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PREFACE

This report summarizes and evaluates information on the potential
carcinogenicity of a substance designated as hazardous under Section 101
(14) of the Comprehensive Environmental Response, Compensation and
Liability Act of 1980 (CERCLA). The methodology for obtaining and
evaluating this information is described in the EPA document "Methodology
for Evaluating Potential Carcinogenicity in Support of Reportable
Quantity Adjustments Pursuant to CERCLA Section 102," numbered
OHEA-C-073, December 1986. The EPA’'s Office of Emergency and Remedial
Response (OERR) has considered this evaluation in adjusting reportable
quantities pursuant to CERCLA Section 102. The methodology for adjusting
reportable quantities is described in the Technical Background Document
to Support Rulemaking Pursuant to CERCLA Section 102, Volume 1, March
1985, and is also summarized in Volume 2, August 1986, and Volume 3,
December 1986. The Agency’s methodology for ranking CERCLA potential

carcinogens is described in detail in Volume 3.

These methodologies call for ranking carcinogens based on weight of
evidence (the strength of the case that a substance causes cancer in
humans) and carcinogenic potency (the strength of a substance to

cause cancer). This report focuses on the information used to classify
this substance’s weight of evidence and estimate its carcinogenic
potency. It is a summary report and is not intended to be a complete
reference for health effects. Information on health and environmental
effects other than cancer are beyond the scope of this report. Ancillary
evidence, such as structure-activity relationships, short-term tests,
physiological, biochemical, and toxicological observations, and
comparative metabolism and kinetics, is included only to the extent that
it changes the weight of evidence. Nevertheless, the information in this
report is sufficient to classify this substance’s weight of evidence and

estimate its carcinogenic potency.



This report draws largely on information supplied by the Syracuse
Research Corporation under EPA Contract No. 68-03-3112. Due to the
amount of time elapsed between the original work performed by Syracuse
Research Corporation and the present effort to produce this document,
Environmental Monitoring & Services, Inc., under EPA Contract No.
68-03-3182, has been involved in an extensive review of all the Syracuse
documents. In somes cases, this review involved updating the information

provided but it was primarily a quality assurance effort. The present
document is a result of this effort.



ABSTRACT

1,4-Dioxane is a probable human carcinogen, classified as weight-of-
evidence Group B2 under the EPA Proposed Guidelines for Carcinogen Risk
Assessment (U.S. EPA, 1984). Evidence on potential carcinogenicity from
animal studies is "Sufficient," and the evidence from human studies is

"Inadequate."
The potency factor (F) for 1,4-dioxane is estimated to be 0.034
(ng/kg/day)_l, placing it in potency group 3 according to the CAG's

methodology for evaluating potential carcinogens (U.S. EPA, 1986).

Combining the weight-of-evidence group and the potency group, 1l,4-dioxane

is assigned a "LOW" hazard ranking for the purposes of RQ adjustment.
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1.0 VWEIGHT OF EVIDENCE

Chronic administration of 1,4-dioxane in the drinking water
(concentration ranged from 0.5 to 2.0%) has produced malignant tumors in
the nasal cavities (squamous cell carcinomas) and livers (hepatocellular
carcinomas) in multiple strains of rats (Argus et al., 1965; Hogh-Ligeti
et al., 1970; Argus et al., 1973; Kociba et al., 1974; NCI, 1978).
Similar administration of 1,4-dioxane induced hepatocellular carcinomas
and adenomas in mice (NCI, 1978), and gall bladder carcinomas in guinea
pigs (Hogh-Ligeti and Argus, 1970). No carcinogenic effect was observed,
howvever, in a well-designed single dose (111 ppm x 7 hours/day x 5
days/week) 2-year inhalation study with rats (Torkelson et al., 1974).

1,4-Dioxane was also active as a promoter in a two-stage skin
carcinogenesis study in mice (King et al., 1973). In this assay, a
single dermal application of 50 ug 7,12-dimethylbenzanthracene (DBMA) was
followed 1 week later by thrice weekly paintings of 1,4-dioxane
(unspecified concentration in acetone) for 60 weeks. Similar
applications of 1,4-dioxane without DMBA initiation did not result in a

significantly increased incidence of skin tumors.
1.2 HUMAN STUDIES

Three epidemiologic studies on workers exposed to dioxane are available.
Theiss et al. (1976) reported that 2 of 12 deaths among 74 workers were
due to cancer. The cases were a lamellar epithelial carcinoma in a
66-year-old man and myelofibrotic leukemia in a 71-year-old man. No
statistically significant increase was noted based on these few cases.
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Buffler et al. (1976) reported three cancer deaths (12 total deaths)
among 163 production and processing workers exposed to dioxane (and other
chemicals including vinyl chloride, trichloroethylene, and carbon
tetrachloride). A carcinoma of the stomach, an alveolar carcinoma and a
mediastinal malignancy were reported. These cancer deaths were not
different (p<0.05) from the expected numbers. In an unpublished study
reported to NIOSH by Dernehl (1976), four cancers were reported among 80
dioxane workers. One man died with colonic cancer, one with pulmonary
carcinoma, one with lymphosarcoma, and one with glioblastoma. Again, the
observed number of cancer cases was not different than expected cancer
deaths. It is noted as well that all cancers reported are of varied

origin and are not similar to those seen in animal models.
1.3 VEIGHT-OF-EVIDENCE ASSESSMENT

1,4-Dioxane produced nasal cavity and liver carcinomas in multiple
species of rats by chronic oral administration. The NCI (1978) incidence
data for nasal cavity carcinomas in female rats appear to be most
appropriate for quantitative risk estimation and derivation of a
carcinogenic potency factor (F). 1,4-Dioxane has additionally produced
carcinomas of the liver in mice and gall bladder in guinea pigs, and was
active as a promoter in a two-stage skin carcinogenesis study in mice.
This evidence is sufficient to classify 1,4-dioxane as an animal
carcinogen. The human epidemiologic evidence on 1,4-dioxane is
inadequate for assessing human carcinogenicity. Thus, using the EPA
Proposed Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1984) for
evaluating the overall weight of evidence to humans, 1,4-dioxane is most
appropriately classified as a Group B2 chemical. Appendix A contains
summaries of the significant human and/or animal studies cited in this

review.
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2.0 POTENCY

The potency factor (F) for 1,4-dioxane is estimated to be 0.034
(ng/kg/day)—l, placing it in potency group 3 under the CAG’s

methodology for evaluating potential carcinogens (U.S. EPA, 1986). Table
2-1 contains data from the selected study used to derive the potency

factor (F) for 1,4-dioxane. Appendix B contains the complete primary
reference for this study.
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Table 2-1.

Derivation of Potency Factor(F)

REFERENCE: NCI, 1978'
EXPOSURE ROUTE: oral

SPECIES: rat

STRAIN: Osborne~Mendel
SEX: P

VEHICLE OR PHYSICAL STATE:
BODY WEIGHT:"
DURATION OF TREATMENT:
DURATION OF STUDY:
LIFESPAN OF ANIMAL:®
TARGET ORGAN:
TUMOR TYPE:

EXPERIMENTAL DOSES/

drinking water

0.35 kg

770 days

770 days (treated), 819 days (controls)
777 days {(treated), 819 days (controls)
nasal turbinates

squamous cell carcinoma

EXPOSURE: 13 0.5% 0%
TRANSFORMED DOSES:° 640 350 0
(mg/kg/day)
TUMOR INCIDENCE: 8/35 10/35 0/34
ANIMAL POTENEY: 0.0057
(mg/kg/day)
HUMAN POTENCY: 0.034
(mng/kg/day)
; Reported
Assumed

c

Agent: 1,4-Dioxane

BCI (1978) determined average daily doses from the mean consumption of dioxane solution per week at intervals during the
second year of treatment. All transformed doses are provided directly from the reference.
* See Appendix B for a reproduction of the report on this study.



3.0 HAZARD RANKING
Based on the weight-of-evidence Group B2 for 1,4-dioxane, and the potency

factor (F) of 0.034 (ng/kg/day)'l, 1,4-dioxane receives a hazard
ranking of "LOVW."
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Table A.

Animal

Kgents: V,b-Dionane

Reference: Argus et al., 1965

Dose Duration Duration Purity Vehicle or Tusor
Exposures 3Species/ or of of of Physioal Tumor Incidence®
Route Strain Sex Exposure Treataent Study Compound State Target Organ Type (P value)
o rats/ " 1.08* 63 weeks 63 weeks m drinking  1liver tusors® 6/26
Wistar vater N
kitney ) caroinoma® 1726
hematopoietio leukesia 1726
cells
° rats/ M 0% NA 63 weeks NA nR lymphoid lysphosarcoaa 179
Wistar tissue

Strengths of Study:

Veakness of Study:

Oversll Adequacy:

The compound was administered by a natural route of exposure for sn acoeptable portion of the lifespan.

QUALITY OF EVIDENCE

autopsies were performsed on all animals.

A single dose level was tested.

Adequate

Complete

® Total dose, 132 §g.

® 1iver tumors ranged from small neoplastic nodules to multifocal hepatocellular carcinomas.

% Transitionsl cell carcinoms of the kidney pelvis.
MR = Not Reported; NA = Not Applicable



Table A. Anisel

Agent: 1,8-Dioxane

Reference: Hogh-Ligeti et al., 1970; Argus et al., 1973

Dose Duration Duration Purity VYehicle or Tumor
Bxposure Species/ or of of of Physical Tumor Inoidence
Route Strain Sex Exposure Treatuent Study Compound State Target Organ Type (P value)
° rats/ ] 1.08* 13 months 16 months L1 ] drinking nasal cavity cnrolns.b"’ 2/28-32
Sprague vater liver tumora®’® 12/728-32
Dauley
° rata/ M 1.08% 13 months 16 months R drinking  nassl cavity o-mms-"-" 2/20-32
Sprague wvater liver tumors’+® 3720-32
Dawley '
° rats/ ] 1.08* 13 months 16 wonths | ] drinking nasal oavity oaroino-b 1728-32
Sprague water 1iver tusors® 0/28-32
Dawley
o rats/ M 0.75%° 13 months 16 months NR drinking nasal ocavity urolno-b 1728-32
Sprague water 1iver tusors® 0/28-32
Dawley
] rats/ M 01‘ WA 16 msonths ]} drinking nassl ocavity oasrcinoms 0/%
Sprague water 1iver tumors 0/30
Dawley

QUALITY OF EVIDENCR

Strengths of Study:

The compound was adainistered dy a natural route of exposure at § levels of exposure.

and observed for a significant portion of the lifespan, and complete autopsies were performed.

Weakness of Study:
rats in each treatsent group was not precisely stated,.

Overall Adequacy: Adequate,

The nasal ocavity was studied histologically only in rats in which groas tumors wuire observed.

The snimals were treated

The number of

8 Average daily water intake was 36 at.

b Mainly squamous-cell ocaroinomas, with areas ocontaining adenocarcinomas in 2 osses.
® the rats also had hepatocellular caroinomas.

d liver-cell hepatomss and hepatocellular carcinomas.

® microscoplo lesions desoribed as "inoipient hepatomas® were observed in all treated groups.



Table A. Animal

Wgent: V¥ N-Dioxane

Reference: Hogh-Ligeti and Argus, 1970 (Summarized in IARC, 1976)
Dose Duration Duration Purity Vehicle or Tumor
Exposure Specles/ or of of of Physical Tumor Incidence
Route Strain Sex Exposure Treatment Study Compound State Target Organ Type (P value)
° guinea M 0.5-28* 23 months 28 months wR drinking  liver hepatomas /22
pig/ NR water gall bladder carcinomas /22
o guinea M 03 NA NR [ ] drinking 1iver tumors 0/10
pig/ NR water

Strengths of Study:
Weakness of Study:

Overall Adequaocy:

QUALITY OF EVIDENCE

The compound was administered by a natural route of exposure for a signifioant portion of the lifespen.

Additional details regarding the design or resuits of this study were not presented in the available susmary.

Limited.

¥R = Not Reported
NA » Not Applicable



Table A. Animal

ngent: i,N.Dioxane

Reference: Kociba et al., 1974

Dose Duration Duration Purity Vehicle or Tumor "
Exposure 3pecies/ a or of of of Physical Tumor Incidence
Route Strain Sex Exposure Treatment study‘ Compound State Target Organ Type (P value)
o rat/ aixed Ilb 2% wonths® 28 months L L] drinking 1iver caroinomal 10766
Sherman wvater (P<0.09)
oholangiosa 2766
nasal carcinoma 3766
cavity (90.05)
o rat/ wixed 0.15° 2% months® 28 months NR drinking 1iver onmlnonr 17106
Sherman water cholangioma 0/106
, nasal carcinoma 0/106
ocavity
o rat/ aixed 0.01}‘ 2% months® 28 wmonths MR drinking 1iver carcinoma o/110
Sherman wvater cholangioma 0/110
nasal carcinoma . 0/110
cavity
[ rat/ mixed (1} 3 NA 2% months WA drinking 1iver olrolno-r 0/106
Sherman vater cholangioma 0/106
cholangiosarcoma 07196
nasal caroinoma 0/106
cavity
QUALITY OF EVIDENCE
Strengths of Study: Large groups of animals were exposed to 3 levels of compound for a major portion of the lifespan. Comprehensive

histopathologic examinations were performed.

Overall Adequacy: Adegquate.

Comments: This study is particularly well designed and reported.

® 60 rats/sex/trestment group were tested.

b The wean dafly dosages of dioxane, as determined from water consumption and body weight data from days 118-198, were 1015 mg/kg/day

(males) and 1599 mg/kg/day ( females).

® the mean daily dosages of dioxane, as determined frow water consumption and body weight data from days 11N-198, were 90 mg/kg/da)

(males) snd 148 mg/kg/day ( females).

d The mean daily dosages of dioxane, as determined from water consusption and body weight data from days 118-198, were 9.6 mg/kg/day

(males) and 19 mg/kg/day ( females) .
The rats were exposed for up to 716 days.
hepatocellular carcinomas.

squamous cel}l carcinomas.

T A ™ o

effective number of rats) is therefore the number surviving at 12 months.
NR = Not Reported; NA = Not Applicable

128 of the 132 observed tumsors in this study oocurred in rats from the 12th to the 28th month.

The mumber of rats expressed (i.e., the



Table A,

Animsl

wgent: 1, M-Diovsne
Reference: NCI, 1978
Dose Duration Duration Purity Vehiole or Tumor
Exposure Species/ or of of of Phyaical Tumor Inotdence 4
Route Strain Sex Exposure Treatment Study Compound State Target Organ Type (P value)
[ ratsa/ ] 530 n/kgldly.'b 110 weeks 110 weeks 299.9% drinking nasal cavity carcinoma® 16738
Osborne-~ water (P<0.001)
Mendel
o rats/ M 240 n/kg/day' 110 weeks 110 weeks >99.9% drinking nasal ocavity carcinoma 12/33°
Oaborne- water
Mendel
o rats/ ] 0 nlkg/d-yb NA 110 weeks NA drinking nasal cavity carcinoms 0/33
Osborne- ( matched-control) water
Mendel
o rats/ r 640 -glkg/d-yr 110 weeks 110-111 weeks >99.9% drinking nasal cavity carcinoma® 8/35
Osborne- water (P=0.003)
Mendel Itver adencma’ 1/32
(P<0.00%)
o rats/ r 350 -g/kgldnyr 110 weeks 110-111 weeks >99.9% drinking nasal cavity ocarcinoma 10738
Osborne- vater (P=0.001)
Mendel 1iver adenoma 10733
(P<0.001)
o rate/ r 0 mg/kg/day NA 116-117 weeks NA drinking nasal cavity oarcinoms 0/38
Osborne- (matohed-control) wvater (P=0.008)
Mendel liver adenocma 0/31
(P=0.001)
[ Mice/ M 830 q/kg/dny' 90 weeks 91 weeks 299.9% drinking 1iver oarulnonh 20/87
Osborne- vater (?<0.001)
Mendel ' onrolnor- or 29/47
adenoma (P<0.001)
o Hice/ ] 120 g/kg/d-y' 90 weesks 91-92 weeks >99.9% drinking 1iver ceraoinoss 18/50
Osborne- water (P<0.001)
Mendel carcinoma or 19/50

adenoma

(Ps0.0WN)




Lapre A
Rgent:

Reference:

- AMLIEGL

¥, B-Dicwene

NCI, 1978 (cont.)

Dose Duration Duration Purity VYehicle or Tumor
Bxposure Species/ or of of of Physical Tumor Inoidence P
Route Strain Sex Exposure Treatment Study Compound State Target Organ Type (P value)
o ajce/ M 0 mg/kg/day NA 92-93 weeks >99.9% drinking liver carcinoma 2/%9
Osborne- ( matohed-control) water (P<0.001)
Mendel ' carcinomsa or 8/49
adenoma (P=0.001)
° mice/ r 860 -g/ks/dayr 90 weeks 90-91 weeks >99.9% drinking liver carcinosa” 29/37
Osborne- vater (P<0.001)
Mendel ! carolnotn or 35737
sdenosa (P<0.001)
o mice/ [ 4 380 mg/kg/day 90 weeks 91-92 weeks >99.9% drinking liver carcinoms 12/48
Osborne- wvater (P<0.001)
Mendel carcinoma or 21/%8
adenoma (P<0.001)
o mice/ r 0 mg/kg/day NA 91-92 weeks >99.9% drinking liver carcinoma 0/50
Osborne- ( matched-control) water (P<0.001)
Mendel carcinoma or 0/50

adenoma

(P<0.001)




Table A. Animesl
hgant: ¥, N-Dionane

Reference: NCI, 1978 (cont.)

QUALITY OF EVIDENCE

Strengths of 3tudy: The compound vas adainistered to two apecies of animals at multiple dose levels by a natural routs of exposure.

The animals were exposed for a significant portion of the lifespan and comprehensive histologic examinations
were performed. Survival in both species was affected by treatment, but sufficient numbers of rats and mioe
of both sexes were at riak for development of late-appearing tumors.

Weakness of Study: The high-dose and matched ocontrol male rats were placed on the study 1 year after the study bcg-nb. The total

doses received by the low and high dose groups do not reflect the two-fold Mrror'nco in drinking water concentration
. of the chemioal (attributed to decreased pslatability wide intake fluctuations)®:’,

Overall Adequacy: Adequate.

Comments: A significantly elevated inoidence of hemangiomss or hemangiosarcoses at sll sitea was cbaerved in the low-

dose female mice, but neither the dose-related trend nor the incidence in the high-dose group was significant.
The tumors were, therefore, considered to be unrelated to adainistration of the cheaiocal,

. Average dsily dose detersined from the mean consumption of 1.0% dioxans solution per week at intervals during the second year.

b These groups were placed on study { year after the study began, to replace two original groups of male rats that died during an
air-conditioning failure.

° Squamous-cell carcinoma.
‘ The probability levels for the Fisoher Exact test and the Cochran-Armitage test are given beneath the incidence of tumors in the
dosed groups and control groups, respectively.

¢ Since the low-dose group was started a year earlier without appropriate controls (Pootnote d), the inoidence of tumors ocould not
be used for statistical analyses.

r Average daily dose determined from the mesn consumption of 0.5% dioxane solution per week at intervals during the second year.

8 Hepatocellular adenomsa.

h Hepatovcellular carcinoma.

1 Hepatocellular csroinoma or adenomsa.
NA = Not Applicadle.



Table k. Anfem)
Agent: 1 N-Dioxane

Reference: Torkelson et al., 197M

Dose Duration Duration Purity VYehicle or Tumor
Exposure Specles/ or of of of Physical Tumor Inoidence®
Route Strain Sex Bxposure Treatment Study Compound State Target Organ Type (P valua)
| rets/ (T 0.8 ng/t,° 2 years 2 yearnd >99.9% vapor all sites total tumors IN/150°
Nistar 7 hours/dsy x
5 days/week
1 rats/ N 0 ppm NA 2 years NA filtered all sites total tumors 57/206°
Wistar air
i rats/ r o.N q/l," 2 years 2 yurnd >99.9% vapor all sites total tumors 61/139*
Wistar 7 houra/day x
5 days/week
1 rats/ l"b 0 ppm NA 2 yoars MA filtered all sites total tumors 101/211.
Wistar air

QUALITY OF EVIDENCE

Strengths of Study: The ocompound was administered by a natural route of exposure st a low level of exposure for a significant portion
of the lifeapan. Comprehensive histopathologic examinations were parformed on a large nusber of animals.

Weakneas of Study: A single exposure level was tested.
Overall Adequaoy: Adequate.
Comments: This study was particularly well designed and reported.

& 288 rats/sex In 3 replicate groups {96/sex/group) .
192 rats/sex in 3 replicate groups ( 96/sex/group).

111 ppm.

508 of the animals survived 20-28 months,

Comprehensive gross and mioroscopio examinations of the major organs and tissues revesled no treastment-related leaions. A detailed
morphologio classifiostion of all tumors that ocourred in rats that survived at least 9 months was published; the total number of
tumors observed at all sites in treated and control rats was tabulated and included here.

MA = Not Applicable
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BIOASSAY cCr
1,4-i102ANE
FOR POSSIBLE CARCINOGENICITY

Carcinogenesis Testing Prograa
Divisior of Cancer Cause and Prevention
Natioval Cancer Institute
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FOREWCRC: This report [iesents the rasults of the bioassay of
l,4~djoxane conducted for the Carcinogenesis Testing Program,
Division of Cancer Cause and Prevention, lMational Cancer
Institute (NCI), \National Insticutes of He:lth, Bathesda,
Maryland. This 1s one of a teries of experizents dJesigned to
determine vwvhether selected envircnmental chemicals have the
capac.ty to produce cancer in animals. Negative results, in
which the test animals do not have a greatar incideace of cancer
than control animals, do not necessarily mean trat the test
chemical {s not a carcincgen, inasauch as ¢tt2 experiments ere
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SUMMARY

A bicauay_ of l,4-dioxane ior possible carcincgenicity was
conducted by administering tha test chemlcal in the drinking
water to Osborne-Mendel rats and B6C3Fl mice.

Groups of 35 rats and SO mice of each sex were adainistered
l,4-aioxane at concentrations of either 0.5% or 1.0Z (v/v) in the
drinking water. Because of variations in intake of water, the
doses of test chemicai received by the high-dose groups were not
precisely twice those receiveu by the low-dose groups; in the
male mice, the high dose was only slightiy greater than the low
dose. The rats wers dosed for (10 weeks and the mice for 90
wveeks. Matched controls consisted of 35 uantreated rats and 5V
uantreated mice of each sex. All surviving rats were killed at
110=117 veeks and all surviving mice at 90-93 veeks.

The mean body welghtz of the rats and mice were not consistently
affected by the administration of dioxane. Survival rates of the
dosed groups of rats and female mice vere lover than those of
corresponding control groups, but sufficient numbers of animals
were at risk for developuent of late-appearing tunors.

In rats, the incidence of squamous-cell carcinomas of the nasal
turbinates was statistically significarc {n rests for dose-
related trend in females (P = 0,008) and tor direct comparison of
high-~dose with matched-control males (P < 0.00l) and direct
comparison of dosed with control females (P < 0.003) (males:
controls 0/33, low=dose 12/33,  thign-dose 16/34; females:
controls 0/34, low-dose 10/35, hlgh—dose 8/35). In the females,
but not in the males, the incidence (f hepatocellular adenomas
was significant (P < 0.001) in tests fur dose-related trend and
for direct comparisca of both low= and high-dose groups with
controls (controls 0/31, low=dose 10/33, high=doce 11/32).

In both male and female mice, the incidence of hepatccellular
carcinomas was statistically significant (P < 0.091), both in
tests for dose-rciated trend and direct comparison of both dosed
groups vith controls (malis: controls 2/49, low-dose 18/50, high=-

Preceding page blank vii
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dose 24/47; females: ccntrols 0/50, low-dose 12/48, high-dose
29/37). The incidences remained significant when hepatocellular
adenomas wer: combined with hepatoccllular carcinomas.

It is concluded that undez the conditicns of this biocassay,
J,4~diorane indiced hepatocellular adenomas 1in female Osborne-
Mendel rats. l,4-Dioxane was carcinogenic im both sexes of rats,
producing squamous-cell carcinomas of the nas:sl turbinates, and
in both sexes of B6CIFL mice, producing hepatocelluiar
carclinomas.
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I. INTRODUCTION

()

l,4-Dioxane (CAS 123-91«l; NCI C03689), a dimer of etaylene
ox.ide, hereinafter called dioxane, {s used extengsively zs an
irgustrial solvent for lacquers, varnishes, paints, plascics,
dyes, oils, waxes, resins, and cellulose acetate and as an
inhibitor 15 chlorinated solvents (Stecher, 1968; Stantord
Research Instituce, 1975; Machescon, 1972). In biological and
chemical laboratories, dloxane 1{s employed as a solvent for
tissue processing, liquad scintillazicn counting, and
photocheaical reacticns. Nearly 18 million pounds were produced

for chese uses ip 1973 (U. S. International Trade Commission,

1976).

The carcinoganicity o: dioxane has been studied extensively.
(Argus et al., J965; Hoch-Ligeti et al., 1970; Argus et al.,
1973; Kociba et al., 197¢4). Dioxane was selected for testirg
along with a series of chlorinated dibenzo-p-dioxins, some of

which are highly toxic contaminants o.s certain herbicides and

(-entachlorophenol microbicides.




11. MATERIALS AND METHODS

A. Chemical

The chemical tesced was t;agcnt-gradc dioxane suppliad by J. T.
Baker Chemical Co., Phillipsourg, New Jersey. Lots No. 45468 and
43475 were used during the chronic studies and vere analyzed to
confirm their identity and purity. The aaalysis of Lot No. 43473
wss performed several wmonths after completion of the bioassay.
Vapor phase chromatography showed Lot No. 45468 to be at least
99.92 dioxane. Spectra were consistent with the structure of
dioxane. Both lots were also analyzed by polarogsraphy for thae
presence of scdium diethyldithiocarbamate, an inhibitor of
peroxide formation, stated by the manufacturer to be present at a
level of 0.001Z. Lot Nos 4347f could not be analyzed for the
inhibitor because of an interfering substance. Ian Lot No. 45468,
less than 1.00022 sodium dlethyldithiocarbamate was detected.
The presence of peroxide was measured by titration with titanium
tatrachloride or sodium iodide. Lot No. 45468 had very low
levels of peroxide, less than 0.00l2 peroxide, while Lot No.
43475, in contrast, had a level of 0.109X peroxide (calculated as
dioxane hydroperoxide). Argus et al. (1973) analyzed their 10X
dioxane stoch solutions and tap water dilutions used in a dosed

waler study for peroxides, but could detect none (< 0.00022).

Preceding page biank



B. Dosage Preparation

The dioxane solutions for this study vere prepared in tap water
tvice per week and storad in polyethylene contafners. These were

then used to supply the water bottles for the dused animals.
C. Animals

Osborne-Mendel rats and B6CIFl mice of both sex.s were used in
the chronic studies. All aaimals vere obtained from Charles
River Breeding Laboratories, Inc., Wilmington, Massacnusetts,
unﬂcr a contract with the Divisicn of Cancer Treatment, NCI.
Rats and mice were .eceived at tue test laboratory at approxi-
mately & weeks of age. They were quarantined for 1 wveek.
Animals having no visible 3igns of disease ''cre then earmarked
and assigned to control cr dosed groups according to a series of

random numbers.

D. Aaimal ‘faintenance

Animals were housed 1{in .emperature- and humidity-controlled
fooms. The temperature was miintaiaed at 22-239C and the
relative humidircy at 40-50Z, Fluorescent lightirg +was provided
for 12 hours each day. Room air was changed 22 times per hour

and exchanged cthrough iiberglass filters.

Rats were housed & per cage and rnice 10 per cage in suspended
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polypropylene cages (Maryland Plastics, Ffederalsburg, Maryland),
covered with a wire mesh scieen and 1 polyester filter. A wo~d-
chip bedding (Absorb~0ri®, Lab Products, Carfi.'d, N. J.) was
used in the cages. Dosed water or tap water in glass water
bottles with sipper ctudes was available to respective groups of
animals ad 1i5itum; bottles were refilled twice per wcek.
inizals were fed Wayne® Lab Blo: animal meal (Allied Mills, luc.,
Chicago, lllinois). Diets were available ad libitum and were

supplied once per week.

Cages, cage lide, and water bottles were sanitized at 829C once
per week. Bedding was replaced once per week. Racs and mice
vere housed 1;1 separate rooms. Latreated contrcls wer2 housed in
the same room with the dosed unimals. Rats aud oic- dosed with
dioxane were housed in cthe same room with rats and mice fud
ditenzodioxin (CAS 262-12-4), 2,7-dichlorodibenzodtoxin (CAS
333857-26-9), and 1,2,3,4,6,7,8,9-octachlorodibenzodioxin (CAS

3268-87-93.

E. Desigus of Chromic Studies

In this study, dioxane was adwinistered to rats ind mice at
coancentrations of either 0.5Z or 1.0% in driuking water. These
concentrations were chosen on the basis of Joses administered in
previous studies (Argus et al., 1965). During the second jyear of

the study, fluid intake was measured for 1 week out of every
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@moath. This permitted an estimation cf the averaze daily dioxane

intake, shown i{n tables 1 and 2. Decreased fluid congumption was
observed in the high~duse male mice, in which rhe average daily
intake of the test chemical was only slightly higher than that of
the low-dose group and did 2ot reflect the twofold difference in

concentration hetween the _ow and high doses.

F. Clintcal and Pathologic Examinations

Animals were observed twice daily. Body weights were measured
every 2 weeks for the first 12 weeks and nvery month during the
rest of the srudy. Measurement of food and water consumption was
begun during the second year of the study, and was dcne once per
month using 20X of the anicals of each group as a representative

sagple of “he population.

Animals that were ocoribund were kxilled. All animals were necrop-
sied vhether chey died or were killed, except for those lost
through cannibalization or autolysis. The following tissues were
taken at necropsy: mgamnary gland, trachea, lungs and bronchi,
heart, bone marruow, liver, gall bladder (mice) and bile duct,
spleen, pancrcas, kidney, esophagus, thyroid, adrenal, gonads.
brain, sruoach, onasal seotum, ckin, and ctissue masses. Ac 105
weeks fr.a3 che earliest sr.rti:g date, a new necropsy protocol

was ineilituted. This affected the male controls aand high-dose



Table 1. Design of Chronic Studies of l,4-bioxane in Rats

Sex and Initial 1,4-D1ioxane Average Time on Study

Tesr No. ot in Drinking Dose Dosed Obgecved /
Group Animalsad Water (2,v/'v) (mg /kg /day )b (weeks) (vecks)

Matched-Control€ 35 0 0 1 G

Low-l'ose 35 0.5 240(130-38C) 110 0

igh-DoscC 35 1.0 530(290-780) 110 0

Female .
Hatched-Controld 35 0 0 110 6-7 k
Low-Dose 35 0.5 350(200-58C) 110 0-1 i
itigh-bose 35 1.0 640(500~940) 110 0-1

3A1]l animals were 5 wecks of age when placed on study.

bThe mean consumption of dioxane solution per week was determined at intervals during

the sccond year of the bloassay. The average doses were calculated with the use of the
fellowing formula:

mg/ug/day = mcan ml solution consumed/wk x X ‘toxane x density of dioxane x 10
mean kg body' weight x 7

CThese groups wer: placed on study 1 year atier the study began, to replace two orfginai
groups of mzle rats thac died during an air-conditionirg failure.

dUntreaied fomale controls were placed on study S5 weeks later thaa the dosed groups.
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Table 2. Design of Chronic Studies of 1,4-Dioxane in Mice

Sex and
Test
Croue

Matched-Control
Low-Dose
High-Lose
remale
Matched-Control
Low-Duse

ttiph-Dose

Inicial
No. of
Animalgd

50
50

50

50
50

50

1,4-Vioxane
in Driunking

Water (X,v/v)

0.5

1.0

0
0.5

1.0

Average
Dose

gmg[ngddx!b

0
720(530-490)

830(680-1150)

0
380(180-620)

860(450-1560)

Tiwe on Study®

Dosed Obsexved

(weeks) {wceks)

20 2-3
920 1-2
90 1

90 1-2
90 1-2
90 0-1

AMice werce ) wecks of age when placed on study.

bfhe meai consumption ot dlvxane solution per week was determined at intervals during
The average doses were calculated with the use of the

the sccond year of the bloassny.

tollowing furmsla:
mg/kg/day = mcan m' soiution consumed /wk X I dloxanc x density of dioxane x 10

wean kg body weight x 7

Ciroups were placed on study not more than 7 weeks apart.
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groups of rats which were started a year later thaan the originai
groups of rats and mjce. The tissues taken after that cima
included skin, mandibular lyzph node, salivary gland, mammary
gland, bone marrow, thymus, larynx, trachea, lungs ard broachi,
heart, thyroid, parathyroid, esophagus, stomach, dvocenum, colon,
zesenteric lymph node, liver, pancreas, spleen, kiiney, urinary
bladder, adrenal, gouads, nasal cavity, brain, pituitary, spiral
cord, skeleral muscle, sciatic nerve, and tissuc rasses. Tissuas
were preserved in 10% buffered forualin, emvedded in paraffin,
sectioned., and stained with hematoxylin and eosin. All :cissues

were examined microscopically by the pathologist.

A few tissues from some animals were uu” cxamined, particui--ly
from those animals that aied early. Also, some animals were
missing, cannibalized, or judgad to be in such an advanced stat:
of autolysis as to preclude histopathologic evaluation. Thus,
the number of animals from which partfcular organs or tissues
wera examined microscopically varies, and doci not necessarily

r2present the number of animals that were placed on study in each

group.

GC. Data Recorcdlr=~ and Sta:istical Analvses

Pertinent data on this experirent have been recorded in an auto-

matic lata processing zsvstem, the Carcinogenesis Bioassay Data



System (Linhart et al., 1974). The data elsments ir.'.de descrip-
tive {nformation on the chemicals, animals, experimental design,
clinical observacions, survival, body weignt, and individual
pathologic 1esults, as recommended by the International Union
Against Cancer (Berenblum, 1969). Data “ables were generated for

verification of data transcripcion and for scatisiical review.

These data vere acalyzed using *he statirtical techniques
described in this section., Those analyses of the experimental
results that bear ca the possibility of carcinogenicity are

discussed in the statistical narrzcive sections.

Probabilities of survival were estimated by the product-limit
procedure of Kaplan and Meier (1958) and are presented in this
report 1in the form of graphs. Animals wvere statistically
censored as of the time that they died of other than natural
causes or were found to be missing; animals dying from natural
causes were not s-atistically censored. Statisctical analyses for
a possible dose-related effect on survival used the method of Cox
(1972) for testing two groups for equality nad Tarone’s (1975)
extensions of Cox’s methods for testing for a dosa=-r: 'ated crend.
One-tajled P values have beea reported for all tests except the
departure from linearity test, which is caly repor.ed when its

two-tailed P value is less than 0.05.

12
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The incidence of neoplastic or nonneoplasctic lesicas ha; been
8iven as the ratio of the number of animals bearing such lesions
a4t a specific anatomic site (numerator) to the rumber of animals
1n vhich that site is examined (denominacor). Jn most instances,
the denominators included only those animals for which that site
wvas examined histologically. However, when macroscopic examin-
ation was required to detect lestions nrior to histologic sampling
(e.g., skin or mammary tumors), or when lesions could have
appeared at multiple sites (e.g., lymphomas), the denominators

consist uf the anumbers of anizals necropsied.

The purpose of the sta:tistical analyses of turor incidence is to
determine whether animals reuceiving the test chemical daveloped a
significantly higher proportion of tumors than did che control
anizals. As s part of these analyses, the one-tailed Fisher
exact test (Cox, 1970) was used to compara the tumor incidence of
a control group with thac of 31 group of dosed animals at each
dose level. When results for a number of dosed groups (k) are
compared simultaneously wi.h cthose for a control group, 2
correction to cnsure an overall signifticance level of 0.05 may be
made. The Bonferroul inequality (Miller, 1966) requires that the
P -alue for any comparison be less than or equal to 0.05/k. [n

cases where this correction was used, it is dJdiscussed in tie

11



, nacrative section. It is not, however, presented in rhe tables,

where the Flsher exact P values are showr.

The Cochran-Armitage test for linear trend in proportions, with
continuity correction (Armitage, f971). vas also used. Under the
asgumption of a linear trend. this test determines 1f the slope
of the dose-response curve {s diffurent from zero at the one-
tailed 0.05 level of siguificance. Unless othervise noted, the
direction of the significant trend {s a positive dose relation-
ship. This wathod also provides a two-talled test of Jeparture

from linear trend.

A time~adjusted analysis was applied when numerous edrly deaths
resulted frou causes that were not assoclated with the formation
of tumors. In this analysis, deaths that occurred before the
first tumor was observed wvere ¢xcluded by basing the statistical
tests on animals that survived at leasct 52 weeks, unless a tumor
was found at the anatomic site of interest hefor: week 5Z. When
such an early tumoc was found, comparisons were hused exclusively
on animals that survived at least as long as the animal in which
the first tumor was found. Once this reduced set of data was
obtained, the standard procedures for analyses of the inuidence

of tumors (Fisher exact tests, Cochran-Armitage tests, etc.) were

followed.

o
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When appropriate, life-table methods wera used to analvze the
incideace of tumors. Curves of the proportions surviving without
an observed tumor were compute’d as in Saffiocti et al. (1972).
The week durfng which an animal died naturaliy or was sacrificed
wvas entered as the tiz: point of tumor observation. Cox’s
oDethdds of comparing these curves were used for two groups;
Tarone’s extension to testing for linear treud was used for three
aroups. The statistical tests for the incidence of tumors which
used life-table rethode wvere one-tailed and, unless othervise
noted, in the direction of a positive dose r.lationship. Signifi-
cant departures from linearity (P < 0.05, twr=tailed teat) were

also noted.

The approximate 95 percent confidence interval for the relacive
risk ot each dosed group compared with its control was calculated
from “he exact interval on the cdds ratio (Cart, 1971). The
relactive risk is defined as p,/p. where p. 1is the true binomial
probability of the incidence of a specific type of tumor in a
dosed group of animals and p. is the true probabi’ ity of the
spontaneous incidence of the same type of tumor la a control
group. The hypothesis of equality between the true proporcion of
a specific tiwor in a dosed group and the proportion in a control

group corresponds to a relative risk of unity., Values in cxcess

13



of unity represent the condition of a larger propor:iun in the

dosed group than in the contrrol.

The lover and upper limits of the confidence interval of the
relative risk have been included in the tables of statistical
analyses. The interpretation o>f the limits is that in approxi-
mately 952 of a large number of idencical exjeriments, the true
ratio of the risk in a dosed group of animals to that tn a
control group weuld be within the interval calculrted froam thas
experiment. When the lower limit of the ccafidence interval {s
greater than one, it can ba inferred that a statistically signifi-
cant result (P < 0.025 one-tailed test when tne control incidence
is not zero, P < 0,050 when the control incidence is zero) has
occurred. When the lower limit is less than unity, but the upper
limit 13 greater than wunity, the lower 1limit indicates the
absence cf a significant result while the upper limit indicates
that there 1is a theorerical possibility of the induction of
turcrs by the test cheaical, which could rnot be det:ctei under

the conditions of this test,

14
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III. RESULTS - RATS

A. Body Weights and Clinical Signs (Rars)

Mean body weights of the low-dosc males were higher than those of
the matched coatrols, particularly during the second year of the
bioassay, while those of the low-dose females were comparable
througnout the test period (f{igure 1). The wveights of the high-
dose animals of bcth sexes were luwer than those of the cortrols,
particularly duvring the second year of the bioassay. Fluctustion
in the grcwth curve may be due to mortality; as the size of a
group diminishes, the wmean body weight may be subject to
variation. No clinical signs other than those of altered body

weights were reported.

B. Survival (Rats)

The Kaplan and Meier curves costimating the probabilities of
survival for male and Llcmale rats admirnistered dioxane in che
drinking water At the doses of this bionassay, together Jith those

of the matched controls, are shown in figure 2.

Tn each sex, the Tarone tost result for positive dose-related
trend in mortalicy is significant (¢ < 0.001). Departures froo
linear trend are observed (P = 0.0l0 in males, P = 0.030 irn

females), due to the relatively siLecp decrease im survival

15
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observed in cthe dosed groups. In male rats, 33/35 (94Z) of the
higu-dose group, 26/35 (742) of cthe louw-dose group, and 33/35
(942) of the matched catrols lived at least as long as 52 weeks
on study. In female rats, 29/35 (83X) oi the high-dose group,
30/35 (862) of the low-dose group, and all 35 of the mutched
contruls lived beyond week 52. wificient numbers of rats of
each sex were at risk for development of tumors appearing within

tnis period.

C. Pathology (Rats)

Histopathologic findings on neoplasas in rats are summarized i(n
Appeadix A, tables Al and A2; findirgs on nonneoplastic lesions

are summarized in Appendix C, tables Cl and C2.

Necplasms associated with administration of dioxane occurred in
the nasal cavity (squamous-cell carcinomas, aderocarcinonas, and
rhabdomyomas) in each sex, liver (hcpatncellular adenomas) in

females, and tesris/epididymis (mesothe'iomas) in males.

The incidence of tumors of the nascl cavity was related to the
dioxane to which the rats were exposed. Squamous-cell caccinomas
occurred in 12/33 (36%) low-dose cales, L1634 {47%) iiigh—dose
males, 10/35 (29%) low-dose females., and 8/35 (23%) higu-dose

femaies. The first tumors were observed at week 52 in males and

18



at wveek 66 in females. None vere found in the 33 male controls

and 34 fcomale controls.

Nasal squamous-~cell carcinomas varied morphologically from
ainimel foci of locally invasive squamous—cell proliferation to
advanced growth consisting of extensive columns of epithelial
cells projecting either into free spaces of the rcassl cavity
and/or infiltratiag the submucusa. Although reasonably well
differenc’ated (focrmazivn of <ell nests and cornification), local
invasiveness was commoa and extendud to the retrobulbar tissues
of the eye in 1/1Y high-dose rales, and to the brain ia l/12 low=-
dose males. Discant metastasis to the lung occurred in 1.8 high=-
dose females. Adenocarcinomas (aonkeratinizing) arose from nasal
mucosal cpi:h;lim in 2/34 (92) high-dose males, 1/35 (22)
low—dose, and 1/3% (3%Z) high-dose females. They extended
primarily into the free space of the nasal cavity. The neoplasms
were reasonably well differentiated, with varying infiltrations
into the submucosal tissue. Metastasis to the lung occurred in
1/3 high-dose males having these tumors. The single instance of
a benign skeletal muscle tumor (rhabdomyoma) was observed in 1/33

(3%) low=-dose males.

Although hepatocellular hyperplasia (cytomegaly) occurred in both
dosed and contrul groups, hepatoceliular adenomas werc prlmavily

seen in livers of female rats (0/31 [(0Z] cencrols, 10/23 (302)
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low—dose, 11’32 (342] thigh-dose). These neoplastic fozi
consisted of proliferating hepatic cells oriented as conceatric
cords. Ihe foci were sharply dellneated fron i{mmediate normal
parenchyma which yielded tc compression. Hepatic cell size was

variable; mitoses and necrosis were rare.

Hesotholiomas involving the vaginal tunice of che ctestis/
epididymis were apparent in dosed animals more frequently chan in
the control group (2/33 (6Z) high-dowe controls, 4/33 (l122])
lov=dose, and 5/3« (152) high=dose). Microscopically. these
grovwths were characterized as rounded and papillary projecticas

of mesothelial cells, each supported by a core of fibrous tissue.

Although other benign and malignant neoplasms occurred in various
tissues, each tvpe his been encoun:ered previously as a spontan~
eous lestoq in the rat. Moreover, the lacidences of ncoplasas
are not ralated to administration of the test chenical by type,

site, test grcup, NC sex.

Noaneoplastic responses assoclated with exposure to dloxane wvere
observed in the kidney (eubuldr depeneration), liver
(cytomegaly), and sromach (ulceracion). Renal changes were
characterized within the proximal cortical tubular epithelium by
marked vacuolar degeneration and/or £fncal tubular epithelial

regeneration. Hyaline casts vere seen on occasion. Castric
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ulceration of the stomach was observed in 5/28 (182) low=dose,
5/30 (172) high-dose, ard no control wmales. Females were

affected negligibly.

Dosed rats had higher incidences of pneumonia than the controls
(8/30 (272) coatrols, 15/31 [45Y] low-dose, and 14/33 ([42%) high=
dose males; 6/30 [202] control, 5/34 (15%] low-dose, and 25/32
(78Z] high-dose females), and the duvelopment of nasal carcinomas

may have been a contributing factor.

A variety of other noaneoplastic lesiors were represented among
both control and dosz:d animals. Such lesions have been
encounterec previuvsly and are considered spontaneocus events not

unlike those commonly observed in aging racs.

Based on the histopathologic examination, dioxansz was
carclnogenic, producing squawous-cell caccinumas of the nasal

cavity in male and female OUsborne-Mendel rats exposed to the

chemical in drinking water.

D. tactistical Analyses of Results (Rats)

Tables El and E2 in appendix E contain the stacistical analyses
of the incideaces of those primary tusocs that occurred in at
least two animals in one grcup and with an incidence of at leasc

SZ .n one or more than one groupe. The sctalistical analyses 1in
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the male rats consist only of Fisher exact tests, comparing
incidences in the high-dose with those in the control aroups.
These groups wvere tested coacurrencly; the low-dose group,
hovever, was started a year earlier without appropriate controls.
Although che incidences of tumors in the low-dose group of male
Tats wvere no: used for statistical analysis, they are¢ shown in

table El.

Squacous=cell carcinomas of the nasal turbinate occurrad in a
significancly (P < 0.001) higher propcrtion 1in che high-dosas
group of male rats than in the coatrol group. wh—u.e no tests
were madc using the pruportiov of 12/33 (361) seen in the low-
dose group, thir proportion approaches the 16/34 (472) seen ‘n
the high-dose group. In fewmales, the Cocnran-Armitage test 1is
sige!ficane (2 = 0.008). An indicated departure from lincar
trend is observed (P = 0.039), because the proportior in the
low=dose group {s slightly greater than that in the high=dose
group. The Fisher exact test shows that the inciderces in both
the dosed groups are signific.nacly higher (P < 0.003) than th.t
in the matched controls. The statistical conclusion is that this
tumnr in both sexes c¢f rats is associated with the administration

of the test chemical.

In femzle rats, the Cochran-Armitage test result for the

in:idence of hepatocellular adcnomas is signiffcant (P = 0.001),
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and cha Fishsr exact test shows that the incidences in both the
low- and high-dose groups are significantly higher (P < 0.001)
than that in the matched controls. The statistical conclusion ls
thar the incidence of this tumor in the fcmale rats is associated
with administration of the test cheaical. The stacistical tesc

results cn the incidenzes of this tumor in wmsle rats ace not

significant.

Significaul <esults in the negative direction are observed in the

incidence of C=cell adenomas in remale rats.

The statistical conclusion {s that the !incidence of squarous-cell
carcinomas of the nasal cturbinate in both sexes of rats and the
incidence of Thepatocellular adenomas in fermale rats are

asnocisted with the adminiscracion of dioxane.
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IVe LRESULIS - MICE

A. Body Weights and Clinical Signs (Mice)

Mean body weights of male aice at the lov=dose vere comparabls to
those of the matched controls, while at the high-dose, the mean

body weights were .u&u, elevated (figuze 13). " Masn body

A b

veights of low-dose female mice wvure higher than ‘tkose of t;;
coantrols, and body weights of the highr-dose animals vare iwcr. )
Fluctuation in the groxth curve say be due to mortality; as :hc.
size of a group diminishes, the msan body weight may bea subject

to \{atut;on. No clinical signs other than those of altered body .

weights were reported.

3. Sucvival (Mice)

The Kaplan and Meicr curves vstimaciang the probabilities of
survival for male and feoale sice administered dioxane in the
drinking wvater at the doses of this bioassay, together vith thosae

of the matched contrcls, are shuun in flgure 4.

1n male nice, the Tarone cust resulct for positive dose-rela.ed
trend in sorcality is noc significant, with at lecast 902 of the
anmh in each group (45/50 {90Z] ia the high-dose group, 4&/50
(9211‘: ~:£‘ the low-dose group, and 48/50 [(96%] 1in zhe <(oatrol

group) sctill alive at week 9l. In fewales, the Tarone zest

Preceding page biank 2
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Ng-}t is significant (P < 0.001), wich 28/50 (562) of tha

high=dose 8C-up, 39/50 (78%) of the low=dose group, and 45/50
(90Z) of the matched controls still slive ac week 91. Sufficient
ausbers of mice of esch sex wore ot risk for davelopment of late-

appearing tumors.

C. Eathology (Mice)

Histopathologic findings on neuplasms in mice sre summarized in
Appendix B, tables Bl and B2; fin‘ings on nonneoplastic lesiomns '

ate summarized in Appendix D, tabl:s Dl and D2,

The incidences of neoplasms observed in the liver sre tabulated

[

below: R

Ty

¥

¢
-

MICE '
Malg Female

Untreated Low uf;; Untreated Low - High

Congrel Dose  Dose  Concrol Dogm  Dose

No. of tissues
exanined
microsccpically (49) (50) (Y)) (50) (48) (37)

Liver

Hepatocellular
carcinoma 2(42) 18(362) 24(51z) 0 12(25%) 29(782)

Hepatocellular

adenorma or
carcinoms 8(162) 19(¢382) 28(402) Q 21(442) 35(95X)

e

%grépcgplalztc hepdtic paronchymal rells vorc'lrtagular in size

:fg'
%f"gt]n"ﬂnt. Cells were often hypertrophic with hyper-
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chto?!u‘ suslei.: Despite cxtensive proliferation, the incer-
lacing cords of hepatic cells seldoa revealed mitos:s. Although

locally iuvasive withia the lives, mstastasis tu rhe lung vaus

rarely observed (}(SO ({22] low=dose males).

S — L - Pkt -

infileration was not extensive. Nisal mucosal polyps tnr; r
(1748 (22] low=-dose females and 1/49 (2%] high~dose males)e The
pelyps vere dirived from micus-secreting epithelius and wvare sot’

otherwise resarkable.

A variety of other beaign and wmsiignant neoplasms occurred]
however, each type has “een ¢ncountervd previcusly as 3 o;nm-
evus lesion in the B6LJIFl couse. Ic is apparcut that the
incidenczes of thasa ncoplasas are unrelated by type, site, group,
or sax of animal, asnd hence, are uaattributable to exposure to

the chenical,

0f the nonnecplastic lesions repcesented among both control and

dcsed  animals, the increasud tacidence  of pneyvonia
e < N A

¥ ;to;)~* and chinitis (acute in{lacomacion, acute

sl
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1/49 (22) control, 9/50 (182) low=dose, snd 17/47 (36%) hish—cose

sales; 2/50 (42) contro , 33/47 (702) low=dose, and 32,36 (892}

— .

_— 4

howaver, and are cousidered Cto Dde

observed in agiang aice.

Based oa the histopathologic examinstiom,

female B6CIF] uics exposed to the chexical in drinking vaters

De. a cicsl Aaslysas of

Tables F) and F4 in Appendix F countain the statistical analyses
of the incidences of those primucy "umors that occurred in at
least twvo animals in ore group and wvith an incidence of at least

$X in one or more than one grour.

18 each sax, the resilt Jf :ihe Cochran-rrmitage tesr fo: positive
Mnlu«l trend in ncoportivas for the incidence of the
anttmals wvith either hepatocellular adenomas or carcinomas is
signiftcant (P < 0.001) anl the 7Fisher exact test shovs that Liw

incidences in any of the dosed groups a«re significancly higher

10’
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(P < 0.014) than thosa in the matched controls. The statistical

cmluiou is that Eh._iuidcu« of this tumor i male anil femsale

the matched controls indicates a ptobobu.uy lcvnl o! 0.]

vhich 1is above the 0.025 level required by the lon!ﬂ‘iﬁt
inequality criterion vhen & mltivle comparison is mﬁﬁd
In females, the statistical test results have probabilily }ﬁﬁll

greater than 0.085.

The result of the Cochran~Armitage test on tha combined
incidencas of homangiowas and hesangiosarcomas in mile mice {8
significant (P = 0.C47). The Fisher eaxact test shows that the
incidence in the low~dose grnup is significancly higher (P =
0.014) than that 1in the mstched coatrols. Neither cthe Fisher
exact test raesults using the high-dose amales nor the results

using the female groups are significaat.

'... . .;v,' i
( s i

ﬁmtts&u trend in the negactive direction is ohserved i{a the
WJM. of e#nimals wvith alveolar/brinchiolar adencamas or
carcinomas of the lung in =sle umice, vhere the incidence ia the

matchad contzols uxceeds the incidences in the dosed groups. The

i



probable resson for this negstive trend is that the dosed animals

d1d not live as long as the control saimals, thus suppressing the

32
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In this biocassay, the total doses received by the "lov=" und

J‘m"ﬂl." ‘groups u bo:h rats aad mice do not reflect the
] magw in tha driskiag

- ﬁ.‘- ) —

%-m

thctc wvere vide fluctuations in intske at different time periods

vichin the groups. The mean body weights of the rats and aice
vere not concistently affected by the administration of dioxana.

Ractes of survival of the dosed groups of msle and female rats

¢
g
€
F

vere lowver than those of the corresponding controls, bdut
sufficient numbers of rats were at risk beyond week 52 on study
for developaent of tumors appearing within this period. Thers
vas a positive dose-related trend in wortality in the female but
not in the ma.e mice. Aithough only 56X of the high-dose female
mice survived until the and of the bioassay, sufficient numbers

of both male and female mice were at risk for development of

late-sppearing tumors.

la rats, the incidence of squemous—cell carcinomas of the nasal
turbiostes was statistically significant ‘n tests both for dose-
relaced 'trcnd in females (P = 0.008) and for direct comparison of
high-dose vith control males (F < 0.001) and direct comparison of

dosed wvith control females (P < 0.003) (males: comntrols 0/33,
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low-dose 12,33, high-dose 15/34; females: controls 0/34, low-dose
10/35, high-doss 8/35). These carcinomas commonly invaded local
tissues and extended to the retrobulbar tissues of the eye in one
male and to the braic 1in another male. In addition,
adenocarcinomas (nonkeratinizing) a:ose from the nasal mucosal
epithelium in three high-dose males and in one low-dose and one
high-dose female. In the female, but not in the mile rars, the
incidence of hepatocellular adenomas also was significant (P <
0.001) in tests for dose-related trend and for direct comparison
of both low~ and high-dose groups with controls (controls 90/31,

low~dose 10/33, high-dose 11/32).

In both male and female mice, the incidence of hepatocellular
carcinomas was statistically significant (P < 0.001) in tests for
both dose-related trend and direct comparison of both low~ and
high-dose groups with controls (males: controls 2/49, low-dose
18/50, high-dose 24/47; female: controls 0/>0, low-dose 12/48,
high-dose 29/37). The incidences remained significant when
hepatocellular adenomas were <combined with hepatocellular
carcinomas. Hezzugiomas or hemangiosarcomas occurred {n s8ix
low=dose and three high-dose male mice but in no controls. The
{acidence in the low-dose group was significantly higher than in

controls. Since neither the dose-related trend nor the incidence
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in the high-dose group 1s significant, the tumors are not

considered to be related to adainiscraction of the chemical.

Several {uvestigators have reported induction of carcinomas in
animals by dioxane. Argus et al. (1965) reported that dioxane
8iven to male Wistar rats in drinking water at a concentration of
1Z vas a bepatocarcinogen; 7/26 rats developed liver tumors at
days 448-455. Hoch=Ligeti et al. (1970) and Argus et al. (1973)
reported that administration of the compound to 120 male rats
(Charles River random 5red, Sprague-Dawley desccndanc, 1950) at
coucectrations of 0.757 to 1.82 in the driuking water for 13
months led to the developmert of both hepatocellular carcinumas
and carcinomas c¢f the nasal cavity. Kociba et al. (1974)
maintained Sherman strain sale and female rats on drinking water
containing 0, 1.0, 0.1, or 0,01X dioxane for up to 716 days;
hepatocellular carcinomzs developed in 10/66 rats at the 12X
level, 1/100 rats at the 0.1Z level, 0,110 rats at cthe 0.012
level, and 1/106 control rats. Nasal carcincuas occurred in 3/&6
rats at the 1% level and in none &7 any other level. The high
dose used In the present biocassay 'mould be cnmparable to the 12X
level used 1in Kociba’s experiment, and nasal carcilaomas and
hepatocellular carcinomas were found in both testsi. A relatively
high concentration of peroxide (0.1(9X) was found several months

after completiou of tae biocassay in one 7f the lots of cioxane
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used for the present study. It is not knoom whether peroxide was
Pfesent in the Jdioxane during the study. However, dioxane
containing no detectable reroxide has produced similar lesions to
those seen in this study in rats (Argus et al., 1973), so it is
unlikely that the lesions 1in the current study were due to
peroxide. Torkelson et al. (1974) conducted a 2-year inhalation
study in rats with dioxane, using 111 ppm S days per week for 7
hours per day. Under these conditions, no lesions related to
administrarion of the dioxane wvere observed. Thus, carcinomas of
the nasal cavity cf rats wvere observed in both the present study
and 13 previously reported studies. The hepatoceliular
carcinomas previously reported in rats were not found i{in the
preseat study in rats, bur they did occur in both sexes of mice,

and hepatoceilular adenomas were found Ir the female rats.

It is concluded cthat under the conditions of this bloassay,
l,4=-djioxane induced hnpatocellular adenomas in feomale Csbcine-
Mendel rats. 1,4-Dioxane was carcinogenic in both saxes of rats,
producing squamous-<ell carcinomas of the aaszl cturbinates, and

to Dboth sexes of 36C3Fl wmice, precducing hepatocelluler

car~inomas.
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SUMMARY UF THE INCIDENCE OF NCUPLASMS
IN RATS AUMINISTERED 1,4=DILXANE

IN THE DRINKING WATER
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TABLE A1,
SUMMARY OF THE INCIOENCE OF NEOPLASMS IN MALE RATS
ADMINISTERED 1,4-DICXANE IN THE DRINYING WATER
MATCHED
CONTROL LOW DOSE MIGM DQST

BTAALS TIITTILLY T ruee . .,;-----..---.---;;.----....-----.);------.-

APIRALS MECROPSIED k§) b3} Js

ABIBALS EXAAIBED AISTOPATHOLCGICALLY 33 32 33

ISTEGURZNTARY SYSTES

*SK1s (231} (33) (1))
S¢UAROUS CILL CARCINONA, IBVASIV 1 (3%
SUUARGJS CELL CARCINOMA, NETAST) 2 (6%)
risaona 1 {1%)

*SUBCUT TISSOL (3N 2} (3%)
rippoaa ) (%) 1 (3Y) 1 (%)
FIB2OSARCCHA 1 (28)
LIpPOnA 1 (%)

BESPIaATORY STSTIPM

*NASAL TURBLUATE 33) (53 )] (3%
S.JABQUS CELL CARCIZOMA 12 (36%) 16 (87%)
ALZJOCARCIACAA, NOS ) (9%
RHABDORYGERA v %)

PLON: (30) (m $3))
3,0LPQ0S CRLL CARCINOMA, AZTASTA 1 (3%}
TaANSITIONAL-CILL CASCIBONA, AET 1 (3%)

ADESOCARCI2ORA, ¥OS, ALIASTATIC 1 (3%)
ALVROLAB/BICXCHIOLAR ADENOAA 1 (%)
ALVEQLAR/ESCACHIOLAR CABCINORA 1 ()

AEBATUPOIETIC SYSTEAR

SROLIIPLE ORGAYS 3y (33) (e
MALIGKANT LYSPHOSA, NOS 1 (3%)

sSPLEES (3 (3 (Im
SARCORA, NCS 1 (3%) .

eeelbBA?;2022 -— 1an_

¢ NURSER OPF ANINALS ¥ITH2 TISSIE EXAI,Z0 nICFOSCOPICALLY
e NUMSER OF ANIYALS NECIOPSIKD

Preceding page blank
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TABLE Al. MALE RATS: NEQPLASMS (CONTINUED)

o en cnccncemevcen
e . D e B T B P RO E G O . CE . e PP T P e m e Ct e R E t G es SRR e@ e esEwe
-

MATCHED
CONTROL LOW DOSE r..GH DOSE

NANJIBULAR L., ¥ODE (22) (1%)
S.0ABOUS CELL CARCINOMA, AZTASTA 1 (71%)
AZENOCARCINOEA, NOS, 3IEIASTATIC 1 07%)

CIRCULATCXY SYSTEA

108

CIGESTIVE SYStiA

sLIVER o 32) 3y
HaPATOCELLULAZ JDEZvORA 2 (6%) 1 (3%) 1 (5%)
H4PATUCELLULAR CAR:INOB) 1 (3%)
SEBANGICSASCCHA 1IN

URIBARY SYSTEN

SRIDMNEY (31 (1} (B ]
LiPOSARCOBA 1 Q% 1 (%) v (iy)
MABARTCAA v (.%)

¢KICHZY/CORTEX () 3 3y
ADE¥ONA, %05 1 (3%)

SCRINARY BLACCES (28 (2) 2n
TIANSITIONAL=-CELL CAFCINOEA 1 (30%)

ESDOCAINE SYSTIA

IPITULTARY (16) () (%)
ALENONA, 3CS 2 (1Y) LN RA))
Cu3NHOPHCEE ADZXOAA 1 (5%)

SADRLNAL (30) (29) 3
CURTICAL ADEZBOAA A 1 (%)
PEEOCHAORCCYICIA 6 (2C%) 2 (6%)

SADRLNAL CORTIX (30) (23) an
ADZSOCAPCIKCEA, ¥OS 1 (uf)

¢THYAOILD (29) an (:9

o ZOLLISULAR=SLou ARENQBA a2 MIFL e —————— et s

§ NLMOZR OF ANIALS WITH® TISSIE EYARINED AICROSCORPICALLY
® NUScER OF ANJALS NECROPSIED
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TABLE Al. MALE RATS: NEQPLASMS (CONTINUED)

meeccosancn e same
-
e R S m rE G cam s c e s E N e raaes  C P P T N ORI P P RS P PP PO P ERDe = vww e

MATCHED

e mm e e oo CONTROL LOW DOSE HIGH DCSE
PULLICULAR-CELL CARCIMOSL v ooy T
C-C2LL ACticCAa 3 (1Y) 1 (6%)
CTSTADENOAA, 5OS 1 (6%) 1 (3%)

9THYROID POLLICLE 29 1 n
CISTADENCEA, B3S 29 ¢ ? (6%) on

SPARATHIRNOIL (2%) (s) (29)
ADEZBORA, ¥OS 2 (8%)

SPANCREATIC ISLETS (2e) (12) (29)
ISLET-CELL ADENOJ) 1 (ag) 1 (s%)

RZPROOOCTIVE SYSTLA

SHANEARY GLAND (33 (33 (L}
ADEBBOCARCINOAA, KOS 1 (%)
PLBROADE¥CAA 2 (63)

IPROLTIATY (29) (2) 31
AJESOCARCINGARA, 30S 1 (3%)

STESTIS (3 2y 3
INTERSTITIAL-C2LL T0HOB 1 (W)

STNNICA ALBUGINEA (32) (20 3
ALSOTHELICRA, ¥0S 3 (13%) 2 (6%)

NZRTOUS SYSTLN

STRALS (an 29) 32
SGGAROUS CELL CARCINOBA, BETASTA T (%)
ADENOCARCINCAA, ¥OS, AETASTATIC 1 (%)
GLIOAA, ECS 2 (6%)

SPECIAL STUSE OBGABS

opy?® (53} 3 (34
A.ZHOCAGRCINONA, BOS, BETASTATIC 1 (%)

PP I PR g ittt el e R R LR L L L Ll bt ek A St

RUSCOLCSKELBTAL STYSTIN

—BA% - -

$ JUS3EZE JP ANIAALS WIPN TICIIE EYAAIBED BICROSCOPICALLY

e NUABER OF ANIBALS NECROFILIPD



TABLE Al. MALE RATS: NEOPLASMS (CONTINUED)

ecoeccececcsrssnacsvana - c PSS tccwmensvsscsacevanasscse
- - - -
g ceecacasn - bedetidpuibnd

MATCHED
CONTROL LOW DCSE HIGH DOSE
POOY CAVITiYZS
STUNLICA VAGIDALIS (13) (2 (31))
RLSOTHELIOAA, §0S ? (6%) . (12%) 5 (15%)
ALL OTHER STSTIAS
ADIPOSE TISSUR
Liposa 1 1 1
ARIRAL DISPCSITICY SURRARY
ABIAATS IBITIALLY I¥ STOOY 1 3s 11
NATURAL DIATH 20 n 26
HOBIBUNL SACRIPICE s

SCHEDOLRU SACalrICE

ACCIDENTALLY KILLED 2
TERAIRAL SACRIPICE 13 2 [}
ANIBAL RISSING
& INCLUDES ALICLIZED ANIBALS
TUR0R STBRART
TOTAL ANIGALS VITY PRIAARY TUAOASSe 20 18 27
TOTAL PRIAARY TUAORS 32 36 &3
TOTAL AN1NALS VITHN BENIGN TURORS 17 8 7
TOTAL BEBIGN TUTORS 23 12 "
TOTAL AWIBALS WITH RALIGNAST TIRORS . 15 )
TUTAL SALIGNANT TUAONRS s 17 5
TOTAL ABIMALS VITH SECONDARY /UMORSS 3 S
TOTAL SECOuDARY THUAORS L} [
TOTAL ARIBALS UITK TUSORS UNCERTAIN-
BEBIGE OR milIzwAN? N 2 L} b
TOTAL OSCERTAIN TURORS P4 ? 7

POTIL ANIAALS ¥LiTN TOROSS UNCIETAIR-
PRIBARY OF HAETASTATIC
TOTAL ONCERTALE TUROBS

o PRIBAAY TUBORS: ALL TUAORS LXCEZPT SECONUAPY 198085
¢ SZCONDARY TURORS: AETASTATIC (URORS OB T1JaUKS INVASITFL INTO AN AD.JACLNT QRGAN

P e T DR D R Dt el e Sttt hdbdndddeditad ittt
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TABLE A2,

SUMMARY OF THE INCIDENCE UF NEOPLASMS IN FEMALE RATS
ADMINISTERED 1,4-DIOXANE IN THE DRINXING WATER

cocececese -
e e B P L B P & P N & AN C R G DT DT & “ S Eww eSS =S B D B B ™ s P ==

MATCHED

CONTROL LOW DOSE HIGH DOSE
ANIBALS INITTIALLY IN S.0OCY 3 - J; - J; )
ANISALS NECHCPSIEZD e k1 s
ABIBALS EXABRINED HISTOPATHOLOGICALLY 31 1} 32

coccea
- i dd i bl L L R R L L T L L T e R S e T

INTRGUBENTARY SYSTEN

*SKIN (3+) (3%) (3%
rissona 1 (%) v (3%

*SUBCUT TiSSUE (33) 3% 3%
PISRCAA 1 )%) 7 (6%) 2 (6%)
PIBROSARCCHA 1 3%y

B N N T BB E G S o T B O S N e T an e D RS e P A . R P e R CTE N PEPTET TR e SEe® e e

BE;PIRATORY SYSTEN

SNASAL TOR3IINATE 31} A1 (29
SyUARODS CELL CAZCINISA 10 (29%) & (23%)
AUZNOCARCINONA, NOS t (3%) 1 (%)

%' (30) (3¢} 122)

SUUAROUS CILL CARCINOMA, AETASTA 1 %)

HERATVPOIETIC SYSTEN

¢SPL:EN 130) 13a) (J2)
HEBANGIONA 2 (6%)

IAZSLETERIC L. NODE (&S} (S (S
HALIGMANT LYIFHOMA, NCS 1 (20%)

CIECYLATORY SYSTER

SHESENTZRIC ARTEHY (3e) 139 (%)
HeAAUGLIOAA 1 (I%)

DIGESTIVE SYSTE

eLIVLR (3N (33 (32)
e ADENOGAPCINCIAL 3OS ST IO

ZYARINED NICROSCOPICALLY

—-—— — -—

3 NLAQER OF AM.BALS W4ITH TISSU!
¢ NJPOER OF ARIAALS NETAOPSILED
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TABLE A2, FEMALE RATS: NEOPLASMS (CONTINUED)
MATCHED
CONTROL LOW DOSE HIGH DOSE
MEPATOCELLOLAG ADENOHMA “-“"“““““““"““1“-";““"”."“.:-"
HABANIIUSABCONA 9 (309 ': ((3‘:)‘)
*BILE DUCT I 3s 35
8ILE DUCT aDEZnORN Q% (3% ¢ 1) (3%)
ORINALY SYSTER
(1¢8.1'3 34 (30 (Is) (8 Py
PLIBROSARCORA, REZTASTATIC 1IN
PIBROADENCAA 1 (I%)
MASARTCHA 1 (3%) 1 (3%)
ORIDSEY/COTEX 3y (39 12
ADENONA, uOS 1 (%)
EN0OCaINE SYSTER
OPITUITARY (8) (2 (2)
ADENONA, ¥OS 1 (33¢)
CHROROPHOSE ADENOAA & (22%)
0ADRLNAL (30) (32) (29
CORTICAL MDENCHA 1 Q%) 1 (%)
PHEUCIRONOCYTOAA 1 {3%)
THYROID (28) (20) s
C-CELL ADERCHA 8 (18
CYSTADENOAA, ¥OS 1 (6%)
$THYROID POLLICLE (28) (20) (9
CISTADEBCZA, NOS 2 (%) 1 (5%)
SPANCREATIC ISLETS 29 (AL} (16
ISLET-CZLL ADENORA 1 (3% )
REFRODUCTIVE SYSTEA
CRANBARY GLANC 39) %) (23
ALENIRA, NOS 3 (9%) 3 ALY
\DENOCARCINOAR, NOS 10
CYSTADENORA, NOS . . 1 1%)
z18R08A S

o NUABER OP ANIMALS VITH TISSUE EXAALNED MICROSCOPICALLY
e JIASER OP ANIAALS WECROPSIED
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TABLE A2 FEMALE RATS: NEOPLASMS (CONTINUED)

MA iCHED
CONTROL LOW DOSE HIGH DOSE
PIBROADENCAA 13 (30%) 16 (w68) 10 (293)

SUTZAUS (30) (38) (29)

ADENOCARCINGHA, NOS, INVASIVE 1 {3%)

PAPILLARY CYSTADEZNONA, ¥OS 1 138%)

PAPILLABY CYSTADENOCAACINOAA,NOS LEE YY)
risaona 1 (%)

OvARY (26, 29 (22
CISTADENCHA, BOS 1 (%%)
TMECONA 1 (e%)

HEBASGIONA 2 (9%)

BERVOUS SYSTIE

SPRONTAL LOBL 31 (&3} (20
ADERICARCINGHA, BOS, BRZTASTATIC 1 (a8)

SPECIAL SZESE CRGANS

SUARDERIAN GLAND (3s) (3%) %)
ADENOCARCINCAA, ¥OS, INVASIVE 1 (3%)

BOSCULOSKELETAL SYSTSH

BONE

BODY CAVITIES

SABDOAINAL tALL (s L} (3%) (3%)
PIBROSARCIAA 1 (3%)

ALL OTHER SYSTEAS

SITE OREUNVE
—Sni2nS_SELL_CARCINONAY -

¢ rINBSR OP ANINALS SITR TISSUE EXAMIMED MiCROSTOPICALLI
e BUABER OF ANIRALS MNECROPSIED
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TABLE A2 FEMALE RATS: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
ASIBAL DISPOSITION SOREARY
AWIBALS IBITIALLY I¥ STUDY )8 k1) )5
BATURAL  DEATHD 1 29 N
AURIBOUNE SACRIPICE 2 1

SCHEDULIC SACRIPICE

ACCIDEBTALLY KiLLED

TERBINAL SACRIFICE A ) 3
ABIBAL AISSING

d INCLUDES ADICLYZEID ANIMALS

Ll b D RIS LR LR L R Ll Y Y R R L L TP PP PR YT L L 2L Al el el g

U303 sSouaaARy

TOTAL ABLEALS VITH PRIEARY TURORS® 22 29 21
TOTAL PRIAARY TUROSS s Sa ()
TOTAL ASIMALS JTITR BENIGE TUAORS 20 22 18
TOTAL BENIGE TUAOQRS N [ P n
TOTAL ANINALS WITH MALIGNANT TUHORS J) 12 12
TOTAL AALIGEAST TUNORS ] 12 n
TOTAL ANIRALS VITH SECONDARY TUHORSS 3 2
TOTAL SEZCONDARY TUBORS. ] 2

TOTAL ANIAALS WITH TUAQRS UNCERTAIN-
BENIGN OR AALIGEANT
TOTAL ONCERTAIN TPMACRS

TOTAL ANINALS VITH TUROR3 UNCERTALN-
PRIAARY OR HETASTATIC
TCTAL UNCEETALS TOURORS

e PRINARY TUMORS: ALL TURORS 2XCEZPT SIZCOWDARY TUAORS
¢ SECONDARY TUMORS: YETASTATIC TUMORS OR TURORS LMVASI/E INTO AN ADJACENT OBGAD

PR bttt D Al Ll R b de bbb detnded ittt
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APPENDIX B

- SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN MECE ADMINISTERED 1,4=DIOXANE

IN THL DRINKINC WATER
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TABLE B1.
SUMMARY OF THE INCIDENCE OF NEDPLASMS IN MALE MICE
ADMINISTERED 1,4-010XANE IN THE DRINKiNG WATER
MATCHED
CONTROL LOW DOSE HIGH DOSE
ANIAALS INITIALLY 1N STUDY so" “““-"“;;-""—-“"“.3;.“"“
ANIRALS NECROPSIED 89 50 49
ABIBALS BXIABINED HISTOPATHOLOSICALLY 49 50 .9
ISTEGUARSTARY SYSTER
*SKIN (v9) (50) (89)
PAR1ILLOMA, NOS 1 (2%)
HERANGIOSABCOAA v (2%)
eSUBNCUT TLISSOZ (e9) (30) (a9
SLBACZOUS ADENOHA 1 (2%)
71BROSARCCHA s (8%)
LalORYOSASCORA 1 (2%)
PESPINATORY SYSTIN
*WASAL TURBINATE (89) (50) («9
AvENOCARCINCAA, %OS 1 (2%
1LU%G (89) LLH %)
H4PATOCEILULAR CARCIROMA, METAST 1 (2%
ALVEOLAR/BPONCHIOLAR ADENCHA 8 (16%) 3 (A%) 2 (a%x)
ALVEOLAR,237 xCHIOLAR SARCINOAA 1 12%)
ELBATUPOLIEZTZC STSTEM
*RJLIIPLE ORGANS (e9, 30) («9)
BALISHANT LYAPHORA, NOS 2 (%) v (2%)
SSPLALD (s8) (a9) ()
HESANGIONA 2 (%) 2 (S5%)
1.EANGIOSARCCAA 2 (%)
MLIANSIOSAPCCHA, RETASTATIC 1 (2%)
SALIGNANT LYAPHOMA, NOS 1 (6% 1 o(2%)
MAST-CLLL SARCONA, AETASTATIC 1 (I0)
SPANCARPATIC L.NOOE (v (2) (R}
e HEDANGIDEARCCHAL BETASTATIC : ———d 13780

8 NJRSZR UP ANIPALS 41TM TISSUE EZXAMNLNEZD JIICRUSCOPICALLY
¢ NUADBZS OF ANINALS NECROPS.LED

Preceding page blank o
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TABLE 81. MALS %!CE: NCOPLASMS (CONTINUED)

MATCHED
CONTROY. LOw DOSE ~1GH DOSE

"t ewmme.s seccsvaacrane -—
el L Y D L L L L L T T rpup ey D L R ]

iLIVaR 3] 0 (3™
RaST-CrLL SAICOMA, NETASTATIC 3 ¢ |) (2%) v

#STOSACH 99 (1] .
SAST-CEZLL SAPCOTA @ ¢ \' (2%) (7

(18481744 %9 %0) s
BAST-CELL SARCOMA. RETICTATIC o ( 1 (2%) e

—ww-ee -
- O R T E ARAnAEm:: © CACECT ARG S ~TEBT FTE B PR E ®® BT TR RS S E DS D W B WA D S DD " N - - —

CIBCULATORY SYSTER

[ A1 ¥

hetadedededededednd i Staiabd bl L R L I L e L LT PRSP P P T R P S D L L 2 3

CIGESTIVE SYSTEN

sLIYER (89) (50) an
HEPATOCLZLLULAR ADENOAA € (12%) 1 (2%) s (9%)
HEPATOCELLULAR SARCINOAA 2 (4%) 18 (J6%) 28 (51%)

®pILla DUCT (49) (50) (v
BILZ DUCT CARCINORMA 1 (2%)

SPANCREZAS 2 (gLi} [# A ]
HeMANGIOAA 2 (5%

* 3TOAACH (¢9) L49) )
SyUAROIS CELL PAPILLONA 1 (2%
S,5A4JUS CILL CARCINONA 1 (2%)

P U T T T R T T Y L e e L L L DY P PR T P LR L L L et b 2 L el BT

CkIBASY STSTEA

L] ¥

- > D D T D e o D A S P L T O R D G W D D W D W W P e W +- W W 8 e > e

£3COCaZve SYSTEN

STATLOLD 39 (81 )] ©39)
PAPILLARY CYSTADENOBA, NOS T %)

REPRODUCTIYE SYSTER

®2KEPUTIAL GLAND (e 9) (50; (a9)
—SEEASIQUS_AREYONA — 1 (28

# SUMGER CP ANIAALS WITH TISSUE EYAAINED BICROSCOPICALLY
* NCTHLEZE TP ANINALS NECR0E3410
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TABLF B1. MALE MICE: NEOPLASNS (CONTINUED)

bttt et e L L L R,

T G R E PP R . AT S A R PN AT P eSS AL, SRS E e R ®
- -

MATCHED .
CONTROL LOW OOSE HIGH DOSE

cesecoevecvsvvanen - -— -—
et eesocvsesscacceacsss comsan L b coemcoveccavecacss

BERYOUS STYSTEN

hddatad e Al L L A L e L L TR Pt T e A L Y el e el L

SPECIAL 3SEESE uRGans

| -1 19

cmw bdanb b DAL 22 L LU LTS LR R LT I N ksl DAL LA 2L L DL o T L T

dUSCTLOSKELETAL SyYSTEA
08k

- o= L dab A L L LA L L L T L Y e L PRI 2 L o R L L L el e I L 2 g

BODY CATITIRS
1048

- cme - o= P e L L L L s P R P P P P T L L LR LY S A L DDA L X o T

ALL CIuRx STYSTIEAS
3383

ASTBAL DISFOSITION SUARARY

ANIA’LS IKITIALLY IN STODY 50 50 50
LATYUBAL DEATH 2 8 S
4UR1BTBL SACAIPICE
SC™BDULED SACRIFICE
ACCISZNTALLY KRILLSD
TaBRINAL SACRIPICE (1] L1} a8
ANIAAL PISSIPFG :

2. ANCAUDES .AUIOLIZED ANIBALS .

3 SCABER OPF ANIAALS VITH TISSOR EIAAINED AICROSCOPICALLY
® JUB3Zx OF ANIAALS BECROPSIED

!
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TABLE B1. MALE MICZ: MEOPLASMS (CONTINUED;

eececoccaveaaeaa -
moeesew ettt el L L L T T reemess v acsvesepcancee

MATCHED
CONTROL LOW DOSE HIGH DOSE
10802 sSUAGCARY
TOTAL ABINALS WITR PRIBARY TOSORS® 1] 28 kB
TJTAL PAINAAY TURORS P]] a0 le
TOTAL ABIRALS VITH 38¥IGE TUROBRS 1. ? (]
TOTAL BLIIGR TURORY 17 10 s
TUTAL ABIBALS YITH RALIGNANS TUBORS L] 2" 27
TWTAL SALIGEABT Tu=o0SS . J0 30
TOTAL ASINALS WITH SECONDARY TUSORSS 2 1
TOZAL SECONDARY TUJORS 9 ' 1

TOTAL ABIAALS WITR TIAORS UFCERTALN-
SLVLIGCE OR AALIGHANT
TOTAL JUCIRTAIN TUNORS

TOTAL ABIAMALS VWITH TUROSS O EZRTAIN-
PRI42RY OB AETASTATIC
TOTAL UNCEIBTAIN TUROSS

¢ PRIAABY TUAOES: ALL TURORS EICEPT SECONDASY TUNORS
® SZCOYDARY TUBOSS: METASTATIC TUNO2S O TUAORS [NVASIVE !ITO AN laJlCllf ons

o PRSI RPN P R L E DR L L Rl Rl el E Ll Rt
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TABLE B2

SUMMAP.Y OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE
ADMINISTERED 1,4-010XANE IN THE DRINKING WATER

e L R L L X D .
z e . e e S S T N N N N P RN N E P P RN C RN NN N eSS R AT SR AN T A S S S P e e s e m
e

MATCHED
CONTROL LOW DOSE HIGKH DOSE
ABI®ALS INITIALLY Ia STODY 50 N ) .---;;-Q------------;;---.-‘--
ABZS8A.S AlSSING 1
ANZIAL3 BEC20PSIED 34 Y] 51 )
ANIRALS EXAAMILED HISTOPATHOLOGICALLY 50 a0 31 )
ISTESIALITARY SY3TER
®3J8.0T TISSU?P (90 (a8 317
PL2BOSARCORA 1 2y 2 (e%)
BHABDORIVUSARCOSA 1 (2%)
PESPIaATORY SYSITA
*¥iiAl TURBINATE (%0) (v 0) (3"
PAPILLARY ADENOCARCINOAA 1 (2%9)
eLCES (50) (s (36)
ALVEOLAR/ESONCNIOLAR ADEYORA ) (63) 2 (6%)
ALVEZOLAR /BFONCHIOLAL CARCINOMA 1 (48
PIBROSARCCEA, AEZTASTATIC 1 (2%)
2LBANGIOSABCORA 1 (2%)
HEZFATOPOIETIC LYSTEN
SHTLIIPLY ORCANS (50) (a8) (39
SALIGNABT LYAPHORA, ¥OS . (8%) 3 (¢%) & (108}
PALIG. LYAPHORA, MISTIOCYTIC TTYPE 2 (a%) 1 (2%)
GaABULGCYTIC LEUKEBIA 1 (2%)
eSPLERE (39 (86) (3 2))
HEXANGIORA 2 (u%)
MZUANGTOSASCONA, IETASTATIC 1 (2%)
SALZCNANT LYAPHORA, NOS 1 (2%) s (11%)
sLYN2a sODE (s) (R} (s)
MIRABGIOSARCONA, BETISTATIC 1 (20%)
*ADIPOSE TISSTE (30) (sm (39
SALIZNANI_L2B288CAL KOS cmmmeed A

? SORSEZR OPF ANIRALS VITH TISSUE TIANINEC MICBISCOPICALLY
o WIR3ZR OP ANINALS NEUCROPSIED
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TABLE B2 FEMALE MICE: NEOPLASMS (CONTINUED)

cocceseme
peletinedpddiedie gttt bl e D S,

MATCHED
CINTROL LOW DOSE HIGH DOSE
1LUsS
150) e? (]
PALIGEANT LYRPHORA, %0S ‘ !’ (2%) Qe
sLIvER (%) (Y | . 37
BALIGNAST LYAPHORA, ¥QS ¢ !) (2%) o

CIPCULATORY SYSTEA

LA A EL DRI T L DR S T L Lo X TP Y Y TPy P

CIGESTIVE SYStla

aLxvee 150) (e 8) on
MAPATOCERLLOLAR ADEWOAA 9 (19%) ¢ (iol)
MEPATOCELLILAR CAPCINOAA 12 (25%) 9 (78%)

URINARY STSTIE

B e P TR PN EENt: TP T Pl Er RSP PETEan B = ceecsvesvecnowvw~ewea-

IBCOCKINE SYISTIA

STHYLOLID (39) (%Y (19)
POLLICULAR=-CZLL ADENOAA 1 s

SPABCRFATIC [SLZTS (26) 130 {19
ISLET-CEILL ADEENBA 1 {I%)

PRSI RSP ER S 41 eettdea  EE LD R L D L L L

RRPRODUCTIVE SYSTEA

*sTAGINA (s (+8) (39
GLRANG103ARCOHA 1 (2%)

40TRR0S (a9) (L1} (3e)
EiBANGIOSARCONA . v (2%

sovary (20) 27y (20)
TERATONS, PMERIIGE 1 (u8)
JEZaaTONA, BOS _ ) ---------:-.‘fﬂ--

BERYOUS SYSTIEB

- -} ¥4

9 WUBBEZE OF ABISALS WITH TISSGF EXASINED ALCBOSCOPICALLY
e N3ABER OF ABIMALS NECROPSIZD




TASBLE 82 FEMALE MICE: NEGPLASMS (CONTINUED)

ceocovonceccecoaes. - Y
e R Y S N E e e P E R Er P TR A T r T ar e s tra e e Prs ~F O BT ST REE® =
-— -

MATCHED
CONTROL LO% DOSE HIGH DOSE

cecesw svccssvsvwcces
it dd adad bl A D R R L N X T L T T e S S R

SPECIAL SRUSE OBGASNS

17344 (50) (44) 39
84044008 CILL CABClUNORA 1 (3%

bbb d bt el LA LD AL T R L L R L L Ll L L Ty e S S ST P T T

SO0SCULOSKILETLL SYSTIA

[ 1 7

B P SO PR B B P PP R Er e P N EEEEd CP® Cre T ERTEIE ORI CAIRIETTDUS B BB BD DD CP DD PDR D -E S >

80DY CAVITIES

opEI{TONZOA (50) (v8) 31
LYSPHANGICRA 1 (23)

L T R L Y L L R Y P L L T Py N e 2 P DL DI R D

ALL OTHER SYSTIRS

BOEL

MUIRAL DISPOSITICE SUMRARY

ABIaAls IBITIALLY I STUDY 50 50 50
YATURAL. DR2ATHO 5 10 a2
R0AIBUND SACRIPICE
SCHEDULEID SACRIPICE
SCCIDEYTALLY XILLED
TuRAINAL SACRIYICE . .5 19 20
A3L8AL RISSING 1

A INCLURES _AUTCLYIZZR ARIZALS .

9 NORLEIM OP ANIMALS 4ITH TISSUE EIAAINED PICRGSCOPICALLY
® BURSEZR OF ANITMALS BECROPSIED
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TABLE B2. FEMALE MICE: NECPLASMS (CONTINLED)

MATCHED
CONTROL LOW COSE HIGH OCSE
Z0ROR 30BAARY
TOPTAL ABINALS YITH PRIMARY TUROAS® 12 bA] IS
TJTAL PRIBAATY TURORS 12 '] .8
TOTAL ANIAALS YITH BRNIGE TUMORS [ 1. )
TOTAL BENICH TURORS s 18 L]
TOTAL ABIHBALS WITH AALICEANT TUSORS ] 21 30
TUTAL MALIGSANT TURORS ] a7 19
TOTAL AFINALS VITH SECOSIADY TUARORS 1 2
T0TAL SECOKDARY TURORS ' 2
TOTAL ANIAALS WITH TURCAES UBCIBTAIE-
BEN{3N OR RALIGEANT '
TUTAL UNCERTALS TORORE !

TOTAL ARIAALS ¥ITH TUNO3S UNCERTALN-
PRIAAFY Ga AETASTATIC
TOTAL UNCELTAIY TUROPS

e PRIaARY TUACHS: ALL TIROIS EI:%2T SSCOMDARY TURORS .
¢ SECUNDAKY TUPORS: MEJASTATIC TUAUR. D@ TURORS IBVASIVE 2430 48 ADJACEET OAR;AN

58
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APPENDIX C

SUMMARY OF THE IMCIDEHNCE OF NONNEUPLASTIC LESIONS
IN RATS ADMINISTERED 1,«=DICXANE

IN THE DRINKING WATER
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TABLE C1.

SUMMARY OF THE INCIDENCE OF NONNSOPLASTIC LESIONS IN MALE RATS
ADMINISTERED 1,4-DiCXANE IN THE DRIi{¥ING WATER

cocaccvwane = -
Seewvesccee BB BB EBR DO PO DB E DD S DD R DR P D " DB WD DGV D WD - w - - w—

MATCHED
CONTROL LOW DOSE HIGH DOSE
ANIBALS INITIALLY I¥ STODY 3; B ------"--.3;-----“----“-;;“------
ANINALS VECRCESIED N 33 i
ABIRALS PXABINED UISTOPATMOLOGICALLY 33 32 3
INTEGRAESTARY STSTEAR
SKIN 33 (33 (%)
E2IDZABAL INCLUSION CYST 1 (%) T (3%
*SUBLUT TISSO? 13 {33) (3e)
GEANULORA, ans 1 (3%)
RESPILATORY 3TSTRA
*NA3AL TURBIMATE (33) (33) 2w
INPLAANATION, HEROERHAGIC 2 (6%)
INFLANRDIILN, ACUTE s (1%%) 2 (6%)
INPLARBATICE, ACUTZ SUPPURATIVE 6 (18%) 16 (n8%) 16 "NT8)
INFLAABATICH, CHRCTIC 2 (6%) 1 .3%)
IThIZREA (30) (23) (3
INPLARBATION, ACUTZ SUPPURATIVE 1 (3%) 2 (9%) a (12%)
ISPLABATICE, <MRO4IC 7 (22%) 1 (3%)
INZLANAATIOF, CHBONIC SUPPURATLY 2 (1%)
ABSCES3, CHPONIC 1 (a%)
138} 11 (30) 131) (33
MEGESTION, ¥OS 1 (39 5 (16%)
eoE8A, KOS 1 (3%)
T tl%)

PEBURORIN, ASPIRATION
PERUACYIA, CHEONAC SURINE 8 (27%) S (18%) te (82%)

PR SRS e dadadeidte et dede e d Al e bt e R il

HEMATOPOLETIC 2YSTZB

$BGNL MAREBUE 3 (18) (B k]
HESATOPOIETIC TISS3IE DISOROER 1 (3Y)
KYPERPLASIA, HERATOPOIZTIC ) (10m) 1 (20%) 9 (28%)
sSPLAEN (3 (32 (30
¥ 61190 g0

e JNRLABZATION, COAQNIC —_
¢ WuSSER OF ANIMALS 41TM TISSUZ BIARINED AICRCSCOPICALLY
* NORBER OZ ANINALS SECROFSIED

Preceding paze blank 61
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TABLE C1. MALE RATS: NONKEOPLASTIC LESIONS (CONTINUED)

— . —

-----------
At Tetsescccass Sescsceccetcacus arecen e e ane aw D e --

MATCHED
CONTROL LOW DOSE HIGH DOSE
HEROSIDESOSIS T v T S e T T ey
ATROPHY, NOS non Sl s :zn;
LYBAPHOID CZPLETION 1 Q%)
HEHATUPOI. SIS 3 (1o0%x) 8 (2%%) 8 (13%)

ISPLZMIC rOLLICLES (1)) ($F!) (30)
ATROPHY, NOS 1 (3%)

SHANDIBULAR L. ¥OOE 22y (9
INPLARAATICN, CHEOBT'C 1 (71%)
BYPERPLASIA, LYAXPNOID S (23%) 1.(7%)

9BRONCHIAL LYAPE NODZ 22 (%
HEBORRNAGE 1 (5%)

ITHYNUS » (2)
ATROPHY, uOS 3 (100%) 2 (100%)

CIRCULATORY SYSTIS

0HEAST t30) 1) an
CalCIPICATION, DYSTROPHIC 2 (6%) 1 (%)

tayocaapiunm (30) (32 on
INPLARRATICN, NOS v (3%)
TNPLAABATION, CHRONIC s (13%) 2 (6%) 1 (2%)
DZGRNEPATION, NOS 1 23%)

SEEDUCARVITN (30) (32) n
P1%ROSIS 1 (3%

®AORTA (3% (33 )
HXTAPLASIA, 0SSEO3IS 1 0%

SPULAONARY ARTERY (33) (13 38
CalCcIPICATION, DYSTROPHIC 1 (30

DIGESTIVE SISTRA

sLrvRR i3 32) (3N
CIST, NOS 1 (%)

DaGBNERATION, NOS 3 (9%)
¥ECROSLS, POLAL 1 (%)
—--HETABORPHLSLS EAIII 2_153) &_[19%) 2 1238\

¢ MURJER OP ANIJSALS WITH TISSUO
¢ NOURGER OF ANINALS KICROPSIED

B EIAAINED AICRISCOPICALLY
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTiNUED)

e -
e e csr e e cen e e ceewccecsen covesceawan. = e eEsclrcAn e e e ®e ee

MATCHED

CONTROL LOW DORE NIGH DOSE
:nor", p ---------..----------_-....------.--;..(;;)._
IPERPLASIA, WOS S (16%) 3 (%) 11 (J31%)
ANGIRCTASETS 1 (%) 2 (6%) 2 (¢%)

OLIVER/CENTRILOBULAR () 32 b )
SECROSIS, ¥OS G ¢ ‘1” (51§

*8ILA DOUCT N (B3] le
INYLAABATICN, CHROWIC ) 1‘ 511 (39
WYPERPLASIA, ¥OS 8 (2e%) 3 (Y 2 (6%)

SPASCREAS 28) 12) 2
PERIABTERITIS ¢ t (aD) ¢ e

eSTOBACH (3 (28) 39
gLCER, BOS 1 (s1)

OLCER, ACUTE 3 (1) S (17%)
ULCER, CHRCHNIC 1 (8Y)

UBRINALY SYSTER

IKIDNEY 3y (2} ()]
AISERALIZATION 5 (15%)
ISPLAAAATICE, ACUTE SUPPURATIVE 1 (I%)

A3SCESS, nOS 1 3%
TNFLANSATICY, CHRONIC 23 (7a%)
PYZLOYEPHBITIS, CHROMIC 1 (3%)
CALCIPICATION, DYSTROPHIC 2 (6%) 2 (6%)

IKIDNEY/CORTEX (31) (R} (3
CALCIPICATION, DYSTROPHIC v (%)

02LRIRENAL TISSUT (3 (i 3y
HiMORARUAGE 1 (W)

SKIDMEY/TUROULE 31 (B} 33
CAST, MnOS LINE1 3}
DeGEYERATION, ¥OS 20 (6%%) 27 (32%)
ATROPHY, NCS 1 (3%)
ReGZEERATICY, YOS 1 3%)

SURIMARY BLACCER (28) 2) 2n
ID0ENA, %OS < %)
INFLAABATION, CHRONIC 2 (7%)

e HXFEBRLASLAL RARILLARI. - — 1 [as)

¢ NURGER OPF ANIRALS VITH TISSUE EXAAINED ALChOSCOPICALLY
¢ NURGBER OF ABISALS NECROPSIED
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TABLE C1. MALE RATS: NONNEDSPLASTIC LESIONS (CONTINUED)

BEOMCCDDDDDD D@D B DD DR .- D BE DD BB DD DD D ® >

MATCHED
CONTROL LOW DOSE MIGH DOSE
‘ S¥DOCRINE SYSTEN
] cyst, mos 2 (y) 1 (1%)
' SADRENAL 30) 28 3
! HLNORBHAGE ¢ (2% (’l,(llj
; ARGIECTASIS 1 (3% 1 (13%) 2 (65)
‘ SADRANAL CTaTlX (3% (2w ($F)]
; LIPOXDOSIS 1 (371%) . (17%) 1 0%
' ATaOPEY, NOS 1 (3%)
5 SPARATHYROID (29) ) (2%
! c1sT, %03 1 e$)
! BIPERPLASIA, ¥OS s (16%)
i AZPEODUCTIVE SYSTEY
PLOSTATE 29) (2) (21
IMPLABEATICHN, ACUTE 2 (1%)
INPLAABATICH, CHEONIC & (1e%) 3 (10%)
eSEAINAL VESICLE (N (3 3 1))
DILATATICE, NOS 1 (%)
INPLAASATICN, CHROBIC 1 %)
AUSCESS, (HRONIC Y (I%)
eTESTIS (32 23 t1yy
A8SCESS, NCS 1 (%)
PLRIARERITIS 2 (e%)
CALCIPICA1108, JYSTROPHIC 1 (a8)
ACROPHY, NCS 9 (20%) 12 (32%) 16 (32%)
ASPERAATOGENESIS 1 (3%} 1 (3}
eTESTIS/TUBULE (R F3) (23 (m
ATROSHKY, PCCAL 1 (e%)
MZRYOUS STSTER
eBRAIN (3 (e (32
ABSCESS, NOS ' O
—e-ARSCESS. SHRINIC -- LIS )

¢ NURSER JP ANIMALS VITH TISSUE EXAALNED AICROSCOPICALLY

® NUSGEZR OF ANINALS NECBOPSIED
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TABLE C1. MALE RATS: NGNNEOPLASTIC LESIONS (CONTIRUED)

emcecnceemecenene ane ew e e
- = b tudlpdodncdeiyitiorte et el faiiridelo ettt ittty

MATCHED
CONTROL LOW DOSE HIGH DOSE

crcccccaccaa -
ettt bbb Lol Al R L IR L D i el L L L T N E

SPECIAL SEESE CRGANS

LY 3) 3] B
INPLABBATICSH, ACUTE G ¢ 2’ (6%) o8

SEIE/8RT1INA 3y (30 (39
ISPLAABATICN, NOS 2 (6%) AR R

Rt R L L Al e Rl L L R L R L S R L L T Ry e L PR T Pt L L

BUSCUBLOSKELETAL SYSTER

308,

80DY CAVITIES

SHESENTERY 33) (33 (BL))}
PARIARTERITIS 1 (3%)

e L T R e L TR N T T LI PR S L R E R R AL o DL L Bl Ll Lt d ]

ALL otruetR sistias

B . L L L L T T R T T P P P AL oL LR L L L DR R it DL Al Ll bl el ol g

SPECIAL ROBFNCIDGY SUBRARY

50 LRSIOR SEPORTED 1
AGCIDEaTAlL CEATH 2
AJT0/BECRCPSY/HISTO PERP 1
AL TO/NPCROFSY, N0 HISTO 1 1
AUTOLYSIS, RO NECROPSY 2 1
¢ NUSUER QP AJINALS WITH TISSUE EIAAIYED AICRCSCOPICALLY
® NOABER OF ANIAALS BECROPSILED
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TABLE C2

SUMMARY QF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALS RATS
ADMINISTERED 1,4-DIOXANE IN THE DRINKING WATER

MATCHED
CONTROL LOW DOSE HIGH DOSE
AWIRALS IWITIALLY IN STUDY 15 1% JS.‘-.----
AMIBALS NECBOESIESD p 1Y bE3 3s
MMIMALS EXAAINED HISTOPATHULOGICALLY n 1 32
IET2Z3UATETARY 3TSTER
*SKIn Qe (3%) (3%
EPIDZRAAL 1WCLUSION CYST LI )
*SUBCUT TISSUZ (38) % %
GMANULOBA, FOREIGH 80DY 1 (3%)
RESPIGATORY SYSIZEA
SEASAL TUNAINATE 3w (3%) (2%
IaPLAANATICH, MENCKRNAGIC L))
TUPLATAATICN, ACUTZ 1 (3%) 1 (208%) 2 (6%)
INP ARBATION, ACUTE SUPPORATIVE 1 (3%) 16 (n63) 16 (86%)
INPLASAATION, ACUTE/CHRONIC 1 (%)
INPLASRATICN, CERONIC 1 (3%)
$TRACHEL (29) . (31) 2w
INPLAABATICN, %OS s (17%)
ISPLAABATION, ACUTE 2 (6%)
INPLAABATICY, ACUTE- SUPEFURATIVE 1 (3%) § (16%) s {17%)
INPLARAATION, CHRONIC 1 (v1)
SLUBG/BRONCHDS (30) (38 (32)
INPLANBATION, CHROBIC Vv (3%)
ILUNG (30) 3y (& )
CONGESTION, NOS 2 (1%)
INPLAABATICN, ACUT® SUPPURATIVE 1 {3%)
BRONCHOPNEUSONIA ACTITE SOPPOURATI s (12%)
PMECBONIA, CHiONLIC KO:INE 6 (20%) S (15%) 28 (78%)
INPLARAATICH, CHRONIC SUPPURATIY 1 {3%)
BRONCHOPNEUHLNIA CHRONIC SUPPURA 2 (6%) 1 (3%)
GRANULUBAL_NOS 1.13%)

¢ BORSZR OP ANIMALS WITH TISSOUE ZXAAINZD RICROSCOPICALLY
® NUMSER O! AMNIBALS WECROPSIZD
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TASLE C2 FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

- aesee - -
- —meroacceanes bttty di et irdedeie el e e e e e e L L e e

MATCHF.O
CONTRJL
BERATOPOIRTIC SYSTEA
93082 BAR30OW (31
MIPERPLASIA, HERMATOPOIETIC s (13%)
0SPLLRY 130)
UBAORRHAGE
INPLARBATICE, ACUTE s (13W)
INFLABNATICE, CHROBIC 1 O%)
BAENOSIDRROSIS 2 (%)
ATROPHY, %OS 1 %)
BZAATOPOILSIS 6 (20%)
SEANDIBOLAR [. WODE (29)
HEBORRHAGIC CYST 1 (v8)
INFLABRBNATION, ACUTE 1 (a8)
PLASAA-CELL INPILTRATEZ 3 (12%)
NYPZRPLASIA, LYZPHOLM s (20%)
SSESLATERIC L. noDE (295)
HYPERPLASIA, LY2PHOID 1 (8%)
*TRYZUS 9)
CYST, NOS 2 (22%)
ATROPRY, ¥OS 9 (100%)
CIRCULITORY SYSTYLR
(1.1 $3°29 (22 }]
PIBRASIS
CALCIPICATION, DYSTROPHIC 1 (3%)
#RYOCARDIUR (1
INPLAAMATICH, CHROMIC
eEESLNTERIC ARTERY 134)
TH2CI3S548, YOS 1 (3%)
INFLAABATION, CHRO¥IC 1 (3%)
DIGESTIVE SYSTEA
SLIVER (BB}
e SONGESTION, NCS 15

PR e o e T R T DL R L PR PR R R i L E L L R E R L R Lt L

LOW DOSE HIGH DOSE
(2¢) (20
1 (1) 1 (%)
(35) (n
1 (I%)
TR Y
¢ (18%) 1 (229
t (I%)
2 (21%) 3 (3%%)
(5) (%)
3 (%0%)
(s; S
(2] (§9]
3 (100%) 1 (100%)
(38) (8 4]
1 1%)
(3s) "y
1 I
135) (19
3 (22

¢ NURBEZR OP ANINALS WITY TISSUZ EZXABIVZL HICENSCORPICALLY

¢ NOBCEZR OF ANIAALS NECROPSIED
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TABLE C2 FEMALE RATS: NONNEGPLASTIC LESIGNS (CONTINUED)

ety dipepediieet e ueegmin et b T L e S PP S

MATCHED
CONTROL LOW DOZE HIGH DOSE

BeCRCSLS, NOS 1 (Y 3 (%) 3 (9%)
BaCRNSIS, MOCAL 1 (%) 1 (3%)
¥uC ROSIS, CifrusE 1t (J%)
AL AHOBPHCSIS PATTY 6 (19%) 2 (6%)
LI POIDOSI S 2 (n8) t Iy
HIPERTROPHY, %OS i (6%) 2 (6%)
HIPEPSLASIA, MOS 7 (23%) 1 ()Y 17 (%)%)
ABRGIECTASIS 1 (3%) 1 (3%)
HERATOPOLLSIS v aan

SLIVAR/CENTRILORULAR on ) an
RETABOEPHOSIS PATTY 1 (%)

*BILE DJICT (Je) (3%) 3%
DILATATION, NOS 1 (s%)
TBPLAARATICY, CHROMIC 1 (3%) 1 (J%)
HXPERPLASIA, ¥OS 1) {18y 3 (9%) 5 (V8%

IPANCIEZAS 129) (1) (16)
INFLANBATICY ITH PI3POSIS 1 (%)

SPANCREATIC LUCT (a9 (%) (16)
MYPZRPLASIA, KOS 3 (10%) 1 (68)

CPANCREATIC ACINUS (29) (1%) (16)
ATROPHY, NOS 1 ,69%)

1ST0AACH 53N (23} (B}
EDEAA, NOS t (%)
U.CER, ACUTE 1 (3X) V3%
CALCIPICA®ION, CYSTROPUIC 1 (3%)

$GASTRIC MUCOSA (3 (3 (30)
40510 1 (IK%)

UMINAGY SYSTLE

PK:DMEY (Y ($1}] {30
SINENALIZATION 17 (SS%) 12 (35%) 19 (u7%)
BeAATORA, CRGANIZFD v (%)
PYBLCNEPHURITIS, KUS 1 (%)
PLELONEPHRITIS, ACUTE 1 (1Y)
IMPLARMATICN, CHRONLIC 5 (16%) 2 (6%) 1 (3%
DEGENZRATICN, NOS 1 (%)

o NGPEBOSISa NS e e e m e e d LA

¢ NUMBER OP A®INALS WITH TISSUZ EIAMINED RICPOLCOPICALLY
® NINOER OPF ANIMALS NECROPSIZD
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TABLE C2. FCMALE RATS: NONNEOPLASTIC LESIONS (CONTINUEL)

R T T Y R N R
- hnd _:"--- ----- L L R cTeemcsseunerceanwas L I R A R R R
- ——— -

MATCHED
CONTROL LOW DOSE HIGH DOCS
CKIDNEY/ZETULLA (3 [SE1) (3
| RINERALIZATION 1 (3%) 4 (12%) 1 3y
OKIDNEY/TORJLY (1) (d«) (32
DILATATICH, ¥OS 2 (oX)
CYST, ¥0S 8 (1)WY
DeGENERATION, “OS 10 (1%,
SURIBARY BLALDER (25} 8) (8}
EDRAA, ¥OS 1 (259%)
ISPLAARATIZY, 208 1 (8%)
ISPLAREATICY, ACUTE 1 (o)
ZEDOCAHINE STSTLA
sPITUITARY (18) ()] (2
CIST, wOS ) (11y)
0GDRENAL (20) (32) (29
HLAORRHAGE 1 (s%)
ANGIECTASIS 15 (50%) 3 (78%) 7 (24%)
0ADRANAL CURTEX (30) 32 (29
LIPVLIDOSIS 9 (30%) 1 {9%) AN 3 ¥
HYPEZRPLASIA, NO3 2 (71%)
ITHYEOID (28) (20) (18)
CYSTIC rotLICcLES 1 (a%)
PULLICULAR CYST, ¥0S 1 (e%)
HYPERPLASIA, C-CELL 3 (1Y)
#ELPRODUCTIVE SYSTEA
SYACINA (3s) (3%) 129
INPLAARATICE, ACUTE 1 (%)
[1:3¢ 3T H (30) (L)) 28)
INPLASAATION, ACOTE 2 {1%) 1 (1%)
SUJSEZROS/ENDCRETRIUA 130) (18) (29)
CYST, NOS 2 (1Y) 1Y (12%) a (1a8%)
INPLARRATICN, ACUTE 2 (%) 3 (9%) 1 (n%)

o LINPLARAATICN. _ACITZ SUPRURAIINE .. ———————— a_de80 . .

¢ NUMBEZR OP ANIMALS WITH TISSGZ EXARINED MICROSCOPITALLY
¢ NONBER OP AMINALS NECRUGPSIED
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TABLZ C2 “EMALE RATS: HONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LUW DOSE HIGH DOSE
SIPERPLASIA, KOS ) 1 (2%) T
0V AAY,/OVIDUCT (30) (34) (290)
INPLAABATICH, ACUT® v (%)
SOVARY (26) (23) (22)
CISTIC roOLllICLeS 1 (a1
PULLICTLAR CYST, ¥0S 1 (e%) 2 (9%)
BRRYCUS SYsTER
e8RALY 3y Iy (26)
MARORBMAGE 1 (s8)
MCROSIS, 3OS 1 (s8)
SPECIAL SZNSE CRGANS
ogYE (3s) 3%5) (3%)
IBPLAABATICE, ACUTE 3 (9%)
CATABACT 1 (%)
SEYE/RETINA (31} (3%) (39
IuPLABAATICH, BOS 21 (62%) . {11%) )} (9%)
SEYE/LACRIAAL GLAND (39) (%) (39
INPLARAATICHE, ACUTE SUPPORATIVE 1 (3y)
SHUARDERIAN GLAND (3a) (39) (3%
A3dSCESS, ¥CS 1 (3%)
AUSCULOSEZELZTAL SYSTEN
®SKELEZTAL AUSCLE (3s) %) (BLY]
GkANULOBA, PCREIGHE BODY 1 (3%)
BODY CAYITIEZS
SABDOBINAL VALL (L} I (35) (3%
INPLARBATICH, CHROBIC v o(I%)

ALL OTHER SYSTIARS

—IQXE -—

9 ¥OBBEY OF ABIBALS VITH TISTOZ EXAAINED BICROSCOPICALLY
® SORBEZR OPF ANIBALS MNEZCROPSIED
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TABLE C2. FEMALE RAYS: NONNEOPLASTIC LESIONS (CONTINUED)

SPECIAL BORPNCLOGY SUZAARY
AUTO/BECRBCETY/NO NISTO
AQTOLYSIS/ B0 ¥ECROPSY

® BURBER OF ANIAALS SITH TISSOE
¢ BUALER OP ANIPALS MECLOPSIED

MATCHED

CONTROL LOW DOSE HIGH DOSE
k] 1 )
1

EXAAINED RICRCSCOPICALLY

1



APPENDIX D

SUMMARY OF THE INCIDENCE QF NUNNEOPLASTIC LESIUNS
IN MICE ADMINISTERED 1,4-0IUXANZ

IN THE DRINKING WATER
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TABLE DI

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE
ADMINISTERED 1,4-DIOXANE IN THE DRINKING WATER

e ]
S S A cusBcecacrcace mccc e e v mw .. D e i e e e el L D I -o

MATCHED
CONTROL LOW DOSE HIGH DOSE
ABLAALS INITIALLC I8 STUDY $0 50 50
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TABLE D1. MALS MICE: NONNEOPLASTIC LESICNS (CONTINUED)
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)
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SUMMARY QF THZ INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE
/.DMINISTERED 1,4-010XANE IN THE DRINKING NATER
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TABLE D2 FEMALE MICE: NONNEQPLASTIC LESIONS (CONTINUED)
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TABLE B2 FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)
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TABLE D2 FEMALE MICE: NONNSOPLASTIC LESIONS (CONTINUED)
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APPENDIX E

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS
IN RATS ADMI+{STERED 1l,4-DIOXANE

IN THE DRINKING WATER
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Table El. Analyses of the Incidence of Primary Tumors in Male Rats
Administered 1,4-Dioxane in the brinking Water®

High Lose ' Low iitgh
Topography: Morphulogy Cortrol Dose lose
Integumcatary System: Fibromab 3/33 (%) 1733 (3) 1/34 (3) ,
P ValuesCrd N.S.
Relative Risk (High Dose control)f 0.324
lower Limit 0.006
Upper Limit 3.787 -
Heeks to Flrst Ubscrved Tumor 96 101 110
Nasal Turbinatc: Squambus=—cell
Carctace® 0/33 (0) 12/33 (36) 16/34 (41)
P Values©.d P < 0.001
Relative Risk (High Dose Control)f Infinfte
Lower Limit 5.028
Upper Limic Infintte

Wecks to First Observed lumor - 60 52




og

" e e urastl

Table El. Analyses of the Incidence of Primary Tumors in Male Rats

Adninistered |,4~Dioxane in the Drinking Water®

{continuzd)

High Dose Low High
Ionograghxz Morphology Control Dosa Dosec
Nasal Turbinate:

. Adenocarcinoma, NoOsb 0/33 (0) 0/33 (0) 3/34 (%)
P ValuesC.d N.S.
Relative Risk (High Dose Coatrol)f Infinite

Lower Limit 0.59)
Upper Limtt Ir'! tnfite

Wecks to Ficst Observed Tumor - -— 74
Liver: \Mepatocellular »

Adenoma or Carcinomab 2/31 (6) 2/32 (6) 1/33 (3)

P Values©»d N.S.
Relative kisk (High Dose Control)i 0.470

Lower Lioit 0.008
Upper Limit 8.568
Weeks to First Observed Tupor 100 101 110
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Tavle El. Analyses of the Incidence of Primary Tumors in Male Rats
Administered 1,4-Dioxane in the Drinking Watex®

(continucd)
High Dose Low High
Topography: MHorphology Control Dose Dosec
Adrenal:  Pheochrowocytomab 6/30 (20) 0/24 (0) 2/33 (6)
P Values©,d N.S.
Relative Ristk. (High Dcse Control)f 0.303
Lover Lintt 0.032
Upper Limit 1.545
Weeks to Firsr Obscrved Tumor 86 - 110
Picuitary: Crromophobe Adenoma
or Adenoma, Nusb 3/16 (19) 0/1 (0) /1S (1)
P Valuos©d N.S.
Relattze Risk (P3v: Dose Contral)f 0,356
Lower !.tait 0.007
Upper Limit 3. 840
tlecks to Flirst Ubserved Tumor 110 - 110
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Table El. Analyses of the Incidence of Primary Tumors {n Male Rats

Adminietered 1,4-Dioxane in the Drinking Water®

(continucd)
High Dose Low High
Topography: Mocrphology Control Dose Dosc
Thyroid: C-cell Adenoma® 3/23 (10) 1/17 (6) 0/31 (0)
P ValucuS»d N.S.
Retative Risk (Migh bose Control)f 0.000
Lover Liamit 0.000
Upper Limtt 1,525
Weeks to First Ubserved Tumor 110 96 --
Thyrofd or Thyroid Follicle:
Follicular-cell Adenony,
Cystadenoma, KOS, or Carcinoma® 3/29 (10) 1717 (6) 1731 3)
P Valuestd N.S.
Relacive Risk {Migh Dose Controd)f 0.312
Lower Limit 0.006
Upper Limle J.626
Weeks to First Ubserved Tumor 97 96 85
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Table El. Analyscs of the lucidence of Primary Tuars ¢n Male Rats

Aduinistered 1,4-Dioxane in the Drinking Water®
{continued)
High Dose Low High

Topography: Horphology Control Duse Dose
Parathyrotd: Adcnoma, NOSP 2/25 (8) 0/4 (0) 0/24 10)
-4 Valucsc'd N.S.
Relative Risk (Migh Dose Control)f 0.000

Lower Limtt 0.000

Lpper Limtc 3.42i
Wecks 1o Firet ubscrved Tumor 110 -— =
Mamaury Cland: Fibroudenomab 0/33 (0) 2/33 (6) 0/34 (0)
P ValueuC:d N.3.
Rclative Risk (High Dose Control)f -

Lower Limit —

Uppur Limit -
Weeks to Firut cuscrved Tymor — €9 —




Table El. Snalyses of the Incidence of Primary Tumors in Male Rat:
Admintistered },4-Uioxane in the Drinking Wacter?d

{continued)

High Dose Low High
Topography: Horpholugy Control Doso Dose
Tunica Albuginea uv. Vaginalta:
Mesothel tomy, Nush 2/33 (b) 4/33 (12) 5/34 (15)
P Values®,d N.S.
Relative Risk (High Dose Control)f 2.426
t ower Linit -0.432
; \ Upper limit 24,040
l Weeks to First Observed Tumor 81 89 69
0
©  Brain: Gliom, NOsP 0/31 (0) 0/29 (0) 2/32 (6)
P Valuycs€.d N.S.
A |
‘\\ J‘ Relative Rink (Ktgh Dose Control)f Infinite
~ Lower Limit 0.291
: -, Upper Limit Infinite

Weeks to First Ooserved Tuamor — - 92
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Table El, Analyscs of the Incidence of Primary Tumors in .ale Rats
Adoinistercd 1,4-Dioxane in Drinking Water®

{continucd)

dPosed proups recefvid average doses of 240 or 530 mg/kg per day in drinking water.

bhumber of tunor~bearing animale,/number of animals examined at sita (percent). Controls were
mitched to che high~dose only and no statisticy are provided for the low~dose group.

CBencath the incidence of tumare in the high~dose group is the prcbability level for the Fisher

exact tust four the comparison of that doscd group wilh Lts matched-control group whea P < 0,03
otherwise, not significant (N.S.) is indicated.

dA negative trend (M) tadicates a lower incidence in a dosed group than in a control gruup.

“The probability lewvel for departure {rcm linear trend is given whon P < 0.95 for any comparison.

fThe 952 confidence fnterval of the relative risk between cae high-dose group and its control
group.
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Table E2. Analyses of the Incidence of Primary Tumors in Female Rats
Adainistered 1,4-Dioxane 1a the Drinking Water®

T AR AN, LR RO 2.3

Hatched Low High
Yopogranhy: Morphology Coatrol Dose Dose
Integuwerfary System: Fidroma /36 (3) 2/35 (6) 2/35 (8)
P VsluceS.d N.S. N.S. N.S.
Relative Risk (Matched -Control)f 1.943 1.943
Lover Limtt 0.106 0.106
Upper Limit 111.290 111.290
Werka to First Obacrved Tumor 115 86 84
o Nesal Tu-biacce: Squamvus—.ell
N Carcinom® 0/34 (0) 10/35 (29) 8/35 (23)
P Valucs©€.d ? = 0.008 P = 0.00l P = 0.00)
Departure {-ow Linear rendY P = 0.0)9
Relatl~e Risk (Matched Coutrol)® lafintie Infintte
Lower Limit 2.942 2.258
Upper Liatt Infintto Infintte
weeks 1y First Ubacrved Jumor —_ - 63 66

Y ]
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Table E2. Analyses of the Incidence of Primary Tumors in Female Fats

Administered 1,4-hloxane in the Drinking Water?

{continued)
Macched lLov lilgh
Topography: Morphology Control Dose Dose
All Sttes: Hemangloma or
llemanglosarcoma 0/34 (0) 2/35 (6) 3/35 (9)
P Values®,d N.S. N.S. N.S.
Relative Risk (Matched Control)f Infinite Infinite
Lovwer Limit 0.291 0.593
Upper Limit Infinite Infinite
Heeks to First OUbserved Tumur - 86 66
Liver: Hepatocellular Adenoma 0/31 (0) 10/33 (30) 11/32 (34) '
P Va'uescod P = 0.001 P = 0.001 P < 0.001 '
Relative Risk (Matched Control)f Infintte Infinfte
Lower Limit 2.860 3.296
Upper Limlu Infinite Infinite ,
Wecks to First Observed Tumor - 13 70 f
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Tablc E2. Analyscs of the Incidence of Primary Tumors in Female Rats
Administered l,4-Dioxane in the Drinking Water®

(contirued)
Matched Low litgh
Topography: Morphology Control Dose boge
Pituitary: Chromophobe Adenoma
or Adenoma, Nosb 4/18 (22) 1/3 (33) 0/2 (0)
P Value<©.d N.S. N.S. N.S.
Relative Risk (Matched Control)f 1.500 0.000
Lower Limit 0.033 0.000
Upper Limit 6.425 4.985
Weeks to First Observed Tuwmor 116 110 -—
Thyroid: C-cell Adenoma® 4/28 (14) 0/20 (0) 0/18 (0)
P ValuesC,d P = 0.033(N) N.S. N.S.
relative Risk (Matched Control)f 0.000 ‘ 0.000
Lower Limic 0.000 0.000
Upper Limit 1.444 1.593

Uecks i< ¥Yirst Observed Tuwor 115 - —_—

hate |
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Table E2. Analyses of the Incidence of Primary Tumors in Fewale Rats

Adainistered 1,4-Nioxane in the Drinking Water®

(continued)

Matched Low High
Topopraphy: Morpholopy Control Dose Dose
Thyroid or Thyroid Follicle:

Cystadenoma, NOSP 2/28 (1) 1720 (5) 1/18 (6)
P Valuc‘;cod N.S. N.S. N.S.
Relacive Risk (Matched Control)f 0. 700 0.778

Lower Limit 0.012 0.014

Upper Liric 12,385 13.64)
Weeks ro First Observed Tumor L__\1s 111 92
Mauwmary Gland: Adenoma or

~ystadcnoma, NusP 3/34 (9) 4/35 (11) 1/35 (3)
P Vllucucod N.S. N.S. N.S.
Relative Risk (Matched Coutrod)f 1.295 0.324

Lewer Limft 0.237 0.006
Upper Limit 8.746 3.798
Wecks to First Observed Tumor 113 73 B4
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Table E2. Analyses of the Incicence of Primary Tumors in Female Rats
Administercd ', ~Dioxane in the Drinkiug Water®
(continued)
Matched Low iligh

Topraraphy: Morpholapy Control Dote Dose
Mawmacy Gland: Fibroadenoma® 13/34 (38) 16/35 (46) 10/35 (2%)
P ValuesGd N.S. N.S. NG,
Relative Risk (Matched Control)f 1.196 0.747

Lower Limit 0.645 0.344

Upper Limit 2.249 1.583
Weeks to First Observed Tumorx 107 46 92

aposed groups received average doses of 350 or 040 mg/kg per day in drinking water.

byimber of tumor-bearing animals/number of animals examined at sice (pcrcent).

€Bcneath the incidence or tumors in the contiol gioup is the probabiliry level for the Cochran-

A mitape test when P < 0.05; otherwise, not significant (N.S.) is indicated.

Beneath the

inc!dence of tumors in a dosed group is the probability ievel for the Fisher exact test for
the comparison of that dosed group with the matched-control group when P < 0.05; otherwise,

not significant (h.S.) is indicated.

d,. negative trend (N) indicates a lower incidence in a doced group than in a control group.

€The probability leve. for departure from linear trend is given when P < 0.05 for any compariscn,.

fThe 95X conficence interval of the relative risk betveen each dosed group aud the cortrol group.
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ANALYSES UF THE INCIDENCE OF PRIMARY TUMORS
IN MICE ADMINISTERED l,4-DIOXANE
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Table Fl. Analyses of thu Incidence of Primury Tumors in Male Mice
Aduinistered 1,’-Dioxane in the Drinking Water?®

Matched Low High
Topography: Morpholoyy Contrcl Dose Dose
Integumentary System:  Fibrosarcomab 0/49 (0) 4/50 (8) 0/L9 (0)
P vﬂlucsc'd N.S. N.s. N.S.
Departure trom Lincar Trend® P = 0.009
Kelative Risk (Matched Control)f Intintite —-—
Lower Limit 0.909 -
Upper Liml.o Infintte -
Weeks to First Observea Tumor - 17 — -
Lung: Alveolar/Bronchiolar Adenoma
or Carcinomab 8/49 (16) 3/50 (6) 3/47 (%)
P Values©,d P = 0.048(N) N.S. N.S.
Relative Risk (Matched Control)f 0.368 é 0.391
Lowc: Limit 0.06b 0.070
Uppar Limit 1.430 1.516
Weeks to First Observ d Tawur 92 91 89
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Table Fl. Analyses of the Incidence of Primary Tumors in Male
Adnministered 1,4-Dioxane in the Drinking Water®

Mice

{(continued)
Matched Low High
Topography: Morphology Control Dose Dose
Hewstopcietic System: Lymphomab 0’49 (0) 5/50 (1v) 2/49 (4)
P ValueaCsd N.S. P = 0.030 N.S.
Relative Kisk (Matched Conrtrol)f Infinite Infinice
Lover Limit 1.237 0.296
Upper Liait Infinite nfinite
Weeks to First Observed Tumor — 17 91
All Sites: Hemangioma or
Hemraglosarcoma 0/49 (0) 6/50 (12) 3/49 (6)
P ValuesS.d P = 0.047 P = 0.014 M.S.
Relative klsk (Matchel Control)f Infinite Infinite
Lower Limit 1.569 0.602
Upper Limic Infinite Infinite
Weeks to First Observed Tumor - 91 66
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Table F.i. ‘Analyses of the lucidence of Primary Tumors in Male Mice

Adoinistered l,4-Dioxane in the Driaking Water®

(contlnued)
Matched Lovw High
Topography: Morphology Control Dose Dose
liver: Hepatocellular Carcinomab 2/49 (&) 18/50 (36) 24147 (51)
P Values®d P < 0.001 2 < 0.001 P < 0.001
Relative hisk (Matched tentrol)f 8.820 12.511
Lover Liamtt 2,287 3.406
Upper Limit 74.477 101.955
Weeks to First Observed Tumor 93 91 58
Liver: Hepatocellular
Carcinoma or AdenomaP 8/49 (16) 19/50 (38) 28/47 (60)
P Valuesg©,d P < 0.001 P = 0.014 P < 0.00])
Relative Risk (Matched Control)f 2.328 3.649
Lower Limtt 1.086 1.852
Upper Limit 3.517 7.934
Wecks to First Utscrved Tumol 92 91 58

134
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Table Fl. Analyses of the Incidence of Primary Tumorc in Male Mice
Administered 1,4-Dioxane in the Drinking Water?

(continued)

dosed groups received average doses of 720 or 830 mg/kg per day in drinking water.

bNumber of tumor-bearing animals/number of aninals examined at site (percent).
CBencath the incidence of tumors in the control group is the probability level for the Cochran-
Armftage test whea P < 0,05; otherwise, not aignificant (N.3.) te indicated. Bencath the

incidence of tumors in a doscd group is the probability level for the Fisher exact test for

the conparisvn of that dosed group with the matched-centrol group when P < 0.03; otherwise,
not significant (N.S.) is indicated.

Ys negative trend (N) indicates a lower incidence In a dosed group than fa a control group.
€The probability level for departure from linear trend is given when P < 0.05 fur any comparison.

fThe 952 confidence tnterval of the relative risk between each dosed grcup and the comtrol group.
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Tabl~ F2. Analyscs of the Incidence of Primary Tumors in Fumuale Mice

Administered 1,4-Dioxane in the Drinking Water®

Matched Low High
Topography: Morphology Control Vose Dose
Lung: Alvcolar/Bronchiolar Adenoma
or Cartinomab 3/50 (6) 0/47 (0) 3/36 (8)
P Values©.d N.S. N.S. N.S.
Relative Risk (Matched Control‘f 2,000 1.389
LWet lett (5.000 0.‘96
Upper Limit 1.766 9.764
Weeks to First Observed Tumor 91 - 81
llcmatopoletic Rystem: Lymphomab 6/50 (12) 8/48 (M) 8/39 (21)
P ValuesC.d N.S. N.S. N.S.
Relsative Risk (Matched Control)f 1.389 1. 709
Lower Limit 0.457 0.566
Upper Limit 4.501 5.457
Weeks ro First Observed Tumor 76 67 86
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Table F2. Analyser of the Incidence of Primury Tumors in Female Mice

Administered 1,4-Dioxane in the Drinkiny Water®

{coutinuca)

701

Matched Low High
Topogre _phyt Morphotogy Control Dose Dose
All Si.n8: Hewmangioma orv
llewangiosarcora 2/50 (&) 4/48 (8) 0/39 (0)
P ValucaC.d N.S. N.S. N.S.
Relative Risk (Matched Conuol)f 2.063 0.0630
Lower Liwit 0031‘ 00000
Upper Limit 22.174 4.305
Heeks to First Ubserved Tumor n 87 —
Liver:s liepatocellular Carclnoma® 0/50 (0) 12/48 (25) 29/371 (79)
P Values®,d P < 0.001 P < 0,001 P < 0.001
Relative Risk (Matched Control)f Infinitu Infinite
Lower Limic 3.822 13.395
Upper Limit Infinite Infinite
Weeks to First Observed Tumor - 82 83

—— = awed
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Table F2. Analyses of the Incideice of Primary Tumors in female Mice
Administerod ),4-Dioxanc in the Driaking Watord

(continued)
Matched Low High c
Topograpuy: Morphology Control Dose Dose !
Liver: Hepatocellular !
Carcinoma or Adenomab 0/50 (0) 21/48 (44) 35/37 (95)
P Valuest.d P < 0.001 P < 0.0C* P < 0.001
Relative Risk (Matched Coatrol)f Infioite Infinice
Lover Limit 7.102 17.510
Upper Limit Infinite Irfinite
Weckn to First Observed Tumor - 82 |

8Dosed groups received average doses of 380 or 860 mg/kg per day in drinking water.

bhuzber of tumor-bearirz autmal i/nurber of animals examined at site (percent).

CBeueath the incidence of tumors in the control group is the prod “lity level for the Cochcan-
Atmitage test when D < 0.05; otherwise, not significant (N.S.) ifs indicated. Beneath the
fncideace of tumors in a dosed group is the probabilicy level for the Fisher exact test for
the compacison of that dosed group with the matched-control group when P < 0.05; otherwisa,
not significant (N.S.) iv indicated.

dA negative trenu (N) indicates a lower incidence in r dosed group than in & control group.

€The probability level for departure from linear trend is given whea P < 0.05 fo: any comparison.

fThe 952 confidence intacval of the relative risk between each «osed group and the control group.
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ufntéiew.of the Ploassay of 1,3-Dioxane® for Carcinogenicity
by the Data Evaluation/Risk Assesszent Subgroup of <he
Clearinghouse on Envirunmental Carcincgzens

March 7, 1978

The Clearingiiouse on Environmental Carcinogens was
established in May, 1976, in compliance with DHEW Comnittee
Regulations and the Provisions of the Federal Advisory
Committee Act. The purpose of the Clearinghouse 1is tn
advise the Director of the National Cancer Institute (NCI)
on 1ts biocassay program to identify and to evaluate chemical
carcinogens 1n the environment to which humans may be
exposed. The members of the Clearinghouse have been drawn
from academia, industry, organiznd labor, pubiic interest
groups, State health officials, and quasi-public health and
research organizations. Members have been selccted ¢n the
basis of their experience in carcinogenesis or related filelds
and, colleciively, provide expertis:> in cremistry, tiochemistry,
blostatistics, toxicclogy, pathology, and epidemiology.
Papresentatives of various Governmental azencies participate
a8 ad hoc membe=s. The [ata Evaluation/Risk Assessment Subgrup
of the Clearinghouse 13 charged with the respsnsibility of
rroviding a poer review of reports prepared on liCl-sponsored
blocassays of chemicals s-udied for carcinogenicitcy. It s in
this context that the below critique is given S the biloassay
of i,4=Dioxane for carcinogenicity.

The primary reviewer said that l,4=-Dioxane induced .
squamous~cell carcinomas of tle nasal turbinates in treated
rats and hepatocellular carcinomas in treated mice. He
briefly described the experimental design and conditions
unier which l,l4-Dioxane was tested. In his critique, the
. primary reviewer noted the poor survival ameng the rats
K and the decreased water intake among the high dose treated
. male mice. He sald, however, that these shortconings did
not effect the concliusion regarding the carcinogenicity
3 of 1,4=-Dioxane.

The secondary reviewer questicned the significance
of the decreased water intuke among tne high dose treated
male mice. A Prcgram staff nember commented that the
mice may have increased thelr water retention as they

“ decreased their water intake. As a result, 1l,4-Dioxane
¢ may have concentrated in the animal urinary tladder.
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It was pointed out that epidemiological studies have
shown an increased incidence of cancer of the nose and
related passages among furniture makers. A Subgrou, membher
noted that cther studles have shown experimentally the
carcinogenicity of 1,4-Dioxane.

A motion was made that the report on the bicassay cf
1,4-Dicxane be accepted as written. The motion was seconded
and approved unanimously.

leibeérs present were:

Gerald N. Wcgan (Chairmar.), Massachucetts Institute of
Techaolugy

Arnola Brown, Mayo Clinic

E. Cuyler Hammond, American Cancer Society

Joseph Highland, Envirormental Defense Fund -

Henry Pitot, University of Wiscocnsin Medical “enter

George Roush, Jr., Monsanto Company

Micnael Shimkin, University of California at San Diego

* Subsequent to this review, changes may have been made
in the bicassay report either as a result of the review
or other reasons. Thus, certain comments end criticlsms
reflectei in the review may no lcnger be approprlate.
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