=0.298
Cochran-Armitage test P=0.350
Fisher exact test P=0.279 P=0.748 P=0.301
All Organs: Mononuclear Cell Leukemia
Overall rates 32/52 (62%) 31/51 (61%) 30/51 (59%) 25/52 (48%)
Adjusted rates 79.0% 90.5% 77.1% 93.6%
Terminal rates 17/25 (68%) 14/17 (82%) 14/22 (64%) 6/7 (86%)
First incidence (days) 526 532 481 498
Life table tests P=0.126 P=0.240 P=0.557 P=0.130
Logistic regression tests P=0.089N P=0.549N P=0.445N P=0.132N
Cochran-Armitage test P=0.074N

Fisher exact test P=0.549N P=0.468N P=0.119N
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Feed Study

of Manganese (Il) Sulfate Monohydratgcontinued)

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

All Organs: Benign Neoplasms
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

All Organs: Malignant Neoplasms
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

All Organs: Benign or Malignant Neoplasms
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests

Cochran-Armitage test

Fisher exact test

49/52 (94%)

100.0%

25/25 (100%)
456

P=0.002
P=0.391N
P=0.392N

38/52 (73%)
83.7%
18125 (72%)
269
P=0.153
P=0.033N
P=0.031N

51/52 (98%)

100.0%

25/25 (100%)
269

P=0.001
P=0.448
P=0.415

46/51 (90%)

100.0%
17/17 (100%)

346

P=0.254
P=0.373N

P=0.347N

38/51 (75%)
94.7%
15/17 (88%)
333
P=0.194
P=0.522

P=0.524

48/51 (94%)

100.0%
17/17 (100%)

333

P=0.261
P=0.247N

P=0.301N

48/51 (94%)
100.0%
22/22 (100%)
417
P=0.437
P=0.598N

P=0.652N

34/51 (67%)

83.8%

16/22 (73%)

481

P=0.462N
P=0.295N

P=0.311N

49/51 (96%)
100.0%
22/22 (100%)
417
P=0.489
P=0.169N

P=0.493N

47/52 (90%)
100.0%
717 (100%)
498
P=0.004
P=0.375N

P=0.358N

30/52 (58%)
94.5%
6/7 (86%)
268
P=0.152
P=0.072N

P=0.074N

51/52 (98%)
100.0%
717 (100%)
268
P=0.003
P=0.697N

P=0.752N

ST)TerminaI sacrifice

Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscapieadly dtaral, bone marrow,
brain, epididymis, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial glatedglanod, salivary gland, spleen, testes,
thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
Observed incidence at terminal kill
Beneath the control incidence are the P values associated with the trend test. Beneath the exposed group incidersieiesethieeBponding to pairwise
comparisons between the controls and that exposed group. The life table test regards neoplasms in animals dying pebkitbaeroeing (directly or
indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitegexaxt fésts compare directly the
overall incidence rates. For all tests, a negative trend or a lower incidence in an exposure group is intlicated by
Not applicable; no neoplasms in animal group

o T
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TABLE Ada
Historical Incidence of Pancreatic Islets Neoplasms in Untreated Male384/N Rat$
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Study Incidence in Controls
Adenoma Carcinoma Adenoma or
Carcinoma
Historical Incidence at Battelle Columbus Laboratories
2,4-Dichlorophenol 1/49 0/49 1/49
5,5-Diphenylhydantoin 3/50 1/50 4/50
Ethylene thiourea 2/48 1/48 3/48
Polybrominated biphenyls (Firemaster FF-1®) 4/49 3/49 7149
Manganese (Il) sulfate onohydrate 0/52 0/52 0/52
Triamterene 2/50 0/50 2/50
Overall Historical Incidence
Total 38/989 (3.8%) 11/989 (1.1%) 49/989 (5.0%)
Standard deviation 3.4% 1.7% 3.8%
Range 0%-12% 0%-6% 0%-14%

2 Data as of 16 Decemb&f91

TABLE Adb
Historical Incidence of Adrenal Medulla Pheochromocytomas in Untreated Male F344/N Rats

Study Incidence in Controls
Benign Malignant Benign or
Pheochromocytoma Pheochromocytoma Malignant
Pheochromocytom&
Historical Incidence at Battelle Columbus Laboratories
2,4-Dichlorophenol 21/50 0/50 22/50
5,5-Diphenylhydantoin 19/50 0/50 19/50
Ethylene thiourea 22/50 2/50 23/50
Polybrominated biphenyls (Firemaster FF-1®) 11/49 1/49 12/49
Manganese (Il) sulfate onohydrate 14/52 1/52 14/52
Triamterene 9/50 1/50 10/50
Overall Historical Incidence
Total 354/988 (35.8%) 44/988 (4.5%) 380/988 (38.5%)
Standard deviation 11.3% 5.2% 10.5%
Range 14%-63% 0%-20% 20%-63%

8 Data as of 16 Decemb891
Includes data for one complex pheochromocytoma
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TABLE A5

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydraté

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Disposition Summary
Animals initially in study
9-Month interim evaluation
15-Month interim evaluation
Early deaths

Moribund

Natural deaths
Survivors

Died last week of study

Terminal sacrifice

Animals examined microscopically

70

10

21

25

70

70
10

24

17

70

70
10

38

70

9-Month Interim Evaluation

Alimentary System
Intestine large, colon
Parasite metazoan
Liver
Basophilic focus
Stomach, forestomach
Diverticulum

®

()]
1 (13%)
(8

(1)
1 (100%)
(1)

©)]
1 (33%)

M
M)

(10)
(10)

(10)

Cardiovascular System
Heart
Degeneration, chronic

(8
8 (100%)

@

(10)
6 (60%)

Endocrine System
Pituitary gland
Pars distalis, hyperplasia

(7
1 (14%)

@

(10)
1 (10%)

General Body System
None

Genital System

Preputial gland
Hyperplasia
Inflammation, chronic

Inflammation, chronic active

Duct, ectasia
Prostate

Inflammation, acute
Seminal vesicle

Hyperplasia
Testes

Interstitial cell, hyperplasia

(8)
1 (13%)
1 (13%)
3 (38%)
1 (13%)
8

®

(8)
1 (13%)

@

(€
@
(€

(10)

3 (30%)

)
2 (22%)

3 (30%)
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0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

9-Month Interim Evaluation(continued)

Hematopoietic System
None

Integumentary System
None

Musculoskeletal System
None

Nervous System
None

Respiratory System
None

Special Senses System
None

Urinary System
Kidney
Nephropathy, chronic

8
8 (100%)

(10)
10 (100%)

(10) (10)

10 (100%) 10 (100%)

15-Month Interim Evaluation

Alimentary System
Intestine large, cecum
Parasite metazoan
Liver
Basophilic focus
Clear cell focus
Hepatodiaphragmatic nodule
Inflammation, chronic
Necrosis, coagulative
Mesentery
Inflammation, chronic active
Pancreas
Acinus, atrophy
Tooth
Inflammation, chronic active

(10)
1 (10%)
(10)
1 (10%)

1 (10%)
2
2 (100%)
(10)
7 (70%)
(10)
1 (10%)

(1)
100%)
1 (100%)
10Q%)
1 (100%)

®

(8
1 (13%)

1 (13%)
1 (13%)

(8
3 (38%)
(8)

Cardiovascular System
Heart
Cardiomyopathy, chronic

(10)
1a.00%)

(8
6 (75%)
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
15-Month Interim Evaluation(continued)
Endocrine System
Adrenal gland, cortex (10) (8)
Atypical cells 1 (13%)
Hyperplasia 1 (10%)
Pituitary gland (20) (8)
Pars distalis, cyst 3 (30%) 2 (25%)
Pars distalis, hyperplasia 3 (30%) 2 (25%)
Pars distalis, hypertrophy 1 (10%)
Pars intermedia, cyst 3 (38%)
Thyroid gland (10) (8)
C-cell, hyperplasia 1 (10%)
General Body System
None
Genital System
Preputial gland (10) (1) (1) (8)
Hyperplasia 1 (13%)
Inflammation, chronic active 5 (50%) 1 (100%) 5 (63%)
Prostate (20) (8)
Cyst 1 (10%)
Inflammation, chronic active 3 (30%) 6 (75%)
Testes (20) 2) (8)
Interstitial cell, hyperplasia 9 (90%) 1@000)
Hematopoietic System
Lymph node, mandibular (10) (8)
Cyst 1 (10%)
Hyperplasia, plasma cell 1 (10%)
Integumentary System
Mammary gland ) (5)
Hyperplasia, cystic 7 (100%) 5 (100%)
Musculoskeletal System
None
Nervous System
None
Respiratory System
Nose (10) (8)
Fungus 1 (10%)
Inflammation, chronic active 1 (10%)
Nasolacrimal duct, inflammation, suppurative 1 (10%) 1 (13%)
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Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
15-Month Interim Evaluation(continued)

Special Senses System

None

Urinary System

Kidney (10) 9) 9) (8)
Nephropathy, chronic 10 (100%) 9 (100%) 9 (100%) 8 (100%)

2-Year Study

Alimentary System

Intestine large, cecum (52) (50) (50) (51)
Inflammation, chronic active 1 (2%) 1 (2%) 1 (2%)
Parasite metazoan 1 (2%)

Intestine large, colon (52) (51) (50) (52)
Inflammation, chronic active 1 (2%)
Mineralization 1 (2%)

Parasite metazoan 1 (2%) 3 (6%) 4 (8%) 1 (2%)

Intestine large, rectum (52) (51) (51) (52)
Inflammation, chronic active 1 (2%)

Parasite metazoan 3 (6%) 3 (6%) 2 (4%) 2 (4%)
Thrombus 1 (2%)

Intestine small, ileum (52) (50) (51) (51)
Inflammation, chronic active 1 (2%)

Lymphoid tissue, hyperplasia 1 (2%)

Liver (52) (51) (51) (52)
Basophilic focus 10 (19%) 8 (16%) 10 (20%) 8 (15%)
Clear cell focus 3 (6%) 4 (8%) 3 (6%) 3 (6%)
Degeneration, cystic 16 (31%) 19 (37%) 19 (37%) 12 (23%)
Hepatodiaphragmatic nodule 2 (4%) 2 (4%) 1 (2%) 2 (4%)
Hyperplasia 2 (4%) 2 (4%) 2 (4%)
Inflammation, chronic 26 (50%) 29 (57%) 25 (49%) 30 (58%)
Leukocytosis 2 (4%) 2 (4%)

Necrosis, coagulative 3 (6%) 4 (8%) 4 (8%)

Thrombus 1 (2%) 1 (2%)
Vacuolization cytoplasmic 23 (44%) 23 (45%) 24 (47%) 21 (40%)
Bile duct, hyperplasia 48 (92%) 50 (98%) 48 (94%) 47 (90%)
Hepatocyte, atrophy 1 (2%)

Mesentery (6) 9) (5) (6)
Inflammation, necrotizing 3 (50%) 6 (67%) 5 (100%) 5 (83%)

Pancreas (52) (50) (51) (51)

Cyst 2 (4%) 1 (2%)
Ectopic tissue 1 (2%)

Infiltration cellular, lipocyte 20 (38%) 13 (26%) 25 (49%) 14 (27%)
Acinus, atrophy 19 (37%) 28 (56%) 18 (35%) 19 (37%)
Acinus, hyperplasia 2 (4%) 1 (2%) 1 (2%)

Perivascular, inflammation, chronic active 6 (12%) 2 (4%) 2 (4%) 3 (6%)

Salivary glands (52) 47) (51) (51)
Sublingual gland, hyperplasia 1 (2%)
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Study(continued)

Alimentary System(continued)

Stomach, forestomach (52) (51) (51) (52)
Acanthosis 19 (37%) 12 (24%) 11 (22%) 11 (21%)
Hyperkeratosis 3 (6%) 3 (6%) 6 (12%) 2 (4%)
Inflammation, chronic active 11 (21%) 8 (16%) 8 (16%) 8 (15%)
Mineralization 2 (4%) 4 (8%) 3 (6%) 2 (4%)

Stomach, glandular (52) (51) (51) (52)
Erosion 2 (4%) 1 (2%)

Inflammation, chronic active 4 (8%) 8 (16%) 8 (16%) 4 (8%)
Mineralization 8 (15%) 13 (25%) 9 (18%) 23 (44%)

Tooth (51) (50) (51) (51)

Caries 1 (2%)
Inflammation, chronic active 1 (2%) 1 (2%)

Cardiovascular System

Blood vessel (52) (51) (51) (52)
Inflammation, chronic active 1 (2%) 1 (2%) 1 (2%)
Mineralization 4 (8%) 10 (20%) 6 (12%) 17 (33%)
Thrombus 1 (2%) 1 (2%)

Heart (52) (51) (51) (52)
Cardiomyopathy, chronic 47 (90%) 48 (94%) $00%%6) 46 (88%)
Mineralization 4 (8%) 8 (16%) 5 (10%) 9 (17%)
Atrium, thrombus 5 (10%) 5 (10%) 5 (10%)

Valve, inflammation, chronic active 1 (2%)

Endocrine System

Adrenal gland, cortex (52) (51) (51) (52)
Accessory adrenal cortical nodule 1 (2%) 1 (2%)
Degeneration, fatty 33 (63%) 27 (53%) 32 (63%) 28 (54%)
Hematopoietic cell proliferation 1 (2%)

Hyperplasia 20 (38%) 14 (27%) 17 (33%) 18 (35%)
Hypertrophy 4 (8%) 1 (2%) 2 (4%) 2 (4%)
Necrosis, coagulative 1 (2%) 2 (4%)

Adrenal gland, medulla (52) (51) (51) (52)
Atrophy 1 (2%)

Hyperplasia 28 (54%) 23 (45%) 31 (61%) 27 (52%)

Islets, pancreatic (52) (50) (51) (51)
Hyperplasia 2 (4%) 2 (4%) 3 (6%)

Parathyroid gland (51) (46) (49) (50)
Hyperplasia 14 (27%) 14 (30%) 12 (24%) 23 (46%)

Pituitary gland (52) (49) (51) (50)
Mineralization 1 (2%)
Craniopharyngeal duct, cyst 1 (2%) 1 (2%) 2 (4%)
Pars distalis, cyst 5 (10%) 7 (14%) 2 (4%) 6 (12%)
Pars distalis, hyperplasia 17 (33%) 15 (31%) 18 (35%) 10 (20%)
Pars intermedia, cyst 2 (4%) 1 (2%) 3 (6%)
Pars nervosa, cyst 1 (2%)

Thyroid gland (52) (48) (51) (51)

C-cell, hyperplasia 18 (35%) 12 (25%) 15 (29%) 6 (12%)
Follicle, cyst multilocular 1 (2%) 1 (2%) 1 (2%)

Follicular cell, mineralization

1 (2%)
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TABLE A5
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)
0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Study(continued)
General Body System
None
Genital System
Coagulating gland 1) ) Q) Q)
Inflammation, chronic active 1 (100%) 2 (67%) 1 (100%) 1 (100%)
Epididymis (52) (51) (51) (52)
Inflammation, chronic active 1 (2%)
Mineralization 1 (2%) 1 (2%)
Preputial gland (52) (51) (51) (52)
Hyperplasia 2 (4%) 3 (6%) 1 (2%)
Inflammation, chronic active 44 (85%) 49 (96%) 45 (88%) 45 (87%)
Prostate (52) (51) (51) (52)
Cyst 2 (4%) 1 (2%)
Inflammation, chronic active 37 (71%) 38 (75%) 44 (86%) 42 (81%)
Mineralization 1 (2%) 1 (2%)
Thrombus 1 (2%)
Epithelium, hyperplasia 1 (2%)
Seminal vesicle (52) (51) (51) (52)
Inflammation, chronic active 1 (2%) 2 (4%)
Mineralization 2 (4%)
Testes (52) (51) (51) (52)
Mineralization 25 (48%) 31 (61%) 22 (43%) 29 (56%)
Necrosis, coagulative 1 (2%)
Interstitial cell, hyperplasia 10 (19%) 15 (29%) 10 (20%) 16 (31%)
Seminiferous tubule, atrophy 3 (6%) 5 (10%) 3 (6%) 8 (15%)
Hematopoietic System
Blood (46) (42) (44) (41)
Leukocytosis 1 (2%) 2 (5%)
Bone marrow (52) (51) (51) (52)
Femoral, atrophy 2 (4%)
Femoral, myelofibrosis 2 (4%)
Lymph node (52) (51) (51) (52)
Mediastinal, hyperplasia, plasma cell 1 (2%)
Pancreatic, inflammation, chronic active 1 (2%)
Renal, hyperplasia, plasma cell 1 (2%)
Lymph node, mandibular (51) () (51) (50)
Cyst 4 (8%) 7 (15%) 3 (6%) 2 (4%)
Hyperplasia, plasma cell 1 (2%) 3 (6%)
Lymph node, mesenteric (51) (50) (51) (51)
Cyst 1 (2%) 1 (2%)
Inflammation, chronic active 1 (2%) 1 (2%)
Spleen (52) (51) (51) (52)
Fibrosis 4 (8%) 6 (12%) 7 (14%) 3 (6%)
Hematopoietic cell proliferation 2 (4%) 4 (8%) 4 (8%) 1 (2%)
Infiltration cellular, lipocyte 1 (2%) 1 (2%)
Necrosis, coagulative 1 (2%) 1 (2%)

Thrombus

1 (2%)
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TABLE A5

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Study(continued)
Hematopoietic Systenfcontinued)
Thymus (49) 47 (49) (45)
Cyst 1 (2%)
Ectopic parathyroid gland 2 (4%) 1 (2%)
Ectopic thyroid 1 (2%)
Integumentary System
Mammary gland (45) (38) (36) 39)
Hyperplasia, cystic 37 (82%) 38 (100%) 36 (100%) 34 (87%)
Skin (49) (51) (50) (52)
Acanthosis 2 (4%) 1 (2%)
Alopecia 1 (2%) 1 (2%)
Cyst epithelial inclusion 1 (2%)
Hyperkeratosis 1 (2%) 2 (4%)
Inflammation, chronic active 2 (4%) 4 (8%) 3 (6%) 1 (2%)
Mineralization 1 (2%)
Ulcer 1 (2%)
Musculoskeletal System
Bone (52) (51) (51) (52)
Cranium, fibrous osteodystrophy 12 (23%) 13 (25%) 11 (22%) 23 (44%)
Femur, fibrous osteodystrophy 12 (23%) 14 (27%) 12 (24%) 24 (46%)
Nervous System
Brain (52) (50) (51) (52)
Compression 4 (8%) 4 (8%) 7 (14%) 4 (8%)
Hydrocephalus 4 (8%) 5 (10%) 8 (16%) 5 (10%)
Necrosis 1 (2%) 1 (2%)
Spinal cord (1) (2) (1)
White matter, degeneration 1 (50%) 1 (100%)
Respiratory System
Lung (52) (51) (51) (52)
Hemorrhage 1 (2%)
Infiltration cellular, histiocyte 12 (23%) 18 (35%) 9 (18%) 11 (21%)
Inflammation, chronic active 5 (10%) 9 (18%) 9 (18%) 8 (15%)
Leukocytosis 1 (2%) 2 (4%)
Metaplasia, osseous 1 (2%) 4 (8%) 2 (4%) 3 (6%)
Mineralization 4 (8%) 6 (12%) 6 (12%) 10 (19%)
Thrombus 1 (2%) 1 (2%) 1 (2%)
Alveolar epithelium, hyperplasia 2 (4%) 3 (6%) 5 (10%) 1 (2%)
Mediastinum, inflammation, chronic active 1 (2%)
Nose (52) (50) (51) (52)
Fungus 1 (2%) 4 (8%) 1 (2%)
Inflammation, chronic active 6 (12%) 9 (18%) 7 (14%) 11 (21%)
Nasolacrimal duct, inflammation, suppurative 17 (33%) 16 (32%) 18 (35%) 16 (31%)
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TABLE A5

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Study(continued)
Special Senses System
Eye (3 2 (6) (10)
Anterior chamber, inflammation, suppurative 1 (10%)
Cornea, inflammation, chronic active 1 (33%) 1 (50%) 3 (50%) 5 (50%)
Cornea, mineralization 1 (33%) 3 (50%) 6 (60%)
Lens, cataract 1 (33%) 1 (50%) 2 (33%) 2 (20%)
Retina, atrophy 1 (33%) 1 (50%) 2 (33%) 2 (20%)
Harderian gland (52) (51) (51) (52)
Inflammation, chronic active 1 (2%)
Urinary System
Kidney (52) (50) (51) (52)
Hydronephrosis 1 (2%)
Infarct 1 (2%)
Nephropathy, chronic 50 (96%) 49 (98%) 51 (100%) 50 (96%)
Thrombus 1 (2%) 1 (2%)
Glomerulus, inflammation, chronic active 1 (2%)
Renal tubule, hyperplasia 1 (2%) 3 (6%) 2 (4%)
Renal tubule, hyperplasia, oncocytic 1 (2%)
Urinary bladder (52) (50) (51) (52)
Infiltration cellular, histiocyte 1 (2%)
Inflammation, chronic active 1 (2%)
Transitional epithelium, hyperplasia 1 (2%)

@  Number of animals examined microscopically at site and number of animals with lesion
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TABLE Bl

Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydraté

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Disposition Summary
Animals initially in study
9-month interim evaluatio
15-month interim evaluatiofi
Early deaths

Accidental deaths

Moribund

Natural deaths
Survivors

Terminal sacrifice
Missexed

Animals examined microscopically

70
10
10

37

70

70
10
10

11

37

61

42

62

70
10
10

11

36

68

15-Month Interim Evaluation

Endocrine System
Pituitary gland
Pars distalis, adenoma

(10)

M)

(10)
2 (20%)

Genital System
Uterus
Polyp stromal

(10)

@

(2
2 (100%)

(10)

2-Year Study

Alimentary System
Intestine large, colon
Adenocarcinoma
Liver
Hepatocellular carcinoma
Hepatocellular adenoma
Mesentery
Liposarcoma
Pancreas
Salivary glands
Stomach, forestomach
Papilloma squamous
Stomach, glandular
Tongue
Papilloma squamous

(50)

(50)

@)

(50)

(50)
(50)

(50)

(50)

(50)
1 (2%)

3
(49)
(50)
(50)
(50)

100%)

(50)
(51)

1 (2%)
(3
1 (33%)
(50)
(50)
(50)
2 (4%)
(50)

(48)
1 (2%)
(48)

@

(48)

(48)
(48)

(48)

Cardiovascular System
Heart
Schwannoma malignant, metastatic, lung

(50)

(50)
1 (2%)

(51)

(48)

Endocrine System

Adrenal gland, cortex
Adenoma
Carcinoma

(50)
1 (2%)
1 (2%)

(50)
1 (2%)

(51)

(48)
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Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratecontinued)

107

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Studycontinued)
Endocrine System(continued)
Adrenal gland, medulla (50) (50) (51) (48)
Pheochromocytoma complex 1 (2%)
Pheochromocytoma benign 1 (2%) 4 (8%) 1 (2%)
Islets, pancreatic (50) (49) (50) (48)
Adenoma 1 (2%)
Parathyroid gland (46) (46) (46) (46)
Carcinoma, metastatic, thyroid gland 1 (2%)
Pituitary gland (50) (50) (51) 47
Pars distalis, adenoma 22 (44%) 17 (34%) 19 (37%) 20 (43%)
Pars distalis, adenoma, multiple 1 (2%)
Pars distalis, carcinoma 1 (2%) 2 (4%)
Thyroid gland (50) (50) (50) (48)
Bilateral, C-cell, adenoma 2 (4%)
C-cell, adenoma 8 (16%) 6 (12%) 6 (12%) 6 (13%)
C-cell, adenoma, multiple 1 (2%)
C-cell, carcinoma 1 (2%) 2 (4%) 1 (2%)
Follicular cell, adenoma 1 (2%)
Follicular cell, carcinoma 1 (2%) 1 (2%) 1 (2%)
General Body System
None
Genital System
Clitoral gland (49) (49) a7 47)
Adenoma 5 (10%) 1 (2%) 6 (13%) 2 (4%)
Carcinoma 1 (2%) 1 (2%)
Ovary (50) (50) (51) (48)
Granulosa cell tumor malignant 1 (2%)
Granulosa cell tumor benign 1 (2%) 1 (2%)
Granulosa-theca tumor benign 1 (2%)
Uterus (50) (50) (51) (48)
Hemangiosarcoma 1 (2%)
Leiomyoma 1 (2%)
Polyp stromal 13 (26%) 7 (14%) 6 (12%) 7 (15%)
Sarcoma stromal 1 (2%)
Hematopoietic System
Blood (41) (48) (48) (48)
Bone marrow (50) (50) (51) (48)
Lymph node (50) (50) (51) (48)
Deep cervical, carcinoma, metastatic, thyroid
gland 1 (2%)
Mediastinal, rhabdomyosarcoma, metastatic,
skeletal muscle 1 (2%)
Lymph node, mandibular (50) (50) (50) 47
Lymph node, mesenteric (49) (50) (51) (46)
Spleen (50) (50) (51) (48)
Hemangiosarcoma 1 (2%)
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TABLE Bl

Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratecontinued)

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

2-Year Study(continued)
Hematopoietic Systenfcontinued)
Thymus
Carcinoma, metastatic
Thymoma benign

(46)

2 (4%)

(48)

(47)
1 (2%)
1 (2%)

(45)

1 (2%)

Integumentary System

Mammary gland
Adenocarcinoma
Fibroadenoma
Fibroadenoma, multiple

Skin
Basal cell adenoma
Basal cell carcinoma
Basosquamous tumor benign
Keratoacanthoma
Papilloma squamous
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma

(48)

15 (31%)

4 (8%)

(50)

1 (2%)
1 (2%)

(49)
1 (2%)
14 (29%)
2 (4%)

(50)

1 (2%)
1 (2%)
1 (2%)
1 (2%)
2 (4%)

(51)

26 (51%)

(51)

(46)

11 (24%)
5 (11%)

(47)

Musculoskeletal System
Skeletal muscle
Rhabdomyosarcoma

(50)

(50)

(51)

(48)
1 (2%)

Nervous System

Brain
Carcinoma, metastatic, pituitary gland
Granular cell tumor benign
Oligodendroglioma NOS

Spinal cord
Schwannoma NOS

(50)

(50)

(1)
100%)

(51)

(48)
2 (4%)
1 (2%)
1 (2%)

Respiratory System

Lung
Alveolar/bronchiolar adenoma
Fibrosarcoma, metastatic, skin

Mediastinum, rhabdomyosarcoma, metastatic,

skeletal muscle
Mediastinum, schwannoma malignant

(50)

1 (2%)

(50)
1 (2%)
1 (2%)

1 (2%)

(51)

(48)
2 (4%)

1 (2%)

Special Senses System
None
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Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratecontinued)
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0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Urinary System
Kidney
Liposarcoma, metastatic, mesentery
Renal tubule, adenoma
Renal tubule, carcinoma
Urinary bladder
Transitional epithelium, papilloma

(50)

(49)
1 (2%)

(50)

(50)

(51)
1 (2%)
1 (2%)
1 (2%)
(51)

(48)

(48)

Systemic Lesions
Multiple organ§
Leukemia mononuclear

(50)
19 (38%)

(50)
21 (42%)

(51)
26 (51%)

(48)
18 (38%)

Neoplasm Summary

Total animals with primary neoplas?ns
15-Month interim evaluation
2-Year study

Total primary neoplasms
15-Month interim evaluation
2-Year study

Total animals with benign neoplasms
15-Month interim evaluation
2-Year study

Total benign neoplasms
15-Month interim evaluation
2-Year study

Total animals with malignant neoplasms
2-Year study

Total malignant neoplasms
2-Year study

Total animals with metastatic neoplasms
2-Year study

Total secondary neoplasms
2-Year study

Total animals with neoplasms uncertain-
benign or malignant
2-Year study

Total uncertain neoplasms
2-Year study

45

99

40

75

24

24

47

89

36

56

26

32

o

urinary systems in any animal at the 15-month interim evaluation.

Number of animals with any tissue examined microscopically
Primary neoplasms: all neoplasms except metastatic neoplasms

Number of animals examined microscopically at site and number of animals with lesion
No neoplasms were observed at any site in any animal at the 9-month interim evaluation.
No neoplasms were observed in the alimentary, cardiovascular, general body, hematopoietic, integumentary, musculoskedetelspieatory, special senses, and
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TABLE B2

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 0 ppm

5556 6 6 6 6 6 6 66 7777777777777
Number of Days on Study 4 8 9 223479999222 2 223333
75 90 48 250449899999 99 9 0000
0 0O0O0OOOOOOOOOOOODOODOODOOOOODO
Carcass ID Number 6 5556 6 6 6 6 6 7555555556 76 6 6 6
0789909516077 88 9999000111
1214 3514255153412 352 33133H5

Alimentary System
Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver
Mesentery
Pancreas
Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular
Tooth

+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + o+ o+
M + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + +
+ + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + o+
+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + + + + + +
+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + 4+ + 4+ + + + + + + + + + o+
+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + + + + +

+ + + + o+ + o+ + + + + + + + + + +
+ + + + + + + + + + + + + + + + +

Cardiovascular System
Blood vessel
Heart

Endocrine System
Adrenal gland
Adrenal gland, cortex
Adenoma
Carcinoma
Adrenal gland, medulla
Pheochromocytoma complex
Pheochromocytoma benign
Islets, pancreatic
Parathyroid gland
Pituitary gland
Pars distalis, adenoma
Pars distalis, adenoma, multiple
Thyroid gland
C-cell, adenoma
C-cell, carcinoma
Follicular cell, carcinoma

+ + + + + + + + + + + 4+ + + + + 4+ + + + + + + + +
+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + +
X
X
+ + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + +
X
+ + + + + + + + + + + 4+ + + + + 4+ + + + + + + + o+
+ + + + + + + + + + 4+ + + 4+ + + + + + + + + + + +
+ + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + +
X X X X X X X X X X X X

+ 4+ 4+ 4+ + 4+ + + + + + + + + + + + + + + + + + +
X X X X X

+

General Body System
None

+: Tissue examined microscopically
A: Autolysis precludes examination

M: Missing tissue X: Lesion present
I: Insufficient tissue Blank: Not examined
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)
r 7777777777777 77777777777
Number of Days on Study 3 3333333333333333333323333
oo0oo0oo000111111111222222222?2
000O0O0O0OOOOOOOOOOOOOOOOOOOO
Carcass ID Number 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 Total
2 223333444 455¢666 7781889900 Tissues/
2 3512 3423452313425 23452412 Tumors
Alimentary System
Esophagus + o+ + + + + + + o+ + 4+ + o+ 50
Intestine large + 0+ + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 50
Intestine large, cecum + + + + + + + + + + + + + + + 4+ + + + + + + + + + 49
Intestine large, colon + + + + + + + 4+ + + + + + + + + + + + + + + + + + 50
Intestine large, rectum + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 50
Intestine small + 0+ + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ + o+ 50
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 50
Intestine small, ileum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ + 50
Intestine small, jejunum + 4+ + + o+ o+ o+ o+ o+ o+ o+ 50
Liver + o+ + + 4+ + + + o+ o+ o+ o+ o+ + o+ 50
Mesentery + 3
Pancreas + o+ + + 4+t + o+ o+ + o+ o+ + o+ 50
Salivary glands + o+ + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 50
Stomach + + + + + + + + + o+ o+ o+ o+ + 4+ + 50
Stomach, forestomach + + + + + 4+ + + + + + + + + + + + + + + + + + + + 50
Stomach, glandular + + + + + + o+ + 4+ 4+ 4+ 4+ o+ 4+ + + + + 4+ 4+ 4+ 4 50
Tooth + + + + + + + + + + + + + o+ o+ o+ + 50
Cardiovascular System
Blood vessel + + + + + 4+ + + + + + + + + + + + + + + + + + + + 50
Heart + o+ + + + + + + + +F + + + o+ 4 50
Endocrine System
Adrenal gland + 4+ + + o+ o+ o+ o+ 50
Adrenal gland, cortex + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 50
Adenoma 1
Carcinoma 1
Adrenal gland, medulla + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ 50
Pheochromocytoma complex 1
Pheochromocytoma benign X 1
Islets, pancreatic + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ o+ + o+ 50
Parathyroid gland + + + + + + tMMM+ + + + + + + + + + M+ + + + 46
Pituitary gland + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ 50
Pars distalis, adenoma X X X X X X X X X X 22
Pars distalis, adenoma, multiple X 1
Thyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 50
C-cell, adenoma X X X 8
C-cell, carcinoma X 1
Follicular cell, carcinoma 1

General Body System
None
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TABLE B2

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

Number of Days on Study
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Genital System
Clitoral gland
Adenoma
Ovary
Uterus
Polyp stromal
Vagina

+

+ + M+ + + + + 4+ + + + + + + + + + + + + +

+ + + + + + + + 4+
+ + + + + + + + + o+
X

+

+
+
X
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X
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X + +

X
+
+
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Hematopoietic System
Blood
Bone marrow
Lymph node
Lymph node, mandibular
Lymph node, mesenteric
Spleen
Thymus
Thymoma benign

+ 4ttt =

M+ + + MMMM + + + + M+ + + + + + + +

+ + + + + + + + + 4+ + 4+ + + + + + + + + o+ o+
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+ o4 + + +
+ 4+ + + +
+ 4+ + + +

ot

+
< + + o+

Integumentary System
Mammary gland
Fibroadenoma
Fibroadenoma, multiple
Skin
Basal cell adenoma
Basal cell carcinoma

+ + + + + + + + + + + + + + + + + + + + + +

X X X
X

X X X
X

X

+ + + + + + + + 4+ + + + + + + + + + + + + +

X

Musculoskeletal System
Bone
Skeletal muscle

+ + + + + + + + + + + + 4+ 4+ + 4+ 4+ 4+ + o+ 4+
+ 4+ 4+ 4+ + 4+ 4+ + + + 4+ + + + + + + + + + + o+

Nervous System
Brain

+ o+ + + + 4+

+ + + + + 4+

Respiratory System
Lung
Alveolar/bronchiolar adenoma
Nose
Trachea

+

+

+

+
+
+
+
+
+
+
+
+
+

Special Senses System
Eye
Harderian gland

+ + + + + + +

Urinary System
Kidney
Urinary bladder
Transitional epithelium, papilloma

+ + + + + + + + + + + 4+ 4+ + 4+ + + + + + + + + + o+
+ + + + + + + + + + + + 4+ + + + + + + + + + + + o+

X

Systemic Lesions
Multiple organs
Leukemia mononuclear

X +

+ o+
X X X

X +
X +

X

X

X X X X X

+ + + + + + + + + + + + + + + +
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)
7777777777777 77777777777
Number of Days on Study 3 3333333333333333333323333
0o000O0O0O0OI1111111112222222222
00 0O0OOOOOOOOOOOOOOOOOOOODOOO
Carcass ID Number 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 Total
2223 333444455666 778889900 Tissues/
23512342345 2313425134521412 Tumors
Genital System
Clitoral gland + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 49
Adenoma X X 5
Ovary + + 4+ + + + + + + + 4+ + + 4+ + o+ + 50
Uterus + + + + + 4+ + + + + + + + 4+ + o+ 50
Polyp stromal X X X X X X X X 13
Vagina 1
Hematopoietic System
Blood + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 41
Bone marrow + + + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + +++ o+ o+ 50
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mesenteric + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 49
Spleen + + + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + +++ o+ o+ 50
Thymus + + + + + + M+ + + 4+ + + + M+ + 4+ + + + + + + + 46
Thymoma benign X 2
Integumentary System
Mammary gland + + + M+ + + + + + + + M+ + + + + + + + + + + + 48
Fibroadenoma X X X X X X X X 15
Fibroadenoma, multiple X X 4
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 50
Basal cell adenoma 1
Basal cell carcinoma X 1
Musculoskeletal System
Bone + + + + + + + + + + 4+ + + 4+ + ++ o+ o+ 50
Skeletal muscle + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + + 50
Nervous System
Brain + + + + + + + 4+ + + 4+ + + + + 4+ + + 4+ o+ o+ 50
Respiratory System
Lung + + + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + 4+ + o+ o+ 50
Alveolar/bronchiolar adenoma 1
Nose + + + + + 4+ + + + + + + 4+ 50
Trachea + + + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + o+ o+ 50
Special Senses System
Eye + + 3
Harderian gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 50
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Urinary bladder + + + + + + 4+ + + + + 4+ + + + + + M+ + + + + + + 49
Transitional epithelium, papilloma 1
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50

Leukemia mononuclear

X

X

X X

X
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TABLE B2

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppm

3 4455555666777 77777T7T777T77
Number of Days on Study 9 5944456067 11222222222333
6 110387 897 38899999999 9000
0O 0O0OO0OOOOOOOOOOOOOOOOOOSOOOO
Carcass ID Number 7T 7777787787787 77777778777
3129 4209548132 3344459 45156
553222451531 21241352133251

Alimentary System

Esophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Hepatocellular carcinoma
Mesentery
Pancreas
Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular
Tongue

Papilloma squamous
Tooth

+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + +

+ + + + + + + + + + + +

+ + + + + + + + 4+ 4+ + + 4

+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + +

+ + + + + +

+ + + + + + + + + + + +

+ + + + + + + + + + + + +

+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + +

+ + + + + + + + + + + + + + + + + + 4+

Cardiovascular System
Blood vessel
Heart
Schwannoma malignant, metastatic, lung

Endocrine System
Adrenal gland
Adrenal gland, cortex
Adenoma
Adrenal gland, medulla
Islets, pancreatic
Parathyroid gland
Carcinoma, metastatic, thyroid gland
Pituitary gland
Pars distalis, adenoma
Pars distalis, carcinoma
Thyroid gland
C-cell, adenoma
C-cell, adenoma, multiple
C-cell, carcinoma
Follicular cell, carcinoma

+ + + + + + + + + + + o+

+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + o+
X

+ o+ + + + + + + o+ + + o+

+ + + + + + + + A+ + o+

+ MM+ + + + + + + + +

+ + + + + + + + + + + 4+
X X X

+ + + + + + + + + + + o+

s
s+
s+
s
s+
I
s
s+
s+
s
s+

+ + 4+
<+ 4+
+ 44
+ 4oy
+ 44
+ 44
+ 4oy
+ o4 o4
+ 44
><_'_++
+ o4 o4

+ + + + + + + + + + + + +
X X

+ 4+ 4+ 4+ 4+ 4+ + 4+ + + + + o+
X

s
s

+ o4y
+ o4y

X

General Body System
None
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)
7777777777777 77777777777
Number of Days on Study 3 3333333333333333333323333
0o000O0O0OO0O111111111222222222
00 0O0OOOOOOOOOOOOOOOOOOOODOOO
Carcass ID Number T 777777777 8 88 88 8 8 88 888 8 8 8 Total
6 6 6 67 7788 90001111122 223314 Tissues/
23 4512414413512 34512 34454 Tumors
Alimentary System
Esophagus + + + + + 4+ + + 4+ + + + + 4+ + + 4+ o+ 50
Intestine large + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + + 50
Intestine large, cecum + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Intestine large, colon + + + + + + + + + + + + + 4+ + + + 4+ + + + + + + 50
Intestine large, rectum + + + + + + + + + + + 4+ + + + + + + + + + 4+ + 50
Intestine small + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 50
Intestine small, duodenum + + + + + + + + 4+ + + + 4+ + + + 4+ + + + + + + + + 50
Intestine small, ileum + + + + + + + + + + + + + 4+ + + + + + + + + + + 50
Intestine small, jejunum + + + + + + + + + + + + + 4+ + + + + + + + + 4+ + 50
Liver + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + o+ 50
Hepatocellular carcinoma 1
Mesentery + 3
Pancreas + + + + + 4+ + + 4+ + + + + 4+ + + 4+ +F o+ + o+ 49
Salivary glands + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + + 50
Stomach + + + + + + + 4+ + + 4+ + + + + 4+ + 4+ + o+ o+ 50
Stomach, forestomach + + + + + + + + + + + + + + 4+ + + + + + + + + + + 50
Stomach, glandular + + 4+ + + + + + + + + + + + + + + + + + + + + 50
Tongue + 1
Papilloma squamous X 1
Tooth + + 4+ + + + + + + + 4+ + + 4+ + + o+ + 50
Cardiovascular System
Blood vessel + + + + + + + + + + + + 4+ + + + + + + 50
Heart + + + + + + + + + + 4+ + + 4+ o+ o+ 50
Schwannoma malignant, metastatic, lung 1
Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + 50
Adenoma 1
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + 50
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + 49
Parathyroid gland + + + + + + + + + 4+ + + + + 4+ + + + 4+ + + + M+ 46
Carcinoma, metastatic, thyroid gland 1
Pituitary gland + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 4+ 50
Pars distalis, adenoma X X X X X X X X X X X 17
Pars distalis, carcinoma X 1
Thyroid gland + + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + 50
C-cell, adenoma X X X X X 6
C-cell, adenoma, multiple X 1
C-cell, carcinoma 2
Follicular cell, carcinoma X 1

General Body System
None




116 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

3 4455555666777 77777777777

Number of Days on Study 9 5944456067 11222222222333
6 110387897 38899999999 9000
000O0O0O0OOOOOOOOOOOOOOOOOOOO

Carcass ID Number 7T 7777787787787 77777778777
3129420954813 23344459 4525€6
55322245 1531212413521332%51

Genital System

Clitoral gland + + + + + + + + + M+ + + + + + 4+ + + + + + + + +
Adenoma
Carcinoma

Ovary + + + + + + + + + + + + + + + + + + + + + + + + +
Granulosa cell tumor benign

Uterus + + + + + + + + + + + + + + + + + + + + + + + + +
Polyp stromal X X X X
Sarcoma stromal X

Hematopoietic System
Blood + + M + + + + + + + + + + + + + + + +
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node
Lymph node, mandibular
Lymph node, mesenteric
Spleen
Thymus

+
+
+
+
+
<

A R
44 FFF
z 4ttt

+ + +

+ +

+ +

+ +

+ +

+ +
R
z . F o+
R
N
+ .+ ++
N
R
+ o+ +
+ o F++
N
N
+ o F++
R
N
+ o F++
N

Integumentary System

Mammary gland + M+ + + + + + + + + + + + + 4+ + + + + + + + + 4+
Adenocarcinoma
Fibroadenoma X X X X X X
Fibroadenoma, multiple X

Skin + + 4+ + + 4+ + + + + + + + + + + + + 4+ + + + + + +
Basosquamous tumor benign
Keratoacanthoma X
Papilloma squamous X
Subcutaneous tissue, fibroma X
Subcutaneous tissue, fibrosarcoma

Musculoskeletal System
Bone + + + + + + + + + + + 4+ + + + + 4+ + + + + + + + o+
Skeletal muscle + + + + + + + + + + + 4+ + + 4+ + + + + + + + + + +

Nervous System
Brain + + 4+ + + + + 4+ + + + + + + + + + + + ++ + + + o+
Peripheral nerve +
Spinal cord +
Schwannoma NOS X

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X
Fibrosarcoma, metastatic, skin
Mediastinum, schwannoma malignant
Nose
Trachea + +

+
+

+ + X

+ +
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+ +
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)
vy 7777777777777 77777777777
Number of Days on Study 3 3333333333333333333323333
oooo0o00OI1I11111111222222222
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 7T 777777777 88 88 8 88888888 8 8 Total
6 6 6 6777889 0001111122223 3314 Tissues/
2 34512 4144135123451 234454 Tumors
Genital System
Clitoral gland + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 49
Adenoma X 1
Carcinoma X 1
Ovary + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 50
Granulosa cell tumor benign X 1
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 50
Polyp stromal X X X 7
Sarcoma stromal 1
Hematopoietic System
Blood + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 48
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mesenteric + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 50
Thymus + + + + + + + + + + + + 4+ + + + + + + + + + 48
Integumentary System
Mammary gland + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 49
Adenocarcinoma X 1
Fibroadenoma X X X X X X X X 14
Fibroadenoma, multiple X 2
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 50
Basosquamous tumor benign X 1
Keratoacanthoma 1
Papilloma squamous 1
Subcutaneous tissue, fibroma 1
Subcutaneous tissue, fibrosarcoma X X 2
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50
Skeletal muscle + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + + 50
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50
Peripheral nerve 1
Spinal cord 1
Schwannoma NOS 1
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Alveolar/bronchiolar adenoma 1
Fibrosarcoma, metastatic, skin X 1
Mediastinum, schwannoma malignant 1
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

3 4455555666777 77777777777

Number of Days on Study 9 5944456067 11222222222333
6 110387 897 3889999999 99000
00 0O0OOOOOOOOOOOOOOOOOOOODOOO
Carcass ID Number 7777778778778 777777778777
3129420954813 23344459 45156
55§322245153121241352133251
Special Senses System
Eye A +
Harderian gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + +
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +

Systemic Lesions
Multiple organs + + + + + + + + + + + + + + + + + + + + 4+

+ + + +
Leukemia mononuclear X X X X X X X X X
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TABLE B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

119

7777777777777 77777777777
Number of Days on Study 3 3333333333333333333323333
0o000O0O0OO0O111111111222222222
00 0O0OOOOOOOOOOOOOOOOOOOODOOO
Carcass ID Number T 777777777 8 88 88 8 8 88 888 8 8 8 Total
6 6 6 67 7788 90001111122 223314 Tissues/
23 4512414413512 34512 34454 Tumors
Special Senses System
Eye + 2
Harderian gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 50
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Leukemia mononuclear X X X X X X X X X X 21
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppm

00555666 677777777777 777777

Number of Days on Study 4 727 9066 8222222 2 3333333
58819 936499999999 99 00000O0O00O0
00O0OOOOOOOOOOOOOOOOOOOOOOODO

Carcass ID Number 9898899988888 88888888999 99
1577505295556 66 778388901122
4 3 2221115145145 165134522252334

Alimentary System

Esophagus + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + o+ o+
Intestine large A+ + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum M + + + + + + + + + + + + + + + + + + + + + + + 4+
Intestine large, colon A+ + 4+ + + + + + + + 4+ + + + + + + + 4+ + + + + + +
Intestine large, rectum A+ + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small A+ + + + + 4+ + + + + 4+ + + 4+ + + + + + + + 4+ + + +
Intestine small, duodenum A+ + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, ileum A+ + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 4+ + +
Intestine small, jejunum A+ + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + + + +
Liver + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + o+
Hepatocellular adenoma
Mesentery + +
Liposarcoma X
Pancreas A+ 4+ 4+ + + + + + + + + + + + + + + + + + + + + + +
Salivary glands + + 4+ + + + + 4+ + + + M+ + + + + 4+ + + + + 4+ + + +
Stomach A+ + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, forestomach A+ 4+ 4+ + + + + + + + + + + + + + + + + + + + + + +
Papilloma squamous
Stomach, glandular A+ + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + + + +
Tooth + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Cardiovascular System
Blood vessel + + + + + 4+ + + + + + + + 4+ + o+
Heart + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4
Endocrine System
Adrenal gland + + 4+ + + + + 4+ + + + 4+ 4+ + + + 4+ + + + + 4+ + + + 4
Adrenal gland, cortex + + + + + + + + + + + + + + 4+ + + + + + 4+ + + + + +
Adrenal gland, medulla + + + + + + + + + + + + 4+ + + + + + 4+ + + + + + + +
Pheochromocytoma benign X
Islets, pancreatic A+ + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma
Parathyroid gland + + M+ + + + 4+ + + + + 4+ + + + M+ + + + + + + + +
Pituitary gland + + 4+ 4+ + + + 4+ + + + 4+ + + + + 4+ + + + + 4+ + + + +
Pars distalis, adenoma X X X XX X X X X X
Thyroid gland A+ + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + +
C-cell, adenoma X X X X
C-cell, carcinoma
Follicular cell, carcinoma X
General Body System
None
Genital System
Clitoral gland + 4+ + M+ + + 4+ + + + + MM+ + + + + + + + + + + +
Adenoma X X X X X
Carcinoma X
Ovary + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ o+ + 4

Granulosa cell tumor malignant X
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)
T v 7777777777777 °7 777707777777
Number of Days on Study 3 3333333333333333333323333
0001111111111 122222222222
0O 0O0OOOOOOOOOOOOOOOOOOSOOOO
Carcass ID Number 9999 9999999999999 9999 99 99 Total
3333444 44555566666 7 778888 Tissues/
1245123452 3451234514512 45 Tumors
Alimentary System
Esophagus + + + + + 4+ + + + + + + + + + + + + + + + + + + + 51
Intestine large + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 50
Intestine large, cecum + + + + + 4+ + + + + + + + + + + + + + + + + + + + 50
Intestine large, colon + + + + + + + 4+ + + + + + + + + + + + + + + + + + 50
Intestine large, rectum + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 50
Intestine small + + 4+ + + + + 4+ + + + + + + + + + + + + + 4+ + + o+ 50
Intestine small, duodenum + + + 4+ + + + + + + + + + + 4+ + + + + + 4+ + + + + 50
Intestine small, ileum + + + 4+ + + + + + + + + + + 4+ + + + + + + + + + + 50
Intestine small, jejunum + + 4+ + + + + + + + + + 4+ + + + + 4+ + + + + + + o+ 50
Liver + + + + + 4+ + + + + + + + + + + + + + + + + + + + 51
Hepatocellular adenoma X 1
Mesentery + 3
Liposarcoma 1
Pancreas + + + + + + + + + + + + + + + + 4+ + + + + + + + + 50
Salivary glands + + + + + + + + + + + + + + + + 4+ + + + + + + + + 50
Stomach + + + + + + + + + + 4+ + + + + + + + + + + + + + + 50
Stomach, forestomach + + + + + 4+ + + + + + + + + + + + + + + + + + + + 50
Papilloma squamous X X 2
Stomach, glandular + + 4+ + + + + + + + + 4+ + + + + + + + + 4+ + + + 4+ 50
Tooth + + + + + + + + + + 4+ + + + + + + + + + + + + + + 51
Cardiovascular System
Blood vessel + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Heart + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 51
Endocrine System
Adrenal gland + + 4+ + + + + + + + + + 4+ + + + + 4+ + + + + + + o+ 51
Adrenal gland, cortex + + + 4+ + + + + + + + + + + + + + + + + 4+ + + + + 51
Adrenal gland, medulla + + + + + + + 4+ + + + + 4+ + + + + + 4+ + + + + + + 51
Pheochromocytoma benign X X X 4
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50
Adenoma X 1
Parathyroid gland + + + M+ + + 4+ + + + 4+ + M+ + + + M+ + + + + + 46
Pituitary gland + + + + + + + + + + + + 4+ + + + + 4+ + + + + + + o+ 51
Pars distalis, adenoma X X X X X X X X X 19
Thyroid gland + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + o+ 50
C-cell, adenoma X X 6
C-cell, carcinoma X 1
Follicular cell, carcinoma 1
General Body System
None
Genital System
Clitoral gland + + + M+ + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 47
Adenoma X 6
Carcinoma 1
Ovary + + + + + + + + + + 4+ + + + + + + + + + + + + + + 51
Granulosa cell tumor malignant 1




122

TABLE B2

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)

00555666 677777777 777777777
Number of Days on Study 4 7 27 9 06 6 8 222222222 3333333
58819 936499999999 9900000O00
000O0O0O0O0OOOOOOOOOOOOOOOOOOOODO
Carcass ID Number 9 89 8899 9888888888888 89 99909
157750529555 %6¢66 77888 901122
4 322211151451 451513452225234
Genital System(continued)
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + +
Polyp stromal X X X X
Vagina +
Hematopoietic System
Blood M+ + + + MM+ + + + + + + + + + + + + + + + + + +
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Deep cervical, carcinoma, metastatic,
thyroid gland

Lymph node, mandibular
Lymph node, mesenteric

+

M
+ +

+ + + + + + + + + +
+ + + + + + + + + +

+ o+ + + + + o+
+ + + 4+ 4+ 4+ 4+

+ o+ o+
+ + +

+
+

+ o+ +
+ + o+

Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + +
Hemangiosarcoma X
Thymus + + + + + + + + + + + 4+ + + 4+ + M+ + + + M+ + + +
Carcinoma, metastatic X
Thymoma benign X

Integumentary System
Mammary gland + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 4+
Fibroadenoma X X X X X X X X X X X X X
Skin + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + +

Musculoskeletal System
Bone
Skeletal muscle

+ + + + + + + + + + + 4+ + + + + 4+ + + + + + + + + o+
+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4+ 4+ + + + + + + + + + + + + + + +

Nervous System
Brain

+ + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + +

Respiratory System
Lung
Nose
Trachea

+ + F

+ o+ o+
+ + o+
+ o+ o+

+ + F

+ + +
+ o+ +
+ + +

+ + F

+ + +
+ o+ +
+ + +

++ 7*

+ + F

+ + +
+ o+ +
+ + +

+ + 1

+ + + +
+ + + 4+
+ + + 4+

+ + F

+ + +
+ + +
+ + +

Special Senses System
Eye
Harderian gland

+ + + + + 4+ + + + + 4+ + + M+ + 4+ + + + + + + + + +

Urinary System
Kidney
Liposarcoma, metastatic, mesentery
Renal tubule, adenoma
Renal tubule, carcinoma
Urinary bladder

+ + + + + + + + + + + + + 4+ + + + + 4+ + + + + + + o+

X

X
X

+ + + + + + + + + + + + + + + 4+ 4+ + + 4+ 4+ 4+ 4+ o+ 4+

Systemic Lesions
Multiple organs
Leukemia mononuclear

+ o+ +
X X X X X X

X +
X +
X +

X

X X

+ + + + + + + + + + + + + + + + +
X
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)
vy 7777777777777 77777777777
Number of Days on Study 3 3333333333333333333323333
0001111111111 122222222222
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 9999 9999999999999 999999 99 Total
3 3334444455505 %6168686¢6 7778282838 Tissues/
12 4512345234512 3451451245 Tumors
Genital System(continued)
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 51
Polyp stromal X X 6
Vagina 1
Hematopoietic System
Blood + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 48
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 51
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Deep cervical, carcinoma, metastatic,
thyroid gland X 1
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mesenteric + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Spleen + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 51
Hemangiosarcoma 1
Thymus + + + + + + + M+ + + 4+ + + + + + + M+ + + + + 4+ 47
Carcinoma, metastatic 1
Thymoma benign 1
Integumentary System
Mammary gland + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 51
Fibroadenoma X X X X X X X X X X X X X 26
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 51
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 51
Skeletal muscle + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + + 51
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 51
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 51
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 51
Special Senses System
Eye + 1
Harderian gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 50
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Liposarcoma, metastatic, mesentery 1
Renal tubule, adenoma 1
Renal tubule, carcinoma 1
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51

Leukemia mononuclear X X X X X X X X X X X X X

26




124 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 ppm

4 5 6 6 6
4 6
2 3

Number of Days on Study
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Alimentary System
Esophagus + + + + + 4+ + + + + 4+ + + 4+ + + + + 4+ + + + +
Intestine large + + + o+ o+ o+ o+ o+ o+ o+
Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon + 4+ + + +F + o+ o+ o+ o+ o+ o+

Adenocarcinoma

Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + +
Intestine small + + + 4+ +F o+ o+ o+ o+ o+
Intestine small, duodenum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + o+ o+
Intestine small, ileum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + o+ o+ o+
Intestine small, jejunum + 4+ + + +F + o+ o+ o+ o+
Liver + + + + + 4+ + + + + 4+ + + 4+ + + + + 4+ + + + +
Mesentery
Pancreas + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + +
Salivary glands + + + +F o+ o+ o+ o+ o+ +
Stomach + + + 4+ + + + + + + + 4+ + + + + 4+ + + + + + +
Stomach, forestomach + + + + + 4+ + + + + + + + + + + + + + + + + +
Stomach, glandular + + + + + + + + + + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ o+ 4+
Tooth + + + + + + + + 4+ + + + + + + + + + + + + + +

Cardiovascular System
Blood vessel + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ +
Heart + + + + + + + + + + + + + 4+ + + + + o+ o+

Endocrine System

Adrenal gland + + + + + + o+ 4+ o+ 4

Adrenal gland, cortex + + 4+ 4+ + + + + + o+

Adrenal gland, medulla + + + + + + + o+ o+ 4+
Pheochromocytoma benign

Islets, pancreatic + +

Parathyroid gland + +

Pituitary gland + +
Pars distalis, adenoma X
Pars distalis, carcinoma X

Thyroid gland + + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ +
Bilateral, C-cell, adenoma X X
C-cell, adenoma X X X
Follicular cell, adenoma

x

General Body System
None

Genital System
Clitoral gland + 4+ 4+ + M+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + o+
Adenoma X
Ovary + + + + + + + + + + + + + + + + + + + + + + +
Granulosa cell tumor benign X
Granulosa-theca tumor benign
Uterus + + + + + + + + + + + + + + + + + + + + + + +
Hemangiosarcoma X
Leiomyoma
Polyp stromal X X
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprcontinued)

7777777777777 77777777777

Number of Days on Study 3 3 3 333 333332333 333333333
oooo0o00OI1I11111111222222222
1111111111111111111111111

Carcass ID Number 000O0OO0O0O0ODODODODODODODOOOOOLII1111111 Total
34445558666 777899 900112222 Tissues/
5123123235 2341234251212375 Tumors

Alimentary System

Esophagus + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + 48
Intestine large + 0+ + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 48
Intestine large, cecum + + + + + + + + + + + + + + + 4+ + + + + + + + + + 48
Intestine large, colon + + + + + + + 4+ + + + + + + + + + + + + + + + + + 48
Adenocarcinoma X 1
Intestine large, rectum + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 48
Intestine small + 0+ + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ + o+ 48
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 48
Intestine small, ileum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ + 48
Intestine small, jejunum + 4+ + + o+ o+ o+ o+ o+ o+ o+ 48
Liver + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + o+ 48
Mesentery + + 2
Pancreas + + + + + + + + + + 4+ + + 4+ + + + + 4+ + + + + + + 48
Salivary glands + o+ + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 48
Stomach + + + + + + + + + + + 4+ + + + + + + + + + + + + + 48
Stomach, forestomach + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ + 48
Stomach, glandular + + 4+ + + + + + + + + 4+ + + + + + + + + 4+ + + + 4+ 48
Tooth + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 48
Cardiovascular System
Blood vessel + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + o+ 48
Heart + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 48
Endocrine System
Adrenal gland + 4+ + + o+ o+ o+ o+ 48
Adrenal gland, cortex + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 48
Adrenal gland, medulla + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ 48
Pheochromocytoma benign X 1
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 48
Parathyroid gland + + + 4+ + + + + + + + + 4+ + + + + M+ + 4+ + + + o+ 46
Pituitary gland + + 4+ + + + + + + + + + + + + + + + + + + + + + 4+ 47
Pars distalis, adenoma X X X X X X X X X 20
Pars distalis, carcinoma 2
Thyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 48
Bilateral, C-cell, adenoma 2
C-cell, adenoma X X X 6
Follicular cell, adenoma X 1
General Body System
None
Genital System
Clitoral gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + o+ 47
Adenoma X 2
Ovary + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 48
Granulosa cell tumor benign 1
Granulosa-theca tumor benign X 1
Uterus + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 48
Hemangiosarcoma 1
Leiomyoma X 1

Polyp stromal X X X X X 7
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TABLE B2

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprtcontinued)

45 6 6 6 6 67 7777777777777 77
Number of Days on Study 9 246 8890001222 2 2 2 3
57 2 3 044111539999 99999 90
111110111112 101111111111
Carcass ID Number 0010090001109 000O0O0O0O0O0O0O0O0O0
121489859206 90011223333
4 45 4 3 2 4 41 4 4 45 1215351243

Hematopoietic System

Blood + + 4+ + + + + + + + + + + + + + + + + + + + +
Bone marrow + + 4+ + + + + + + + + + 4+ + + + + + + + + + +
Lymph node + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ +
Mediastinal, rhabdomyosarcoma,
metastatic, skeletal muscle X
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ +
Lymph node, mesenteric + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ +
Spleen + + + + + + + + + + + + + + + + + + + + + + +
Thymus + + + + + + + + + + M+ + + M+ + + + + + + +
Thymoma benign
Integumentary System
Mammary gland + M+ + + + + + + + + + + + + 4+ + + + + + + +
Fibroadenoma X X X X X X
Fibroadenoma, multiple X X
Skin + + + + + + + 4+ + + + 4+ + + + + 4+ + + + M+ +
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + +
Skeletal muscle + + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ +
Rhabdomyosarcoma X
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + +
Carcinoma, metastatic, pituitary gland X X
Granular cell tumor benign
Oligodendroglioma NOS X

Respiratory System
Lung + + 4+ + + 4+ + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma
Mediastinum, rhabdomyosarcoma,

metastatic, skeletal muscle X
Nose + 4+ + + + + 4+ + + + + + + + + + + + + + + + o+
Trachea + + + + + + + + + + + 4+ + + + + + + + + 4+ + +

Special Senses System
Eye +
Harderian gland + + + + + + + + + + + + + + + + 4+ + + + + + +
Lacrimal gland

Urinary System
Kidney + + 4+ + + 4+ + + + + + + + + + + + + + + + + +
Urinary bladder + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + 4+ +

Systemic Lesions
Multiple organs
Leukemia mononuclear

+ + + + + 4+ + + + + 4+ + + 4+ + + + + 4+ + + + +
X X X X X X X X X X
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TaBLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprcontinued)
vy 7 7777777777777 7777777777
Number of Days on Study 3 3333333333333333333323333
oooo0o00OI1I11111111222222222
1111111111111111111111111
Carcass ID Number 000O0OO0O0O0ODODODODODODODOOOOOLII1111111 Total
34445558666 777899 900112222 Tissues/
5123123235 2341234251212375 Tumors
Hematopoietic System
Blood + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 48
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 48
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 48
Mediastinal, rhabdomyosarcoma,
metastatic, skeletal muscle 1
Lymph node, mandibular + + + + + + + + M+ + + + + + + 4+ + + + + + + + + 47
Lymph node, mesenteric + + + + + M+ + + + + + + + + + 4+ + + + + M+ + + 46
Spleen + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 48
Thymus + + + + + + + 4+ + + + + 4+ + + + + M+ + 4+ + + + + 45
Thymoma benign X 1
Integumentary System
Mammary gland + + + + + + + 4+ + + + 4+ + M+ 4+ + + + + + + + + 4+ 46
Fibroadenoma X X X X X 11
Fibroadenoma, multiple X X X 5
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 47
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 48
Skeletal muscle + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + + 48
Rhabdomyosarcoma 1
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 48
Carcinoma, metastatic, pituitary gland 2
Granular cell tumor benign X 1
Oligodendroglioma NOS 1
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 48
Alveolar/bronchiolar adenoma X X 2
Mediastinum, rhabdomyosarcoma,
metastatic, skeletal muscle 1
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 48
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 48
Special Senses System
Eye + + + 4
Harderian gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 48
Lacrimal gland + 1
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 48
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 48
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 48

Leukemia mononuclear

X

X

X

X

X

X

X

X

18
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TaBLE B3
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate

0 ppm 1,500 ppm 5,000 ppm

15,000 ppm

Adrenal Medulla: Benign Pheochromocytoma

Overall rate?
Adjusted ratedd
Terminal rate$

First incidence (days)
Life table tes

Logistic regression teds
Cochran-Armitage tedt

Fisher exact te@t

Adrenal Medulla: Benign or Complex Pheochromocytoma

Overall rates
Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

Clitoral Gland: Adenoma

Overall rates
Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

Clitoral Gland: Adenoma or Carcinoma

Overall rates

1/50 (2%)
2.7%
1/37 (3%)
729 (T)
P=0.552
P=0.552
P=0.547

2/50 (4%)

5.1%

1/37 (3%)
694

P=0.572N
P=0.555N
P=0.581N

5/49 (10%)
12.7%
4/37 (11%)
599
P=0.350N
P=0.345N
P=0.362N

5/49 (10%)

0/50 (0%)
0.0%
0137 (0%)

P=0.500N
P=0.500N

P=0.500N

0/50 (0%)
0.0%
0/37 (0%)

P=0.245N
P=0.247N

P=0.247N

1/49 (2%)

2.7%

1/37 (3%)

729 (T)

P=0.110N
P=0.109N

P=0.102N

2149 (4%)

4/51 (8%)
9.5%
4142 (10%)
729 (T)
P=0.219
P=0.219

P=0.187

4/51 (8%)
9.5%
4142 (10%)
729 (T)
P=0.389
P=0.349

P=0.348

6/47 (13%)
14.8%
5/39 (13%)
663
P=0.531
P=0.456

P=0.470

7147 (15%)

Adjusted rates 12.7% 5.4% 16.5%
Terminal rates 4/37 (11%) 2/37 (5%) 5/39 (13%)
First incidence (days) 599 729 (T) 528

Life table tests P=0.294N P=0.226N P=0.409
Logistic regression tests P=0.300N P=0.233N P=0.353
Cochran-Armitage test P=0.304N

Fisher exact test P=0.218N P=0.350

Mammary Gland: Fibroadenoma

Overall rates
Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

19/50 (38%)
45.9%
15/37 (41%)
624
P=0.390N
P=0.349N
P=0.427N

16/50 (32%)
40.9%
14/37 (38%)
667
P=0.352N
P=0.421N

P=0.338N

26/51 (51%)

57.7%

23/42 (55%)

571

P=0.246
P=0.109

P=0.133

1/48 (2%)
2.8%
1/36 (3%)
729 (T)
P=0.756
P=0.756

P=0.742

1/48 (2%)
2.8%
1/36 (3%)
729 (T)
P=0.504N
P=0.508N

P=0.515N

2147 (4%)

5.6%

2/36 (6%)

729 (T)

P=0.230N
P=0.234N

P=0.235N

2147 (4%)

5.6%

2/36 (6%)

729 (T)

P=0.230N
P=0.234N

P=0.235N

16/48 (33%)
38.5%

11/36 (31%)
663
P=0.358N

P=0.374N

P=0.393N
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0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Mammary Gland: Fibroadenoma or Carcinoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests

Cochran-Armitage test

Fisher exact test

Pituitary Gland (Pars Distalis): Adenoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests

Cochran-Armitage test

Fisher exact test

Pituitary Gland (Pars Distalis): Adenoma or Carcinoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests

Cochran-Armitage test

Fisher exact test

Skin (Subcutaneous Tissue): Fibroma or Fibrosarcoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests

Cochran-Armitage test

Fisher exact test

Thyroid Gland (C-cell): Adenoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

19/50 (38%)
45.9%
15/37 (41%)
624
P=0.355N
P=0.312N
P=0.391N

23/50 (46%)
53.1%
17/37 (46%)
585
P=0.513
P=0.531
P=0.474

23/50 (46%)
53.1%
17/37 (46%)
585
P=0.371
P=0.360
P=0.323

0/50 (0%)
0.0%
0/37 (0%)

P=0.255N
P=0.259N
P=0.262N

8/50 (16%)
19.8%
6/37 (16%)
599
P=0.486
P=0.506
P=0.466

17/50 (34%)
43.5%
15/37 (41%)
667
P=0.430N
P=0.510N

P=0.418N

17/50 (34%)
42.0%
14/37 (38%)
548
P=0.188N
P=0.179N

P=0.154N

18/50 (36%)
44.5%
15/37 (41%)
548
P=0.245N
P=0.243N

P=0.208N
3/50 (6%)

7.7%
2137 (5%)

667

P=0.120
P=0.113

P=0.121

7/50 (14%)
18.9%
7/37 (19%)
729 (T)
P=0.511N
P=0.545N

P=0.500N

26/51 (51%)

57.7%

23/42 (55%)

571

P=0.246
P=0.109

P=0.133

19/51 (37%)

44.2%

18/42 (43%)

684

P=0.154N
P=0.267N

P=0.245N

19/51 (37%)

44.2%

18/42 (43%)

684

P=0.154N
P=0.267N

P=0.245N

0/51 (0%)
0.0%
0/42 (0%)

6/50 (12%)

13.9%

5/42 (12%)

663

P=0.314N
P=0.390N

P=0.387N

16/48 (33%)
38.5%
11/36 (31%)
663
P=0.358N
P=0.374N

P=0.393N

20/47 (43%)
48.3%
14/35 (40%)
663
P=0.409N
P=0.431N

P=0.446N

22147 (A7%)
50.4%
14/35 (40%)
495
P=0.552N
P=0.543

P=0.549

0/48 (0%)
0.0%
0/36 (0%)

8/48 (17%)

21.3%

7/36 (19%)

684

P=0.589
P=0.578

P=0.572
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TaBLE B3
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Thyroid Gland (C-cell): Adenoma or Carcinoma
Overall rates 9/50 (18%) 9/50 (18%) 7/50 (14%) 8/48 (17%)
Adjusted rates 22.4% 24.3% 16.2% 21.3%
Terminal rates 7/37 (19%) 9/37 (24%) 6/42 (14%) 7/36 (19%)
First incidence (days) 599 729 (T) 663 684
Life table tests P=0.472N P=0.593 P=0.311N P=0.519N
Logistic regression tests P=0.444N P=0.551 P=0.397N P=0.530N
Cochran-Armitage test P=0.491N
Fisher exact test P=0.602N P=0.393N P=0.537N
Uterus: Stromal Polyp
Overall rates 13/50 (26%) 7/50 (14%) 6/51 (12%) 7/48 (15%)
Adjusted rates 34.1% 17.5% 14.3% 18.9%
Terminal rates 12/37 (32%) 5/37 (14%) 6/42 (14%) 6/36 (17%)
First incidence (days) 694 451 729 (T) 715
Life table tests P=0.207N P=0.109N P=0.033N P=0.115N
Logistic regression tests P=0.185N P=0.128N P=0.043N P=0.099N
Cochran-Armitage test P=0.218N
Fisher exact test P=0.105N P=0.057N P=0.125N
Uterus: Stromal Polyp or Stromal Sarcoma
Overall rates 13/50 (26%) 8/50 (16%) 6/51 (12%) 7/48 (15%)
Adjusted rates 34.1% 19.1% 14.3% 18.9%
Terminal rates 12/37 (32%) 5/37 (14%) 6/42 (14%) 6/36 (17%)
First incidence (days) 694 396 729 (T) 715
Life table tests P=0.177N P=0.169N P=0.033N P=0.115N
Logistic regression tests P=0.173N P=0.158N P=0.043N P=0.099N
Cochran-Armitage test P=0.186N
Fisher exact test P=0.163N P=0.057N P=0.125N
All Organs: Mononuclear Cell Leukemia
Overall rates 19/50 (38%) 21/50 (42%) 26/51 (51%) 18/48 (38%)
Adjusted rates 42.5% 51.2% 54.1% 43.6%
Terminal rates 12/37 (32%) 17/37 (46%) 20/42 (48%) 13/36 (36%)
First incidence (days) 599 609 528 527
Life table tests P=0.400N P=0.398 P=0.244 P=0.527N
Logistic regression tests P=0.398N P=0.344 P=0.123 P=0.571N
Cochran-Armitage test P=0.434N
Fisher exact test P=0.419 P=0.133 P=0.563N
All Organs: Benign Neoplasms
Overall rates 40/50 (80%) 36/50 (72%) 43/51 (84%) 36/48 (75%)
Adjusted rates 88.8% 79.9% 93.5% 80.0%
Terminal rates 32/37 (86%) 28/37 (76%) 39/42 (93%) 27136 (75%)
First incidence (days) 585 451 571 663
Life table tests P=0.391N P=0.319N P=0.451N P=0.327N
Logistic regression tests P=0.311N P=0.372N P=0.246 P=0.315N
Cochran-Armitage test P=0.455N

Fisher exact test P=0.241N P=0.380 P=0.363N
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TaBLE B3
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
All Organs: Malignant Neoplasms
Overall rates 24/50 (48%) 26/50 (52%) 30/51 (59%) 22/48 (46%)
Adjusted rates 51.7% 60.2% 61.2% 49.5%
Terminal rates 15/37 (41%) 20/37 (54%) 23/42 (55%) 14/36 (39%)
First incidence (days) 585 396 528 495
Life table tests P=0.338N P=0.397 P=0.333 P=0.460N
Logistic regression tests P=0.359N P=0.412 P=0.174 P=0.550N
Cochran-Armitage test P=0.364N
Fisher exact test P=0.421 P=0.187 P=0.495N
All Organs: Benign or Malignant Neoplasms
Overall rates 45/50 (90%) 47/50 (94%) 49/51 (96%) 42/48 (88%)
Adjusted rates 91.8% 95.9% 100.0% 87.5%
Terminal rates 33/37 (89%) 35/37 (95%) 42/42 (100%) 30/36 (83%)
First incidence (days) 585 396 528 495
Life table tests P=0.285N P=0.369 P=0.516N P=0.411N
Logistic regression tests P=0.189N P=0.312 P=0.041 P=0.475N
Cochran-Armitage test P=0.248N
Fisher exact test P=0.357 P=0.210 P=0.471N

ST)TerminaI sacrifice

Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscapieadly dtaral, bone marrow,
brain, clitoral gland, heart, kidney, larynx, liver, lung, nose, ovary, pancreas, parathyroid gland, pituitary glandgkaidaspleen, thyroid gland, and urinary
bladder; for other tissues, denominator is number of animals necropsied.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
Observed incidence at terminal kill
Beneath the control incidence are the P values associated with the trend test. Beneath the exposed group incidersieiesetieeBponding to pairwise
comparisons between the controls and that exposed group. The life table test regards neoplasms in animals dying pebkitbaeroeing (directly or
indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitegexaxct fésts compare directly the
overall incidence rates. For all tests, a negative trend or a lower incidence in an exposure group is intlicated by
Not applicable; no neoplasms in animal group

o
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TABLE B4
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydraté

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm

Disposition Summary
Animals initially in study 70 70 70 70
9-Month interim evaluation 10 10 10 10
15-Month interim evaluation 10 10 9 10
Early deaths

Accidental deaths 1

Moribund 6 11 6 11

Natural deaths 7 2 2 1
Survivors

Terminal sacrifice 37 37 42 36
Missexed 2

Animals examined microscopically 70 61 62 68

9-Month Interim Evaluation

Alimentary System

Pancreas (10) (10)
Acinus, atrophy 2 (20%)

Cardiovascular System
Heart 9) (10)
Degeneration, chronic 2 (22%) 2 (20%)

Endocrine System

Pituitary gland (20) (20)
Pars distalis, congestion 1 (10%)
Pars distalis, hyperplasia 1 (10%) 1 (10%)

General Body System
None

Genital System
Clitoral gland (10) (6)

Duct, cyst 1 (17%)
Oviduct 1)

Dilatation 1 (100%)

Inflammation, acute 1 (100%)

Hematopoietic System
None

Integumentary System
None
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TABLE B4
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm

9-Month Interim Evaluation(continued)

Musculoskeletal System
None

Nervous System
None

Respiratory System
None

Special Senses System
None

Urinary System
Kidney (10) 2) (20)
Nephropathy, chronic 1 (10%) 2 (100%) 2 (20%)

15-Month Interim Evaluation

Alimentary System

Liver (20) 2 (1) (20)
Basophilic focus 8 (80%) 1 (50%) 1100%) 10 (100%)
Clear cell focus 1 (10%) 1 (100%) 2 (20%)
Hepatodiaphragmatic nodule 1 (10%) 10q%) 1 (100%) 3 (30%)
Inflammation, chronic 5 (50%) 1 (100%) 7 (70%)

Mesentery 1) 2)
Inflammation, chronic active 1 (50%)
Necrosis 1 (100%) 1 (50%)

Pancreas (10) Q) (10)
Acinus, atrophy 1 (10%) 100%) 2 (20%)

Salivary glands (10) Q) (20)
Atrophy 1 (10%)

Cardiovascular System
Heart (20) Q) (20)
Cardiomyopathy, chronic 1 (10%)

Endocrine System
Pituitary gland (10) Q) (20)
Pars distalis, angiectasis 1 (10%)
Pars distalis, cyst 7 (70%) 1 (100%) 3 (30%)
Pars distalis, hyperplasia 1 (10%)
Thyroid gland (10) Q) (10)
C-cell, hyperplasia 2 (20%)
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TABLE B4

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

15-Month Interim Evaluation(continued)

General Body System
None

Genital System
Clitoral gland
Inflammation, chronic active
Ovary
Cyst
Uterus
Dilatation
Inflammation, chronic active
Endometrium, hyperplasia, cystic, glandular

1 (10%)
1 (10%)

2
2 (100%)
(3
2 (67%)
1)

@)

(10)
3 (30%)
(10)

(10)
1 (10%)

1 (10%)

Hematopoietic System
None

Integumentary System
Mammary gland
Hyperplasia, cystic

(8)
7 (88%)

(1)
1 (100%)

(10)
10 (100%)

Musculoskeletal System
None

Nervous System
None

Respiratory System
Lung

Inflammation, chronic active
Nose

Fungus

Inflammation, chronic active

Nasolacrimal duct, inflammation, suppurative

10)

(10)

2 (20%)

(1)
1 (100%)
1)

1 (100%)

(10)

(10)
1 (10%)
1 (10%)
1 (10%)

Special Senses System
Eye

Lens, cataract

Retina, atrophy
Harderian gland

Inflammation, chronic active

(1)
1 (100%)
1100%)
(10)

@

(10)
1 (10%)

Urinary System
Kidney
Nephropathy, chronic

(10)
9 (90%)

9
9 (100%)

(8
8 (100%)

(10)
10 (100%)
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Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Study

Alimentary System

Intestine large, colon (50) (50) (50) (48)
Parasite metazoan 1 (2%) 2 (4%)

Intestine large, rectum (50) (50) (50) (48)
Inflammation, chronic active 1 (2%)
Parasite metazoan 2 (4%) 2 (4%) 3 (6%) 2 (4%)

Intestine small, jejunum (50) (50) (50) (48)
Inflammation, chronic active 2 (4%)

Liver (50) (50) (51) (48)
Bacterium 1 (2%)
Basophilic focus 37 (74%) 41 (82%) 35 (69%) 36 (75%)
Clear cell focus 4 (8%) 3 (6%) 3 (6%) 5 (10%)
Degeneration, cystic 2 (4%) 3 (6%) 1 (2%)
Hematopoietic cell proliferation 1 (2%) 1 (2%) 4 (8%)
Hepatodiaphragmatic nodule 6 (12%) 7 (14%) 5 (10%) 5 (10%)
Hyperplasia 1 (2%) 1 (2%) 2 (4%)
Inflammation, chronic 29 (58%) 35 (70%) 30 (59%) 36 (75%)
Leukocytosis 1 (2%) 1 (2%)
Necrosis, coagulative 3 (6%) 3 (6%) 3 (6%) 2 (4%)
Thrombus 1 (2%)

Vacuolization cytoplasmic 16 (32%) 15 (30%) 18 (35%) 17 (35%)
Bile duct, cyst 1 (2%) 1 (2%)
Bile duct, hyperplasia 36 (72%) 31 (62%) 35 (69%) 33 (69%)

Mesentery 3) 3) ) 2)
Inflammation, necrotizing 2 (67%) 3 (100%) 1 (33%) 1 (50%)

Pancreas (50) (49) (50) (48)
Infiltration cellular, lipocyte 34 (68%) 31 (63%) 36 (72%) 27 (56%)
Inflammation, chronic active 1 (2%)

Acinus, amyloid deposition 1 (2%)

Acinus, atrophy 9 (18%) 15 (31%) 13 (26%) 10 (21%)

Perivascular, inflammation, chronic active 1 (2%) 1 (2%)
Salivary glands (50) (50) (50) (48)

Acinus, hyperplasia 1 (2%)

Stomach, forestomach (50) (50) (50) (48)
Acanthosis 4 (8%) 5 (10%) 4 (8%) 7 (15%)
Hyperkeratosis 1 (2%) 1 (2%) 2 (4%) 2 (4%)
Inflammation, chronic active 3 (6%) 3 (6%) 1 (2%) 3 (6%)
Perforation 1 (2%)

Stomach, glandular (50) (50) (50) (48)
Erosion 1 (2%) 1 (2%)

Inflammation, chronic active 4 (8%) 4 (8%) 1 (2%)
Mineralization 1 (2%)

Tooth (50) (50) (51) (48)
Inflammation, chronic active 3 (6%) 2 (4%) 3 (6%)

Cardiovascular System

Heart (50) (50) (51) (48)
Cardiomyopathy, chronic 38 (76%) 32 (64%) 34 (67%) 37 (77%)
Atrium, thrombus 1 (2%) 1 (2%) 2 (4%)
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TABLE B4

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Studycontinued)

Endocrine System

Adrenal gland, cortex (50) (50) (51) (48)
Degeneration, fatty 27 (54%) 23 (46%) 28 (55%) 27 (56%)
Hematocyst 1 (2%)

Hematopoietic cell proliferation 1 (2%)
Hyperplasia 25 (50%) 23 (46%) 24 (47%) 20 (42%)
Hypertrophy 5 (10%) 2 (4%) 3 (6%) 1 (2%)

Adrenal gland, medulla (50) (50) (51) (48)
Hematopoietic cell proliferation 1 (2%)
Hyperplasia 12 (24%) 11 (22%) 6 (12%) 1 (2%)

Islets, pancreatic (50) (49) (50) (48)
Hyperplasia 1 (2%) 1 (2%)
Vacuolization cytoplasmic 1 (2%)

Parathyroid gland (46) (46) (46) (46)
Hyperplasia 1 (2%)

Pituitary gland (50) (50) (51) 47
Craniopharyngeal duct, cyst 1 (2%) 2 (4%) 2 (4%)
Pars distalis, cyst 30 (60%) 28 (56%) 23 (45%) 25 (53%)
Pars distalis, hyperplasia 22 (44%) 24 (48%) 24 (47%) 18 (38%)
Pars intermedia, cyst 1 (2%) 1 (2%)

Pars intermedia, hyperplasia 1 (2%)

Thyroid gland (50) (50) (50) (48)

C-cell, hyperplasia 17 (34%) 12 (24%) 9 (18%) 17 (35%)
Follicular cell, cyst 1 (2%)
Follicular cell, hyperplasia 1 (2%)

General Body System

None

Genital System

Clitoral gland (49) (49) a7 47)
Hyperplasia 5 (10%) 4 (8%) 10 (21%) 6 (13%)
Inflammation, chronic active 17 (35%) 13 (27%) 12 (26%) 20 (43%)
Duct, ectasia 1 (2%) 1 (2%) 1 (2%)

Ovary (50) (50) (51) (48)

Atrophy 3 (6%) 1 (2%) 1 (2%)
Cyst 5 (10%) 5 (10%) 4 (8%) 2 (4%)
Uterus (50) (50) (51) (48)
Dilatation 1 (2%) 2 (4%)
Hemorrhage 1 (2%)
Hyperplasia, cystic, glandular 3 (6%) 4 (8%) 8 (16%) 5 (10%)
Inflammation, chronic active 1 (2%) 1 (2%)
Intussusception 1 (2%)
Endometrium, hyperplasia 1 (2%)
Vagina 1) Q)
Inflammation, suppurative 1 (100%) 1 (100%)

Hematopoietic System

Blood (41) (48) (48) (48)
Polycythemia 1 (2%)
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Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Studycontinued)

Hematopoietic Systentcontinued)

Bone marrow (50) (50) (51) (48)
Femoral, hyperplasia, erythrocyte 1 (2%)
Femoral, myelofibrosis 1 (2%) 1 (2%) 1 (2%) 1 (2%)

Lymph node (50) (50) (51) (48)

Deep cervical, inflammation, chronic active 1 (2%)
Inguinal, cyst 1 (2%)
Lumbar, cyst 1 (2%)
Mediastinal, inflammation, chronic active 1 (2%)

Lymph node, mandibular (50) (50) (50) 47
Cyst 4 (8%) 2 (4%) 3 (6%)
Hyperplasia, plasma cell 1 (2%)

Spleen (50) (50) (51) (48)
Fibrosis 2 (4%)

Hematopoietic cell proliferation 2 (4%) 3 (6%) 1 (2%) 4 (8%)
Lymphoid follicle, hyperplasia 1 (2%) 1 (2%)

Thymus (46) (48) 47 (45)

Cyst 2 (4%) 2 (4%) 1 (2%)
Ectopic parathyroid gland 1 (2%)

Integumentary System

Mammary gland (48) (49) (51) (46)
Hyperplasia, cystic 46 (96%) 48 (98%) 49 (96%) 46 (100%)

Skin (50) (50) (51) 47)

Cyst epithelial inclusion 1 (2%)
Inflammation, chronic active 1 (2%) 2 (4%)

Musculoskeletal System

None

Nervous System

Brain (50) (50) (51) (48)
Compression 4 (8%) 7 (14%) 1 (2%) 3 (6%)
Hydrocephalus 3 (6%) 6 (12%) 1 (2%) 5 (10%)
Necrosis 1 (2%)

Respiratory System

Lung (50) (50) (51) (48)
Bacterium 1 (2%)
Infiltration cellular, histiocyte 27 (54%) 35 (70%) 32 (63%) 29 (60%)
Inflammation, chronic active 8 (16%) 7 (14%) 8 (16%) 9 (19%)
Leukocytosis 1 (2%)
Metaplasia, osseous 4 (8%)

Necrosis, coagulative 1 (2%)
Alveolar epithelium, hyperplasia 1 (2%) 4 (8%) 6 (12%) 4 (8%)
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TABLE B4

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Studycontinued)
Respiratory System(continued)
Nose (50) (50) (51) (48)
Fungus 1 (2%) 1 (2%) 2 (4%) 3 (6%)
Inflammation, chronic active 3 (6%) 2 (4%) 6 (12%) 4 (8%)
Nasolacrimal duct, inflammation, suppurative 17 (34%) 14 (28%) 16 (31%) 20 (42%)
Special Senses System
Eye (3) (2) (1) 4
Cornea, inflammation, chronic active 1 (50%)
Lens, cataract 2 (67%) 2 (100%) 1 (100%) 4 (100%)
Retina, atrophy 2 (67%) 2@0%) 1 (100%) 3 (75%)
Urinary System
Kidney (50) (50) (51) (48)
Bacterium 1 (2%)
Hydronephrosis 1 (2%)
Inflammation, chronic active 1 (2%)
Necrosis, coagulative 1 (2%)
Nephropathy, chronic 48 (96%) 50 (100%) 49 (96%) 48 (100%)
Thrombus 1 (2%)
Renal tubule, hyperplasia 2 (4%)
Renal tubule, hyperplasia, oncocytic 1 (2%)
Urinary bladder (49) (50) (51) (48)
Inflammation, hemorrhagic 1 (2%)

Number of animals examined microscopically at site and number of animals with lesion
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TasLE C1
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydraté

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm

Disposition Summary
Animals initially in study 70 70 70 70
9-Month interim evaluatio 10 10 10 9
15-Month interim evaluatioff 10 10 9 10
Early deaths
Accidental deaths 1
Moribund 2 3 2 1
Natural deaths 2 3 3 3
Survivors
Died last week of study 1 1
Terminal sacrifice 45 43 46 46

Animals examined microscopically 70 61 61 70

9-Month Interim Evaluation

Alimentary System

Intestine small, duodenum (10) Q) 9)
Polyp adenomatous 1 (100%)

Liver (10) 9)
Hepatocellular adenoma 1 (10%)

Respiratory System
Lung (10) 9
Alveolar/bronchiolar adenoma 1 (10%)

15-Month Interim Evaluation

Alimentary System

Liver (10) (10) 9) (10)
Hepatocellular adenoma 1 (10%)

Endocrine System
Thyroid gland (10) 2) 1) (10)
Follicular cell, adenoma 1 (10%)

Special Senses System
Harderian gland Q)
Adenoma 1 (100%)
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TaBLE C1

Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratecontinued)
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0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

2-Year Study

Alimentary System

Intestine large, cecum
Adenocarcinoma

Intestine small

Intestine small, duodenum
Polyp adenomatous

Intestine small, jejunum
Adenocarcinoma

Liver
Hemangiosarcoma
Hepatocellular carcinoma
Hepatocellular carcinoma, multiple
Hepatocellular adenoma
Hepatocellular adenoma, multiple
Sarcoma

Mesentery
Hepatocellular carcinoma, metastatic, liver

Pancreas

Stomach, forestomach
Squamous cell papilloma

(48)

(50)
(49)
1 (2%)
(49)

(50)
1 (2%)
5 (10%)
4 (8%)
14 (28%)
16 (32%)
1 (2%)
2

(50)
(50)
1 (2%)

(49)

(49)
(49)

(49)
2 (4%)
(49)

10 (20%)
2 (4%)

12 (24%)
17 (35%)

(49)
(49)
1 (2%)

(49)
1'(2%)
(50)
(50)
1 (2%)
(50)

(51)
1 (2%)
6 (12%)
2 (4%)
5 (10%)
14 (27%)

@

(50)
(51)

1 (100%)

(50)

(50)
(50)

(50)

(50)
1 (2%)
4 (8%)
2 (4%)
11 (22%)
9 (18%)

(50)
(50)

Cardiovascular System
Heart
Hepatocholangiocarcinoma, metastatic, liver

(50)
1 (2%)

(49)

(51)

(51)

Endocrine System
Adrenal gland
Spindle cell, adenoma
Adrenal gland, cortex
Adenoma
Adrenal gland, medulla
Pheochromocytoma benign
Islets, pancreatic
Adenoma
Thyroid gland
Follicular cell, adenoma

(50)
10 (20%)
(49)
(49)
(50)

(50)

(49)
5 (10%)
(49)
3 (6%)
(47)

(49)

(49)

(49)
14 (29%)
(49)
1 (2%)
(49)

(50)

(50)
3 (6%)

General Body System
None

Genital System
Epididymis

Fibrosarcoma

Hemangiosarcoma
Prostate

Hemangiosarcoma
Testes

Interstitial cell, carcinoma

(50)

(50)

(50)

(49)

1 (2%)
(49)

1 (2%)
(49)

(51)
1 (2%)

(51)

(51)
1 (2%)

(50)

(50)

(50)
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TaBLE C1

Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratecontinued)

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

2-Year Studycontinued)

Hematopoietic System
Bone marrow

Femoral, hemangiosarcoma

Lymph node

Bronchial, hepatocholangiocarcinoma,

metastatic, liver

Mediastinal, hepatocellular carcinoma,

metastatic, liver

Thoracic, hepatocholangiocarcinoma,

metastatic, liver
Lymph node, mandibular
Lymph node, mesenteric
Spleen
Fibrosarcoma
Hemangiosarcoma
Thymus

(50)
(48)

1 (2%)

1 (2%)
(46)
(43)

(50)

(39)

(49)
1 (2%)
(49)

1 (2%)

(43)
(46)
(49)
2 (4%)
1(2%)
(42)

(51)

(51)

(50)
(45)
(50)

2 (4%)
(47)

(50)

(50)

(50)
(48)
(50)

(42)

Integumentary System
Skin
Squamous cell papilloma

(50)

(49)

(51)
1 (2%)

(50)

Musculoskeletal System
Bone
Hemangiosarcoma

(50)

(49)
1 (2%)

(51)

(51)

Nervous System
None

Respiratory System
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar adenoma, multiple
Alveolar/bronchiolar carcinoma

Carcinoma, metastatic, testes
Hepatocellular carcinoma, metastatic, liver
Hepatocholangiocarcinoma, metastatic, liver

(50)
6 (12%)
1 (2%)
5 (10%)

1 (2%)

(49)
9 (18%)
1 (2%)
4 (8%)

4 (8%)

(51)
5 (10%)

4 (8%)
1 (2%)
3 (6%)

(50)
8 (16%)
1 (2%)
4 (8%)

2 (4%)

Special Senses System
Ear
Pinna, fibroma
Harderian gland
Adenocarcinoma
Adenoma

©)]
1 (20%)
4 (80%)

(1)
1 (100%)
(4)

2 (50%)

3
2 (67%)

(2)
1 (50%)
(%)
4 (80%)
1 (20%)
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TasLE C1
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratecontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Studycontinued)
Urinary System
Kidney (50) (49) (51) (50)
Carcinoma, metastatic, testes 1 (2%)
Hepatocholangiocarcinoma, metastatic, liver 1 (2%)
Systemic Lesjons
Multiple organd (50) (49) (51) (51)
Lymphoma malignant histiocytic 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 2 (4%)
Lymphoma malignant mixed 4 (8%) 2 (4%) 3 (6%) 2 (4%)
Lymphoma malignant undifferentiated cell 1 (2%)
Neoplasm Summary
Total animals with primary neoplas?ns
9-Month interim evaluation 2 1
15-Month interim evaluation 1 2
2-Year study 46 44 40 39
Total primary neoplasms
9-Month interim evaluation 2 1
15-Month interim evaluation 1 2
2-Year study 75 80 62 66
Total animals with benign neoplasms
9-Month interim evaluation 2 1
15-Month interim evaluation 1 2
2-Year study 38 39 31 32
Total benign neoplasms
9-Month interim evaluation 2 1
15-Month interim evaluation 1 2
2-Year study 53 51 39 49
Total animals with malignant neoplasms
2-Year study 20 24 21 15
Total malignant neoplasms
2-Year study 22 29 23 17
Total animals with metastatic neoplasms
2-Year study 1 4 4 2
Total metastatic neoplasms
2-Year study 5 5 6 2
a

Number of animals examined microscopically at site and number of animals with lesion

No neoplasms were observed in the cardiovascular, endocrine, general body, genital, hematopoietic, integumentary, nalsoelvskelespecial senses, and
urinary systems in any animal at the 9-month interim evaluation.

¢ No neoplasms were seen in the cardiovascular, general body, genital, hematopoietic, integumentary, musculoskeletaspirertooysarel urinary systems in any
animal at the 15-month interim evaluation.

Number of animals with any tissue examined microscopically

Primary neoplasms: all neoplasms except metastatic neoplasms
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TaBLE C2

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 0 ppm

Number of Days on Study

6 8 0 2 2 2 2 22 2333333333333
6 795999999999 000000O0O0O0T1T11
00O0O0OOOOOOOOOOOOOOOOOOOOODO
Carcass ID Number 3425000000111 11111222222:2
8 81123567 90145678 9024586 78
1111111111111 111111111111
Alimentary System
Esophagus + + + 4+ + + + + + + + + + + + + + + + + + 4+ + + +
Gallbladder + + + + M+ + + + + + + + MM+ + M+ + + + | + +
Intestine large + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Intestine large, cecum A+ + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + + +

Intestine small

Intestine small, duodenum
Polyp adenomatous

Intestine small, ileum

Intestine small, jejunum

Liver
Hemangiosarcoma
Hepatocellular carcinoma
Hepatocellular carcinoma, multiple
Hepatocellular adenoma
Hepatocellular adenoma, multiple
Sarcoma

Mesentery

Pancreas

Salivary glands

Stomach

Stomach, forestomach
Squamous cell papilloma

Stomach, glandular

+ + + + + 4+ + + + + 4+ + + + + + + + + +
+ + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + +
+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + +

X X X
X X
X X X X X X

X X X X X X X X

X
+ +

+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + o+ o+
+ + + + + + + + + + + + + + + + + + + + + + + + o+

+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + +

A+ + + + + + 4+ + + + + 4+ + + + + + + + + + + + +

Cardiovascular System
Heart
Hepatocholangiocarcinoma, metastatic,
liver

+ + + + + + + + + + + + + + + + + + + + + + + o+ o+

Endocrine System

Adrenal gland

Spindle cell, adenoma
Adrenal gland, cortex
Adrenal gland, medulla
Islets, pancreatic
Parathyroid gland
Pituitary gland
Thyroid gland

+ + + + + + + + + + + 4+ + + + + 4+ + + + + + + + +

+ o+ o+ o+
LA
LI S

X
+
+
+
M
+
+

e+
R S
S A
S
S I
S A
S
R SR
R
R A
LI

+
+
+
+
+
+

+ ¥

e
R SR
trz a4
R
S U
T 444+
Tty
LI T
RN SRR

General Body System
None

+: Tissue examined microscopically
A: Autolysis precludes examination

M: Missing tissue X: Lesion present
I: Insufficient tissue Blank: Not examined
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TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

7777777777777 77777777777

Number of Days on Study 3 3333333333333 3 33333
11111122222222223333333333
00O0OOOOOOOOOODOOOOOOOOOOOOO

Carcass ID Number 3 3333344444555 0516 616666666 7 Total
01267 923567456 9012345¢61790O0 Tissues/
1111111111111111111111111 Tumors

Alimentary System

Esophagus + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + 50
Gallbladder + A+ + + + + 4+ 4+ + M+ + + + + + + 4+ 4+ + M+ + + 42
Intestine large + 0+ + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 50
Intestine large, cecum + + + + + + + + + + + + + + + 4+ + + + + + + + + + 48
Intestine large, colon + + + + + + + 4+ + + + + + + + + + + + + + + + + + 49
Intestine large, rectum + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 49
Intestine small + 0+ + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ + o+ 50
Intestine small, duodenum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + o+ o+ + + + + + 49
Polyp adenomatous 1
Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + 4+ + o+ 49
Intestine small, jejunum + + 4+ + + + + 4+ + + + + + + + + + + + + 4+ 4+ + + 49
Liver + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + o+ 50
Hemangiosarcoma X 1
Hepatocellular carcinoma X X 5
Hepatocellular carcinoma, multiple X X 4
Hepatocellular adenoma X X X X X X X X 14
Hepatocellular adenoma, multiple X X X X X X X X 16
Sarcoma 1
Mesentery 2
Pancreas + + + + + + + + + + 4+ + + 4+ + + + + 4+ + + + + + + 50
Salivary glands + o+ + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 50
Stomach + + + + + + + + + + + 4+ + + + + + + + + + + + + + 50
Stomach, forestomach + + + + + + + + + + + + + + + 4+ + + + + + + + + + 50
Squamous cell papilloma X 1
Stomach, glandular + + + + + + + + + + 4+ + + + + + + + + + + + + + + 49
Cardiovascular System
Heart + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 50
Hepatocholangiocarcinoma, metastatic,
liver 1
Endocrine System
Adrenal gland + 4+ + + o+ o+ o+ o+ 50
Spindle cell, adenoma X X X X X X X X 10
Adrenal gland, cortex + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4+ + 4+ 4+ 4+ + + + + o+ 49
Adrenal gland, medulla + + + + + + + + + + + + + + + + 4+ 4+ 4+ 4+ + + + + 49
Islets, pancreatic + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ o+ + o+ 50
Parathyroid gland + + 4+ + MM+ + + + + + + + + + + + + + + + + + + 46
Pituitary gland + + + + + + + + + +++ Ml +++++++ M+ o+ o+ 46
Thyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 50

General Body System
None
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TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

4 6 7777777777777 7777777777
Number of Days on Study 6 8 0 2 2 2 2 2223333333333S333
6 795999999999 000000000111
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 3425000000111 11111222222?2
881123567 901454678902 45¢%6 738
1111111111111111111111111
Genital System
Epididymis + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + 4+
Preputial gland + + + + + + + + + + + + + + + + +
Prostate + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Seminal vesicle + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + +
Testes + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + + + M+ + + + + + + + + + + + 4+ + + + + + + + +
Bronchial, hepatocholangiocarcinoma,
metastatic, liver X
Thoracic, hepatocholangiocarcinoma,
metastatic, liver X
Lymph node, mandibular + + + M+ + + + + + + + + + + + 4+ + + + + + + + +
Lymph node, mesenteric AM+ M+ + + M+ + + M+ + + + + + + + + + + +
Spleen + + + + + + + + + + + + + + + + + + + + + + + + +
Thymus + + MMM+ M+ + M+ + + + + + + + + + + + + + +
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMMMM
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + +
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + +
Peripheral nerve +
Spinal cord +
Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X X
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X X X X
Hepatocholangiocarcinoma, metastatic,
liver X
Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +
Special Senses System
Harderian gland + + +
Adenocarcinoma X

Adenoma X X
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TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

vy 7 7777777777777 7777777777
Number of Days on Study 3 333333333333333333333333
11111122222222223333333333
00O0OOOOOOOOOODOOOOOOOOOOOOO
Carcass ID Number 3 3333344444555 0516 616666666 7 Total
01267 923567456 9012345¢61790O0 Tissues/
1111111111111111111111111 Tumors
Genital System
Epididymis + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + + 50
Preputial gland + o+ + + + o+ + + + + o+ + + + 31
Prostate + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 50
Seminal vesicle + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 50
Testes + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50
Lymph node + + + + + + + + + + + + 4+ + + + + + + + + + + 4+ 48
Bronchial, hepatocholangiocarcinoma,
metastatic, liver 1
Thoracic, hepatocholangiocarcinoma,
metastatic, liver 1
Lymph node, mandibular + + + + + + + + + + + + + M + + + + + + + + 4+ 46
Lymph node, mesenteric + + + + + + + + + + + + 4+ + + + + + + + M+ + + 43
Spleen + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 50
Thymus + M+ + + + + + + + + + M+ + M+ + + + M+ + MM 39
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMMMM
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 50
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50
Peripheral nerve 1
Spinal cord 1
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Alveolar/bronchiolar adenoma X X X X 6
Alveolar/bronchiolar adenoma,
multiple X 1
Alveolar/bronchiolar carcinoma X 5
Hepatocholangiocarcinoma, metastatic,
liver 1
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50

Special Senses System

Harderian gland + + 5
Adenocarcinoma 1
Adenoma X X 4
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TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

4 6 v 7777777777777 777777777

Number of Days on Study 6 8 0 2 2 2 2 2223333333333S333
6 795999999999 000000000111
00O0OOOOOOOOOODOOOOOOOOOOOOO

Carcass ID Number 3425000000111 11111222222?2
881123567 901454678902 45¢%6 738
1111111111111111111111111

Urinary System

Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
Hepatocholangiocarcinoma, metastatic,
liver X
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + +
Lymphoma malignant histiocytic X

Lymphoma malignant mixed X X
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TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)
r 7777777777777 77777777777
Number of Days on Study 3 333333333333333333 3 33333
111111222222 22223333333333
000O0O0O0OOOOOOOOOOOOOOOOOOOO
Carcass ID Number 333333444 445505526166 666 666 7 Total
01267 923567 4569012345¢67290 Tissues/
1111111111111111111111111 Tumors
Urinary System
Kidney + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + + + + + 50
Hepatocholangiocarcinoma, metastatic,
liver 1
Urinary bladder + + 4+ + + + + + + + + + + + + + M+ + + + + + + 48
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymphoma malignant histiocytic 1
Lymphoma malignant mixed X X 4
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TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppm

6 6 6 7777777777777 7 7777777

Number of Days on Study 1
7
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Alimentary System
Esophagus + + + + + 4+ + + + + 4+ + + 4+ + + + + 4+ + + + +
Gallbladder + M+ + + + + + + + + + + + + + + + + + 4+ 4+
Intestine large + + + + + + + + + + + + + + + + + + + + + +
Intestine large, cecum + + + + + 4+ + + + + + + + 4+ + + + + + + + + + +
Intestine large, colon + 4+ + + o+ o+ o+ o+ o+ o+
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small + + + + + + + + + + + 4+ + + + + + + + + + + + +
Intestine small, duodenum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4+ 4+ 4+ + + + + + + + o+ o+ o+
Intestine small, ileum + + + + + +
Intestine small, jejunum + + + + + +
Adenocarcinoma
Liver + o+ + + 4+t + o+ o+ o+ o+ o+ o+ o+
Hepatocellular carcinoma X X X X X
Hepatocellular carcinoma, multiple X
Hepatocellular adenoma X X X X X
Hepatocellular adenoma, multiple X X X X X
Pancreas
Salivary glands
Stomach
Stomach, forestomach + + + + + + + + + + 4+ + + + + 4+ + + + + + + + +
Squamous cell papilloma X
Stomach, glandular + o+ + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4+

+ o+
+ +

+ + 4+ + 4+ + + + + + + + + o+ + +
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Cardiovascular System
Heart + + + + + + + + 4+ + + + + + + + + + 4+ + + + + +

Endocrine System

Adrenal gland + o+ + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+
Spindle cell, adenoma X X

Adrenal gland, cortex + + + + + + + + + + 4+ + + + + 4+ + + + + + + + +
Adenoma X X

Adrenal gland, medulla

Islets, pancreatic

Parathyroid gland

Pituitary gland

Thyroid gland
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General Body System
None

Genital System

Epididymis + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + o+
Hemangiosarcoma

Preputial gland + + + + + + + + + + + + + 4+ o+

Prostate + + + + + + + + + o+ o+ o+ o+ + o+ o+
Hemangiosarcoma

Seminal vesicle S T S e A i A T s S S S S N S

Testes + + + + + + + + + + + 4+ + + + + + + + + + + + +
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TaBLE C2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

151

vy 7777777777777 77777777777
Number of Days on Study 3 33333333333333333333333 3
11111111122222222233333333
1111111111111111111111111
Carcass ID Number ooo0o00O0O1131111222222223333 Total
345678148546 7802346789012 3 Tissues/
1111111111111111111111111 Tumors
Alimentary System
Esophagus + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + 49
Gallbladder + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + A+ 4+ 4+ 4+ 4+ 4 a7
Intestine large + + + + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ o+ 4+ 49
Intestine large, cecum + + + + + + + + + + + + + + + 4+ + + + + + + + + + 49
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + 49
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + 49
Intestine small + 0+ + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ + o+ 49
Intestine small, duodenum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + o+ 49
Intestine small, ileum + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ o+ + o+ 49
Intestine small, jejunum + + 4+ + 4+ + o+ o+ o+ o+ o+ 49
Adenocarcinoma 2
Liver + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + o+ 49
Hepatocellular carcinoma X X X X X 10
Hepatocellular carcinoma, multiple 2
Hepatocellular adenoma X X X X X X 12
Hepatocellular adenoma, multiple X X X X X X X 17
Pancreas + + + + + + + + + + 4+ + + 4+ + + + + 4+ + + + + + + 49
Salivary glands + o+ + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 49
Stomach + + + + + + + + + + + 4+ + + + + + + + + + + + + + 49
Stomach, forestomach + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ + 49
Squamous cell papilloma 1
Stomach, glandular + + + + + + + + + + 4+ + + + + + + + + + + + + + + 49
Cardiovascular System
Heart + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 49
Endocrine System
Adrenal gland + + 4+ + + + + 4+ + + + + + + + + + + + + + + + + + 49
Spindle cell, adenoma X X X 5
Adrenal gland, cortex + + + + + + + + + + + + + + + 4+ + + + + + + + + + 49
Adenoma 3
Adrenal gland, medulla + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ 47
Islets, pancreatic + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ o+ + o+ 49
Parathyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4+ 4+ + + + + + + + + + + + + o+ 48
Pituitary gland + + + 4+ + + 4+ + 4+ ++ 4+ + M+ ++ 4+ + M+ + M+ o+ 44
Thyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 49
General Body System
None
Genital System
Epididymis + o+ + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ + 4+ 4+ + o+ o+ o+ o+ o+ 49
Hemangiosarcoma X 1
Preputial gland + 4+ + + + + + + o+ + 26
Prostate + + + + + + + + + + + + + + + + + + + + + + + + 4+ 49
Hemangiosarcoma X 1
Seminal vesicle + 4+ 4+ 4+ 4+ + 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ 49
Testes + + + + + + + + 4+ + + + + + + + + + + + + + + + + 49




152 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

6 6 6 7777777777777 77777777
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Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + +
Femoral, hemangiosarcoma X
Lymph node + + + + + + + + 4+ + + + 4+ + + + + + + + + + + +
Mediastinal, hepatocellular
carcinoma, metastatic, liver X
Lymph node, mandibular + + + + + + + 4+ 4+
Lymph node, mesenteric + + + + + + + + 4+ 4+
Spleen + + + + + + + + + + + + + + + + + + + + + + + +
Fibrosarcoma
Hemangiosarcoma
Thymus + + MMM+ + + + + + + + + M+ + + + + M+ + +

+ M+ + + + M+ +
+ + + + + + + + 4+

Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMM M
Skin + + + + + + + + + + + + + + + + + + + + +

+
+
+

Musculoskeletal System
Bone + + + + + + + + +

Hemangiosarcoma X

+
+

+ + + + + + + + + + 4+ o+ 4

Nervous System
Brain + + 4+ + + + + + + + + + 4+ + + + + + + + + + + +

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X X X X X X X
Alveolar/bronchiolar adenoma,
multiple X
Alveolar/bronchiolar carcinoma X X
Hepatocellular carcinoma, metastatic,
liver
Nose
Trachea +

+
+ +
+ +
+ + X
+ + X
+ +
+ +
+ +
+ +
+ +
+ +
++ %
+ +
+ +
+ +
+ +
+ +
+ +

Special Senses System
Ear
Pinna, fibroma
Harderian gland + +
Adenoma X

Urinary System
Kidney + + 4+ + + + + + + + + + + + + + + + + + + + + +
Urinary bladder + + 4+ + + + + + + + + + 4+ + + + + + + + + + + +

Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + + + + + + + +
Lymphoma malignant lymphocytic
Lymphoma malignant mixed X X
Lymphoma malignant undifferentiated
cell type




Lesions in Male Mice

TaBLE C2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

153

vy 7777777777777 77777777777
Number of Days on Study 3 333333333333333333333333
11111111122222222233333333
1111111111111111111111111
Carcass ID Number ooo0o00O0O1131111222222223333 Total
345678148546 7802346789012 3 Tissues/
1111111111111111111111111 Tumors
Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 49
Femoral, hemangiosarcoma 1
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 49
Mediastinal, hepatocellular
carcinoma, metastatic, liver 1
Lymph node, mandibular + + + + + + + + + + + + 4+ + + + + + + + + + + 43
Lymph node, mesenteric M+ + + + + 4+ + + + + 4+ + + + 4+ + + M+ + + + + 46
Spleen + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 49
Fibrosarcoma X X 2
Hemangiosarcoma X 1
Thymus + + + + + + M+ + + + 4+ + + + + M+ + + + + + + 4+ 42
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMAMMMMMMMM
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 49
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 49
Hemangiosarcoma 1
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 49
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 49
Alveolar/bronchiolar adenoma X X 9
Alveolar/bronchiolar adenoma,
multiple 1
Alveolar/bronchiolar carcinoma X X 4
Hepatocellular carcinoma, metastatic,
liver 4
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 49
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 49
Special Senses System
Ear + 1
Pinna, fibroma X 1
Harderian gland + + 4
Adenoma X 2
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 49
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 49
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 49
Lymphoma malignant lymphocytic X 1
Lymphoma malignant mixed 2
Lymphoma malignant undifferentiated
cell type X 1




154 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppm
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Alimentary System
Esophagus + + +
Gallbladder A
Intestine large +
Intestine large, cecum + A
Adenocarcinoma
Intestine large, colon + + + + + + + + + + + + + + + + +
Intestine large, rectum A + o+ + F o+ + o+ F o+ o+ o+ o+ o+ o+
Intestine small + A+ + + + + + + + + + 4+ + + + + + + + + + + + + +
Intestine small, duodenum + + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ o+ o+ 4+
Polyp adenomatous X
Intestine small, ileum + + + + + + + + + + + + + + + + + + + +
Intestine small, jejunum + + + + + + + + + + + + + + + + + + + +
Liver + + + + + + + + + + + + + + + + + 4+ + + + + + + + +
Hemangiosarcoma X
Hepatocellular carcinoma X X X
Hepatocellular carcinoma, multiple
Hepatocellular adenoma X X X
Hepatocellular adenoma, multiple X X X X X X X X
Mesentery
Hepatocellular carcinoma, metastatic,
liver
Pancreas + A
Salivary glands + +
Stomach + +
Stomach, forestomach + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + o+ o+
Stomach, glandular L S T T e A S S T S
Tooth +

+ + + + + 4+ + + + + 4+ + + 4+ + + + + 4+ + + + +
+ + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + +
+ + + + + + + + + + + + 4+ + + + + 4+ + + + + + + +
+ + + + + + + 4+ + + + + 4+ + + + + 4+ + + + +

+ +
+ +
+ +
+ + X

+ o+ o+ +
+ o+ o+ +

A
+ A + + + +
+ A + + + +

Cardiovascular System
Heart + + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + +

Endocrine System
Adrenal gland + 4+ + 4+ + o+ o+ o+ o+ o+ o+
Spindle cell, adenoma X X X X
Adrenal gland, cortex + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + o+
Adenoma
Adrenal gland, medulla + + + + + + + + + + 4+ 4+ 4 + o+ + + + + + + + o+ o+
Pheochromocytoma benign X
Islets, pancreatic + A+ + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + +
Adenoma
Parathyroid gland M+ + + + +
Pituitary gland + M+ + + +
Thyroid gland + 4+ 4+ 4+ + 4+

M

+
+

+ 7+ X
+ + 4

M
+
+

o+ o4
+ + +
++§

+
+
+

+ + 4
+ + 4

+
+
+

+ + 4
+ + 4
+ + 4

+ o+
+ o+
+ o+

+ + +
+ + +
+ + +
+ + +

General Body System
None




Lesions in Male Mice 155
TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)
7777777777777 77777777777
Number of Days on Study 3 333333333333333333333333
11111112222 22222333333333
1111111111111 111122222222?2
Carcass ID Number 7 7 8 8 8 88 888 9999999 00000001 Total
6 8013 45617 9023457912345 729020 Tissues/
11111111111 11111111111111 Tumors
Alimentary System
Esophagus + + + + + 4+ + + 4+ + + + + 4+ + + 4+ o+ 51
Gallbladder + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + + 50
Intestine large + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + + 51
Intestine large, cecum + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 49
Adenocarcinoma 1
Intestine large, colon + + + + + + + + + + + + + + + + + + + + 50
Intestine large, rectum + + o+ + + 4+ 4+ 4+ + 4+ o+ o+ o+ o+ 4 49
Intestine small + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 50
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 50
Polyp adenomatous 1
Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + 50
Intestine small, jejunum + + o+ + o+ o+ 50
Liver + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + o+ 51
Hemangiosarcoma 1
Hepatocellular carcinoma X X 6
Hepatocellular carcinoma, multiple X 2
Hepatocellular adenoma X X 5
Hepatocellular adenoma, multiple X X X X 14
Mesentery + 1
Hepatocellular carcinoma, metastatic,
liver X 1
Pancreas + + + + + 4+ + + 4+ + + + +F 4+ + o+ 50
Salivary glands + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 51
Stomach + + + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + o+ o+ 51
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 51
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + 51
Tooth 1
Cardiovascular System
Heart + + + + + + + + + + 4+ + + 4+ o+ o+ 51
Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Spindle cell, adenoma X X X 7
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 51
Adenoma X 1
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + 48
Pheochromocytoma benign 1
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50
Adenoma X 2
Parathyroid gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + M+ + + 46
Pituitary gland + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 4+ 49
Thyroid gland + + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + 51

General Body System
None




156 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)

2457777777777 777 7777777777
Number of Days on Study 519022222222223 3 33333333
1 7227999999999 00000000O0O0T11
11211111111111111111111111
Carcass ID Number 76 06 444 4455555556666 66 7777
2 286 42356134617 890147890145
11111111111111111111111111
Genital System
Epididymis + + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + +
Fibrosarcoma
Preputial gland + + + + + + + +
Prostate + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 4+
Seminal vesicle + + + + + + + + + + + + 4+ + + + + + + + + + + + + 4+
Testes + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + +
Interstitial cell, carcinoma X
Hematopoietic System
Bone marrow + + 4+ + + 4+ + + 4+ + + + + + + + + + + + + + + + + +
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Lymph node, mesenteric + M+ M+ + + + + + +++++ M+ M+ o+ o+
Spleen + A+ + + + + + + 4+ + + 4+ + + + + + + + + + + + + +
Hemangiosarcoma
Thymus + + + + + + + + + + ] + + + + + + M+ + + + + + + +
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMMMMM
Skin + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + +
Squamous cell papilloma X
Musculoskeletal System
Bone + + + + + + + + 4+ + + 4+ + + 4+ + + + + + + + + + + +
Nervous System
Brain + + 4+ + + 4+ + + + + + + + + + 4+ + + + + + + + + + +
Respiratory System
Lung + + 4+ + + 4+ + + 4+ + + + + + + + + + + + + + + + 4+ +
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma X X
Carcinoma, metastatic, testes X
Hepatocellular carcinoma, metastatic,
liver X
Nose + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 4+
Trachea + + 4+ + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + 4+ +
Special Senses System
Eye +
Harderian gland + +
Adenoma X X
Urinary System
Kidney + + 4+ + + 4+ + + 4+ + + + + + + + + + 4+ + + + + + 4+ +
Carcinoma, metastatic, testes X
Urinary bladder + + 4+ + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + + +
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Lymphoma malignant lymphocytic X

Lymphoma malignant mixed X




Lesions in Male Mice

TaBLE C2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study

of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)

157

vy 7777777777777 77777777777
Number of Days on Study 3 333333333333333333 33333
11111112222222223333333333
11111111111111111222222232
Carcass ID Number 7 7 8 8 8888889999999 0000000O01 Total
6 80 1 34567 9023457 9123451790 Tissues/
1111111111111111111111111 Tumors
Genital System
Epididymis + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + + 51
Fibrosarcoma X 1
Preputial gland + + + + + + + + + + + + 20
Prostate + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 51
Seminal vesicle + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 51
Testes + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Interstitial cell, carcinoma 1
Hematopoietic System
Bone marrow + + 4+ + + + + + + + + + + + + 4+ + + 4+ + + + + + + 51
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + + 50
Lymph node, mesenteric M+ + + + + 4+ + + + + M+ + + + + + + + + + + + 45
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 50
Hemangiosarcoma X X 2
Thymus + + + + + + + + + + + 4+ + + M+ + + 4+ + + + + M+ 47
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMMMM
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 51
Squamous cell papilloma 1
Musculoskeletal System
Bone + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + 4+ 51
Nervous System
Brain + + 4+ + + + + + + + + + + + + 4+ + + 4+ + + + + + + 51
Respiratory System
Lung + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + + + + + 51
Alveolar/bronchiolar adenoma X X X X X 5
Alveolar/bronchiolar carcinoma X X 4
Carcinoma, metastatic, testes 1
Hepatocellular carcinoma, metastatic,
liver X X 3
Nose + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 51
Trachea + + 4+ + + + + + + + + + + + + 4+ + + 4+ + + + + + + 51
Special Senses System
Eye 1
Harderian gland + 3
Adenoma
Urinary System
Kidney + + 4+ + + + + + + + + + + + + 4+ + + 4+ + + + + + + 51
Carcinoma, metastatic, testes 1
Urinary bladder + + 4+ + + + + + + + + + 4+ + + 4+ + + + + + + + + + 51
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymphoma malignant lymphocytic X 2
Lymphoma malignant mixed X X




158 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 ppm

1466 67 7777777777777 7777777
Number of Days on Study 4 5 3 4 4 2 2 2222222233 3 3 3 3 3 3
0245599999999 9000000000111
222222 22222222222222222222
Carcass ID Number 6 3447 111111122222 333333314314
0237 9234678906568 90345¢61738°01
11111111111 111111111111111
Alimentary System
Esophagus A+ + + + + + + + + + + + + + + + + + + + + + + + +
Gallbladder A+ + + 4+ + + + + + + + + 4+ + + + 4+ + + + + + + + +
Intestine large A+ + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + + + +
Intestine large, cecum A+ + + + + + + + + + + 4+ + + + + + + + + + + + +

Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum + +
Intestine small, jejunum + +
Liver A+ + + + + + + + + + + + + + + + + + + + + + + + +

Hemangiosarcoma

Hepatocellular carcinoma X

Hepatocellular carcinoma, multiple X X

Hepatocellular adenoma X X X X X

Hepatocellular adenoma, multiple X X X X X
Pancreas
Salivary glands
Stomach
Stomach, forestomach A+ + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, glandular A + + + + + + + + + + + + + + + + + + + + + + + +

+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
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+ +
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+ +
+ +
+ +
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+ + +
+ + +
+ + +
+ + +
++ +
o+ +
+ + +
+ + +
++ +

Cardiovascular System
Heart + + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + +

Endocrine System

Adrenal gland A+ + + + + + + + 4+ + + + 4+ + + + M+ + + + + + + +
Spindle cell, adenoma X X X X X

Adrenal gland, cortex A+ + + + + + + + + + + + + + + + + + + + + + + +
Adenoma

Adrenal gland, medulla

Islets, pancreatic

Parathyroid gland

Pituitary gland

Thyroid gland
Follicular cell, adenoma X X
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General Body System
Tissue NOS +

Genital System

Epididymis A+ + + + + + + + + + + + + + + + + + + + + + + + +
Preputial gland + + o+ + + + 4+ + + + + o+ + + +

Prostate A+ + + 4+ + + + + + + + + + + + + + + + + + + + + +
Seminal vesicle + 4+ + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + o+
Testes A+ + + + + + + + + + + + + + + + + + + + + + + + +
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TaBLE C2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study

of Manganese (Il) Sulfate Monohydrate: 15,000 pprtcontinued)
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vy 7777777777777 77777777777
Number of Days on Study 333333323333 3333333333333
11111112222222223333333333
2 22 2222222222222222222222
Carcass ID Number 4 4 4555555551566 8686%677777777 Total
489 013456 789125¢6902345¢%6 738 Tissues/
1111111111111111111111111 Tumors
Alimentary System
Esophagus + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + 50
Gallbladder + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + o+ 50
Intestine large + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 50
Intestine large, cecum + + + + + + + + + + + + + + + 4+ + + + + + + + + + 50
Intestine large, colon + + + + + + + 4+ + + + + + + + + + + + + + + + + + 50
Intestine large, rectum + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 50
Intestine small + 0+ + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ + o+ 50
Intestine small, duodenum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + o+ 50
Intestine small, ileum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ + 50
Intestine small, jejunum + 4+ + + o+ o+ o+ o+ o+ o+ o+ 50
Liver + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + 50
Hemangiosarcoma X 1
Hepatocellular carcinoma X X X 4
Hepatocellular carcinoma, multiple 2
Hepatocellular adenoma X X X X X X 11
Hepatocellular adenoma, multiple X X X X 9
Pancreas + + + + + + + + + + 4+ + + 4+ + + + + 4+ + + + + + + 50
Salivary glands + + + + + + + + + + + + + 4+ + + + + + + + + + + + 50
Stomach + + + + + + + + + + + 4+ + + + + + + + + + + + + + 50
Stomach, forestomach + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ + 50
Stomach, glandular + + + + + + o+ + 4+ 4+ 4+ 4+ o+ 4+ + + + + 4+ 4+ 4+ 4 49
Cardiovascular System
Heart + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 51
Endocrine System
Adrenal gland + 4+ + + o+ o+ o+ o+ 49
Spindle cell, adenoma X X X X X X X X X 14
Adrenal gland, cortex + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 49
Adenoma X 1
Adrenal gland, medulla + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ 49
Islets, pancreatic + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ o+ + o+ 50
Parathyroid gland + 4+ + 4+ 4+ + 4+ + + M+ + + + + + + + M+ 48
Pituitary gland + + + + + + ++ M+ + + + + + + + + ++ + M+ + + 46
Thyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 50
Follicular cell, adenoma X 3
General Body System
Tissue NOS 1
Genital System
Epididymis + o+ + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ + 4+ 4+ + o+ o+ o+ o+ o+ 50
Preputial gland + o+ + + + + + 4+ + o+ + + 4+ + + 30
Prostate + + + + + + + + + + + + + + + + + + + + + + + + 4+ 50
Seminal vesicle + 4+ 4+ 4+ 4+ + 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ 51
Testes + + + + + + + + 4+ + + + + + + + + + + + + + + + + 50
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TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprtcontinued)

1466 6777777777777 777777777
Number of Days on Study 4 5 3 4 4 2 2 222222233233 3 3 3 3 3
0245599999999 9 000000000111
2 222222222222 222222222222:2
Carcass ID Number 6 3447 111111122222 333333314314
0237 9234678905468 90345¢6 738701
11111111111111111111111111
Hematopoietic System
Blood +
Bone marrow A+ + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node A+ + + + + + + + + + + + + + + + + + + + + 4+ + + +
Lymph node, mandibular A + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric A+ + + + + + + 4+ + + + 4+ + + M+ + + + 4+ + + + +
Spleen M+ + + + + + + + 4+ + + + 4+ + + + + + + + + + + + +
Thymus M+ + + + + + + + M+ + + MM+ + + + + M+ + + + +
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMMMMM
Skin A+ + + + + + + + 4+ + + + + + + + + 4+ + + + + + + +
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + +
Nervous System
Brain A+ + + + + + + + + + + + + + + + + + + + + + + + +
Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X X X X
Alveolar/bronchiolar adenoma,
multiple
Alveolar/bronchiolar carcinoma X X
Hepatocellular carcinoma, metastatic,
liver X X
Nose A+ + + + + + + + + + + + + + + + + + + + + + + + +
Trachea A+ + + + + + + + + + + + + + + + + + + + + + + + +
Special Senses System
Ear +
Pinna, fibroma X
Harderian gland + +
Adenocarcinoma X X
Adenoma
Urinary System
Kidney M+ + + + + + + + + + + 4+ + + + + + + + + + + + + +
Urinary bladder A+ + + + + + + + 4+ + + + M+ + + 4+ + + + + + + + +

Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +

Lymphoma malignant mixed X X
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TaBLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 15,000 pprtcontinued)

7777777777777 77777777777

Number of Days on Study 3333332333 3333333333333
11111112222222223333333333
2 22 2222222222222222222222
Carcass ID Number 4 4 4555555551566 8686%677777777 Total
489 013456 789125¢6902345¢%6 738 Tissues/
1111111111111111111111111 Tumors
Hematopoietic System
Blood 1
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mesenteric + + + + + + + + 4+ + + + 4+ + + + + 4+ + + M+ + + + 48
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 50
Thymus + + + M+ + + + + M+ + + + + 4+ + + M+ + + + + M 42
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMMMMMMMMM
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 50
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 51
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Alveolar/bronchiolar adenoma X X X X 8
Alveolar/bronchiolar adenoma,
multiple X 1
Alveolar/bronchiolar carcinoma X X 4
Hepatocellular carcinoma, metastatic,
liver 2
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50
Special Senses System
Ear + 2
Pinna, fibroma 1
Harderian gland + + + 5
Adenocarcinoma X X 4
Adenoma X 1
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 49

Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymphoma malignant mixed
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TaBLE C3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate

0 ppm 1,500 ppm 5,000 ppm

15,000 ppm

Adrenal Cortex: Adenoma

Overall rate?

0/49 (0%)

3/49 (6%)

1/51 (2%)

Adjusted rate 0.0% 6.8% 2.2%
Terminal rate% 0/45 (0%) 3/44 (7%) 1/46 (2%)
First incidence (days) € 729 (T) 729 (T)

Life table tes P=0.578N P=0.117 P=0.504
Logistic regression teds P=0.578N P=0.117 P=0.504
Cochran-Armitage tedt P=0.582N

Fisher exact te%t P=0.121 P=0.510

Adrenal Gland: Spindle Cell Adenoma

Overall rates

10/50 (20%)

5/49 (10%)

7/51 (14%)

Adjusted rates 21.7% 11.4% 15.2%
Terminal rates 10/46 (22%) 5/44 (11%) 7146 (15%)
First incidence (days) 729 (T) 729 (T) 729 (T)
Life table tests P=0.042 P=0.151N P=0.297N
Logistic regression tests P=0.042 P=0.151N P=0.297N
Cochran-Armitage test P=0.040

Fisher exact test P=0.140N P=0.282N

Harderian Gland: Adenoma

Overall rates

4/50 (8%)

2149 (4%)

2/51 (4%)

Adjusted rates 8.7% 4.3% 4.2%
Terminal rates 4/46 (9%) 1/44 (2%) 1/46 (2%)
First incidence (days) 729 (T) 617 592

Life table tests P=0.183N P=0.356N P=0.339N
Logistic regression tests P=0.157N P=0.363N P=0.311N
Cochran-Armitage test P=0.177N

Fisher exact test P=0.349N P=0.329N

Harderian Gland: Carcinoma

Overall rates

1/50 (2%)

0/49 (0%)

0/51 (0%)

Adjusted rates 2.2% 0.0% 0.0%
Terminal rates 1/46 (2%) 0/44 (0%) 0/46 (0%)
First incidence (days) 729 (T) - -

Life table tests P=0.016 P=0.509N P=0.500N
Logistic regression tests P=0.016 P=0.509N P=0.500N
Cochran-Armitage test P=0.016

Fisher exact test P=0.505N P=0.495N

Harderian Gland: Adenoma or Carcinoma

Overall rates
Adjusted rates
Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

5/50 (10%)
10.9%
5/46 (11%)
729 (T)
P=0.368
P=0.398
P=0.373

2149 (4%)

4.3%

1/44 (2%)

617

P=0.235N
P=0.234N

P=0.226N

2/51 (4%)

4.2%

1/46 (2%)

592

P=0.219N
P=0.198N

P=0.210N

1/49 (2%)
2.2%
1/45 (2%)
729 (T)
P=0.500
P=0.500

P=0.500

14149 (29%)

31.1%

14/45 (31%)

729 (T)

P=0.220
P=0.220

P=0.224

1/51 (2%)
2.2%
1/46 (2%)
729 (T)
P=0.180N
P=0.180N

P=0.175N

4/51 (8%)
8.4%
3146 (7%)
634
P=0.182
P=0.188

P=0.187

5/51 (10%)
10.6%
4146 (9%)
634
P=0.629
P=0.628N

P=0.617N
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TaBLE C3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydratgcontinued)
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Liver: Hepatocellular Adenoma
Overall rates 30/50 (60%) 29/49 (59%) 19/51 (37%) 20/50 (40%)
Adjusted rates 63.8% 64.4% 40.4% 42.5%
Terminal rates 29/46 (63%) 28/44 (64%) 18/46 (39%) 19/46 (41%)
First incidence (days) 725 708 702 645
Life table tests P=0.017N P=0.555 P=0.023N P=0.037N
Logistic regression tests P=0.025N P=0.525 P=0.024N P=0.045N
Cochran-Armitage test P=0.020N
Fisher exact test P=0.548N P=0.018N P=0.036N
Liver: Hepatocellular Carcinoma
Overall rates 9/50 (18%) 12/49 (24%) 8/51 (16%) 6/50 (12%)
Adjusted rates 18.7% 26.1% 16.6% 13.0%
Terminal rates 7/46 (15%) 10/44 (23%) 6/46 (13%) 6/46 (13%)
First incidence (days) 466 701 417 729 (T)
Life table tests P=0.131N P=0.280 P=0.500N P=0.294N
Logistic regression tests P=0.121N P=0.282 P=0.420N P=0.272N
Cochran-Armitage test P=0.127N
Fisher exact test P=0.294 P=0.482N P=0.288N
Liver: Hepatocellular Adenoma or Carcinoma
Overall rates 34/50 (68%) 31/49 (63%) 24/51 (47%) 22/50 (44%)
Adjusted rates 70.8% 67.4% 49.0% 46.8%
Terminal rates 32/46 (70%) 29/44 (66%) 21/46 (46%) 21/46 (46%)
First incidence (days) 466 701 417 645
Life table tests P=0.010N P=0.455N P=0.044N P=0.015N
Logistic regression tests P=0.010N P=0.385N P=0.029N P=0.014N
Cochran-Armitage test P=0.009N
Fisher exact test P=0.388N P=0.027N P=0.013N
Lung: Alveolar/bronchiolar Adenoma
Overall rates 7/50 (14%) 10/49 (20%) 5/51 (10%) 9/50 (18%)
Adjusted rates 15.2% 21.6% 10.9% 20.0%
Terminal rates 7/46 (15%) 8/44 (18%) 5/46 (11%) 9/45 (20%)
First incidence (days) 729 (T) 647 729 (T) 729 (T)
Life table tests P=0.448 P=0.268 P=0.379N P=0.374
Logistic regression tests P=0.430 P=0.280 P=0.379N P=0.374
Cochran-Armitage test P=0.462
Fisher exact test P=0.282 P=0.366N P=0.393
Lung: Alveolar/bronchiolar Carcinoma
Overall rates 5/50 (10%) 4/49 (8%) 4/51 (8%) 4/50 (8%)
Adjusted rates 10.9% 9.1% 8.7% 8.9%
Terminal rates 5/46 (11%) 4/44 (9%) 4/46 (9%) 4/45 (9%)
First incidence (days) 729 (T) 729 (T) 729 (T) 729 (T)
Life table tests P=0.497N P=0.528N P=0.500N P=0.514N
Logistic regression tests P=0.497N P=0.528N P=0.500N P=0.514N
Cochran-Armitage test P=0.488N
Fisher exact test P=0.513N P=0.487N P=0.500N
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TaBLE C3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydratgcontinued)

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Lung: Alveolar/bronchiolar Adenoma or Carcinoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests

Cochran-Armitage test

Fisher exact test

Thyroid Gland (Follicular Cell): Adenoma
Overall rates

Adjusted rates

Terminal rates

12/50 (24%)
26.1%
12146 (26%)
729 (T)
P=0.534N
P=0.551
P=0.517N

0/50 (0%)
0.0%
0/46 (0%)

First incidence (days) -

Life table tests P=0.015
Logistic regression tests P=0.015
Cochran-Armitage test P=0.015

Fisher exact test

All Organs: Hemangiosarcoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

1/50 (2%)

2.2%

1/46 (2%)
729 (T)

P=0.263N
P=0.262N
P=0.255N

13/49 (27%)
28.1%
11/44 (25%)
647
P=0.451
P=0.477

P=0.477

0/49 (0%)
0.0%
0/44 (0%)

5/49 (10%)
11.0%
4144 (9%)
647
P=0.097
P=0.093

P=0.098

9/51 (18%)

19.6%

9/46 (20%)

729 (T)

P=0.311N
P=0.311N

P=0.294N

0/51 (0%)
0.0%
0/46 (0%)

3/51 (6%)
6.5%
3146 (7%)
729 (T)
P=0.306
P=0.306

P=0.316

All Organs: Malignant Lymphoma (Histiocytic, Lymphocytic, Mixed, or Undifferentiated Cell Type)

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

All Organs: Benign Neoplasms
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

5/50 (10%)
10.6%
4146 (9%)
709
P=0.183N
P=0.185N
P=0.175N

39/50 (78%)
83.0%
38/46 (83%)
725
P=0.080N
P=0.097N
P=0.059N

4149 (8%)

9.1%

4144 (9%)

729 (T)

P=0.530N
P=0.520N

P=0.513N

39/49 (80%)
81.2%
35/44 (80%)
617
P=0.434
P=0.530

P=0.521

5/51 (10%)
10.9%
5/46 (11%)
729 (T)
P=0.628
P=0.625

P=0.617N

31/51 (61%)

63.3%

28/46 (61%)

592

P=0.071N
P=0.068N

P=0.048N

12/50 (24%)
26.7%
12145 (27%)
729 (T)
P=0.569
P=0.569

P=0.592N
3/50 (6%)

6.5%
3146 (7%)

729 (T)
P=0.121
P=0.121

P=0.121

1/51 (2%)
2.2%
1/46 (2%)
729 (T)
P=0.761
P=0.761

P=0.748N

2/51 (4%)

4.2%

1/46 (2%)

645

P=0.225N
P=0.207N

P=0.210N

33/51 (65%)
70.2%
32/46 (70%)
645
P=0.126N
P=0.188N

P=0.104N
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TaBLE C3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
All Organs: Malignant Neoplasms
Overall rates 20/50 (40%) 24/49 (49%) 21/51 (41%) 15/51 (29%)
Adjusted rates 40.8% 50.0% 43.7% 31.2%
Terminal rates 17146 (37%) 20/44 (45%) 19/46 (41%) 13/46 (28%)
First incidence (days) 466 647 417 634
Life table tests P=0.076N P=0.229 P=0.499 P=0.217N
Logistic regression tests P=0.059N P=0.248 P=0.543 P=0.184N
Cochran-Armitage test P=0.057N
Fisher exact test P=0.243 P=0.533 P=0.182N
All Organs: Benign or Malignant Neoplasms
Overall rates 47/50 (94%) 44/49 (90%) 40/51 (78%) 39/51 (76%)
Adjusted rates 95.9% 89.8% 80.0% 79.6%
Terminal rates 44/46 (96%) 39/44 (89%) 36/46 (78%) 36/46 (78%)
First incidence (days) 466 617 417 634
Life table tests P=0.038N P=0.502N P=0.076N P=0.044N
Logistic regression tests P=0.019N P=0.345N P=0.032N P=0.023N
Cochran-Armitage test P=0.011N
Fisher exact test P=0.346N P=0.022N P=0.013N

ST)TerminaI sacrifice

Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscapieadly dtaral, bone marrow,
brain, epididymis, gallbladder, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary glarad, gleepliprostate gland, salivary gland,
spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
Observed incidence at terminal kill
Beneath the control incidence are the P values associated with the trend test. Beneath the exposed group incidersieiesetieeBponding to pairwise
comparisons between the controls and that exposed group. The life table test regards neoplasms in animals dying pebkitbaeroeing (directly or
indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitegexaxct fésts compare directly the
overall incidence rates. For all tests, a negative trend or a lower incidence in an exposure group is intlicated by
Not applicable; no neoplasms in animal group

o
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TaBLE C4
Historical Incidence of Thyroid Gland Follicular Cell Neoplasms in Untreated Male B6C3F Mic#

Incidence in Controls

Adenoma Carcinoma Adenoma
or Carcinoma

Historical Incidence at Battelle Columbus Laboratories

2,4-Dichlorghenol 2/50 0/50 2/50
5,5-Dipherylhydantoin 0/49 0/49 0/49
Dowicide EC-7 Pentachlopbenol 0/35 0/35 0/35
Ethylene thiourea 0/50 1/50 1/50
Polybrominated kpheryls (Firemaster FF-1®) 1/50 0/50 1/50
Manganese (l1) sulfate onotydrate 0/50 0/50 0/50
Technical Grade Pentachlptenol 1/31 0/31 1/31
Triamterene 0/50 0/50 0/50
Triamterene 1/50 0/50 1/50

Overall Historical Incidence

Total 19/1,105 (1.7%) 5/1,105 (0.5%) 24/1,105 (2.2%)
Standard deviation 1.7% 0.8% 2.0%
Rarge 0%-4% 0%-2% 0%-6%

@ Data as of 17 Decemb®91
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TaBLE C5

Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydraté
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0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Disposition Summary
Animals initially in study
9-Month interim evaluation
15-Month interim evaluation
Early deaths

Accidental deaths

Moribund

Natural deaths
Survivors

Died last week of study

Terminal sacrifice

Animals examined microscopically

70
10
10

70
10
10

70
10

46

61

70

10

46

70

9-Month Interim Evaluation
Alimentary System
Liver

Mineralization, focal

Centrilobular, vacuolization cytoplasmic

(10)

7 (70%)

()]
1 (11%)
3 (33%)

Cardiovascular System
None

Endocrine System
Thyroid gland
Follicle, dilatation

(10)

()]
6 (67%)

General Body System
None

Genital System

Preputial gland
Duct, dilatation

Testes
Interstitial cell, hyperplasia
Seminiferous tubule, atrophy

(1)
1 (100%)
(10)

(1)
1D0%)
100%)

(1)
1 (100%)
)]

Hematopoietic System
None

Integumentary System
None
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TaBLE C5

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

9-Month Interim Evaluation (continued)

Musculoskeletal System
None

Nervous System
None

Respiratory System
None

Special Senses System
None

Urinary System
None

15-Month Interim Evaluation

Alimentary System
Liver (10)
Basophilic focus
Clear cell focus
Mixed cell focus
Vacuolization cytoplasmic 7 (70%)

(10)
1 (10%)

5 (50%)

9
3 (33%)
1 (11%)

5 (56%)

(10)

1 (10%)
1 (10%)
6 (60%)

Cardiovascular System
None

Endocrine System
Adrenal gland, cortex (10)
Hypertrophy 1 (10%)
Islets, pancreatic (20)
Hyperplasia 3 (30%)
Thyroid gland (10)
Follicle, cyst
Follicle, dilatation

)
21(00%)

(1)
1 (100%)

(10)

(10)
2 (20%)
(10)
2 (20%)
9 (90%)

General Body System
None

Genital System
Preputial gland 1)
Inflammation, chronic active 1 (100%)
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0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

15-Month Interim Evaluation(continued)

Hematopoietic System
Lymph node, mesenteric
Infiltration cellular, plasma cell

(7)
1 (14%)

©

Integumentary System
None

Musculoskeletal System
None

Nervous System
None

Respiratory System
None

Special Senses System
None

Urinary System
Kidney
Renal tubule, regeneration

(10)
10 (100%)

(10)
6 (60%)

2-Year Study

Alimentary System
Gallbladder
Artery, inflammation, chronic active
Intestine small, jejunum
Diverticulum
Liver
Basophilic focus
Clear cell focus
Eosinophilic focus
Hepatodiaphragmatic nodule
Hypertrophy
Infarct
Inflammation, chronic active
Necrosis
Vacuolization cytoplasmic
Bile duct, hyperplasia
Mesentery
Fat, inflammation, chronic active
Pancreas
Acinus, atrophy
Duct, cyst

(42)
1 (2%)
(49)

(50)
1 (2%)
2 (4%)
1 (2%)

1 (2%)
3 (6%)

2 (4%)
20 (40%)
1 (2%)
2
2 (100%)
(50)
2 (4%)
2 (4%)

(47)
(49)
(49)
10 (20%)
6 (12%)
2 (4%)
1 (2%)

16 (33%)

(49)
2 (4%)

(50)
(50)
(51)
1 (2%)
5 (10%)
3 (6%)
1 (2%)

2 (4%)

18 (35%)
(1)
(50)

(50)
(50)

1 (2%)
(50)

1 (2%)
2 (4%)

1 (2%)

18 (36%)

(50)
3 (6%)
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

2-Year Study(continued)

Alimentary System(continued)
Stomach, forestomach

Erosion, focal

Hyperplasia, focal, squamous
Inflammation, chronic active
Ulcer

Stomach, glandular

Dysplasia
Hyperplasia

Tooth

Incisor, abscess

(50)

2 (4%)

(49)

(49)

1 (2%)

(49)

1 (2%)

(51)
5 (10%)
(51)
1 (2%)

1)
1 (100%)

(50)
2 (4%)
14 (28%)
5 (10%)
6 (12%)
(49)

Cardiovascular System
None

Endocrine System
Adrenal gland
Spindle cell, accessory adrenal cortical

nodule

Spindle cell, vacuolization cytoplasmic
Adrenal gland, cortex

Accessory adrenal cortical nodule
Atrophy

Hyperplasia

Hypertrophy

Vacuolization cytoplasmic

Adrenal gland, medulla

Cyst
Hyperplasia

Islets, pancreatic

Hyperplasia

Parathyroid gland

Cyst

Pituitary gland

Pars distalis, cyst

Pars distalis, hyperplasia

Pars distalis, karyomegaly

Pars intermedia, hyperplasia

Pars intermedia, hyperplasia, focal
Rathke's cleft, cyst

Thyroid gland

Inflammation, chronic active
Follicle, cyst

Follicle, dilatation

Follicular cell, hyperplasia, focal

(50)

1 (2%)
(49)
1 (2%)
1 (2%)
3 (6%)
26 (53%)

(49)

1 (2%)
(50)

(46)

(46)
2 (4%)

(50)

1 (2%)
2 (4%)
5 (10%)

(49)

(49)

3 (6%)
37 (76%)
1 (2%)

(47)

(49)
5 (10%)
(48)
2 (4%)
(44)
1 (2%)

(49)

5 (10%)
2 (4%)
2 (4%)

(51)
1 (2%)

(51)

5 (10%)
35 (69%)

(48)

(50)
2 (4%)
(46)

(49)

1 (2%)
1 (2%)
1 (2%)
(51)
2 (4%)
6 (12%)
5 (10%)
8 (16%)

(49)

(49)

1 (2%)
26 (53%)

(49)
1 (2%)

(50)
1 (2%)
(48)

(46)
2 (4%)
1 (2%)
1 (2%)

(50)
1 (2%)
3 (6%)
23 (46%)
27 (54%)

General Body System
None
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Study(continued)

Genital System

Preputial gland (31) (26) (20) (30)
Inflammation, chronic active 4 (13%) 2 (10%) 1 (3%)
Duct, dilatation 28 (90%) 25 (96%) 18 (90%) 29 (97%)

Seminal vesicle (50) (49) (51) (51)
Inflammation, chronic active 2 (4%)

Testes (50) (49) (51) (50)
Granuloma sperm 1 (2%)

Seminiferous tubule, atrophy 1 (2%) 1 (2%) 1 (2%)

Hematopoietic System

Lymph node, mandibular (46) (43) (50) (50)
Depletion lymphoid 1 (2%)

Lymph node, mesenteric (43) (46) (45) (48)
Hematopoietic cell proliferation 1 (2%) 7 (15%) 2 (4%)

Spleen (50) (49) (50) (50)
Depletion lymphoid 1 (2%)

Hematopoietic cell proliferation 4 (8%) 1 (2%) 2 (4%)
Necrosis 1 (2%)

Thymus (39) 42) 47 42)
Depletion lymphoid 4 (10%) 5 (12%) 4 (9%) 5 (12%)
Infiltration cellular, polymorphonuclear 1 (2%)

Integumentary System

Skin (50) (49) (51) (50)
Alopecia 1 (2%) 2 (4%) 1 (2%) 3 (6%)
Ulcer 1 (2%) 3 (6%) 3 (6%) 1 (2%)
Subcutaneous tissue, inflammation, chronic

active 1 (2%) 1 (2%) 3 (6%) 1 (2%)

Musculoskeletal System

None

Nervous System

Peripheral nerve Q)

Sciatic, demyelination 1 (100%)

Spinal cord Q)
Demyelination 1 (100%)

Respiratory System

Lung (50) (49) (51) (50)
Inflammation, chronic active 1 (2%)

Alveolar epithelium, hyperplasia 4 (8%) 1 (2%)

Nose (50) (49) (51) (50)

Mucosa, inflammation, acute

1 (2%)
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Study(continued)
Special Senses System
Eye Q)
Cornea, inflammation, chronic active 1 (100%)
Harderian gland (5) 4) 3) (5)
Hyperplasia 1 (25%) 1 (33%)
Acinus, dilatation 1 (25%)
Urinary System
Kidney (50) (49) (51) (50)
Hydronephrosis 1 (2%) 1 (2%)
Inflammation, chronic active 1 (2%)
Nephropathy 47 (94%) 48 (98%) 46 (90%) 47 (94%)
Cortex, cyst 3 (6%)
Urinary bladder (48) (49) (51) (49)
Lumen, hemorrhage 1 (2%)

@  Number of animals examined microscopically at site and number of animals with lesion
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TaBLE D1

Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydraté

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Disposition Summary
Animals initially in study
9-Month interim evaluatio
15-Month interim evaluatioff
Early deaths

Accidental deaths

Moribund

Natural deaths
Survivors

Terminal sacrifice
Missing

Animals examined microscopically

42

70

70
10
10

46

61

70
10

70
10

42

70

15-Month Interim Evaluation
Alimentary System
Liver

Hepatocellular adenoma

©

(10)

9)
2 (22%)

©

2-Year Study

Alimentary System
Intestine large, cecum
Intestine small, duodenum
Adenocarcinoma
Intestine small, jejunum
Liver
Hemangiosarcoma
Hepatocellular carcinoma
Hepatocellular adenoma
Hepatocellular adenoma, multiple
Osteosarcoma, metastatic, bone
Mesentery
Fibrosarcoma, metastatic
Pancreas
Fibrosarcoma, metastatic, skin
Salivary glands
Neurofibrosarcoma, metastatic, skin
Stomach, forestomach
Squamous cell papilloma
Stomach, glandular

(51)
(51)

(51)
(51)
1 (2%)
3 (6%)
11 (22%)
1 (2%)

(8)

1 (13%)
(51)

1 (2%)
(51)

(51)
1 (2%)
(51)

(50)
(49)

(50)
(50)

1 (2%)
11 (22%)
3 (6%)
3
(50)
(50)
(50)

(50)

(49)
(50)

(50)
(50)

1 (2%)
6 (12%)

1 (2%)
(1)

(50)
(50)
1 (2%)
(49)

(50)

(51)
(50)
1 (2%)
(51)
(51)

2 (4%)
9 (18%)
3 (6%)
1 (2%)
(51)
(50)
(50)

(49)

Cardiovascular System
None

Endocrine System
Adrenal gland

Spindle cell, adenoma
Adrenal gland, cortex

(51)

(51)

(50)
2 (4%)
(50)

(50)
3 (6%)
(48)

(51)

(51)
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Studycontinued)
Endocrine System(continued)
Adrenal gland, medulla (51) (50) (48) (51)
Pheochromocytoma benign 1 (2%) 1 (2%) 1 (2%)
Pituitary gland (48) (46) (50) (49)
Pars distalis, adenoma 2 (4%) 3 (7%) 6 (12%) 5 (10%)
Pars intermedia, adenoma 2 (4%) 1 (2%)
Thyroid gland (50) (50) (49) (51)
C-cell, carcinoma 1 (2%)
Follicular cell, adenoma 2 (4%) 1 (2%) 5 (10%)
General Body System
None
Genital System
Ovary (51) (50) (50) (51)
Adenoma 2 (4%)
Cystadenoma 1 (2%) 1 (2%) 2 (4%)
Cystadenoma, papillary 1 (2%)
Granulosa cell tumor benign 1 (2%)
Teratoma malignant 1 (2%)
Bilateral, adenocarcinoma, metastatic 1 (2%)
Uterus (51) (50) (50) (51)
Adenocarcinoma 2 (4%)
Hemangioma 1 (2%)
Hemangiosarcoma 1 (2%) 1 (2%)
Polyp stromal 1 (2%) 1 (2%) 2 (4%)
Sarcoma stromal 1 (2%)
Cervix, leiomyoma 1 (2%)
Cervix, osteosarcoma, metastatic, bone 1 (2%)
Hematopoietic System
Bone marrow (51) (50) (50) (51)
Femoral, hemangiosarcoma 3 (6%)
Lymph node (51) (50) (49) (50)
Lymph node, mandibular (49) (50) 47) (46)
Lymph node, mesenteric (48) (48) (44) (45)
Hemangiosarcoma 1 (2%)
Spleen (51) (50) (50) (51)
Fibrosarcoma 1 (2%)
Hemangiosarcoma 2 (4%) 2 (4%)
Thymus (49) (49) 47 (46)
Thymoma benign 1 (2%)
Integumentary System
Skin (51) (50) (50) (51)
Subcutaneous tissue, fibrosarcoma 2 (4%)
Subcutaneous tissue, hemangiosarcoma 1 (2%)
Subcutaneous tissue, neurofibrosarcoma 1 (2%) 3 (6%)
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Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratecontinued)

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

2-Year Studycontinued)
Musculoskeletal System
Bone
Femur, osteosarcoma
Pelvis, osteosarcoma

(51)

(50)

(50)

1 (2%)

(51)
2 (4%)

Nervous System
None

Respiratory System

Lung
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Fibrosarcoma, metastatic, skin
Hepatocellular carcinoma, metastatic, liver
Osteosarcoma, metastatic, bone
Teratoma malignant, metastatic, ovary

(51)
2 (4%)
4 (8%)
1 (2%)

(50)
4 (8%)

(50)
3 (6%)
3 (6%)

1 (2%)

(51)
4 (8%)

1 (2%)
1 (2%)
1 (2%)

Special Senses System

Harderian gland
Adenocarcinoma
Adenoma

(6)
1 (17%)
2 (33%)

(3
3 (100%)

@

2 (100%)

Urinary System
Kidney
Urinary bladder
Osteosarcoma, metastatic, bone

(51)
(51)

(50)
(50)

(50)
(49)
1 (2%)

(51)
(50)

Systemic Lesjons

Multiple organ:
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

(51)
4 (8%)
4 (8%)
7 (14%)

(50)
3 (6%)
4 (8%)
10 (20%)

(50)
5 (10%)
4 (8%)
12 (24%)

(51)
2 (4%)
2 (4%)
9 (18%)

Neoplasm Summary

Total animals with primary neoplas?ns
15-Month interim evaluation
2-Year study

Total primary neoplasms
15-Month interim evaluation
2-Year study

Total animals with benign neoplasms
15-Month interim evaluation
2-Year study

37

57

21

37

59

24

36

56

25
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Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratecontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm

2-Year Studycontinued)
Neoplasm Summary(continued)
Total benign neoplasms

15-Month interim evaluation 2

2-Year study 28 32 23 32
Total animals with malignant neoplasms

2-Year study 23 23 26 21
Total malignant neoplasms

2-Year study 29 27 29 24
Total animals with metastatic neoplasms

2-Year study 1 1 2 3
Total metastatic neoplasms

2-Year study 3 1 5 4
a

Number of animals examined microscopically at site and number of animals with lesion

No neoplasms were observed at any site in any aninal at the 9-month interim evaluation.

¢ No neoplasms were observed in the cardiovascular, endocrine, general body, genital, hematopoietic, integumentary, nalsoelvskesetespiratory, special senses,
and urinary systems in any animal at the 15-month interim evaluation.

Number of animals with any tissue examined microscopically

Primary neoplasms: all neoplasms except metastatic neoplasms



178

TaABLE D2

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 0 ppm

2335666777777 77777T77777777

Number of Days on Study 729302902222222?2 3 33 3 3 3
737 77 06 809999999 90000O0O0O00O01
3333323232222 22222222333333
Carcass ID Number 0003293928888 88 99999 900000
7354713031237 8934578924689
11111111111111111111111111

Alimentary System
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver
Hemangiosarcoma
Hepatocellular carcinoma
Hepatocellular adenoma
Hepatocellular adenoma, multiple
Mesentery
Fibrosarcoma, metastatic
Pancreas
Fibrosarcoma, metastatic, skin
Salivary glands
Stomach
Stomach, forestomach
Squamous cell papilloma
Stomach, glandular

+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + +

+ + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + +
+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + +

X X
X X X X X X X
+ + o+ + + +
X
+ + + + + 4+ + + + + 4+ + + + + 4+ + + 4+ + + + + + + +
X

+ + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + +

X
+ + + + + + + + + + + + + + + + + 4+ + 4+ 4+ 4+ + o+ 4+

Cardiovascular System
Heart

+ + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + +

Endocrine System
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla
Pheochromocytoma benign
Islets, pancreatic
Parathyroid gland
Pituitary gland
Pars distalis, adenoma
Thyroid gland
Follicular cell, adenoma

++ 7T

+
+
+

++ F
++ 7*
+ + *

+
+
+
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+ + F
+ + *
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+ + *
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+ + *
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+

+
+
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+ 4oy
+
+ 4oy
+ 4oy
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+ 4oy
o+ o4
+ =y
<+ 4
tzo4
+++
+ o
+ o4,
+++
<+ 4
+ oy
tz,
+++
oy,
oy,
+++
oy
oy,
<+ 4
e,

X
+ o+ + + + + + + + + 4+ + + + + 4+ + + + + + + + + +
X X

General Body System
Tissue NOS

+: Tissue examined microscopically
A: Autolysis precludes examination

M: Missing tissue X: Lesion present
I: Insufficient tissue Blank: Not examined
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TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)
7777777777777 77777777777
Number of Days on Study 3 3333333333333S3 333333333
11111112222 22222333333333
3 333333333333333333313332333
Carcass ID Number 11111112222 33333444444 4 4 4 Total
012345924618 1257901234571829 Tissues/
11111111111 11111111111111 Tumors
Alimentary System
Esophagus + + + + + 4+ + + 4+ + + + + 4+ + + 4+ o+ 51
Gallbladder + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + + 51
Intestine large + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + + 51
Intestine large, cecum + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Intestine large, colon + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Intestine large, rectum + + + + + + + + 4+ + + + + + + + + + + + + + + + + 51
Intestine small + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 51
Intestine small, duodenum + + + + + + + + 4+ + + + 4+ + + + 4+ + + + + + + + + 51
Intestine small, ileum + + + + M+ + + + + + 4+ + + + + 4+ + + + 4+ + + + + 50
Intestine small, jejunum + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + + + + + 51
Liver + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + o+ 51
Hemangiosarcoma X 1
Hepatocellular carcinoma X 3
Hepatocellular adenoma X X X X 11
Hepatocellular adenoma, multiple X 1
Mesentery + + 8
Fibrosarcoma, metastatic 1
Pancreas + + + + + 4+ + + 4+ + + + + 4+ + + 4+ +F o+ + o+ 51
Fibrosarcoma, metastatic, skin 1
Salivary glands + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + + 51
Stomach + + + + + + + 4+ + + 4+ + + + + 4+ + 4+ + o+ o+ 51
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + + + 51
Squamous cell papilloma 1
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 51
Cardiovascular System
Heart + + + + + + + + + + 4+ + + 4+ o+ o+ 51
Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 51
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + 51
Pheochromocytoma benign X 1
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 51
Parathyroid gland + + + + + + + 4+ + + + + 4+ + + + 4+ + + M+ + + + + 47
Pituitary gland + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 4+ 48
Pars distalis, adenoma X 2
Thyroid gland + + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + 50
Follicular cell, adenoma 2

General Body System
Tissue NOS
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TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

2335666777777 77777T77777777

Number of Days on Study 729302902222222?2 3 33 3 3 3
7377706 8099999999 000000O0O0T1
33333232322222222222233333
Carcass ID Number 00032939288 888899999 900000
73547 1303123789 345718924¢6 89
11111111111111111111111111
Genital System
Ovary + + + + + + + + + + + + + + + + + + + + + + + + + +
Cystadenoma
Cystadenoma, papillary
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangioma
Hemangiosarcoma X
Polyp stromal
Cervix, leiomyoma

Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Lymph node, mandibular + + + + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+
Lymph node, mesenteric + + + + + + + + M+ + + + + + + 4+ + + + 4+ + + + + 4+
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + +
Fibrosarcoma X
Thymus + + + + + + + 4+ + + + + 4+ + + + 4+ + M+ + + + + + +
Thymoma benign X

Integumentary System
Mammary gland + + + + + + M+ + M+ + + + + + + + + 4+ + + + + M+
Skin + + + + + + + + + + + + + + + + + + + + + + + + + +
Subcutaneous tissue, fibrosarcoma X X
Subcutaneous tissue,
neurofibrosarcoma X

Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + +
Skeletal muscle +

Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + +
Spinal cord + +

Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X
Alveolar/bronchiolar carcinoma X X X
Fibrosarcoma, metastatic, skin X
Nose + + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + +
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TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)
r 7777777777777 77777777777
Number of Days on Study 3 3333333333333S3 333333333
1111111222 2222223333333333
3 3333333333333333333333333
Carcass ID Number 1111111222 2333334444444 44 Total
012345924618 1257901234572829 Tissues/
1111111111111111111111111 Tumors
Genital System
Ovary + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + + 51
Cystadenoma X 1
Cystadenoma, papillary X 1
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 51
Hemangioma X 1
Hemangiosarcoma 1
Polyp stromal X 1
Cervix, leiomyoma X 1
Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 51
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymph node, mandibular + + + + + + + + + + + + + + + + + + 4+ + + + + 4+ 49
Lymph node, mesenteric + + + + + + + + 4+ + + + + M+ + 4+ + + M+ + + + 4+ 48
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 51
Fibrosarcoma 1
Thymus + + + + + + + M+ + + + + + + + 4+ + + + 4+ + + + + 49
Thymoma benign 1
Integumentary System
Mammary gland + + + + + + M+ + M+ + + + + +tMMM+ + + + + + 43
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 51
Subcutaneous tissue, fibrosarcoma 2
Subcutaneous tissue,
neurofibrosarcoma 1
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 51
Skeletal muscle 1
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 51
Spinal cord 2
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Alveolar/bronchiolar adenoma X 2
Alveolar/bronchiolar carcinoma X 4
Fibrosarcoma, metastatic, skin 1
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 51
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 51




182 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)

2335666777777 77777T77777777

Number of Days on Study 72930290222 2 22223333 3 3 3
7377706 8099999999 000000O0O0T1
33333232322222222222233333

Carcass ID Number 00032939288 888899999 900000
73547 1303123789 345718924¢6 89
11111111111111111111111111

Special Senses System

Ear
Harderian gland
Adenocarcinoma
Adenoma
Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + +
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + +
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Lymphoma malignant histiocytic X X
Lymphoma malignant lymphocytic X X

Lymphoma malignant mixed X
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TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: O ppmicontinued)
T 7777777777777 °7 777707777777
Number of Days on Study 3 333333333333333333333333
1111111222222 2223333333333
3 33333333333333333333332333
Carcass ID Number 111111122 2233333444 4 4 4 4 44 Total
012 345924681257 901234572829 Tissues/
12111111111111111111111111 Tumors
Special Senses System
Ear + 1
Harderian gland + + + + + + 6
Adenocarcinoma X 1
Adenoma X X 2
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymphoma malignant histiocytic X X 4
Lymphoma malignant lymphocytic X X 4
Lymphoma malignant mixed X X X X X X




184 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppm

e v 777777777777 77777777777

Number of Days on Study 701222222 22223333333333S33
912099999999 9000000000111
3 433333333333333333313332333
Carcass ID Number 6 09 7555555566666 777777282838
5234235678 90137 8013578023
11111111111 11111111111111
Alimentary System
Esophagus + + + + + 4+ + + 4+ + + + + 4+ + + 4+ o+
Gallbladder + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + M
Intestine large + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, ileum + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, jejunum + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + +
Liver + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + o+
Hepatocellular carcinoma
Hepatocellular adenoma X X X X X X X
Hepatocellular adenoma, multiple X X
Mesentery + +
Pancreas + + + + + 4+ + + 4+ + + + + 4+ + + 4+ +F o+ + o+
Salivary glands + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + +
Stomach + + + + + + + 4+ + + 4+ + + + + 4+ + 4+ + o+ o+
Stomach, forestomach + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ + + +
Stomach, glandular + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
Cardiovascular System
Heart + + + + + + + + + + 4+ + + 4+ o+ o+
Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
Spindle cell, adenoma X

+
+

Adrenal gland, cortex + + + + + + 4+ + + + + + + + + 4+ + + + + + + +

Adrenal gland, medulla + o+ + + + + o+
Pheochromocytoma benign X

Islets, pancreatic + o+ + + o+ + + + 4+ + 4+ 4+ 4+ 4+ + + o+

Parathyroid gland + 4+ 4+ 4+ 4+ + o+ + + + + + + 4+ o+ o+ 4

Pituitary gland + + + 4+ o+ + + + + + + + + + + + +
Pars distalis, adenoma X X

Thyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+
Follicular cell, adenoma

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

General Body System
Tissue NOS +

Genital System

Ovary + + + + + + + + + + + + + + + + + + + + + + + + +
Adenoma X
Granulosa cell tumor benign X
Bilateral, adenocarcinoma, metastatic X

Uterus + + + + + + + + + + + + + + + + + + + + + + + + +
Adenocarcinoma X
Polyp stromal
Sarcoma stromal X




Lesions in Female Mice

TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

185

~
~
~
~
~
~
~
~
~
~
~
~
~
~
~

T 777777777

Number of Days on Study 3333332333 3 3 333333333
1111112222222 223333333333
333333333444 4444 4 4 4 444444
Carcass ID Number 8888 999990000000011111112 Total
4 6 89 25689013467 8901345¢6180 Tissues/
1111111111111111111111111 Tumors
Alimentary System
Esophagus + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + 50
Gallbladder + + + + + 4+ + + + + + + + + + + + + + + + + + + + 49
Intestine large + 0+ + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 50
Intestine large, cecum + + + + + + + + + + + + + + + 4+ + + + + + + + + + 50
Intestine large, colon + + + + + + + 4+ + + + + + + + + + + + + + + + + + 50
Intestine large, rectum + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 50
Intestine small + 0+ + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ + o+ 50
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 49
Intestine small, ileum + + + + + + + + + + + + + + + 4+ + + + + + + + + + 49
Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 50
Liver + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + o+ 50
Hepatocellular carcinoma X 1
Hepatocellular adenoma X X X X 11
Hepatocellular adenoma, multiple X 3
Mesentery + 3
Pancreas + + + + + + + + + + 4+ + + 4+ + + + + 4+ + + + + + + 50
Salivary glands + o+ + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 50
Stomach + + + + + + + + + + + 4+ + + + + + + + + + + + + + 50
Stomach, forestomach + + + + + 4+ + + + + + + + + + + + + + + + + + + + 50
Stomach, glandular + + + + + + + + + + 4+ + + + + + + + + + + + + + + 50
Cardiovascular System
Heart + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 50
Endocrine System
Adrenal gland + 4+ + + o+ o+ o+ o+ 50
Spindle cell, adenoma X 2
Adrenal gland, cortex + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + o+ o+ o+ o+ 50
Adrenal gland, medulla + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ 50
Pheochromocytoma benign 1
Islets, pancreatic + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ o+ + o+ 50
Parathyroid gland + + + + + + M+ + + + + + + + + + + + + + + + + + 49
Pituitary gland + + + + + + + + + + + + 4+ + M+ o+ o+ 4+ 4+ 4+ 46
Pars distalis, adenoma 3
Thyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 50
Follicular cell, adenoma X 1
General Body System
Tissue NOS 1
Genital System
Ovary + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 50
Adenoma X 2
Granulosa cell tumor benign 1
Bilateral, adenocarcinoma, metastatic 1
Uterus + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 50
Adenocarcinoma X 2
Polyp stromal X 1
Sarcoma stromal 1




186 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)

e v 777777777777 77777777777

Number of Days on Study 70122222222 22333333333 3
9120999999999 000000000111
3433333333333 3333333332333
Carcass ID Number 6 09 7555555566666 777777282838
523423567 89013780135%718¢023
1111111111111111111111111
Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Femoral, hemangiosarcoma X X
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + +
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + +
Lymph node, mesenteric M+ + + + + + + + + + 4+ + + + 4+ + + + + + + + +
Spleen + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangiosarcoma X
Thymus + + + + + + + + + + + + + + + + + + + + + + + + +
Integumentary System
Mammary gland M+ + + + + + + + M+ + + + + + + M+ + + + + + M
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + +
Subcutaneous tissue, hemangiosarcoma
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + +
Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X X
Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System

Harderian gland + +
Adenoma X X
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + +
Lymphoma malignant histiocytic X

Lymphoma malignant lymphocytic X
Lymphoma malignant mixed X X X X




Lesions in Female Mice 187
TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 1,500 ppnontinued)
vy 7777777777777 77777777777
Number of Days on Study 333333323333 3 3 3 333333333
1111112222222 223333333333
333333333444 4444 4 4 4 444444
Carcass ID Number 8888 999990000000011111112 Total
4 6 89 25689013467 8901345¢6180 Tissues/
1111111111111111111111111 Tumors
Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50
Femoral, hemangiosarcoma X 3
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mandibular + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mesenteric + + + M+ + + + + + + + + + + + 4+ + + + + + + + + 48
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 50
Hemangiosarcoma X 2
Thymus + + + + + + + 4+ + M+ + + + + + 4+ + + + 4+ + + + + 49
Integumentary System
Mammary gland + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ M+ + 4+ 45
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 50
Subcutaneous tissue, hemangiosarcoma X
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Alveolar/bronchiolar adenoma X X 4
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50
Special Senses System
Harderian gland + 3
Adenoma X 3
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymphoma malignant histiocytic X X 3
Lymphoma malignant lymphocytic X X X 4
Lymphoma malignant mixed X X X X X X 10




188 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppm

1445666677777 77777T7777777
Number of Days on Study 00850109 0 2 2222 2 333333
798 47 0362435999999 9000000
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Carcass ID Number 739757 2347342222233 34444214
5907 419719102346 7022823%5°®67
11111111111 11111111111111
Alimentary System
Esophagus + + + + + 4+ + + 4+ + + + + 4+ + + 4+ o+
Gallbladder + + + + + A+ 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Intestine large + + + + + + + + 4+ + + 4+ + + + + + + + + + + + + +
Intestine large, cecum + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + +
Intestine large, colon + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
Intestine large, rectum + + + + + + + + 4+ + + + + + + + + + + + + + + + +
Intestine small + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Intestine small, duodenum + + + + + + + + 4+ + + + 4+ + + + 4+ + + + + + + + +
Intestine small, ileum + + + + + + + + + + + 4+ + + 4+ + + + + + + + + + +
Intestine small, jejunum + + 4+ + + + + + + + + + 4+ + + 4+ + + 4+ + + + + + +
Liver + + + + + 4+ + + 4+ + + + + 4+ + + 4+ + o+
Hepatocellular carcinoma X
Hepatocellular adenoma X X
Osteosarcoma, metastatic, bone X
Mesentery +
Pancreas + + + + + 4+ + + 4+ + + + + 4+ + + 4+ +F o+ + o+
Salivary glands + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + + + + +
Neurofibrosarcoma, metastatic, skin X
Stomach + + + + + + + 4+ + + 4+ + + + + 4+ + 4+ + o+ o+
Stomach, forestomach + + + + + + + + + + + + + + + + + + + + + + + +
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + +
Cardiovascular System
Heart + + + + + + + + + + 4+ + + 4+ o+ o+

Endocrine System
Adrenal gland + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +

Spindle cell, adenoma X
Adrenal gland, cortex + + + + + + + + + + + + + + + 4+ + + + + + + + + +
Adrenal gland, medulla + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+
Islets, pancreatic + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ o+ + o+
Parathyroid gland + 4+ 4+ 4+ 4+ + + M+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + o+ o+
Pituitary gland + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+

Pars distalis, adenoma

Pars intermedia, adenoma
Thyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+

General Body System
None
Genital System
Ovary + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + +

Cystadenoma X

Uterus + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + +

Cervix, osteosarcoma, metastatic,
bone X




Lesions in Female Mice

TaABLE D2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)

189

vy 7777777777777 77777777777
Number of Days on Study 3 333333333333333333333333
0011111111222 2222233333333
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44
Carcass ID Number 4 4555556 6 6 6 6 6 6 6 7 77782888838 Total
8 9367 8 90123678902 48¢0124538 Tissues/
1111111111111111111111111 Tumors
Alimentary System
Esophagus + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + 50
Gallbladder + + + + + 4+ + + + + + + + + + + + + + + + + + + + 49
Intestine large + 0+ + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 50
Intestine large, cecum + + + + + 4+ + + + + + + + 4+ + + + + + + + + + + 49
Intestine large, colon + + + + + + + + + + + + + + + + 4+ + + + + + + + 49
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + 49
Intestine small + 0+ + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ + o+ 50
Intestine small, duodenum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + + o+ 50
Intestine small, ileum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ + 50
Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 50
Liver + 4+ + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + o+ 50
Hepatocellular carcinoma 1
Hepatocellular adenoma X X X X 6
Osteosarcoma, metastatic, bone 1
Mesentery 1
Pancreas + + + + + + + + + + 4+ + + 4+ + + + + 4+ + + + + + + 50
Salivary glands + o+ + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 50
Neurofibrosarcoma, metastatic, skin 1
Stomach + + + + + + + + + + + 4+ + + + + + + + + + + + + + 50
Stomach, forestomach + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ + 49
Stomach, glandular + + + + + + + + + + 4+ + + + + + + + + + + + + + + 50
Cardiovascular System
Heart + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 50
Endocrine System
Adrenal gland + 4+ + + o+ o+ o+ o+ 50
Spindle cell, adenoma X X 3
Adrenal gland, cortex + 4+ 4+ 4+ + o+ + + + + + + + + + 4+ 4+ 4+ 4+ + o+ + + 48
Adrenal gland, medulla + + + + + o+ + + + + + + + o+ + 4+ 4+ 4+ 4 + o+ + + 48
Islets, pancreatic + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ o+ + o+ 50
Parathyroid gland + + + + + 4+ + M+ + + + + + + + + + + + + + + + + 48
Pituitary gland + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ 50
Pars distalis, adenoma X X X X X X 6
Pars intermedia, adenoma X X 2
Thyroid gland + + + + + 4+ + M+ + 4+ + + 4+ + + + + + + + + + + + 49
General Body System
None
Genital System
Ovary + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 50
Cystadenoma 1
Uterus + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 50

Cervix, osteosarcoma, metastatic,
bone




190 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydrate: 5,000 ppnontinued)

14456666 77

~
~
~
~
~
~
~
~
~
~
~
~
~
~
~

Number of Days on Study 0085019900 2 222222 3 33333
79847 0362435999999 90000O00
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44
Carcass ID Number 7397572347342 222233344444
5907 4197191023467 028235%67
1111111111111111111111111
Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + +
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + + + +
Lymph node, mesenteric + + + + + + M+ + + + + + + + + 4+ + + + + + + + +
Spleen + + + + + + + + + + + + + + + + + + + + + + + + +
Thymus + M+ + + MM+ + + + + + + + + + + + + + + + + +
Integumentary System
Mammary gland M+ + + + M+ + + + + + + + + + + + + + +MMM +
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + +
Subcutaneous tissue,
neurofibrosarcoma X X X
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + +
Pelvis, osteosarcoma X
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + +
Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X X
Alveolar/bronchiolar carcinoma
Osteosarcoma, metastatic, bone X
Nose + + + + + + + + + + + + + + + + + + + + + + + + +
Trachea + + + + + + + + + + + + + + + + + + + + + + + + +

Special Senses System
Harderian gland
Adenoma

Urinary System
Kidney + + + + +
Urinary bladder + M+ + +
Osteosarcoma, metastatic, bone

Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + +
Lymphoma malignant histiocytic X X X X X
Lymphoma malignant lymphocytic X X
Lymphoma malignant mixed X X X X
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T 7T 7T 77 77

Number of Days on Study 3 33333333333333333323333 3
0011111111222 2222233333333
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44
Carcass ID Number 4 4555556 6 6 6 6 6 6 6 7 77782888838 Total
8 9367 8 90123678902 48¢0124538 Tissues/
1111111111111111111111111 Tumors
Hematopoietic System
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + M+ + 49
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + + M+ + 47
Lymph node, mesenteric + + 4+ + + 4+ + + + + + M+ + + o+ o+ 4 + M M+ + 44
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ 50
Thymus + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + + + + + 47
Integumentary System
Mammary gland + + MM+ + + + + + + M+ + + + + M+ M+ + + + 39
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 50
Subcutaneous tissue,
neurofibrosarcoma 3
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50
Pelvis, osteosarcoma 1
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Alveolar/bronchiolar adenoma X 3
Alveolar/bronchiolar carcinoma X X X 3
Osteosarcoma, metastatic, bone 1
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50
Special Senses System
Harderian gland + + 2
Adenoma X X 2
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 49
Osteosarcoma, metastatic, bone 1
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymphoma malignant histiocytic 5
Lymphoma malignant lymphocytic X X 4
Lymphoma malignant mixed X X X X X X X X 12
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Alimentary System
Esophagus + 4+ + + + + + + + + 4+ + + + + + ++++ + + + + 4+ o+
Gallbladder + + + + M+ + + + + + + + 4+ 4+ + 4+ 4+ + + 4+
Intestine large + + 4+ + 4+ o+ +
Intestine large, cecum + 4+ + + + + + + + + + + + + + + + + + + 4+ + + + + +
Intestine large, colon L S s T S S e i e S T S S
Intestine large, rectum + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + +
Intestine small + + + + + + + + + + + + + + + + + + + + + + + + + +
Intestine small, duodenum + 4+ 4+ 4+ 4+ + 4+ + + + + + + 4+ + + + + + + + + + o+
Adenocarcinoma X
Intestine small, ileum + 4+ 4+ 4+ 4+ o+ 4+ 4 + + o+
Intestine small, jejunum + 4+ + o+ 4+ o+ o+
Liver + + + + + + + + + + + + + + + + + 4+ + + 4+ + + + + +
Hepatocellular carcinoma X
Hepatocellular adenoma X X X
Hepatocellular adenoma, multiple
Osteosarcoma, metastatic, bone
Pancreas
Salivary glands
Stomach
Stomach, forestomach +
Stomach, glandular +

+ o+ + +
+ + + +

+ + + + + + 4+ 4+ + + + + + o+
+ + + + + + + + + 4+ 4+ 4+ o+ o+
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+ o+ + + + + + + + + + + + + + + + + + + + +

+ 4.t +

Cardiovascular System
Heart + + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + +

Endocrine System

Adrenal gland

Adrenal gland, cortex

Adrenal gland, medulla
Pheochromocytoma benign

Islets, pancreatic

Parathyroid gland

Pituitary gland
Pars distalis, adenoma
Pars intermedia, adenoma X

Thyroid gland + + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + +
C-cell, carcinoma X
Follicular cell, adenoma X
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General Body System
None

Genital System
Ovary + + + + + + + + + + + + + + + + + + + + + + + + + +
Cystadenoma X
Teratoma malignant X
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + +
Hemangiosarcoma
Polyp stromal X
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r 777779777777 7777777777777
Number of Days on Study 333332333 333332333 333333333
111111112222 22223333333333
5555555555555 55505555505251575
Carcass ID Number 2 2222 23333334444 4445505151575 Total
01367 903567 801234791358%6729 Tissues/
1111111111111111111111111 Tumors
Alimentary System
Esophagus + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + 51
Gallbladder + + + + + 4+ + + + + + + + + + + + + + + + + + + + 50
Intestine large + 0+ + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 51
Intestine large, cecum + + + + + + + + + + + + + + + 4+ + + + + + + + + + 51
Intestine large, colon + + + + + + + 4+ + + + + + + + + + + + + + + + + + 51
Intestine large, rectum + + + + + + + + + + 4+ + + 4+ + + + + + + + + + + + 51
Intestine small + 0+ + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ 4+ + o+ + o+ 51
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 50
Adenocarcinoma 1
Intestine small, ileum + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + o+ + 50
Intestine small, jejunum + 4+ + + o+ o+ o+ o+ o+ o+ o+ 51
Liver + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + + + + 51
Hepatocellular carcinoma X 2
Hepatocellular adenoma X X X X X X 9
Hepatocellular adenoma, multiple X X X 3
Osteosarcoma, metastatic, bone 1
Pancreas + + + + + + + + + + 4+ + + 4+ + + + + 4+ + + + + + + 51
Salivary glands + o+ + + + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 50
Stomach + + + + + + + + + + + 4+ + + + + + + + + + + + + + 51
Stomach, forestomach + + + + + 4+ + + + + + + + + + + + + + + + + + + + 50
Stomach, glandular + + + + + + o+ + 4+ 4+ 4+ 4+ o+ 4+ + + + + 4+ 4+ 4+ 4 49
Cardiovascular System
Heart + o+ + + + + + + + +F + + + o+ 4 51
Endocrine System
Adrenal gland + 4+ + + o+ o+ o+ o+ 51
Adrenal gland, cortex + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 51
Adrenal gland, medulla + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + o+ 51
Pheochromocytoma benign X 1
Islets, pancreatic + + + + + + + + + + + + 4+ 4+ 4+ 4+ 4+ o+ 4+ 4+ o+ + o+ 51
Parathyroid gland + 4+ + + M+ + + + + + + 4+ 4+ 4+ 4+ 4+ 4+ 4+ + M+ + + + 48
Pituitary gland M+ 4+ + 4+ + + + + + + + + + + + + + + + + + + + + 49
Pars distalis, adenoma X X X X X 5
Pars intermedia, adenoma 1
Thyroid gland + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + + + + + + + + + + + + + + o+ 51
C-cell, carcinoma 1
Follicular cell, adenoma X X X X 5
General Body System
None
Genital System
Ovary + + + + + + + + + + + F + o+ + 51
Cystadenoma X 2
Teratoma malignant 1
Uterus + + + + + + + + 4+ + + + + 4+ + + + + 4+ + + + + + + 51
Hemangiosarcoma X 1

Polyp stromal

X
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4 4 46 6 6 67 777777777777 777777
Number of Days on Study 4 783 7890222222222?2 3333333
73816 9696999999999 0000O0O0O0O00O0
4 55555555 4444444 4555550505155
Carcass ID Number 96 0245555999999 99000011111
6 0 8250428123457 89124912%6 89
11111111111111111111111111
Hematopoietic System
Bone marrow + + 4+ + + 4+ + + 4+ + + + + + + + + + + + + + + + + +
Lymph node + + + + + M+ + + + + 4+ + + + + 4+ + + + + + + + + 4+
Lymph node, mandibular + + + + + M+ + + + + + + + + + + + + + + + 4+ + +
Lymph node, mesenteric + + + + + MM+ + + + + + + + + + + + + + + + +
Hemangiosarcoma
Spleen + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + + +
Hemangiosarcoma X
Thymus AM+ + M+ + + + + + 4+ + + + + + + + + + M+ + + +
Integumentary System
Mammary gland + + + + + + + 4+ + + +tMMM+ M+ + M+ + M+ + MM
Skin + + + + + + + + + + + + + + + + + + + + + + + + + +
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + +
Femur, osteosarcoma X
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + +
Respiratory System
Lung + + + + + + + + + + + + + + + + + + + + + + + + + +
Alveolar/bronchiolar adenoma X
Hepatocellular carcinoma, metastatic,
liver
Osteosarcoma, metastatic, bone X
Teratoma malignant, metastatic, ovary X
Nose + + + + + + + 4+ + + + + 4+ + + + 4+ + + + + 4+ + + + +
Trachea + + + + + + + + + + + + + + 4+ + + + + + + + + 4+ +
Special Senses System
Eye
Urinary System
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + +
Urinary bladder + + + + M+ + + + + + + + + + 4+ + + + 4+ + + + + + +
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + +
Lymphoma malignant histiocytic X X
Lymphoma malignant lymphocytic X

Lymphoma malignant mixed X X X
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vy 7777777777777 77777777777
Number of Days on Study 3 333333333333333333333333
11111111222222223333333333
5555555555555 550555555515155
Carcass ID Number 2 22222 333333444444 4555151575 Total
01367 903567 80123479 135%6739 Tissues/
1111111111111111111111111 Tumors
Hematopoietic System
Bone marrow + + 4+ + + + + + + + + + + + + 4+ + + 4+ + + + + + + 51
Lymph node + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 50
Lymph node, mandibular + + + + + + + + + + + + + + + + + + + + 4+ + 46
Lymph node, mesenteric + + M+ + + + + + + + + + + + + + + + + + + 45
Hemangiosarcoma X 1
Spleen + + + + + + + + + + + 4+ + + + 4+ + + + + + + + + 4+ 51
Hemangiosarcoma X 2
Thymus + + + + + + + 4+ + + + + 4+ + + + 4+ 4+ + + + M+ + + 46
Integumentary System
Mammary gland M+ + ++ + + + M+ + M+ M+ + + + + 4+ + MM+ + 37
Skin + + + + + + + + + + + 4+ + + + + + + + + 4+ + + + + 51
Musculoskeletal System
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 51
Femur, osteosarcoma X 2
Nervous System
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 51
Respiratory System
Lung + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Alveolar/bronchiolar adenoma X X X 4
Hepatocellular carcinoma, metastatic,
liver X 1
Osteosarcoma, metastatic, bone 1
Teratoma malignant, metastatic, ovary 1
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 51
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50
Special Senses System
Eye + 1
Urinary System
Kidney + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 51
Urinary bladder + + + + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + + 50
Systemic Lesions
Multiple organs + + + + + + + + 4+ + + + 4+ + + + + 4+ + + + 4+ + + + 51
Lymphoma malignant histiocytic 2
Lymphoma malignant lymphocytic X 2

Lymphoma malignant mixed
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Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Feed Study

of Manganese (Il) Sulfate Monohydrate

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Adrenal Gland: Spindle Cell Adenoma

Overall rate® 0/51 (0%)

Adjusted ratedd 0.0%

Terminal rate% 0/42 (0%)

First incidence (days) €
P=0.395N

Life table tes
Logistic regression teds P=0.395N
Cochran-Armitage tedt P=0.379N

Fisher exact te@t

Bone Marrow: Hemangiosarcoma

Overall rates 0/51 (0%)
Adjusted rates 0.0%
Terminal rates 0/42 (0%)
First incidence (days) -

Life table tests P=0.264N
Logistic regression tests P=0.264N
Cochran-Armitage test P=0.254N

Fisher exact test

Harderian Gland: Adenoma

Overall rates 2/51 (4%)
Adjusted rates 4.8%
Terminal rates 2/42 (5%)

First incidence (days) 729 (T)
Life table tests P=0.125N
Logistic regression tests P=0.125N
Cochran-Armitage test P=0.115N

Fisher exact test

Harderian Gland: Adenoma or Carcinoma

Overall rates 3/51 (6%)
Adjusted rates 7.1%
Terminal rates 3/42 (7%)

First incidence (days) 729 (T)
Life table tests P=0.080N
Logistic regression tests P=0.080N
Cochran-Armitage test P=0.073N

Fisher exact test

Liver: Hepatocellular Adenoma
Overall rates

Adjusted rates 27.8%
Terminal rates 11/42 (26%)
First incidence (days) 607

12/51 (24%)

Life table tests P=0.535N
Logistic regression tests P=0.502N
Cochran-Armitage test P=0.483N

Fisher exact test

2/50 (4%)
4.3%
2146 (4%)
729 (T)
P=0.259
P=0.259

P=0.243

3/50 (6%)
6.5%
3146 (7%)
729 (T)
P=0.138
P=0.138

P=0.118

3/50 (6%)
6.5%
3146 (7%)
729 (T)
P=0.541
P=0.541

P=0.491

3/50 (6%)

6.5%

3146 (7%)

729 (T)

P=0.620N
P=0.620N

P=0.652

14/50 (28%)
29.7%
13/46 (28%)
701
P=0.516
P=0.475

P=0.387

3/50 (6%)
7.9%
3/38 (8%)
729 (T)
P=0.104
P=0.104

P=0.118

0/50 (0%)
0.0%
0/38 (0%)

2/50 (4%)
5.3%
2/38 (5%)
729 (T)
P=0.658
P=0.658

P=0.684

2/50 (4%)

5.3%

2/38 (5%)

729 (T)

P=0.546N
P=0.546N

P=0.509N

6/50 (12%)

15.2%

5/38 (13%)

696

P=0.140N
P=0.106N

P=0.105N

0/51 (0%)
0.0%
0/42 (0%)

0/51 (0%)
0.0%
0/42 (0%)

0/51 (0%)
0.0%
0/42 (0%)

P=0.238N
P=0.238N

P=0.248N

0/51 (0%)
0.0%
0/42 (0%)

P=0.121N
P=0.121N

P=0.121N

12/51 (24%)
27.9%
11/42 (26%)
726
P=0.590N
P=0.566N

P=0.592N
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0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Liver: Hepatocellular Carcinoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

Liver: Hepatocellular Adenoma or Carcinoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

Lung: Alveolar/bronchiolar Adenoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

Lung: Alveolar/bronchiolar Carcinoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

Lung: Alveolar/bronchiolar Adenoma or Carcinoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

3/51 (6%)

6.8%

2142 (5%)
607

P=0.612N
P=0.597N
P=0.597N

13/51 (25%)
30.1%
12142 (29%)
607
P=0.538N
P=0.502N
P=0.483N

2/51 (4%)
4.8%
2142 (5%)
729 (T)
P=0.364
P=0.377
P=0.387

4/51 (8%)

9.2%

3142 (7%)
620

P=0.132N
P=0.122N
P=0.122N

6/51 (12%)
13.8%
5/42 (12%)
620
P=0.421N
P=0.396N
P=0.391N

1/50 (2%)

2.2%

1/46 (2%)

729 (T)

P=0.278N
P=0.333N

P=0.316N

15/50 (30%)
31.9%
14146 (30%)
701
P=0.523
P=0.485

P=0.388

4/50 (8%)
8.5%
3146 (7%)
720
P=0.381
P=0.379

P=0.329

0/50 (0%)
0.0%
0/46 (0%)

P=0.054N
P=0.066N

P=0.061N

4/50 (8%)

8.5%

3146 (7%)

720

P=0.318N
P=0.357N

P=0.383N

1/50 (2%)

2.4%

0/38 (0%)

702

P=0.332N
P=0.312N

P=0.316N

7/50 (14%)

17.2%

5/38 (13%)

696

P=0.157N
P=0.116N

P=0.115N

3/50 (6%)

7.9%

3/38 (8%)

729 (T)

P=0.454
P=0.454

P=0.491

3/50 (6%)
7.9%
3/38 (8%)
729 (T)
P=0.550N
P=0.512N

P=0.511N

6/50 (12%)
15.8%
6/38 (16%)
729 (T)
P=0.552
P=0.603

P=0.606

2/51 (4%)
4.8%
2142 (5%)
729 (T)
P=0.498N
P=0.498N

P=0.500N

13/51 (25%)
30.2%
12142 (29%)
726
P=0.588N
P=0.562N

P=0.590N

4/51 (8%)
9.2%
3142 (7%)
689
P=0.340
P=0.348

P=0.339

0/51 (0%)
0.0%
0/42 (0%)

P=0.064N
P=0.063N

P=0.059N

4/51 (8%)

9.2%

3142 (1%)

689

P=0.368N
P=0.358N

P=0.370N
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0 ppm 1,500 ppm 5,000 ppm

15,000 ppm

Pituitary Gland (Pars Distalis): Adenoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

Skin (Subcutaneous Tissue): Neurofibrosarcoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

2148 (4%)
5.1%
2139 (5%)
729 (T)
P=0.202
P=0.206
P=0.223

1/51 (2%)

2.2%

0/42 (0%)
696

P=0.448N
P=0.496N
P=0.446N

Skin (Subcutaneous Tissue): Neurofibrosarcoma or Fibrosarcoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

Thyroid Gland (Follicular Cell): Adenoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

All Organs: Hemangiosarcoma
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

3/51 (6%)

6.5%

0/42 (0%)
607

P=0.198N
P=0.208N
P=0.191N

2/50 (4%)
4.8%
2142 (5%)
729 (T)
P=0.037
P=0.037
P=0.042

2/51 (4%)
4.8%
2142 (5%)
729 (T)
P=0.541
P=0.557
P=0.559

3146 (7%)
6.7%
2142 (5%)
712
P=0.537
P=0.528

P=0.480

0/50 (0%)
0.0%
0/46 (0%)

P=0.483N
P=0.523N

P=0.505N

0/50 (0%)
0.0%
0/46 (0%)

P=0.111N
P=0.148N

P=0.125N

1/50 (2%)

2.2%

1/46 (2%)

729 (T)

P=0.468N
P=0.468N

P=0.500N

4/50 (8%)
8.7%
4146 (9%)
729 (T)
P=0.380
P=0.380

P=0.329

6/50 (12%)
15.8%
6/38 (16%)
729 (T)
P=0.125
P=0.125

P=0.148

3/50 (6%)
6.2%
0/38 (0%)
409
P=0.304
P=0.311

P=0.301

3/50 (6%)
6.2%
0/38 (0%)
409
P=0.648
P=0.663N

P=0.652
0/49 (0%)
0.0%

0/37 (0%)

P=0.267N
P=0.267N

P=0.253N
0/50 (0%)
0.0%

0/38 (0%)

P=0.261N
P=0.261N

P=0.252N

5/49 (10%)
12.5%
5/40 (13%)
729 (T)
P=0.226
P=0.226

P=0.226
0/51 (0%)
0.0%

0/42 (0%)

P=0.500N
P=0.503N

P=0.500N
0/51 (0%)
0.0%

0/42 (0%)

P=0.123N
P=0.129N

P=0.121N
5/51 (10%)

11.9%
5/42 (12%)

729 (T)

P=0.216
P=0.216

P=0.226
3/51 (6%)

6.7%
2142 (5%)

631

P=0.506
P=0.505

P=0.500




Lesions in Female Mice

TaBLE D3

Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydratgcontinued)

199

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

All Organs: Hemangioma or Hemangiosarcoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

3/51 (6%)

7.1%

3142 (7%)
729 (T)

P=0.564N
P=0.548N
P=0.545N

All Organs: Malignant Lymphoma (Histiocytic, Lymphocytic, or Mixed)

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

All Organs: Benign Neoplasms
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

All Organs: Malignant Neoplasms
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests
Cochran-Armitage test

Fisher exact test

All Organs: Benign or Malignant Neoplasms
Overall rates

Adjusted rates

Terminal rates

First incidence (days)

Life table tests

Logistic regression tests

Cochran-Armitage test

Fisher exact test

15/51 (29%)
33.0%
12142 (29%)
323
P=0.318N
P=0.256N
P=0.256N

21/51 (41%)
48.7%
20/42 (48%)
607
P=0.235
P=0.288
P=0.301

23/51 (45%)
46.9%
16/42 (38%)
323
P=0.423N
P=0.339N
P=0.338N

37/51 (73%)
75.5%
30/42 (71%)
323
P=0.534
P=0.416N
P=0.418N

4/50 (8%)
8.7%
4146 (9%)
729 (T)
P=0.550
P=0.550

P=0.489

17/50 (34%)
37.0%
17146 (37%)
729 (T)
P=0.532
P=0.373

P=0.389

24/50 (48%)
49.0%
21/46 (46%)
701
P=0.504
P=0.466

P=0.312

23/50 (46%)
48.9%
22146 (48%)
679
P=0.427N
P=0.512

P=0.543

37/50 (74%)
74.0%
33/46 (72%)
679
P=0.335N
P=0.575N

P=0.524

0/50 (0%)
0.0%
0/38 (0%)

P=0.139N
P=0.139N

P=0.125N

21/50 (42%)

47 4%

15/38 (39%)

554

P=0.105
P=0.132

P=0.133

17/50 (34%)

42.1%

15/38 (39%)

554

P=0.400N
P=0.298N

P=0.295N

26/50 (52%)

55.0%

17/38 (45%)

409

P=0.256
P=0.312

P=0.310

37/50 (74%)

77.0%

27/38 (71%)

409

P=0.356
P=0.521

P=0.524

3/51 (6%)
6.7%
2142 (5%)
631
P=0.657N
P=0.656N

P=0.661N

13/51 (25%)
28.8%
10/42 (24%)
676
P=0.412N
P=0.408N

P=0.412N

25/51 (49%)
55.4%
22142 (52%)
473
P=0.279
P=0.311

P=0.275

21/51 (41%)
43.6%
15/42 (36%)
447
P=0.420N
P=0.436N

P=0.421N

36/51 (71%)
72.0%
28142 (67%)
447
P=0.487N
P=0.478N

P=0.500N
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TaBLE D3
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Feed Study
of Manganese (Il) Sulfate Monohydratgcontinued)

ST)TerminaI sacrifice

Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscapieadly dtaral, bone marrow,
brain, clitoral gland, gallbladder, heart, kidney, larynx, liver, lung, nose, ovary, pancreas, parathyroid gland, pindtesgliylary gland, spleen, thyroid gland,
and urinary bladder; for other tissues, denominator is number of animals necropsied.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
Observed incidence at terminal kill
4" Beneath the control incidence are the P values associated with the trend test. Beneath the exposed group incidereieesetieeBponding to pairwise
comparisons between the controls and that exposed group. The life table test regards neoplasms in animals dying pebkitbaeroeing (directly or
indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitegexaxt fésts compare directly the
overall incidence rates. For all tests, a negative trend or a lower incidence in an exposure group is intlicated by
Not applicable; no neoplasms in animal group

o T



Lesions in Female Mice

TaBLE D4

Historical Incidence of Thyroid Gland Follicular Cell Neoplasms in Untreated Female B6C3F Mice

201

Incidence in Controls

Adenoma Carcinoma Adenoma
or Carcinoma

Historical Incidence at Battelle Columbus Laboratories
2,4-Dichlorghenol 1/49 0/49 1/49
5,5-Dipherylhydantoin 4/47 0/47 4/47
Dowicide EC-7 Pentachlopbenol 3/34 0/34 3/34
Ethylene thiourea 0/50 0/50 0/50
Polybrominated kpheryls (Firemaster FF-1®) 0/49 0/49 0/49
Manganese (Il) sulfate onotydrate 2/50 0/50 2/50
Technical Grade Pentachlptenol 0/33 0/33 0/33
Triamterene 1/49 1/49 2/49
Triamterene 0/50 0/50 0/50
Overall Historical Incidence

Total 27/1,099 (2.5%) 2/1,099 (0.2%) 29/1,099 (2.6%)

Standard deviation 2.9% 0.6% 3.0%

Rarge 0%-9% 0%-2% 0%-9%

@ Data as of 17 Decemb&®91
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydraté

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

Disposition Summary
Animals initially in study
9-Month interim evaluation
15-Month interim evaluation
Early deaths

Accidental deaths

Moribund

Natural deaths
Survivors

Terminal sacrifice
Missing

Animals examined microscopically

42

70

70
10
10

46

61

70
10

70
10

42

70

9-Month Interim Evaluation

Alimentary System
Stomach, forestomach
Hyperplasia, focal, squamous

(10)

9
1 (11%)

Cardiovascular System
None

Endocrine System

Thyroid gland
Follicle, cyst
Follicle, dilatation

(10)
1 (10%)

(1)
100%)

(10)

7 (70%)

General Body System
None

Genital System
Ovary
Follicle, cyst
Periovarian tissue, cyst
Uterus
Endometrium, hyperplasia, cystic, glandular

(10)

1 (10%)

@
11(00%)

(1)
1 (100%)

9)

9
9 (100%)

Hematopoietic System
None

Integumentary System
None

Musculoskeletal System
None
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TaBLE D5
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm

9-Month Interim Evaluation(continued)

Nervous System
None

Respiratory System
None

Special Senses System
None

Urinary System
None

15-Month Interim Evaluation

Alimentary System

Liver 9) (20) 9) 9)
Basophilic focus 1 (11%)
Eosinophilic focus 1 (11%)
Inflammation, acute, focal 2 (20%)
Vacuolization cytoplasmic 1(11%) 1 (10%)

Stomach, forestomach 9) 1) 9)
Hyperplasia, focal, squamous 1 (100%) 1(11%)
Inflammation, chronic active 1(11%)

Cardiovascular System
None

Endocrine System

Islets, pancreatic 9) 9)
Hyperplasia 1(11%)

Thyroid gland 9) 2) 9)
Follicle, cyst 2 (22%) 200%)
Follicle, dilatation 5 (56%)

General Body System
None

Genital System

Ovary (8) 2) 9)
Follicle, cyst 1 (13%) 200%) 2 (22%)
Periovarian tissue, cyst 2 (22%)

Uterus 9) 2) 4) 9)
Endometrium, hyperplasia, cystic, glandular 8 (89%) 10D%) 4 (100%) 8 (89%)
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Manganese (Il) Sulfate Monohydrate, NTP TR 428

Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

15-Month Interim Evaluation(continued)

Hematopoietic System
None

Integumentary System
None

Musculoskeletal System
None

Nervous System
None

Respiratory System
Lung )

Perivascular, inflammation, chronic active 1(11%)

9)

Special Senses System
None

Urinary System
Kidney 9)
Renal tubule, regeneration

()]
1 (11%)

2-Year Study
Alimentary System
Liver (51)
Basophilic focus 1 (2%)
Clear cell focus
Congestion
Cytomegaly, multifocal 1 (2%)
Eosinophilic focus 8 (16%)
Hepatodiaphragmatic nodule
Infarct
Inflammation, chronic 1 (2%)
Inflammation, chronic active
Mixed cell focus
Vacuolization cytoplasmic 5 (10%)
Hepatocyte, atrophy 1 (2%)
Kupffer cell, hyperplasia 1 (2%)
Mesentery (8)
Fat, inflammation, chronic active 6 (75%)
Pancreas (51)
Inflammation, chronic active
Acinus, atrophy 1 (2%)
Duct, cyst

(50)
7 (14%)
5 (10%)
8 (16%)
1 (2%)
1 (2%)
2 (4%)
3
2 (67%)
(50)

4 (8%)
2 (4%)

(50)
2 (4%)
2 (4%)

3 (6%)
2 (4%)
1 (2%)

1 (2%)

7 (14%)
(1)

1 (100%)
(50)

2 (4%)
1 (2%)

(51)
5 (10%)

1 (2%)

3 (6%)

1 (2%)
3 (6%)
4 (8%)

(51)
1 (2%)

1 (2%)
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Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
2-Year Studycontinued)

Alimentary System(continued)

Salivary glands (51) (50) (50) (50)
Infiltration cellular, lymphocyte 1 (2%)

Stomach, forestomach (51) (50) (49) (50)
Erosion, focal 2 (4%)
Hyperplasia, focal, squamous 1 (2%) 3 (6%) 3 (6%) 9 (18%)
Inflammation, chronic active 1 (2%) 3 (6%)
Ulcer 2 (4%) 1 (2%) 3 (6%)

Stomach, glandular (51) (50) (50) (49)
Degeneration 1 (2%)

Inflammation, chronic 1 (2%)
Mineralization 1 (2%)
Ulcer 2 (4%)

Cardiovascular System

Heart (51) (50) (50) (51)
Inflammation, chronic active 1 (2%)

Endocrine System

Adrenal gland (51) (50) (50) (51)
Corticomedullary junction, vacuolization

cytoplasmic 1 (2%)

Adrenal gland, cortex (51) (50) (48) (51)
Hyperplasia 4 (8%) 7 (14%) 6 (13%) 5 (10%)
Hypertrophy 2 (4%) 4 (8%) 6 (13%) 5 (10%)
Mineralization 1 (2%)

Vacuolization cytoplasmic 2 (4%) 1 (2%)

Adrenal gland, medulla (51) (50) (48) (51)

Cyst 1 (2%)
Hyperplasia 1 (2%) 2 (4%)

Pituitary gland (48) (46) (50) (49)

Pars distalis, cyst 3 (6%) 3 (7%) 1 (2%) 1 (2%)
Pars distalis, hyperplasia 6 (13%) 7 (15%) 4 (8%) 10 (20%)

Thyroid gland (50) (50) (49) (51)

Infiltration cellular, lymphocyte 1 (2%)

Inflammation, chronic active 1 (2%) 2 (4%) 3 (6%)

Inflammation, granulomatous 1 (2%)

Follicle, cyst 15 (30%) 12 (24%) 7 (14%) 7 (14%)
Follicle, dilatation 1 (2%) 5 (10%) 11 (22%) 24 (47%)
Follicular cell, hyperplasia, diffuse 1 (2%) 1 (2%)

Follicular cell, hyperplasia, focal 3 (6%) 15 (30%) 27 (55%) 43 (84%)

General Body System
None
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Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydratgcontinued)

0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

2-Year Studycontinued)

Genital System
Ovary
Atrophy
Fibrosis
Inflammation, chronic active
Mineralization
Thrombosis
Bilateral, atrophy
Bilateral, follicle, cyst
Follicle, cyst
Periovarian tissue, cyst
Periovarian tissue, inflammation, chronic
active
Rete ovarii, cyst
Uterus
Hemorrhage
Cervix, inflammation, chronic active
Endometrium, angiectasis
Endometrium, hyperplasia, cystic, glandular
Endometrium, thrombosis
Lymphatic, cyst

2 (4%)
1 (2%)
1 (2%)
1 (2%)

18 (35%)
2 (4%)

(51)
1 (2%)

48 (94%)

1 (2%)

18 (36%)
2 (4%)

(50)

47 (94%)

1 (2%)

15 (30%)
3 (6%)

(50)

46 (92%)
1 (2%)
1 (2%)

1 (2%)

1 (2%)
12 (24%)
7 (14%)

1 (2%)
1 (2%)
(51)

1 (2%)
1 (2%)
49 (96%)

Hematopoietic System
Bone marrow
Femoral, atrophy
Lymph node
Mediastinal, infiltration cellular,
histiocyte
Lymph node, mandibular
Depletion lymphoid
Infiltration cellular, histiocyte
Lymph node, mesenteric
Inflammation, chronic active
Spleen
Depletion lymphoid
Hematopoietic cell proliferation
Inflammation, chronic active
Necrosis
Thrombosis
Thymus
Depletion lymphoid
Inflammation, chronic active

(51)
1 (2%)
(51)

(49)

(48)

(51)
1 (2%)
2 (4%)

(49)
3 (6%)

(50)

(50)

(50)

2 (4%)
(48)

(50)

3 (6%)

(49)
3 (6%)

(50)
(49)
1 (2%)
(47)
1 (2%)
(44)
(50)
1 (2%)
4 (8%)
1 (2%)

(47)
3 (6%)

(51)
1 (2%)
(50)

(46)

(45)
1 (2%)
(51)

2 (4%)
1 (2%)

1 (2%)

Integumentary System
Mammary gland
Hyperplasia, cystic

(43)

(45)
1 (2%)

(39)
1 (3%)

(37)
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0 ppm

1,500 ppm

5,000 ppm

15,000 ppm

2-Year Studycontinued)
Integumentary System
Skin

Abscess

Acanthosis

Alopecia

Ulcer

Subcutaneous tissue, inflammation, chronic

active

(51)

4 (8%)

(50)
1 (2%)
1 (2%)
2 (4%)
4 (8%)

4 (8%)

(50)

3 (6%)

(51)

3 (6%)

1 (2%)

Musculoskeletal System
Skeletal muscle
Back, inflammation, chronic active

(1)
1 (100%)

Nervous System
Brain

Compression

Hemorrhage

Hydrocephalus

Cerebellum, cyst epithelial inclusion
Spinal cord

Lumbar, degeneration

(51)

(2
1 (50%)

(50)

1 (2%)

(50)

1 (2%)

(51)
1 (2%)
1 (2%)
1 (2%)

Respiratory System

Lung
Inflammation, chronic active
Alveolar epithelium, hyperplasia

(51)
2 (4%)

(50)

1 (2%)

(50)

2 (4%)

(51)
2 (4%)
1 (2%)

Special Senses System
Eye

Cornea, inflammation, chronic active
Harderian gland

Hyperplasia

(6)
3 (50%)

S

@

(1)
1 (100%)

Urinary System

Kidney
Nephropathy
Pelvis, inflammation, chronic active
Renal tubule, cytomegaly

(51)
41 (80%)

(50)
36 (72%)

(50)
33 (66%)

(51)
31 (61%)
1 (2%)
1 (2%)

Number of animals examined microscopically at site and number of animals with lesion
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GENETIC TOXICOLOGY

SALMONELLA TYPHIMURIUM MUTAGENICITY TEST PROTOCOL

Testing was performed as reported by Mortelnetrad. (1986). Manganedqd) sulfate monohydrate was sent to

the laboratory as a coded aliquot from Radian Corporation (Austin, TX). It was incubat&himidnella
typhimuriumtester strains (TA97, TA98, TA100, TA1535, and TA1537) either in buffer or S9 mix (metabolic
activation enzymes and cofactors from Aroclor 12&duced male Sprague-Dawley rat or Syrian hamster liver) for
20 minutes at 37C. Top agar supplemented withistidine andi-biotin was added, and the contents of the

tubes were mixed and poured onto the surfaces of minimal glucose agar plates. Histidine-independent mutant
colonies arising on these plates were counted following incubation for 2 days@t 37

Each trial consisted of triplicate plates of concurrent positive and negative controls and of at least five doses of
manganese (ll) sulfate monohydrate. The high dose selected Wa® 1@y/plate. All trials were repeated.

In this assay, a positive response is defined as adwegible, dose-related increase in histidine-independent
(revertant) colonies in any one strain/activation combination. An equivocal response is defined as an increase in
revertants that is not dose related, not reproducible, or is of insufficient magnitude to support a determination of
mutagenicity. A negative response is obtained when no increase in revertant colonies is observed following
chemical treatment. There was no minimum percentage or fold increase required for a chemical to the judged
positive or weakly positive.

CHINESE HAMSTER OVARY CELL CYTOGENETICS ASSAYS

Testing was performed as reported by Galloatsl. (1987). Manganedqd) sulfate monohydrate was sent to the
laboratory as a coded aliquot by Radian Corporation. It was tested in cultured Chinese hamster ovary (CHO) cells
for induction of sister chromatid exchanges (SCEs) and chromosomal aberrations (Abs), both in the presence and
absence of Aroclor 1254duced male Sprague-Dawley rat liver S9 and cofactor mix. Cultures were handled

under gold lights to prevent photolysis of bromodeoxyuridineiub=d DNA. Each test consisted of concurrent
solvent and positive controls and of at least three doses of manganese (1) suifattgdrate; the high dose was

limited by toxicity. A single flask per dose was used, and tests yielding equivocal or positive results were
repeated.

Sister Chromatid Exchange Testn the SCE test without S9, CHO cells were incubated for 26 hours with
manganese (1) sulfate monohydrate in McCoy's 5A medium supplemented with fetal bovind-glutamine,

and antibiotics. Bromodeoxyuridine (BrdU) was added 2 hours after culitizgion. After 26hours, the

medium containing manganese (Il) sulfate monohydrate was removed and replaced with fresh medium plus BrdU
and Colcemid, and incubation was continued for 1.5 hours. Cells were then harvested by mitotic shake-off, fixed,
and stained with Hoechst 33258 and Giemsa. In the SCE test with S9, cells were incubated with nfihganese
sulfate monohydrate, serum-free medium, and S9 for 2 hours. The medium was then removed and replaced with
medium containing serum and BrdU and no manganese (Il) sulfate monohydrate, and inculzséategfor an
additional 26 hours, with Colcemid present for the final 2 hours. Harvesting and staining were the same as for
cells treated without S9. All slides were scored blind and those from a single test were read by the same person.
Fifty second-division metaphase cells were scored for frequency of SCEs/cell from each dose level. Because
significant chemical-induced cell cycle delay was seen at the two highest doses in the absence of S9, incubation
time was lengthened to ensure a sufficient number of scorable (second-division metaphase) cells.

Statistical analyses were conducted on the slopes of the dose-response curves and the individual dose points
(Gallowayet al, 1987). An SCE frequency 20% above the concurrent solvent control value was chosen as a
statistically conservative positive response. The probability of this level of difference occurring by chance at one
dose point is less than 0.01; the probability for such a chance occurrence at two dose points is 1884 than 0.
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increase of 20% or greater at any single dose was considered weak evidence of activity; increases at two or more
doses resulted in a determination that the trial was positive. A statistically significant tt8r@b{Rn the
absence of any responses reaching 20% above background led to a call of equivocal.

Chromosomal Aberrations Testln the Abs test without S9, cells were incubated in McCoy's 5A medium with
manganese (ll) sulfate monohydrate for 10 to 12 hours; Colcemid was added and incubation continued for 2 hours.
The cells were then harvested by mitotic shake-off, fixed, and stained with Giemsa. For the Abs test with S9, cells
were treated with manganese (1) sulfate monohydrate and S9 for 2 hours, after which the treatment medium was
removed and the cells were incubated for 10 hours in fresh medium, with Colcemid present for the final 2 hours.
Cells were harvested in the same manner as for the treatment without S9. The harvest time for the Abs test was
based on the cell cycle information obtained in the SCE test; because cell cycle delay was anticipated in the
absence of S9, the incubation period was extended.

Cells were selected for scoring on the basis of good morphology and completeness of karyotype

(21 + 2 chromosomes). All slides were scored blind and those from a single test were read by the same person.
One hundred first-division metaphase cells were scored at each dose level. Classes of aberrations included simple
(breaks and terminal deletions), complex (rearrangements and translocations), and other (pulverized cells,
despiralized chromosomes, and cells containing 10 or more aberrations).

Chromosomal aberration data are presented as percentage of cells with aberrations. Statistical analyses were
conducted on both the dose response curve and individual dose points. For a single trial, a statistically significant
(P<0.05) difference for one dose point and a significant tren@.(A5) are considered weak evidence for a

positive response; significant differences for two or more doses indicate the trial is positive. A positive trend test
in the absence of a statistically significant increase at any one dose results in an equivocal call @allpway

1987).

DROSOPHILA MELANOGASTERTEST PROTOCOL

The assay for induction of sex-linkeetessive lethal (SLRL) mutations was performed with adult flies as

described by Valenciet al.(1985). Manganegq#) sulfate monohydrate was supplied as a coded aliquot by

Radian Corporation. It was assayed in the SLRL test by feeding for 3 days to adult Canton-S wild-type males no
more than 24 hours old at the beginning of treatment. Because no response was obtained, manganese (Il) sulfate
monohydrate was retested by injection into adult males.

To administer a chemical by injection, a glass Pasteur pipette is drawn out in a flame to a microfine filament, and
the tip is broken off to allow delivery of the test solution. Injection is performed either manually, by attaching a
rubber bulb to the other end of the pipette and forcing through sufficient solution (0.2 to 0.3 pL) to slightly distend
the abdomen of the fly, or by attaching the pipette to a microinjector which automatically delivers a calibrated
volume. Flies are anesthetized with ether and immobilized on a strip of tape. Injection into theticerathe

wing, is performed with the aid of a dissecting microscope.

Toxicity tests were performed to set concentrations of manganese (Il) sulfate monohydrate at a level that would
induce 30% mortality after 7ours of feeding or 24 hours after injection, while keeping inducdtitgtar an

acceptable level. For the SLRL test, oral exposure was achieved by allowing Canton-S males to fémifer 72

on a solution of manganese (Il) sulfate monohydrate in 5% sucrose. In the injection experiments, 24- to 72-hour

old Canton-S males were treated with a solution of manganese (ll) sulfate monohydrate dissolved in 0.7% saline

and allowed to recover for 24 hours. A concurrent saline control group was also included. In the adult exposures,
treated males were mated to thBaescfemales for 3 days and given fresh females at 2-day intervals to produce

three matings of 3, 2, and 2 days (in each case, sample sperm from successive matings were treated at successively
earlier post-meiotic stages)., F heterozygous females were mated with their siblings and then placed in individual
vials. F daughters from the same parental male were kept together to identify clusters. (A cluster occurs when a
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number of mutants from a given male results from a single spontaneous premeiotic mutation event, and is
identified when the number of mutants from that male exceeds the number predicted by a Poisson distribution.) If
a cluster was identified, all data from the male in question were discarded. Presumptive lethal mutations were
identified as vials containing fewer than 5% of the expected number of wild-type males after 17 days; these were
retested to confirm the response.

SLRL data were analyzed by simultaneous comparison with the concurrent and historical controls, using a normal
approximation to the binomial test (Margoéihal, 1983). A test result is considered itigs if the P value is

less than 0.01 and the mutation frequency in the tested group is greater than 0.10%, or if the P value is less than
0.05 and the frequency in the treatment group is greater than 0.15%. A test is considered to be inconclusive if (a)
the P value is between 0.05 and 0.01 but the frequency in the treatment group is between 0.10% and 0.15% or (b)
the P value is between 0.10 and 0.05 but the frequency in the treatment group is greater than 0.10%. A test is
considered negative if the P value is greater than 0.10 or if the frequency in the treatment group is less than 0.10%.

RESULTS

Manganese (ll) sulfate monohydrai®Q to 10,000 pg/plate), tested in two laboratories, was not mutagé&hic in
typhimuriumstrains TA97, TA98, TA100, TA1535, or TA1537. All tests were performed with a preincubation
protocol, with and without Aroclat254-nduced male Sprague-Dawley rat or Syrian hamster liver S9.

In cytogenetic tests with CHO cells, manganese (Il) sulfate monohydrate induced SCEs with and without S9
activation. Two of the three positive responses obtained in the absence of S9 required delayed cell culture harvest
to offset severe manganese (Il) sulfate monohydrate-induced cytotoxicity; with S9 jtaleresponses were

achieved with normal harvest times. Manganese (Il) sulfate monohydrate also induced chromosomal aberrations in
CHO cells in the absence of S9; as with the SCE test, the harvest time was extended to allow sufficient cells to
accumulate for analysis. Increases in the percentage of cells with aberrations were not well correlated with the
dose of manganese (ll) sulfate monohydrate and occurred within a rather limitedli@hge 300 pg/mL). In the
presence of S9, no significant increase in chromosomal aberrations was observed.

Manganese (ll) sulfate monohydrate did not induce SLRL mutations in germ cells of adult medkanogaster
treated with 12,500 ppm in feed or 1,000 ppm administered by injection.
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TaBLE E1
Mutagenicity of Manganese (ll) Sulfate Monohydrate inSalmonella typhimuriund

Revertants/plate’
Strain  Dose -S9 +10% hamster S9 +10% rat S9
(ug/plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
Study performed at SR, Inc.
TA100 0 114 + 6.7 104 + 6.1 101+ 35 105+ 5.2 113+ 15 113+ 7.1
100 113+ 6.9 115+ 7.2 108+ 3.9 103+11.4 110+ 2.8 107 + 8.2
333 108+ 5.8 113+14.2 106+ 9.4 106 +13.4 113+ 5.0 110 +10.4
1,000 110+ 9.3 118 +12.9 119+ 5.3 115+ 7.8 105+ 5.5 126 +11.5
3,333 108+ 3.7 117+ 5.5 111+114 114+ 6.4 127 + 8.2 98+ 1.2
10,000 89+ 6.8 86+ 5.8 105+ 3.5 78+ 1.5 84+ 3.2 88+ 5.9
Trial summary Negative Negative Negative Negative Negative Negative
Positive contrdi 364+ 3.3 334+242 342+27.0 1,394+239 384+ 8.7 894+ 7.1
TA1535
0 17+ 1.2 21+ 1.8 12+ 2.0 9+ 21 10+ 2.6 9+ 25
100 21+ 29 25+ 4.0 12+ 1.7 10+ 1.2 12+ 29 10+ 2.2
333 24+ 50 21+ 44 8+ 19 9+ 1.8 10+ 2.3 10+ 1.2
1,000 18+ 1.7 28+ 1.9 7+ 09 7+£12 6+ 0.7 9+ 17
3,333 26+ 4.6 18+ 0.9 8+ 1.2 6+ 1.2 12+ 15 7+ 06
10,000 23+ 3.8 14+ 26 7+15 8+ 0.9 8+ 15 8+ 09
Trial summary Negative Negative Negative Negative Negative Negative
Positive control 455 +23.8 370+17.9 448 +27.6 359 +26.0 150+ 5.0 191+ 55
TA1537
0 10+ 1.2 6 +15 7+1.0 6+ 0.9 5+ 09 6+ 09
100 5+ 15 7+17 8+ 23 8+ 19 7+03 6+ 19
333 6+ 0.3 8+ 23 11+ 0.7 7+15 7+09 7+ 0.9
1,000 7+23 5+ 0.9 9+ 15 7+15 10+ 15 8+ 0.7
3,333 4+ 19 6+ 13 9+ 1.0 3+ 09 6+ 1.2 7+03
10,000 7+09 5+ 0.3 6+ 15 5+ 20 5+ 0.3 5+ 1.7
Trial summary Negative Negative Negative Negative Negative Negative
Positive control 150 + 6.2 151+124 243 +18.6 213+20.1 141+ 46 236 +15.3
TA98
0 24+ 6.0 14+ 12 19+ 5.3 25+ 3.8 22+ 1.3 19+ 0.7
100 14+ 12 14+ 27 25+ 0.6 15+ 2.2 22+ 23 17+ 0.3
333 16+ 4.0 19+ 3.7 21+ 15 16+ 2.2 19+ 0.9 16+ 1.2
1,000 15+ 1.8 14+ 1.2 23+ 3.2 18+ 1.3 26+ 2.3 19+ 44
3,333 13+ 0.9 12+ 0.9 21+ 0.7 17+ 1.7 25+ 4.9 17+ 2.6
10,000 12+ 15 13+ 15 24+ 0.6 14+ 19 17+ 21 10+ 0.3
Trial summary Negative Negative Negative Negative Negative Negative
Positive control 871+13.9 975 +28.7 611+71.3 1,362+95.8 297 +£38.2 849 +44.4
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TaBLE E1
Mutagenicity of Manganese (ll) Sulfate Monohydrate inSalmonella typhimurium(continued)

Revertants/plate

Strain  Dose -S9 + hamster S9 + rat S9
(ug/plate) Trial 1 Trial 2 10% 30% 10% 30%
Study performed at Microbiological Associates:
TA100
0 108 + 9.0 92+ 4.7 97+ 7.0 99+ 1.9 115+ 4.1 106 £ 9.9
100 112+ 6.5 84+ 3.4 112+ 6.7 84 +11.0 91+ 3.2 90+ 6.8
333 124 + 4.5 80+ 3.7 95+ 8.4 89+ 5.1 80+ 4.2 83+ 24
1,000 112 + 8.9 77+ 2.4 106+ 1.9 92+ 15 90+ 1.5 91+ 8.7
3,333 112+ 99 70 £ 5.0 93+ &2 87+ %9 85+D 6 77 496.0
10,000 95+ 8. 68 + 2% 77+ 84 61+ 9.0 74+%.1 66 +92.8
Trial summary Negative Negative Negative Negative Negative Negative
Positive control 473+ 9.6 293+17.3 378 +14.7 260 +10.9 862 + 33.7 517 +24.1
TA1535
0 32+ 2.1 7+ 1.2 7+ 17 5+ 1.2 11+ 1.3 4+ 09
100 33+ 15 7+ 22 13+ 0.9 6+ 1.9 10+ 1.8 6+ 1.0
333 22+ 35 5+ 0.9 8+ 0.7 4+ 0.7 9+ 0.3 6+ 0.6
1,000 22+ 1.2 6+ 09 11+ 12 5+ 17 8+ 1.2 7+ 0.6
3,333 16+ 49 6+ 0.3 7+ 19 6+ 06 9+ 92 7:+9D2
10,000 16+ 3% 2+ 0% 5+ 193 2+ 12 6+90 4+9.9
Trial summary Negative Negative Negative Negative Negative Negative
Positive control 284 +13.0 123+15.9 54+ 6.7 58+ 4.9 196 + 2.7 83+ 8.9
TA97
0 113+12.1 75+ 2.7 131+104 128+ 5.2 160+ 5.2 138+ 5.7
100 123+ 4.6 72+ 3.6 160 +10.7 98+ 6.6 122 + 3.5 112+ 3.9
333 111+ 4.9 83+ 2.0 125+ 6.0 100+ 4.9 118+ 3.5 99+ 4.4
1,000 125 + 6.% 84+ 79 164+ 2.9 110+ 7.5 133+ 3.6 96 + 8.7
3,333 135+ 59 77+ 590 167+ 88 93+ 6.4 164+%76  1084€23
10,000 123+12% 80+ o3 110+ 52 77+ %7 115 +97.7 97877
Trial summary Negative Negative Equivocal Negative Negative Negative
Positive control 405+10.5 595 + 27.6 295+ 7.6 542 +19.7 1,313+21.1 411+ 6.6
TA98
0 18+ 2.2 12+ 15 28+ 1.0 18+ 15 25+ 0.9 18+ 3.7
100 18+ 2.7 10+ 1.2 21+ 2.2 10+ 24 21+ 2.2 17+ 15
333 12+ 1.2 9+ 1.2 24+ 1.2 12+ 2.3 23+ 4.7 16+ 3.6
1,000 15+ 2.3 9+ 1.0 21+ 4.7 16+ 1.5 23+ 35 16+ 2.3
3,333 13+ 2.3 14+ 2.4 14+ 23 12+ 2.0 19 id1.3 15 J_rd 0.9
10,000 20+ 19 9+ 1% 14+ 12 g+ 90 19+%5 61915
Trial summary Negative Negative Negative Negative Negative Negative
Positive control 149+ 1.9 234 +12.0 148 +10.4 73+ 8.1 251+215 192 +10.0

The detailed protocol and these data are presented in Mortedtraingl 986).
Revertants are presented as mean * the standard error from three plates.

2-Aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activatiophémitenediamine was tested on

TA98, sodium azide was tested on TA100 and TA1535, and 9-aminoacridine was tested on TA1537 and TA97.
d Slight toxicity

o
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TABLE E2
Induction of Sister Chromatid Exchanges in Chinese Hamster Ovary Cells
by Manganese (ll) Sulfate Monohydraté

No. of SCEs/ Relative SCEs/
Dose Total Chromo- No. of Chromo- SCEs/ Hrsin  Chromosome
Compound pg/mL Cells somes SCEs some Cell BrdU (0)8)
-S9
Summary: Positive
Distilled water 50 1,036 421 0.40 8.4 255
Mitomycin-C 0.001 50 1,018 616 0.60 12.3 25.5 48.90
0.010 5 104 250 2.40 50.0 25.5 491.54
Manganese (ll) sulfate anohydrate
5.0 50 1,036 536 0.51 10.7 25.5 27.32*
16.7 50 1,024 657 0.64 13.1 350 57.89*
50.0 50 1,026 686 0.66 13.7 350 64.53*
P<0.001
+S9
Trial 1
Summary: Positive
Distilled water 50 1,021 462 0.45 9.2 255
Cyclophosphamide
15.0 25 512 559 1.09 22.4 255 141.28
Manganese (ll) sulfate anohydrate
200 50 1,033 508 0.49 10.2 25.5 8.68
245 50 1,021 500 0.48 10.0 25.5 8.23
298 12 239 133 0.55 11.1 25.5 22.98*
350 50 1,012 683 0.67 13.7 255 49.15*
P<0.001
Trial 2
Summary: Positive
Distilled water 50 1,036 420 0.40 8.4 255
Cyclophosphamide
0.3 50 1,027 534 0.51 10.7 25.5 28.26
2.0 5 104 122 1.17 24.4 25.5 189.36
Manganese (ll) sulfate anohydrate
300 50 1,023 580 0.56 11.6 25.5 39.85*
332 50 1,020 527 0.51 10.5 25.5 27.44*
350 50 1,023 596 0.58 11.9 25.5 43.71*

P<0.001
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TABLE E2
Induction of Sister Chromatid Exchanges in Chinese Hamster Ovary Cells
by Manganese (II) Sulfate Monohydrate

Positive (>20% increase over solvent control)
Study performed at Litton Bionetics, Inc. SCE=sister chromatid exchange; BrdU=bromodeoxyuridine.
SCEs/chromosome of culture exposed to mangdHgsalfate monohydrate relative to those of culture exposed to solvent

Because manganese (Il) sulfaterohydrate induced a delay in the cell division cycle, harvest times were extended to maximize the proportion of
second division cells available for analysis.

Significance of relative SCEs/chromosome tested by the linear regression trend test vs. log of the dose.

O T o *
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TaABLE E3

Induction of Chromosomal Aberrations in Chinese Hamster Ovary Cells
by Manganese (ll) Sulfate Monohydraté

217

-S9 +S9
Dose Total No. of Abs/ Percent Dose Total No. of Abs/ Percent
pg/mL Cells Abs Cell Cells pg/mL Cells Abs Cell Cells
w/Abs w/Abs
Trial 1 - Harvest time: 20.0 hodts Trial 1 - Harvest time: 10.5 hours
Summary: Positive Summary: Negative
Distilled water Distilled water
100 1 0.01 1.0 100 0 0.00 0.0
Mitomycin-C Cyclophosphamide
0.0620 50 50 1.00 58.0 25 50 9 0.18 16.0
Manganese (ll) sulfate anohydrate Mangane¢k) sulfate nonohydrate
141 100 7 0.07 3.0 400 100 1 0.01 1.0
200 100 12 0.12 11.0* 450 100 3 0.03 3.0
300 100 8 0.08 8.0* 500 100 2 0.02 2.0
P=0.00% P=0.068
Trial 2 - Harvest time: 19 hots
Summary: Positive
Distilled water
100 0 0.00 0.0
Mitomycin-C
0.620 50 11 0.22 18.0
Manganese (ll) sulfate anohydrate
150 100 2 0.02 2.0
176 100 6 0.06 6.0*
200 100 8 0.08 5.0*
P=0.007

*

Significant increase (£0.05)

QD

Study performed at Litton Bionetics, Inc. Abs=aberrations.

b Because of significant chemical-induced cell cycle delay, incubation time prior to addition of Colcemid was lengthenet teufiioiant

metaphase cells at harvest.

¢ significance of percent cells with aberrations tested by the linear regression trend test vs. log of the dose.
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TaBLE E4
Induction of Sex-Linked Recessive Lethal Mutations idrosophila melanogaster
by Manganese (ll) Sulfate Monohydraté

Incidence of Incidence of No. of Lethals/No. of X Chromosomes Tested
Route of Dose of Deaths of Sterility Mating 1 Mating 2 Mating 3 Totdl
Exposure  (ppm) (%) (%)
Injection 1,000 0 0 1/2,186 2/2,043 0/1,979 3/6,208 (0.05%)
0 1/1,956 4/1,955 1/1,780 6/5,691 (0.11%)
Feeding 12,500 17 11 3/2,830 1/2,417 1/2,076 5/7,323 (0.07%)
0 2/2,343 0/2,039 2/1,721 4/6,103 (0.07%)

@ study performed at Bowling Green State University. A detailed protocol of the sex-linked recessive lethal assay anckiteegredatded in
Valenciaet al (1985).
Combined total number of lethal mutations/number of X chromosomes tested for three mating trials



APPENDIX F
ORGAN WEIGHTS
AND ORGAN-WEIGHT-TO-BODY-WEIGHT RATIOS

TABLE F Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats
TABLE F Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats

TABLE F Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats
at the 9-Month Interim Evaluation in the 2-Year Feed Study

TABLE F Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats
at the 15-Month Interim Evaluation in the 2-Year Feed Study

TABLE F Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice
TABLE F Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice

TABLE F Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice
at the 9-Month Interim Evaluation in the 2-Year Feed Study

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice
at the 15-Month Interim Evaluation in the 2-Year Feed Study

—
>
o8}
-
m
T
(0] (e} al iy w N

of Manganese (Il) Sulfate Monohydrate ............ ... .. i,

in the 14-Day Feed Study of Manganese (II) Sulfate Monohydrate ....................

in the 13-Week Feed Study of Manganese (II) Sulfate Monohydrate ...................

of Manganese (Il) Sulfate Monohydrate ............ ... .. i,

of Manganese (Il) Sulfate Monohydrate ............ ... .. i,
in the 14-Day Feed Study of Manganese (II) Sulfate Monohydrate ....................

in the 13-Week Feed Study of Manganese (II) Sulfate Monohydrate ...................

of Manganese (Il) Sulfate Monohydrate ............ ... .. i,

219



220

TABLE F1

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats in the 14-Day Feed Study

of Manganese (ll) Sulfate Monohydraté

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm 3,130 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,000 ppm
Male
n 5 5 5 5 5 5
Necropsy body wt 241 +12 235+5 242 +13 235+6 243 +6 210 + 6*
Brain
Absolute 1.654 +0.089 1.718 +0.025 1.640+0.101 1.674 £0.054 1.732 £0.077 1.748 £ 0.034
Relative 6.95+0.51 7.32+0.08 6.85+0.57 7.14 +£0.23 7.15+0.37 8.35+0.21*
Heart
Absolute 0.692 +0.038 0.668 + 0.031 0.728 £ 0.049 0.678 £0.022 0.700 £0.016 0.602 +£0.019
Relative 2.88 +0.05 2.84 +0.07 3.00 £ 0.09 2.89 £0.05 2.88+0.03 2.87£0.04
R. Kidney
Absolute 0.880 +0.048 0.844 +0.037 0.870 £ 0.057 0.838 £0.019 0.884 +0.023 0.802 +£0.018
Relative 3.66 £ 0.04 3.59+0.08 3.58 +0.07 3.57+0.03 3.64 +0.02 3.83+0.07
Liver
Absolute 8.988 +0.553 9.028 £0.324 9.092 +0.402 8.114 + 0.256 8.598 £ 0.141 7.528 +£0.264*
Relative 37.27£0.48 38.37£0.58 37.62 £0.57 34.57 £0.82* 35.41 + 0.40* 35.87 £0.57*
Lungs
Absolute 1.004 +0.058 1.082 +0.039 1.176 + 0.095 1.030 £ 0.035 1.030 £ 0.046 1.024 £ 0.045
Relative 4.17+0.11 4.61+0.14 4.83 +0.16* 4.39+0.13 4.24+0.15 4.89 + 0.20*
L. Testis
Absolute 1.256 +0.063 1.225 + 0.0%6 1.256 +0.043 1.236 £ 0.025 1.272 £0.029 1.234 £0.044
Relative 5.22 +0.03 5.17 £ 0.04 5.21+0.14 5.27 £ 0.08 5.24 +0.07 5.89 £ 0.17*
Thymus
Absolute 0.261 +0.014 0.266 + 0.033 0.272 +£0.013 0.241 +£0.013 0.252 £0.015 0.241 £0.011
Relative 1.10£0.08 1.13+0.14 1.13+0.08 1.03 +£0.05 1.04 £0.07 1.16 £0.08
Female
n 5 5 5 5 5 5
Necropsy body wt 165+4 169+6 157+3 163+6 166 +4 1535
Brain
Absolute 1.660 + 0.024 1.684 +0.038 1.662 +0.036 1.590 +0.069 1.660 +0.048 1.672 £ 0.020
Relative 10.09 £+ 0.22 9.99+0.35 10.61 +0.36 9.77+£0.42 10.03£0.39 10.94 £0.28
Heart
Absolute 0.522 +£0.019 0.556 +0.018 0.502 +£0.015 0.492 +£0.021 0.530 £0.013 0.482 +£0.024
Relative 3.17+£0.08 3.29+0.08 3.20+£0.09 3.01+0.05 3.19+0.04 3.14 +£0.06
R. Kidney
Absolute 0.604 £0.017 0.620 +0.030 0.556 +£0.019 0.568 +£0.018 0.610 £ 0.034 0.566 +0.022
Relative 3.67 £0.09 3.66 +0.06 3.54 +0.06 3.48 +0.08 3.67+0.13 3.69+0.04
Liver
Absolute 6.018 £0.212 5.634 +£0.278 5.274 £ 0.260 5.228 +£0.297 5.586 +0.122 5.132 £0.197*
Relative 36.49+0.70 33.26 £0.83 33.58+1.43 31.96 +£0.99* 33.76 £1.22 33.49+0.95
Lungs
Absolute 0.824 +£0.044 0.908 + 0.065 0.890 + 0.044 0.816 +£0.070 0.922 +£0.076 0.746 £ 0.052
Relative 499+0.21 5.35+0.25 5.68 +0.29 4.99+0.37 5.53+0.38 4.85+0.21
Thymus
Absolute 0.290 £0.016 0.284 +£0.019 0.241 +£0.011 0.242 +£0.025 0.287 £0.012 0.260 £+ 0.020
Relative 1.76 £0.09 1.67 £0.08 1.54 +£0.06 1.49+0.18 1.73+0.07 1.69+£0.10

* Significantly different (R0.05) from the control group by Williams' or Dunnett's test

** P<0.01

Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g thi@adgametgttandard error)

n=4
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TABLE F2

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats in the 13-Week Feed Study

of Manganese (ll) Sulfate Monohydraté

221

0 ppm 1,600 ppm 3,130 ppm 6,250 ppm 12,500 ppm 25,000 ppm
Male
n 10 10 10 10 10 10
Necropsy body wt 301+4 3005 296 +4 299 +4 296 +6 298 +11
Brain
Absolute 1.723 +0.015 1.708 +0.013 1.731+0.017 1.707 £0.045 1.721 £0.010 1.715+£0.029
Relative 5.73 +0.06 5.70 £ 0.08 5.86 + 0.07 5.72+0.16 5.84+0.11 5.82+0.21
Heart
Absolute 0.720 £0.016 0.733+0.019 0.744 £ 0.009 0.739£0.021 0.742 £0.023 0.710 £0.014
Relative 2.39+0.05 2.44 +0.05 2.52+0.02 2.47 +£0.08 2.51+0.04 2.40 £0.08
R. Kidney
Absolute 0.899 +£0.016 0.858 £ 0.014 0.852 +£0.015 0.904 +0.028 0.861 +0.019 0.892 +£0.025
Relative 2.99 £0.05 2.86 +0.03 2.88+0.04 3.02+0.08 2.91+0.04 3.01+£0.09
Liver
Absolute 10.688 + 0.282 9.535+0.205*  9.129 +0.165* 9.441 £0.211* 8.950 + 0.274* 9.014 £ 0.274*
Relative 35.49+0.71 31.78 £ 0.50* 30.85 + 0.25* 31.57 £ 0.55* 30.25 £ 0.49* 30.43 £ 1.00*
Lungs
Absolute 1.164 +0.037 1.073 +0.031 1.080 +0.019 1.111 £0.042 1.325 +0.060* 1.011 +0.032*
Relative 3.86 £0.10 3.57+£0.08 3.65+0.06 3.72+0.15 4.49 +0.21* 3.42+0.13
L. Testis
Absolute 1.292 +0.033 1414 +0.103 1.294 +0.021 1.315+0.011 1.245 +£0.031 1.290 £ 0.019
Relative 4.29+0.10 4.74+0.39 4.38 +0.08 4.40 £ 0.06 422+0.11 4.36+0.11
Thymus
Absolute 0.146 £0.017 0.144 +£0.016 0.109 +£0.013 0.170 £0.021 0.174 £0.018 0.118 £0.018
Relative 0.48 £ 0.05 0.48 +0.05 0.37£0.04 0.56 +0.07 0.58 +0.06 0.39+0.05
Female
n 10 10 10 10 10 10
Necropsy body wt 187 +2 182+2 178 + 3* 178 + 2* 181 +1* 178 + 3™
Brain
Absolute 1.638 +0.012 1.596 + 0.021 1.608 +0.017 1.613 £0.025 1.638 £0.016 1.608 +0.007
Relative 8.78 £0.10 8.76 £ 0.12 9.05+0.13 9.08+0.14 9.05+0.10 9.05+0.12
Heart
Absolute 0.485 +0.015 0.478 £ 0.008 0.443 £0.016 0.477 £0.013 0.472+£0.011 0.465 £ 0.016
Relative 2.60 +£0.07 2.62+0.04 2.49 +0.07 2.68 £ 0.06 2.61+0.06 2.61+0.08
R. Kidney
Absolute 0.509 £0.011 0.505 +0.014 0.498 + 0.008 0.493 £0.013 0.511 +£0.011 0.517%0.015
Relative 2.73 +£0.06 2.77 £0.08 2.80+0.04 2.77 £0.07 2.82 +0.06 2.8920.08
Liver
Absolute 5.754 £0.225 5.689 +£0.119 5.343+0.146 5.363+0.125 5.281 + 0.084* 5.008 +0.143*
Relative 30.80 +£1.08 31.20+0.53 30.04 £0.70 30.16 £0.59 29.17 £0.37 28.10 £ 0.52*
Lungs
Absolute 1.006 + 0.061 0.847 £0.031*  0.878 + 0.030* 0.761 £ 0.021* 0.834 + 0.025* 0.712 £ 0.036**
Relative 5.40+0.34 4.65+0.17* 4.94 +0.16* 4.28 +0.11* 4.62 +0.16* 4.00 £ 0.20*
Thymus
Absolute 0.130 £0.011 0.117 +£0.008 0.123 +£0.019 0.113+0.011 0.126 £0.013 0.121 +£0.008
Relative 0.70 £ 0.06 0.64 +0.04 0.69+0.11 0.63 +0.06 0.70 £ 0.07 0.68 +0.04

* Significantly different (R0.05) from the control group by Williams' or Dunnett's test

** P<0.01

Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g tioadgametgttandard error)

n=9
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TABLE F3

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats at the 9-Month Interim Evaluation

Manganese (Il) Sulfate Monohydrate, NTP TR 428

in the 2-Year Feed Study of Manganese (II) Sulfate Monohydrate

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Male
n 8 9 10 10
Necropsy body wt 474 £10 469 + 8 468 £ 10 437 + 6™
Brain
Absolute 2.110 £0.024 2.081 +0.016 2.108 £ 0.031 2.104 £0.029
Relative 4.46 +0.09 4.45+0.08 4.51 +0.06 4.82 +0.05*
L. Kidney
Absolute 1.661 +0.052 1.613 +0.027 1.638 + 0.040 1.552 +0.042
Relative 3.50+£0.05 3.44+£0.04 3.50+0.04 3.55+0.06
R. Kidney
Absolute 1.607 +0.046 1.620 +0.033 1.616 + 0.056 1.561 +0.032
Relative 3.39+0.05 3.46 £ 0.04 3.44 +0.07 3.57 £+ 0.06*
Liver
Absolute 17.579+£0.371 16.861 + 0.530 17.049 +0.628 16.111 + 0.502
Relative 37.07+£0.31 35.90 £ 0.60 36.38 £0.95 36.86 £0.99
Female
n 9 10 10 10
Necropsy body wt 241 +5 252+2 251+8 245+4
Brain
Absolute 2.017 £0.106 1.930 +0.024 1.910 +0.020 1.918 +0.014
Relative 8.35+0.36 7.68+0.11 7.66+0.18 7.85+0.11
L. Kidney
Absolute 0.910 £ 0.029 0.917 £0.025 0.889 +£0.041 0.894 +£0.021
Relative 3.76 £0.08 3.64 +£0.09 3.54+0.11 3.65+0.06
R. Kidney
Absolute 0.909 +0.038 0.921 +£0.021 0.870 £ 0.036 0.897 £ 0.024
Relative 3.75+0.11 3.66 +0.07 3.46 + 0.09* 3.66 £ 0.05
Liver
Absolute 8.154 £ 0.270 8.276 £0.241 8.038 £0.304 8.227 £ 0.252
Relative 33.74£0.76 32.88+0.73 32.02£0.69 33.57£0.68

*  Significantly different (R0.05) from the control group by Williams' or Dunnett's test

** P<0.01

a Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g ti@adgametgstandard error)
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TABLE F4

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Rats at the 15-Month Interim Evaluation

in the 2-Year Feed Study of Manganese (II) Sulfate Monohydrate
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Male
n 10 9 9 8
Necropsy body wt 478 £10 478 £ 11 498 +9 492 + 10
Brain
Absolute 2.074 £0.024 2.044 £0.028 2.106 +0.022 2.120 £ 0.020
Relative 4.35+0.08 4.29+0.05 4.23+0.07 4.32+0.09
L. Kidney
Absolute 1.704 + 0.055 1.706 + 0.063 1.842 +0.045 1.843 +0.044
Relative 3.57+£0.09 3.57 £0.09 3.70+£0.07 3.75+0.04
R. Kidney
Absolute 1.684 +0.047 1.727 +£0.043 1.822 +0.034 1.769 + 0.055
Relative 3.563+0.08 3.62+0.07 3.66 +0.06 3.59+0.05
Liver
Absolute 17.216 £ 0.534 16.803 + 0.504 18.281 + 0.566 18.506 + 0.608
Relative 36.02+0.76 35.16 £ 0.50 36.65+0.80 37.57+0.73
Female
n 10 10 9 10
Necropsy body wt 289+9 3045 3027 311 +£7*
Brain
Absolute 1.966 +0.014 1.909 + 0.021 1.907 +0.029 1.917 +0.021
Relative 6.85+0.20 6.30 + 0.15* 6.33 +0.11* 6.19 + 0.14*
L. Kidney
Absolute 1.041 +0.018 1.069 +0.024 1.047 £ 0.033 1.051 +0.024
Relative 3.61+0.08 3.52+0.07 3.46 £ 0.06 3.38 +0.03*
R. Kidney
Absolute 1.053 +0.025 1.072 +0.025 1.042 +0.032 1.058 + 0.020
Relative 3.65+0.07 3.53+0.07 3.45 + 0.06* 3.41 £ 0.03*
Liver
Absolute 9.318 £0.277 9.490 +0.185 9.762 £0.125 9.861 +0.183
Relative 32.27£0.66 31.25+0.61 3244 £0.75 31.78+0.48

*  Significantly different (R0.05) from the control group by Williams' or Dunnett's test

** P<0.01

a Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g ti@adgametgstandard error)
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TABLE F5

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice in the 14-Day Feed Study

of Manganese (ll) Sulfate Monohydraté

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm 3,130 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,000 ppm
Male
n 5 5 5 5 5 5
Necropsy body wt 25.6+1.2 26.8+0.7 26.0+1.0 24.0+0.7 24.4+0.2 21.8+0.7*
Brain
Absolute 0.452 +0.005 0.460 + 0.009 0.442 +0.014 0.416 +£0.013 0.450 £ 0.004 0.436 +0.006
Relative 17.80+0.77 17.23+0.67 17.16 +1.12 17.43+0.94 18.45+0.26 20.11+0.84
Heart
Absolute 0.132+0.014 0.120 + 0.004 0.125 + 0%06 0.120 +0.005 0.124 +£0.004 0.102 + 0.004**
Relative 5.13+0.39 4.49+0.19 4.95 + (P22 499+0.11 5.08 £0.17 4.68 +0.06
R. Kidney
Absolute 0.208 £0.012 0.216 +0.002 0.224 £0.014 0.220 +0.007 0.218 £ 0.004 0.194 +0.009
Relative 8.11+0.17 8.08 £ 0.22 8.61+0.40 9.17 £ 0.14* 8.93 +0.10* 8.90 +0.27*
Liver
Absolute 1.154 +0.107 1.222 +0.082 1.346 +0.081 1.226 +0.086 1.206 +0.022 0.920 + 0.038*
Relative 44.75+2.21 45,55 +2.62 51.61+1.60 50.96 + 2.64 49.43 £0.82 42.17 £0.47
Lungs
Absolute 0.152 £0.011 0.160 + 0.003 0.176 +£0.009 0.192 + 0.009* 0.204 +0.014* 0.158 + 0.007*
Relative 5.98 +0.47 5.98 +0.15 6.81+0.45 8.01 +0.33* 8.35 + 0.52* 7.27 £ 0.36*
L. Testis
Absolute 0.100 +0.003 0.101 +0.005 0.099 +0.003 0.095 +0.010 0.100 £0.011 0.101 £ 0.004
Relative 3.92+0.17 3.77+0.11 3.81+0.16 3.94+0.36 4.12+0.45 4.64+0.25
Thymus
Absolute 0.041 +£0.002 0.040 + 0.003 0.043 £ 0.006 0.030 £ 0.003 0.059 + 0.004* 0.032 +0.007
Relative 1.59 +£0.04 1.50 £0.10 1.66 £0.27 1.28+0.17 2.43+0.17* 1.48+£0.32
Female
n 5 5 5 5 4 5
Necropsy body wt 21.0+1.0 18.0 £ 0.3* 18.8 +1.3* 16.8 £ 0.6™ 17.0 £ 0.4* 15.2 £ 0.5™
Brain
Absolute 0.440 £0.013 0.454 +0.005 0.430 +£0.008 0.440 £0.015 0.453 £0.010 0.416 +£0.017
Relative 21.03+0.52 25.25 + 0.52* 23.23 +£1.35* 26.20 + 0.40* 26.62 £ 0.10* 27.36 £0.71*
Heart
Absolute 0.094 +0.004 0.096 + 0.005 0.090 £ 0.000 0.100 £ 0.006 0.098 + 0.005 0.082 +£0.004
Relative 4.48 +0.08 5.33+0.27 4.87 £0.29 5.94 +0.23* 5.73+£0.18* 5.39 £ 0.16*
R. Kidney
Absolute 0.148 £ 0.008 0.148 £ 0.011 0.136 + 0.006 0.152 +£0.010 0.150 £+ 0.006 0.126 +0.005
Relative 7.04+0.16 8.24 +0.65 7.36 +£0.54 9.01 £ 0.32* 8.82 + 0.24* 8.29 £ 0.17*
Liver
Absolute 0.964 +0.052 0.866 + 0.033 0.784 +£0.032 0.916 +£0.039 0.870 £0.033 0.716 + 0.089*
Relative 45.84 +0.57 48.05+1.13 42.62 +3.53 5459 +1.76 51.16 £1.22 47.24 +6.01
Lungs
Absolute 0.150 £0.015 0.160 + 0.007 0.144 +0.009 0.152 +0.006 0.175+0.013 0.132 +£0.006
Relative 7.12 £ 0.60 8.88+0.31 7.78 £ 0.66 9.05 +0.14* 10.30 £ 0.77* 8.69 + 0.29*
Thymus
Absolute 0.056 +0.002 0.058 +0.003 0.057 +£0.008 0.049 £+ 0.003 0.059 +0.005 0.042 + 0.003*
Relative 2.69+0.15 3.19+0.10 3.10+0.52 2.94+0.13 3.50+0.35 2.82+0.24

* Significantly different (R0.05) from the control group by Williams' or Dunnett's test

** P<0.01

Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g thi@dgametgstandard error)

n=4
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TABLE F6

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice in the 13-Week Feed Study

of Manganese (ll) Sulfate Monohydraté
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0 ppm 3,130 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,000 ppm
Male
n 9 10 10 10 10 10
Necropsy body wt 32.8+0.5 32.3+0.5 29.9+0.5 31.6+0.8 32.1+04 29.8 £ 0.7*
Brain
Absolute 0.453 +£0.004 0.434 +£0.009 0.440 £+ 0.009 0.427 £0.020 0.453 £ 0.004 0.424 +0.006
Relative 13.85+0.22 13.48 +0.42 14.76 £ 0.42 13.64 +0.82 14.13+0.17 14.31+041
Heart
Absolute 0.146 £ 0.004 0.134 +£0.003 0.139 +£0.003 0.132 + 0.004* 0.135 + 0.004* 0.115 + 0.004**
Relative 4.44+0.10 4.15+0.10 4.66 +0.13 4.23+0.25 4.20+0.08 3.89 +0.20*
R. Kidney
Absolute 0.268 +0.008 0.267 £ 0.006 0.263 £ 0.008 0.255 +0.008 0.272 +£0.008 0.222 + 0.006**
Relative 8.16 +0.16 8.28 +0.22 8.80+0.21 8.17+0.49 8.47 £0.20 7.46 £0.17
Liver
Absolute 1.528 +0.097 1.452 +0.082 1.202 +0.032* 1.338 +0.076* 1.401 £ 0.076* 1.063 £ 0.045*
Relative 46.51 +2.69 44.78 £ 2.06 40.27 £1.18 42.76 £3.10 43.55+2.10 35.54 £ 0.72*
Lungs
Absolute 0.160 + 0.006 0.169 + 0.005 0.188 + 0.006** 0.162 + P005 0.169 +0.007 0.147 20.006
Relative 4.88+0.17 5.26 +0.23 6.29 + 0.18* 5.22 +0.32 5.28+0.24 4.90 £0.19
L. Testis
Absolute 0.109 +0.002 0.107 + 0,003 0.111 +0.002 0.107 £0.001 0.117 +£0.003 0.094 + 0.003**
Relative 3.32+0.07 332015 3.74+0.11 3.41+0.14 3.67+0.14 3.19+0.15
Thymus
Absolute 0.034 £0.004 0.035 +0.002 0.039 +£0.003 0.034 +£0.003 0.039 £0.002 0.031 £0.003
Relative 1.04 £0.11 1.09 £0.07 1.29+0.10 1.08 £0.10 1.22+£0.06 1.04 £0.11
Female
n 10 9 10 10 10 10
Necropsy body wt 24.8+0.4 25.8+0.7 24.9+0.3 26.4+0.7 253+0.5 24.7+0.6
Brain
Absolute 0.452 £0.010 0.456 + 0.005 0.454 +£0.014 0.473 £ 0.006 0.451 +0.006 0.438 £ 0.005
Relative 18.29 +0.55 17.61+0.43 18.28 + 0.65 18.03 +0.56 17.88 +£0.40 17.80+0.34
Heart
Absolute 0.110 +0.003 0.109 +0.005 0.108 + 0%02 0.120 +0.003 0.115 +0.003 0.106 + 0.006
Relative 444 +0.13 4.18+0.11 4.31 + P06 456+0.11 4.55+0.10 4.31+0.24
R. Kidney
Absolute 0.169 +0.003 0.169 + 0.005 0.172 £ 0.003 0.188 £ 0.004 0.182 +0.006 0.173 £0.003
Relative 6.82 +0.07 6.50+0.13 6.91+0.11 7.17 £0.26 7.20+0.21 7.03+0.16
Liver
Absolute 1.041 +0.036 1.153 +0.082 0.992 +0.025 1.220 £0.075 1.056 +0.038 0.959 +£0.051
Relative 41.95+1.16 44.21 +184 39.82+0.80 45.89 +1.81 41.65+0.94 38.64 £1.27
Lungs
Absolute 0.157 £ 0.005 0.167 £0.017 0.157 £ 0.004 0.159 +£0.008 0.153 £ 0.007 0.143 £0.003
Relative 6.34£0.21 6.34 £ 0.45 6.31+0.19 6.07 £0.37 6.05+0.28 5.81+0.16
Thymus
Absolute 0.033 £0.003 0.040 + 0.002 0.043 + 0.004* 0.047 + 0.6b1* 0.044 + 0.803= 0.047 £ 0.002*
Relative 1.34+0.12 1.55+0.05 1.74 +£0.18* 1.80 + 05+ 1.76 + $13+ 1.90 £ 0.07*

* Significantly different (R0.05) from the control group by Williams' or Dunnett's test

** P<0.01

Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g ti@adgametgttandard error)

n=9
¢ n=8
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TABLE F7

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice at the 9-Month Interim Evaluation

Manganese (Il) Sulfate Monohydrate, NTP TR 428

in the 2-Year Feed Study of Manganese (II) Sulfate Monohydrate

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Male
n 10 10 10 9
Necropsy body wt 46.7£1.3 454+15 46.1+£1.3 422 £1.3*
Brain
Absolute 0.469 +0.004 0.462 +0.003 0.451 + 006 0.457 +£0.007
Relative 10.11+0.26 10.28 +0.33 9.72+ 028 10.92 +0.36
L. Kidney
Absolute 0.355+0.016 0.347 £0.017 0.338 £0.010 0.334 £0.010
Relative 7.60+0.23 7.63+0.18 7.35+0.22 7.93+0.18
R. Kidney
Absolute 0.366 +£0.012 0.360 + 0.016 0.356 +0.009 0.359 £0.013
Relative 7.85+0.15 7.92+0.18 7.76 £0.21 8.54+0.25
Liver
Absolute 2.176 £0.126 2.036 £ 0.100 2.039 £ 0.155 1.801 + 0.084*
Relative 46.28 +1.60 4472 £1.12 43.89 +2.17 42.56 £ 0.81
Female
n 11 10 10 10
Necropsy body wt 435+1.1 38.4+1.0= 41.0 £ 0.7* 38.1+0.7*
Brain
Absolute 0.483 £ 0.005 0.491 +0.009 0.476 £ 0.007 0.468 + 0.003
Relative 11.16 £ 0.25 12.93 + 0.65* 11.62 £0.21* 12.34 + 0.24*
L. Kidney
Absolute 0.214 +0.005 0.210 + 0.005 0.211 +£0.005 0.214 +0.007
Relative 4.93+0.07 5.52+0.23 5.15+0.12 5.61+0.17*
R. Kidney
Absolute 0.233 £0.005 0.223 £ 0.005 0.222 +£0.005 0.221 +£0.005
Relative 5.37+0.13 5.85+0.25 5.40 £ 0.07 5.81+0.13
Liver
Absolute 1.691 +0.053 1.577 +£0.028 1.558 + 0.033* 1.508 + 0.042*
Relative 38.87£0.79 41.31+1.39 38.01+0.76 39.59+0.77

*  Significantly different (R0.05) from the control group by Williams' or Dunnett's test

** P<0.01

2 Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g ti@adgametgstandard error)

n=9
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TABLE F8

Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice at the 15-Month Interim Evaluation

in the 2-Year Feed Study of Manganese (II) Sulfate Monohydrate

227

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Male
n 10 10 9 10
Necropsy body wt 459+1.3 46.4+0.9 478 +1.2 457 +0.9
Brain
Absolute 0.460 +0.007 0.477 £ 0.006 0.472 +£0.007 0.501 +£0.040
Relative 10.12+0.43 10.33+0.25 9.91+0.24 10.95+0.75
L. Kidney
Absolute 0.381 +0.007 0.388 £ 0.012 0.396 +£0.015 0.421 +£0.042
Relative 8.34+£0.17 8.36 +0.19 8.29+0.25 9.16 +0.77
R. Kidney
Absolute 0.410 £0.010 0.404 +£0.014 0.408 £ 0.014 0.449 £ 0.046
Relative 8.96 +0.23 8.70+0.25 8.55+0.24 9.75+0.84
Liver
Absolute 1.978 +0.084 1.982 +0.082 2.023+0.117 2.063+0.194
Relative 43.02+1.14 42.60+1.13 42,13 +1.64 44.92 + 3.66
Female
n 9 10 9 9
Necropsy body wt 453 +1.7 482 +1.8 478 1.7 442 +0.9
Brain
Absolute 0.494 +0.008 0.487 +£0.007 0.489 +0.009 0.483 +£0.008
Relative 10.99 +0.36 10.25+0.47 10.34+0.43 10.97 £ 0.36
L. Kidney
Absolute 0.234 +0.006 0.257 + 0.006* 0.244 +0.007 0.250 +0.008
Relative 5.18 +0.12 5.39+0.19 5.13+0.16 5.67 £0.20
R. Kidney
Absolute 0.243 £ 0.009 0.266 + 0.007 0.258 +0.007 0.261 +0.007
Relative 5.39+0.17 5.57+0.22 5.41+0.14 5.93+0.19
Liver
Absolute 1.731+0.048 1.874 +0.044 1.753 £+ 0.055 1.689 + 0.035
Relative 38.39+0.89 39.14+1.10 36.71+£0.63 38.27 £0.92

*  Significantly different (R0.05) from the control group by Williams' or Dunnett's test
Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g thioadgametgstandard error)
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TaBLE G1
Hematology Data for Rats in the 14-Day Feed Study of Manganese (Il) Sulfate Monohydréte

0 ppm 3,130 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,000 ppm
Male
n 5 5 5 5 5 5
Hematocrit (%)
43.8+1.0 426+1.2 42.9+0.6 443+1.0 403+14 41.6+1.0
Hemaoglobin (g/dL)
15.3+0.3 159+0.2 15.7+0.3 159+0.3 149+0.3 148+0.3
Erythrocytes (16 IuL)
8.10+0.21 7.80+0.25 7.96 £0.15 8.04 +0.08 7.54+0.26 7.97+0.19
Mean cell volume (fL)
53.0+0.3 53.6+0.6 52.8+0.4 53.8+0.9 524+04 51.2 +0.2*
Leukocytes (16 /uL)
2.58 £0.36 3.38+0.24 3.84 +0.37* 3.60 + 0.26* 3.58 +0.22* 6.32 £ 0.82*
Segmented neutrophils (310 /uL)
0.76 £ 0.11 1.03+0.11 0.90+0.19 0.93+0.10 0.92+0.12 3.52+0.28*
Lymphocytes (16 /uL)
1.70 £0.36 2.24+0.22 2.77+0.24 2.53+0.18 2.26+0.16 2.46 £0.62
Monocytes (16 /uL)
0.10+0.03 0.07 £0.03 0.12+0.03 0.10+£0.03 0.38+0.11 0.33 +0.09*
Eosinophils (15 /uL)
0.02+0.01 0.04 £ 0.02 0.05+0.03 0.04 £0.02 0.02+0.01 0.01+0.01
Female
n 5 5 5 5 5 5
Hematocrit (%)
429+14 43.6 +0.5 45.1+0.5 43.4+0.7 43.9+0.8 39.3+1.1
Hemaoglobin (g/dL)
15.3+0.3 16.0+0.2 16.3+0.1 16.0+0.3 15.7+0.2 140104
Erythrocytes (16 IuL)
7.87+£0.16 8.10 £ 0.09 8.28 +0.08 8.03+0.11 7.88 +0.02 7.42+0.22
Mean cell volume (fL)
53.4+0.7 52.6+0.4 53.6+0.2 52.8+0.4 54.6 +0.9 51.8+0.4
Leukocytes (16 /uL)
2.72+£0.26 3.38+0.09 3.22+0.41 3.00+0.64 2.72+0.25 4.26 +0.32*
Segmented neutrophils (310 /uL)
0.55+0.07 0.75+0.06 0.86 +0.23 0.68 +0.25 0.55+0.12 1.62 +0.23*
Lymphocytes (16 /uL)
2.02+0.18 2.35+0.10 2.08+0.23 2.05+0.37 1.95+0.25 2.23+0.23
Monocytes (16 /uL)
0.07 £0.02 0.25 + 0.04* 0.25+0.13* 0.20 + 0.04* 0.18 + 0.05* 0.34 +0.14*
Eosinophils (15 /uL)
0.08 +0.04 0.04 +0.01 0.02+0.01 0.07 £0.04 0.04 +0.02 0.07 £0.03

* Significantly different (R0.05) from the control group by Dunn's or Shirley's test
** P <0.01
@ Mean = standard error
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TaBLE G2
Hematology Data for Rats in the 13-Week Feed Study of Manganese (II) Sulfate Monohydrate

0 ppm 1,600 ppm 3,130 ppm 6,250 ppm 12,500 ppm 25,000 ppm
Male
n 10 10 10 10 10 10
Hematocrit (%)
40.8+1.2 42.3+0.9 422+1.0 44.1 +0.6* 452 +1.4* 45.8 +1.5*
Hemaoglobin (g/dL)
154+0.3 154+0.2 15.8+0.3 16.0+0.2 16.0+0.3 15.7+0.4
Erythrocytes (16 IuL)
7.87+£0.15 8.20+0.18 8.13+0.17 8.60 + 0.08* 8.33 £0.13* 8.82 £ 0.19*
Mean cell volume (fL)
52.7+0.6 51.9+0.5 52.1+0.4 51.4+04 54.2+0.9 52.2+0.8
Leukocytes (16 /uL)
3.17+0.17 3.32+0.14 3.27+0.17 3.18 £ 0.09 3.94 +0.19* 3.07+0.18
Segmented neutrophils (310 /uL)
0.61 +0.06 1.19 £ 0.06* 1.15+0.12* 1.29 £0.10* 1.73 £0.12* 1.30 £ 0.08*
Lymphocytes (16 /uL)
2.51+0.19 2.08+0.12 2.05+0.12 1.80 £ 0.10* 2.17 +0.15* 1.73+£0.17*
Monocytes (16 /uL)
0.00 +0.00 0.00 +0.00 0.00 +0.00 0.01+0.01 0.02 +0.02 0.01 +0.00
Eosinophils (15 /uL)
0.04 £ 0.02 0.05+0.01 0.06 £0.01 0.05+0.01 0.05+0.02 0.04 +0.01
Female
n 10 10 10 10 10 10
Hematocrit (%)
42.0+0.8 40.4+0.7 41.3+0.8 41.1+0.8 42.3+0.8 43.1+1.1
Hemaoglobin (g/dL)
15.7+0.2 155+0.2 15.1+0.2 155+0.3 156+0.3 16.1+0.3
Erythrocytes (16 IuL)
7.34+0.13 7.09+0.15 7.39+0.16 7.16 £0.16 7.59+0.15 7.91+0.16*
Mean cell volume (fL)
57.3+0.7 57.0+0.7 56.0+0.5 56.5+0.8 56.0+0.6 54.6 + 0.5*
Leukocytes (16 /uL)
3.79+0.33 2.98 + 0.09* 3.09+0.16 2.78 £ 0.09* 2.75+0.13* 2.78 £0.21*
Segmented neutrophils (310 /uL)
1.05+0.17 0.72+0.08 0.76 £ 0.09 0.58 + 0.06* 0.73+0.08 0.87+0.11
Lymphocytes (16 /uL)
2.70+0.23 2.23+0.08 2.26+0.13 2.12 +0.09* 1.95+0.12* 1.82 £0.12*
Monocytes (16 /uL)
0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00
Eosinophils (15 /uL)
0.04 +0.01 0.03+0.01 0.07 £0.02 0.06 +0.02 0.07 £0.01 0.09 +0.02*

* Significantly different (R0.05) from the control group by Dunn's or Shirley's test
** P <0.01
@ Mean = standard error
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TaBLE G3

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Hematology and Clinical Chemistry Data for Rats at the 9-Month Interim Evaluation
in the 2-Year Feed Study of Manganese (IlI) Sulfate Monohydrate

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Male
n 8 9 10 10
Hematology
Hematocrit (%) 48.6 +0.8 48.2+0.9 46.1+0.8 49.8+1.0
Hemoglobin (g/dL) 15.2+0.2 154+0.1 14.4+0.2 154+0.3
Erythrocytes (16 /uL) 10.09+0.16 10.05+0.17 9.62+0.13 10.20 £ 0.22
Mean cell volume (fL) 484 +£0.3 48.1+0.3 47.8+05 48.8+0.3
Mean cell hemoglobin (pg) 15.1+0.1 15.3+0.2 15.0+0.1 15.1+0.1
Mean cell hemoglobin concentration
(g/dL) 314+0.2 31.9+0.5 31.3+0.3 30.9+0.2
Platelets (16 /uL) 697 + 11 659 + 66 648 + 65 678 £ 66
Reticulocytes 1% /uL) 0.17 £0.02 0.16 +0.02 0.16 £0.01 0.14 +0.02
Leukocytes (10 /uL) 8.75+0.54 8.09+0.34 7.76 £0.51 8.16 +0.39
Segmented neutrophils ﬁO /uL) 1.83+0.21 1.78 £0.15 1.83+0.30 1.70+0.16
Lymphocytes 1% /uL) 6.76 £ 0.46 6.21+0.34 5.83+0.40 6.36 +0.35
Monocytes (10 /uL) 0.04 +0.02 0.01+0.01 0.03+£0.02 0.01+0.01
Eosinophils (15 /uL) 0.14+0.04 0.12+0.03 0.09 £0.03 0.08 +0.04
Nucleated erythrocytes (iO IuL) 0.00 £ 0.00 0.00 £0.00 0.01+£0.01 0.00 £ 0.00
n 8 10 10 10
Clinical Chemistry
Blood urea nitrogen (mg/dL) 19.4+0.7 18.3+0.7 16.5+0.8* 18.1+0.9
Creatinine (mg/dL) 0.55+0.02 0.56 +0.04 0.59 +0.06 0.56 +0.03
Alanine aminotransferase (IU/L) 79+8 76 £9 78 £10 73+8
Aspartate aminotransferase (IU/L) 105+8 9817 100+ 8 100+9
Sorbitol dehydrogenase (IU/L) 54+8 49+7 47 +6 41 +4
Female
n 8 10 10 10
Hematology
Hematocrit (%) 48.0+0.5 47.7+0.7 48.3+0.9 48.5+0.4
Hemoglobin (g/dL) 15.3+0.2 153+0.1 15.3+0.2 153+0.1
Erythrocytes (16 /uL) 9.22 +0.07 9.18 £0.10 9.24+0.16 9.44 +0.08
Mean cell volume (fL) 52.1+0.5 52.0+0.4 52.0+£0.3 51.5+0.4
Mean cell hemoglobin (pg) 16.6 +0.1 16.6 0.1 16.6 £0.2 16.2 +0.1*
Mean cell hemoglobin concentration
(g/dL) 31.7+04 32.0+0.3 31.9+0.6 31.6+0.2
Platelets (16 /uL) 633+24 632 +29 519 + 58 615 + 63
Reticulocytes 1% /uL) 0.13+0.01 0.15+0.01 0.14 £0.02 0.15+0.01
Leukocytes (10 /uL) 3.91+0.35 4.42+0.34 3.55+0.27 5.37 £ 0.65
Segmented neutrophils ﬁO /uL) 0.91+0.14 1.04+0.11 0.87+£0.14 1.17+0.15
Lymphocytes 1% /uL) 2.93+0.27 3.31+0.25 2.64+0.18 4.18+0.51
Monocytes (10 /uL) 0.01+0.01 0.02+0.01 0.01+0.01 0.01+0.01
Eosinophils (15 /uL) 0.06 +0.02 0.06 +0.02 0.05+0.02 0.06 +0.02
Nucleated erythrocytes (iO IuL) 0.01+£0.01 0.00 £0.00 0.00 £0.00 0.01+0.01
n 10 10 10 10
Clinical Chemistry
Blood urea nitrogen (mg/dL) 185+0.5 179+1.1 17.7+0.7 164+1.2
Creatinine (mg/dL) 0.55+0.03 0.56 +0.04 0.55+0.04 0.55+0.02
Alanine aminotransferase (1U/L) 43+3 3412 38+3 38+3
Aspartate aminotransferase (IU/L) 96+ 6 7516 91+4 836
Sorbitol dehydrogenase (IU/L) 36+3 25+ 3* 29+3 27 + 3*

*  Significantly different (R0.05) from the control group by Dunn's or Shirley's test

Mean * standard error
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Female
n 8 10 10 10
Hematology
Hematocrit (%) 48.0+0.5 47.7+0.7 48.3+0.9 48.5+0.4
Hemoglobin (g/dL) 15.3+0.2 153+0.1 15.3+0.2 153+0.1
Erythrocytes (16 /uL) 9.22 +0.07 9.18 £0.10 9.24 +0.16 9.44 +0.08
Mean cell volume (fL) 52.1+0.5 52.0+0.4 52.0+0.3 51.5+0.4
Mean cell hemoglobin (pg) 16.6 +0.1 16.6+0.1 16.6 £0.2 16.2 +0.1*
Mean cell hemoglobin concentration
(g/dL) 31.7+04 32.0+0.3 31.9+0.6 31.6+0.2
Platelets (16 /uL) 633+24 632 + 29 519 + 58 615 + 63
Reticulocytes 1% /uL) 0.13+0.01 0.15+0.01 0.14 £0.02 0.15+0.01
Leukocytes (10 /uL) 3.91+0.35 4.42+0.34 3.55+0.27 5.37 £ 0.65
Segmented neutrophils ﬁO /uL) 0.91+0.14 1.04+0.11 0.87+£0.14 1.17+0.15
Lymphocytes 1% /uL) 2.93+0.27 3.31+0.25 2.64+0.18 4.18+0.51
Monocytes (10 /uL) 0.01+0.01 0.02+0.01 0.01+0.01 0.01+0.01
Eosinophils (15 /uL) 0.06 +0.02 0.06 +0.02 0.05+0.02 0.06 +0.02
Nucleated erythrocytes (iO IuL) 0.01+£0.01 0.00 £0.00 0.00 £0.00 0.01+0.01
n 10 10 10 10
Clinical Chemistry
Blood urea nitrogen (mg/dL) 185+0.5 179+1.1 17.7+0.7 164+1.2
Creatinine (mg/dL) 0.55+0.03 0.56 +0.04 0.55+0.04 0.55+0.02
Alanine aminotransferase (IU/L) 43+3 3412 38+3 38+3
Aspartate aminotransferase (IU/L) 96+ 6 7516 91+4 83+6
Sorbitol dehydrogenase (IU/L) 36+3 25+ 3* 29+3 27 + 3*

O *

Significantly different (R0.05) from the control group by Dunn's or Shirley's test

Mean * standard error
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TaBLE G4

Hematology and Clinical Chemistry Data for Rats at the 15-Month Interim Evaluation
in the 2-Year Feed Study of Manganese (IlI) Sulfate Monohydrate

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Male
n 10 9 9 7
Hematology
Hematocrit (%) 521+1.1 50.8+2.0 50.7+1.2 52.9+0.6
Hemoglobin (g/dL) 146+0.2 145+04 14.4+0.3 14.7+0.1
Erythrocytes (16 /uL) 9.79+0.15 9.45+0.35 9.62+0.19 9.91+0.11
Mean cell volume (fL) 53.2+0.6 53.6 +0.6 52.4+0.7 53.1+0.3
Mean cell hemoglobin (pg) 149+0.2 154 +0.3 15004 149+0.1
Mean cell hemoglobin concentration
(g/dL) 28.0+0.3 28.7+0.6 28.6+0.5 28.0+0.2
Platelets (16 /uL) 744 +51 812 + 39 669 + 65 808 +21
Reticulocytes 1% /uL) 0.16 +0.02 0.18 +£0.02 0.20 £0.02 0.20 £ 0.03
Leukocytes (10 /uL) 8.62 + 0.65 8.07 £ 0.67 7.41+0.35 9.50+0.95
Segmented neutrophils ﬁO /uL) 2.65+0.44 2.19+0.28 2.07 £0.08 3.35+£0.73
Lymphocytes 1% /uL) 5.80+0.53 5.68 +0.54 5.15+0.38 5.87 +0.37
Monocytes (10 /uL) 0.08 +0.03 0.05+0.03 0.04 £0.02 0.18 +0.08
Eosinophils (15 /uL) 0.09 +0.03 0.15+0.05 0.14 £0.02 0.10 £ 0.02
Nucleated erythrocytes (iO IuL) 0.02 £0.02 0.04 £0.02 0.01+£0.01 0.02 £0.02
n 10 9 9 8
Clinical Chemistry
Blood urea nitrogen (mg/dL) 135+1.1 17.2+0.8 158+1.2 13.8+x1.4
Creatinine (mg/dL) 0.49 +0.02 0.51+0.04 0.52+0.03 0.48 +0.03
Alanine aminotransferase (IU/L) 61+5 59+13 636 67 £13
Aspartate aminotransferase (IU/L) 71+5 68+9 7516 74+9
Sorbitol dehydrogenase (IU/L) 38+5 37+8 40+ 4 3819
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Female
n 8 9 9 8
Hematology
Hematocrit (%) 50.6 +0.6 49.7+1.1 50.9+0.6 51.8+0.6
Hemoglobin (g/dL) 149+0.1 146+0.3 14.7+0.2 14.7+0.1
Erythrocytes (16 /uL) 9.03 £ 0.06 8.85+0.16 9.05+0.10 9.13+0.14
Mean cell volume (fL) 56.0£0.7 55.9+0.5 56.0+0.4 56.8+0.6
Mean cell hemoglobin (pg) 16.5+0.1 165+0.1 16.2 £ 0.1* 16.1 £ 0.2*
Mean cell hemoglobin concentration
(g/dL) 295+04 295+0.3 28.9+0.2 28.4 +0.2*
Platelets (16 /uL) 627 +31 597 £+ 67 628 +42 659 + 27
Reticulocytes 1% /uL) 0.16 +0.02 0.14 + 0%02 0.18 +0.01 0.15+0.02
Leukocytes (10 /uL) 4.01+0.51 4.04+0.25 5.72+0.77 4.63+0.58
Segmented neutrophils ﬁO /uL) 0.88 +£0.08 1.01 +B.12 1.62 +0.21* 1.24+0.23
Lymphocytes 1% /uL) 3.07+0.48 2.96 + 028 4.00+0.61 3.30+0.37
Monocytes (10 /uL) 0.01+0.01 0.03 + 01 0.03+0.01 0.04 +0.02
Eosinophils (15 /uL) 0.05 +0.02 0.05 + 02 0.07 £0.02 0.05+0.02
Nucleated erythrocytes (iO IuL) 0.02+0.01 0.01+B.01 0.02£0.01 0.02+0.01
n 10 10 9 10
Clinical Chemistry
Blood urea nitrogen (mg/dL) 139+1.0 15.7+0.9 143+0.8 135+1.1
Creatinine (mg/dL) 0.44 +0.03 0.41 +0.02 0.47 +£0.04 0.43+0.02
Alanine aminotransferase (IU/L) 3712 3912 38+3 35+3
Aspartate aminotransferase (IU/L) 54+4 52+8 67 £15 53+4
Sorbitol dehydrogenase (IU/L) 25+1 31 +2* 43+13 28+1

* Significantly different (R0.05) from the control group by Dunn's or Shirley's test

** P<0.01
@ Mean + standard error
n=8
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TaBLE G5
Hematology Data for Mice in the 14-Day Feed Study of Manganese (ll) Sulfate Monohydréte

0 ppm 3,130 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,000 ppm
Male
n 3 5 5 5 5 5
Hematocrit (%)
455+39 49.3+3.1 46.3+3.0 469+1.1 46.9+0.9 46.6+1.0
Hemaoglobin (g/dL)
15.0+0.4 149+05 145+0.9 15.1+0.5 149+0.3 148+0.5
Erythrocytes (16 IuL)
9.08 £0.39 9.18 £0.37 8.82+0.58 8.98+0.15 9.18+0.18 9.04+0.25
Mean cell volume (fL)
50.7+2.3 538+1.1 52.8+0.2 52.4+0.5 51.6+0.5 518+1.1
Leukocytes (16 /uL)
2.30+0.23 3.96 £0.33 3.94 +0.50 5.18+2.23 2.58+0.44 3.54+1.20
Segmented neutrophils (310 /uL)
0.84+0.23 1.61+0.25 1.53+0.60 2.65+1.47 0.74+0.17 0.83+0.11
Lymphocytes (16 /uL)
1.35+0.08 2.10+0.30 2.18+0.29 2.26 £0.70 1.59£0.26 249+1.11
Monocytes (16 /uL)
0.08 +0.02 0.22 +0.07 0.22 £0.07 0.26 £ 0.10 0.21+0.04 0.21 +0.07
Eosinophils (15 /uL)
0.03 +£0.02 0.03+0.01 0.02+0.01 0.02+0.01 0.04 £0.01 0.01+0.01
Female
n 4 5 4 5 3 5
Hematocrit (%)
43.6+1.3 47.6+0.8 51.2+1.1% 47.8+04 445+25 425+29
Hemaoglobin (g/dL)
14.0+0.3 152+0.2 16.2 £0.3* 15.1+0.1 14.7+0.6 13.7+1.0
Erythrocytes (16 IuL)
8.41+0.19 9.15+0.16 9.75 £ 0.20* 9.11 £ 0.06 8.97+0.43 8.46 + 0.52
Mean cell volume (fL)
52.0+1.2 52.2+0.2 53.0+0.7 52.6 +0.2 50.0+1.5 50.4+0.5
Leukocytes (16 /uL)
1.83+0.24 1.76 £0.09 3.20+£0.60 2.66+0.18 2.67 +0.29 5.74+4.14
Segmented neutrophils (310 /uL)
0.35+0.1 0.59+0.11 0.87 +0.18* 0.99 +0.14* 0.84+0.14 3.84+3.23
Lymphocytes (16 /uL)
1.25+0.18 1.03+0.10 2.23+0.47 1.53+0.12 1.67 £0.29 1.65+0.70
Monocytes (16 /uL)
0.06 +0.0P 0.11+0.04 0.07 £0.03 0.12+0.04 0.09 +0.03 0.21+0.17
Eosinophils (15 /uL)
0.03+0.02 0.02+0.01 0.03+0.03 0.01+0.01 0.07 £ 0.02 .22

*

Significantly different (R0.05) from the control group by Dunn's or Shirley's test

** P<0.01
@ Mean + standard error

C

n=3
n=1; no standard error calculated
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TaBLE G6
Hematology Data for Mice in the 13-Week Feed Study of Manganese (II) Sulfate Monohydréte

0 ppm 3,130 ppm 6,250 ppm 12,500 ppm 25,000 ppm 50,000 ppm
Male
n 9 10 10 10 10 10
Hematocrit (%)
46.1+0.9 476+1.1 52.6+2.1 452+1.0 456+1.3 38.3+1.5%
Hemaoglobin (g/dL)
14.4+0.2 152+04 16.4+0.5 145+0.3 142+04 12.1 +0.5%
Erythrocytes (16 IuL)
8.77+0.24 9.28+0.18 10.06 + 0.33* 9.02+0.17 9.17+0.24 8.71+0.36
Mean cell volume (fL)
51.4+04 51.3+0.6 52.0+0.6 50.3+0.3 50.0+0.6 43.6 £ 1.2%
Leukocytes (16 /uL)
3.48+0.13 2.52 +0.25* 3.28+0.12 3.24+0.43 2.40 £ 0.38* 2.85 + 0.54*
Segmented neutrophils (310 /uL)
1.52+0.27 0.92+0.16 1.12+0.10 1.60 £0.27 0.81+0.10 1.04 £0.22
Lymphocytes (16 /uL)
1.87+0.21 1.49+0.15 2.04+0.13 1.55+0.28 1.54+0.32 1.87 £0.39
Monocytes (16 /uL)
0.01+0.01 0.00 +0.00 0.01+0.01 0.01+0.01 0.00 +0.00 0.01 Po.01
Eosinophils (15 /uL)
0.08 +0.02 0.10+0.03 0.10+£0.03 0.05+0.02 0.05+0.01 0.03 £o.01
Female
n 10 6 8 9 10 10
Hematocrit (%)
454 +1.7 50.1+1.7 49.4+1.6 479+15 46.4+1.2 40.7+15
Hemaoglobin (g/dL)
144+0.5 153+04 149104 14.4+0.3 148+0.4 12.8 £ 0.5*
Erythrocytes (16 IuL)
8.54+0.33 9.57+0.22 8.87+0.24 8.95+0.19 8.89+0.21 8.80+0.35
Mean cell volume (fL)
524 +1.4 49.7 +32 54.6+1.9 52.6 +0.7 52.3+0.2 46.5+1.1%
Leukocytes (16 /uL)
2.90+0.44 2.78+0.34 2.54+0.39 2.19+0.17 2.11+0.21 2.46 £0.32
Segmented neutrophils (310 /uL)
0.62+0.13 1.07+0.14 1.09£0.22 0.78+0.13 0.72+0.14 0.88+0.18
Lymphocytes (16 /uL)
1.89+0.44 1.65+0.23 1.37+0.17 1.37+0.13 1.33+0.18 1.55+0.17
Monocytes (16 /uL)
0.01+0.01 0.03+0.01 0.02 £0.02 0.00 +0.00 0.00 +0.00 0.00 +0.00
Eosinophils (15 /uL)
0.08 +0.02 0.03 £0.02 0.05+0.03 0.04 £0.01 0.06 +0.01 0.03+0.01

* Significantly different (R0.05) from the control group by Dunn's or Shirley's test
** P <0.01
8 Mean =+ standard error

n=9

¢ n=7
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TaBLE G7

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Hematology and Clinical Chemistry Data for Mice at the 9-Month Interim Evaluation
in the 2-Year Feed Study of Manganese (IlI) Sulfate Monohydrate

0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Male
n 9 9 10 9
Hematology
Hematocrit (%) 50.3+0.7 46.7+2.0 49.3+0.8 50.3+0.7
Hemoglobin (g/dL) 16.3+0.2 15.1+0.8 16.0+0.2 16.4+0.3
Erythrocytes (16 /uL) 10.41+0.14 9.98 +0.40 10.42 +0.13 10.87 £ 0.17
Mean cell hemoglobin (pg) 15.7+0.2 15.0+0.2 15.4+0.2 15.1+0.1
Mean cell hemoglobin concentration
(g/dL) 325+0.3 31.0+14 325+0.5 325+04
Mean cell volume (fL) 48.3+0.6 46.9 £ 0.5* 47.1+£0.3* 46.4 £ 0.3*
Platelets (16 /uL) 1,084 +51 1,160+ 73 1,094 £ 51 1,038 +44
Reticulocytes 1% /uL) 0.17 £0.02 0.45+0.31 0.19+£0.01 0.20 £ 0.03
Leukocytes (10 /uL) 5.91+0.42 6.38 £0.32 6.16 +0.64 5.80+0.16
Segmented neutrophils ﬁO /uL) 1.09+£0.16 1.32+0.15 1.38 +0.36 1.09+0.15
Lymphocytes 1% /uL) 4.26 +0.53 4.84+0.25 4.61+0.42 458 +0.19
Monocytes (10 /uL) 0.01+0.01 0.00 £ 0.00 0.00 +0.00 0.01+0.01
Eosinophils (15 /uL) 0.18 +0.05 0.21+0.05 0.17 £0.03 0.11 +0.03
n 10 10 10 9
Clinical Chemistry
Blood urea nitrogen (mg/dL) 28.9+3.3 314120 31.6+2.2 344+1.1
Creatinine (mg/dL) 0.25+0.03 0.33+0.03 0.32+0.03 0.30+£0.02
Alanine aminotransferase (1U/L) 40+3 37+6 43+5 45+5
Aspartate aminotransferase (IU/L) 114 +17 103 +11 110+ 17 201+£70
Sorbitol dehydrogenase (IU/L) 54+5 57+8 53+3 60+5
Female
n 11 10 10 10
Hematology
Hematocrit (%) 49.9+04 49.4+0.3 49.8+0.5 48.9+0.5
Hemoglobin (g/dL) 16.0+0.1 158+0.1 16.1+0.1 15.8+0.1
Erythrocytes (16 /uL) 10.34 £+ 0.09 10.18 +0.10 10.51 +0.07 10.15+0.09
Mean cell hemoglobin (pg) 155+0.2 156+0.1 15.3+0.1 156 +0.1
Mean cell hemoglobin concentration
(g/dL) 32.0+0.3 32.0+0.2 32.2+0.3 32.3+0.3
Mean cell volume (fL) 486 +0.4 488 +0.5 473104 483104
Platelets (16 /uL) 1,015+23 979 £ 61 955 + 37 1,003 £ 35
Reticulocytes 1% /uL) 0.14 +0.02 0.14+0.01 0.17 £0.02 0.14+0.01
Leukocytes (10 /uL) 4.04+0.20 3.82+0.28 3.70+£0.24 3.80+0.30
Segmented neutrophils ﬁO /uL) 0.96 +0.25 0.53 £0.09
0.78 £ 0.07 0.80+0.13
Lymphocytes 1% /uL) 2.95+0.33 3.17+0.27 2.82+0.22 2.90+0.23
Eosinophils (10 /uL) 0.10+0.03 0.11 +0.03 0.10+£0.03 0.10+0.03
Clinical Chemistry
Blood urea nitrogen (mg/dL) 27.3+1.7 28.3+1.3 295+1.9 284122
Creatinine (mg/dL) 0.26 +0.02 0.62+0.34 0.21+0.04 0.31+0.01
Alanine aminotransferase (1U/L) 2312 47 £ 20 24 +2 22+1
Aspartate aminotransferase (IU/L) 92 +15 160 + 49 104 +11 115+ 20
Sorbitol dehydrogenase (IU/L) 3916 55+13 41 +4 34+3

*  Significantly different (R0.05) from the control group by Dunn's or Shirley's test

** P<0.01
@ Mean + standard error
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TaABLE G8

Hematology and Clinical Chemistry Data for Mice at the 15-Month Interim Evaluation

in the 2-Year Feed Study of Manganese (IlI) Sulfate Monohydrate
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0 ppm 1,500 ppm 5,000 ppm 15,000 ppm
Male
n 10 10 9 10
Hematology
Hematocrit (%) 47.2+0.7 48.0+0.6 47.0+1.1 50.9 + 1.4*
Hemoglobin (g/dL) 15.0+0.2 15.3+0.2 15.0+0.3 16.1 £ 0.4*
Erythrocytes (16 /uL) 10.34+0.11 10.35+0.18 10.26 +0.24 11.03 +0.33*
Mean cell volume (fL) 457+0.4 46.2+0.5 458+0.4 46.0£0.3
Mean cell hemoglobin (pg) 145+0.1 148+0.1 146 +0.1 146 +0.1
Mean cell hemoglobin concentration
(g/dL) 31.8+0.3 32.0+0.3 31.9+0.2 31.7+0.2
Platelets (16 /uL) 1,377 + 68 1,360 + 36 1,322 £59 1,337+ 30
Reticulocytes 1% /uL) 0.09 +0.02 0.11+0.01 0.12+0.01 0.13+0.03
Leukocytes (10 /uL) 5.46 £ 0.38 4.94+0.42 5.62+0.75 5.42 +0.33
Segmented neutrophils ﬁO /uL) 1.26 +0.16 1.08 £0.12 1.16 £0.19 1.40+0.21
Lymphocytes 1% /uL) 4.09+0.33 3.73+0.32 4.35+0.66 3.92+0.16
Eosinophils (10 /uL) 0.11 +0.03 0.13+0.02 0.11 +0.02 0.10 £ 0.02
Clinical Chemistry
Blood urea nitrogen (mg/dL) 340+1.6 305+£1.9 31.8+3.0 31.1+1.7
Creatinine (mg/dL) 0.35+0.02 0.35+0.02 0.38+0.04 0.36 £ 0.02
Alanine aminotransferase (IU/L) 3514 36+5 39+4 33+3
Aspartate aminotransferase (IU/L) 71+11 64 £10 89+10 75110
Sorbitol dehydrogenase (IU/L) 69+3 6816 72+6 6117
Female
n 9 10 9 9
Hematology
Hematocrit (%) 47.9+0.6 49.0+0.5 49.1+0.8 49.0+0.5
Hemoglobin (g/dL) 153+0.1 155+0.2 15.3+0.3 153+0.1
Erythrocytes (16 /uL) 10.25 +0.09 10.48 +0.10 10.44 +0.22 10.39+0.11
Mean cell volume (fL) 46.8+0.4 46.8+0.4 47.1+0.6 47.0+£0.2
Mean cell hemoglobin (pg) 149+0.1 148+0.1 147 +0.1 148+0.1
Mean cell hemoglobin concentration
(g/dL) 31.9+04 31.8+0.2 31.3+0.3 314+0.2
Platelets (16 /uL) 1,158 + 24 1,127 +24 1,089 + 26 1,079 +43
Reticulocytes %1?] /uL) 0.10 £ 0.02 0.08 +£0.01 0.15+0.03 0.13+0.02
Leukocytes (10 /uL) 3.13+0.36 3.60+£0.30 3.33+0.23 3.11+0.15
Segmented neutrophils ﬁO /uL) 0.83 £ 0.06 0.80+0.11 0.83£0.08 0.86 £0.09
Lymphocytes 1% /uL) 2.23+0.33 2.72+0.23 2.45+0.19 2.18+0.14
Eosinophils (10 /uL) 0.08 +0.02 0.04+0.01 0.05+0.01 0.07 £0.03
Nucleated erythrocytes (iO /uL) 0.00 £ 0.00 0.00 £0.00 0.00 £0.00 0.00 £ 0.00
Clinical Chemistry
Blood urea nitrogen (mg/dL) 25115 28.0+1.7 243+1.7 242+0.9
Creatinine (mg/dL) 0.38+0.03 0.34+0.03 0.38 +0.06 0.38+0.04
Alanine aminotransferase (1U/L) 22+1 23+1 2512 24+1
Aspartate aminotransferase (IU/L) 63+8 64 +£12 86 £ 15 90+15
Sorbitol dehydrogenase (IU/L) 47 £2 45+3 41+6 46+ 3

* Significantly different (R0.05) from the control group by Dunn's or Shirley's test

** P<0.01
@ Mean + standard error
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M ETHODOLOGY OF TISSUEMETAL CONCENTRATION ANALYSES
FOR RATS AND MICE

Tissue metal analyses were performed in conjunction with the 9- and 15-month interim evaluations. Brain, kidney,
liver, and pancreas tissues were collected for testing from F344/N rats and,BG&3plasma was also collected
from rats. Tests were performed to determine the concentration of iron, zinc, copper, and manganese in each tissue.

Inductively coupled argon plasma (ICAP) emission spectrometry, a simultaneous multi-element analytical method, was
used at Battelle Columbus Laboratories to determine the concentration of the four metals in the tissues of interim
evaluation animals.

Tissue samples were weighed and combined in a beaker with 2 mL of concentrated nitric agid (HNO ) and 1 mL of
perchloric acid (HCIQ ). Tissue/acid mixtures were heated at low temperature to facilitate tissue digestion. Heating and
addition of acids continued until residues were white or yellow-white.

The sample residues were dissolved in 5 mL of 2% HNO in distilled water prior to analysis with an ICAP spectrometer.

Standards for testing were made in 2% HNO and were serial dilutions of Fisher Scientific 1,000 ppm solutions.
Standard concentrations were: iron analysis - 0.01, 0.05, 0.1, 1, 5, 10, and 40 ppm; manganese analysis - 0.005, 0.01,
0.1, 0.5, 1, and 10 ppm; copper analysis - 0.01, 0.05, 0.1, 0.5, 1.0, and 10 ppm; standard concentrations for zinc were
not available.

A zero standard, the 5 ppm iron, 3 ppm zinc, 1 ppm copper, and 1 ppm manganese standards were used to calibrate the
spectrometer. Other standards were used as different concentration checks of the calibration curve above and below the
high calibration point.

Results of tissue concentration analyses are presented in Tables H1 to H4.
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TABLE H1

Tissue Metal Concentration Analyses for Rats at the 9-Month Interim Evaluation

in the 2-Year Feed Study of Manganese (Il) Sulfate Monohydrate
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0 ppm 1,500 ppm 5,000 ppm
15,000 ppm
Male
n 8 9 10 10
Copper
Blood plasma 2+0 2+ 2+0 2+0
Brain 3+0 3+0 4+0* 4+0*
Kidney 10+1 9+0 10+1 13 +1*
Liver 410 410 410 410
Pancreas 2+0 2+0 2+0 2+0
Iron
Blood plasma 3+0 30 3+0 3+0
Brain 27+3 22+1 25+2 26+2
Kidney 123+7 118 +3 125+6 133+10
Liver 123+4 114 +£3 110 £ 7* 105 + 5*
Pancreas 70+£12 54+6 65+13 48 £ 4
Manganese
Blood plasma 0+0 0+ 0+0 0+0
Brain 1+0 1+0* 1+0* 5+ 3%
Kidney 1+0 1+0* 1+0* 7+ 3%
Liver 2+0 3+0* 3+ 0% 4+ 0%
Pancreas 2+0 2+0 2+0 30
Zinc
Blood plasma 2+0 2+ 2+0 2+0
Brain 16+1 16+1 19 +1* 21 + 2%
Kidney 23+1 22+0 25+1 27 + 2*
Liver 23+1 23+0 23+1 23+1
Pancreas 374 47 +6 39+5 45+8
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TABLE H1

Tissue Metal Concentration Analyses for Rats at the 9-Month Interim Evaluation
in the 2-Year Feed Study of Manganese (II) Sulfate Monohydratgontinued)

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm 1,500 ppm 5,000 ppm
15,000 ppm
Female
n 9 10 10 10
Copper
Blood plasma 2+ 3+0 2 1% 2+0
Brain 4+0 4+0 5+0 5+9
Kidney 31+4 35+5 36+5 62 + 9™
Liver 5+0 5+0 5+0 5+0
Pancreas 3+1 2+0 2+0 30
Iron
Blood plasma 61 5+1 15 £°9 61
Brain 32+4 24+1 31+3 272
Kidney 209 + 14 206 +13 205 +18 229 +23
Liver 353+15 327 +11 283 + 10** 236 + 12*
Pancreas 75+ 10 54+3 675 77 +15
Manganese
Blood plasma 0+h 0+0 0 % 0+0
Brain 1+0 1+0 1+0 1+9
Kidney 1+0 2+0 2+0 5+ 2%
Liver 3+0 3+0 3+ 0 4 + 0%
Pancreas 30 2+0 30 30
Zinc
Blood plasma 2B 110 2 1% 2+0
Brain 18+1 19+2 21+2 19 1
Kidney 32+2 31+2 34+3 39+4
Liver 26+1 25+0 25+1 26+1
Pancreas 45+5 31+3 40+4 47 +4

* Significantly different (R0.05) from the control group by Dunn's or Shirley's test

* P<0.01

& values are given as [1g metal/g tissue (mean + standard error). Statistical tests were performed on unrounded data.

n=10

¢ n=9
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TABLE H2

Tissue Metal Concentration Analyses for Rats at the 15-Month Interim Evaluation
in the 2-Year Feed Study of Manganese (Il) Sulfate Monohydrate
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0 ppm 1,500 ppm 5,000 ppm
15,000 ppm
Male
n 10 9 9 8
Copper
Blood plasma 3+0 3+0 3+1 3+1
Brain 16 +7 5+ 5+1 51
Kidney 101 9+1 8+1 12+2
Liver 12+4 12+5 104 22+14
Pancreas 312 2+0 2+0 2+0
Iron
Blood plasma 7+1 6+1 7+1 8+2
Brain 37+11 18+8 17+1 24 +4
Kidney 139+5 147 £5 120 £17 1405
Liver 134+9 138 +14 117 £5 104 + 3™
Pancreas 57+3 55+3 395+173 416 + 256
Manganese
Blood plasma 0+0 0+0 0+0 0+0
Brain 110 16 110 10"
Kidney 1+0 1+0 1+0 2+ 1%
Liver 2+0 3+0* 3+ 0% 5+ 1%
Pancreas 2+0 2+0 1+£0 2+0
Zinc
Blood plasma 3+0 2+0 4+1 3+0
Brain 212 16 +12 23+4 18+1
Kidney 22+1 22+1 19+3 24+1
Liver 28+2 28+2 28+2 31+5
Pancreas 25+2 27+1 305 33+3*
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TABLE H2

Tissue Metal Concentration Analyses for Rats at the 15-Month Interim Evaluation
in the 2-Year Feed Study of Manganese (II) Sulfate Monohydratgontinued)

Manganese (Il) Sulfate Monohydrate, NTP TR 428

0 ppm 1,500 ppm 5,000 ppm
15,000 ppm
Female
n 10 10 9 10
Copper
Blood plasma 3+0 3+0 4+1 3+0
Brain 5+0 5+0 7+1 5+0
Kidney 31+2 34+3 38+5 57 + 4%
Liver 8+2 8z+1 10+3 11+2
Pancreas 2+0 2+0 2+0 6 + 3*
Iron
Blood plasma 13+2 1241 13+3 11+1
Brain 305 22+1 36 +13 51+21
Kidney 236+ 7 221+7 218+7 213 +8
Liver 338+21 301 +11* 299 + 12* 261 + 12
Pancreas 68+3 877 +£546 870 + 532 806 + 500
Manganese
Blood plasma 0+0 0+ 0+0 0+0
Brain 1+0 1+0 1+0* 1+0*
Kidney 1+0 2+1 2+1 2+1
Liver 310 310 4+ 0% 4 £ 0%
Pancreas 2+0 2+0 2+0 2+0
Zinc
Blood plasma 2+0 3+0 5+1 3+0
Brain 17+1 18+1 20+3 16+0
Kidney 271 27+1 27+1 28+1
Liver 27+1 271 271 29+1
Pancreas 29+1 28+2 28+3 84 £ 49

* Significantly different (R0.05) from the control group by Dunn's or Shirley's test

* P<0.01

& values are given as [1g metal/g tissue (mean + standard error). Statistical tests were performed on unrounded data.

n=8

¢ n=9
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TABLE H3

Tissue Metal Concentration Analyses for Mice at the 9-Month Interim Evaluation

in the 2-Year Feed Study of Manganese (Il) Sulfate Monohydrate
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0 ppm 1,500 ppm 5,000 ppm
15,000 ppm
Male
n 10 10 10 9
Copper
Brain 6+ 6+P 6+8 6+B
Kidney 6+0 6+0 6+0 7 £0*
Liver 510 510 510 510
Pancreas 5+1 4+1 30 4+1
Iron
Brain 22+P 20+5 20 +4 20 B
Kidney 92+4 88+6 93+5 98+8
Liver 73+4 65+4 66 +3 70+3
Pancreas 103 +12 84+9 96+8 139 £ 38
Manganese
Brain 0+ 1+0° 10 1+0%P
Kidney 2+0 2 £ 0% 3+ 0% 5+ 0%
Liver 1+0 1+0* 2 £ 0% 4 +0*
Pancreas 30 2+0 4 +0* 6+ 1%
Zinc
Brain 16+® 17+% 16D 16 £
Kidney 22+1 23+1 23+1 24 +£2
Liver 301 301 300 31+1
Pancreas 53+7 42 +4 50+4 53+5
Female
n 11 10 10 10
Copper
Brain 60 6+6 6+8 7+%
Kidney 6+0 7+0 7+0 7+0
Liver 510 510 5+£0 5+ 0*
Pancreas 30 5+1 4+1 5+2
Iron
Brain 19+® 19+% 18D 2248
Kidney 131+5 142 +11 138 +12 130+ 6
Liver 193+6 172 + 6* 141 + 5= 123 + 3=
Pancreas 94+8 95+5 100+8 95+8
Manganese
Brain 0+ 1+0% 1+0%0 11090
Kidney 2+0 2 £ 0% 3+ 0% 5+ 0%
Liver 1+£0 2 £ 0% 3+ 0% 4 + 0%
Pancreas 30 3+0* 4 + 0* 5+ 0%
Zinc
Brain 16 + 16 + 16 +b 17 81
Kidney 22+1 24 +£2 26+2 25+1
Liver 29+1 29+1 29+1 28+1
Pancreas 52+4 53+3 55+3 58+7

* Significantly different (R0.05) from the control group by Dunn's or Shirley's test

* P<0.01

E Values are given as |1g metal/g tissue (mean + standard error). Statistical tests were performed on unrounded data.

n=5
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TABLE H4
Tissue Metal Concentration Analyses for Mice at the 15-Month Interim Evaluation
in the 2-Year Feed Study of Manganese (Il) Sulfate Monohydrate

0 ppm 1,500 ppm 5,000 ppm
15,000 ppm
Male
n 10 10 9 10
Copper
Brain 60 7+6 6+8 6+B
Kidney 31+11 13+3 29+18 8+1
Liver 5+0 5+0 5+0 5+0
Pancreas 4+1 4+1 7+3 5+2
Iron
Brain 22+P 23+ b 2244 2248
Kidney 81+3 77+2 74 +3 83+4
Liver 102 +5 96+ 6 84 + 5% 78 + 3%
Pancreas 92+3 874 90+3 86+2
Manganese
Brain 00 1+0*P 100 1+0%P
Kidney 2+0 3+0* 3+ 0 4 1%
Liver® 2+1 2+0 2 £0% 4+ 1%
Pancreas 2+0 2+ 0% 3+0* 3+0*
Zinc
Brain 19+ 168 16 £4 16 21
Kidney 33+4 25+2 317 22 +0*
Liver 32+1 31+1 31+1 32+1
Pancreas 39+3 36+2 42 +4 40+1
Female
n 9 10 9 9
Copper
Brain 60 6+6 7+8 7+B
Kidney 51+19 31+11 13+4 15+4
Liver 6+1 5+0 4+0 5+0
Pancreas 5+1 30 4+1 4+1
Iron
Brain 23+ P 22+5 21+9 2148
Kidney 132+8 107 £ 3= 110 £ 9* 109 + 7*
Liver 238 +11 181 £ 7 140 £ 12* 134 + 4%
Pancreas 88+3 875 87+6 90+4
Manganese
Brain 1+0 1+6 1+8 1+1%
Kidney 2+0 2+0* 3+ 0 7 £ 3%
Liver 2+0 2+ 0% 3+ 0% 4 £ 0™
Pancreas 2+0 2+0 2 +0* 3+0*
Zinc
Brain 17+P 16+} 16 +4 16 21
Kidney 40+ 8 36+5 25+2 26+2
Liver 29+1 29+0 28+1 29+0
Pancreas 35+1 36+2 36+1 38+2

* Significantly different (R0.05) from the control group by Dunn's or Shirley's test

= P<0.01

& values are given as [1g metal/g tissue (mean + standard error). Statistical tests were performed on unrounded data.
n=5

3 The median values are 0 ppm, 1.2 pg/g; 1,500 ppm, 1.8 pg/g; 5,000 ppm, 2.1 pg/g, 15,000 ppm, 3.4 ng/g.
n=4
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CHEMICAL CHARACTERIZATION AND
DOSE FORMULATIONS STUDIES

PROCUREMENT AND CHARACTERIZATION

OF MANGANESE (Il) SULFATE M ONOHYDRATE

Manganese (ll) sulfate monohydrate was obtained in on@0d8261) from the J.T. Baker Chemical Company
(Glen Ellyn, IL). Identity and purity analyses weonducted by the analytical chemistry laboratory, Midwest
Research Institute (MRI; Kansas City, MO). MRI reports on analyses performed in support of manganese (ll)
sulfate monohydrate studies are on file at the Nationttutesof Environmental Health Sciences.

The chemical, a white, slightly efflorescent crystalline coumal, was identified as manganese (ll) sulfate
monohydrate by infrared and ultraviolet/visible spectroscopy. The infrared spectrum mdiietatliee reference
(Figure 11) (Miller and Wilkins1952) and the absence of a signal in the visible spectrum indicated that no
manganate (VI) or permanganate (VII) species were present. All spectra were consistent with those expected for
the structure.

The purity was determined by elemental analyses, weight loss on drying, chelometric titration, and spark source
mass spectroscopy. For chelometric titration, samples were buffered with ammonium/ammonium chloride
(NH,/NH,CI) to pH 10, hydroxylamine hydrochloride was added, and the samples were then titrated with standard
ethylenediaminetetraacetate (EDTA) solution, with Erichrome Black T used as an indicator.

Elemental analyses for sulfur and hydrogen were in agreement with theoretical values for manganese (ll) sulfate
monohydrate, while the value obtained for manganese was slightly low. Weight loss on drying indicated 10.6% +
0.01% water, consistent with a theoretical value of 10.7% for manganese (ll) sulfate monohydrate. Spark source
mass spectrometry confirmed manganese as the major component and indicated the total concentration of inorganic
impurities was equal to 235 ppm; the major inorganic impties were sodiumg40 ppm), potassium (120 ppm),

and silicon 160 ppm). Chelometrititration indicated a purity of 97.7% + 0.4%. The overall data indicated that

the manganese was in the divalent state and supported a purity of greater than 97%.

The divalent state of manganese is the most common form of this element and is stable in neutral or acid medium.
Because of the physical and chemical properties of manganese (Il) sulfate monohydrate, no bulk chelibjcal stab
studies were performed. The analytical chemistry laboratory recommended the bulk chemical be stored in the dark
at room temperature for up to 3 weeks.

Periodic monitoring of the bulk chemical was performed by the study laboratory using chelometric titration
methods and by Galbraith Laboratories, Inc. (KniixvTN) using elemental analyses; there was no degradation
of the bulk chemical during the studies.

PREPARATION AND ANALYSIS OF DOSE FORMULATIONS

Dose formulations were prepared by mixing manganese (Il) sulfate monohydrate with feed. All dosed feed was
used no more than 3 weeks after it was prepared (Table 11). No direct speciation was performed. However,
complete recovery from feed formulations was achieved and other likely species are not soluble in dilute acid

which was used for extraction. These findings strongly support the conclusion that the manganese remained in the
divalent state.

Homogeneity and stability analyses of @) ppm manganegk) sulfate monohydrate in feed were conducted by
the analytical chemistry laboratory. Aliquots were extracted with reagent grade sulfuric acid diluted to 100 mL
with water and centrifuged. The aliquots were treated with 5 mL concentrated sulfuric acid and 4 mL reagent
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grade 30% hydrogen peroxide and heated; this step was repeated with additions of hydrogen peroxide until the
solutions were colorless. After the aliquots were cooled, 75 mL of an acid mixture of 50 mL sulfuric acid in 660
mL water and 40 mL reagent grade phosphoric acid (85%) was added, the aliquots were heated, and 0.30 g
reagent grade potassium periodate was added. After further heating and dilution with water, the absorbance of the
samples was measured versus water on a Cary 219 spectrophotometer at 524 nm. Homogeneity was confirmed;
stability of the dose formulations was established for 2 weeks in the dark at room temperature and for 1 week
exposed to air and light. An additional study confirmed the stabilitys@0lppm manganegh) sulfate

monohydrate in feed for 21 days in the dark at room temperature.

Periodic analyses of the dose formulations of manganese (1) sulfate monohydrate were conducted at the study
laboratory and at the analytical chemistry laboratory, using a similar method as described above. Dose
formulations were analyzed once during the 14-day studies, three times during the 13-week studies, and every 2
months during the 2-year studies. All dose formulations for rats and mice were within 10% of the target
concentrations throughout the studies (Tables 12 through 14). Results of periodic referee analyses performed by the
analytical chemistry laboratory indicated some disagreement with the results obtained by the study laboratory, but
were also within 10% of the target concentrations (Table 15).
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TaABLE 11

Preparation and Storage of Dose Formulations in the Feed Studies

of Manganese (Il) Sulfate Monohydrate

253

14-Day Studies

13-Week Studies

2-Year Studies

Preparation

A premix with manganese (Il) sulfate
monohydrate and feed was prepared by
blending with a spatula; premix and
remainder of feed was layered in a
Patterson-Kelley twin-shell blender and
mixed for 15 minutes with an intensifier
bar on for the first 5 minutes. Dose
formulations were prepared once.

Chemical Lot Number
003261

Maximum Storage Time
21 days from date of preparation

Storage Conditions
Bulk chemical stored in plastic-lined 55-
gallon drums at 25C.

Study Laboratory
Gulf South Research Institute,
(New lberia, LA)

Referee Laboratory
Midwest Research Institute,
(Kansas City, MO)

Same as 14-day studies. Dose
formulations were prepared weekly.

003261

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Same as 14-day studies

Same as 13-week studies

003261

Same as 14-day studies

Stored in plastic buckets with lids in the

dark at 25 C.

Battelle Columbus Laboratories,

(Columbus, OH)

Same as 14-day studies
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TABLE 12
Results of Analysis of Dose Formulations Administered to Rats and Mice in the 14-Day Feed Studies
of Manganese (Il) Sulfate Monohydrate

Target Determined % Difference
Date Prepared Date Analyzed Concentration Concentratiof from Target
(ppm) (ppm)
26288)aanaayyl 9822 3,130 3,100 -1

6,250 5,700 -9
12,500 11,400 -9
25,000 23,300 -8
50,000 50,000 0

8 Results of duplicate analyses

TABLE 13
Results of Analysis of Dose Formulations Administered to Rats and Mice in the 13-Week Feed Studies
of Manganese (Il) Sulfate Monohydrate

Target Determined % Difference
Date Prepared Date Analyzed Concentration Concentratioh from Target
(ppm) (ppm)
24 August 1982 28 August 1982 1,600 1,590 0
1,600 1,678 +4
1,600 1,738 +8
1,600 1,75 +9
3,130 3,290 +5
6,250 6,320 +1
6,250 6,498 +4
6,250 6,820 +9
6,250 6,488 +4
12,500 12,790 +2
25,000 25,130 +1
50,000 51,150 +3
50,000 50,798 +2
50,000 49,729 -1
50,000 48,918 2
28 September 1982 29 September 1982 1,600 1,670 +4
3,130 3,180 +2
6,250 6,270 0
12,500 12,430 -1
25,000 25,090 0
50,000 50,690 +1
16 November 1982 17 November 1982 1,600 1,510 -6
3,130 3,060 -1
6,250 6,270 0
12,500 12,770 +2
25,000 25,500 +2
50,000 49,640 -1

Results of duplicate analyses

Sample selection from bottom of twin-shell blender
Sample selection from top left of twin-shell blender
Sample selection from top right of twin-shell blender

o o0 oo
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TABLE 14

Results of Analysis of Dose Formulations Administered to Rats and Mice in the 2-Year Feed Studies
of Manganese (Il) Sulfate Monohydrate
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Target Determined % Difference
Date Prepared Date Analyzed Concentration Concentratioh from Target
(ppm) (ppm)
18 September 1984 21 September 1984 1,500 1,630 +9
5,00 4,960 -1
5,000 4,810 -4
5,000 4,810 -4
15,000 14,710 -2
1,2 October 1984 4 October 1984 l,gOO 1,520 +1
1,500 1,580 +5
1,50d! 1,600 +7
15,000 14,900 1
15,000 15,030 0
15,006 15,020 0
11 October 1982 5,000 5,140 +3
27 November 1984 29 November 1984 1,'%00 1,650 +10
1,500 1,550 +3
1,504 1,410 -6
5,000 5,200 +4
15,000 14,630 -2
15 January 1985 16 January 1985 1,500 1,530 +2
5,000 5,050 +1
15,000 14,930 0
13 March 1985 14 March 1985 1,500 1,630 +9
5,000 4,960 -1
15,000 15,010 0
16 May 1985 21 May 1985 1,500 1,570 +5
5,000 5,320 +6
15,000 15,610 +4
5 July 1985 9 July 1985 1,500 1,530 +2
5,000 5,140 +3
15,000 15,140 +1
30 August 1985 3 September 1985 1,500 1,500 0
5,000 5,030 +1
15,000 14,980 0
25 October 1985 28 October 1985 1,500 1,470 -2
5,000 5,210 +4
15,000 14,620 -3
27 Decembet 985 31 2cembed 985 1,500 1,500 0
5,000 5,340 +7
15,000 15,170 +1
13 February 1986 18 February 1986 1,500 1,570 +5
5,000 5,130 +3
15,000 15,170 +1
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TABLE 14
Results of Analysis of Dose Formulations Administered to Rats and Mice in the 2-Year Feed Studies
of Manganese (ll) Sulfate Monohydratgcontinued)

Target Determined % Difference
Date Prepared Date Analyzed Concentration Concentratioh from Target
(ppm) (ppm)
11 April 1986 15 April 1986 1,500 1,520 +1
5,000 5,050 +1
15,000 15,240 +2
6 June 1986 9 June 1986 1,500 1,500 0
5,000 5,030 +1
15,000 15,030 +0
1 August 1986 4 August 1986 1,500 1,600 +7
5,000 5,200 +4
15,000 15,270 +2

8 Results of duplicate analyses

Sample selection from bottom of twin-shell blender
Sample selection from top left of twin-shell blender
Sample selection from top right of twin-shell blender
Animal room sample

o Qoo

TABLE 15
Results of Referee Analysis of Dose Formulations in the 13-Week and 2-Year Feed Studies
of Manganese (Il) Sulfate Monohydrate

Determined Concentration (ppm)

Target Concentration Study Referee
Date Prepared (ppm) Laboratory? Laboratory b

13-Week Studies

24 August 1982 12,500 12,790 15,900 + 90
2-Year Studies

18 September 1984 1,500 1,630 1,450 + 20

15 January 1985 5,000 5,050 5,020 + 150

5 July 1985 15,000 15,140 14,670 = 500

13 February 1986 1,500 1,570 1,550 + 30

1 August 1986 5,000 5,200 4,980 + 50

8 Results of duplicate analyses
Results of triplicate analyses (mean + standard deviation)



TABLE J

TABLE J2

TABLE J3

257

APPENDIX J
FEED AND COMPOUND CONSUMPTION
IN THE 2-YEAR FEED STUDIES

Feed and Compound Consumption by Male Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydrate . . .......... . i
Feed and Compound Consumption by Female Rats in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydrate . . .......... . i
Feed and Compound Consumption by Male Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydrate . . ... .. i
Feed and Compound Consumption by Female Mice in the 2-Year Feed Study

of Manganese (ll) Sulfate Monohydrate



258 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TaBLE J1
Feed and Compound Consumption by Male Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydrate

0 ppm 1.500ppm 5.000ppm 15.000ppm
Feed Bod/ Feed Bod/ Dose/ Feed Boy Dose/ Feed Boy Dose/
(g/day)a Weight (g/day) Weight Dayb (g/day)  Weight Day (g/day)  Weight Day
Week © (9) (mg/kg/day) (9) (mglkg/day) (9) (mg/kg/day)
4 15.9 227 16.1 220 110 17.0 228 373 17.1 220 1,171
5 14.7 247 18.0 244 111 16.4 251 326 17.8 244 1,095
9 16.1 314 15.2 307 75 13.4 313 213 15.8 306 776
13 17.0 353 17.0 347 74 16.3 351 233 17.0 341 747
18 16.4 386 18.1 375 72 17.6 383 230 17.6 376 701
21 16.2 399 16.8 394 64 16.2 394 206 16.5 386 643
25 16.5 415 16.1 408 59 16.7 411 203 16.1 399 606
28 17.1 431 16.8 423 59 16.5 425 195 18.2 416 657
32 16.1 447 16.6 440 57 17.0 441 193 16.7 432 581
36 16.5 462 16.0 455 53 15.6 453 172 16.3 442 553
44 17.1 472
48 17.0 480 18.5 474 59 18.9 476 199
53 16.6 484 16.5 479 52 16.7 479 174 17.3 471 550
57 17.8 499 17.6 487 54 171 487 175 18.1 482 562
61 17.3 497 17.4 485 54 17.4 490 178 17.7 481 554
65 16.5 505 16.7 488 51 16.8 493 170 17.4 488 534
69 17.3 509 16.5 487 51 175 491 179 17.2 486 532
73 17.8 510 17.4 493 53 17.2 497 173 18.0 493 547
77 16.2 509 16.1 490 49 16.2 496 163 17.1 490 522
81 15.1 498 15.3 479 48 14.6 484 151 16.0 477 505
85 15.9 492 16.1 479 51 15.3 484 158 16.4 478 514
89 14.9 486 14.7 469 47 151 469 161 14.0 449 467
93 16.1 472 16.2 451 54 16.2 460 176 15.1 432 524
97 15.0 449 13.8 426 49 154 443 174 14.3 409 525
101 15.4 433 14.8 431 52 14.4 423 170 12.7 378 505
104 15.1 402 14.0 402 52 14.4 393 184

Mean for weeks

1-13 15.9 285 16.6 279 92 15.7 286 286 16.9 278 947
14-52 16.6 437 17.0 424 60 16.9 426 200 16.9 408 623
53-104 16.2 482 15.9 468 51 16.0 471 171 16.3 463 526

8 Grams of feed consumed per animal per day
Milligrams of manganese (ll) sulfateamohydrate consumed per kilogram body weight per day



Feed Analyses 259

TABLE J2
Feed and Compound Consumption by Female Rats in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydrate

0 ppm 1.500ppm 5.000ppm 15.000ppm
Feed Bod/ Feed Bod/ Dose/ Feed Boy Dose/ Feed Boy Dose/
(g/day)a Weight (g/day) Weight Dayb (g/day)  Weight Day (g/day)  Weight Day
Week © (9) (mg/kg/day) (9) (mglkg/day) (9) (mg/kg/day)
4 12.2 154 12.4 154 120 121 153 398 12.6 151 1,249
5 9.4 161 11.1 164 102 9.7 160 302 11.3 160 1,055
9 10.3 186 10.7 190 85 10.6 186 284 10.7 186 864
13 10.8 199 10.7 201 79 10.9 199 273 11.0 198 830
18 10.9 205 115 208 83 10.9 206 266 11.0 205 805
21 10.7 210 111 213 78 11.2 211 264 11.4 211 812
25 11.0 217 115 221 78 11.0 218 253 11.1 217 767
28 10.8 225 11.4 225 76 10.9 222 244 11.7 223 791
32 11.0 232 115 236 73 11.3 231 244 11.4 231 738
40 11.2 241 11.3 245 69 111 240 232 11.9 243 736
44 115 249 12.7 257 74 12.2 251 243
48 12.3 258 12.8 261 245 12.8 266 724
53 11.9 272 12.3 277 66 12.0 270 221 12.4 277 671
57 11.9 277 12.3 287 64 12.0 279 216 12.7 287 664
61 11.6 286 12.0 294 61 11.7 287 204 12.3 295 625
65 11.8 296 12.2 305 60 12.2 298 205 12.3 303 610
69 135 305 135 313 65 13.6 306 223 135 312 652
73 12.8 311 13.0 320 61 12.7 316 201 12.9 318 608
77 13.2 321 12.3 327 56 13.6 328 207 13.8 329 629
81 12.3 327 125 332 57 125 333 188 13.3 335 596
85 12.3 335 12.6 339 56 12.7 340 187 13.2 342 581
89 11.9 336 12.2 346 53 125 346 180 12.6 346 546
93 13.1 340 12.6 342 55 131 345 190 13.2 345 574
97 12.3 334 12.3 335 55 12.7 341 186 12.7 337 568
101 131 336 125 330 57 13.0 337 193 13.0 333 583
104 11.9 327 115 326 53 125 336 186 125 336 561

Mean for weeks

1-13 10.7 175 11.2 177 97 10.8 174 314 114 174 1,000
14-52 11.2 230 11.6 229 76 114 230 249 116 228 768
53-104 12.4 314 12.4 320 59 12.6 319 199 12.9 321 605

@ Grams of feed consumed per animal per day
Milligrams of manganese (l1) sulfate consumed per kilogoady weight per day



260 Manganese (Il) Sulfate Monohydrate, NTP TR 428

TABLE J3
Feed and Compound Consumption by Male Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydrate

0 ppm 1,500ppm 5,000ppm 15.000ppm
Feed Bod/ Feed Bod/ Dose/ Feed Boy Dose/ Feed Boy Dose/
(g/day)a Weight (g/day) Weight Dayb (g/day)  Weight Day (g/day)  Weight Day

Week © (9) (mg/kg/day) (9) (mglkg/day) (9) (mg/kg/day)
5 4.1 25.6 4.4 26.1 250 4.3 25.7 845 4.4 25.0 2,663

9 4.8 28.7 4.9 29.2 250 4.7 28.8 811 4.8 27.8 2,567
13 4.5 31.6 5.0 325 231 4.3 31.8 681 49 30.6 2,399
17 4.3 34.1 4.4 35.2 186 4.4 34.6 630 4.7 32.8 2,172
21 3.9 36.9 3.9 37.9 155 3.9 37.1 532 4.1 35.4 1,744
25 3.9 39.0 4.0 40.1 150 4.0 39.3 507 4.2 37.6 1,668
29 4.0 41.4 4.0 42.1 143 4.0 41.4 482 4.3 39.3 1,624
33 3.9 43.3 4.2 43.7 143 4.1 43.1 478 4.4 41.1 1,607
37 4.5 43.8 4.5 44.5 152 4.6 43.9 523 4.8 42.1 1,720
41 4.4 44.5 4.4 45.2 147 4.4 44.8 494 4.6 43.3 1,591
45 4.2 45.4 4.4 46.5 143 4.4 46.0 475 4.6 44.4 1,569
49 4.3 46.8 4.4 48.2 138 4.4 47.4 465 4.6 45.8 1,502
61 4.4 46.6 4.4 48.0 138 4.7 47.4 492 4.8 46.4 1,566
65 4.2 47.2 4.2 48.5 130 4.1 47.3 435 4.3 46.7 1,371
69 4.8 46.9 4.7 48.2 145 4.7 47.1 499 4.8 45.7 1,581
73 5.0 46.8 4.8 48.1 151 5.0 46.5 540 5.3 45.3 1,766
78 5.0 46.4 4.9 48.3 151 4.8 47.1 511 5.3 46.0 1,714
82 4.6 a47.7 4.4 49.3 135 4.2 48.2 438 4.5 46.6 1,449
86 4.4 47.8 4.6 48.9 142 4.5 48.2 463 4.6 46.8 1,484
920 4.5 48.4 4.6 48.9 141 4.5 48.7 462 4.8 47.4 1,528
94 4.6 47.0 4.9 47.6 155 4.7 47.0 502 5.2 46.2 1,685
98 5.2 46.6 5.2 48.1 161 5.1 47.0 546 5.7 45.7 1,870
101 5.2 46.6 5.3 46.4 170 5.0 44.9 562 5.8 45.4 1,917
102 4.7 45.6 5.1 47.0 162 5.1 45.0 571 5.6 415 2,036
104 4.7 45.2 5.1 46.3 164 5.1 44.9 572 5.6 44.1 1,916

Mean for weeks

1-13 4.5 28.6 4.7 29.3 244 4.4 28.8 779 4.7 278 2,543
14-52 4.2 41.7 4.3 42.6 151 4.2 42.0 510 4.5 40.2 1,689
53-104 4.7 46.8 4.8 48.0 150 4.7 46.9 507 5.1 457 1,683

@ Grams of feed consumed per animal per day
Milligrams of manganese (ll) sulfateamohydrate consumed per kilogram body weight per day
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TABLE J4
Feed and Compound Consumption by Female Mice in the 2-Year Feed Study
of Manganese (ll) Sulfate Monohydrate

0 ppm 1.500ppm 5.000ppm 15.000ppm
Feed Bod/ Feed Bod/ Dose/ Feed Boy Dose/ Feed Boy Dose/
(g/day)a Weight (g/day) Weight Dayb (g/day)  Weight Day (g/day)  Weight Day

Week © (9) (mg/kg/day) (9) (mglkg/day) (9) (mg/kg/day)
5 5.0 21.6 5.0 21.7 345 4.9 215 1,146 4.8 20.7 3,449

9 4.9 24.3 4.9 24.3 300 4.8 24.3 989 4.4 23.9 2,787
13 5.3 25.6 5.5 26.2 313 5.7 26.3 1,075 55 255 3,252
17 5.9 28.1 5.2 28.8 271 5.5 28.6 965 5.6 27.7 3,029
21 5.2 30.4 4.9 31.4 233 5.1 31.5 806 5.6 30.5 2,761
25 55 33.0 5.2 33.7 230 5.4 33.9 803 5.4 32.8 2,486
29 5.8 36.0 5.1 35.7 214 5.4 36.0 743 6.1 34.5 2,633
33 5.3 38.5 5.1 38.3 201 5.4 38.3 706 6.0 37.0 2,427
37 6.2 40.3 6.1 39.7 229 6.2 39.3 786 7.0 37.9 2,752
41 6.1 41.9 5.4 41.6 193 5.6 40.9 686 5.6 39.0 2,160
45 5.6 43.8 5.1 43.6 177 5.4 42.7 632 5.8 41.6 2,085
49 5.7 46.3 5.3 46.6 171 5.6 45.4 619 6.2 43.6 2,125
54 55 47.6 5.2 47.0 166 5.3 45.8 582 6.1 43.8 2,096
57 4.9 47.6 4.9 47.4 155 5.0 46.0 545 5.2 43.9 1,793
61 4.9 48.6 4.7 48.4 146 5.0 46.6 531 5.3 45.0 1,766
65 5.6 49.7 4.8 48.6 149 5.2 47.0 553 5.9 45.3 1,941
69 4.9 49.8 4.9 49.5 148 5.0 47.8 524 5.0 45.8 1,636
73 6.0 51.0 5.2 50.7 154 5.9 48.1 616 6.2 46.3 2,008
78 5.1 50.6 5.1 50.5 153 5.3 48.4 550 5.7 46.3 1,853
82 5.3 52.7 5.2 51.6 150 5.4 50.1 538 5.3 47.9 1,668
86 4.9 53.1 5.0 52.0 144 5.3 50.0 526 55 47.8 1,714
920 4.9 53.5 5.1 51.8 147 5.5 50.8 539 5.7 48.3 1,770
94 4.8 53.8 5.0 51.0 147 5.4 50.5 530 5.3 a47.7 1,664
98 5.4 52.4 5.3 49.7 161 5.7 48.6 583 5.9 46.2 1,905
102 5.0 51.6 5.1 48.4 159 5.4 47.2 572 5.9 44.4 1,978
104 5.0 50.8 5.1 47.8 161 5.4 46.2 584 5.9 44.3 1,983

Mean for weeks

1-13 5.1 23.8 5.1 24.1 319 51 24.0 1,070 4.9 234 3,163
14-52 5.7 37.6 5.3 37.7 213 55 37.4 750 5.9 36.1 2,495
53-104 51 50.9 5.0 49.6 153 53 48.1 555 5.6 459 1,841

a8 Grams of feed consumed per animal per day
Milligrams of manganese (l1) sulfateomohydrate consumed per kilogram body weight per day
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TaBLE K1

Ingredients of NIH-07 Rat and Mouse Ratioft

Manganese (Il) Sulfate Monohydrate, NTP TR 428

Ingredientsb Percent by Weight
Ground #2 yellow shelled corn 24.50
Ground hard winter wheat 23.00
Soybean meal (49% protein) 12.00
Fish meal (60% protein) 10.00
Wheat middlings 10.00
Dried skim milk 5.00
Alfalfa meal (dehydrated, 17% protein) 4.00
Corn gluten meal (60% protein) 3.00
Soy oil 2.50
Dried brewer's yeast 2.00
Dry molasses 1.50
Dicalcium phosphate 1.25
Ground limestone 0.50
Salt 0.50
Premixes (vitamin and mineral) 0.25

8 NCI, 1976; NIH, 1978

Ingredients were ground to pass through a U.S. Standard Screen No. 16 before being mixed.

TABLE K2

Vitamins and Minerals in NIH-07 Rat and Mouse Ratior?

Amount Source
Vitamins
A 5,500,000 IU Staitized vitamin A palmitate or acetate
D3 4,600,000 I1U D-activated animal sterol
K3 2849 Menadione
d-a-Tocopheryl acetate 2000 1U
Choline 560.0g Choline chloride
Folic acid 229
Niacin 30.049
d-Pantothenic acid 18.0¢g d-Calcium pantothenate
Riboflavin 3449
Thiamine 100¢g Thiamine mononitrate
Bio 4,000 pg
Pyridoxine 179 Pyridoxine hydrochloride
Biotin 140.0 mg d-Biotin
Minerals
Iron 120.0¢ Iron sulfate
Manganese 60.0g Manganous oxide
Zinc 16.0¢g Zinc oxide
Copper 409 Copper sulfate
lodine 149 Calcium iodate
Cobalt 0449 Cobalt carbonate

2 Perton (2,000 Ib) of finished product
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TABLE K3

Nutrient Composition of NIH-07 Rat and Mouse Ration
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Mean * Standard

Nutrient Deviation Range Number of Samples
Protein (% by weight) 22.19+0.57 21-.23.2 20
Crude fat (% by weight) 5.64 +0.49 4.66.3 20
Crude fiber (% by weight) 3.50+£0.39 2.84.7 20
Ash (% by weight) 6.66 +0.49 6:07.9 20
Amino Acids (% of total diet)
Arginine 1.308 +£0.060 1.2101.390 8
Cystine 0.306 + 0.084 0.1810.400 8
Glycine 1.150 £ 0.047 1.0601.210 8
Histidine 0.576 +0.024 0.5310.607 8
Isoleucine 0.917 £0.029 0.8810.944 8
Leucine 1.946 £ 0.055 1.8502.040 8
Lysine 1.270 £0.058 1.2001.370 8
Methionine 0.448 +0.128 0.3060.699 8
Phenylalanine 0.987 £0.140 0.66%.110 8
Threonine 0.877 £0.042 0.824€.940 8
Tryptophan @36 £0.176 0.1070.671 8
Tyrosine 0.676 +0.105 0.5640.794 8
Valine 1.103 £0.040 1.0501.170 8
Essential Fatty Acids (% of total diet)
Linoleic 2.393£0.258 1.8302.570 7
Linolenic 0.280 +0.040 0.2100.320 7
Vitamins
Vitamin A (1U/kg) 9,535 +4,094 4,50019,000 20
Vitamin D (IU/kg) 4,450 + 1,382 3,0006,300 4
a-Tocopherol (ppm) 37.95 £ 9.406 22.5@8.90 8
Thiamine (ppm) 21.85+3.79 19-87.0 20
Riboflavin (ppm) 7.92 £0.87 6.109.00 8
Niacin (ppm) 103.38 + 26.59 65-0150.0 8
Pantothenic Acid (ppm) 29.54 +3.60 23.84.0 8
Pyridoxine (ppm) 9.55 + 3.48 5.6004.0 8
Folic Acid (ppm) 2.25+0.73 1.803.70 8
Biotin (ppm) 0.254 +0.042 0.190.32 8
Vitamin B, (ppb) 38.45+22.01 10:665.0 8
Choline (ppm) 3,089 + 328.69 2,403,430 8
Minerals
Calcium (%) 1.11+0.13 0.901.40 20
Phosphorus (%) 0.91 £0.06 0.81.00 20
Potassium (%) 0.883 +0.078 0.77R2.971 6
Chloride (%) 0.526 +0.092 0.3800.635 8
Sodium (%) 0.313 +0.390 0.258.371 8
Magnesium (%) 0.168 +0.010 0.150.181 8
Sulfur (%) 0.280 +0.064 0.2080.420 8
Iron (ppm) 360.54 + 100 255:0523.0 8
Manganese (ppm) 91.97 +£6.01 81:-789.40 8
Zinc (ppm) 54.72 +5.67 46.1064.50 8
Copper (ppm) 11.06 +2.50 (R0-15.39 8
lodine (ppm) 3.37+0.92 1.524.13 6
Chromium (ppm) 1.79+£0.36 1.042.09 8
Cobalt (ppm) 0.681 +0.14 0.490.780 4
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TABLE K4
Contaminant Levels in NIH-07 Rat and Mouse Ration

Mean * Standard

Deviation? Range Number of Samples
Contaminants
Arsenic (ppm) 0.72+0.17 0.220.98 20
Cadmium (pp! 0.11 £0.20 <0.1®.20 20
Lead (ppm) 0.48+0.18 0.340.87 20
Mercury (ppm) <0.05 20
Selenium (ppm) 0.36 £0.08 0.29.48 20
Aflatoxins (ppb) <5.0 20
Nitrate nitrogen (ppm) 14.64 +5.39 2.922.0 20
Nitrite nitrogen (ppm) 0.17 £0.20 <0.101L.00 20
BHA (ppm) 2.40+0.88 <2.005.00 20
BHT (ppmf 1.90+1.12 <1.004.00 20
Aerobic plate count (CFU/&) 127,745 + 167,993 3,9600,000 20
Coliform (MPN/gf 296 + 563 <3.002,400 20
E. coli (MPN/gf 12.8 £33.50 <3.00150.0 20
(MPN/gY 5.6 +9.16 <3.0043.00 19
Total nitrosoamines (pp'B) 6.71+£2.93 3:303.30 20
N-Nitrosodimethylamine (ppB) 6.12 +2.69 3.003.00 20
N-Nitrosopyrrolidine (pp 0.59 £0.61 0.302.70 20
Pesticides
a-BHC' <0.01 20
B-BHC <0.02 20
v-BHC <0.01 20
8-BHC <0.01 20
Heptachlor <0.01 20
Aldrin <0.01 20
Heptachlor epoxide <0.01 20
DDE <0.01 20
DDD <0.01 20
DDT <0.01 20
HCB <0.01 20
Mirex <0.01 20
Methoxychlor <0.05 20
Dieldrin <0.01 20
Endrin <0.01 20
Telodrin <0.01 20
Chlordane <0.05 20
Toxaphene <0.1 20
Estimated PCBs <0.2 20
Ronnel <0.01 20
Ethion <0.02 20
Trithion <0.05 20
Diazinon <0.1 20
Methyl parathion <0.02 20
Ethyl parathion <0.02 20
Malathiod 0.11£0.14 0.050.66 20
Endosulfan | <0.01 20
Endosulfan 2 <0.01 20
Endosulfan sulfate <0.03 20
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TABLE K4
Contaminant Levels in NIH-07 Rat and Mouse Ration
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One lot contained 0.20 ppm; all other lots contain@d.0 ppm.
Sources of contamination: soy oil and fish meal

CFU = colony forming units

MPN = most probable number

Lot milled 17 Octobe 984 contained 150 MPN/g.
Excludes value given i

All values were corrected for percent recovery.

BHC is hexachlorocyclohexane or benzene hexachloride.
Six lots contained more than 0.05 ppm.

T oa Tt o0 o

For values less than the limit of detection, the detection limit is given for the mean.
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SENTINEL ANIMAL PROGRAM

METHODS

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in optimally clean
facilities to eliminate potential pabgens that may affect study results. The Sentinel Animal Program is part of the
periodic monitoring of animal health that occurs during the toxicologic evaluation of chemical compounds. Under
this program, the disease state of the rodents is monitored via serology on sera from extra (sentinel) animals in the
study rooms. These animals and the study animals are subject to identical environmental conditions. The sentinel
animals come from the same production source and weanling groups as the animals used for the studies of
chemical compounds.

Rats

For the 13-week study, samples for viral screening were collected from half of the control animals at terminal
sacrifice. These samples were processed appropriately and were submitted to Microbiological Associates
(Bethesda, MD) for viral titer screening. The following tests were performed on the serum of five male and five
female control rats:

Method of Analysis Time of Analysis
Hemagglutination Inhibition
H-1 (Toolan's H-1 virus) Study termination
KRV (Kilham rat virus) Study termination
PVM (pneumonia virus of mice) Study termination
Sendai Study termination
Compliment Fixation
RCV (rat coronavirus) Study termination

At the beginning of the 2-year study, serum samples were collected from 10 female rats for murine virus assays.
Serum samples were also collected from five male and five female rats at 6, 12, and 18 months into the study, and
from five male and five female rats at terminal sacrifice. Blood from each collection was appropriately processed,
shipped to Microbiological Associates, and screened for the following:

Method of Analysis Time of Analysis
ELISA
CARB (cilia-associated respiratory bacillus) 24 months
Mycoplasma arthritidis 6, 12, 18, and 24 months
Mycoplasma pulmonis Study initiation, 6, 12, 18, and 24 months
PVM Study initiation, 6, 12, 18, and 24 months
RCV/SDA (rat coronavirus/sialodacryoadenitis virus) Study initiation, 6, 12, 18, and 24 months
Sendai Study initiation, 6, 12, 18, and 24 months
Hemagglutination Inhibition
H-1 6, 12, 18, and 24 months

KRV Study initiation, 6, 12, 18, and 24 months
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For the 13-week study, samples for viral screening were collected from half of the control animals at terminal
sacrifice. These samples were processed appropriately and were submitted to Microbiological Associates for viral
titer screening. The following tests were performed on the serum of four male and five female control mice:

Method of Analysis
Hemagglutination Inhibition
Ectromelia virus
GDVII (mouse encephalomyelitis virus)
MVM (minute virus of mice)
Polyoma virus
PVM
Reovirus 3
Sendai
ELISA
MHV (mouse hepatitis virus)
Complement Fixation
LCM (lymphocytic choriomeningitis virus)
Mouse adenoma virus

Time of Analysis

Study termination
Study termination
Study termination
Study termination
Study termination
Study termination
Study termination

Study termination

Study termination
Study termination

Serum samples for viral screening were collected from six male and five female mice and from five mice of each

sex on two separate occasions prior to the start of the 2-year study. An additional collection was taken at 8 months
into the study for screening of the mouse hepatitis virus only. Serum samples were also collected from sentinel
animals at 6, 12, and 18 months into the study, and from five male and five female animals in the 15,000 ppm
group at the end of the study. Sera were processed appropriately, shipped to Microbiological Associates, and

screened for the following:

Method of Analysis
Complement Fixation

LCM
ELISA

M. arthritidis

M. pulmonis

MHV

PVM

Sendai

Ectromelia virus

GDVII

Mouse adenoma virus

Reovirus 3
Hemagglutination Inhibition

K (papovavirus)

MVM

Polyoma virus
Immunofluorescent Assay

EDIM (epizootic diarrhea of infant mice)

Time of Analysis

6, 12, 18, and 24 months

6, 12, 18, and 24 months

Study initiation, 6, 12, 18, and 24 months

Study initiation, 6, 8, 12, 18,

Study initiation, 6, 12, 18, and 24 months
Study initiation, 6, 12, 18, and 24 months
6, 12, 18, and 24 months

6, 12, 18, and 24 months

6, 12, 18, and 24 months
6, 12, 18, and 24 months

6, 12, 18, and 24 months
Study initiation, 6, 12, 18, and 24 months
6, 12, 18, and 24 months

6, 12, 18, and 24 months

Results of serology testing for rats and mice are presented in Table L1.
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TABLE L1

Murine Virus Antibody Determinations for Rats and Mice in the 13-Week and 2-Year Feed Studies
of Manganese (Il) Sulfate Monohydrate

Interval Incidence of Antibody Positive Serologic
in Sentinel Animals Reaction for

13-Week Studies

Rats
Study termination 4/10 RCV
8/10 Sendai
Mice
Study termination 9/9 Sendai

2-Year Studies

Rats
Study initiation 0/10 None positive
6 months 1/10 PossibM. arthritidis
12 months 0/10 None positive
18 months 0/10 None positive
24 months 2/10 CARB

Mice
Study initiation 0/10 None positive
6 months 5/10 EDIM
8 months 0/10 None positive
12 months 4/9 EDIM
18 months 4/10 EDIM
24 months 6/10 EDIM

3/10 M. arthritidis
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