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NOTE TO THE READER 


These studies are designed and conducted to characterize and evaluate the toxicologic potential, in­
cluding carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and 
mice). Chemicals selected for testing in the NTP Carcinogenesis Program are <:hosen primanly on the 
bases of human exposure, level ofproauction, and chemical structure. Selection per se is not an indicator 
of a chemical's carcinogenic potential. Negative results, in which the test animals do not have a greater
incidence ofcancer than control animals, do not necessarily mean that a test chemical is not a carcmogen, 
inasmuch as the experiments are conducted under a limited set of conditions. Positive results 
demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate 
that exposure to the chemical has the potential for hazard to humans. The determination of the risk to 
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends 
beyond the purview of this study. 

Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical Reports 
series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For 
each defimtive studY. result (male rats, female rats, male m1ce, female mice), one of the following quintet
will be selected to describe the findings. These categories refer to the strength of the experimental 
evidence and not to either potency or mechanism. 

• 	 Clear Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a 
chemicallY. related increased inc1dence of malignant neoplasms, studies that exhibit a 
substantially increased incidence of benign neoplasms, or studies that exhibit an increased 
incidence of a combination of malignant and benign neoplasms where each ilncreases with dose. 

• 	 Some Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a 
chemically related increasea incidence of benign neoplasms, studies that exhibit marginal
increases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in 
uncommon malignant or benign neoplasms. 

• 	 Equivocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as 
showing a chemically related marginal increase of neoplasms. 

• 	 No Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing no 
chemically related increases in malignant or benign neoplasms. 

• 	 Inadequate Study of Carcinogenicity demonstrates that because of major qualitative or 
quantitative limitations, the studies cannot be interpreted as valid for showing either the presence 
or absence of a carcinogenic effect. 

Additionally, the following concepts (as patterned from the International Agency for Research on Cancer 
Monographs) have been adopted oy the NTP to give further clarification oftnese wsues: 

The term chemical carcinogenesis generally means the induction by chemicals of neoplasms not 
usually observed, the earlier induct10n by chemicals of neoplasms that are commonly observed, or 
the induction by chemicals of more neoplasms than are generally found. Different mechanisms 
may be involved in these situations. Etymologically, the term carcinogenesis means induction of 
cancer, that is, of malignant neoplasms; however1 the commonly accepted meaning is the induction 
of various types of neoplasms or of a combinatwn of malignant and benign neoplasms. In the 
Technical Reports, the words tumor and neoplasm are used interchangeably. 

This study was initiated by the National Cancer Institute's Carcinogenesis Bioassay Programhnow part
of the National Institute of Environmental Health Sciences, National Toxicology Program. T e stuaies 
described in this Technical Report have been conducted in compliance with N'lrP chemical health and 
safety requirements and must meet or exceed all applicable Federal, state, and local health and safety
regulations. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being 
presented for peer review. 

Although every effort is made to _P,repare the Technical Reports as accurately as possible, mistakes may 
occur. Readers are requested to 1aentify anY. mistakes so that corrective act10n may be taken. Further, 
anyone who is aware of related ongoing or published studies not mentioned in this rep9rt is encouraged to 
make this information known to the NTP. Comments and _guestions about the National Toxicology 
Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J.E. Huff,
Natwnal Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780). 

These NTP Technical Reports are available for sale from the National Technic:al Information Service, 
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
COJ?ies of this Technical Re_I?ort are available without charge (and while supplies last) from the NTP 
Public Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 
27709. 

n-Butyl Chloride, NTP TR 312 	 2 



CONTENTS 

PAGE 

ABSTRACT ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • • •• • • • • • • • • • • • • • · 10 

CONTRIBUTORS ••••••••••••.••••••••••••••••••••••••••••••••.••.•••••••.•••.•••••••..•.. 12 

PEER REVIEW PANEL •••...••...•••..••.•..••••..••.•..••••••.•.•••.•.•••••.•...•••..••• 13 

SUMMARY OF PEER REVIEW COMMENTS .••••••••••••••••••••••••••••••••••••••••••••••••• 14 

I. INTRODUCTION •••••••••••••••••••••••••••••.•••••.••••••••••.•••••••..••••••••••• 15 

II. MATERIALS AND METHODS •.•••••.•••.•.••••..••.•.••••.•.•••..••••.•••..••.....•• 19 

PROCUREMENT AND CHARACTERIZATION OF n·BUTYL CHLORIDE •••••••••••••••••• 20 

PREPARATION AND CHARACTERIZATION OF DOSE MIXTURES , ••••••••••••••••••••• 20 

FOURTEEN-DAY STUDIES •••••••.•••.•..••...•...•••.••••...•..••.......••••••.•• 21 

THIRTEEN-WEEK STUDIES •••••••••••••••.•..•.••••••....••••..•.•....••••.•.•... 21 

TWO-YEAR STUDIES ••••••••••••••••.••••••••••••••••.•••••••••.•••••••••..•••••• 21 

STUDY DESIGN ••••••••••.•••..•••••.•••••••••••.••••..••.••••••••••••.••••••• 21 

SOURCE AND SPECIFICATIONS OF ANIMALS •••••••••••••••••••••••••••••••••••• 24 

ANIMAL MAINTENANCE ••••.•••••.•••••••••••••••••••.••••.•••••.•••••••.••••. 24 

CLINICAL EXAMINATIONS AND PATHOLOGY •••••••••••••••••••••••••••••••••••• 24 

STATISTICAL METHODS ••••••••••••••••••••••.•••••••••••••••••••••.•••.•••••• 25 

ID. RESULTS •••••••••••••••••••••••••••••••••••...••••••••••••••••••••••••••••••••••• 27 

RATS •...••..•••...••••.••••.•.....••......•••..•.•...••.•...•.•.•.•..•........ 28 

FOURTEEN-DAY STUDIES .••••••••••.••••••••••••.••••••••••••••••.•••••••..••• 28 

THIRTEEN-WEEK STUDIES .....••••••.•.....•.•••••.•.........•••....•.•......• 29 

TWO-YEAR STUDIES .••.•.•......•.•••.•••.••.•.•••.•••.....•••.....••••.•••••. 29 

BODY WEIGHTS AND CLINICAL SIGNS .••••••••••••••••••••••••••••••••••••••• 29 

SURVIVAL ••••••••••••••.•••...•••.•••••••••••••••••••••••••••••••••••••••• 32 

PATHOLOGY AND STATISTICAL ANALYSES OF RESULTS .•••••••••••••••••••••• 32 

MICE •••••••.•••••••••.•••.•••.••••••••••..••••••••••••••••••••••.•••••••••••.• 38 

FOURTEEN-DAY STUDIES .•..•..••.••..•••.••••••••••••••••••••••.•••.••....••• 36 

THIRTEEN-WEEK STUDIES .••••••••••••••••.•••••.•.••••••••••.•••..••••..•••.. 36 

TWO-YEAR STUDIES .•.•.••••..•••.•••••...••.•.••..••.••..•...••..•..........• 37 

BODY WEIGHTS AND CLINICAL SIGNS , ••••••••••••••••••••••••••••••••••••••• 37 

SURVIVAL ••.••••••••••••••..•••••.•••..••••••••••••••••••••••••••••••••••• 42 

PATHOLOGY AND STATISTICAL ANALYSES OF RESULTS , •••••••••••••••••••••• 45 

IV. DISCUSSION AND CONCLUSIONS •••••••••••••••••••••••••••••••••••••••••••••••••••• 49 

V. REFERENCES ..•••...•.••••••••••.•••.....•••...••••••.••.•••.•.•..•••••••••..•••• 55 

3 n-Butyl Chloride, NTP TR 312 



TABLES 

PAGE 

TABLE 1 PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAIGE STUDIES 

OF n-BUTYL CHLORIDE ••..••••••....•.••...•.....•...•...••.•......•••••.•.• 20 

TABLE 2 SUMMARY OF RESULTS OF ANALYSIS OF DOSE MIXTURES IN THJE TWO-YEAR 

GAVAGE STUDIES OF n-BUTYL CHLORIDE ••••••••••••••••••••••••••••••••••••• 21 

TABLE 3 EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE: GAVAGE 

STUDIES OF n-BUTYL CHLORIDE .••.....•••.••.•••••..............•..••.•.•.... 22 

TABLE 4 SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEJEN-DAY 

GAVAGE STUDIES OF n-BUTYL CHLORIDE •••••••••••••••••••• ,, •••••••••••••••• 28 

TABLE 5 SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK 

GAVAGE STUDIES OF n-BUTYL CHLORIDE •••••••••••••••••••• ,, •••••••••••••••• 29 

TABLE 6 MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR 

GAVAGE STUDIES OF n-BUTYL CHLORIDE •••••••••••••••••••• "•••••••••••••••• 30 

TABLE 7 SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 

n-BUTYL CHLORIDE .•••...••..••••.•.•..•.••.•.•••.•..•••... ,, •••••......••••• 32 

TABLE 8 ANALYSIS OF ADRENAL GLAND LESIONS IN FEMALE RATS IN THE TWO-YEAR 

GAVAGE STUDY OF n-BUTYL CHLORIDE •••••••••••••••••••••• "•••••••••••••••• 34 

TABLE 9 ANALYSIS OF PANCREATIC ACINAR CELL ADENOMAS IN MALE ll~ATS IN THE 

TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE ••••••••••• "•••••••••••••••• 34 

TABLE 10 INCIDENCES OF NONNEOPLASTIC LESIONS IN RATS IN THE TWO-YEAR 

GAVAGE STUDIES OF n-BUTYL CHLORIDE ...................................... 35 

TABLE 11 SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEJ!:N-DAY 

GAVAGE STUDIES OF n-BUTYL CHLORIDE .................................·••••• 36 

TABLE 12 SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK 

GAVAGE STUDIES OF n-BUTYL CHLORIDE ...................................... 37 

TABLE 13 MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE FIRST TWO-YEAR 

GAVAGE STUDIES OF n-BUTYL CHLORIDE ...................................... 38 

TABLE 14 MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE SECOND TWO-YEAR 

GAVAGE STUDIES OF n-BUTYL CHLORIDE •••••••••••••••••••• ,, •••••••••••••••• 40 

TABLE 15 SURVIVAL OF MICE IN THE FIRST TWO-YEAR GAVAGE STUDIES OF 

n-BUTYL CHLORIDE .•.•.••••••••••••••••••••••••••••••...•••..••.•...•.••••••• 42 

TABLE 16 SURVIVAL OF MICE IN THE SECOND TWO-YEAR GAVAGE STUDIES OF 

n..BUTYL CHLORIDE •••••.•...••••....••••.••••••••••••......•.••••••••••.••• 42 

n-Butyl Chloride, NTP TR 312 4 



TABLES (Continued) 
PAGE 

TABLE 17 ANALYSIS OF LUNG LESIONS IN FEMALE MICE IN THE TWO-YEAR GAVAGE 

STUDIES OF n-BUTYL CHLORIDE , , , , , , , , , , , , , , , , , , , , • , , , • , , , • , , ••• , , • , , ••••••• 48 

TABLE 18 ANALYSIS OF LIVER TUMORS IN FEMALE MICE IN THE TWO-YEAR 

GAVAGE STUDIES OF n-BUTYL CHLORIDE ••••• , , , , , , • , , , • , , , • , , ••• , • , •••• , , , , , 47 

TABLE 19 ANALYSIS OF CIRCULATORY SYSTEM TUMORS IN MALE MICE IN THl!: 

TWO-YEAR GAVAGE STUDIES OF n-BUTYL CHLORIDE . , , •• , ••• , , • , , •• , , •••• , • , , • 48 

FIGURES 

FIGURE 1 GROWTH CURVES FOR RATS ADMINISTERED n-BUTYL CHLORIDE IN CORN 

OIL BY GAvAGE FOR TWO YEARS •••••••••••••••••••••••••••••• II ••••••••••••• 31 

FIGURE 2 KAPLAN-MEIER SURVIVAL CURVES FOR RATS ADMINISTERED n-BU'l!'YL 

CHLORIDE IN CORN OIL BY GAVAGE FOR TWO YEARS ••• , •• , , •• , • , , , • , , , • , , , • , 33 

FIGURE 3 GROWTH CURVES FOR MICE ADMINISTERED n-BUTYL CHLORIDE IN CORN 

OIL BY GAVAGE FOR TWO YEARS (FIRST STUDY) . , , , , , , , , , , , , , , , , , , , , •• , , , •• , , • 39 

FIGURE 4 GROWTH CURVES FOR MICE ADMINISTERED n-BUTYL CHLORIDE IN CORN 

OIL BY GAVAGE FOR TWO YEARS (SECOND STUDY) ..... , ...... , , , • , ...... , .. , , , 41 

FIGURE 5 KAPLAN-MEIER SURVIVAL CURVES FOR MICE ADMINISTERED n-BUTYL 

CHLORIDE IN CORN OIL BY GAVAGE FOR TWO YEARS (FIRST STUDY) ••• , , •• , ••• 43 

FIGURE 6 KAPLAN-MEIER SURVIVAL CURVES FOR MICE ADMINISTERED n-BUTYL 

CHLORIDE IN CORN OIL BY GAVAGE FOR TWO YEARS (SECOND STUDY) • , , •• , , •• 44 

FIGURE 7 INFRARED ABSORPTION SPECTRUM OF n-BUTYL CHLORIDE 

(LOT NO. 780135·3) t •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 169 

FIGURE 8 NUCLEAR MAGNETIC RESONANCE SPECTRUM OF n-BUTYL CHLORIDE 

(LOT NO. 780135·3) •••••••••••••••••••••••••••••••••••••••••••••••••••••••••.• 171 

5 n-Butyl Chloride, NTP TR 312 



APPENDIXES 

PAGE 

APPENDIX A SUMMARY OF THE INCIDENCE OF NEOPLASMS IN RATS IN THE TWO-YEAR 

GAVAGE STUDIES OF n-BUTYL CHLORIDE .••••••••••••••••••••••••••••••••• 59 

TABLE Al SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE 

TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE ••••••••••••••••••••••••• 60 

TABLE A2 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE R.ATS IN THE 

TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE .......................... 63 

TABLE A3 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 

TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE .......................... 66 

TABLE A4 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 

TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE ••••••••••••••••••••••••• 72 

APPENDIX B SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MICE IN THE TWO-YEAR 

GAVAGE STUDIES OF n-BUTYL CHLORIDE .••••••••••••••••••••••••••••••••• 79 

TABLE B1 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICJ~ IN THE 

FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE , •••••••••••••••••• 80 

TABLE B2 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICI~ IN THE 

SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE , •••••••••••••••• 83 

TABLE B3 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE 

FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE , •••••••••••••••••• 85 

TABLE B4 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MJ[CE IN THE 

SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE .•••••••••••••••• 87 

TABLE 85 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 

FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE .•••••••••••••••••• 90 

TABLE B6 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 

SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE •••••••••••••••• 96 

TABLE 87 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 

FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE •••••••••••••••••• 100 

TABLE 88 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 

SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE ••••••••••••••• 104 

APPENDIX C SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN RATS IN 

THE TWO-YEAR GAVAGE STUDIES OF n-BUTYL CHLORIDE •••••••••••••••••• 109 

TABLE C1 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS JN MALE 

RATS IN THE TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIJ[)E ••••••••••• 110 

n-Butyl Chloride, NTP TR 312 6 



APPENDIXES (Continued) 
PAGE 

TABLE C2 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN F'EMALE 

RATS IN THE TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE .•••••••••• 115 

APPENDIX D SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MICE IN 

THE TWO· YEAR GAVAGE STUDIES OF n-BUTYL CHLORIDE ••••••••••••••••• 121 

TABLE D1 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE 

MICE IN THE FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE ••••• 122 

TABLE D2 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE 

MICE IN THE SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE ••• 126 

TABLE D3 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN JrEMALE 

MICE IN THE FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE , ••• , 129 

TABLE D4 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN J?EMALE 

MICE IN THE SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE ••• 133 

APPENDIX E ANALYSES OF PRIMARY TUMORS IN RATS AND MICE IN THE TWO-YEAR 

GAVAGE STUDIES OF n-BUTYL CHLORIDE .••••••••••••••••••••••••••••••• , 137 

TABLE E1 ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR 

GAVAGE STUDY OF n-BUTYL CHLORIDE • , , • , , •••••••••••••••••••••••••••• 138 

TABLE E2 ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR 

GAVAGE STUDY OF n-BUTYL CHLORIDE •••••••• , •••••••••••••••••••••••• , 142 

TABLE E3 ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE FIRST 

TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE ••••••• , •••••••••••••••• 145 

TABLE E4 ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE SECOND 

TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE • , , •• , •• , •• , •••• , ••••••• 148 

TABLE E5 ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE FIRST 

TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE •• , •••••••• ,, •••••••••••• 150 

TABLE E6 ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE SECOND 

TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE • , .................... , •• 152 

APPENDIX F HISTORICAL INCIDENCES OF TUMORS IN F344/N RATS AND B6C3JF'1 MICE 

ADMINISTERED CORN OIL BY GAVAGE • , •• , • , , • , •• , •• , • , , , .... , , •• , •• , •••• 155 

TABLE F1 HISTORICAL INCIDENCE OF PANCREATIC ACINAR CELL TUMORS IN 

MALE F344/N RATS ADMINISTERED CORN OIL BY GAVAGE •••• , •• , ••••••••• 156 

TABLE F2 HISTORICAL INCIDENCE OF URINARY BLADDER TRANSITIONAL CELL 

TUMORS IN F344/N RATS ADMINISTERED CORN OIL BY GAVAGE ••••• , , •••• , 157 

7 n-Butyl Chloride, NTP TR 312 



APPENDIXES (Continued) 
PAGE 

TABLE F3 HISTORICAL INCIDENCE OF ADRENAL GLAND TUMORS IN FEMALE 


F344/N RATS ADMINISTERED CORN OIL BY GAVAGE ••••••• , ••••••••••••••• 158 


TABLE F4 HISTORICAL INCIDENCE OF CIRCULATORY SYSTEM TUMORS IN MALE 


B6C3F1 MICE ADMINISTERED CORN OIL BY GAVAGE ••••••••••••••••••••••• 159 


TABLE F5 HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE 


B6C3F1 MICE ADMINISTERED CORN OIL BY GAVAGE ••••••••••••••••••••••• 160 


TABLE F6 HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN FEMALE 


B6C3F1 MICE ADMINISTERED CORN OIL BY GAVAGE , •••••••••••••••••••••• 161 


TABLE F7 HISTQRICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMOJRS IN 


FEMALE B6C3F1 MICE ADMINISTERED CORN OIL BY GAVAGE •••••••••••••• 162 


APPENDIX G GENETIC TOXICOLOGY OF n-BUTYL CHLORIDE ••••••••••••••••••••••••••• 163 


TABLE G1 MUTAGENICITY OF n-BUTYL CHLORIDE IN SALMONELLA TYPHIMURIUM ••••••••• 164 


TABLE G2 MUTAGENICITY OF n-BUTYL CHLORIDE IN L5178YtTK+I- MOUSE 


LYMPHOMA CELLS IN THE ABSENCE OF S9 ••••••••••••••••••••••••••••••• 165 


TABLE G3 INDUCTION OF SISTER-CHROMATID EXCHANGES IN CHINESE HAMSTER 


OVARY CELLS BY n-BUTYL CHLORIDE •••••••••••••••••••••••••••••••••••• 166 


TABLE G4 INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER 


OVARY CELLS BY n-BUTYL CHLORIDE .................................. , •• 166 


APPENDIX H CHEMICAL CHARACTERIZATION OF n-BUTYL CHLORIDE .................... 167 


APPENDIX I PREPARATION AND CHARACTERIZATION OF DOSE MIXTURES , ••••••••••••• 175 


APPENDIX J METHODS OF ANALYSIS OF DOSE MIXTURES .............................. 179 


APPENDIX K RESULTS OF ANALYSIS OF DOSE MIXTURES .............................. 183 


TABLE K1 RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK 


GAVAGE STUDIES OF n-BUTYL CHLORIDE , •••••••••••••••••••••••••••••••• 184 


TABLE K2 RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 


STUDIES OF n-BUTYL CHLORIDE ••••••••••••••••••••••••••••••••••••••••• 185 


TABLE K3 RESULTS OF REFEREE ANALYSIS IN THE TWO-YEAR GAVAGE STUDIES 


OF n-BUTYL CHLORIDE •••••••••••••••••••••••••••••••••••••••••••••••••• 186 


APPENDIX L SENTINEL ANIMAL PROGRAM , , • , • , ••••• , , , ••••••• , •••• , •••• , •••• , •••••• 187 


TABLE L1 MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN 


THE TWO-YEAR GAVAGE STUDIES OF n·BUTYL CHLORIDE , ••••••••• , ••••••• 189 


n-Butyl Chloride, NTP TR 312 8 



APPENDIXES (Continued) 
PAGE 


APPENDIX M INGREDIENTS, NUTRIENT COMPOSITION, AND CONTAMINANT LI~VELS IN 


NIH 07 RAT AND MOUSE RATION ••••••••••••••••••••••••••••••••••••••••• 191 


TABLE M1 INGREDIENTS OF NIH 07 RAT AND MOUSE RATION •••••••••••••••••••••••• 192 


TABLE M2 VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION ••••••••••••• 192 


TABLE M3 NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION .••••••••••••• 193 


TABLE M4 CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION .••••••••••••••• 194 


APPENDIX N DATA AUDIT SUMMARY ••••••••••••••••••••••••••••••••••••••••••••••••• 197 


9 n-Butyl Chloride, NTP TR 312 




H H H H 
I I I I 

H-c-c-c-c- c1 
I I I I 

H H H H 

n-Butyl Chloride 

{1-Chlorobutane; Butyl Chloride; n-Propylcarbinyl Chloride) 

CAS No. 109-69-3 

Molecular weight 92.57 

ABSTRACT 

Toxicology and carcinogenesis studies of n-butyl chloride (greater than 99.5% pure), a solvent as well 
as an alkylating agent, were conducted by exposing groups of F344/N rats and B6C3Fl mice to n­
butyl chloride in corn oil by gavage for 14 days, 13 weeks, and 2 years. In the 14-day studies, no 
compound-related gross pathologic effects were observed in groups of five male or female rats or mice 
administered doses of up to 3,000 mg/kg body weight. However, deaths occurred in the groups ad­
ministered 750, 1,500, or 3,000 mg/kg. Tremors and convulsions following gavage administration 
were observed. 

In the 13-week studies, groups of 10 male and 10 female rats were administered up to 500 mg/kg n­
butyl chloride, and similar groups of mice received up to 1,000 mg/kg. Three of 10 male rats in the 
500 mg/kg dose group and one female mouse in the 120 mg/kg dose group died before the end of the 
studies. Mild to moderate extramedullary hematopoiesis was observed in 3/10 male rats receiving 
500 mg/kg. Mean body weights of male and female rats receiving 250 or 500 mg/kg were lower than 
those of the vehicle controls. Convulsions were observed in male and female rats receiving 250 mg/kg 
or higher and in 2/10 female mice receiving 1,000 mg/kg. Based on these results, 2-year toxicology 
and carcinogenesis studies of n-butyl chloride were conducted by administering doses of 0, 60, or 120 
mg/kg in corn oil by gavage to groups of 50 male and 50 female rats and doses of 0, 500, or 1,000 mg/kg 
to groups of 50 male and 50 female mice. 

In the 2-year studies, survival relative to that of vehicle controls was significantly lower in high dose 
male rats (40/50 vs 17/50) and high dose female rats (35/50 vs 11/50) and in male mice receiving 1,000 
mg/kg (33/50 vs 10/50). Due to excessive mortality in the 1,000 mg/kg female mice, the group was 
terminated in the 45th week and a second series of 2-year studies in mice of each sex was started at 
concentrations of 0 and 250 mg/kg. Male mice in the 1,000 mg/kg group had 10% lower mean body 
weights than the vehicle control group. No adverse effects on survival or body weights in other dosed 
groups of rats and mice were observed. Convulsions were observed before or after gavage adminis­
tration on several occasions during the rat studies. These observations were noted primarily in the 
high dose groups (male: vehicle control, 1150; low dose, 3/50; high dose, 27/50; female: vehicle control, 
0/50; low dose, 7/50; high dose, 45/50). Hemorrhage of the brain and alveoli were observed primarily 
in high dose male and female rats dying from convulsions. Lymphoid depletion of the spleen and 
splenic hemosiderosis were also observed in these animals. In mice, convulsions were observed only 
in the first studies (in the high dose female mice that were terminated early and in 6/50 high dose 
male mice). 
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Pheochromocytomas of the adrenal gland occurred at a marginally increased incide1nce in low dose fe­
male rats (1/50; 6/50; 1/49). Hyperplasia was observed in 3/50 vehicle controls, 7/50 low dose females, 
and 4149 high dose females. The incidence of pheochromocytomas was low, not dose related, and not 
seen in male rats, and thus it was not considered to be compound related. Cytoplasmic vacuolization 
of the adrenal cortex occurred at increased incidences in male (5/50; 10/50; 20/50) but not in female 
rats. Nephropathy of the kidney occurred at increased incidences in female rats (13/50; 25/50; 20/50) 
but not in male rats. Additional nonneoplastic lesions such as congestion, inflammation, or nephrosis 
were not present to any degree in either vehicle control or dosed female rats. 

An increased incidence of alveolar/bronchiolar adenomas or carcinomas (combined) was observed in 
the 500 mg/kg group of female mice (3/50 vs 9/50), but little effect was seen in th~~ 250 mglkg group 
(6/50 vs 8/50). The incidences of adenomas or carcinomas (combined) in dosed female mice were not 
significantly different from that in the pooled vehicle control group from the first and second studies 
(pooled controls, 9/100; 250 mg/kg, 8/50; 500 mg/kg, 9/50). The lack of hyperplasia in female mice and 
the negative trend in male mice suggest that these marginal effects were probably not related to the 
administration of n-butyl chloride. 

An increased incidence of hepatocellular adenomas or carcinomas (combined) was observed in the 500 
mglkg group offemale mice (3/50 vs 8/50) but not in the 250 mglkg group (9/50 vs 7/50). An increased 
incidence of hemangiosarcomas was observed in male mice in the first study (1150; 3/50; 4/50) but not 
in the second study (4/50 vs 2/50). Neither of these marginal effects was regarded as compound 
related. 

n-Butyl chloride was not mutagenic in Salmonella typhimurium strains TA98, TAtOO, TA1535, or 
TA1537 in the presence or absence of Aroclor 1254-induced male Sprague-Dawle;y rat liver S9 or in 
the presence of male Syrian hamster liver S9. n-Butyl chloride was mutagenic in the mouse lympho­
ma L5178Y/TK +I- assay in the absence of Aroclor-induced male rat liver 89 and was not tested in 
the presence of 89. n-Butyl chloride did not induce sister-chromatid exchangElS or chromosomal 
aberrations in Chinese hamster ovary cells in the presence or absence of Aroclor-induced male rat 
liver 89. 

An audit of the experimental data was conducted for the 2-year studies of n-butyl chloride. No data 
discrepancies were found that influenced the final interpretations. 

Under the conditions of these 2-year gavage studies, there was no evidence of carcinogenicity* of n­
butyl chloride for male and female F344/N rats at daily doses of 60 or 120 mglkg, for male B6C3Fl 
mice at doses of 250, 500, or 1,000 mg/kg, or for female B6C3F 1 mice at doses of 250 or 500 mg/kg. 
Chemical-induced toxicity in high dose rats (primarily females) reduced the sensitivity of the study 
for determining carcinogenicity. 

•Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. 
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SUMMARY OF PEER REVIEW COMMENTS 

ON THE TOXICOLOGY AND CARCINOGENESIS STUDIJH:S OF 


n-BUTYL CHLORIDE 


On August 14, 1985, the draft Technical Report on the toxicology and carcinogenesis studies of n­
butyl chloride received peer review by the National Toxicology Program Board of Scientific 
Counselors' Technical Reports Review Subcommittee and associated Panel of gxperts. The review 
meeting began at 9:00 a.m. in the Conference Center, Building 101, National Institute of 
Environmental Health Sciences, Research Triangle Park, North Carolina. 

Dr. Crowley, a principal reviewer, agreed with the conclusions for male and female rats but suggested 
that the findings in male and female mice indicate an inadequate study of carcinogenicity because the 
the first study was terminated due to toxicity after 1 year and the incidences of tumors for vehicle 
control groups for the two studies varied. Dr. Turnbull and Dr. Kotelchuck agreed that the mice 
studies were inadequate. Dr. Kotelchuck questioned the combining of the vehiclEl control groups. Dr. 
J. Huff, NIEHS, reported that in only one site were there statistically significant differences between 
the two vehicle control groups (liver tumors in female mice) and thus it was considered proper to com­
bine vehicle control groups for supplemental data comparisons. 

As a second principal reviewer, Dr. Kociba agreed with the conclusions. He said that the rationale for 
dose selection should have included some parameters other than body weights (depression) and 
clinical observations (convulsions). In the absence of comparative absorption and metabolism data, 
inhalation exposure or skin application might have been a more appropriate route than corn oil 
gavage. Dr. J. Roycroft, NTP, said that the overt toxicity observed in the 2-year studies was not 
predictable from the short-term studies in that there were only minimal effects i111 mean body weights 
and convulsive episodes only in two high dose (1,000 mg/kg) female mice. 

As a third principal reviewer, Dr. Jones agreed with the conclusions. 

In further discussion on the appropriateness of combining the two concurrent vehicle control groups 
for the studies in mice, Dr. E. McConnell, NIEHS, said that a similar combination was done for the 
oral asbestos studies; the current studies were conducted in the same laboratory with similar environ­
mental factors and with genetically similar animals. Dr. Swenberg proposed adding a footnote ex­
plaining that combining vehicle control groups is done infrequently and why this was considered 
appropriate for n-butyl chloride. [See pages 46-48.] 

Dr. Hook said that the Panel needed to decide whether the mouse studies were adequate studies be­
fore the members could rule on the conclusions as written. Dr. Swenberg moved that these be con­
sidered adequate studies for at least one dose per sex and species. Dr. Kociba se~conded the motion. 
There were four affirmative votes (Dr. Jones, Dr. Kociba, Dr. Kotelchuck, and Dr. Swenberg), four 
negative votes (Dr. Crowley, Dr. Hooper, Dr. Perera, and Dr. Turnbull), and one abstention (Dr. 
Purchase). As Chair, Dr. Hook cast the tie-breaking vote to approve the motion. 

Dr. Kociba then moved that the conclusion as written for rats and mice of both sexes be accepted, 
including the last sentence, "Chemical-induced toxicity in high dose rats (primarily females) reduced 
the sensitivity of the study for determining carcinogenicity." Dr. Turnbull seconded the motion, and 
the Technical Report on n-butyl chloride was approved by six affirmative votes (Dr. Hooper, Dr. 
Jones, Dr. Kociba, Dr. Kotelchuck, Dr. Perera, and Dr. Turnbull); there was one negative vote (Dr. 
Swenberg) with two abstentions (Dr. Crowley and Dr. Purchase). 
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n-Butyl Chloride 

(1-Chlorobutane; Butyl Chloride; n-Propylcarbinyl Chloride) 

CAS No. 109-69-3 

Molecular weight 92.57 

n-Butyl chloride, a colorless, volatile liquid with 
a characteristic sweet odor, has a specific gravity 
of 0.878 (20° C/4° C), a boiling point of 78° C, a 
melting point of -123.1o C, and a vapor pressure 
of 80.1 mm Hg at 20° C. n-Butyl chloride is 
insoluble in water (0.066% at 12° C) and is 
miscible with alcohol and ether. It is flammable 
with a flash point of -7° C (closed cup). Flam­
mable limits in air are between 1.8% and 10.1%. 
n-Butyl chloride is stable when stored in the dry 
state; however, it hydrolyzes in the presence of 
moisture, liberating hydrogen chloride. Ther­
mal decomposition may produce phosgene. It 
can react vigorously with oxidizing materials 
(Merck, 1983; Sedivec and Flek, 1976; 
Oettingen, 1955; Sax, 1984). 

n-Butyl chloride is used as a solvent as well as 
an alkylating agent in organic syntheses (e.g., in 
the manufacture of butyl cellulose) and in the 
production of tin stabilizers for vinyl chloride 
resins. It has also been used as an anthelmintic 
in veterinary medicine, primarily for removal of 
ascarids and hookworms in dogs (Wright and 
Schaffer, 1932). Although a weak central nerv­
ous system depressant, it has also been used as a 
veterinary anesthetic (Abreu et al., 1939). 

n-Butyl chloride is prepared by heating n-butyl 
alcohol with hydrochloric acid and anhydrous 
zinc chloride. It is commercially available at 
greater than 99.5% purity. The production of n­
butyl chloride in the United States was esti­
mated to be greater than 2,300 kilograms in 
1982 (USITC, 1983). More accurate production 
estimates, as well as import and export figures, 

are not available, since only one company re­
ports production. Information on the incidence 
of environmental occurrence! or human exposure 
was not available from the literature. No oc­
cupational standard for n--butyl chloride has 
been established by the Occupational Safety and 
Health Administration. 

Animal Toxicity Studies 

Smyth et al. (1954) determined the oral LDso 
value for n-butyl chloride to be 2.67 g/kg in Car­
worth-Wistar rats. When rats were exposed by 
inhalation to n-butyl chlorid1e at 8,000 ppm for 4 
hours, deaths in two of six animals occurred over 
a 14-day period. n-Butyl chloride was readily 
absorbed through the skin of New Zealand al­
bino rabbits (greater than :20 ml/kg) and pro­
duced a primary skin irritation (3 in the stan­
dard Draize irritation index). In addition, eye 
injury to rabbits administered 0.5 ml neat n­
butyl chloride was determined to be minimal 
(small area of corneal necrosils). The LCso value 
for 2- to 3-month-old fish (guppies) has been 
determined to be 3.02 11mol/liter (Konemann, 
1981). 

To determine the efficacy of n-butyl chloride as a 
canine anthelmintic, Wright and Schaffer (1932) 
administered a single dose of n-butyl chloride 
(0.1, 0.2, 0.3, 0.5, 3.0, or 10.0 ml/kg) to dogs 
fasted for 12 hours. The dogs were observed daily 
for up to 4 days before being killed. n-Butyl 
chloride was well tolerated by all experimental 
animals and was effective in the removal of 
ascarids and hookworms. No visible reaction or 
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macroscopic postmortem lesions were observed. 
Microscopic lesions of the liver were observed in 
animals dosed at 0.3 ml/kg and higher and 
consisted of cloudy swelling and passive 
congestion with deposits of bilirubin. In several 
animals, there was a slight fatty infiltration of 
the liver which may have been associated with 
the administration of n-butyl chloride. Since the 
compound was efficacious in removing canine in­
ternal parasites and well tolerated, it was 
recommended for veterinary use as an anthel­
mintic. However, its use has been reduced in the 
past 10 years due to the introduction of new, 
more efficacious drugs. 

Female Wistar rats (180-200 g) were gavaged 
daily with n-butyl chloride at concentrations of 
0.72, 110, or 733 mg/kg in sunflower oil during 
the first 19 days of pregnancy and were evalua­
ted for embryotoxic and teratogenic effects 
(Leonskaya, 1980). An increase in embryo mor­
tality was seen in the 733 mg/kg dose group; no 
effect was seen in the lower dose groups. There 
was an increase in the number of fetuses with in­
ternal organ hemorrhage in the 733 mg/kg dose 
group. Progeny of the dosed females were ob­
served for 30 days following birth. No com­
pound-related effects were observed in mor­
tality, body weight change, time of appearance 
of body hair, or opening of eyes. The offspring 
were crossbred (within dose group) and sub­
sequently evaluated. n-Butyl chloride at a dose 
of 733 mg/kg substantially increased embryo 
mortality in the second generation. The author 
concluded that n-butyl chloride induced a 
hazardous effect on embryogenesis only in large 
doses that had pronounced toxic effects. 

Mutagenicity 

n-Butyl chloride was not mutagenic in 
Salmonella typhimurium when tested in a 
modified liquid suspension assay instead of in a 
plate assay (Eder et al., 1980), according to the 
preincubation protocol (Appendix G), or when 
the cells were exposed to the vapors in a sealed 
container (Barber et al., 1981). However, 
Simmon (1981) reported that when the cells 
were exposed to vapors in a desiccator (a protocol 

similar to that of Barber et al., 1981), n-butyl 
chloride was mutagenic in strain TAlOO of S. 
typhimurium in the absence of S9. The experi­
ment was not performed in the presence ofS9. n­
Butyl chloride was mutagenic in the mouse 
lymphoma L5178Y ITK +I- assay in the absence 
of S9; it was not tested in the presence of S9 (Ap­
pendix G). n-Butyl chloride did not induce 
sister-chromatid exchanges or chromosomal ab­
errations in Chinese hamster ovary cells in the 
presence or absence of Arodor 1254-induced 
male Sprague-Dawley rat liver S9. In summary, 
n-butyl chloride is mutagenic inS. typhimurium 
TA100 under certain conditions; it is mutagenic 
in mammalian cells but doe~s not cause cyto­
genetic effects in mammalian ,c:ells in vitro. 

Carcinogenicity 

Poirier et al. (1975) evaluated pulmonary tumor 
response in A/Heston mice. Male and female 
mice were given n-butyl chloride (in tricaprylin) 
weekly by intraperitoneal injections for 24 
weeks with a total dose of 1.2, 3.0, or 6.0 glkg. 
No significant increase in lung tumor incidence 
was observed in strain A mice following the ad­
ministration of n-butyl chloride; however, doses 
of 3.2 g/kg sec-butyl chloride~ and 1.2 g/kg tert­
butyl chloride increased lung tumor incidence. 

Human Exposure 

Although there are no data on human exposure 
ton-butyl chloride, workers may be exposed ton­
butyl chloride during its use. n-Butyl chloride is 
a potential eye, skin, lung, and mucous mem­
brane irritant. 

Study Rationale 

n-Butyl chloride was nominated by the National 
Cancer Institute as a model alkyl chloride fol­
lowing an organohalide class study. It is of par­
ticular interest because of the lack of long-term 
toxicity and carcinogenicity information and its 
potential for human exposure. Although occupa­
tional exposure occurs largely by the dermal or 
inhalation routes, NTP madE~ the decision to con­
duct these studies by the gavage route. 
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II. MATERIALS AND METHODS 


PROCUREMENT AND 
CHARACTERIZATION OF 
n-BUTYL CHLORIDE 

n-Butyl chloride was obtained in one batch (lot 
no. 780135-3) from Publicker Industries, Inc. 
(Philadelphia, Pennsylvania), which was used 
for all the studies. 

Purity and identity analyses conducted at Mid­
west Research Institute on lot no. 780135-3 of n­
butyl chloride showed that in addition to n-butyl 
chloride, water and 25 ppm acid components 
were present. The identity of the n-butyl 
chloride was confirmed by infrared, ultraviolet/ 
visible, and nuclear magnetic resonance spec­
troscopy. All spectroscopic data were consistent 
with the structure of n-butyl chloride and with 
literature spectra. The cumulative data from 
elemental analyses, gas chromatography, and 
free aCid titration indicated the purity of the n­
butyl chloride test material to be greater than 
99.5%. 

n-Butyl chloride was found to be stable for 2 
weeks at 60° C (Appendix H). n-Butyl chloride 
was stored at the testing laboratory in the dark 
at 0° C. Results of periodic analyses of the bulk 
test material at the testing laboratory by gas 
chromatography and titration for free acid 

indicated that n-butyl chloride remained stable 
during the course of the studies. 

PREPARATION AND 
CHARACTERIZATION OF 
DOSE MIXTURES 

The accurately weighed amounts of n-butyl 
chloride and corn oil werE~ mixed to give the 
desired concentrations (Table 1). The analytical 
chemistry laboratory found dose mixtures of n­
butyl chloride (6% in corn oil) to be stable for 7 
days at room temperature (Appendix 1). The 
testing laboratory did additional analyses 
during the 13-week studies which indicated that 
the n-butyl chloride dose mixtures were stable 
for up to 3 weeks. n-Butyl chloride/corn oil 
mixtures were stored at 0° C for no longer than 
14days. 

Periodic analyses for n-butyl chloride in corn oil 
were performed by the testing and analytical 
chemistry laboratories to d1~termine if the dose 
mixtures contained the corr•~ct concentrations of 
n-butyl chloride (Appendix J). Because 62/63 
mixtures analyzed were within ± 10% of the 
target concentration, it is estimated that dosing 
solutions were prepared within specifications 
98% of the time (Table 2; Appendix K). 

TABLE 1. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF 
n-BUTYL CHLORIDE 

Fourteen-Day Studies Thirteen·Week Studies Two-Year Studies 

Preparation Preparations were hand Same as 14-d studies Same as 14-d studies 
agitated for 10 sec and 
sealed in serum vials 

Maximum Storage 7d 10d 14d 
Time 

Storage Conditions 4•c 4•c o• ± s·c 
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TABLE 2. SUMMARY OF RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 

STUDIES OF n-BUTYL CHLORIDE 


Concentration of n-Butyl Chloride in Corn Oil 
for Target Concentration (mg!ml) 

12 200 

Mean (mg/ml) 
Standard deviation 

11.1 
1.06 

22.7 
0.63 

50.0 
0.95 

99.6 
3.46 

199.4 
5.33 

Coefficient ofvariation (percent) 
Range (mg/ml) 
Number of samples 

9.5 
7.75-11.9 

13 

2.8 
22.0-23.8 

13 

1.9 
48.1-51.7 

13 

3.5 
93.5-105.0 

12 

2.7 
192.0-206.9 

12 

FOURTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3Ft mice 
were obtained from Charles River Breeding Lab­
oratories and held for 19 days before the studies 
began. The rats were approximately 7 weeks old 
and the mice 7-9 weeks old when placed on 
study. 

Groups of five rats and five mice of each sex were 
administered 0, 190, 380, 750, 1,500, or 3,000 
mg/kg n-butyl chloride in corn oil by gavage for 
14 consecutive days. Animals were housed five 
per cage. Water and feed were freely available. 
The rats and mice were observed twice per day; 
the rats were weighed daily and the mice on 
days 1 and 14 and at the end of the studies. A 
necropsy was performed on all animals; how­
ever, histologic examinations were not per­
formed. Details of animal maintenance are pre­
sented in Table 3. 

THIRTEEN·WEEK STUDIES 

Thirteen-week studies were conducted to 
evaluate the cumulative toxic effects of repeated 
administration of n-butyl chloride and to deter­
mine the doses to be used in the 2-year studies. 
Four-week-old male and female F344/N rats and 
5- to 6-week-old B6C3F1 mice were obtained 
from Charles River Breeding Laboratories, ob­
served for 18 days (rats) or 16 days (mice), and 
assigned to test groups so that the average cage 
weights were approximately equal for all ani­
mals of the same sex and species. 

Groups of 10 rats of each sex were administered 

0, 30, 60, 120, 250, or 500 mg/kg n-butyl chloride 
in corn oil by gavage, 5 days per week for 13 
weeks. Groups of 10 mice of Elach sex were ad­
ministered 0, 60, 120, 250, 500, or 1,000 mg/kg 
n-butyl chloride on the same sc:hedule. Rats and 
mice were housed five per cage~ in polycarbonate 
cages. Feed and water were available ad 
libitum. 

Animals were checked two times per day; mori­
bund animals were killed. Individual animal 
weights were recorded weekly. At the end of the 
13-week studies, survivors were killed. A ne­
cropsy was performed on all animals except 
those excessively autolyzed or ~~annibalized. Tis­
sues and groups examined are listed in Table 3. 

TWO-YEAR STUDIES 

Study Design 

Groups of 50 rats of each sex were administered 
0, 60, or 120 mg/kg n-butyl chloride in corn oil by 
gavage, 5 days per week for 103 weeks. Groups 
of 50 mice of each sex were administered 0, 500, 
or 1,000 mg/kg, 5 days per week on the same 
schedule. All the female mice in the 1,000 
mg/kg group were dead by week 52. Histologic 
examinations were performed on some of these 
animals that died early; the cause of death could 
not be established but was attributed to n-butyl 
chloride. Because of the largEl number of deaths 
in the 1,000 mg/kg mouse groups, another dose 
group (250 mg/kg) and matching vehicle controls 
were started for male and female mice ap­
proximately 13 months after initiation of the 
other studies. 
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
OF n·BUTYL CHLORIDE 

Fourteen-Day Studies Thirteen-Week Studies Two-Year Studies 

EXPERIMENTAL DESIGN 

Size ofTest Groups 

Doses 

Date ofFirst Dose 

Date ofLast Dose 

Duration of Dosing 

Type and Frequency 
Observation 

Necropsy and 
Histologic 
Examination 

5 males and 5 females of 
each species 

0, 190,380, 750, 
1,500, or 3,000 mg/kg 
n-butyl chloride in 
corn oil by gavage; 
dose vol--5 mllkg 

11128n8 

12112n8 

14 consecutive days 

Rats--observed 2 X d; 
weighed daily; 
mice--observed 2 X d; 
weighedond 1, 14,andat 
the end of the studies 

Necropsy performed on 
all animals; histologic 
examination not 
performed 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species F344/N rats; B6C3F1 mice 

Animal Source 	 Charles River Breeding 
Laboratories (Portage, Ml) 

10 males and 10 females of 

each species 


Rats--0, 30, 60, 120,250, 

or 500 mg/kg n-butyl 

chloride in corn oil by 

gavage; 

mice--0, 60, 120,250,500, 

or 1,000 mg/kg n-butyl 

chloride in corn oil by 

gavage; 

dose vol--5 mllkg 


3/30n9 

6128n9 

5d/wk for 13 wk 

Observed 2 X d; 

weighed 1 X wk 


Necropsy and histologic 
examination performed on all 
animals; the following 
tissues were examined: gross 
lesions and tissue masses, 
mandibular lymph node, 
mammary gland, skin, 
salivary gland, sternebrae, 
thyroid gland, small 
intestine, colon, liver, 
prostate/testes or ovaries/ 
uterus, gallbladder (mice), 
lungs and bronchi, heart, 
esophagus, stomach, brain, 
thymus, trachea, pancreas, 
spleen, kidneys, adrenal 
glands, urinary bladder, 
pituitary gland, spinal cord 
(ifneurologic signs 
present), and eyes (ifgrossly 
abnormal) 

Same as 14-d studies 

Same as 14-d studies 

50 malles and 50 females of 

each species 


Rats--0, 60, or 120 mg/kg n­
butyl chloride in corn oil by 
gavagl!; 
mice (1st study)--0, 500, or 
1,000 mglkg n-butyl chloride in 
corn oil by gavage; 
mice (2:nd study)--0 or 250 
mglkg n-butyl chloride in corn 
oil by g·avage; 
dose vol--5 ml/kg 

Rats--3/3/80; 

mice (1st study)--2/20/80; 

mice <2nd study l--3/17/81 


Rats--2/24/82; 

mice (lst studyl--2/9/82; 

mice (2nd study)--3nt83 


5d/wk ~or 103 wk 

Observ,ed 2 X d; 

weighed initially, 1 X wk 

for 12 wk, then 1 X 4 wk 


Necrop11y and histologic 
examination performed on all 
animals1; the following tissues 
were examined: tissue masses, 
abnormal regional lymph nodes, 
skin, mandibular lymph nodes, 
mamma.ry gland, salivary 
gland, bone marrow, 
costocho,ndral junction, thymus, 
larynx, l;rachea, lungs and 
bronchi, heart, thyroid gland, 
parathyroids, esophagus, 
stomach, duodenum, jejunum, 
ileum, colon, mesenteric lymph 
nodes, liver, gallbladder 
(mice!, pancreas, spleen, 
kidneys, adrenal glands, 
seminal vesicles/prostate/ 
testes or ovaries/uterus, brain, 
and pituitary gland 

Same as 14-d studies 

Same as 14-d studies 
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
OF n-BUTYL CHLORIDE (Continued) 

Fourteen-Day Studies Thirteen-Week Studies Two-Year· Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Testing Laboratory 

Method of Animal 

Identification 


Time Held Before 
Test 

Age When Placed 

on Study 


Age When Killed 

Necropsy Dates 

Method ofAnimal 

Distribution 


Feed 

Bedding 

Water 

Cages 

Cage Filters 

Animals per Cage 

Other Chemicals on 
Test in the Same Room 

Animal Room 
Environment 

EG&G Mason Research 
Institute 

Ear punch 

19d 

Rats--7 wk; mice .. 7-9 wk 

Rats..9-10 wk; 
mice.. J0-12 wk 

Rats--12/15178-12/18178; 
mice .. J2/18178-12/19178 

Animals were assigned to 
test groups such that all 
cage weights were 
approximately equal 

Wayne Lab Blox pellets 
(Allied Mills, Chicago,IL); 
available ad libitum 

Aspen Bed (American 
Excelsior, Baltimore, MD) 

Automatic watering 
system (Edstrom 
Industries, Waterford, 
WJ); available ad 
libitum 

Polycarbonate (Lab Products, 
Rochelle Park, NJ) 

Disposable nonwoven 
fiber filters (Lab 
Products, Rochelle Park, NJ) 

5 

None 

Temperature.. J9.4"-26.1" C; 
humidity.. < 1 %-50%; 
fluorescent light 12 hid; 
10 room air changeslh 

EG&G Mason Research 
Institute 

Ear punch 

Rats.. JS d; mice..16d 

Rats..7 wk; mice ..7-8 wk 

Rats..21 wk; 
mice .. 21-22 wk 

Rats..7/2179-719179; 
mice..712179-7/5179 

Assigned to test groups 
such that the average 

cage weights were 

approximately equal 


Same as 14-d studies 


Aspen Bed hardwood chips 

<American Excelsior, Co., 

Baltimore, MD> or Betta 

Chips hardwood chips (Agway, 

Inc., Syracuse, NY) 


Same as 14-d studies 


Same as 14-d studies 


Nonwoven fiber filters (Lab 

Products, Rochelle Park, NJ) 


5 

None 

Temperature--mean 21.8" C; 
humidity .. 5%-74% (av 40%); 
fluorescent light 12 h/d; 
10 room air changeslh 

EG&G Mason Research 

Institute 


Ear punch 


3wk 


1st study .. 7 wk; 

2nd study (mice) ..8 wk 


Rats--111-113 wk; 

mice llst s.tudy)..111-112 wk; 

mice <2nd studyJ .. t12-113 wk 


Rats..3/4/82-3/13/82; 

mice (1st Sltudy)..2/17/82­
2/24/82; mice <2nd study).. 

3/15/83-3/23/83 


Randomized to cages by one 

random nllmbers table, then to 

groups by another random 

numbers table 


NIH 07 Rat and Mouse Ration 

(Zeigler Bros., Gardners, PA>; 

available ad libitum 


Aspen Bed hardwood chips 

(America11 Excelsior, Co., 

BaltimorE!, MD) 


Same as 14-d studies 


Same as 1.4-d studies 


Same as 13-wk studies 


5 

None 

Temperature..mean 23" C; 
2nd study ..mean 22.9° C; 
humidity..9%-78% (mean 41 %); 
fluorescent light 12 h/d; 
12 room air changeslh 
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II. MATERIALS AND METHODS 


Source and Specifications of Animals 

The male and female F344/N rats and B6C3Ft 
(C57BL/6N, female, X C3H/HeN MTv-, male) 
mice used in these studies were produced under 
strict barrier conditions at Charles River Breed­
ing Laboratories under a contract to the Car­
cinogenesis Program. Breeding stock for the 
foundation colonies at the production facility 
originated at the National Institutes of Health 
Repository. Animals shipped for testing were 
progeny of defined microflora-associated parents 
that were transferred from isolators to barrier­
maintained rooms. Rats were shipped to the 
testing laboratory at 4 weeks of age, mice for the 
first studies were shipped at 4 weeks of age, and 
mice for the second studies were shipped at 5 
weeks of age. The animals were quarantined at 
the testing facility for 3 weeks. Thereafter, a 
complete necropsy was performed on five ani­
mals of each sex and species to assess their 
health status. The rodents were placed on study 
at 7 weeks of age (rats and mice in first studies) 
or at 8 weeks (mice in second studies). The 
health of the animals was monitored during the 
course of the studies according to the protocols of 
the NTP Sentinel Animal Program (Appen­
dix L). 

A quality control skin grafting program has 
been in effect since early 1978 to monitor the 
genetic integrity of the inbred mice used to 
produce the hybrid B6C3F 1 test animal. In mid­
1981, data were obtained that showed in­
compatibility between the NIH C3H reference 
colony and the C3H colony from a Program sup­
plier. In August 1981, inbred parental lines of 
mice were further tested for genetic integrity via 
isozyme and protein electrophoretograms that 
demonstrate phenotype expressions of known 
genetic loci. 

The C57BL/6 mice were homogeneous at all loci 
tested. Eighty-five percent of the C3H mice 
monitored were variant at one to three loci, in­
dicating some heterogeneity in the C3H line 
from this supplier. Nevertheless, the genome of 
this line is more homogeneous than that of ran­
domly bred stocks. 

Male mice from the C3H colony and female mice 
from the C57BL/6 colony were used as parents 

for the hybrid B6C3Fl mice used in these 
studies. The influence of the potential genetic 
nonuniformity in the hybrid mice on these 
results is not known, but results of the studies 
are not affected because concurrent controls 
were included in each study. 

Animal Maintenance 

Animals were housed five per cage. Feed and 
water were available ad libitum. Further 
details of animal maintenance are given in 
Table 3. 

Clinical Examinations and Pathology 

All animals were observed two times per day, 
and clinical signs were recorded once per week. 
Body weights by cage were recorded once per 
week for the first 12 weeks of the study and once 
per month thereafter. Mean body weights were 
calculated for each group. Moribund animals 
were killed, as were animals that survived to the 
end of the studies. A necropsy was performed on 
all animals, including those found dead unless 
they were excessively autolyzed or cannibalized. 
Thus, the number of animals from which par­
ticular organs or tissues were examined micro­
scopically varies and is not necessarily equal to 
the number of animals that were placed on study 
in each group. 

Examinations for grossly visible lesions were 
performed on major tissues or organs. Tissues 
were preserved in 10% neutral buffered forma­
lin, embedded in paraffin, sectioned, and stained 
with hematoxylin and eosin. Tissues examined 
microscopically are listed in Table 3. 

When the pathology examination was com­
pleted, the slides, individual animal data 
records, and summary tables were sent to an in­
dependent quality assurance laboratory. Indi­
vidual animal records and tables were compared 
for accuracy, slides and tissue counts were veri­
fied, and histotechnique was evaluated. All 
tumor diagnoses, all target tissues, and all tis­
sues from a randomly selected 10% of the ani­
mals were evaluated by a quality assurance pa­
thologist. Slides of all target tissues and those 
about which the original and quality assurance 
pathologists disagreed were submitted to the 
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II. MATERIALS AND 1\IETHODS 


Chairperson of the Pathology Working Group 
(PWG) for evaluation. Representative coded 
slides selected by the Chairperson were re­
viewed by PWG pathologists, who reached a con­
sensus and compared their findings with the 
original and quality assurance diagnoses. When 
diagnostic differences were found, the PWG sent 
the appropriate slides and comments to the orig­
inal pathologist for review. This procedure has 
been described, in part, by Maronpot and Boor­
man (1982) and Boorman et al. (1985). The final 
diagnoses represent a consensus of contractor 
pathologists and the NTP Pathology Working 
Group. For subsequent evaluations, the diag­
nosed lesions for each tissue type are combined 
according to the guidelines of McConnell et al. 
(1986). 

Nonneoplastic lesions are not examined rou­
tinely by the quality assurance pathologist or 
PWG. Certain nonneoplastic findings are re­
viewed by the quality assurance pathologist and 
PWG if they are considered part of the toxic 
response to a chemical or if they are deemed of 
special interest. 

Statistical Methods 

Data Recording: Data on this experiment were 
recorded in the Carcinogenesis Bioassay Data 
System (Linhart et al., 1974). The data elements 
include descriptive information on the 
chemicals, animals, experimental design, sur­
vival, body weight, and individual pathologic re­
sults, as recommended by the International 
Union Against Cancer (Berenblum, 1969). 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
survival analyses at the time they were found 
dead of other than natural causes or were found 
to be missing; animals dying from natural 
causes were not censored. Statistical analyses 
for a possible dose-related effect on survival used 
the method of Cox (1972) for testing two groups 
for equality and Tarone's (1975) life table test for 
a dose-related trend. All reported P values for 
the survival analysis are two-sided. 

Calculation of Incidence: The incidence of neo­
plastic or nonneoplastic lesions is given as the 
ratio of the number of animals bearing such 
lesions at a specific anatomic site to the number 
of animals in which that site was examined. In 
most instances, the denominators include only 
those animals for which the site was examined 
histologically. However, when macroscopic ex­
amination was required to detect lesions (e.g., 
skin or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
at multiple sites (e.g., lymphomas), the de­
nominators consist of the number of animals on 
which a necropsy was performed. 

Analysis of Tumor Incidence: 'Three statistical 
methods are used to analyze tumor incidence 
data. The two that adjust for intercurrent mor­
tality employ the classical method for combining 
contingency tables developed by Mantel and 
Haenszel (1959). Tests of significance included 
pairwise comparisons of high dose and low dose 
groups with vehicle controls and tests for overall 
dose-response trends. 

For studies in which compound administration 
has little effect on survival, the results of the 
three alternative analyses will generally be 
similar. When differing results are obtained by 
the three methods, the final interpretation of the 
data will depend on the extent to which the 
tumor under consideration is regarded as being 
the cause of death. All reported P values for 
tumor analyses are one-sided. 

Life Table Analyses--The fi.rst method of 
analysis assumed that all tumors of a given type 
observed in animals dying before the end of the 
study were "fatal"; i.e., they either directly or 
indirectly caused the death of the animal. Ac­
cording to this approach, the proportions of 
tumor-bearing animals in the dosed and vehicle 
control groups were compared at each point in 
time at which an animal died with a tumor of 
interest. The denominators of these proportions 
were the total number of animals at risk in each 
group. These results, including the data from 
animals killed at the end of the study, were then 
combined by the Mantel-Haenszel method to 
obtain an overall P value. 'This method of 
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adjusting for intercurrent mortality is the life 
table method of Cox (1972) and ofTarone (1975). 
The underlying variable considered by this anal­
ysis is time to death due to tumor. If the tumor 
is rapidly lethal, then time to death due to tumor 
closely approximates time to tumor onset. In 
this case, the life table test also provides a com­
parison of the time-specific tumor incidences. 

Incidental Tumor Analyses--The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the study were "incidental"; i.e., they 
were merely observed at necropsy in animals dy­
ing of an unrelated cause. According to this ap­
proach, the proportions of tumor-bearing ani­
mals in dosed and vehicle control groups were 
compared in each of five time intervals: weeks 
0-52, weeks 53-78, weeks 79-92, week 93 to the 
week before the terminal-kill period, and the 
terminal-kill period. The denominators of these 
proportions were the number of animals on 
which a necropsy was actually performed during 
the time interval. The individual time interval 
comparisons were then combined by the pre­
viously described method to obtain a single over­
all result. (See Haseman, 1984, for the com­
putational details of both methods.) A recently 

developed method for the analysis of incidental 
tumors based on logistic regression (Dinse and 
Lagakos, 1983) was also employed as a sup­
plemental test in some instances. This method 
has the advantage of not requiring time inter­
vals in the statistical evaluation. 

Unadjusted Analyses--Primarily, survival-ad­
justed methods are used to evaluate tumor inci­
dence. In addition, the results of the Fisher 
exact test for pairwise comparisons and the 
Cochran-Armitage linear trend test (Armitage, 
1971; Gart et al., 1979) arE~ given in the appendix 
containing the analyses of primary tumor inci­
dence. These two tests are based on the overall 
proportion of tumor-bearing animals and do not 
adjust for survival differences. 

Historical Control Data: Although the con­
current control group is always the first and 
most appropriate control ~~roup used for evalua­
tion, there are certain instances in which his­
torical control data can be helpful in the overall 
assessment of tumor incidence. Consequently, 
control tumor incidences from the NTP his­
torical control data base (Haseman et al., 1984) 
are included for those tumors appearing to show 
compound-related effects. 
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III. RESULTS: RATS 


FOURTEEN-DAY STUDIES 

All the rats that received 1,500 or 3,000 mg/kg 
and 3/5 males and 115 females that received 750 
mg/kg n-butyl chloride died before the end of the 
studies (Table 4). No gavage accidents were 
noted; therefore, all deaths were considered com­
pound related. The final mean body weight of 
the male rats that received 750 mg/kg was 14% 
lower than that of the vehicle controls. The final 
mean body weight of the female rats that re­
ceived 750 mg/kg was 6% lower than that of the 
vehicle controls. Convulsions were observed in 
males that received 750 mg/kg or more and in 
one female that received 1,500 mg/kg. 

Aggressiveness and hyperactivity were observed 
in rats that received 750 mg/kg. A bloody dis­
charge from the nose and mouth was observed in 
males that received 750 mg/kg or more and in fe­
males that received 1,500 mg/kg. At necropsy, 
blood was found in the cranial cavity of males 
that received 750 mg/kg or more and females 
that received 1,500 mg/kg· or more. Histologic 
examinations were not pE~rformed. Doses se­
lected for the 13-week studies were based on 
weight gain depression and clinical signs ob­
served in the 14-day studies. 

TABLE 4. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF n-BUTYL CHLORIDE 

Dose Survival (a) 
Mean Bodi Weights !grams~ 

Initial (b) Final Change(c) 
Final Weight Relative 
to Vt!hicle Controls 

(mg/kg) (percent) 

MALE 

0 
190 
380 
750 

5/5 
5/5 
5/5 

(d) 2/5 

164 ± 5 
164 ± 5 
164 ± 6 
165 ± 5 

206 ± 3 
207 ± 4 
202 ± 6 
178 ± 8 

+42 ± 3 
+43 ± 3 
+ 38 ± 2 
+ 19 ± 1 

100 
98 
86 

1,500 
3,000 

(e)0/5 
(g)0/5 

165 ± 3 
166 ± 3 

(f) 
(f) 

(f) 
(f) 

(f) 
(f) 

FEMALE 

0 
190 
380 
750 

1,500 
3,000 

5/5 
5/5 
5/5 

(h)4/5 
(i) 0/5 
(j) 0/5 

126 ± 3 
126 ± 3 
126 ± 3 
126 ± 3 
125 ± 3 
126 ± 3 

154 ± 2 
154 ± 2 
156 ± 4 
144 ± 5 

(f) 
(f) 

+28 ± 2 
+ 28 ± 1 
+30 ± 2 
+ 16 ± 3 

(f) 
(f) 

100 
101 
94 
(f) 
(f) 

(a) Number surviving/number initially in the group 
(b) Initial mean group body weight ± standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end ofthe study. 
(c) Mean body weight change of the survivors of the group ± standard error of the mean 
(d) Day of death: 6, 7, 7 
(e)Oayofdeath: 3,3,3,3,4 
(f) No data are reported due to the 100% mortality in this group. 
(g)Dayofdeath: 2,2,2,2,3 
(h) Day of death: 8 
(i) Day ofdeath: 3, 3, 4, 4, 5 
(j) Day ofdeath: all 3 
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III. RESULTS: RATS 


THIRTEEN·WEEK STUDIES 

Six of 10 male rats that received 500 mglkg n­
butyl chloride died before the end of the studies 
(Table 5). Because of the increased irritability of 
rats at the higher doses, dosing by gavage be­
came extremely difficult; three deaths occurred 
in the 500 mglkg group because of gavage acci­
dents. The final mean body weights of males 
that received 250 or 500 mglkg were 11% or 20% 
lower than that of the vehicle controls. Final 
mean body weights of females that received 250 
or 500 mg!kg were 6% or 10% lower than that of 
the vehicle controls. Five of 10 males and 2/10 
females that received 250 mg!kg and 9/10 males 
and 8/10 females that received 500 mg!kg had 
convulsions on one or more occasions. Extra­
medullary hematopoiesis of the spleen was ob­
served in 3/10 males that received 500 mglkg. 
The severity was mild in two rats and moderate 
in a third. This lesion was not observed in vehi­
cle control animals. 

Dose Selection Rationale: Because of weight 

gain depression and convulsion:; observed at 250 
mglkg, doses selected for rats in the 2-year stud­
ies were 60 and 120 mg!kg n-butyl chloride ad­
ministered in corn oil by gavage, 5 days per 
week. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

The initial mean body weights of the dosed male 
rats were lower than that of the, vehicle controls, 
and the mean body weights of the high dose 
group remained slightly lower throughout the 
studies (Table 6 and Figure 1). Mean body 
weights of dosed and vehicle control female rats 
were comparable throughout the studies. Many 
dosed rats had tremors and <:onvulsions after 
being gavaged. Antibodies to Sendai virus and 
RC virus were detected in sentinel animals 
throughout the studies (Appendix L, Table Ll). 

TABLE 5. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEJ[{ GAVAGE 
STUDIES OF n-BUTYL CHLORIDE 

Mean Body Weights (grams) Final Weight Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehic!le Controls 

(mg/kg) (percent) 

MALE 

0 
30 
60 

120 
250 
500 

FEMALE 

0 
30 
60 

120 
250 
500 

10/10 
10/10 
10/10 
10/10 
10/10 

(d)4/10 

10/10 
10/10 
10/10 
10/10 
10/10 
10/10 

131 ± 2 
131 ± 2 
130 ± 2 
131 ± 2 
131 ± 2 
131 ± 2 

103 ± 1 
102 ± 1 
103 ± 1 
103 ± 2 
103 ± 1 
103 ± 1 

299 ± 4 
300 ± 5 
290 ± 4 
285 ± 3 
265 ± 4 
240 ±10 

181 ± 8 
177 ± 3 
176 ± 2 
174 ± 1 
171 ± 2 
163 ± 2 

+ 168 ± 3 
+169 ± 5 
+160 ± 3 
+154 ± 4 
+134 ± 3 
+113 ± 9 

+ 78 ± 6 
+ 75 ± 2 
+ 73 ± 1 
+ 71 ± 1 
+ 68 ± 2 
+ 60 ± 2 

100 
97 
95 
89 
80 

98 
97 
96 
94 
90 

(a) Number surviving/number initially in the group 
(b) Initial mean group body weight ± standard error ofthe mean. Subsequent calculations are based on those animals 
surviving to the end ofthe study. 
(c) Mean body weight change of the survivors of the group ± standard error of the mean. Final body weights were taken 
during week 12 ofthe study. 
(d) Day of death: 7, 10, 11, 11, 12, 12. Three of these deaths were accidental. 
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TABLE I. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES 
OF n-BUTYL CHLORIDE 

1agmp1VfN'II~B~IWeeka Av o.o AvW£ wt¥pe~ No.ot Av W£ 'W£(percen No. ot 
on Study (fi'&IU) Survivors (fi'&ID8) ofvehcontroi8)Survivora (grama) ofveh controla) Survivors 

MALE 

0 
1 
2 
3 
4 
5 
8 
7 
8 
9 

10 
11 
12 
11 
20
24 
28 
31 
311 
40 .... 
41 

I•"•12 
11 
10 
M•91•100 

1M 

167 50 
190 50 
218 50 
238 50 
250 50 
272 50 
285 50 
298 50 
318 50 
322 50 
332 50 
33t 50 
341 50 
311 50 
381 50
414 110 
421 110 
431 50 
4110 110 
410 50 
4IM 110.. 48 
4M 48- 48 
WI 48- 48 
512 48- 48 
Ul 48 
1100 48 
1100 47 
498 48 
511 45 
498 45 
497 42 
482 40 

159 
181 
211 
251 
240 
281 
278 
284 
299 
310 
320 
328 
336 
372 
377
401 
412 
434 
438 
454 
473 
481 
485 
496 
492 
501 
511 
510 
510 
508 
505 
504 
507 
508 
509 
501 

95 
95 
98 

106 
96 
96 
97 
96 
95 
96 
96 
96 
97 
99 
97 
97 
97 
99 
97 
97 
98 
98 
98 
99 
99 

100 
100 
101 
98 

102 
101 
101 
98 

102 
102 
104 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50
50 
50 
50 
50
49 
49 
49 
48 
48 
48 
47 
47 
47 
47 
47 
44 
42 
39 
38 
34 
32 

160 
180 
205 
235 
244 
261 
272 
281 
295 
305 
311 
320 
327 
357 
360
377 
392 
405 
418 
434 
452 
459 
489 
471 
472 
477 
481 
479 
483 
481 
479 
472 
479 
476 
479 
468 

96 
95 
95 

100 
98 
96 
95 
95 
93 
95 
94 
94 
95
95 
93
91 
92 
92 
93 
92 
93 
94 
95 
94 
95 
95 
94 
95 
93 
96 
96 
95 
93 
96 
96 
97 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50
50 
50 
49 
49 
48 
47 
45 
44 
43 
41 
39 
39 
35 
34 
31 
31 
29 
23 
22 
19 
17 

I'BIIALB 

0 
1 
2 
3 
4 
5 
I 
7 
8 
8 

10 
11 
11 
11 
20 
24 
28 
31 
311 
40 
44 
48 
52 
54 
5I 
58 
60 
62 
64 
81 
88
70 
72 
76 
80 
84 
86
92 
96 

100
104 

121 
138 
150 
183 
181 
175 
181 
181 
189 
192 
195 
198 
202 
212
218 
221 
221 
240 
248 
258 
284 
270 
278 -
287 -
291 -
302-314 -
323 
326 
324 
331 
348 
336 
343 
345
335 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50
50 
50 
50 
50 
50 
50 
50 
50 
50 -
50 -
50-50 -50 .. 
50 
50
47 
45 
42 
38 
37 
38 
35 

124 
140 
151 
183 
185 
174 
178 
185 
191 
195 
198 
200 
202 
213 
219 
228 
228
242 
251 
259 
288 
274 
281 -
292 -
297 -
308 -322 -
330
335 
332 
338 
341 
345 
348 
355 
359 

102 
101 
101 
100 
99 
99 
98 

102 
101 
102 
102 
101 
100 
100
100 
101 
101 
101 
101 
100 
102 
101 
102 -102 

102 

102 
103 -102 
103 
102 
102 
99 

103 
101 
103 
107 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50
50 
50 
50 
50 
50 
50 
50 
50 
50 -
50 -49 -
48 -
48 -
48 
48
47 
47 
48 
45 
44 
40 
38 

120 
136 
147 
160 
160 
169 
173 
181 
186 
190 
192 
194 
198 
214
215 
224 
227 
242 
245 
254 
261 
282 
272 
276 
284 
292 
293 
300 
305 
311 
316 
317 
326 
332 
330 
334 
333 
338 
341 
341 
331 

99 
99 
98 
98 
96 
97 
96 

100 
98 
99 
98 
98 
98 

101 
99 
99 

100 
101 
98 
98 
99 
97 
99 .. 
99 
-­

101 -­
101 

-
101 -101 
102 
102 
101 
96 

101 
99 
99 
99 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
45 
43 
38 
35 
33 
32 
30 
28 
25 
25 
25 
24 
24 
24 
23 
21 
18 
18 
16 
16 
15 
12 
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III. RESULTS: RATS 


Survival 

Estimates of the probabilities of survival for 
male and female rats administered n-butyl 
chloride at the doses used in these studies and 
for the vehicle controls are shown in the Kaplan 
and Meier curves in Figure 2. The survival of 
both the male (after week 59) and female (after 
week 41) high dose groups was significantly 
lower than that of the vehicle control groups 
(Table 7). Based on the survival in the 13-week 
studies, the high mortality in both the 60 and 
120 mg/kg groups was unexpected. 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note­

worthy changes in the inddences of rats with 
neoplastic or nonneoplastie lesions of the adre­
nal gland, pancreas, urinary bladder, lung, 
brain, spleen, kidney, prostate, or multiple or­
gans. Histopathologic findings on neoplasms in 
rats are summarized in Appendix A (Tables A1 
and A2); Appendix A (Tables A3 and A4) also 
gives the survival and tumor status for individ­
ual male and female rats. Findings on nonneo­
plastic lesions are summarized in Appendix C 
(Tables C1 and C2). Appendix E (Tables E1 and 
E2) contains the statistical analyses of those pri­
mary tumors that occurred with an incidence of 
at least 5% in one of the three groups. The sta­
tistical analyses used are discussed in Chapter II 
(Statistical Methods) and Appendix E (foot­
notes). Historical incidences of tumors in corn 
oil vehicle control animais are listed in Ap­
pendix F. 

TABLE 7. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF n-BUTYL CHLORIDE 

Vehicle Control 60 mg/kg 120mg/kg 

MALE(a) 


Animals initially in study 

Nonaccidental deaths before termination (b) 

Killed at termination 

Survival P values (c) 


FEMALE(a) 


Animals initially in study 

Nonaccidental deaths before termination (b) 

Killed at termination 

Died during termination period 

Survival P values (c) 


50 

10 

40 


<0.001 

50 

15 

34 


1 
<0.001 

50 50 
18 33 
32 17 

0.107 <0.001 

50 50 
12 39 
38 11 

0 0 
0.561 <0.001 

(a) Terminal kill period: male--weeks 104-106; female--weeks 105-106 
<bJ Includes animals killed in a moribund condition 
<cJ The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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III. RESULTS: RATS 


Adrenal Gland: Cytoplasmic vacuolization of 
the adrenal cortex was observed at increased in­
cidences in dosed male rats (vehicle control, 
5/50, 10%; low dose, 10/50, 20%; high dose, 20/50, 
40%) but not in the dosed female rats (vehicle 
control, 4/50, 8%; low dose, 5/50, 10%; high dose, 
3/49, 6%). The incidence of pheochromocytomas 
in low dose female rats was significantly greater 
than that in the vehicle controls (Table 8). The 
incidences of pheochromocytomas in dosed male 
rats were lower than that in the vehicle controls 

(vehicle control, 15/50, 30%; low dose, 11150, 
22%; high dose, 4/50, 8%). Malignant pheo­
chromocytomas were observed in one male and 
one female vehicle control animal. 

Pancreas: Acinar cell adenomas in male rats oc­
curred with a significant positive trend by the 
life table test; the incidences in the dosed groups 
were not significantly greater than that in the 
vehicle controls (Table 9). 

TABLE 8. ANALYSIS OF ADRENAL GLAND LESIONS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 

STUDY OF n-BUTYL CHLORIDE (a) 


Vehicle Control 60mglkg 120mg/kg 

Medullary Hyperplasia 
Overall Rates 3/50 (6%) 7/50 (14%) 4/49(8%) 

Pheochromocytoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

0/50 (0%) 
0.0% 
0/35(0%) 

P=0.091 
P=0.143 

6/50 (12%) 
15.0% 
5/38 (13%) 
88 
P=0.023 
P=O.Oll 

1/49 (2%) 
6.7% 
0/11 (0%) 
100 
P=0.320 
P=0.602 

Malignant Pheochromocytoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

1150 (2%) 
2.9% 
1135 (3%) 
105 
P=0.189 
P=0.258 

0/50 (0%) 
15.0% 
5/38 (13%) 
88 
P=0.074 
P=0.043 

0/49(0%) 
6.7% 
0/11 (0%) 
100 
P=0.518 
P=0.714 

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes). 
(b) Historical incidence of pheochromocytomas (all types) at testing laboratory (mean ± SD): 13/199 (7% ± 2%); historical 
incidence in NTP studies: 65/1,093 (6% ± 3%) 

TABLE 9. ANALYSIS OF 	PANCREATIC ACINAR CELL ADENOMAS IN MALE RATS IN THE TWO­
YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (a) 

Vehicle Control 60mg/kg 120mg/kg 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

4/50 (8%) 
10.0% 
4/40 (10%) 
104 
P=0.040 
P=0.050 

9/50 (18%) 
27.1% 
8/32 (25%) 
99 
P=0.050 
P=0.054 

5/48 (10%) 
29.4% 
5/17 (29%) 
104 
P=0.076 
P=0.076 

(a) Historical incidence at testing laboratory (mean ± SD): 5/196 (3% ± 1%); historical incidence in NTP studies: 47/1,086 
(4% ± 8%) 
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III. RESUI,TS: RATS 


Urinary Bladder: Transitional cell papillomas 
were observed in one low dose male rat and in 
one high dose female rat. 

Lung: Hemorrhage of the alveoli was observed 
at increased incidences in high dose male and 
female rats (Table 10). 

Brain: Hemorrhage of the brain was observed at 
increased incidences in high dose male and fe­
male rats (Table 10). 

Spleen: Lymphoid depletion and hemosiderosis 
were observed at increased incidences in high 
dose male and female rats (Table 10). 

Kidney: Nephropathy was observed at increased 
incidences in dosed female rats (vehicle control, 
13/50, 26%; low dose, 25/50, 50%; high dose, 
20/50, 40%). 

Prostate: Focal hyperplasia was observed in 5/42 
(12%) low dose male rats but not in the other 
groups. In addition, 1142 (2%) low dose male rats 
had a prostate adenoma. 

Multiple Organs: Congestion of multiple organs 
was observed at increased incidences in high 
dose rats (male: vehicle control, 2/50, 4%; low 
dose, 6/50, 12%; high dose, HI/50, 30%; female: 
vehicle control, 0/50; low dos:e, 1150, 2%; high 
dose, 28/50, 56%). 

TABLE 10. INCIDENCES OF NONNEOPLASTIC LESIONSIN RATS IN THE TWO-YEAR GAVAGE 
STUDIES OF n·BUTYL CHLORIDE (a) 

Male Female 
Vehicle 80mg/kg 120mg/kg Vehicle 80mg/kg 120mg/kg 

Lesion/Site Control Control 

Hemorrhage 
Brain 
Lung 

2/49 
0/50 

4/50 
2/50 

18/49 
19/50 

1/50 
0/50 

1/50 
1150 

25/50 
26/50 

Lymphoid depletion 
Spleen 1150 1/50 15/50 1150 1/50 24/50 

Hemosiderosis 
Spleen 6/50 3/50 16/50 3/50 3/50 27/50 
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III. RESULTS: MICE 


FOURTEEN-DAY STUDIES 

All the mice that received 3,000 mg/kg and 3/5 
males and 215 females that received 1,500 mglkg 
died before the end of the studies (Table 11). No 
gavage accidents occurred; therefore, the deaths 
were attributed to dosing. The final mean body 
weight of males that received 750 mg/kg was 7% 
lower than that of the vehicle controls; the final 
mean body weight of the survivors of the 1,500 
mglkg group was greater than that of the vehicle 
controls. Final mean body weights of dosed and 
vehicle control female mice were comparable. 
Mice that received 1,500 or 3,000 mglkg were 
hyperactive. Two of 10 males that received 
3,000 mglkg had convulsions. No compound­
related gross pathologic effects were observed in 
animals that lived to the end of the studies. 
Histologic evaluation was not required. Doses 
for the 13-week studies were based on survival 

and weight gain depreHsion in the 14-day 
studies. 

THIRTEEN-WEEK STUDIES 

The incidences of deaths in the various groups 
are given in Table 12. A number of gavage acci­
dents occurred during thE~ studies (two vehicle 
control females, a male and female in the 60 
mg/kg groups, a female in the 120 mg/kg group, 
and two females in the 1,000 mg/kg group) and 
were attributed to handling and dosing of the 
animals by several different technicians during 
the studies. The final mean body weights of 
dosed and vehicle control mice were comparable. 
Two female mice in the 1,000 mg/kg group con­
vulsed during the course of the study. No other 
compound-related clinical signs were observed 
for male and female mice. No compound-related 
histopathologic effects wer<e observed. 

TABLE 11. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF n-BUTYL CHLORIDE 

Mean Body Weights (grams) Final Weight Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls 

(mg/kg) (percent) 

MALE 

0 
190 
380 
750 

1,500 
3,000 

FEMALE 

0 
190 
380 
750 

1,500 
3,000 

5/5 
5/5 
5/5 
5/.5 

(d) 2/5 
(e)0/5 

5/5 
5/5 
5/5 
5/5 

(g)3/5 
(h)0/5 

24.5 ± 0.8 
24.3 ± 0.9 
24.7 ± 0.8 
24.3 ± 0.9 
24.5 ± 0.8 
24.1 ± 0.8 

19.9 ± 0.3 
19.9 ± 0.4 
19.8 ± 0.3 
19.5 ± 0.5 
19.8 ± 0.5 
19.7 ± 0.7 

26.2 ± 1.0 
27.6 ± 1.1 
27.8 ± 0.9 
24.4 ± 1.2 
27.0 ± 2.0 

(f) 

21.4 ± 0.5 
21.4 ± 0.4 
21.6 ± 0.4 
21.6 ± 0.7 
22.0 ± 0.6 

(f) 

+1.7 ± 0.4 
+3.3 ± 0.4 
+3.1 ± 0.4 
+0.1 ± 0.6 
+1.2 ± 0.4 

(i) 

+1.5 ± 0.2 
+ 1.5 ± 0.2 
+1.8 ± 0.7 
+2.1 ± 0.5 
+ 1.4 ± 0.4 

(f) 

105.3 
106.1 

93.1 
103.1 

(i) 

100.0 
100.9 
100.9 
102.8 

(f) 

(a) Number surviving/number initially in the group 
(b) Initial group mean body weight ± standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study. 
(c) Mean body weight weight change of the survivors of the group ± standard error of the mean 
(d) Day ofdeath: 15, 17, 18 while awaiting necropsy 
(e)Dayofdeath: 3,6,8,9,10 
(i) No data are reported due to the 100% mortality in this group. 
(g) Day ofdeath: 11, 14 
(h) Day of death: 3, 6, 6, 7, 8 
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TABLE 12. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEE:K GAVAGE 
STUDIES OF n-BUTYL CHLORIDE 

Mean Body Weights (grams) Final Wei1Jht Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehiclle Controls 

(mg/kg) (pe1rcent) 

MALE 

0 
60 

120 
250 
500 

1,000 

FEMALE 

0 
60 

120 
250 
500 

1,000 

(d) 9/10 
(e) 9/10 

10/10 
10/10 
10/10 
10/10 

(f) 8/10 
(e) 9/10 
(g) 9/10 

10/10 
10/10 

(h) 7/10 

23.2 ± 0.5 
23.3 ± 0.5 
23.2 ± 0.5 
23.3 ± 0.5 
23.1 ± 0.4 
23.3 ± 0.4 

18.6 ± 0.4 
19.0 ± 0.4 
19.0 ± 0.4 
18.3 ± 0.3 
18.5 ± 0.3 
18.6 ± 0.3 

31.5 ± 0.8 
32.3 ± 0.9 
31.9 ± 0.9 
30.6 ± 0.6 
32.3 ± 0.5 
32.3 ± 0.5 

24.4 ± 0.5 
24.9 ± 0.5 
24.6 ± 0.6 
24.6 ± 0.5 
25.0 ± 0.3 
25.4 ± 0.5 

+8.2 ± 0.6 
+8.8 ± 0.5 
+8.7 ± 0.6 
+7.3 ± 0.4 
+9.2 ± 0.2 
+9.0 ± 0.4 

+5.7 ± 0.3 
+5.9 ± 0.2 
+5.9 ± 0.5 
+6.3 ± 0.3 
+6.5 ± 0.2 
+6.6 ± 0.3 

102.5 
101.3 
97.1 

102.5 
102.5 

102.0 
100.8 
100.8 
102.5 
104.1 

(a) Number surviving/number in group 
(b) Initial group mean body weight ± standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study. 
(c) Mean body weight change ofthe survivors ± standard error of the mean. Final body weights were taken during week 12 
of the study. 
(d) Day of death: 12 
(e) Day of death: 6, gavage accident 
(f) Day ofdeath: 1, 9, gavage accidents 
(g) Day of death: 12, gavage accident 
(h) Day of death: 7, 8, 12, two were gavage accidents 

Dose Selection Rationale: The doses selected for 
mice in the 2-year studies were 500 and 1,000 
mg/kg n-butyl chloride administered in corn oil 
by gavage, 5 days per week. The dose selection 
was based on the absence of reduction in body 
weight in males and females and on the absence 
of dose-related clinical signs in male mice and 
minimal clinical signs in female mice at the 
1,000 mg/kg dose in the 13-week studies. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

In the first study, the mean body weights of the 
male mice that received 1,000 mg/kg were lower 
than those of the vehicle controls after week 36; 
the mean body weights of the female mice that 
received 500 mg/kg were greater than those of 
the vehicle controls throughout most of the 

study (Table 13 and Figure 3). Compound-relat­
ed clinical signs included convulsions, primarily 
in high dose male mice. Because of the large 
number of deaths in the 1,000 mglkg mouse 
groups, another dose group (250 mg/kg) and 
matching vehicle controls were started for male 
and female mice approximately 13 months after 
initiation of the other studies. 

Sendai virus was present in female sentinel mice 
in the first study but not in the second study. 
Mouse hepatitis virus (MHV) was detected in ve­
hicle controls at the end of both the first and 
second studies. 

In the second studies, the mean body weights of 
the 250 mg/kg groups of male and female mice 
were greater than those of thE! vehicle controls 
throughout most of the studit!S (Table 14 and 
Figure 4). 
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TABLE 13. MEAN BODY WEIGHTS 	AND SURVIVAL OF MICE IN THE FIRST TWO-YEAR GAVAGE 
STUDIES OF n-BUTYL CHLORIDE 

~flt'llspkfl f.! mll!f.c 	 !.!!~~·Weelu Av o.o Av Wt Wlpercea& No. ot AvWt Wtlperceii No.ot 
on Study (IJ'&IU) Survivora (IJ'ama) ofveli coatrola) Survivora (IJ'aml) ofvelil coatrola) Survivora 

MALE 

0 
1 

24.3 
28.4 

50 
50 

24.2 
28.7 

100 
101 

50 
50 

25.4 
27.5 

105 
104 

50 
50 

2 
3 
4 
5 
8 
7 
8 
9 

27.7 
28.4 
29.1 
30.2 
30.7 
30.8 
31.7 
32.4 

50 
50 
50 
49 
49 
49 
49 
49 

27.1 
28.0 
28.2 
29.3 
30.3 
30.1 
31.2 
31.5 

98 
99 
97 
97 
99 
98 
98 
97 

50 
50 
50 
50 
50 
50 
50 
50 

27.1 
27.7 
28.4 
28.8 
30.5 
30.1 
31.8 
32.1 

98 
98 
98 
95 
99 
98 

100 
99 

50 
50 
49 
49 
49 
49 
49 
49 

10 
11 
12 
18 
20 
24 
28 
32 
38 
40 

33.3 
32.9 
34.0 
34.3 
38.2 
37.3 
38.3 
39.1 
40.2 
42.0 

49 
49 
48 
48 
48 
47 
47 
47 
47 
47 

32.3 
32.9 
33.1 
34.5 
38.2 
38.5 
37.7 
38.8 
38.8 
40.4 

97 
100 
97 

101 
100 

98 
98 
99 
98 
98 

50 
50 
50 
50 
50 
49 
49 
48 
48 
48 

32.4 
32.1 
33.0 
33.8 
35.4 
35.8 
38.8 
37.9 
37.9 
39.0 

97 
'98 
97 
99 
98 
95 
98 
97 
94 
'93 

49 
49 
49 
49 
49 
45 
45 
45 
45 
44 

44 42.3 48 40.8 98 48 39.1 '92 44 
48 42.7 48 41.8 97 48 39.4 '92 44 
52 
58 

42.3 
43.2 

48 
45 

41.3 
43.0 

98 
100 

48 
48 

39.3 
39.4 

'93 
'91 

43 
42 

80 42.4 45 42.4 100 47 39.1 '92 42 
84 41.8 44 41.4 99 47 38.0 '91 42 
88 40.8 43 40.9 101 47 38.5 '95 40 
72 40.7 43 39.7 98 47 38.7 '95 39 
78 41.0 41 40.8 100 47 38.3 '93 39 
80 40.5 41 39.9 99 48 38.1 '94 34 
84 
88 

39.7 
39.1 

40 
37 

40.3 
39.4 

102 
101 

44 
41 

37.9 
38.7 

'95 
'94 

32 
28 

92 
98 

100 
104 

39.1 
38.3 
38.1 
37.7 

38 
38 
35 
33 

40.4 
40.8 
39.7 
38.3 

103 
108 
104 
102 

38 
34 
28 
27 

37.4 
37.1 
37.1 
33.8 

'98 
'97 
'97 
'90 

24 
18 
13 
10 

104 

FEMALE 

0 
1 
2 
3 
4 
5 
8 
7 
8 
9 

19.8 
20.9 
22.0 
22.5 
23.8 
23.9 
24.7 
23.7 
24.8 
24.9 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

20.2 
22.1 
22.4 
23.0 
24.1 
24.0 
215.1 
24.4 
215.5 
28.1 

103 
108 
102 
102 
102 
100 
102 
103 
104 
105 

50 
48 
48 
48 
48 
48 
48 
48 
48 
48 

19.7 
22.5 
22.5 
23.4 
23.7 
23.7 
215.5 
23.8 
24.8 
24.8 

U)l
111)8
111)2
111)4 
UlO 

'99
111)3
111)0
111)1
UlO 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

10 
11 
12 
18 
20 
24 
28 
32 
38 
40 
44 
45 
48 
52 
58 
80 
84 
88 
72 

215.8 
25.9 
27.0 
28.0 
29.9 
30.5 
32.5 
33.1 
34.8 
37.3 
38.4 

-
40.2 
41.7 
44.3 
43.4 
42.4 
41.8 
42.5 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 -
49 
49 
49 
49 
49 
49 
47 

28.8 
27.2 
28.0 
28.8 
30.8 
31.4 
34.4 
34.5 
37.7 
40.2 
41.3 -
42.0 
44.4 
48.7 
45.0 
44.4 
44.7 
45.2 

104 
105 
104 
102 
103 
103 
108 
104 
108 
108 
108 
-

104 
108 
105 
104 
105 
107 
108 

48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 -
47 
47 
47 
48 
48 
48 
48 

215.3 
24.5 
28.3 
28.8 
27.9 
28.9 
31.8 
31.0 
32.7 
33.8 
34.5 
35.4 

'99 
'95 
'97 
'95 
'93 
88 
'98 
'94 
'94 
'90 
'90 

50 
50 
50 
49 
48 
28 
24 
22 
18 
14 
11 
10 

78 
80 

42.0 
41.5 

47 
48 

45.8 
48.1 

109 
111 

44 
40 

84 41.8 45 44.8 107 38 
88 40.5 44 44.9 111 35 
92 40.8 40 48.4 114 32 
98 39.8 39 43.9 110 32 

100 38.8 38 44.8 115 32 
104 38.8 30 44.8 115 31 
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TABLE 14. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE SECOND TW'O·YEAR GAVAGE 
STUDIES OF n-BUTYL CHLORIDE 

Weelu 
OD Study 

Yfi1!11!;;9WIAv o.ot 
(graml) Survivon 

AvWI 
(gram•) 

~m~Wlpercei
ofveb control•) 

No. ot 
Survivon 

MALE 

0 24.8 50 24.2 98 50 
1 25.7 50 25.4 99 50 
2 27.0 50 26.6 99 50 
3 28.3 50 27.8 98 50 
4 
5 

28.5 
29.8 

50 
50 

28.8 
29.1 

100 
98 

50 
50 

8 30.2 50 30.1 100 50 
7 31.3 50 30.2 98 50 
8 31.5 50 32.1 102 50 
9 30.8 50 30.8 100 50 

10 30.8 50 32.7 108 50 
11 31.8 50 32.7 103 50 
12 31.9 50 32.8 102 50 
18 33.1 50 33.8 102 50 
20 33.9 50 34.2 101 50 
24 35.7 50 37.1 104 50 
28 38.0 50 38.0 108 50 
32 37.2 50 38.9 105 50 
38 38.2 50 40.3 105 50 
40 39.0 50 41.1 105 50 
44 39.0 50 41.2 108 50 
48 40.1 50 42.4 108 50 
52 40.7 50 42.8 105 50 
58 41.3 50 42.8 103 50 
80 40.1 50 43.4 108 50 
84 40.0 50 42.7 107 50 
88 38.3 50 42.0 110 50 
72 39.2 50 43.1 110 50 
78 39.8 50 43.3 109 49 
80 39.0 50 43.0 110 47 
84 
88 

38.8 
39.1 

48 
44 

43.1 
43.2 

111 
110 

47 
48 

92 
98 ft·7.8 :1 42.0 

41.4 
109 
107 

45 
43 

100 39.3 41 42.3 108 39 
103 38.2 38 41.4 108 35 

FEMALE 

0 19.8 50 19.8 100 50 
1 
2 

20.5 
21.4 

50 
50 

20.8 
21.2 

100 
99 

50 
50 

3 21.9 50 22.0 100 50 
4 22.5 50 22.4 100 50 
5 23.5 50 23.4 100 50 
8 24.7 50 24.1 98 50 
7 24.7 50 24.5 99 50 
8 
9 

10 

25.8g.o
.7 

50 
50 
50 

25.9 
25.2 
28.9 

100 
101 
101 

50 
50 
50 

11 25.7 50 28.0 101 50 
12 
18 
20 

28.8 
2'7.1 
29.8 

50 
-'9 
49 

28.8 
2'7.2 
29.4 

100 
99 
99 

50 
50 
50 

24 
28 

30.3 
31.8 

49 
49 

31.7 
32.8 

105 
103 

50 
50 

32 32.7 49 34.4 105 50 
38 
40 

34.8 
36.7 

-'9
49 

38.2 
37.3 

105 
104 

50 
50 

44 35.9 49 37.9 108 50 
48 38.7 49 39.9 109 50 
52 39.0 49 40.8 105 50 
58 38.8 49 41.8 107 50 
80 40.2 49 43.3 108 50 
84 40.3 48 43.3 107 50 
88 
72 ft·4.7 

47 
48 

41.9 
42.8 

109 
108 

50 
50 

78 
80 
84 

40.2 
39.8 
39.7 

45 
41 
43 

43.8 
44.1 
43.7 

109 
111 
110 

48 
48 
48 

88 41.2 40 48.3 112 43 
92 
98 

41.4 
39.1 

32 
31 

44.7 
43.5 

108 
111 

40 
39 

100 
103 

39.4 
41.8 

28 
28 

43.4 
41.9 

110 
100 

38 
38 
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III. RESULTS: MICE 


Survival 

Estimates of the probabilities of survival for 
male and female mice administered n-butyl 
chloride at the doses used in these studies and 
for the vehicle controls are shown in the Kaplan 
and Meier curves in Figures 5 and 6. Because of 
the large number of deaths in the 1,000 mg/kg 
mouse groups, another dose group (250 mg/kg) 
and matching vehicle controls were started for 

male and female mice approximately 13 months 
after initiation of the other studies. The sur­
vival of the 1,000 mg/kg male group in the first 
study was significantly lower than that of the 
vehicle control group after week 89 (Table 15). 
No significant differences in survival were ob­
served between the vehicle 'control and the 500 
mg/kg groups in the first studies or the 250 
mg/kg groups in the second studies (Tables 15 
and 16). 

TABLE 15. SURVIVAL OF MICE IN THE FIRST TWO-YEAR GAVAGE STUDIES OF n-BUTYL 
CHLORIDE 

MALE(a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Killed at termination 
Died during termination period
Survival P values (c) 

FEMALE(a) 

Animals initially in study
Nonaccidental deaths before termination (b) 
Accidental deaths 
Killed at termination 
Died during termination period 
Survival P value 

Vehicle Control 

50 
17 
32 

1 
<0.001 

50 
21 

0 
28 

1 

500mg!kg l,OOOmg/kg 

50 50 

23 40 

27 10 

0 0 

0.456 <0.001 

50 50 

18 40 

2 0 


30 (d) 10 

0 
0.926 

(a) Terminal kill period: male--week 104; female--week 105 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life tablll pairwise comparisons 
with the vehicle controls are in the dosed columns. 
(d) Survivors killed at week 45 

TABLE 18. SURVIVAL OF MICE IN THE SECOND TWO-YEAR GAVAGE STUDIES OJ~ n-BUTYL 
CHLORIDE 

Vehicle Control 250mglkg 

MALE(a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Killed at termination 
Died during termination period 
Survival P value (c) 

50 
13 
35 

2 

50 
15 
35 
0 
0.825 

FEMALE(a) 

Animals initially in study
Nonaccidental deaths before termination (b) 
Killed at termination 
Died during termination period 
Survival P value (c) 

50 
24 
25 

1 

50 
14 
36 
0 
0.060 

(a) Terminal kill period: weeks 104-105 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table pairwise comparison with the vehicle controls is in the dosed column. 
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III. RESUI~TS: MICE 


Pathology and Statistical Analyses of was not significant relative to the pooled vehicle 
Results control group. 

This section describes the significant or note­
worthy changes in the incidences of mice with 
neoplastic or nonneoplastic lesions of the lung, 
liver, circulatory system, ovary, or uterus. His­
topathologic findings on neoplasms in mice are 
summarized in Appendix B (Tables Bl-B4); 
Appendix B (Tables B5-B8) also gives the sur­
vival and tumor status for individual male and 
female mice. Findings on nonneoplastic lesions 
are summarized in Appendix D (Tables Dl-D4). 
Appendix E (Tables E3-E6) contains the sta­
tistical analyses of those primary tumors that 
occurred with an incidence of at least 5% in one 
of the two or three groups. The statistical analy­
ses used are discussed in Chapter II (Statistical 
Methods) and Appendix E (footnotes). Historical 
incidences of tumors in corn oil vehicle control 
animals are listed in Appendix F. A comparison 
of the vehicle control groups used in the first and 
second studies suggested that certain differences 
in survival and/or tumor incidence may have 
been present between the two groups. Conse­
quently, these vehicle control groups were not 
combined routinely in the statistical analyses. 
Nevertheless, as a supplemental analysis the 
groups were pooled for those specific tumors 
showing some suggestion of a compound-related 
effect relative to the concurrent vehicle control. 

Lung: The incidence of alveolar/bronchiolar 
adenomas or carcinomas (combined) in the 500 
mg!kg group in the first study of female mice 
was significantly greater (P=0.028) than that in 
the vehicle controls by the incidental tumor test 
(Table 17). The use of logistic regression, anal­
ternative test procedure for incidental tumors 
(Chapter II), had little effect on the P value 
(P = 0.04). However, this increased incidence 

Liver: The incidence of hepatocellular adenomas 
or carcinomas (combined) in fe,male mice that re­
ceived 500 mg/kg in the first study was signifi­
cantly greater (P = 0.04) than that in the vehicle 
controls by the incidental tumor test; however, it 
was not significant by logistic regression 
analysis (P=0.08). In addition, this increased 
Incidence was not significant relative to the 
pooled vehicle control group. Moreover, the inci­
dence of hepatocellular adenomas or carcinomas 
(combined) in the female vehicle controls in the 
second study was greater than that in the 500 
mg/kg group in the first study (Table 18). 

Circulatory System: The incidence of hemangio­
sarcomas in the male mice that received 1,000 
mg/kg in the first study was significantly 
greater than that in the vehide controls by life 
table analysis. The significance of this effect 
was essentially unchanged when comparison 
was based on the pooled vehide control groups. 
The incidence of hemangiosarcomas in the ve­
hicle controls in the second study was the same 
as that in the 1,000 mg/kg group in the first 
study (Table 19). 

Ovary or Uterus: Suppurative inflammation in 
the first study was observed in 15/50 female ve­
hicle control mice and 6/49 female mice in the 
500 mg/kg group. Klebsiella pneumoniae was 
diagnosed in 4/59 uterine lavage samples taken 
from vehicle control and dosed mice in the first 
study. Suppurative inflammation in the second 
study was observed in 17/50 female vehicle con­
trol mice and 9/50 female mice in the 250 mg/kg 
group. Uterine lavage samples were not taken 
in the second study. 
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TABLE 17. ANALYSIS OF LUNG LESIONS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDIES 
OF n-BUTYL CHLORIDE (a) 

First Study (bJ Second Study ~cJ 
Vehicle Controloo mi/kg Vehicle Controlo mi/kg 

Hyperplasia 
Overall Rates 1150 (2%) 1/50 (2%) 0/50(0%) 0/50 (0%) 

Alveolar/Bronchiolar Adenoma 
Overall Rates 3/50 (6%) 
Adjusted Rates 8.6% 
Terminal Rates 1/29 (3%) 
Week of First Observation 98 
Life Table Test 
Incidental Tumor Test 

6/50(12%) 
18.6% 
5/30(17%) 
76 
P=0.238 
P=0.138 

5/50 (10%) 
15.4% 
3/26 (12%) 
64 

6/50(12%) 
14.9% 
4/36(11%) 
81 
P=0.596N 
P=0.497 

Alveolar/Bronchiolar Carcinoma 
Overall Rates 0/50 (0%) 
Adjusted Rates 0.0% 
Terminal Rates 0/29 (Q%) 
Week of First Observation 
Life Table Test 
Incidental Tumor Test 

4/50(8%) 
13.3% 
4/30 (13%) 
105 
P=0.066 
P=0.066 

1150(2%) 
3.8% 
1126(4%) 
104 

3/50 (6%) 
7.5% 
2/36 (6%) 
81 
P=0.405 
P=0.342 

Alveolar/Bronchiolar Adenoma or Carcinoma (d)
Overall Rates 3/50 (6%) 9/50 (18%) 
Adjusted Rates 8.6% 28.3% 
Terminal Rates 1129 (3%) 8/30 (27%) 
Week ofFirst Observation 98 76 
Life Table Test P = 0.063 
Incidental Tumor Test P = 0.028 

6/50 (12%) 
19.0% 
4/26 (15%) 
64 

8/50(16%) 
20.2% 
6/36(17%) 
81 

· P=0.580 
P=0.437 

Pooled Vehicle Control (e, () 250mg/kg 500mg/kg 

Hyperplasia 
Overall Rates 1/100(1%) 0/50 (0%) 11150 (2%) 

Alveolar/Bronchiolar Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Test 
Incidental Tumor Test 

8/100 (8%) 
11.8% 
4/57 (7%) 
64 
P=0.270 
P=0.225 

6/50 (12%) 
14.9% 
4/36(11%) 
81 
P=0.432 
P=0.300 

6/150 (12%) 
18.0% 
5/lll (16%) 
76 
P==0.333 
P==0.277 

Alveolar/Bronchiolar Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Test 
Incidental Tumor Test 

11100(1%) 
1.8% 
1157 (2%) 
105 
P=0.030 
P=0.030 

3/50 (6%) 
7.5% 
2/36 (6%) 
81 
P=0.151 
P=0.134 

4/150(8%) 
12.9% 
4/lll (13%) 
105 
P==0.048 
P==0.048 

Alveolar/Bronchiolar Adenoma or Carcinoma (d)
Overall Rates 9/100 (9%) 
Adjusted Rates 13.4% 
Terminal Rates 5/57 (9%) 
Week of First Observation 64 
Life Table Test P = 0.084 
Incidental Tumor Test P = 0.064 

8/50 (16%) 
20.2% 
6/36 (17%) 
81 
P=0.276 
P=0.175 

9/150 (18%) 
27.5% 
8J:ll (26%) 
76 
P==0.111 
P==0.081 

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E. 
(b) Terminal kill at week 105 
(c) Terminal kill at week 104 
(d) Historical incidence at testing laboratory (mean ± SO): 15/199 (8% ± 4%); historical incidence in NTP studies: 57/1,087 
(5% ± 3%) 
(e) Terminal kill regarded as being week 104 for both studies; thus, one 500 mglkg and two vehicle c:ontrol natural deaths at 
week 104 of the first study are considered as terminal kills in the pooled analysis. 
(f) Pooled control groups are not normally used in NTP carcinogenesis studies; they are used here only as a supplemental 
analysis in the overall data evaluation. 
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TABLE 18. ANALYSIS OF UVER TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDIES 
OF n-BUTYL CHLORIDE (a) 

First Study (b~
Vehicle Control 50 mli/kg 

Hepatocellular Adenoma 
Overall Rates 1/50(2%) 4/50 (8%) 
Adjusted Rates 3.4% 13.3% 
Terminal Rates 1/29 (3%) 4/30 (13%) 
Week of First Observation 105 105 
Life Table Test P=0.187 
Incidental Tumor Test P=0.187 

Hepatocellular Carcinoma 
Overall Rates 2/50 (4%) 4/50(8%) 
Adjusted Rates 6.6% 12.9% 
Terminal Rates 1/29 (3%) 3/30(10%) 
Week of First Observation 104 104 
Life Table Test P=0.349 
Incidental Tumor Test P=0.144 

Hepatocellular Adenoma or Carcinoma (d) 
Overall Rates 3/50 (6%) 8/50 (16%) 
Adjusted Rates 9.9% 25.8% 
Terminal Rates 2/29 (7%) 7/30 (23%) 
Week of First Observation 104 104 
Life Table Test P=0.109 
Incidental Tumor Test P=0.038 

Pooled Vehicle Control (e, f) 

Hepatocellular Adenoma 
Overall Rates 9/100(9%) 
Adjusted Rates 14.0% 
Terminal Rates 5/57 (9%) 
Week of First Observation 89 
Life Table Test P=0.421N 
Incidental Tumor Test P=0.544 

Hepatocellular Carcinoma 
Overall Rates 3/100 (3%) 
Adjusted Rates 4.6% 
Terminal Rates 2/57 (4%) 
Week of First Observation 88 
Life Table Test P=0.122 
Incidental Tumor Test P=0.091 

Hepatocellular Adenoma or Carcinoma (d) 
Overall Rates 12/100 (12%) 
Adjusted Rates 18.3% 
Terminal Rates 7/57 (12%) 
Week of First Observation 88 
LifeTableTest P=0.343 
Incidental Tumor Test P = 0.190 

Second Study ~c)
Vehicle Control 50 mli/kg 

8/50 (16%) 4/50 (8%) 
25.9% 10.4% 
4/26(15%) 3/36 (8%) 
89 88 

P=0.083N 
P=0.154N 

1/50 (2%) 5/50 (10%) 
2.4% 13.3% 
0/26 (0%) 4/36(11%) 
88 93 

P=0.179 
P=0.124 

9/50 (18%) 7/50 (14%) 
27.7% 17.9% 
4/26 (15%) 5/36 (14%) 
88 88 

P=0.207N 
P=0.369N 

250mg/kg 500mJ~g 

4150(8%) 4/50 (8%) 
10.4% 12.9% 
3/36 (8%) 4/31 (13%) 
88 105 
P=0.410N P=0.510N 
P=0.541N P=0.548 

5/50 (10%) 4/50(8%) 
13.3% 12.9% 
4/36(11%) 4/31 (13%) 
93 104 
P=0.136 P=0.185 
P=0.102 P=0.190 

7/50(14%) 8/50 (16%) 
17.9% 25.8% 
5/36 (14%) 8/31 (26%) 
88 104 
P=0.571N P=0.3i74 
P=0.477 P=0.2t26 

(a) The incidences of adenomas alone or combined with carcinomas were significantly different for the two vehicle control 
groups. Adenomas alone (vehicle control group first study, 1/50; vehicle control group second study, 8/50) were significantly 
different by the life table test (P = 0.01), incidental tumor test (P= 0.007), and the Fisher exact test (P = 0.02). However, when 
adenomas were combined with carcinomas, the significance was not as great for the life table test (P =0.04) and incidental 
tumor test (P = 0.03 ). The combined tumors were not significantly different by the Fisher exact test (P =0.06). 
(b) Terminal kill at week 105 
(c) Terminal kill at week 104 
(d) Historical incidence at testing laboratory (mean ± SD): 17/198 (9% ± 5%); historical incidence in NTP studies: 7411,092 
(7% ± 4%) 
(e) Terminal kill regarded as being week 104 for both studies; thus, one 500 mg/kg and two vehicle control natural deaths at 
week 104 ofthe first study are considered as terminal kills in the pooled analysis. 
(f) Pooled control groups are not normally used in NTP carcinogenesis studies; they are used here only a11 a supplemental 
analysis in the overall data evaluation. 
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TABLE 19. ANALYSIS OF CIRCULATORY SYSTEM TUMORS IN MALE MICE IN THE: TWO-YEAR 
GAVAGE STUDIES OF n-BUTYL CHLORIDE 

First Study 

Hemangiosarcoma (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Second Study 

Hemangiosarcoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Test 
Incidental Tumor Test 

Pooled Vehicle Control (c) 

Hemangiosarcoma 
Overall Rates 5/100 (5%) 
Adjusted Rates 7.1% 
Terminal Rates 5n0<7%) 
Week of First Observation 104 
Life Table Test P=0.024 
Incidental Tumor Test P=0.281 

Vehicle Control 

1150 (2%) 
3.0% 
1/33 (3%) 
104 
P=0.028 
P=0.380 

Vehicle Control 

4/50 (8%) 
10.8% 
4/37 (11%) 
105 

250mg/kg 

2/50(4%) 
5.7% 
2/35(6%) 
104 
P=0.555N 
P=0.555N 

500mg/kg 

3/50(6%) 
8.9% 
0/27 (0%) 
91 
P=0.272 
P=0.552 

250mg/kg 

(b) 2/50 (4%) 
5.7% 
2/35(6%) 
104 
P=0.362N 
P=0.362N 

500mg/kg 

3/50 (6%) 
8.9% 
0/27 (0%) 
91 
P=0.435 
P=0.605 

1,000mg/kg 

4/50 (8%) 
19.3% 
0/10 (0%) 
68 
P=0.044 
P=0.360 

l,OOOmg/kg 

4/50 (8%1 
19.3% 
0/10 (0%) 
68 
P=0.033 
P=0.304 

(a) Historical incidence of hemangioma or hemangiosarcoma (combined) at testing laboratory (mean ±: SD): 4/200 
(2% ± 2%); historicalincidence in NTP studies: 49/1 ,097 ( 4% ± 4%) 
(b) A hemangioma (subcutaneous tissue) was also observed in this group. 
(c) Pooled control groups are not normally used in NTP carcinogenesis studies; they are used here only I!S a supplemental 
analysis in the overall data evaluation. 
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IV. DISCUSSION AND CONCLUSIONS 
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IV. DISCUSSION AND CONCLUSIONS 


n-Butyl chloride was administered in corn oil by 
gavage to male and female F344/N rats and 
B6C3Fl mice at the following doses: 0-3,000 
mg/kg for 14 days (rats and mice), 0-500 mg/kg 
for 13 weeks (rats), 0-1,000 mg/kg for 13 weeks 
(mice), 0, 60, or 120 mg/kg for 2 years (rats), and 
0, 250, 500, or 1,000 mg/kg for 2 years (mice). 

Short-Term Studies 

In the 14-day studies, all rats that received 1,500 
or 3,000 mg/kg and 3/5 males and 115 females 
that received 750 mg/kg n-butyl chloride died 
before the end of the studies. Only males re­
ceiving 750 mg/kg had lower body weights than 
did the vehicle controls. Hyperactivity and con­
vulsions following gavage administration and 
bloody discharge from the nose and mouth were 
observed in male rats that received 750 mg/kg or 
more. One female rat that received 1,500 mg/kg 
had convulsions. Similar effects occurred in 
mice, although n-butyl chloride appeared to be 
less toxic. These clinical signs are indicative of 
central nervous system effects, and they have 
been reported previously by Smyth et al. (1954). 
All mice that received 3,000 mg/kg and 3/5 
males and 2/5 females that received 1,500 mg/kg 
died before the end of the studies. No deaths 
occurred in groups administered 750 mg/kg or 
less. No compound-related reductions in weight 
gain occurred. Mice were hyperactive when 
administered doses of 1,500 mg/kg or more. 
Furthermore, only 2/10 male mice in the 3,000 
mg/kg group had convulsions. There were no 
compound-related pathologic effects. 

In the 13-week studies, all rats survived except 
for six males in the 500 mg/kg dose group; three 
of these died as a result of gavage accidents. As 
in the 14-day studies, animals were hyperactive 
and convulsed on one or more occasions (5/10 
males and 2/10 females at 250 mg/kg and 9/10 
males and 8/10 females at 500 mg/kg). Convul­
sions were not observed in the lower dose groups. 
Final mean body weights of males that received 
250 or 500 mg/kg were 11%-20% lower than 
those of the vehicle controls, whereas only fe­
males in the 500 mg/kg group had 10% lower 
body weights. Mild to moderate compound-rela­
ted extramedullary hematopoiesis in the spleen 
was observed in 3/10 males receiving 500 mg/kg. 
Because of weight gain depression and 

convulsions observed at 250 mg/kg and deaths in 
the male 500 mg/kg group, doses of 60 and 120 
mg/kg n-butyl chloride were selected for male 
and female rats in the 2-year studies. 

Gavage accidents during the mouse studies 
killed two vehicle control females, a male and a 
female in the 60 mg/kg groups, a female in the 
120 mg/kg group, and two females in the 1,000 
mg/kg group. Only one death, that of a female 
that received 1,000 mg/k~r. was attributed to 
compound administration. Two females in this 
same group convulsed during the study. There 
were no compound-related effects on weight gain 
and no histopathologic effects. Based on these 
findings, doses of 500 and 1,000 mg/kg were 
selected for male and female mice in the 2-year 
studies. The difference in doses selected for rats 
and mice in the 2-year studies likely demon­
strates a difference in sensitivity to, or in me­
tabolism and disposition of, n-butyl chloride. 

Two-Year Studies: Rats 

In the 2-year studies, survival of both male rats 
(after week 59) and female rats (after week 41) 
in the high dose groups was significantly lower 
than that of the vehicle controls due to n-butyl 
chloride-related toxicity (see Figure 2). Hyper­
activity, leading to tremors and convulsions, was 
noted in some animals before they died; this 
finding was consistent with the results of the 14­
day and 13-week studies in which higher doses 
were used. Neither gross observations nor histo­
pathologic evaluations revealed toxic mor­
phologic lesions directly attributable to ad­
ministration of n-butyl chloride, but there were 
incidences of small, usually perivascular hemor­
rhages in the brain which were consistent with 
rats dying suddenly durin~r convulsions. Like­
wise, agonal or terminal congestion, edema, and 
hemorrhage of the lung we:re common in such 
animals. The actual cause of death could not be 
determined. Similar histopathologic findings 
were observed in animals dying later in the 
study but not in those killed at the end of the 
studies. The excessive mortality in both high 
dose male and female groups suggests that toxic 
levels were reached. There was no compound­
related decrease in relative weight gain in any 
dose group. Death was considered to be com­
pound related and not due to errors in gavage 
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IV. DISCUSSION AND CONCLUSIONS 


administration. The mortality in the high dose 
groups was evaluated, and the studies were con­
tinued because of good survival in the low dose 
groups and no apparent compound-related re­
ductions in weight gains in any dose groups. 
Based on the findings in the 13-week studies, 
high mortality in the 120 mg/kg high dose 
groups was not expected and reduced the sensi­
tivity for determining carcinogenic responses in 
these groups. In retrospect, it might have been 
desirable to have conducted additional studies at 
a dose lower than 60 mglkg. 

Despite the low survival of high dose male and 
female rats, the present studies are considered 
adequate because survival of male and female 
rats in the 60 mglkg dose groups was sufficient 
to permit evaluation and interpretation of the 
data. Thirty-two of 50 male rats administered 
60 mg/kg n-butyl chloride survived to the end of 
the study (compared with 40/50 vehicle con­
trols), and 38/50 females administered the same 
dose survived to the end of the study (compared 
with 35/50 vehicle controls). The mean body 
weights of high dose males were slightly (less 
than 9%) lower than those of the vehicle controls 
throughout most of the study. Mean body 
weights of dosed females and low dose males and 
concurrent vehicle controls were comparable 
throughout the studies. No clinical signs other 
than convulsions were observed following 
gavage administration. 

There was a marginally (P= 0.04) increased inci­
dence of pheochromocytomas of the adrenal 
gland in low dose female rats (vehicle control, 
1150; low dose, 6/50; high dose, 1149). There was 
no supporting increase in the high dose group, 
and most of the tumors were observed at the end 
of the study. Pheochromocytomas are late­
developing tumors, and this lesion was not 
observed in the 11 high dose females that sur­
vived 2 years. The incidences of hyperplasia of 
the adrenal medulla were not strongly sup­
portive (vehicle control, 3/50; low dose, 7/50; 
high dose, 4/49). If these effects were compound­
related, higher incidences of hyperplasia and 
tumors would have been expected. The his­
torical incidence of this tumor is 6%-7%. There 
was no significant trend for the incidence of this 
tumor, pairwise statistical significance was mar­
ginal, and the incidences ofhyperplasia provided 
limited support. In addition, a negative trend 

was seen in male rats (vehicle control, 15/50; low 
dose, 11150; high dose, 4/50). One vehicle control 
female rat had a malignant pheochromocytoma. 
Thus, this marginal increasE~ in female rats is 
considered unlikely to be the result of n-butyl 
chloride administration. 

In male rats, there was a positive trend in the in­
cidences of cytoplasmic vacuolization in the ad­
renal cortex (vehicle control, 5/50; low dose, 
10/50; high dose, 20/50). In female rats, the inci­
dences were lower and not different among the 
groups (vehicle control, 4/50; low dose, 5/50; high 
dose, 3/49). Although increas1ed cytoplasmic vac­
uolization indicates an increased accumulation 
of lipid material, the biologic significance of this 
compound-related effect in male rats is not clear. 
No other compound-related nonneoplastic le­
sions were seen in the adrenal cortex. 

Transitional cell papillomas of the urinary blad­
der were observed in one low dose male rat and 
one high dose female rat. The overall historical 
incidence of this tumor is 0% in male rats and 
0.3% in female rats throughout the Program, 
and none has been observed previously at this 
laboratory. The significance of this lesion is not 
clear and is reported here only because it is not 
normally observed. 

Several nonneoplastic effects were observed pri­
marily in high dose male and female rats as a 
probable result of chemical-related toxicity (see 
Table 10). Convulsions after dosing, especially 
in high dose animals, were common throughout 
the studies. Mortality was excessive in both 
high dose male and female groups. Toxic effects 
included hemorrhage in the brain and lung and 
lymphoid depletion and hemosiderosis of the 
spleen. Hemorrhage of the brain and alveoli are 
often observed in animals dying from convul­
sions. In addition, lymphoid depletion of the 
spleen is consistent with a stressed state of the 
animals. The cause of the splenic hemosiderosis 
is not known. Hemorrhage in the brain and lung 
and splenic hemosiderosis and lymphoid deple­
tion in high dose animals were observed only in 
animals dying during the studies except for one 
high dose rat at the end of the studies that had 
brain hemorrhage. The other nonneoplastic 
lesion in rats was nephropathy, which was ob­
served in females (vehicle eontrol, 13/50; low 
dose, 25/50; high dose, 20/50). Although there 
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were higher incidences in the dosed animals, the 
significance of this lesion is not clear, especially 
since other nonneoplastic kidney effects such as 
congestion, inflammation, or nephrosis were not 
present to any degree in either vehicle control or 
dosed groups. 

Two·Year Studies: Mice 

Survival of female mice in the 1,000 mg/kg 
group was reduced to 50% by the 25th week of 
exposure. Ninety percent of the high dose male 
mice were alive at that time. No biologically sig­
nificant decreases in weight gain or survival 
were observed in the 13-week studies at the 
doses selected for the 2-year studies. Hyper­
activity, tremors, and convulsions were observed 
in female mice and were seen in the 14-day and 
13-week studies. Gross observations and histo­
pathologic evaluation of females dying early did 
not reveal any morphologic lesions attributable 
to n-butyl chloride; however, hemorrhage of the 
brain and lung, as reported for rats, was ob­
served. 

The poor survival could not be attributed to 
gavage accidents, disease, or deviations from the 
study protocol and was therefore considered 
compound related. Since mortality was exces­
sive, the rest of the high dose females were killed 
at week 45 and additional 2-year studies with 
male and female mice were started at a lower 
dose of 250 mg/kg, with concurrent vehicle con­
trols. At the end of the first 2-year study, a de­
crease in survival was dose related in male mice. 
Survival in the high dose male group was re­
duced (vehicle control, 33/50; 1,000 mg/kg, 
10/50), and the mean body weight was 10% lower 
than that of the vehicle controls. The decline in 
survival occurred relatively late in the study. 
Although survival in the low dose male group 
was lower than that of the vehicle controls, 54% 
of the animals survived to the end. Survival in 
the 500 mg/kg female group (first study) and in 
both male and female 250 mg/kg groups of the 
second studies was not significantly different 
from that of the corresponding vehicle control 
groups. Mean body weights of the animals were 
the same as or greater than those of the vehicle 
controls throughout most of the first 2-year stud­
ies. Hyperactivity, often followed by tremors 
and convulsions, was seen primarily in the high 
dose animals of the first studies. There were no 

compound-related clinical signs in either male 
or female mice during the s1econd 2-year studies. 

Proliferative lesions were observed in the lung 
(female), liver (female) and circulatory system 
(male) with a greater incidence in dosed mice 
than in the vehicle controls. Alveolar/bronchio­
lar adenomas or carcinomas (combined) occurred 
at increased incidences in dosed female mice in 
the first study but showed little difference in the 
second study (see Table 17). The incidences of 
these lesions in vehicle controls were within the 
range of the historical control incidence for the 
laboratory and for NTP studies in general. Since 
there were no significant differences in the inci­
dences of adenomas, carcinomas, or adenomas or 
carcinomas (combined) between the two vehicle 
control groups, additional statistical analyses 
comparing dosed groups to pooled vehicle control 
groups were performed. The combined incidence 
of alveolar/bronchiolar adtmomas and carcino­
mas in the 500 mg/kg group was significant 
(P = 0.03) by the incidental tumor test, but the 
incidences of adenomas or carcinomas alone 
were not significant when compared with the ve­
hicle controls. 

When the incidences of alveolar/bronchiolar 
adenomas and carcinomas from each dose group 
of the two studies were compared with those in 
the pooled vehicle control group, the increased 
incidence of carcinomas alone in the high dose 
group was of borderline significance (P=0.05) 
(vehicle control, 1/100; 2f)0 mg/kg, 3/50; 500 
mg/kg, 4/50). The incidenc<e of adenomas or car­
cinomas (combined) compared with that in the 
pooled vehicle controls was not significant 
(vehicle control, 9/100; 2f)0 mg/kg, 8/50; 500 
mg/kg, 9/50). There were no significant 
increases in the incidences of adenomas or 
carcinomas (combined) in dosed male mice. A 
negative trend was found for alveolar/bron­
chiolar carcinomas in dosed male groups in the 
first study (vehicle control, 3/50; low dose, 2/50; 
high dose, 0/50). Hyperplasia of the 
alveolar/bronchiolar region was present in only 
one animal of each of the vehicle control male 
and female groups and of the 500 mg/kg female 
group. The lack of hyperplasia and insignificant 
differences in adenomas in dosed versus vehicle 
control animals did not support a progression of 
compound-induced neoplasia. Thus, the mar­
ginal increase in lung lesions in female mice is 
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IV. DISCUSSION AND CON'CLUSIONS 


not considered the result of n-butyl chloride 
administration. 

A marginally significant (P= 0.04) increased in­
cidence of hepatocellular adenomas or carcino­
mas (combined) was seen in the 500 mg/kg fe­
male mouse group (vehicle control, 3/50; 500 
mglkg, 8/50) (see Table 18). This increase was 
not significant by logistic regression analysis 
(P=0.08). Neither adenomas nor carcinomas 
alone were significantly increased in either 
dosed group. Comparison of the vehicle control 
groups from both studies revealed a significant 
(P < 0.05) difference in adenomas (1150 vs 8/50) 
and adenomas or carcinomas (combined) (3/50 vs 
9/50). Even so, when the increased incidence of 
combined tumors from the dosed groups was 
compared with that of the pooled vehicle control 
groups, the incidence was no longer significant. 
Since the incidences of adenomas and carcino­
mas were highly variable between the two 
vehicle control groups, showed no significant ef­
fects when the two studies were combined, and 
showed no dose-related effects in male mice, this 
marginal increase in females was not considered 
to be compound related. 

A marginal dose-related incidence of hemangio­
sarcomas was observed in male mice (vehicle 
control, 1/50; low dose, 3/50; high dose, 4150) in 
the first study. The increase in the 1,000 mglkg 
group was marginally significant (P=0.04) by 
life table analysis; one animal in the low dose 
group and two in the high dose group had two or 
more lesions. In the second study, hemangiosar­
comas occurred in 4/50 vehicle controls (five tu­
mors) and in 2/50 dosed animals (three tumors). 
One hemangioma was observed in the 250 mg/kg 
group. The second study does not support a 
chemical-induced incidence of hemangiosarco­
mas, particularly since the vehicle control inci­
dence was equal to the incidence observed in the 
high dose group in the first study. When the 
vehicle control groups of the two studies were 
compared, there was no difference in the inci­
dence of hemangiosarcomas. When the vehicle 
control groups were pooled and the incidence in 

dosed animals compared with this pooled vehicle 
control group (vehicle control, 51100; 250 mg/kg, 
2/50; 500 mglkg, 3/50; 1,000 mg/kg, 4/50), the 
statistical significance of the incidence in the 
1,000 mg/kg group was essEmtially unchanged 
(P = 0.03; by the life table test). Of interest, all 
hemangiosarcomas observed in both vehicle con­
trol groups and in the 250 m~t/kg group were ob­
served at the end of the study as opposed to 517 
hemangiosarcomas in the 500 and 1,000 mg/kg 
group being observed between weeks 91 and 104. 
The historical incidence of hemangiosarcomas at 
this laboratory (1.5%) is lower than the inci­
dence for all NTP studies W'l'o). Since the inci­
dence of these tumors was only marginally in­
creased and the vehicle control incidence in the 
first study was lower than the historical inci­
dence for the NTP studies and the incidence in 
the vehicle controls of the second study, the mar­
ginal increase in hemangiosarcomas was not 
considered to be compound related. 

n-Butyl chloride was not mutagenic in Sal­
monella typhimurium strains TA98, TA100, 
TA1535, or TA1537 in either the presence or ab­
sence of Aroclor 1254-indu<!ed male Sprague­
Dawley rat liver 59 or in the presence of male 
Syrian hamster 89. n-Butyl chloride was muta­
genic in the mouse lymphoma L5178Y/TK+/­
assay in the absence of Aroclor-induced male rat 
liver 89 and was not tested in the presence of rat 
liver 89. n-Butyl chloride did not induce sister­
chromatid exchanges or chromosomal aberra­
tions in Chinese hamster ovary cells in the 
presence or absence of Aroclor-induced male 
Sprague-Dawley rat liver 89. 

Conclusions: Under the conditions of these 2­
year gavage studies, there was no evidence of 
carcinogenicity* of n-butyl chloride for male and 
female F344/N rats at daily doses of 60 or 120 
mg/kg, for male B6C3Fl mi,ce at doses of 250, 
500, or 1,000 mg/kg, or for fe·male B6C3Fl mice 
at doses of 250 or 500 mglkg. Chemical-induced 
toxicity in high dose rats (primarily females) 
reduced the sensitivity of the study for deter­
mining carcinogenicity. 

•Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. 
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SUMMARY OF THE INCIDENCE OF NEOPLASMS 


IN RATS IN THE TWO-YEAR GAVAGE STUDIES 


OF n-BUTYL CHLORIDE 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE 

CONTROL (VEH) 60mg/kg 120mg/kg 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
*Multiple organs (50) (50) <50) 

Fibrous histiocytoma, malignant 1 <2%) 
*Pelvis (50) (50) (50) 

Fibrous histiocytoma, malignant 1 (2%) 
*Skin (50) (50) (50) 

Squamous cell papilloma 1 (2%) 2 (4%) 
Basal cell carcinoma 1 <2%) 1 (2%) 
Keratoacanthoma 3 (6%) 2 {4%) 2 <4%) 

*Subcutaneous tissue (50) (50) (50) 
Fibroma 2 (4%) 1 {2%) 
Fibrosarcoma 1 (2%) 
Lipoma 2 (4%) 
Neurofibroma (2%) 1 (2%) 2 (4%) 
N eurofibrosarcoma {2%) 3 (6%) 1 (2%) 

RESPIRATORY SYSTEM 
#Lung (50) (50) (50) 

Squamous cell carcinoma 1 (2%) 
Alveolar/bronchiolar adenoma (2%) 2 (4%) 
Alveolar/bronchiolar carcinoma 1 (2%) 2 (4%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (50) 

Malig. lymphoma, lymphocytic type 1 (2%) 1 (2%) 
Leukemia, mononuclear cell 11 (22%) 7 (14%) 6 (12%) 

#Mediastinal lymph node (49) (50) (49) 
Alveolar/bronchiolar carcinoma, metastatic 1 (2%) 

#Jejunum (50) (50) (50) 
Granulocytic sarcoma 1 (2%) 

CIRCULATORY SYSTEM 
None 

DIGESTIVE SYSTEM 
#Salivary gland (48) (50) (46) 

Mixed tumor, malignant 1 (2%) 
#Liver (50) (50) (50) 

Neoplastic nodule 2 (4%) 1 (2%) 1 (2%) 
Hepatocellular carcinoma 1 (2%) 2 (4%) 

#Pancreas (50) (50) (48) 
Acinar cell adenoma 4 (8%) 9 (18%) 5 (10%) 

#Forestomach (50) (49) (50) 
Squamous cell papilloma 1 (2%) 1 (2%) 2 (4%) 

#Ileum (50) (50) (50) 
Leiomyoma 1 (2%) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 60mg/kg 120mglkg 

URINARY SYSTEM 
#Kidney (50) (50) (50) 

Lipoma 1 (2%) 
#Urinary bladder (50) (50) (49) 

Transitional cell papilloma 1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Adenoma, NOS 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

#Adrenal 
Cortical adenoma 

#Adrenal medulla 
Pheochromocytoma 
Pheochromocytoma, malignant 

#Thyroid 
Follicular cell adenoma 
C-cell adenoma 
C-cell carcinoma 

#Pancreatic islets 
Islet cell adenoma 
Islet cell carcinoma 

(48) 
3 

<48) 
1 

18 
(50) 

2 
(50) 

14 
1 

(49) 
4 
5 
1 

(50) 
2 
2 

(6%) 

(2%) 
(38%) 

(4%) 

(28%) 
(2%) 

(8%) 
(10%) 
(2%) 

(4%) 
(4%) 

(49) 

(49) 

14 
(50) 

(50) 
11 

<49) 
3 
1 
1 

(50) 
2 
1 

(29%) 

(22%) 

(6%) 
(2%) 
(2%) 

(4%) 
(2%) 

(47) 

(47) 

8 
(50) 

(50) 
4 

(46) 

2 
3 

(48) 

(17%) 

(8%) 

(4%) 
(7%) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Fibroadenoma 
*Preputial gland 


Carcinoma, NOS 

Adenoma, NOS 


#Prostate 

Adenoma, NOS 


#Testis 
Interstitial cell tumor 
Fibrous histiocytoma, metastatic 

(50) (50) (50) 
5 (10%) 3 (6%) 3 (6%) 

(50) (50) (50) 
2 (4%) 2 (4%) 2 (4%) 
1 (2%) 

(40) (42) (49) 
1 (2%) 

(50) (49) (49) 
46 (92%) 45 (92%) 39 (80%) 

1 (2%) 

NERVOUS SYSTEM 
#Brain (49) (50> (49) 

Carcinoma, NOS, invasive 1 (2%) 
Ependymoma 1 (2%) 

#Cerebellum (49) (50) (49) 
Astrocytoma 1 (2%) 

SPECIAL SENSE ORGANS 
*Zymbal gland (50) (50) (50) 

Ceruminous carcinoma 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 60mg/kg 120mg/kg 

BODY CAVITIES 
*Mediastinum 

Alveolar/bronchiolar carcinoma, metastatic 
*Peritoneum 

Mesothelioma, NOS 
*Tunica vaginalis 

Mesothelioma, NOS 

(50) 

(50) 
1 (2%) 

(50> 
1 (2%) 

(50) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) 

Alveolar/bronchiolar carcinoma, invasive 1 (2%) 
Fibrosarcoma, metastatic (2%) 
Fibrous histiocytoma, metastatic (2%) 
Mesothelioma, NOS (2%) 
Neurofibrosarcoma, invasive (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 

Natural death 4 8 22 
Moribund sacrifice 6 10 11 
Terminal sacrifice 40 32 17 

TUMOR SUMMARY 
Total animals with primary tumors*"' 48 48 42 

Total primary tumors 142 125 87 
Total animals with benign tumors 48 47 42 

Total benign tumors 113 101 69 
Total animals with malignant tumors 20 20 14 

Total malignant tumors 25 22 17 
Total animals with secondary tumors## 3 3 1 

Total secondary tumors 3 3 2 
Total animals with tumors uncertain-­

benign or malignant 4 2 1 
Total uncertain tumors 4 2 1 

"' Number of animals necropsied 
"'"' Primary tumors: all tumors except secondary tumors 
# Number ofanimals with tissue examined microscopically 
# # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE 

CONTROL (VEH) 60mglkg 120mglkg 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
*Skin 

Basal cell carcinoma 
*Subcutaneous tissue 

Fibrosarcoma 

(50) 

(50) 

(50) 
1 (2%) 

<50) 

(50) 

(50) 
1 (2%) 

RESPIRATORY SYSTEM 
#Lung 

Alveolar/bronchiolar adenoma 
<50) 

1 <2%) 
(50) (50) 

HEMATOPOIETIC SYSTEM 
*Multiple organs <50) (50) (50) 

Malignant lymphoma, lymphocytic type 2 (4%) 
Malignant lymphoma, histiocytic type 1 (2%) 
Leukemia, mononuclear cell 12 (24%) 10 (20%) 5 (10%) 

CIRCULATORY SYSTEM 
*Skeletal muscle (50) (50) (50) 

Angiolipoma 1 (2%) 

DIGESTIVE SYSTEM 
#Liver <50) (50) (50) 

Adenocarcinoma, NOS, metastatic 1 (2%) 
Neoplastic nodule 1 (2%) 4 (8%) 

#Pancreas (50) (49) (50) 
Acinar cell adenoma 1 (2%) 1 (2%) 

#Forestomach (49) (50) (49) 
Squamous cell papilloma 2 (4%) 1 (2%) 

#Duodenum (50) (50) (50) 
Adenocarcinoma, NOS 1 (2%) 

URINARY SYSTEM 
#Urinary bladder (49) (50) (49) 

Transitional cell papilloma 1 (2%) 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Adenoma, NOS 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

#Adrenal 
Cortical adenoma 

#Adrenal medulla 
Pheochromocytoma 
Pheochromocytoma, malignant 

#Thyroid 

Follicular cell adenoma 

Follicular cell carcinoma 

C-cell adenoma 

C-cell carcinoma 


#Pancreatic islets 

Islet cell adenoma 


CONTROL (VEH) 

(49) 
1 (2%) 

(49) 
2 (4%) 

22 (45%) 
(50) 

(50) 

1 (2%) 
(48) 

1 (2%) 
1 (2%) 
4 (8%) 
2 (4%) 

(50) 

60mg/kg 

(50) 
4 (8%) 

(50) 
2 (4%) 

21 (42%) 
(50) 

2 (4%) 
(50) 

6 <12%) 

(49) 
1 (2%) 

3 (6%) 
2 (4%) 

(49) 
1 (2%) 

120mg/kg 

(49) 
1 (2%) 

(49) 
1 (2%) 

10 (20%) 
(49) 

1 (2%) 
(49) 

1 (2%) 

(46) 

2 (4%) 

(50) 

REPRODUCTIVE SYSTEM 
•Mammary gland 


Adenocarcinoma, NOS 

Fibroadenoma 


•Clitoral gland 

Carcinoma, NOS 

Adenoma, NOS 


#Uterus 
Adenocarcinoma, NOS 
Leiomyosarcoma 
Endometrial stromal polyp 
Endometrial stromal sarcoma 

#Cervix uteri 

Fibroma 


(50) (50) (50) 
1 (2%) 3 (6%) 

16 (32%) 17 (34%) 8 (16%) 
(50) (50) (50) 

3 (6%) 1 (2%) 1 (2%) 
1 (2%) 1 (2%) 

(50) (50) (50) 
3 (6%) 2 (4%) 
1 (2%) 

12 (24%) 16 (32%) 8 (16%) 
1 (2%) 

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

NERVOUS SYSTEM 
#Brain/meninges (50) (50) (50) 

Carcinoma, NOS, invasive 1 (2%) 
#Brain (50) (50) (50) 

Carcinoma, NOS, invasive 1 (2%) 1 (2%) 
Glioma, NOS 1 (2%) 

#Cerebellum (50) (50) (50) 
Granular cell tumor, NOS 1 (2%) 

SPECIAL SENSE ORGANS 
•Harderian gland (50) (50) (50) 

Adenoma, NOS 1 (2%) 
•zymbal gland (50) (50) (50) 

Ceruminous carcinoma 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN TH:E TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 60mg/kg 120mg/kg 

BODY CAVITIES 
• Abdominal cavity (50) (50) (50) 

Liposarcoma 1 (2%) 
*Mesentery (50) (50) (50) 

Sarcoma, NOS 1 (2%) 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) 

Adenocarcinoma, NOS, metastatic 1 (2%) 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 

Natural death 2 3 29 
Moribund sacrifice 14 9 10 
Terminal sacrifice 34 38 11 

TUMOR SUMMARY 
Total animals with primary tumors•• 47 

Total primary tumors 94 
Total animals with benign tumors 40 

Total benign tumors 62 
Total animals with malignant tumors 28 

Total malignant tumors 31 
Total animals with secondary tumors## 2 

Total secondary tumors 2 
Total animals with tumors uncertain-­

benign or malignant 1 
Total uncertain tumors 1 

*Number of animals necropsied 
** Primary tumors: all tumors except secondary tumors 
#Number of animals with tissue examined microscopically 
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 

46 
101 
42 
75 
19 
22 
3 
3 

4 
4 

25 
45 
18 
33 
11 
11 
1 
1 

1 
1 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THl~ TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: VEHICLE CONTROL 

~R ~1~181tl~l~l~l~l~l~l~lgl~lgl~lglgl~lti~I!I!I~I~P631790042124568901345612 

WEEKS ON 

STUDY 
 ~:~~~~~~~~~~~~gj~~~~~g)g)gj~ g) ~I gl gJ ~I ~~ 0 

[ 

5 

INTEtiuMENTAKY SYSTEM 
Skin 

Keratoacanthoma 
Sub<;utaneoua t1uue 

Fibroma 
Neurofibroma 
Neurofibroaarooma 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

lt 

+ 

+ 

+ 

+ 

+ 

+ 
lt 

+ 

+ 

+ 
lt 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

RESPIRATORY SYSTEM 
Lunp and bronchi 

Alvoolaribronchiolar adenoma 
Trachea 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

HEMATOMIIIC SYSTEM 
Bone marrow 
Spleen 
Lhmph nodes 
T ymua 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ -

+ 
+ 
+ 
+ 

+ 
+ 
+ -

+ 
+ 
+ 
-

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
-

+ 
+ 
+ 
-

+ 
+ 
+ 
-

+ 
+ 
+ 
-

+ 
+ 
+ 
-

+ 
+ 
+ 
-

+ 
+ 
+ 
+ 

+ 
+ -
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
-

+ 
+ 
+ -

+ 
+ 
+ 
+ 

CIRCOLAiVRY SfS'l'ili 
Heart + + + + + + + + + + + + + + + + + + r+, + + + + + + 

OloESTIVE SYiri'Eii 
Salivary rland 
Liver 

Neoplaotic nodule 
Hepatocellnlar ean:inoma 

Bile duct 
Gallbladder • oom.mon bile duet 
Pancreas 

Acinar cell adeaoma 

~ts:.::r-
Squamoua ceU papilloma 

Small intestiu 
Leio~oma 
Gran ocytic -ma 

Lerp intelltiu 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

-
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

-
+ 

+ 

+ 

-
+ 

+ 
N 
+ 

-
+ 

+ 

+ 

+ 
+ 
lt 

+ 
N 
+ 

+ 
+ 
lt 
+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

-
+ 
X 

+ 
N 
+ 

-
+ 

+ 
lt 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

-
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 
-
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

-
+ 
+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

•·1"1 
+ 

+ 
+ 

•· 
.. 

+ 
+ 

+ 
N 
+ 
X 
+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

-
+ 

+ 

lt 
+ 

+ 
+ 

+ 
N 
+ 
X -
+ 

+ 

+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 
+ 

+ 

uRINARY SYS'ttli 
Kidney 
Urinary bladder 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

<·.. + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

tNDOCR!Nt StS't£11 
Pituitary 

Can:inoiD&, NOS 
Adenoma, NOS 

Adrenal 
Cortical adeaoma 
Pheochromocytoma 
Phoochromocyto~n&, malirnant 

Thyrold 
Follicular ceU adenoma 
C-cell adenoma 
C-coll can:inoma 

Parathyroid 
Pancreatic ioleta 

!slot cell adenoma 

+ 

+ 

+ 

-
+ 

+ 

+ 

+ 

-
+ 

+ 

+ 

+ 

+ 
+ 

+ 

lt 
+ 

+ 

-
+ 

+ 

lt 
+ 

lt 

+ 

+ 
+ 

+ 

lt 
+ 

+ 

X 
+ 
+ 

+ 

X 
+ 

+ 
lt 

-
+ 

+ 

X 
+ 

+ 

+ 
+ 

+ 

+ 

-

-
+ 

+ 

lt 
+ 

lt 

+ 

+ 
+ 

+ 

lt 
+ 
lt 

+ 

+ 
+ 

+ 

lt 
+ 

X 

+ 

+ 
+ 

+ 

+ 

lt 

+ 

X 

+ 
+ 

+ 

+ 

+ 
X 

+ 
+ 

+ 
lt 

+ 

+ 

-
+ 

+ 

X 
+ 

+ 

-
+ 

+ 

lt 
+ 

+ 

X 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

<· 

,, 

+ 

·­
"" 

+ 

+ 

+ 

-
+ 

+ 

+ 

+ 

+ 
+ 

+ 

X 
+ 

lt 

+ 

-
+ 

+ 

lt 
+ 
lt 

+ 

-
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

!slot cell carcinoma 

ktPROOuCT!Vt SIS I til 
Mammary rland 

Fibroadenoma 
Testis 

lntel'ltitial cell tumor 
Pronate 
Preputiallclito'8Jland

Can:inoiD&, N 
Adenoma, NOS 

N 

+ 
... 
N 

N 

+ 

... 
N 

N 

+ 
lt 
-
N 

N 

+ 
... 
N 

N 

+ 
lt ... 
N 

N 

+ 

-
N 

+ 
lt 
+ 
lt ... 
N 

N 

+ 
lt ... 
N 

N 

+ 
lt 
+ 
N 

+ 
lt 
+ 
lt 
+ 
N 

N 

+ 
lt 
+ 
N 

N 

+ 
lt 
-
N 

+ 
lt 
+ 
X 
-
N 

N 

+ 
lt 
+ 
N 

N 

+ 
X 
+ 
N 

+ 

+ 
X 
+ 
N 

N 

+ 
X 
+ 
N 

N 

+ 
X 
+ 
N 

N 

... 
lt 
+ 
~~ 

N 

+ 
X 
+ 
N 

+ 

+ 
lt 
+ 
N 

N 

+ 
lt 
+ 
N 

N 

+ 
lt 
+ 
N 

N 

+ 
X -
N 

N 

+ 
X 
+ 
N 

NERVOUS SYS'IU 
BraiD 

Cateinoma, NOS, invuive 
Ependymoma
Astrocytoma 

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

+ + + + + + + + + + 

SPECIAL SENSE ORGANS 
Zymbal IJland 

Cerum1noua ca.rei.nom.a 
N N N N N N N + 

X 
N N N N N N N N N N l!{ N N N N N N 

BODY CAviTIES 
Peritoneum 

Fibroua hittioeyto~n&, malirnant 
MllothelioiD&, NOS 

N N N 
X 

N N N N N N N N N N N N N N N l!{ N N N N N N 

Tunica v~ll&lil 
Meaothe ioiD&, NOS 

+ + + + + + 
lt 

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

ALL OtRtR StS'tDIS 
Multiple O!JBIII, NOS 

Fibroua b.iltioc7to~n&, metastatic 
N eurofibroaarco!D&, invuive 
Leukemia, mononuclear cell 

N N N 
X 

N N N N N 

X 

N N 

lt 

N N N N N N 

X 

N 

X 

N N N N N N N N 

+ : 	 Tiuue uaminod microocopically No tialue in!ormation aubmittod 
Requil'oci tiaua not tuminod microocopically C; Necropsy, DO hiltolOIY duo to prot<ocol

X: 	 Tumor inci~Wnce ~ Autolysis 
N: 	 Necropsy, 110 autolysis, no micl'OICOpic esamination M: Animal miaaiDI 
S: Animal miua:o:od 	 B: No necropsy performod 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTilOL (Continued) 

~~~R 

WEEKS ON 
STUDY 

~l~l~l~l~l~l~l~lil~l~lilil~l~lil!l~l~l!l~l~l~l~lg7 8 3 4 5 6 7 8 9 0 2 3 5 7 8 9 2 3 4 5 7 8 9 0 
TOTAL: 

TISSUES 
TUMORS 

---­
•5o 

3 
•50 

2 
1 
1 

---­
50 

1 
49 

---­
50 
50 
49 
28 

---­
50 

---­
48 
50 
2 
1 

50 
*50 
50 
4 

31 
50 

1 
50 

1 
1 

48 

---­
50 
50 

---­
48 

1 
21 
50 
2 

14 
1 

49 
4 
5 
1 

25 
50 
2 
2 

---­
*50 

5 
50 
48 
40

•5o 
2 
1 

---­
49 
1 
1 
1 

---­
*50 

1 

---­
*50 

1 
1 

*50 
1 

---­
*50 

1 
1 

11 

---­

g/g/g/~l~l~l~lg/g/g/g/g/g/g/g/g/g/g/g/g/g/~1~1~1 5 
8 8 8 8 8 6 8 8 8 8 8 8 8 8 8 6 6 6 8 6 6 6 6 8 

!NtEOUMENtAltf SfSTEM 
Skin 

Keratoacanthoma 
Subcutaneous tissue 

Fibroma 
Neurofibroma 
Nourofibroaareoma 

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

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

X 

RESPIRATOR? St5'1'EY 
Lunpand bronchi 

Alvaolarl'oronchiolar adauoma 
Trachea 

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

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

RtMXTOPOltfiC SYS'i iii 
Bout marrow 
Spleen 
Ll:mphnodts
T ymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
- - - - + + + + + + - - - - + + + - - - - - + + + 

CIRCULXI'ORf SfSTU 
Roart + + + + + + + + + + + + + + + + + + + + + + + + + 

biO!ST!v£ SfST!Y 
Salivary 1land 
Liver 

Neoplastic nodule 
Ropatocellular carcinoma 

Bileauct 
Gallbladder. COIIIIIIOII bila duct 
Pancreaa 

Acinar celladeuoma 
Esophar"
Stomac 

Squamous cell papilloma 
Small iuteltiue 

Ltiomr.oma 
Granu ocytic aareoma 

Ltrp intestine 

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

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
N N N N N N N N N N N N N N N N N N N N N N N N N 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
+ - - + + + - + + + - - - + + + - - - + - + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

+ + + + + + + + + + + + + + + + - + + + + + + + + 

URINAltY sfST!M 
Kidney 
Urinary bladder 

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

ENLRJCRINE SYSTtil 
Pituitery 

Carcinoma, NOS 
Adenoma, NOS 

Adrenal 
Cortical adenoma 
Pheochromocytoma 
Pheochromocytoma, malirnant 

Thyrotd 
Follicular cell adnoma 
C-celladenoma 
C-cell carcinoma 

Parathyroid 
Pancreatic isleta 

Islet cell adenoma 
Islet cell carcinoma 

+ + + + + + + + + + + + + + + - + + - + + + + + + 

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

X X X X X X X X X 
X 

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

X X 

+ + - - - - - + + + - - - - - + - + + - + + + - -
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X X 

REPRObUCTiv£ SfS'I!M 
Mammary 1land 

Fibroadenoma 
Testis 

Interstitial cell tumor 
Prostete 

Pc:~:::~N~land 
Adenoma, NOS 

N + N N N + + N N N N N + N + + + N N N N N + + N 
X X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X X X X X X X X X X X X X X X X X X X X X X X X - + - + + + + + + + - - + + + + + + + + + + + + -
N N N N N N N N N N N N N N N N N N N N N N N N N 
X X 

X 

NERvOUS SfST£M 
Brein 

Carcinoma, NOS, invasi.,. 
Ependymoma 
Astrocytoma 

+ + + + + + + + + + + + + + + + + + - + + + + + + 

X 
X 

SP!C!XL SENSE ORGANs 
Zymball!'land

Ceruau.a.oua carci.a.oma 
N N N N N N N N N N N N N N N N N N N N N N N N N 

.BOot tXv!TltS 
Peritoneum 

Fibroua hittiocytoma, malirnant 
Mesothelioma, NOS 

~~=th~=~NOS 

N N N N N N N N N N N N N N N N N N N N N N N N N 

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

ALL OtkiK SYS'IDIS 
Multiple orp.111, NOS 

Fibrous histiocytoma, mateltatic 
N euroftbroaarcoma, invuiq
Leukemia, mononuclear oell 

N N N N N N N N N N N N N N N N N N N N N N N N N 

X X X X X X X X 

• Animals necropsied 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN TI:IE TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: 80 mg./kg 

~::tR ~l!l~lil~~l~l~l!!~g!Mgli!~l~~i! gl ~I gl gl ~ ~I 
0 
l 
1 

WEEKS ON 
STUDY ~I gJ ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I il ~I ~I 81 ~I ~I gl gl gl gl gl gl 

1 
0 
5 

!NTtGOMtNtAltf SfSTtM 
Skin 

Squamous cell papilloma 
Basal cell careinoma 
Keratoacanthoma 

Subcutaneous tissue 
Fibroma 
Fibrosareoma 
Lipoma 
Neurofibroma 
Neuroflbrosarcoma 

+ 

+ 

' 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

X 

+ 

+ 

X 

+ 

+ 

+ 

+ 

X 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 

+ 

X 

RtSPilt\TOkf SfSTtlll 
Lunp alld bro11chi 
~uamous cell careinoma 

vaolarlbronchiolar adoaoma 
A.lvaolarlbronchiolar carcinoma 

Trachea 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

HE&IXfuPOIE IIC SYSTEM 
Bone marrow 
Spleen 
~mphnodu 

ymua 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+-

+ 
+ 
+ -

+ 
+ 
+ 
+ 

+ 
+ 
+ 
-

+ 
+ 
+ 
+ 

+ 
+ 
+ 
-

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
-

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
-

+ 
+ 
+-

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ -

CfitCOLATOkf SfSTtM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

bXQESTivt SfSTEIII 
Saliva.,. 1land 
Liver 

Naoplutic nodule 
sff:ru:=elluiar caretnoma 

O.llbladdar 6 commo11 bila duct 
PIUICrau 

ANw- call adenoma 

f::r­
Sq1a.moua call papilloma 

Small intestine 
Larp intestine 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

X 
+ 
N 
+ 

-
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 
+ 

X 
+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
X 
-
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
X 
+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
N 
+ 

-
+ 

+ 
+ 

uk!NAltf SYSTEM 
Kidney 

Lipoma 
urina..,. bladder 

Tralllitional cell papilloma 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

tNLJOClUN£ Sf!ITEM 
'tuitary 
Adenoma, NOS 

Pi 

Ad 

T 

renal 
Pheochromocytoma
hyroid 
Follicular cell adenoma 
C-colladenoma 
C-cell careinoma 

p 
p 

arathyroid
ancroatic isleta 
Islet cell adenoma 
Islet cell careinoma 

+ 

+ 

+ 

-
+ 

+ 

+ 

-

-
+ 

+ 

+ 

+ 

-
+ 

+ 

+ 

+ 

-
+ 

+ 

+ 

+ 

+ 
+ 
X 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
X 
+ 

+ 
+ 

+ 

+ 

+ 

-+ 

+ 
X 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
X 
+ 

+ 
+ 

-
+ 
+ 

+ 
+ 

+ 
X 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
X 
+ 
X 
+ 

-
+ 

+ 

+ 

+ 

+ 
+ 

+ 
X 
+ 
X 
+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
X 
+ 

-
+ 

+ 
X 
+ 
+ 

-
+ 

+ 
X 
+ 

+ 
X 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
X 

-
+ 

+ 
X 
+ 

+ 

+ 
+ 

nuDOtTIVE SfS'itii 
mmary 1land 

Fibroadenoma 
ostia 
llltoratitial cell tumor 
Fibrous hiltiocytoma, metastatic 

p 

Pra 

roatato 
Adenoma NOS 

putialichto1i/land
Can:inoma, N 

N 

+ 

+ 

N 

N 

+ 

+ 

N 

N 

+ 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

-
N 

N 

+ 
X 

-
N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

+
X 
+ 
X 
X -
N 

+ 

+ 

+ 

N 

N 

+ 
X 

+ 

N 

+ 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

+ 

N 

N 

+ 
X 

-
N 

ERVOOS StSTEMN 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

ot CAvlTIES 
acliutiDwn 
Alveolarlbrollchiolar ca. metastatic 

N N N N N N N N N N N N N N N 
X 

N N N N N N N N N N 

dtkfk SYSTDIS 
nltiple orpna, NOS 
Fibrosarcoma, metastatic 

ALL 
M 

Fibrous~- malipaDt
Meaotbelioma, NOS 
MaU,.lymphoma,lymp~ctypa 
Lawmia, mononuclaar ca 

N N N N N N N 
X 

N N N N 

X 

N N N 

X 

X 

N N 

X 

N N 

X 

N N 

X 

N N N N N 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: 80mglkg (Continulld) 

~=R 
WEEKS ON 
STUDY 

~lri~I~IIIII~~~~~~~~~~~~~~~ll~l~~~il~l~lil~g5 8 7 8 9 0 1 4 5 7 8 0 l 2 4 8 9 0 2 5 7 8 9 0 

~~~~~~~~~~~il~l111lll~ gJ gj 
1 
0 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

TOTAL: 
TISSUES 
TUMORS 

---­
*50 

l 
l 
2 

*50 
l 
l 
2 
l 
3 

---­
50 

l 
2 
l 

50 

---­
50 
50 
50 
28 

---­
50 

---­
50 
50 

l 
2 

50
•so 
50 

9 
35 
49 

l 
50 
49 

---­
50 

l 
50 

l 

---­
49 
14 
50 
ll 
49 
3 
l 
l 

24 
50 

2 
l 

*50 
s 

49 
45 

l 
42 

l
•so 

2 

50 

---­
•so 

l 

---­
•so 

l 
l 
1 
1 
7 

---­

INTEGUMENTARY SYSTEM 
Skin 

Squamoua cell papilloma
Basal cell carcinoma 
Keratoacanthoma 

Subcutaneoua tiuue 
i'ibrolll& 
i'ibrosareolll& 
Lipolll&
Neurofibroma 
Neurofibrou.rcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
l~ 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + ., + + + 

X 

RESPOIX'i'ORY SYSTEM 
Lunp aad bronchi 

11uamoua cell carcinoma 
veolarlbronchiolar adonolll& 

Alveolarlbronchiolar carcinoma 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + ·• + + + 

X X 

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

REMA'I'OPOllrt!C SYSTEM 
Bonomam>w 
Spleen 
Lhmph nod••
T ymuo 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + - - - + + + - - + + - - - - - + + + + - - ·­ - + + 

ClltCOLAtoRY SYSTEM 
lieart + + + + + + + + + + + + + + + + + + + + + ., + + + 

O!GEIITIVE SYSTEM 
Salivary 1land 
Liver 

N eoplutic nodule 
liepatocellular carcinoma 

Biloouct 
O..llbladdor • common bile duct 
Pancrou 

Acinar col! adenoma 
Eoophar-·
Stomac 

Squamouo cell papilloma 
Small intaltine 
Larp intaltint 

+ + + + + + + + + + + + + + + + + + + + + ·• + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
N N N N N N N N N N N N N N N N N N N N N ~~ N N N 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
lt X X X X lt X - + - + + + + + + + + + - + - + + + + - - ·­ - + + 
+ + + + - + + + + + + + + + + + + + + + + -~ + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + ·~ + + + 
+ + + + + + + + + + + + + + + + + + + + + ·~ + + + 

URiNARY SYSTEM 
Kidney

Lipoma 
Urinary bladder 

Tronoitional cell papilloma 

+ + + + + + + + + + + + + + + + + + + + + ·~ + + + 

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

ENDOCRINE SYSTEM 
Pituitary

Adenoma, NOS 
Adrenal 

Pheochromocytoma
Thyroid

Follicular cell adenoma 
C-celladonoma 
C-cell carcinoma 

Parathyroid
Pancreatic isleta 

Islet call adenoma 
blot call carcinoma 

RtPkObuCT!VE SYSTEM 
Mamlll&ry rtand 

Fibroadenoma 
Teltil 

Intarltitial cell tumor 
Fibrouo hiltiocytoma, motutatic 

Proatata 
AdoiiO~ros

Proputiallc ·to~lancl 
CarciAoma, N 

NEiivuuS SYSTEM 
Brain 

+ + + + + + + + + + + + + + + + + + + + + ·~ + + + 
X X X X X X X 
+ + + + + + + + + + + + + + + + + + + + + ~ + + + 

X X X X X X 
+ + + + + + + + + + + + + + + + + + + + + ~ + + + 

X 
X 

X 
+ - + - + + + - - + - - - + - - - + - - - - - - -
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

N N + + N N N N + N N N N N N N N N N N N 1!'1 N + N 
X X 

+ + + - + + + + + + + + + + + + + + + + + + + + + 
X X X X X X X X X X X X X X X X X X X X :It X X X 

+ + + + + + + + + + + + + - - + + + + + - - + + + 
X 

N N N N N N N N N N N N N N N N N N N N N 1!'1 N N N 
X X 

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

SOOt CAVITiES 
Mtdiutinum 

Alveolar/ ronchiolar carcinoma, motutatic 
N N N N N N N N N N N N N N N N N N N N N 1!'1 N N N 

ALL OrAER SYSTEMS 
Multiple orp111, NOS 

Fibrooarcoma, motaotatic 
Fibrouo histiocytoma, malipallt
Mooothalioma, NOS 
Malic- lymphoma, lymp~ic type
Lewmia, mononuclear ct 

N N N N N N N N N N N N N N N N N N N N N :r-r N N N 

X X X X 

• Animala ~~ecropaitd 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THIE TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: 120 mg/kg 

WEEKS ON 
STUDY 

!NTEQOMENTARY SYSTEM 
Skin 

Squamous cell papilloma 
Basal cell carcinoma 
Keratoacanthoma 

Subcutaneous tiuue 
Neurofibroma 
Nourofibroaarcoma 

N 

N 

+ 

+ 

+ 

+ 

+ 

+ 

N 

N 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

kESPiltXToRY SYSTEM 
Lunp and bronchi 

Alveolar/bronchiolar carcinoma 
Trachea 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
:t 
+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

REIIL\TOPb!Et!C SYSTEM 
Bono marrow 
SplHn 
Lymphnodu 

Alveolar/bronchiolar ca, metastatic 
Thymus 

+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

-
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

-

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 
:l 
+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

-

+ 
+ 
+ 

-

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

-

·CIRCuLAtORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

'o!Q!STIV'!! SYSTEM 
Salivary 1land 

MiJ:td tumor, malipant
Liver 

Neoplastic nodule 
Silo duct 
Gallbladder a. common bile duct 
PaiiCNU 

Acinar cell adenoma 
Esophuua 
Stomacli 

Squamous coll papilloma 
Sm&ll illteotine 
Larp inteotine 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
-

+ 
+ 

+ 
-

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

-

+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

-

+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

-
+ 
X 
+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

-

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
-

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

-
+ 

+ 
+ 

-

+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

-
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
N 
+ 

-
+ 

+ 
+ 

uRINARY SYstEM 
Kid nay 
Urinary bladder 

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

ENDOCRINE SYSTEM 
Pituitary 

Adenoma, NOS 
Adrenal 

Pheochromocytoma 

T~~/fadonoma
C-cell carcinoma 

Parathyro1d 

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

-

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

+ 

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

-

+ 
X 
+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

kEPROouCtlvE SYSTEM 
Mammary 1land 

Fibroadenoma 
Tettis 

Interstitial cell tumor 
Prootate 
PreputiaVelitoral1land 

Carcino121a, NOS 

N 

+ 

+ 
N 

N 

+ 

+ 
N 

N 

+ 

+ 
N 

N 

+ 

+ 
N 

N 

+ 

+ 
N 

N 

+ 

+ 
N 

N 

+ 

+ 
N 

N 

+ 
X 
+ 
N 

N 

+ 
X 
+ 
N 

N 

+ 
X 
+ 
N 

N 

+ 
X 
+ 
N 

+ 

+ 
X 
+ 
N 

N 

+ 
X 
+ 
N 

+ 

+ 
X 
+ 
N 

N 

+ 
X 
+ 
N 

N 

+ 

+ 
N 

N 

+ 
X 
+ 
N 

N 

+ 
X 
+ 
N 

N 

+ 
:l 
+ 
N 

N 

+ 
X 
+ 
N 

N 

+ 
X 
-
N 

+ 
X 
+ 
X 
+ 
N 

+ 

+ 
X 
+ 
N 

+ 

+ 
X 
+ 
N 

N 

+ 

+ 
N 

NERVOuS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

ALL OIHER SYStEMS 
Multiple orpns, NOS 

Alveolar/bronchiolar ca, invasive 
Mali~, lymphoma, lymphocytic type 
IAukemia, mononuclear cefl 

N N N N N N N N N N N N N N N N N N ;~ 
l 

N N N N 

X 

N N 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: 120mglkg (Continued) 

:m~R 

WEEKS ON 
STUDY 

~1~1!1~1~11lgl~l~lg\~l!l~l~l~l~l~l~l~l~~l):':l~l~2 8 8 7 l 2 l 7 9 0 8 0 l 6 9 0 4 9 0 2 4 6 8 0 

gj~l~l~l~l~lglgl~l~l~l~l~l~gjgjgjgjgjgjgj ol ~I gl 
1 
0 

1• 5 

TOTAL 
TISSUES 
TUMORS 

---­
•so 

2 
l 
2

•so 
2 
l 

---­
50 

2 
47 

---­
46 
50 
49 

l 
34 

---­
50 

---­
46 

1 
50 

l 
50

•so 
48 
5 

36 
50 

2 
50 
45 

---­
50 
49 

---­
47 

8 
50 
4 

46 
2 
3 

19 

---­
•so 

3 
49 
39 
49

•so 
2 

---­
49 

---­
"50 

1 
1 
6 

---­

INTEGUMENTARY SYSTEM 
Slua 

Squamous cell pap1lloma 
Basal cell camnoma 
Keratoacanthoma 

Subcutaneous tlSSue 
Neurofibroma 
N eurofibrosarcoma 

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

lt 
X X 

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

X 

RESPIRATORY SYSTEM 
Lungo and broncht 

Alveolarlbronchiolar camnoma 
Trachea 

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

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

REMATOPOit'i'IC SYSTEM 
Bone marrow 
Spleen 
Lymph nodes 

Alveolarlbroncluolar c:amnoma, metaatabc 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + +­ + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + - + 

+ - + + + + - + + - + - + + + + - - - - - - - - + 

CIRCULATORY sYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

OIGES'I'lVt SYSTEM 
SaJI;',.-:1t~':.:. lllal1,..nt 
L1ver 

Nooplalbc nodule 
Btleduct 
Gallbladder a. common btle duct 
Pancreas 

Ac:tnar c:ellaanoma 

~:=r-
Squamous c:eU pap1lloma 

Smalltntastlne 
Larputtastlne 

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

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

+ + + + + + + + + + + + + + + + + + + + + + + + + 
N N N N N N N N N N N N N N N N N N N N N N N N N 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X I[ 

+ - + + - + - + + + + + + + + + + + + - + + - + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + - + - - + + + + + + + + + - + + + + + 

URINARY SY51'tM 
Ktdnoy 
Unnary bladder 

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

ENDOCRINE SYSTEM 
Pltuttary 

Adenoma, NOS 
Adrenal 

Pheochromocytoma 

T~:udadanoma 
C cell c:amnoma 

Parathyroid 

+ + + + + + + + + + + - + + + + + + - + + + + + + 
X X X X X X 

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

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

X X 
+ - - - - + - - - + + - + - - + + + + - - - + - + 

REPRODUctiVE SYSTEM 
Mammary 1!and 

F1broadenoma 
Testta 

Intorstttl&l cell tumor 
Prostata 
Proputl&Vcbtoral1land 

Camnoma, NOS 

N N + N N N + + N N N N + N N N + N N N + N + N N 
X X 

+ - + + + + + + + + + + + + + + + + + + + + + + + 
X X X X X X X X X X X X X X X X X X X X X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
N N N N N N N N N N N N N N N N N N N N N N N N N 

X X 

NERVOUS SYSTEM 
Bra1n + + + + + + + + + + + + + + + + + + - + + + + + + 
ALL 01 Rill SYSTEMS 
M ult1plo Orplll, NOS 

A1veolartbronch1olar camnom.a, 1nvaa1ver:= =:ot::'u~~~:!Yfocytlc typo 

N N N N N N N N N N N N N N N N N N N N N N N N N 

X X X X X X 

•Anuzwa necl'Opllecl 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN mE TWO-YEAR GAVAGE 
STUDY OF n-BUTYL CHLORIDE: VEHICLE CONTROL 

WEEKS ON 

STUDY 


KtSPIKATOllY SYSTt!i 
Lu11p alld bro11cln 

Alveolarlbrollcluolar ade110ma 
Trachea 

HEMAIUPUiiiiC SYSlilli 
eo... manow 
SplHII
Lymph llodea 
Thym1111 

ClkCULXTORt StSTDI 
He&l't 

DtdErnvE SYSTDI 
Sahvary rlazul 
Liver 

Neoplutlc llodule 
Btleduct 
Gallbladder a. commo11 btle duct 
Pa11creu 
AA:t~~&r cell ade11oma 

Eaopharu
Stomach 

Squamo1111 cell papilloma 
SmAll tllteatule 
Larp lllteatule 

tillDOOtf Sftti!li 
Kldllay 
Uri~~ary bladder 

ENLJOCkiNI! SYSTDI 
Pltultary 

Cal'CliiOIII&, NOS 
Ade~~oma,NOS 

Adraul 
Pheochromocytoma, maltput

Thyrotd
Folltcular cell ade11oma 
Folltcular cell carct110111& 
C-eell ade11oma 
C-eell carcllloma 

Parathyrotd 

kllPRObOC'I'IVt SYS'i Ell 
Mammary rlazul 

AdeiiOC&l'CliiOma, NOS 
Ftbroade11oma 

Praputtalichto~Jiazul 
Ca=oma,NOS
Ade110ma,NOS 

Uter1111 
Ade110C&l'Clll0ma, NOS 

Ftbroma 

Letomyoaarooma

Elldometnal atromal polyp 


Ovary 

NERVOUS SYSTDI 
Bratll 

Cal'CliiOma, NOS, tllvUlve 

SPECiAL SENSI ORQANSzt'!::carctiiOma 

SOOt CAvlTIES 
Pento11eum 

Ltpoaareoma
Meae11tery

Sarcoma, NOS 

ALL OIHI!!R Sf9'i'iliB 
Multiple orpu, NOS 

AdenOC&l'Cllloma, NOS, metutattc 
.Maltr. lymphoma, lymohocYtlc t1Pa 
Leukamta, mononucl.&r cell 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 
X 
+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

- + 
+ + 
+ + 
+ + 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ + 
+ + 
+ + 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

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

+ 
+ 

+ 
N 
+ 
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+ TIMUII e:ramtlled ~y No ttuue lllformatfon aub1111tteci 
Reqntred buue not uazrniled Diicroamplcally C: N~. 110 hiatoloo due to protocol 

X Tumor tnctdence k Autolyu
N Necropay, 110 autol,.,a. 110 ~&:ra~~W~atton 114: AII!:IW miumc 
S Ammal mt...:ud B: No Decropay perfOrmed 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL (Continued) 

~~~n-~~~~~n-Tr~-n-,~~Tr~-n~~~n-~~~-,~n-~ rl~~sWEEKS ON 
STUDY TUMORS 

USPIRA'l'Okf StBTU 
Lunp and bronchi 

Alveolarlbronchlolar adenoma 
Tracbu 

Ri!liAIOPOiiilC Ststtli 
Boumarrow 
SpiHn 
Lymphno<Ha
Thymua 

ClKCOLXTOllf SfS'HII 
Heart 

omtSTM StSTtll 
Sabvary rland 
L1var 

Naoplutic nodule 
lhladuet 
Gcllbladar" common bu. duct 
Pancr..a 

Aclnar ..ll &<~.noma

::=r-
Squampua ..ll papilloma 

Smalltntaomna 
Larp 1ntaatina 

UiUNARY SfSTDI 
Kldney 
Urinary bladder 

tNOOCiUNE SYS'l'DI 
Pltultary 

Camnoma,NOS 
Adenoma, NOS 

Adrenal 
Pheochromoeytoma, malipant 

Thlof"'bculer cell adenoma 
Follicular ..ll can:!noma 
C-all adenoma 
C-allcamnoma 

Parathymd 

REP1WbuCTIV1 StSTtll 
Mammary rland 

AdenCICal'Cll10ma, NOS 
Flbroadenoma 

Praput1&1/cbto~Jland 
Carcinoma, NOS 
Adenoma, NOS 

Utarua 
Adenocamnoma, NOS 
Flbroma 
Letomyoaarooma
Endometnal stromal polyp 

Ovary 

Nll!IYOOS SfSTDI 
Bram 

Camnoma, NOS, mvUtve 

SP£CIAL SENSE ORQANS 
Zymbel 'land 

C.rummoua cemnoma 

SOot CAvlTltS 
Pentoneum 

L1poaarooma
MeMntery 

Sarooma, NOS 

ALL OrRD StS'tEIIS 
Mult1ple orpu, NOS 

Adenocamnoma, NOS, metutatic 
Mabr. lymphoma,lymphoeY'Ic type 
Leukemlll, mononuclear ..n 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 
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+ + 

+ + 
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+ 

+ 

+ 

+ 

+ 
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+ 

+ 

+ 

+ 
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+ 

+ 

+ 

+ 

50 

47 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ + + + - + + + - + + 24 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
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N N 

+
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N 

+ 
N 
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+ 
N 

+ 
N 

+ 
N 

+ 
N 

+ 
N 

+ 
N 

+ 
N 

+ 
N 

+ 
N 
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N 

+
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N 
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N 

50 
'50 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

+ - + + + + + + + + + 28 
+ + + + + + + + + + + + + + + + + + + + + + + + + 4i 

2 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
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+ 
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49 
X 2 

X X X X X X X X X X X 23 
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X 1 
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1 
1 

X X X 4 
X X 2 
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X 
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N N N N 

X 
N N 

X 
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X 
N N 

18 
'50 

3 
X 1 

+ + + 
X 

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

+ + + + + + + + 50 
3 
1 

X X X 
X 

X X X 
1 

12 
+ + 

+ + 

+ 
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+ 
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+ + 

+ + 
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N N N N N N N N N N N N N N N N N N N N N N N N N 
1 

'50 
1 

N N N N N N N N N N N N N N N N N N N N N N N N N '50 
X 1 

2 
X X X X X X 12 

• Antmala necropmed 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF n-BUTYL CHLORIDE: 80 ml/kl 

~~ 1:l~~!l:l~~~tl~~lgl~il~l~gl~ !I !I !I ~I ~I ~ 8 

0 

WEEKS ON 1 
STUDY gl gl gl gl gl~~~~~~~~~~~~~~~~~~~ 5 

0 

INTI!Qul\li!NtAltf Sf$TI!l\l 
Skill + + + + + + + + + + + + + + + + + + + + + + + + + 

Baul cell camnoma 

RtSPIHXtOit stSTI!k 
+ + + + + + + + + + + + + + + + + + + + + + + + +~:'g.~nd broiiCin + + + + + + + + + + + + + + + + + + + + + + + + + 

Rl!l\IX'l'UPOitTIC SfS'ti!l\1 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
SplH11 + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + - + + + + + + + + + + + + + + + + + + + +~phnode1 - + - + - - + + - + + - + + - - - - + + - + + + +7111ll8 

CIKCULA'l'Oltf StSTI!l\1 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 
MdiS'Hvt SYS'tbl 

+ + + + + + + + + + + + + + + + + + + + + + + + +SahYarJ rlalld 
Ltver + + + + + + + + + + + + + + + + + + + + + + + + + 

X XNeoplaatic lloduJ. 
Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 

N N N N N N N N N N N N N N N N N N N N N N N N N 
Pa11Creu 
Gallbladder • C0111l11011lnle duct 

+ + + + - + + + + + + + + + + + + + + + + + + + + 
Actllal'cell adenoma 

E10phar­ + + + + + - + + - + + + + + - - - - + - - + - + + 
Stomac + + + + + + + + + + + + + + + + + + + + + + + + + 

9quamoul cell papilloma X 
smau tntelttlle + + + + + + + + + + + + + + + + + + + + + + + + + 
Larp llltelttlla + + + + + + + + + + + + + + + + + + + + + + + + + 
OlUNAIY SfSTI!l\l 
Ktdlley + + + + + + + + + + + + + + + + + + + + + + + + + 
Un~~ary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 
tNOOCJUNI SfSTiik 
Pituttary + + + + + + + + + + + + + + + + + + + + + + + + + 

X XCam110~08 
X X X X X X X I X X 

Adnutal 
AdeiiO- 08 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
XCorttcal ade110ma 

Pheochromocytoma X X 
+ + + + + + + + + + + + + + + + + + + + + + + + +~rcelladenolllll X 

C-eell ade110ma X 
C-eellcai'I:IIIOIIIII 

Parath:J!'(Itd + - - + + - + - + + + + - - + + + + - - - - - + ­
Pa~~CNattc W.ta + + + + - + + + + + + + + + + + + + + + + + + + + 

Illet cell ada11011111 

RllPlWDOCTivt stSTI!l\l 
Mammary rtalld N N + + N + + N + + + + N + N N N + l'f + N + + + N 

X X XAdaiiOCili'I:IIIOma 
Ftbroadenoma X X X X X X X 

N N N N N N N N N N N N N N N N N N l'f N N N N N NPreputtallchto~lalld 
Cal'l:lllo~
Adeno- 08 

Uterll8 + + + + + + + + + + + + + + + + + + + + + + + + + 
XAdeiiOCili'I:IIIO-N08 

Endometrialltromal polyp X X X X X X X X 
X 

O..ry 
Endometrial otromaiUI'COma 

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

NI!RVOOS SfS'ti!l\1 
Braill + + + + + + + + + + + + + + + + + + + + + + + + + 

X XCa=- N08,111va11ve 

Sl'I!CIAL SINSI! OlWXNS 
N N N N N N N N N N N N N N N N N N ]( N N N N N N 

Ada110-N08 
Rerdenu rlalld 

X 

ALL Oi'RU SfSTUS 
.Multtple orpna, NOS N N N N N N N N N N N N N N N N N N ]( N N N N N N 

AdeiiOCili'I:IIIO-N08, metaotat1C X 

LeuUIIIJA, atOIIOIIIICieer cell 
 X X X X 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 60mg/kg (Continued) 

WEEKS ON 
STUOY 

!NtEOUIII!NfARY SYSTEM 

TOTAL: 
TISSUES 
TUMORS 

Skln + + + + + + + + + + + + + + + + + + + + + + + + + ·~ Baaalcell camnome. X 1 

RESPIRAtORY SYSTEM 
l.unp and broncht + + + + + + + + + + + + + + + + + ;- ;- + ;- + + + + ~ 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

RtMX'I'OPOlt'l'lC SfSTtM 
Bonemarrow + + + + + + + + + + + + + + + + + + + + + + + + + 50 
SplHII ++++++++++++++++++++++++;- 50 
l.ymphnodaa + + + + + + + + + + + + + + + + + + + + + + + + 48 
Thymua ++++- +++++1-+++++- 29 

eiRCULXtoRf SYStEM ~-
~:m:a~·:.sn~"v"t~s~Y~S"T~tk~--------------- ,__________________________________+ + + + + + + + + + + + + +_~+ + + + + + + + + + + _______________________________________ 

Sabvary 1land + + + + + + + + + + + + + + + + + + + + + + + + + 50 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Neoplalttc nodule X X 4 
Bdeduct + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Gallbladder a. common bde duct N N N N N N N N N N N N N N N N N N N N N N N N N •so 
Pancreu + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Amnar cell adenoma. X 1 
Eaopha!IU + + + + + + + + + + - + + + + + + - + + + 35 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Squamoua cell papilloma 1 
Sm&lltntalttlla + + + + + + + + + + + + + + + + + + + + + + + + + 50 
l.arp tntalttlle + + + + + + + + + + + + + + + + + + + + + + + + + 50 

OKINA!tf SYsTEM 
Ktdney + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Unnary bladder + + + + + + + + + + + + + + + + + + + + + + + + + ~ 

ENDOClUNt SYStEM 
Pttuttary + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Carcmoma, NOS 2 
Adenoma, NOS X X X X X X X X X X X X X X X 25 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Corttcal adenoma. X 2 
Pheochromocytoma. X X X X 8 

+ - + + + + + + + + + + + + + + + + + + + + + + + 49~rg:U.r cell adenoma. 1 
C-call adenoma. X X 3 
C-cellcamnoma X X 2 

Parathyroid + + + + + + + + + + + 24 
Pancreatte 11leta + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Islet cell adenoma X 1 

REPRODOC1'1Vii! SYS'l'tl\1 
•soMammary lland + + + + + N N N + + + N + + + + + + + N + N N + N 

3 
Ftbroadenoma X X X X X X X X X X 
Adenocamnoma 

17 
Preputtallcbtoral _1land N N N N N N N N N N N N N N N N N N N N N N N N N ·~ 1 

Adenoma, NOS X 
Camnoma, NOS X 

1 
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Adenocamnoma, NOS X 2 
Endometnal otromal polyp X X X X X X X lC 18 
Endometnal stromal sarcoma 1 

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 50 

NERVOUS StSitJJI 
Bratn + + + + + + + + + + + + + + + + + + + + + + + + + ~ 

2Camnoma. NOS, lllV&Ilvtt 

SPECiAL SENSE OttOANS 
•soHardarian 1lud N N N N N N N N N N N N N N N N N N N N N N N N N 

1Adenoma, NOS 

ALL 01 AIR SYSTtltiS 
•soMulttple orpu. NOS N N N N N N N N N N N N N N N N N N N N N N N N N 

1 
Lluke1111a, mononuclear cell X X X X X X
Adenocai'CUIOma, NOS, metaetatu: 

10 

• Antmala necropeted 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 1rwO.YEAR GAVAGE 
STUDY OF n·BUTYL CHLORIDE: 120 mlf/kt 

NUMBD 

WEEKS ON 
STUDY 

INiidUfliNTXif StSTU 
Subelltalleoa8 tiuue

Fibi'OUJ'COma 

HDIRNPOIIIIC StS'IIR 
BoDe marrow 
SpiMD
{.ymph IIOCiea 
Tllym1ll 

emeotx'i'Oitt stS'itil 
Heut 

bldiSTNI Sffiik 
Seli.,.l'Jiiud 
Liver 

Ad.aocarci110ma, NOS, m.etutatil 
Bit. duct 
Clellbladder 6 COIIUIIOD bile duct 
Paucreu 

=:r-
Small intat!DI

Ad.aocarciiiOma, NOS 
Lerp illteatiue 

UklNAKf SYS'tbi 

~'Unuary bledMr 
Trauitloulcell pepilloma 

NDvOOS SYS'ttlli 
BraiD 

Gru.ular cell tumor, NOS 
Glioma, NOS 

IIIOSCOWBDLI!TAL SYSTI!IIi 
Kucle 

Aq!olipoma 

ALL OfRU SiS'iiliS 
M;:fr,le Of'111!18o NOS

lymphoma, l:liltiocytic type 
Leubmia, IIIOIIOIIUCieU' cell 

+ + + N + + + + + + + + + + + + + + + + + + + + + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ + 
+ + 
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+ 
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+ 
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+ 
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-
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+ 
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+ 
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+ 
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+ 
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+ 
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+ 

+ 
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+ + 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
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+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
-

+ 
+ 
+ 
+ 

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

+ 
+ 

+ 
N 
+ 
+ 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: 120 mg/kg (Continued) 

WEEKS ON 
STUDY 

lNTtGOIII!NTAKY SYSTtlil 
Subeutaneou tuaua 

F1bro......,ma 
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APPENDIX B 


SUMMARY OF THE INCIDENCE OF NEOPLASMS 


IN MICE IN THE TWO-YEAR GAVAGE STUDIES 


OF n-BUTYL CHLORIDE 
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE FIRST TWO-YEAR 

GAVAGE STUDY OF n-BUTYL CHLORIDE 


CONTROL (VEH) 500mg/kg l,OOOmg/kg 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
*Subcutaneous tissue (50) (50) (50) 

Sarcoma, NOS 2 (4%) 1 (2%) 3 (6%) 
Fibroma 1 (2%) 4 (8%) 1 (2%) 
Fibrosarcoma 14 (28%) 12 (24%) 7 (14%) 
Neurofibrosarcoma 1 (2%) 

RESPIRATORY SYSTEM 
#Lung (50) (50) (50) 

Hepatocellular carcinoma, metastatic 2 (4%) 2 (4%) 2 (4%) 
Alveolar/bronchiolar adenoma 3 (6%) 8 (16%) 4 (8%) 
Alveolar/bronchiolar carcinoma 3 (6%) 2 (4%) 
Sarcoma, NOS, metastatic 1 (2%) 
Fibrosarcoma, metastatic (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (50) 

Malignant lymphoma, NOS 7 (14%) 6 (12%) 
Malignant lymphoma, histiocytic type 1 (2%) 

#Spleen (50) (48) (49) 
Malignant lymphoma, NOS 1 (2%) 

#Mesenteric lymph node (44) (47) (44) 
Malignant lymphoma, histiocytic type 2 (4%) 

#Liver (50) (50) (50) 
Malignant lymphoma, NOS 1 (2%) 

CIRCULATORY SYSTEM 
*Multiple organs (50) (50) (50) 

Hemangiosarcoma 1 (2%) 1 (2%) 
*Thorax (50) (50) (50) 

Hemangiosarcoma 1 (2%) 
#Bone marrow (50) (50) (49) 

Hemangiosarcoma 
#Spleen (50) 

1 (2%) 
(48) (49) 

Hemangiosarcoma 2 (4%) 1 (2%) 
#Liver (50) (50) (50) 

Hemangiosarcoma 2 (4%) 
#Omentum (50) (49) (49) 

Hemangiosarcoma 1 (2%) 
#Kidney/pelvis (50) (50) (50) 

Hemangiosarcoma 1 (2%) 

DIGESTIVE SYSTEM 
#Liver (50) (50) (50) 

Hepatocellular adenoma 4 (8%) 4 (8%) 5 (10%) 
Hepatocellular carcinoma 9 (18%) 10 (20%) 10 (20%) 

#Forestomach (50) (49) (49) 
Squamous cell papilloma 2 (4%) 
Squamous cell carcinoma 1 (2%) 
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE FIRST TWO-YEAR 

GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 


CONTROL (VEH) 500mglkg l,OOOmglkg 

URINARY SYSTEM 
#Kidney 

Tubular cell adenoma 
(50) (50) 

1 (2%) 
(50) 

1 (2%) 

ENDOCRINE SYSTEM 
#Adrenal medulla (50) (47) (49) 

Pheochromocytoma 
#Thyroid 

1 
(48) 

(2%) 
(45) (47) 

Follicular cell adenoma 1 (2%) 
#Pancreatic islets (49) (49) (50) 

Islet cell adenoma 1 (2%) 

REPRODUCTIVE SYSTEM 
None 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
•Harderian gland (50) (50) (50) 

Adenoma, NOS 5 (10%) 3 (6%) 

MUSCULOSKELETAL SYSTEM 
"'Skeletal muscle (50) (50) (50) 

Fibrosarcoma 1 (2%) 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 

Natural death 9 11 33 
Moribund sacrifice 9 12 7 
Terminal sacrifice 32 27 10 
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE FIRST TWO·YEAR 

GAVAGE STUDY OF n·BUTYL CHLORIDE (Continued) 


CONTROL (VEH) 500mg/kg l,OOOmg/kg 

TUMOR SUMMARY 
Total animals with primary tumors•• 32 38 29 

Total primary tumors 53 62 39 
Total animals with benign tumors 14 19 11 

Total benign tumors 14 22 13 
Total animals with malignant tumors 29 31 23 

Total malignant tumors 39 40 26 
Total animals with secondary tumors## 

Total secondary tumors 
3 
3 

3 
3 

2 
2 

* Number of animals necropsied 
** Primary tumors: all tumors except secondary tumors 
# Number of animals with tissue examined microscopically 
# # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE SiECOND TWO· 
YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE 

CONTROL (VEH) 250mg/kg 

ANIMALS INITIALLY IN STUDY 50 50 
ANIMALS NECROPSIED 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 

INTEGUMENTARY SYSTEM 
*Skin (50) (50) 

Squamous cell papilloma 1 (2%) 
Keratoacanthoma 1 (2%) 

•subcutaneous tissue <50) (50) 
Fibroma 3 <6%) 2 <4%) 
Fibrosarcoma 8 (16%) 5 (10%) 

RESPIRATORY SYSTEM 
#Lung <50) (50) 

Hepatocellular carcinoma, metastatic 3 16%) 5 (10%) 
Alveolar/bronchiolar adenoma 12 124%) 6 (12%) 
Alveolar/bronchiolar carcinoma 2 (4%) 5 (10%) 

HEMATOPOIETIC SYSTEM 
"'Multiple organs (50) (50) 

Malignant lymphoma, NOS 5 (10%) 5 (10%) 
Malig.lymphoma, histiocytic type 1 (2%) 

#Mesenteric lymph node (47) (44) 
Malig. lymphoma, histiocytic type 1 (2%) 

CIRCULATORY SYSTEM 
"'Subcut tissue 

Hemangioma 
#Spleen 

Hemangiosarcoma 
#Heart 

Hemangiosarcoma 
#Liver 

Hemangiosarcoma 
#Kidney 

Hemangiosarcoma 

(50) 

(50) 

(50) 
1 

(50) 
3 

(50) 
1 

(2%) 

(6%) 

(2%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

(50) 

(50) 
2 (4%) 

(50]• 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Fibrosarcoma, metastatic 

#Forestomach 
Squamous cell papilloma 
Squamous cell carcinoma, in situ 
Squamous cell carcinoma 

(50) 	 (501 
5 (10%) 10 (20%) 

10 	 (20%) 11. (22%) 
1 (2%) 

(50) 	 (50),,,, 	 (4%) 
1 	 (2%) 

X (2%) 

URINARY SYSTEM 
#Kidney (50) (50) 

Tubular cell adenoma 1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary intermedia (40) (45) 

Adenoma, NOS 1 <3%) 
#Anterior pituitary (40) (46·) 

Adenoma, NOS 2 (5%) 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN TllfE SECOND TWO· 
YEAR GAVAGE STUDY OF n·BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 250mg/kg 

ENDOCRINE SYSTEM (Continued) 
#Pituitary posterior 

Glioma, NOS 
#Adrenal medulla 

Pheochromocytoma 
#Thyroid 

Follicular cell adenoma 

(40) 

(49) 
2 (4%) 

(46) 
1 (2%) 

(45) 
1 (2%) 

(49) 

(47) 

REPRODUCTIVE SYSTEM 
#Testis (50) <50> 

Interstitial cell tumor 1 (2%) 1 <2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
"'Harderian gland 

Adenoma, NOS 
Adenocarcinoma, NOS 

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

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
"'Multiple organs (50) (150) 

Hepatocellular carcinoma, metastatic 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 

Natural death 9 9 
Moribund sacrifice 6 6 
Terminal sacrifice 35 35 

TUMOR SUMMARY 
Total animals with primary tumors•• 41 39 

Total primary tumors 62 56 
Total animals with benign tumors 24 19 

Total benign tumors 29 24 
Total animals with malignant tumors 27 26 

Total malignant tumors 33 32 
Total animals with secondary tumors## 4 6 

Total secondary tumors 4 6 

• Number of animals necropsied 
•• Primary tumors: all tumors except secondary tumors 
#Number of animals with tissue examined microscopically 
# # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE 83. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN TH:E FIRST TWO­
YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE 

CONTROL (VEH) 500mg/kg 

ANIMALS INITIALLY IN STUDY 50 50 
ANIMALS NECROPSIED 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 

INTEGUMENTARY SYSTEM 
•subcutaneous tissue (50) (50) 

Fibrosarcoma 1 <2%) 

RESPIRATORY SYSTEM 
#Lung (50) (50) 

Alveolar/bronchiolar adenoma 3 (6%) 6 (12%) 
Alveolar/bronchiolar carcinoma 4 (8%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Malignant lymphoma, histiocytic type 

#Spleen 
Malignant lymphoma, NOS 

#Jejunum 
Malignant lymphoma, NOS 

#Thymus 
Malignant lymphoma, NOS 

(50) 	 (50) 
16 	 (32%) 13 (26%) 

1 (2%) 
(50) 	 (50) 

2: 	 (4%) 
(49) 	 (50) 

1 (2%) 
(21) 	 (19) 

1 (5%) 

CIRCULATORY SYSTEM 
#Liver (50) (50) 

Hemangiosarcoma 1 (2%) 
#Uterine serosa (50) (49) 

Hemangioma 1 (2%) 

DIGESTIVE SYSTEM 
#Liver (50) (50) 

Hepatocellular adenoma 1 (2%) •l (8%) 
Hepatocellular carcinoma 2 (4%) •l (8%) 

#Forestomach (50) (50) 
Squamous cell papilloma 1 (2%) 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Pituitary (43) (4€i) 

Carcinoma, NOS 2 (5%) 1 (2%) 
Adenoma, NOS 12 (28%) 8 (17%) 

#Adrenal (49) (50) 
Pheochromocytoma 1 (2%) 

#Thyroid (48) (48) 
Follicular cell carcinoma 1 (2%) 
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TABLE 83. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE FIRST TWO· 
YEAR GAVAGE STUDY OF n·BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 500mg/kg 

REPRODUCTIVE SYSTEM 
#Uterus (50) (•L9) 

Leiomyoma 1 (2%) 
Endometrial stromal polyp 1 (2%) 

#Ovary (48) (•l8) 
Granulosa cell tumor 1 (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Harderian gland (50) (flO) 

Adenoma, NOS 3 (6%) 
*External ear (50) <eiOJ 

Sarcoma, NOS 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) 

Sarcoma, NOS 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 150 

Natural death 16 ll3 
Moribund sacrifice 6 5 
Terminal sacrifice 28 ao 
Dosing accident 2 

TUMOR SUMMARY 
Total animals with primary tumors•• 31 ~!9 

Total primary tumors 45 so 
Total animals with benign tumors 14 1.5 

Total benign tumors 20 ~!2 
Total animals with malignant tumors 22 ~!3 

Total malignant tumors 24 ~!8 
Total animals with tumors uncertain·· 
benign or malignant 

Total uncertain tumors 

• Number of animals necropsied 
•• Primary tumors: all tumors except secondary tumors 
# Number of animals with tissue examined microscopically 
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TABLE 84. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN T'HE SECOND TWO­

YEAR GAVAGE STUDY OF n·BUTYL CHLORIDE 


CONTROL (VEH) 250 1111g/kg 

ANIMALS INITIALLY IN STUDY 50 50 
ANIMALS NECROPSIED 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 

INTEGUMENTARY SYSTEM 
*Skin (50) (51)) 

Squamous cell carcinoma 
*Subcutaneous tissue (50) 

1 <2%) 
(51)) 

Sarcoma, NOS 1 (2%) 

RESPIRATORY SYSTEM 
#Lung (50) <50) 

Hepatocellular carcinoma, metastatic 3 (6%) 
Alveolar/bronchiolar adenoma 5 (10%) 6 (12%) 
Alveolar/bronchiolar carcinoma 1 (2%) 3 (6%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Malig. lymphoma, histiocytic type 

#Spleen 
Malignant lymphoma, NOS 

#Liver 
Malignant lymphoma, NOS 

#Uterus 
Malig. lymphoma, histiocytic type 

(50) 
13 	 (26%) 

1 (2%) 
(49) 

1 (2%) 
(50) 

(50) 

(50) 
11 	 (22%) 
2 (4%) 

(4.9) 

(50) 
1 (2%) 

(5·0) 
1 (2%) 

CIRCULATORY SYSTEM 
#Spleen (49) (4~9) 

Hemangiosarcoma 2 (4%) 
#Liver (50) WOJ 

Hemangiosarcoma 1 (2%) 1 (2%) 

DIGESTIVE SYSTEM 
#Liver (50) (150) 

Hepatocellular adenoma 8 (16%) 4 (8%) 
Hepatocellular carcinoma 1 (2%) 5 (10%) 

#Forestomach (48) (49) 
Squamous cell papilloma 3 (6%) 3 (6%) 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

#Thyroid 
Follicular cell adenoma 

#Pancreatic islets 
Islet cell carcinoma 

(39) 	 (41) 
1 (3%) 1 (2%) 
7 (18%) 7 (17%) 

(44) 	 (46) 
1 (2%) 

(45) 	 (49) 
1 (2%) 
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TABLE B4. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE SECOND TWO· 
YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 2150mg/kg 

REPRODUCTIVE SYSTEM 
#Uterus (50) (50) 

Leiomyosarcoma 2 (4%) 
#Ovary (48) (50) 

Adenocarcinoma, NOS 1 (2%) 
Papillary cystadenoma, NOS 2 (4%) 
Luteoma 1 (2%) 
Tubular adenoma 1 (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
•Harderian gland (50) (50) 

Adenoma, NOS 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
•Multiple organs (50) (50) 

Adenocarcinoma, NOS, metastatic 1 (2%) 
Tail 

Osteoma 1 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 

Natural death 23 13 
Moribund sacrifice 2 1 
Terminal sacrifice 25 36 
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TABLE 84. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE SECOND TWO­

YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 


CONTROL (VEH) 250mg/kg 

TUMOR SUMMARY 

Total animals with primary tumors''"'' 35 35 


Total primary tumors 45 57 

Total animals with benign tumors 19 21 


Total benign tumors 25 25 

Total animals with malignant tumors 20 25 


Total malignant tumors 20 32 

Total animals with secondary tumors## 3 


Total secondary tumors 4 


"'Number ofanimals necropsied 
"'"' Primary tumors: all tumors except secondary tumors 
#Number of animals with tissue examined microscopically 
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE 85. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE FIRST TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: VEHICLE CONTROL 

WEEKS ON 

STUDY 


iN'tEGO!HNTAltt B!STI\!11 
Subeutaaeoua tlii1M 

Sarcoma. NOS 
Flbroma 
Ftbrourcoma 
NeUlOftbroaarcoma 

RESPIRXTOK! BtSTtll 
Luap and broaclu 

Hepatocellular camaoma, metutattc 
Alveolarlbroacbtolar adeDOma 
Alveolarlbroacluolar caretDOma 
Sarcoma, NOS, metutattc 

Trachea 

HIMX'I'OP011L1'1C SYS'i Jtk 
Boaa marrow 
Splaaa 

Mabii1W1t lymphoma. NOS 
Lymphaode1
Thymua 

ctRCtttXTOltf SfSTU: 
Heart 

mGEmvt stSTtll 
Sabvary1lalld
Ltver 

Hepatocellular adeDOma 
Hepatocellular carctDOma 
Maltpaat lymphoma, NOS 

Btleduct 
Gallbladder .. commoD btle duct 
Paacreu 
Eeophuul
Stomacli 

HemaDI\OI&l'COma 
Smallllltaltlu 
Larp IDtalttDe 

URINARY BfSTEII 
lttdaey
Urlllary bladder 

1\!NDOCIUNE BfSTEII 
Pttuttary
Adreul 

Pheochromocytoma
Thyrotd
Paratbyrotd 

RitPRObOC'l'IVI SYS'I'Eil 
Mammary llallll 
Teatt1 
Proltate 

NERvOUS SfS'I'EIIi 
BraiD 

SPECiAL StNBii OKOANB 
Harclei'I&DilaDd 

Adeaoma.NOS 

ALL OIHtR SYSTDIS 
MulttpleorpDa,NOS
Maliput lymphoma. NOS 

+ + + + N + + 

X 

+ 

X 

+ 

X 

+ + 

X 

+ N 

X 

+ 

X 

+ + 
X 

X 

+ + + ~ + + + + + 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 

X 

+ 

+ 
X 

+ 

+ 

X 

+ 

+ 

+ 

~ + + + + + 

Jt X 

~ + + + + + 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

-

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ + + + + 
+ + + + + 

X 
+ + + + + 
- + + + + 

+ + + + + + + + + + + + + + + + + + + ~ + + + + + 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
-

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 

+ 
N 
+ 
+ 
+ 

+ 
-

+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ + + + + 
+ + + + + 

X X 
X 

X 
~+++++ 
~++N++ 
~ + + + + + 
~ + + + + + 
~ + + + + + 

X 
~+++++ 

~ + + + + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

~ + + + + + 
~ + + + + + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

-
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 
-

+ 
+ 
X 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

~ + + + + + 
~ + + + + + 

~ + + + + + 
~ + + + + -

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N N N N N N 
~ + + + + + 
~ + + + + + 

+ + + + + + + + + + + + + + + + + + + ~ + + + + + 

N N N N N N N N N N N N N N N N N N N l'l N N N N N 

N N N N N N N N N N N N N 
X 

N N N N N N l'l N N N N N 
X 
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TABLE 85. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL (Continued) 

WEEKS ON ~~~rl~~rr-~~~~~-w-n~~rlrl~~rr-~~~~~~-r-~8 
STUDY TUMORS 

IN t!QUliiNTXltf SfSiU: 
Subeutaneou tune + + + + + + + + + + + + + + + + + + N + + +- + + + •so 

Sarcoma, NOS X 2 
F1broma X 1 
Flbrourcoma X X X X X lt X 14 
Neuroftbrourcoma 1 

+ + + + + + + + + + + + + + + + + + + + + +- + + + 50 
X 2 

3 
X s 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

RiillAIVPOII'IIC Siii'U 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50 
S~~~~~ + + + + + + + + + + + + + + + + + + + + + + + + + 50 
llallpUt lymphoma, NOS 1 

LYIJipli nocle1 - + + - + - - + + + + + + + + + + + + - + + + + + 44 
Th;vmu - + - - - + - + - - + + + + - + - + + 19 

CliCULX'l'Oif SfS'fik 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 

MUISTIVi Sf8'1U: 
Sahvar;v rlu.cl + + + + + + + + + + + + + + + + + + + + + + + + + 50 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Hepetocellular ade110ma X X 4 
~tptocellular catCUIOIDA X X X 9 
lllallpallt lymphoma, NOS 1 

Blleduct + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Gallbladder 6 OOIIIIIIOIIlnle duct + + + + + + + + + + + + + + + + + + + + + + + + + •so 
P&DCNU + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Eaophuu + + + + + + + + + + + + + + + + + + + + + + + 48 
Stomacli + + + + + + + + + + + + + + + + + + + + + + + + + 50 

HtiJI&Il810IUCOIDA 1 
Small 111ttltlllt + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Larp lllttltUit - + - + + + + + + + + + + - + + + + + + + S8 

UitNAltf Sift i!ii 
K!dllty + + + + + + + + + + + + + + + + + + + + + + + + + 50 
U=ar:v bladder + + + + + + + + + + + + + + + + + + + + + + + + + 49 

+ + + + + + + + + + + + + + + + + + + + + + + - + 47 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

1 
+ + + - + + + + + + + + + + + + + + + + + + + + 48 
+ + - + + + + - - + - + + - - - + 29 

RtPKObOCTlVt SfSTU 
Mammary rlu.cl N N N N N N N N N N N N N N N N N N N N N N N N N •so 
Ttltla + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Proatttt + + + + + + + + + + + + + + + + - + + + + + + 47 

NikVOOS Stftiil 
81'8111 + + + + + + + + + + + + + + + + + + + + + + + + + 50 

SritiAL S&NSI OkCANS 
Hanlenan rlu.cl N N N N N N N N N N N N N N N N N N N N N N N N N •so 

Ade110ma, NOS X X X X X 5 

ALL dlkik Si&liiiS 
Multlpw OrJUA. NOS N N N N N N N N N N N N N N N N N N N N N N N N N 
Maliput lYIJiphoma, NOS X X X lt X 
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TABLE 85. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN TillE FIRST TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: 500 ml/kt 

oo~R 

WEEKS ON 
STUDY 

~~~~!lm!I~I!I~~I~II~I~~~~ !I 
~~~~~~~~~~~~~~~~~~~ 

'I 
!I 

~I !I 
~ 

~ 
~ 

m 
0 
0 
4 

~ 
1 
0 
4 

INtEGUIUNTAltY SYSTDI 
Subcut&Deoua ttuue 

S.n:oma, NOS 
F1broma 
Flbi'Oian:oma 

+ + + + 

X 

+ + + + 

X 

+ + 

X 

+ 

X 

+ + 
X 
X 

+ + 

X 

+ 

X 

+ + + 
X 

+ 

X 

+ 

X 

= + + 

X 

+ + 

lttSPIRATOIY SYS'ttlli 
LWip and bro11eln 

Hepatoc:ellular eam110ma, metutatie 
Alveolarlbrollelnlllar ede110ma 
Alveolarlbrollelnlllar e&l'CIIIOma 
Flbroaarcoma. metutabc 

Trachea 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

X 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 

+ 

+ 

X 

-

+ 
X 

+ 

+ 

+ 

+ 
X 
X 

+ 

HtiiXfuPOM'IC SfS'ttJI 
Boumal'TOW 

Hemalllloureoma 
S~IH11 

eiii&JIIIOI&n:Gma 
LlhthDodee

If lymphoma, lnatiOeytle type 
ThymWI 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

-
-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ + 

- -
- -
- -

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 
X 
+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

+ 
X 
+ 
X 
+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-
CIKtuLATOKY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

IDGESTlvE SYS'ttlli 
S.hvary (IAIId 
L1ver 

Hepatoc:ellular ade110ma 
a~:ru::-llular e&l'CIIIOma 

Gallbladder 6 C:OIIIIDOII lnla duet 
Pa11ereae 

~=r-
Squamoua cell e&l'CIIIoma 

Small111tlatme 
Larp1Dtlltl11e 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ -

+ + 
+ + 

X 
+ + 
+ N 
+ + 
+ + 
+ + 

+ + 
+ + 

+ 
+ 

+ 
N 
-
+ 
+ 

+ 
+ 

+ 
+ 

X 
+ 
+ 
+ 
+ 
+ 
X 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

-
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+-

+ 
+ 

+ 
+ 
+ 
+-
+ 
+ 

+ 
+ 

X 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ -
+ 

+ 
-

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 
+ 
N 
+ 
+ 
+ 

+ 
+ 

+ + 
+ + 

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

+ + 
+ + 

OIUNAKY SYSTDI 
Klduy 

TubUlar cell ede110ma 
Un~~ary bladder 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

tNDOCIUNE SYS'ttlli=:rThloiT.:d
olheular cell ade110ma 

Parathyroid 
PA~~ereet>eW.tl 

Ialat eellade11oma 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

-
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

-
+ 

+ 
+-
--

+ 
+ 
+ 

-
+ 

+ 
+ 
+ 

-
+ 

+ -
+ 

-
+ 

-
+ 
+ 

+ 
+ 

- + 
+ + 
+ + 

- + 
+ + 

+ 
+ 
+ 

-
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+-
-
+ 

+ 
+ 
+ 

+ 
+ 

, 
+ 
+ 
+ 

-
+ 

+ 
+ 
+ 

-
+ 

-
+ 
+ 

-
+ 

+ 
+ -
-
+ 

+ 
+ -
-
+ 
X 

+ 
+ 
+ 

-
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

lti!PKODOCTIVI Sfstl!k 
Mammary r1alld 
Teltia 
Proltate 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+-

N 
+ 
+ 

N 
+ 
+ 

N 
+ -

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+-

N 
+ 
+ 

N 
+ 
+ 

N 
+ -

N 
+ 
+ 

N 
+-

N 
+ 
+ 

N 
+ 
+ 

N 
+ -

N 
+ 
+ 

N 
+ -

N 
+ 
+ 

N 
+ 
+ 

NDVOUS SfSTDI 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECUL SENSE OIGANS 
Hardenurlalld 

Me110ma, NOS 
N N N N N N N N N N N N N N N N N 

X 
N N N N N N N N 

MuSCULOSDLt'l'AL SfSTU 
114uaele 

Flbi'Oian:oma 
N N N N N N N N N N N N N N N N N N N N N N N N 

X 
N 

ALL dtHik SYST£11S 
114ult>pla orpu, NOS 
HemAIIIIO~&n:oma 
ll4ahiJI&IIt lr.:phoma, NOS 
114all(. lymp lila, hlltloeytle type 

N N N N N N N N N 

X 

N N N 

X 

N N N N N 
X 

N N N N 

X 

N N N 

X 

N 
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TABLE B6. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 500mi/kl (Contin\lted) 

~~ ~~~~~~~M~~~il~~~~~~~~~~~~~:l!l~~: 
TOTAL. 

WEEKS ON TISSUES 
STUDY TUMORS0~ ~ ~ ~ ~ ~ ~ !I ~ ~ !I !I !I ~ ~ ~ ~ !I ~I ~I ~I ~I !I ~I 4 

1 

INTtQUliiN'i'Xltf SiS'tiR 
Subcutanec11111 tluue •so+ + + + + + + + + N + + + + + + + + + + + + + + + 

1 
Ftbroma 
San:oma, NOS X 

X X 4 
Ftbrooan:oma X X 12 

ktSPIKAtottt SYSTE!il 
Lunp and broliCiu 50 

Hepatocellular eamJIDIII&, 11111taltat1c 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

2 

AJ,..,larlbroliCiuolar acle110111& 
 X X 8 
Al,..,larlbroliChiolar carcmoma X X 2 
Fibrooan:oma, 11111taltatu: 1 

Tracba 4.7+ + + + + + + + + + + + + - + + + + + + + + + + + 
ktnfuPOit'tlt SYSTBil 
Bone marrow 50 

Hemanllouteolll& 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

1 
SlfiiMn 48 

eJII&liClOtiUCOIII& 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

2 
4.7+ + + + + + + + + + + + + + + + + + + + + + + + +L~y,hnOdeo

;,. lymphoma, hllttocytlc type X X 2 
ThylllUI 13+ + + + + - - - - + + - - - - - - + - - - - - - + 

etRCULATottf SYST!Il 
Hout 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

DlGES'I'Ivt SYS'i'tJI 
Sahvary claDd 49+ + + + + + + + + + + + + + + + + + + + + + + + + 
L1ver 50 

Hepatocellular aclenoma 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X 4 
Herutocellular carcmoma X X X X 10 

Bde uct 50 
Gallblaclcler I& CODllliOn bde duct 

+ + + + + + + + + + + + + + + + + + + + + + + + + •so+ + N + + + + + + + + + + N + N + + + + N N N + + 
Pancreu 4.11 
Eoophar" 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
46+ + + + + + - + + + + + + - + + + + + - + - + + + 

Stomac 4.9 
8qua111o111 cell carcmoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
1 

SDl&lltnteltllle 50 
Larp mteltlne 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
45+ - + + + + + + + + + + + + + + + + + + + + - + + 

omnt ststm 
Kidney 50 

Tubular cell adl110ma 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

1 
Urll1afY bladder 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

ENDOtiUNE SfSTEil 
PltUltary 4.7 
Adrenal 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
47 

Thyrold 
+ + + + - + + + + + + + + + + + + + + + - + + + + 

45+ + + + + + + + + + + + + - + + + + + + + + + + + 
1 

Parethyrotd 
Folhcular celladel\0111& X 

22- + - + + + - + + + - - - - + - - - + - + - - + + 
49 

Islet cell adenoma 
Pancreatic llletl + + + + + + + + + + + + + + + + + + + + + + + + + 

1 

REPRODUC'rtv! SYSTE!il 
N N N N N N N N N N N N N N N N N N N N N N N N N •soMammary eland 

49 
Prostate 
Teltll + + - + + + + + + + + + + + + + + + + + + + + + + 

311+ + - + + - + + + + + + + + + + + + + - + + + + ­
NUVOUS SiS'IU 
Bratn 50+ + + + + + + + + + + + + + ... ... + + ... + + + ... + + 
SPttL\L SENSE OKOANS 
Herdenan ciaDd •soN N N N N N N N N N N N N N N N N N N N N Nl N N N 

3Adenoma, NOS X X 

llOSCULOSULtTAL SYSTU •soMuocle N N N N N N N N N N N N N N N N N N N N N N N N N 
1Fibrooan:oma 

ALL CTtktR SYSTUS •soMultiple orpu. NOS N N N N N N N N N N N N N N N N N N N N N N N N N 
1 

MahllWlt l~phoma, NOS 
Hemaqiosarcoma 

6 
Mahc. lymp ma, h1ltlocyt1c type 

X X 
1X 

93 n-Butyl Chloride, NTP TR 312 



TABLE 85. INDIVIDUAL ANIMAL TUMOR PAmOLOGY OF MALE MICE IN THE FIRST TWO·YEAR 
GAVAGE STUDY OF n·BUTYL CHLORIDE: 1.000 mglkg 

4~=R 1~m!l~!l!l~l~l:l!l!lkiii~I~IgJ~:I ~I !I ~I ~I ~I gl 
0 

WEEKS ON 

STUDY 
 9 

0~lail!l!l~~lii!I!I!I~I!I~I~I~I:J:I :1 ~I ~I ~I :1 :1 
0 

INttGUiitNTARY Sf!\'rtll 
SubcutaD..,uatuaue + + + + + + + + + + + + + + + + + + + + + + + + + 

X X X 

Fibroma 

Flbrourcoma 


S.n:oma, NOS 

X X 

USPiilATOif SYS'itii 
LuJlllaa.d bro11chl + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatoc.lllllar c:amiiOIII.&, mttutatlc 

Alveolarlbro~~ehlolar aclt110ma 
 X X 

Trachea + + + + + + + + + + + + + - + + + + + + + + + + + 
RtkXNRJiftiC Sfsttll 
Bou marrow - + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + - + + + + + + + + + + + + + + +SYrltt11 
XIIJUIIIIIi.Ot&tCOma 

+ + + + + + - - + + + + + + + + - + - + + + + + +~lllphllcldll 
ymue - + - + - + + + + + - + - + - - - - - - + - - - -

ClitOLXTORY Ststili 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 
biQtSTI'VE SfSTiili 
Sahvary 1laa.d + + + + + + + + + + + + + + + + + + + + + + + + + 
Ltver + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocalllllar ade11oma X X X 

Hepatoc.lllllar carrilloma 

Htiii&JlllOS&l'COma 
 X 

Bilt duct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder • COIIIIIIOII bdt duct + N + + + + + N + + N + N + + + + + N N + N + + + 
P&IICrt&l + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + - + + + + + + + + + + + + + + + + + + + - +E10p:r-
Stomac + + + + + + + + + + + + + + + + + + + + + + + + + 

Squamoua cell papilloma 
Small tllteltult + + + + + + + + + + + + + + + + + + + + + + + + + 
Larp lllteltull + + + - + + + + + + + + + + + + + + + + + + + + + 

OKINAltY Sf!l'ttll 
Ktdiii:J + + + + + + + + + + + + + + + + + + + + + + + + + 

Tubular cell acle110ma X 
Ktdu:J/paiYll + + + + + + + + + + + + + + + + + + + + + + + + + 

XHomall::!wi&I'I:Oma 
Unury er + + + + + + + + + + + + + + + + + + + + + + + + + 
ENIXJCAINE SY!l'ttli 
Pttutt&ry + - - - - - - + + - + + + + + + - + + + - + + + + 
Adrell&l + + + + - + + + + + + + + + + + + + + + + + + + + 
Thyroid + + + - + + + + + + + + + + + + - + + + + + + + + 
Parathyrotd - - + - + + - - - + + - - - + + - - - + + - - - -
RtPRODUCTivt SYS'tlili 
Mammary llaa.d N N N + N N N N N N N N N N N N N N N N N N N N N 
Ttltll + + + + + + + + + + + + + - + + + + + + + + + + + 
Prootete + + + + + + + + + + + + + + + + + + + + + + + + + 
NDVOUS SYST£11 
Bratn + + + + + + + + + + + + + + + + + + + + + + + + + 
BODY CAViTIES 
Pleura N N N N N N N N N N N N N N N N N N N N N N N N N 

RemaJllloMROma 

ALL OIRU SiS'IU:S 
Multtpla orpu, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 
HeJ:Il&llllo~&n:oma 
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TABLE BS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: l.OOOmc/kl (Contllnued) 

WEEKS ON 
STUDY 

IN I tOOiitN'i'Xif SfSTiR 
Subeutueoua tiUIIe 

Sarcoma. NOS 

Fibroma 

Flbroureoma 


DSPIKATOit Sf§I &a 
LuDP azul broiiCiu 

Hepatocellular careu10ma. metutatte 
AlveolarlbroiiChlolar adenoma 

Tracbea 

HIRXTORJIIIIC Siilik 
Bouemarrow 
SpiHa

HemaaliOI&rcOma 
J:.ympb aOclea 
Thymua 

ClkCOLXTOif Sift& 
Heart 

MQtS'tlVt SfS'tiR 
Sahvary alaad 
Llvar 

Hepatocellular a<laaoma 

Hepatocellular carcUIOIIIA 

Hemaqloaarcoma 


BU. duct 
Gallbladder Ar COIIIMOII b1ie duct 
PaiiC,.... 
E10pbuua
Stomaci 

Squamoua call papilloma 
Small111tatlu 
t.arp 111tett1u 

OKINXilf Sifiik 
Klduy 

Tubular cella<laaoma 
Ktdlleylpalvw 

ReiiWlfiOIU'COma 
Uriaary liladder 

ENDOOitLNt Stfi ta 
Pttuttary 
Adreaal 
Thyrotd
Parathyrotd 

iW'kObUt'l'ivt SfS'tiR 
Mammary 1la11Ai 
Teltta 
Proltate 

NUVOUS SfS'iDI 
Bram 

soot exVtTits 
Pleura 

Hemaa111ourcoma 

ALL OJHU SfS'IUS 
Multtple Orplll. NOS 

HemaJliiOUtcOma 

+ + + + + + + + + + + + + + + + + + + + + ~ + + + 

X 
l X X X X 

+ + + + + + + + + + + + + + + + + + + + + ~ + + + 
X X 

X X 
+ + + + + + + + + + + + + + + + + + + + + i + + + 

+ + + + + + + + + + + + + + + + + + + + + i + + + 
+ + + + + + + + + + + + + + + + + + + + + i + + + 

+ + + + + + + + + + + + - + + + + + + + i + + + 
- + - + - + - + 

+ + + + + + + + + + + + + + + + + + + + + i + + + 

+ + 
+ + 

X 

+ +
N N 
+ + 
- + 
+ + 
X 
+ + 
+ + 

+ + 
+ + 

+ + 
+ + 
+ + 
+ + 
+ + 

+ + 
+ 

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

X 
X 

+ + 
N + 
+ + 
- + 
+ + 

X X 

+ + + 
+ + N 
+ + + 
+ + + 
+ + + 

+ + 
+ N 
+ + 

+ -

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

X 
X X X X X X 

X 
+ + + + + + + + + + 
+ N N N N + + + N + 
+ + + + + + + + + + 
+ + + + + + + + + + 
+ + + + + + + + + + 

X 

+ + 
N N 
+ +
.• + 
+ + 

+ + 
+ N 
+ + 
+ + 
+ + 

+ + 
+ + 

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

+ + + + 
+ 

+ + 
- + 

+ + + •> + 
+ + + + + 

+ + 
+ -

+++++++++++++++++++++ >+++ 

+ + + + + + + + + + + + + + + + + + + + + • + + + 

+ + + + + + + + + + + + + + + + + + + + + • + + + 

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

+ + + 
+ + + 
+ + + 
- + + 

+ + + 
+ + + 
+ + + 
+ - + 

+ + 
+ + 
+ + 
- + 

+ + + + + + - + 
+ + + + + + + + + 
+ + + + + + - + + 

+ - + - + -

• + 
+­ + 
+­ + 
- + 

+ + 
+ + 
+ + 

N N N N N N N N N N N N N N N N N N N N N N N N N 
+ + + + + + + + + + + + + + + + + + + + + +­ + + + 
+ + + + - + - + + + + + + - + + + + + - + + + 

+ + + + + + + + + + + + + + + + + + + + + t + + + 

N N N N N N N N N N N N N N N N N N N N N N N N N 
X 

N N N N N N N N N N N N N N N N N N N N N N N N N 
X 

TOTAL. 
TISSUES 
TUMORS 

'50 
3 
1 
7 

50 
2 
4 

49 

49 
49 

1 
44 
14 

50 
50 

5 
10 
2 

50 
'50 so 
43 
49 

2 
50 
43 

50 
1 

50 
1 

so 

39 
49 
47 
21 

'50 
49 
44 

•so 
1 

'50 
1 
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TABLE 88. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THl!: SECOND TWO·YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: VEHICLE CONTROL 

M1~ !l~ilglm~l!l!l!lgl'lgi~~III~!I~I~I gl ~I ~I !I M 
0 
1 
8 

WEEKS ON 
STUDY ~~l~l!l~l~l!lililgl~lgl~l~~lglglgl~11 

1 2 " 7 7 8 3 8 0 1 2 3 " 5 5 5 51 ~ gl gl gl gl 
1 
0 
5 

INI!OUIIINTAllf StiftER 
Sk1ll 

Keratoacanthoma 
Subcutaneous buua 

Ftbroma 
Ftbrosarcoma 

+ 

+ 

X 

+ 

+ 

N 

N 

+ 

+ 

+ 

+ 

X 

+ 

+ 

X 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 
X 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

-+ 

-+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

DSPIRXTOltt Sf9TULUDp &lid bronclu 
Hepatocellular cateUIOm&. mataatatlc 
Alvaolarlbroacluolar adenoma 
Alvaolarlbroachtolar c:am11oma 

Trachea 

+ 

-

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

X 

+ 

+ 

+ 

+ 

-

+ 
X 

+ 

+ 

+ 

+ 
X 

+ 

+ 
X 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

-+ 

-+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 
X 

+ 

HDIX'NPOIJtiiC SiSTitli 
Bolle marrow 
SplHil 

LL~Y,~node•• lymphoma. lumoeytle type 
Thymu 

+ 
+ 
+ 

-

+ + 
+ + 
+ -
- -

+ 
+ 
+ 

-

+ 
+ 
+ 

-

+ 
+ 
+ 

-

+ 
+ -
-

+ 
+ 
+ 

-

+ 
+ 
+ 

-

+ 
+ 
+ 

-

+ 
+ 
+ 

-

+ 
+ -
-

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

-

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

-

-+· 
-+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

-

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 
X 
+ 

ClltCOLX'l'OKY SYSTEM 
Heart 

Hema1111101&reoma 
+ + + + + + + + + + + + + + + + + + -+ + + + + + + 

orutSTlVt SfSTEM 
Sahvary 11ud 
Liver 

Hepatocellular ade11oma 
Hepatocellular camnoma 
Ftbroureoma. metaatatlc 
Heman111oureoma 

Bdeduct 
Gallbladder a. common bde duct 
Pancraa•lliOP:r-
Stomac 

8quamoUI call caremoma. 11111tu 
Small tntelttne 
Larp tntelttne 

+ + 
+ + 

X 

+ + 
+ N 
+ + 
+ -
+ + 

+ + 
+ + 

+ 
+ 

X 

+ 
N -
+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

-
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

-
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
-
+ 

+ 
+ 

+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

-+· 
-+· 

-+· 
-+· 
+ 
-+· 
+ 

-+· 
+ 

+ 
+ 

X 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

-
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+-
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 

+ 
N 
+-
+ 

+ 
+ 

UKINARY SYSTEM 
Kidney 

TubUlar call adenoma 
+ + + + + + + + + + + + + + + + + + 1· + + + + + + 

Heman:;:,ureoma
Unnary ladder + + + + + + + + + + + + + + + + + + 1· + + + + + + 

ENDOCRINE SfSTEM 
Pttuttary 

Adenoma. NOS 
Adrenal 

Pheochromocytoma
Thyroid 

Folhcular call adenoma 
Paratbyrotd 

+ 

+ 

-
-

-
+ 

+ 

-

+ 

+ 

+ 

+ 

+ 
+ 

+ 
X -

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

-
+ 

+ 

-

-
+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

-
-

+ 
+ 

+ 

+ 

-
+ 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-
+ 

-
-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

·­
1• 

1­

+ 
X 
+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

KEPIWbOCTIVE StSTtM 
Mammary al&lld 
THtll 

Illterttltlai call tumor 
Proltate 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
1• 

+ 

N 
+ 

+ 

N 
+ 
X 
+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 
NERvOUS StS'IEJI 
Bra111 + + + + + + + + + + + + + + + + + + 1• + + + + + + 

ALL OtHER SfSTEMS 
Multlpla orpn~ NOS 

Malipant lymphoma. NOS 
Mahlnant lymphoma.lumoeytlc tnoe 

N N N N N N N N N 
X 

N N N N N N N N 
X 

N 

X 

N N 
X 

N N N N N 

No t111ue ut!ormattonmbmtted 
C: NacroPI)', no btltoioll)' due to pi'Oto4=ol 
A:. Autol)'lll 
114: AnimAl m1111111 
B: No nlerciJIIY performed 
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TABLE B8. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEWCLE CONTII~OL (Continued) 

WEEKS ON 

STUDY 


lNTEGODNTAltY SYST.bi 
Sbn 

Keratoaca11thoma 
SubcutueoUI buue 

Ftbroma 
Flbroun:oma 

ktSPIItATOIY SfftiR 
LUIIp &lid broulu 

Hepatocellular camDOma, metutatic 
Alveolar/bro11Ch10lar ade110ma 
Alveolarlbro11Ch10lar cam110ma 

Trachea 

RtiiATOPOII'I'iC SYS'fili 
Bo11emarrow 
Splae11 
Lymph node• 

1\lalllllW't lymphoma,lnRtocytic type 
ThymUI 

CIReOLATORf SfS"ii!li 
Heart 

Rem.aJ1110U.n:oma 

WdiSTIVi Siiiiii 
Sahva:y tlalld 
Ltver 

H•patocellular adeiiOIIIA 
Hepatocellular camDOma 
Fibroaan:oma, metutattc 
RemaJIIIOUftOma 

lbladuct 
Qallbladder 6 COIIUIIOll btJa duct 
Pa11creu 
E110phana
Stomacli 

SquamOUI cell carcilloma, mlitll 
Smallmtettille 
Larp lllte.tllle 

ORINARY SiS'ita 
Ktdlley 

Tubular cell ada11oma 
ReJIIaiii!.OIUCOma 

Un~~ary liladder 

REPKOOOCTIVE SfSTtAI 
Mamma:y rlalld 
Teltll 

llltentlbal cell tumor 
Proota" 

NERvOUS SfSTI!ii 
Bra111 

ALL OfHtk Stifi!liS 
Multlple orpu, N08 

MaJir!wtt lY!IIIIhoma, NOS 
Malt~. lymp\olila, hiRlocytic type 

~~

+ 

~

+ 

~

+ 

n-

+ 

~

+ 

~~-

+ + 

n

+ 

~

+ 

~~

+ 

~

+ 

n

+ 

-~

+ 

~

+ 

~

+ 

-n

+ 

~~

+ + + 

~~

+ 

~

+ 

~~

+ + 

·~

+ 

~~

+ 

- ~~ 
TUMOBS 

•150 
X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + •150 

X 3 

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

X 

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

8 

150 

X X X X X X 
3 

12 
X l 2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

48 

150 
+ + + + + + + + + + + + + + + + + + + + + + + + + 150 
+ + + + + + + + + + + + + + + + + + + + + + + + + 47 

1 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ + 

+ + 

-

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ + 

-

+ 
X 

+ 

+ 

+ 

+ 

211 

150 
1 

48 
+ + + + + + + + + + + + + + + + + + + + + + + + + 150 

X l X X 5 
lt lt X 10 

1 
X l 3 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 

+ + 
+ N 

+ 
N 

+ 
N 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ + 
+ + 

+ 
+ 

+ 
N 

+ 
+ 

+ + 
+ + 

+ 
+ 

+ 
+ 

150 
•150 

+ + + + + + + + + + + + + + + + + + + + + + + + + u 
+ + + + + + + + + + + + + + + + + + + + + + + + 46 
+ + + + + + + + + + + + + + + + + + + + + + + + + 150 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + 150 

+ + + + + + + + + + + + + + + + + + + + + + + + + 150 
X 1 

X 1 
+ + + + + + + + + + + - + + + + + + + + + + + + + u 

+ 

+ 

+ 

-

N 

+ 

+ 
X 
+ 

-

N 

+ 

+ 

+ 

N 

+ 

+ 

+ 

N 

+ 

+ 

+ 

-

N 

+ + 

+ + 

+ + 

+ + 

N N 

+ 

+ 

+ 

-

N 

+ 
l 
+ 

-

N 

+ 

+ 

+ 

N 

+ 
l 
+ 

+ 

+ 

N 

+ 

+ 

+ 

N 

+ 

+ 

+ 

N 

+ 

+ 

N 

+ 

+ 

+ 

N 

+ 

+ 

+ 

N 

- + 

+ + 

+ + 

N N 

+ 

+ 
X 
+ 

-

N 

+ 

+ 

+ 

+ 

N 

+ 

+ 

+ 

+ 

N 

+ + 

+ + 

+ + 

- + 

N N 

-

+ 

+ 

-

N 

+ 

+ 

+ 

+ 

N 

40 
3 

48 
2 

48 
1 

20 

•150 
+ + + + + + + + + + + + + + + + + + + + + + + + + 150 

1 
-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

49 

N N N N N N N N N N N N N N N N N N N N N N N N N •150 
X X 5 

1 

• Alnmal• 118Cf0P'Jad 
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TABLE 88. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THll!! SECOND TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: 250 mglkg 

~m.Ta''tR 1~IIIgi~III~Igi!I~I!IIIll!l'l!l~lglglgl !I tl ~I ~I 
0 

9*I 
WEEKS ON 

0STUDY 
4~~~~~l:l!l~l~l~l~lglglglgl~l~l~l~l ~I ~I ~I ~I ~I 
1 

INTtaOMENTARY SYST!M 
Slan + + + + + + + + + + + + + + + + + + ~ + + + + + + 

Squamous cell papdloma X 
Subcutaneous taaue + + + + + + + + + + + + + + + + + + ~ + + + + + + 

Fibroma X 
Fibrooarcoma X X X X 

Heman1110ma 


ltESPIKATOKY SYSTEM 
Lunp and broncht + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular camnom.a, metutatic X X 

Alveolarlbronchtolar adenoma 
 X X 
Alveolarlbronchtolar camnoma X X X 

Trachea + + + + + + + - + + + + + + + + + + + + + + + + + 
REMATOPOI&:TIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + ~· + + + + + +S~een 
8m&DI10I&l'COJ:Da 

~mphnOdeo + - + + + + - + + + + + + + + + + + ~· + + + - + + 
ymuo - + - - - - + - - - - - - - - - - + -· - + + + + ­

CIRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + ~ + + + + + + 
MQES'tlvt SYSTEM 
Salivary 1land + + + + + + + + + + + + + + + + + + ~ + + + + + + 
Ltver + + + + + + + + + + + + + + + + + + ~ + + + + + + 

Hepatocellular adenoma X X X X X X 

Hepatocellular camnoma 
 X X X X X 
HemalllllO&Il'COma 

Bile duct .;. 
O.llbladder 6 common btle duct 

+ + + + + + + + + + + + + + + + + + + + + + + + 
+ + N N N + + + + + N + N N + + + N N + + + + + + 

Pancreaa + + + + - + + + + + + + + + + + + + + + + + + + + 
+ + + + - + + + + + + + + + + + + + + + + + - - +Eaophar' ...Stomac + + + + + + + + + + + + + + + + + + + + + + + + 

Squamous cell papilloma X 

Squamous cell carct~~oma 
 X 

Small intalt>ne + + - + + + + + + + + + + + + + + + + + + + + + + ...Larp tntaltine + + + + + + + + + + + + + + + + + + + + + + + + 

OIUNAKY SYSTEM ...Ktdney + + + + + + + + + + + + + + + + + + + + + + + + 
Unnary bladder + + + - + + + + + + + + + + + + + + ... + + + + + + 

ENbOCiiNE SY!ITEM 
Pituitary + + + + + + + + + + + - - + + + + + + + + + - + + 

Glioma, NOS X 
Adrenal + + + + + + + + + + + + + + - + + + + + + + + + + 
Thyrotd + + + + + + + - + + + + + + + + + + + + + + + + + 
Parathyroid - + + - + + + - - - + - - + - + - + ... + + - - - ­
ltEPiWbOC11VE SYSTEM 

N N N N N N N N N N N N N N N N N N N N N N N N N 
T11til 
Mam.mary llalld ...+ + + + + + + + + + + + + + + + + + + + + + + + 

Intarot>tialcell tumor 
Proetata + + + + - + + + + + + + + - + + + + ... + + + + + + 

NDvOOS StSTbl ...Brain + + + + + + + + + + + + + + + + + + + + + + + + 
SPECiAL StNSt OlWAN's 
Harderian 1land N N N N N N N N N N N N N N N N N N N N N N N N N 

Adenoma, NOS X 

Ade110carct110ma, NOS 


ALL OtRtR SiS'itliS 
N N N N N N N N N N N N N N N N N N N N N N N N N 

He~toce ular camnoma, metutatic 
Multtple oc,NOS 

X 

Ma i~~~&~~t lymphoma, NOS 
 X X X 
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TABLE 88. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: 250mgllq (Contin11ed) 

TOTAL. 
WEEKS ON TISSUES 

0 TUMORSmSTUDY 

INTtUOMI!NTXRf SYS'i& 
Slan 

Squamoua cell papilloma 
Subeutaneoua tlUUe 

F1broma 
F1broun:oma 
Hemanlioma 

lttSPlitRfOKt SYS'fltR 
Lunp and bronchi 

Hepatocellular cal"CCIIIma, matutatlc 
Alveolar/bronchiolar adA110ma 
AlveolaribroDChlolar ..,...110ma 

T..ch.. 

HtiiXTOPOitiiC Ststta 
Boaemarrow 
SplHD 

Hem&IIJIOaarcoma 
Lymphnodea 
Thymua 

CIICULATOkf Si&ita 
Heart 

mcn:mvt ststltil 
Sahvary rland 
L1ver 

Hepatocellular adenoma 
Hepatocellular~ma 
Rem&all!oun:oma 

Bile duct 
Gallbladder • co1111110n bile duct 
PaDCrau 
Eaopbap 
Stomach 

Squamouacall papilloma 
Squamoua call~­

Small 111taatlae 
Larp1ataat1ae 

OKINAltt StS'i ltJi 
Kldnay
UnlW')' bladder 

ENIJlk!RINIt Sffit!l 
P1tu1tary 

Ghoma,NOS 
Adrenal 
Thyroid
Parathyroid 

RII!PRODOCTlvlt SfstltJI 
Mammary rlaad 
Tema 

Iatarat1tlalcall tumor 
Proetata 

NltlvOUS SYS'tltil 
8..111 

SPitCIAL SltNSit ORGANS 
Harden&~~ rlaad 

Adenoma, NOS 
AdeiiOCai'Ciaoma, NOS 

ALL otAti SYS'itlU 
Mulupla orpu, NOS 
Hepatocellular~-. matutattc 
Mahrnaat lymphoma, NOS 

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

4 

+ + + + •so 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

1•so 
X 2 

X 5 

+ 
X 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ + 

+ 

+ 

+ 

X 

+ 

X 

+ 

+ 
X 

+ 

+ 

+ 

+ 

X 
+ 

+ 

+ 

+ 

X 
+ 

1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + 44 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + + + + 

+ 

+ + 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ + + 

+ 

+ 

-

+ + 

+ 

+ 

+ 

+ + 

19 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ 

X 

+ + + 
X 

+ + + 
X 

+ 
X 

+ + 

X 

+ + + + + + + + 

X 

+ 

X 

+ + 

X 

+ 

X 

+ + + 
X 

50 
10 
11 

X X 2 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 

+ 
N 

+ 
+ 

+ 
+ 

+ 
+ 

50
•so 

+ + + + + + + + + + + + + + + + + + + + + + + + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + 45 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 2 
1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 49 

+ + + + + + + - + + + + + + + + + + + + + + + + 45 
1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 49 
+ + + + + + + + + + + + + + + + - + + + + + + + 47 

+ + + + + + + + + + + + + 25 

N N N N N N N N N N N N N N N N N N N N N N N N N •so 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 48 

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

N N N N N N N N N N N N N N N N N N N N N N N N N •so 
1 

X 1 

N N N N N N N N N N N N N N N N N N N N N N N N N •so 
1 

X X 5 

• Alllmala necrop11ad 
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TABLE 87. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF HMALE MICE IN 'rHE nRST TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: VEHICLE CO:NITROL 

WEEKS ON 
STUDY 

lttSPliATOltt SiiiDl 
L1111p ucl bro11elu 

AlveolarlbroJU:Iuolar adellOIU 
Traeha 

Hi!liAIUPOBIIC SfS'Iili 
Bone ma.rro• 
Spleell 
~pha.od•• 
~tlympho-NOS 

CIICOLXTOKY stS'I'D 
Heart 

OIXNUY SfSTtJI 
Kldlley 
UnutJ bladder 

kiPRODUtttVI Slil& 

ltammary tlud 

Ute"" 


IAiomyoiU

Eadoaietnalltromal polyp

HeiUilpoiU


Ovary
Gran'121ou eell tumor 

NltltVOUS SfS'IU 
Bra111 

ALL OIRD SiS'IUS 
Multlple orpu. NOS 
Sarco-NOS 
D4ahput l:rmpho- NOS 
Mahi- l:rmpho-luaboeytic type 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
ll 
+ 

+ 

+ 

+ 
ll 
+ 

+ 

+ 

+ 

+ 

+ + + + + + 

+ + + + + + 

+ + 

+ + 

+ 
+ 
+ 
-

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ + - + + 
·~++++ 

+ + + + 
.• + - + 

+ + 
+ + 
+ + 
+ + 

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

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

-

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+
N 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+
N 
+ 
-
+ 
+ 

-

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

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

X 
+ + + + + + 
+ N + + N + 
+ + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + 

+ - + + + + 

+ + 
+ + 

+ + 
+ + 
+ + 
+ 
+ + 
+ + 

+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ ~ + + + + 
+ - + + + + 

+ + 
+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

l 
+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ ~ + 

l lt X 
+ - + + + + 

+ + + 
+ + 

+ + 

+ + 

+ + 
+ 

N 
+ 

ll 
+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

-

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

N 
+ 

+ 

+ N + N N N 
+ ~ + + + + 

+ - + + + + 

+ N 
+ + 

+ + 

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

N N N N 

I. 

N N 

ll 

N N 

X 

N 
l 

N N 

X 

N N N 

I. 

N N 

lt 

N 

l 

N N N N N N 

l l 

N N 
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TABLE B'7. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL (Continued) 

~=a ~~~IEM!I~I~I~I~I~I~~I!Itl~l~~l!l~~l ::1 ~I7 :19 g0 

WEEKS ON 
STUDY ~ ~ ~ ~ gl ~ ~ ~ gl ~ ~ ~ gl ~ ~ gl ~ gl gl ~ gl ~~I gl gl 

1 
0 
5 

TOTAL. 
TISSUES 
TUMORS 

----RESPiltA'I'OltY SfSTiiii 
!.ua.palllibroaeln

Alveolarlbroaelnolar ade110ma 
+ + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + 50 

3 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Hi!MAl'OPOI&"'l lC SYS'i ili 
Bonemart"Ow + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Spl•n 
~phliOC!e• 

~\lymphoma, NOS 

+--
+ 
+-

+ 
+-

+ 
+-

+ 
+ -

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
X 

+ 
+ 
+ 

+ 
+ -

+ 
+-

+ 
+ -

+ 
+ -

+ 
+ -

+ 
+-

+ 
+ 
+ 

+ 
+ 
+ 

+ -
+ 

+ 
+ -

+ 
+ 
+ 

+ 
+ -

+ 
+-

+ 
+ 
+ 

+ 
+ -

+ 
+ 
+ 

50 
~ 
21 

1 

----ClttCOLA'I'Oltf SfS'tiiii 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 

---­mm:mvt stSTtli 
Sahvary1lud + + + + + + + + + + + + + + + + + + + + + + + + + 49 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Hepatocellular adenoma X 1 
Her,:tocellular e&reiii.OIII& X 2 

Bde uct 
GaJlbladcler • COIIIIIIOII bde duct 
Pecreu 
E10phar­
Stomac 
Smalltn\eltule 

IIlah......\ lymphoma, NOS 
l.erplll\eltule 

+ 
+ 
+ 
+ 
+ 
+ 

-

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

-

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
X 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
N 
+ -
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

-

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
N 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ -
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
N 
+ 
+ 
+ 
+ 

+ 

+ 
N 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

50 
*50 
49 
48 
50 
49 

1 
48 

OlUNARY SfSTEli 
Kidney 
Unnary bladder 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

50 
49 

tNLkX!RlN:C 818'11& 
Pt\ut\&1')' 

Can:1110ma, NOS 
+ + + + + + + + + + + - + + + 

X 
+ + 

X 
- + + + + + + + 48 

2 
Ade110ma, NOS X X X X X X X X 12 

Adrenal 
Pheochromocytoma 

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

+ + + + + + + + + + + 49 
1 

Thyroul 
Parathyroid 

+ 
+ 

+ 
+ 

+ 
+ 

+- + 
+ 

+ +- + 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+- +- + - + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+- + - + 
+ 

+ 
+ 

+ 
+ 

+- + 
+ 

48 
so 

----RtPkODUtTIVI Slit& 
1llammary llud N N N N N N N N N N + N N N N N + + + + N + N N N *50 
U\erua 

!.etomyoma 
+ + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + 50 

1 
Endometnal arolllll polyp X 1 
Heiii&IIIPOma 1 

Ovary 
Granuloaa cell tumor 

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

+ + + + + + + + + + + 48 
1 

---­NDVOOS SiS'IU: 
Br&lll + + + + + + + + + + + + + + + + + + + + + + + + + 50 

---­ALL 01 ktk StSTtiiS 
Multiple o~ NOS N N N N N N N N N N N N N N N N N N N N N N N N N *50 

Sarcoma, OS 1 
lllahput lro';phoma, NOS 
1llahl lymp 0111&, lnetlocyt1c type 

X X X X X 
X 

X X 18 
1 

---­
• All1male necrop~Wd. 
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TABLE B7. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE FIRST TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: 500 mg/llg 

~~R Ilil~l!l~~~~~:lm~~~il*l~lgl~l~l :1 II gl ~I gl gl 
0 
0 
7 

WEEKS ON 
STUDY ~~~~~~~~~~~~~~~~~~~ ~I gl gl gl gl 

t 
0 
5 

INTEGUMENtARY SYSTEM 
Subcutaneoua tuaue 

F1brooareoma 
+ + + + + N + + + + + + + + 

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

RESPIRATORY stSTtM 
Lunp and bronchi 

Alveolarlbroneh>olar adenoma 
Alveolar/bronchiolar camnoma 

Trachea 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

REMATOPWE tiC SYSTEM 
Bono marrow 
S~en 

b.,..nt lymphoma, NOS 
~mph nodes 

ymua 

+ 
+ 

+-

+ 
+ 

+ -

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ -

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
-

+ 
+ 

+ -

+ 
+ 

+ 
+ 

+ 
+ 

+ -

+ 
+ 

+ -

+ 
+ 

+-

+ 
+ 

+ 
+ 

+ 
+ 

+ -

+ 
+ 

+ -

+ 
+ 

+ -

+ 
+ 

+-

+ 
+ 

+ -

+ 
+ 

+ -

+ 
+ 

+ 
+ 

+ 
+ 

+ -

+ 
+ 

+ -

+ 
+ 

+ -

+ 
+ 

+ -
CIRCuLAtORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

illGESTlVE SYSTEM 
Sabvary 1land 
L1ver 

Hepatocellular adenoma 
Hepatocellular camnoma 
Heman11ooareoma 

Blloduct 
Gallbladder & common bile duct 
Panc!'llu 
Esophar"
Stomac 

Squamoua cell pap1lloma 
Small1ntaatlne 
La,... 1ntalt1ne 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ -

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ + 
+ + 

+ + 
+ N 
+ + 
+ + 
+ + 

+ + 
+ + 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+-

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ -
+ 

+ 
+ 

+ 
+ 

X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
-

+ 
+ 
X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+-
tJR!NARY SYSTEM 
K1dney
Unnary bladder 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

ENDOCRINE sYSTEM 
PitUitary 

Camnoma, NOS 
Adenoma, NOS 

Ad!'llnal 
Thyroid 

Folbcular cell camnoma 
Pal'llthyrold 

+ 

+ 
+ 

-

+ 

+ 
+ 

-

-

+ 
+ 

+ 

+ 

+ 
+ 

-

+ 

+ 
+ 

+ 

+ 

+ 
+ 

-

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

-

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

-
+ 
+ 

+ 

+ 

+ 
+ 

-

+ 

+ 
+ 

+ 

+ 

+ 
+ 

-

+ 

X 
+ 
+ 

+ 

+ 

+ 
+ 

-

+ 

+ 
+ 

-

+ 

+ 
+ 

+ 

+ 

+ 
+ 

-

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

-

+ 

X 
+ 
+ 

-

+ 

+ 
+ 

+ 

RI!PROOOCTIVE SYSTEM 
Mammary 1iand 
Uterua 
Ovary 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

+ N 
+ + 
+ + 

N 
+ 
+ 

N 
+ 
+ 

+ N 
+ + 
+ + 

N 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

N 
+ 
+ 

N 
+-

N 
+ 
+ 

+ N 
+ + 
+ + 

N 
+ 
+ 

N 
+ 
+ 

N -
+ 

+ 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

NERVOuS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + - + + + + + 

SPECIAL SENSE ORGANS 
Hardonan1land 

Adenoma, NOS 
Ear 

Sareoma, NOS 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
X 
N 

ALL 111 RER SY!ITEMS 
Mult1ple o,...111, NOS 

Mohauant lymphoma, NOS 
N N N N N N N N N N N 

X 
N N N N N N N 

X 
N 
X 

N N N N N N 
X 
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TABLE 87. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 500mg/kg (Continued) 

00:/tR M~~!~~~~m~~~~!l~~~~=~~~il~~~! 
TOTAL 

WEEKS ON TISSUES 
STUDY 0 TUMORSgj 5 

1 

~~~~~~~~~~~~~~~~~~~~~~~ 
IN rEQUIIENtARY SYSTEM 
Subcutanoouo t1uua '50 

F1broaan:oma 
+ + + + N + + + + + + + + + + + + + + + + + + + + 

1 

RESPil!ATORY SYSTEM 
Lunp and bronch1 50 

Alv..,larlbroncluolar adenoma 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X X 8 

Alv..,larlbronch•olar caJ'Cli10ma 
 X X X X 4 

Trachea 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

REIIAtOPOIETie SfSTElll 
Bona marrow 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
h1111nt lymphoma, NOS 

+ + + + + + + + + + + + + + + + + + + + + + + + +s~en 
2X X 

49 
ymuo 

~mphnodao + + + + + + + + + + + + + + + + + + + + + + + - + 
19- + - - - + + - + + + - - + + + - + + - - - - + -

CIRCuLAtORY SfSTEII 
Heart 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
llilltSTNE SYstEM 
Sahvary Jland 48 
L1v•r 

- + + + + + + + + + + + + + + + + + + + + + + - + 
50 

Hepatocellular adenoma 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

4 
Hepatocellular carc111oma 

X X X 
4 

HomanJ1oaan:oma 
X X X 

X 1 
Blladuct 50 
Gallbladder a. common blle duct 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
0 50 

Pancreu 
N + + + + + + + + + + N + + + + + + + + + + + + + 

49 
Esophar­

+ + + + + - + + + + + + + + + + + + + + + + + + + 
47 

Stomac 
+ + + + + + - + + + - + + + + + + + + + + + + + + 

50 
Squamouocell papilloma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
1 

Smal1111taotma 
X 

50 
Larp lntaltlne 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
44+ - + + + + + + - + + + + + + + + + + + + + + + + 

uRINARY SYSTEJII 
K1dney 50 
Unnary bladder 

+ + + + + + + + + + + + + + + + + + + + + ~ + + + 
50+ + + + + + + + + + + + + + + + + + + + + ~ + + + 

ENOOCRINI! SYSTI!l!l 
PltuJ.tary 48 

CamnomaifOS 
+ + - + + + + + + + + + + + + + + + + + + ~ + + + 

1 
Adenoma, OS 

X 
8 

Adrea.al 
X X X X X ~ 

50+ + + + + + + + + + ... ... + + + + ... + + ... + -i + + + 
48+ + ... + + - + + + + - + + + ... + + + + + + -i + + +Thlo~~r cellcamnoma X 1 

Parathyroid 29- + - + - - + - + - - + - + + - ... + + + + + + - + 

kEPRODUC'i'lvlt sY5TEM 
.Mammary Jiand N N + + N + + ... + N N N N N + N + + + + N N N + N '50 
Utaruo 49+ + + + + + + + + + ... + + + + + + ... + + + + + + + 
Ovary 48+ + + + + + + + + + + + + + + + + + - + + + + + + 

NEIVOOs sYSTEM 
49Bro111 + + + + + + + + + + + + + + + + + + + + + + + + + 

SPtcm sltNst ORGANs 
HardenanJiand N N N N N N N N N N N N N N N N N N N N N N N N N '50 

Adenoma, NOS l[ X 3 
Ear N N N N N N N N N N N N N N N N N N N N N N + N N 0 50 

Sarcoma. NOS X 1 

ALL Olki!R SYSTbiS 
.Mult1ple o...,.., NOS N N N N N N N N N N N N N N N N N N N N N N N N N '50 

.Malipant lymphoma, NOS 13X l[ l[ l[ X X X X X 

• Alumallnacropawcl 

103 n-Butyl Chlo1•ide, NTP TR 312 



TABLE 88. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE SECOND TWO·YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: VEHICLE CONTROL 

WEEKS ON 

STUDY 


RtSPIKAtORf Sts'td 
Lunp ud bronchi 

Alveolarlbroncluolar acle110ma 
AlveolarlbroD.Ciuolar c:&relllOma 

Trachea 

HIIIXIUPUU!'IIC Ststtii 
BoMmarrow 
Spl"n

Maliaunt lympboma, NOS 
J:.ymph!IOd.a
Thymua 

ClKCOLATORf SffttM 
Hurt 

MQtS'rtV&: SYSTEM 
Salivary rlazul 
Liver 

Hepatocellular ade11oma 
Hepatocellular carcinoma 
HemaiiJioaan:oma 

Bile duct 
Gallbladder 1: ocmmon bU. duct 
Pa11CNU

=:r­
Squ,amouacell papilloma 

SmAll illteatille 
Larp illtelti11e 

OlUNXIY Sffii!R 
Kid11ey
Urillary bladder 

ENDCk!RlNt Sftrtil 
Pituitary

Carcinoma, NOS 
Ad8noma,NOS 

Adrellai 
Thyroid 

l'ollicular cell acle110ma 
Parathyroid
PaD.CNatic ialeta 

Illet cell cai'CUioma 

mtWOOCttV&: SYS'ttM 
Mammary rlazul 
Uterua 
Ovary

Tubular acle110ma 

NERvOUS SYS'I Elli 
Brai11 

ALL OIHtR StS'tEJIB 
Multiple Orplla, NOS 

MabiUIIt lymphoma, NOS 
Malif. lympboma, hlltlocytic type 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
-

-

+ 
+ 

+ 

+ 
+ 

+ 
+ 

-

+ 
+ 

-

+ 
+ 

-

+ 
+ 

+ 

+ 
+ 

+ 
+ 

-
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

-
+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
-

+ 
+ 

+ 

+ 
+ 

+ 

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

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
-
-
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
-

+ 
+ 

-
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

-
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

X 

+ 
N 
-
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
N 
+ 
+ 
-

+ 
+ 

+ 
+ 

+ 
+ 
+ 
-
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

-
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
-
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
N 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
X 

+ 
N 
+ 
-
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
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+ 
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+ 
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+ 

+ 
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+ 
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+ 
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+ 
+ 

+ 

+ 
-

-
+ 

-

+ 
+ 

+ 
+ 

+ 

X 
+ 
+ 

-
+ 

+ 

+ 
-

+ 

+ 

X 
+ 
+ 

+ 

N 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

N 
+ 
+ 

N 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
-

N 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

N 
+ 
+ 

+ 
+ 
+ 

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

N N N N N 
X 

N N N N 
X 

N N 
X 

N N N N N 
X 

N N 
X 

N 
X 

N N 

X 

N N N N 
X 

+ : Tiuua esamlllad ID1cl'OICOJilC8lly No tiuuatllformatlonaub!Dlttad 
-: 
lt: 

1lequuoad tiaeue llOt Ul.llllilaci.ID1Cl'OICOJilC8y
Tumor UICidence 

C; 
k 

Nee~, DO ludoiov due to protocol
Autolymo

N: Necrom. DO autolJIU, DO mici'OICOpic eu.millatlon M: AmmaJIDlUillc 
S: AniiiW mtiMDd B: No MCropey paiformad 
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TABLE B8. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL (Continued) 

WEEKS ON 

STUDY 


ltSPtllXtORY SYSft& 
Lunp and broncln 

Alveolarlbronchtolar adenoma 
Alvoolarlbronchtolar camnoma 

Trachea 

HDIX'l'OPOUTIC Sf&Ti!li 
Bon marrow 
SplHn 

Mahpant lymphoma, NOS 
LympliDOdoa
Tbymua 

ClkCOLATORf Sifi'i!li 
Heart 

mm:mvs: StS'ltli 
Sahvary 1land 
Ltvor 

Hepatocellular adenoma 
Hepotocollular carcinoma 
Hemanpaarcoma 

Bile duct 
Gallbledder a. common lnle duct 
Pancreu 
Eeophnul 
Stomacli 

Squamoua call popilloma 
Sm&llmtoltl.ne 
Larp 1Dtolt111e 

OltiNAitf Sfstbl 
Ktdney
Urmary bladder 

ENtkX!RJNt Si&fiii 
Pttuttory 

CamDOma, NOS 
Adenoma, NOS 

Adrenal 
Thyrotd 

Folhcular colledonoma 
Parathyroid 
Pencreattc lliete 

Islet cell cai'C1DOma 

lW'ltODtiC'I'IVt SfS'tt& 
Mammary 1land 
Uterue 
Ovary 

Tubular adenoma 

NERVOuS SYSTE& 
Bram 

ALL OfRtR SYSTtl\IS 
Multtple orp111, NOS 

Mahcunt lymphoma, NOS 
Mah1. lymphoma, hattocytlc type 

• Alltmala 118Croplled 

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

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

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

X 
+ + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + - + + + + 

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

+ + + + 
+ + + + 

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

+ + + + 
+ + + + 

+ + + + + 
+ + + + + 

X X 

+ + + + + 
+ + N + + 
+ + + + + 
+ + + + + 
+ + + + + 

X 
+ + + + + 
+ + + + + 

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

X 

+ + + + + 
+ + + + N 
+ + + + + 
+ + + + + 
+ + + + + 

+ + 
+ N 
+ + 
+ + 
+ + 

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

X 
+ + 
+ + 

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

+ + 
+ + 

+ + 
+ + 
+ + 
+ + 
+ + 

X 
+ + 
+ + 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ + + 
+ + + 

X 

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

+ + + 
+ + + 

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

+ + + 

+ + + 
+ + + 

+ - + 
+ + + 

+ 

+ 
+ 

+ 
+ 

+ + 

+ + 
+ + 
X 
+ + 
+ + 

N N N N + N 
+ + + + + + 
+ + + + + + 

+ + 
X 

X 
+ + 
+ + 

+ 
+ + 

+ 

+ 
+ 

+ 
+ 

+ + + - + + + + + + 

X 
+ + + + 
+ + + + 

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

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

++NNN+NN 
+ + + + + + + + 
+ + + + + + + + 

+ N N N + 
+ + + + + 
+ + + + + 

X 

+ -

X 
+ + 
+ + 

+ + 
+ + 

- + 

+ + 
+ 

+ 
+ + 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ N N N N N 
+ + + + + + 
+ + + + + + 

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

N N N N N N N N N N N N N N N N N N N N N N N N N 
X X X X X X 

TOTAL. 

TISSUES 

TUMORS 


~ 
5 
1 

47 

49 
49 

1 
39 
25 

50 

48 
50 

8 
1 
1 

50
•so 
45 
47 

3 " 
49 
49 

~ 
" 

39 
1 
7 

47 
44 

1 
33 
45 

1 

·~ 50 

1 " 


"50 
13 

1 
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TABLE B8. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE SECOND TWO-YEAR 
GAVAGE STUDY OF n-BUTYL CHLORIDE: 250 mg/kg 

m!~ l 
6~~m~glil~~!l~~~~~~il~~~~'g'g' ~I !I ~I ~I !I ~I 
0 

WEEKS ON 

STUDY 
 0 

4~~l~lil~il~gl~l~:l~lglgl~l~l~l~l ~I ~I ~I ~I ~I ~I 
1 

IN'I'EQUMENTARf SYSTEM 
Sk1D + + + + + + + + + N + + + + + + + + + + + + + + + 

Squamoua cell caranoma X 
Subcutaneoua tuaue + + + + + + + + + N + + + + + + + + + + + + + + + 

S.n:oma, NOS 

KtSPIRATORf SYSTEM 
Lunp allci broncht + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular can:tiiOllll, metaatat.>.c X X X 
Alveolarlbronchtolar adenoma X X X X 
Alveolarlbronchtolar caranoma X X 

Trachea - + + + + + + + + + + + + + + + + + + + + + + + + 

REMATOPOIE11c SY!ITEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + +~..II 
81Dalll'lOU.I"CCJI1a X X 

- + + + - + + + + + - + + + + + + + + + + - + + +~phnodea 
ymua - - - + - - - - - + - + - - + + + - + + + + + + + 

CIRCULATORY StSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

wtn:STIVE SYSTEM 
S.hvary rlallci + + + + + + + + + + + + + - + + + + + + + + + + + 
Ltver + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular adenoma X X X 
Hepatocellular caranoma X X X X 
Hemanpoaan:oma X 
Mahpant lymphoma, NOS 

Btleduct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder 1: common lnle duct + N + N + + + + + + N + N + + N + N + + + + + + + 
Pancrua + + + + + + + + + - + + + + + + + + + + + + + + + 

+ - + + + + + - + - + + + + + + + + + + + + + + +Eaophar"
Stomac + + + + + + + + + + + + + + + + + + + + + + + + + 

Squamoua cell paptlloma X X 
Smalltntaat.>.ne + + + + + + + + + + + + + + + + + + + + + + + + + 
Larptntalt.llle + + + + + + + + + + + + + + + + + + + + + + + + + 
ORINAttf SfSTI!l\4 
Ktdney + + + + + + + + - + + + + + + + + + + + + + + + + 
Un111ry bladder + + + + + + + + - + + + + + + + + + + + + + + + + 

ENDOCRINE SfSTEl\4 
Pltmtary + + + + - + - + + + + - - - + + + - + + - + + + + 

Caranoma, NOS X 
Adenoma. NOS X X X 

Adrallll + + + + + + + + + + + + + + + + + + + + + + + + + 
Thyl'Old + + + + - + + + + + + + + + + + + + + - + + + + + 
Parathyrotd + - + + - + - - + - - + - - - - - - + - + + + - + 

KtPRObOcTIVI SYSTEM 
Mammary rlaud N N + N + N + N N N N N + + + N N + N N + + N N N 
Utarua + + + + + + + + + + + + + + + + + + + + + + + + + 

Le10myoaan:oma X 
Mahr lymphoma, htlt.locytic type 

Ov..., + + + + + + + + + + + + + + + + + + + + + + + + + 
Adenocaranoma. NOS X 
Papillary cyatadenoma. NOS 

Luteo1111 


Ni!RVOUS StStiili 
Bra111 + + + + + + + + + + + + + + + + + + + + + + + + + 

SPEciAL SENSE ORGANS 
Hardena~~rland N N N N N N N N N N N N N N N N N N N N N N N N N 

Ada110ma, NOS X 

ALL dl Ri!k Stfttlii 
Multiple orpu, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 

Adenocarcilloma. NOS. a..taatatlc X 
Malipant l~mphoma. NOS X X X X 
Malir. lymp oma, b.tatiocyt1c type X 

Tad 
Oateoma X 
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TABLE BS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: 250mglkg (Ct)ntinued) 

~~ 

WEEKS ON 
STUDY 

~IIIM~I~I!I!I~I~IilgJ!Iilil~l!ltl~l~l:l!l~l ~I ~I ~ 7 8 9 

~~~~iiiii~~~~~~~ii~~~~ ~I ~I 
I 
0 
5 

TOTAL. 
TISSUES 
TUMORS 

---­INTEGUMENTARY StS'itlli 
Slcn + N + + + + + + + + + + + + + + + + + + + + + + + *50 

Squamouo cellcate~noma 1 
Subcutan.ouo tiuue + N + + + + + + + + + + + + + + + + + + + + + + + *50 

S.n:oma, NOS X 1 

---­
50 
3 
6 
3 

48 

---­
50 
49 

2 
45 
34 

---­
50 

---­
48 
50 
4 
5 
1 
1 

50
•so 
49 
46 
49 

RESPIKATORY SYSTEl\1 
LW1p ancl broncln 

Hepatocellular can:!Doma, met&ltabc 
Alveolar/bronchiolar adenoma 
Alv.olarlbronchiolar cei'CUioma 

Trachea 

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

X X 
X 

+ + + + - + + + + + + + + + + + + + + + + + + + + 

REMXtOPOll!ftlC SYSTE!i 
Bone IIUU'I'OW 

S~een 
eman~r~oaan:oma 

~mphnodea 
ymuo 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + - + + + + 

+ + - + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + - + - - + + + - + + + + + 

CIHCOLATOKY SYSTEJII 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

moESTivE SYSTE!i 
S.Uvary rlancl 
L1ver 

Hepatocellular adenoma 
Hepatocellular cate1110ma 
Heman~r~oaan:oma 
Mahpant lymphoma, NOS 

Bile duct 
Gallblaclcler • commonlnle duct 
Panc,..aa 
Eeophar-
Stomac 

+ + + + + + + + + + + + + - + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
N + + + N + + N + + + + + + N + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + - + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + - + + + + + + + + + + 

Squamoua oell paptlloma 
Small•ntaltula 
Larp 1nteltilla 

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

3 
50 
50 

---­
49 
49 

---­

URINARY SYSTEII 
K•clney 
Unnary blaclcler 

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

ENDOCRINE SYSTEIOt 
Pituitary + + + + + + + + + + + + + + + + + + - + + + - + + 41 

Camnoma, NOS l 
Adenoma, NOS X X X X 7 

Ad,..nal 
Thyro1cl 
ParathY">icl 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + - + + - + + + + + + + + + + + + + + + + + 
+ + + + - + - - - - + + - + + + - + - - + - - + + 

50 
48 
25 

---­
•so 
50 

2 
1 

50 
1 
2 
1 

---­
50 

---­
•so 

l 

---­
*50 

l 
11 
2 

1 

----

REPIWbuertVIt StSTEli 
Mammary rlancl 
Uterua 

La1omyoaan:oma
MaUr. lymphoma, hiotiocytlc typa 

Ovary 
Adenocam110ma, NOS 

Paptllary cyetaclenoma, NOS 
Luteoma 

N N N N + + N N N N + + + N N N N N + N N + N N + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

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

X X 
X 

NERVOUS STS'ftii 
Bra1n + + + + + + + + + + + + + + + + + + + + + + + + + 

->PECL\L SENSE ORUANS 
Harclenan rlancl 

Adenoma, NOS 
N N N N N N N N N N N N N N N N N N N N N N N N N 

ALL OJ AD SfS'iiliS 
Mulbple 0rp111, NOS 

Adanocamnoma, NOS, mataatatic 
Malilll&llt lt.:;phoma, NOS 
Mal•l· lymp ma, luatiocytlc type 

Tall 
Osteoma 

N N N N N N N N N N N N N N N N N N N N N N N N N 

X X X X X X X 
X 

• Alnmala necropaad 
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APPENDIX C 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 


LESIONS IN RATS IN THE TWO-YEAR GAVAGE STUDIES 


OF n-BUTYL CHLORIDE 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE 

CONTROL (VEH) 80mg/kg 120mg/kg 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
"'Skin (50) (5Q) <50> 

Epidermal inclusion cyst 1 (2%) 1 (2%) 
Polyp 1 (2%) 

"'Subcutaneous tissue (50) (50> <50> 
Hemorrhage 1 (2o/o) 
Abscess, NOS (2%) 

RESPIRATORY SYSTEM 
#Lung/bronchiole (50) <50) (50) 

Metaplasia, NOS 1 (2%) 2 (4%) 
#Lung (50) (50> (50) 

Aspiration, NOS 1 (2%) 1 (2%) 
Emphysema, NOS 1 (2%) 
Congestion, NOS 2 (4%) 
Edema, NOS 2 (4%) 
Hemorrhage (2%) 
Bronchopneumonia, NOS 1 (2%) 
Granuloma, foreign body 1 (2%) 1 (2%) 1 (2%) 

#Lung/alveoli (50) (50) (50) 
Hemorrhage 2 (4%) 19 (38%) 

HEMATOPOIETIC SYSTEM 
"'Multiple organs (50) (50) (50) 

Lymphoid depletion 1 (2%) 
#Bone marrow (50) (50) (46) 

Fibrosis 1 (2%) 
Hypoplasia, NOS 2 (4%) 1 (2%) 
Hyperplasia, NOS 6 (12%) 5 (10%) 4 (9%) 
Hyperplasia, hematopoietic 1 (2%) 

#Spleen (50) (50) (50) 
Accessory structure 1 (2%) 1 (2%) 
Congestion, NOS (2%) 
Fibrosis, focal 2 (4%) 
Necrosis, focal 1 (2%) 
Infarct, NOS 1 (2%) 1 (2%) 
Hemosiderosis 6 (12%) 3 (6%) 16 (32%) 
Lymphoid depletion 1 (2%) 1 (2%) 15 (30%) 
Hematopoiesis 1 (2%) 5 (10%) 

#Lymph node (49) (50) (49) 
Hemosiderosis 1 (2%) 

#Mandibular lymph node (49) (50) (49) 
Congestion, NOS 1 (2%) 
Plasmacytosis 1 (2%) 

#Mediastinal lymph node 
Congestion, NOS 

<49) 
4 (8%) 

<50) 
2 (4%) 

(49) 
1 (2%) 

Hemosiderosis 1 (2%) 
#Mesenteric lymph node (49) (50) <49> 

Congestion, NOS 1 (2%) 
Lymphoid depletion 1 (2%) 

#Thymus (26) (28) (34) 
Congestion, NOS 2 (6%) 
Atrophy, NOS 2 (8%) 3 (9%) 
Lymphoid depletion 1 (3%) 
Plasmacytosis (4%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE: RATS IN THE 
TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 60mg!kg 120mg!kg 

CIRCULATORY SYSTEM 
#Lymph node 

Lymphangiectasis 
(49) (50) (49) 

1 (2%) 
#Mandibular lymph node 

Lymphangiectasis 
(49) 150} 

2 (4%} 
(49) 

#Mesenteric lymph node 
Lymphangiectasis 

(49) 
1 (2%} 

(50) 
1 (2%) 

(49) 

#Heart (50} 150) (50) 
Hemorrhage 1 12%) 
Inflammation, chronic focal (2%) 
Degeneration, NOS 1 (2%) 

#Auricular appendage (50) (50) <50) 
Dilatation, NOS 1 (2%) 

#Right ventricle (50} (50) (50) 
Hypertrophy, NOS 1 (2%) 

#Myocardium (50) (50) <50) 
Degeneration, NOS 44 (88%) 45 (90%) 41 <82%) 

'"Mesenteric artery (50) 150) (50) 
Hypertrophy, NOS 1 (2%) 

'"Pulmonary vein 
Calcification, NOS 

(50) (50> 
1 (2%) 

(50) 

#Liver <50) (50) (50) 
Perivasculitis 1 12%) 

#Urinary bladder (50) (50) (49) 
Perivasculitis 1 <2%) 

DIGESTIVE SYSTEM 
#Salivary gland (48) (50) (46) 

Inflammation, chronic 1 (2%) 2 (4%) 1 (2%) 
Metaplasia, squamous 1 (2%) 

#Liver (50) (50) (50) 
Hernia, NOS 1 (2%) 1 (2%) 1 (2%) 
Congestion, NOS 1 (2%) 1 (2%) 4 (8%) 
Inflammation, focal 2 (4%) 
Inflammation, chronic focal 1 (2%) 
Cholangiofibrosis 2 (4%) 1 (2%) 4 18%) 
Necrosis, focal 1 (2%) 1 (2%) 5 (10%) 
Metamorphosis fatty 21 (42%) 15 130%) 11 122%) 
Cytoplasmic change, NOS 
Basophilic cyto change 
Clear cell change 

5 
11 

2 

(1 0%) 
(22%) 
(4%) 

6 
3 
4 

(12%) 
(6%) 
(8%) 5 

(2%) 
(10%) 

Atypia, NOS 1 (2%) 
Angiectasis 2 ( 4%) 2 (4%) 1 (2%) 

# Liver/centrilobular (50) (50) (50) 
Necrosis, NOS 1 (2%) 

#Bile duct (50) (50) (50} 
Hyperplasia, NOS 40 (80%} 34 (68%) 28 (56%) 

#Pancreas (50) (50) (48) 
Hemorrhage 1 (2%) 
Fibrosis <2%) 
Fibrosis, focal (2%} 
Necrosis, fat 2 (4%) 
Atrophy, focal 15 (30%) 13 (26%) 12%) 
Hyperplasia, focal 1 (2%) 

#Pancreatic acinus (50) (50) (48) 
Atrophy, NOS 1 (2%) 
Hyperplasia, NOS (2%) 
Hyperplasia, focal 3 16%) 2 (4%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Contin\lted) 

CONTROL (VEH) 60mg/kg 120mg/kg 

DIGESTIVE SYSTEM (Continued) 
#Stomach (50) (49) (50) 

Epidermal inclusion cyst 1 (2%) 
Ulcer, NOS (2%) 
Inflammation, focal (2%) 
Inflammation, acute focal (2%) 
Inflammation, chronic focal 1 (2%) 
Ulcer, perforated 1 (2%) 

#Gastric submucosa (50) <49) (50) 
Inflammation, NOS 1 (2%) 
Inflammation, focal (2%) 
Inflammation, acute (2%) <2%) 
Inflammation, acute focal (2%) 
Inflammation, chronic 1 (2%) (2%) 
Granulation, tissue 2 (4%) (2%) 
Fibrosis 2 (4%) 

#Forestomach (50) (49) (50) 
Ulcer, NOS 1 (2%) 1 <2%) 1 (2%) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic focal (2%) 
Ulcer, perforated 1 (2%) 
Hyperplasia, basal cell 4 (8%) 3 (6%) 4 (8%) 
Hyperkeratosis 3 (6%) 1 (2%) 5 (10%) 

#Payer's patch (50) (50) (50) 
Hypertrophy, NOS 1 (2%) 

#Colon (48) (49) (45) 
Parasitism 6 (13%) 5 (10%) 7 (16%) 

URINARY SYSTEM 
#Kidney (50) (50) (50) 

Cyst, NOS 1 (2%) 
Congestion, NOS 3 (6%) 2 (4%) 
Nephropathy 44 (88%) 45 (90%) 43 (86%) 
Nephrosis, NOS 2 (4%) 1 (2%) 3 (6%) 
Nephrosis, cholemic 1 (2%) 2 (4%) 
Metamorphosis fatty 1 (2%) 
Calcification, focal 4 (8%) 5 (10%) 3 (6%) 

#Renal papilla (50) (50) (50) 
Necrosis, NOS 1 (2%) 

#Kidney/tubule 
Regeneration, NOS 

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

#Kidney/pelvis (50) (50) (50) 
Hyperplasia, epithelial 1 (2%) 

#Urinary bladder (50) (50) (49) 
Calculus, gross observation only 1 (2%) 
Calculus, microscopic examination 2 (4%) 3 (6%) 
Inflammation, chronic focal (2%) 
Necrosis, hemorrhagic 1 (2%) 
Hyperplasia, epithelial 1 (2%) 2 (4%) 

#Urinary bladder/submucosa (50) <50) (49) 
Inflammation, chronic focal 2 (4%) 2 (4%) 

ENDOCRINE SYSTEM 
#Pituitary (48) (49) (47) 

Cyst, NOS 1 (2%) 
#Anterior pituitary (48) (49) (47) 

Cyst, NOS 3 (6%) 2 (4%) 2 (4%) 
Multiple cysts 1 (2%) 
Hemorrhagic cyst 1 (2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALl~ RATS IN THE 
TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 60mg/kg 120mg/kg 

ENDOCRINE SYSTEM 
#Anterior pituitary (Continued) (48) (49) (47) 

Hyperplasia, focal 5 (10%) 9 (18%) 3 (6%) 
Angiectasis 1 (2%) 

#Adrenal (50) (50) (50} 
Congestion, NOS 1 (2%} 1 (2%) 

#Adrenal cortex (50} (50) (50} 
Inflammation, acute 1 (2%) 
Degeneration, lipoid 1 (2%) 1 (2%} 2 (4%) 
Cytoplasmic vacuolization 5 (10%) 10 <20%) 20 (40%> 
Hyperplasia, NOS 2 (4%) 
Hyperplasia, focal 1 <2%) 4 <8%) 

#Adrenal medulla (50) <50} (50> 
Hemorrhage 
Hyperplasia, NOS 18 (36%) 

1 (2%> 
12 (24%) 8 (16%) 

Hyperplasia, focal 1 <2%) 
#Thyroid (49) <49) (46) 

Congestion, NOS 1 (2%) 
Hyperplasia, C-cell 8 (16%1 7 (14%) 4 (9%) 

#Parathyroid (25} {24} (19) 
Hyperplasia, NOS 1 (5%) 

REPRODUCTIVE SYSTEM 
"'Mammary gland (501 <50) (50) 

Galactocele 1 (2%) 
Lactation 7 (14%) 2 (4%} 3 (6%) 

"'Preputial gland (50) (50) (50) 
Inflammation, acute/chronic 1 (2%) 

#Prostate (40) (42} (49) 
Dilatation, NOS 1 (2%) 
Inflammation, NOS 1 (3%) 3 (7%) 
Inflammation, focal 1 (3%) 1 (2%) 
Inflammation, acute 4 (10%) 5 (12%) 3 (6%) 
Inflammation, acute focal 1 {3%) 2 {4%) 
Inflammation, acute/chronic 1 (3%) 1 (2%) 1 (2%) 
Inflammation, chronic 1 (3%) 4 (10%) 1 (2%) 
Inflammation, chronic focal 2 (5%) 1 (2%) 
Atrophy, NOS 20 (50%) 11 (26%) 18 (37%) 
Hyperplasia, focal 5 (12%) 

"'Seminal vesicle (50) (50) (50) 
Dilatation, NOS 2 (4%) 
Inflammation, acute 1 (2%1 
Atrophy, NOS 33 (66%) 28 (56%) 24 (48%) 

#Testis (50) (49) (49) 
Edema, NOS 1 (2%) 
Atrophy, NOS 33 (66%) 16 (33%) 24 (49%) 
Atrophy, focal 3 (6%} 
Hypospermatogenesis 2 (4%) 2 (4%) 
Hyperplasia, interstitial cell 1 (2%) 3 (6%) 5 (10%) 

NERVOUS SYSTEM 
#Brain/meninges 

Inflammation, acute 
(49) (50} (49) 

1 (2%) 
#Subdural space (49) (50) (49) 

Hematoma, NOS 1 (2%) 
#Subarachnoid space (49) (50) (49) 

Hemorrhage 1 (2%) 1 (2%} 
#Brain/ependyma (49} (50) (49) 

Inflammation, chronic focal 1 (2%} 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Contintaed) 

CONTROL (VEH) 60mglkg 120mglkg 

NERVOUS SYSTEM (Continued) 
#Brain 

Hydrocephalus, NOS 
Congestion, NOS 
Hemorrhage 
Granulation, tissue 
Psammoma bodies 

#Cerebellum 

Hemorrhage 


•Spinal cord 

Hemorrhage 

Inflammation, acute 


SPECIAL SENSE ORGANS 
•Eye/retina 


Degeneration, NOS 

*Eye/crystalline lens 


Cataract 

*Harderian gland 


Dilatation, NOS 


MUSCULOSKELETAL SYSTEM 
None 

(49) 
4 
1 
2 

(49) 

(50) 
1 

(50) 
2 

(50) 
4 

(50) 
1 

(8%) 
(2%) 
(4%) 

(2%) 

(4%) 

(8%) 

(2%) 

(50) 

4 
1 
1 

(50) 

(50) 

(50) 

(50) 

(50) 

(8%) 
(2%) 
(2%) 

(49) 

1 (2%) 
18 (37%) 

(49) 
2 (4%) 

(50) 

1 (2%) 

(50) 

(50) 

(50) 

BODY CAVITIES 
• Abdominal cavity (50) (50) (50) 

Hemorrhage 1 (2%) 
*Peritoneum (50) (50) (50) 

Inflammation, NOS 1 (2%) 1 (2%) 
•Pericardium (50) (50) (50) 

Inflammation, NOS 1 (2%) 
Inflammation, chronic (2%) 

ALL OTHER SYSTEMS 
•Multiple organs (50) (50) (50) 

Dilatation/ducts 1 (2%) 
Congestion, NOS 2 (4%) 6 (12%) 15 (30%) 
Fibrosis 1 (2%) 
Calcification, focal 1 (2%) 

Omentum 
Necrosis, fat 3 2 2 

SPECIAL MORPHOLOGY SUMMARY 
None 

# Number of animals with tissue examined microscopically 
• Number of animals necropsied 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE 

CONTROL (VEH) 60mg/kg 120mg/kg 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
'"Skin (50) (50) <501 

Epidermal inclusion cyst 1 (2%) 
'"Subcutaneous tissue (50) 150) <50) 

Granulation, tissue 1 (2%) 

RESPIRATORY SYSTEM 
#Lung (50) (50) <50) 

Aspiration, NOS 2 (4%) 
Congestion, NOS 2 (4%) 
Fibrosis, focal l 12%) 
Infarct, NOS l 12%) 

#Lung/alveoli (50) (50) 150) 
Hemorrhage 26 (52%) 

HEMATOPOIETIC SYSTEM 
#Bone marrow (47) (50) (48) 

Fibrosis 1 (2%) 
Fibrosis, focal 1 (2%) 
Hyperplasia, NOS 7 (15%) 3 (6%) 3 (6%) 

#Spleen (50) (50) (50) 
Accessory structure 1 (2%) 
Hemorrhage (2%) 
Infarct, NOS 1 (2%) 
Infarct, healed 1 (2%) 
Hemosiderosis 3 (6%) 3 (6%) 27 (54%) 
Lymphoid depletion 1 (2%) l (2%) 24 (48%) 
Hematopoiesis 6 (12%) 5 (10%) 2 14%) 

#Mandibular lymph node (50) (48) (50) 
Congestion, NOS 1 (2%) 
Lymphoid depletion 1 (2%) 

#Mediastinal lymph node (50) (48) (50) 
Congestion, NOS 3 (6%) 
Hemosiderosis 1 (2%) 

#Mesenteric lymph node (50) (48) (50) 
Congestion, NOS 1 (2%) 1 (2%) 1 (2%) 
Hemorrhage 1 (2%) 
Hypertrophy, NOS 1 (2%) 
Hyperplasia, NOS 1 (2%) 

#Inguinal lymph node 150) (48) (50) 
Hyperplasia, NOS 1 12%) 

#Liver 150) (50) (50) 
Hematopoiesis 1 (2%) 

#Thymus <24) (29) (39) 
Multiple cysts 1 (4%l 
Congestion, NOS 1 (4%) 
Lymphoid depletion (3%) 

CIRCULATORY SYSTEM 
#Mandibular lymph node (50) (48) (50) 

Lymphangiectasis 1 (2%) 
#Mediastinal lymph node (50) (48) <50> 

Lymphangiectasis 1 (2%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FE:MALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Contbnued) 

CIRCULATORY SYSTEM (Continued) 
#Lung 

Perivasculitis 
#Heart 


Hemorrhage 

Inflammation, chronic focal 


#Auricular appendage 

Dilatation, NOS 


#Myocardium 

Degeneration, NOS 


#Liver 

Perivasculitis 


DIGESTIVE SYSTEM 
#Salivary gland 


Dilatation/ducts 

Hemorrhage 

Inflammation, acute 

Inflammation, chronic 

Fibrosis, focal 


#Liver 
Hernia, NOS 
Hemorrhage 
Inflammation, focal 
Inflammation, chronic focal 
Inflammation, granulomatous focal 
Cholangiofibrosis 
Necrosis, focal 
Metamorphosis fatty 
Cytoplasmic change, NOS 
Cytoplasmic vacuolization 
Basophilic cyto change 
Focal cellular change 
Angiectasis 

# Liver/centrilobular 

Necrosis, NOS 


#Bile duct 

Inflammation, chronic 

Hyperplasia, NOS 


#Pancreas 

Dilatation/ducts 

Inflammation, chronic 

Inflammation, chronic focal 

Fibrosis 

Fibrosis, focal 

Atrophy, focal 


#Pancreatic acinus 

Focal cellular change 

Hyperplasia, focal 


#Stomach 

Ulcer, NOS 

Inflammation, chronic focal 

Hyperkeratosis 


#Gastric submucosa 

Inflammation, acute/chronic 

Inflammation, chronic 

Inflammation, chronic focal 

Granulation, tissue 


CONTROL (VEH) 

(50) 

(50) 

!50> 

(50) 
30 (60%) 

150) 
1 (2~1 

<50) 

1 <2%) 
1 (2~) 

2 (4%) 
(50) 

1 (2%) 

5 (10%) 


1 (2~) 


3 (6%) 

3 (6%) 


14 (28%) 

1 (2%) 

1 (2%) 


31 (62%) 


1 (2%) 
(50) 

(50) 

15 (30~) 
(50) 

1 (2'lf>) 
1 (2..) 

(2~) 

7 (14%) 
(50) 

2 (4~) 
149) 

(2%1 

(49) 

(2%) 

80mg/kg 120mg/kg 

(50> 
1 12~) 

(50> 

1 <2%) 
(50) 

<50) 
42 184~) 

C50> 
2 14%) 

<50) 

1 (2~) 


(2~) 

(50> 
2 (4%) 

2 <4%> 

2 (4%1 
6 !12%) 

38 (76%) 
2 (4%) 
1 <2%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

19 (38~) 
(49) 

1 (2'lf>) 

4 (8%) 

1 (2%) 
5 (10~) 

(49) 
1 (2~) 
4 18'lf>) 

(50) 

1 (2%) 
(50) 

1 (2~) 

1 (2%) 
2 (4~) 

(50) 

(50) 
1 (2%) 
3 (6~) 

!50> 
1 (2%) 

(50) 
27 (54%) 

!50) 
5 (10%) 

(50) 

1 (2%) 

(50) 
3 (6~) 

1 (2~) 

2 (4~) 

1 (2~) 

5 (10~) 
3 (6~) 

10 (20~) 

2 (4%) 

(50) 

(50) 

10 (20%) 
(50) 

1 (2%) 

1 (2%) 
(50) 

(49) 
2 (4~) 
1 (2%) 

(49) 

n-Butyl Chloride, NTP TR 312 116 



TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALJE RATS IN 
THE TWO·YEAR GAVAGE STUDY OF n·BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 60mglk.g 120mglk.g 

DIGESTIVE SYSTEM (Continued) 
#Forestomach (49) (50) (49) 

Ulcer, NOS 2 (4%) 1 (2%) 1 (2%) 
Inflammation, chronic focal 1 (2%) 
Ulcer, perforated 
Hyperplasia, basal cell 

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

Hyperkeratosis 4 (8%) 2 (4%) 2 (4%1 
Acanthosis 1 (2%) 1 (2%) 

#Duodenum (50) (50) <50> 
Ulcer, NOS 1 (2%) 

#Ileum (50) (50) (50) 
Parasitism 1 (2%) 

#Colon (46) (50> (50> 
Parasitism 6 (13%) 4 (8%) 5 <10%) 

URINARY SYSTEM 
#Kidney (50) (50) (50) 

Congestion, NOS 2 (4%) 
Pyelonephritis, focal 1 (2%) 
Inflammation, chronic focal 1 (2%) 1 (2%} 
Nephropathy 13 (26%) 25 (50%} 20 (40%) 
Nephrosis, NOS 1 (2%} 
Nephrosis, cholemic 2 (4%} 2 (4%) 
Calcification, focal 19 (38%) 21 (42%) 18 (36%) 

#Kidney/tubule (50) (50) (50) 
Necrosis, NOS 1 (2%) 

#Urinary bladder (49) (50) (49) 
Inflammation, chronic focal 1 (2%) 
Hyperplasia, epithelial 1 (2%) 1 (2%) 

#Urinary bladder/submucosa (49) (50) (49> 
Inflammation, chronic focal 2 <4%) 3 (6%} 1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary (49) (50) (49} 

Cyst, NOS 2 (4%) 2 (4%) 1 (2%) 
Multiple cysts 1 (2%) 
Hemorrhagic cyst (2%) 
Angiectasis 1 (2%) 

#Pituitary intermedia (49) (50) (49) 
Multiple cysts 1 (2%) 

#Anterior pituitary (49) (50> <49) 
Cyst, NOS 2 (4%) 2 (4%) 3 (6%) 
Multiple cysts 3 (6%) 2 (4%) 4 (8%) 
Hemorrhage 1 (2%) 
Hemorrhagic cyst 4 (8%} 1 (2%) 1 (2%) 
Cytoplasmic vacuolization 1 (2%) 
Hyperplasia, focal 5 (10%) 3 (6%) 3 (6%) 
Angiectasis 1 (2%) 3 (6%) 

#Adrenal (50} (50) <49) 
Necrosis, focal 1 (2%) 

#Adrenal cortex (50) (50) (49) 
Hemorrhage 1 (2%) 
Degeneration, lipoid 3 (6%) 2 (4%) 1 <2%J 
Cytoplasmic vacuolization 4 (8%) 5 (10%) 3 (6%) 
Focal cellular change l (2%> 
Hyperplasia, focal 1 (2%) 3 (6%) 4 (8%) 

#Adrenal medulla (50) (50) <49) 
Hyperplasia, NOS 3 (6%) 6 (12%) 4 (8%) 
Hyperplasia, focal 1 (2%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF n·BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 60mglkg 120mglkg 

ENDOCRINE SYSTEM (Continued) 
#Thyroid (48) 149) (46) 

Ultimo branchial cyst 1 (2%) 
Hemorrhage 
Hyperplasia, C-cell 

1 
3 

(2%) 
(6%) 8 (16%) 

1 
3 

(2%) 
(7%) 

#Pancreatic islets <50) <49) (50) 
Hyperplasia, NOS 1 12%) 
Metaplasia, NOS <2%> 

REPRODUCTIVE SYSTEM 
•Mammary gland (50) 150> (50) 

Galactocele 7 (14%) 12 124%) 2 14%) 
Lactation 17 (34%> 19 <38%> 5 110%) 

•Clitoral gland <50) <50> (50) 
Dilatation, NOS 2 14%1 

#Uterus (50) (501 (50) 
Dilatation, NOS 1 (2%) 4 (8%1 4 18%) 
Granuloma, foreign body 1 (2%) 
Metaplasia, squamous 1 12%1 

#Uterus/endometrium (50) <50> (50) 
Hyperplasia, cystic 3 (6%) 5 (10%> 2 (4%) 

#Ovary (50) (50) (50) 
Cyst, NOS 2 (4%) 6 Cl2%) 4 (8%) 
Multiple cysts 1 <2%) 
Parovarian cyst 1 <2%) 

NERVOUS SYSTEM 
#Brain/meninges (50) (50) (50) 

Hemorrhage 1 (2%) 
#Brain (50) (50) (50) 

Hydrocephalus, NOS 3 (6%) 1 (2%) 
Hemorrhage 1 (2%) 1 (2%) 25 (50%) 
Inflammation, focal 1 (2%) 
Calcification, focal 1 (2%) 

#Medulla oblongata (50) (50) (50) 
Hemorrhage 1 (2%) 

•Spinal cord (50) (50) (50) 
Hemorrhage 1 (2%) 
Degeneration, NOS 1 (2%) 

SPECIAL SENSE ORGANS 
•Eye <50) (50) (50) 

Hemorrhage 1 (2%) 
•Eye anterior chamber (50) (50) (50) 

Hemorrhage 1 (2%) 
•Eye/iris (50) (50) (50) 

Inflammation, NOS 1 (2%) 
•Eye/crystalline lens <50) <50) (50) 

Cataract 2 (4%) 2 (4%) 2 (4%) 
•Harderian gland (50) (50) (50) 

Inflammation, chronic 1 (2%) 
Hypertrophy, NOS 1 (2%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continul!d) 

CONTROL (VEH) 60mg/kg 120mg/kg 

MUSCULOSKELETAL SYSTEM 
"'Bone <50) (50) (50) 

Necrosis, NOS 1 (2%) 
"'Skull (50) (50) (50) 

Osteosclerosis 2 (4%> 

BODY CAVITIES 
*Mediastinum <50> <50) (50) 

Hemorrhage 1 !2%) 1 (2%) 
Granuloma, foreign body 1 (2%) 

*Pleural cavity (50) (50) !50) 
Hemorrhage 1 <2%) 

"'Pleura (50) (50) (50) 
Hemorrhage 1 (2%) 

ALL OTHER SYSTEMS 
•Multiple organs (50) (50) <50) 

Congestion, NOS 1 (2%) 28 (56%) 
Necrosis, NOS 1 (2%) 
Necrosis, focal (2%) 

Foot 
Crystals, NOS 

Omentum 
Reaction, foreign body 1 
Necrosis, fat 3 6 8 

SPECIAL MORPHOLOGY SUMMARY 
None 

# Number of animals with tissue examined microscopically 
• Number of animals necropsied 
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APPENDIX D 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 


LESIONS IN MICE IN THE TWO-YEAR GAVAGE STUDIES 


OF n-BUTYL CHLORIDE 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
FIRST TWO-YEAR GAVAGE STUDY OF n·BUTYL CHLORIDE 

CONTROL (VEH} 500mg/kg 1,000mg/kg 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
•Skin (50) (50) (50) 

Inflammation, NOS 
Ulcer, NOS 

3 16%) 
5 (10%) 4 (8%) 

1 (2%) 
2 (4%) 

Inflammation, acute 1 (2%l 
Inflammation, acute/chronic <2%) 
Inflammation, chronic *3 <6%) 3 <6%) 
Inflammation, chronic focal 1 <2%) 
Fibrosis 1 12%) 4 (8%) (2%) 
Calcification, focal 1 (2%) 
Acanthosis 2 <4%) 2 (4%) 1 (2%) 

•subcutaneous tissue (50) (50) (50) 
Hemorrhage 1 <2%) 
Inflammation, acute 1 <2%) <2%) 
Abscess, NOS 2 <4%) (2%) 
Inflammation, chronic 1 (2%) 
Fibrosis (2%) (2%) 
Calcification, NOS 1 <2%) 
Metaplasia, osseous <2%) 

RESPIRATORY SYSTEM 
#Lung/bronchiole 

Aspiration, foreign body 
(50) (50) (50) 

1 (2%) 
#Lung (50) (50) (50) 

Fibrosis, diffuse 1 <2%) 
Hyperplasia, alveolar epithelium 1 (2%) 
Metaplasia, osseous 1 (2%) 

#Lung/alveoli 
Histiocytosis 

(50) 
2 (4%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

HEMATOPOIETIC SYSTEM 
#Bone marrow (50) (50) (49) 

Hematopoiesis 
#Spleen 

1 (2%) 
(50) (48) (49) 

Hyperplasia, lymphoid 
Hematopoiesis 

#Lymph node 
Hyperplasia, lymphoid 

1 (2%) 

9 (18%) 
(44) 

1 (2%) 

8 (17%) 
(47) 

5 (10%) 
(44) 

#Mandibular lymph node 
Hyperplasia, plasma cell 

(44) (47) 
1 (2%) 

(44) 
1 (2%) 

#Mesenteric lymph node 
Congestion, NOS 

(44) 
9 (20%) 

(47) 
5 (11%) 

(44) 
8 (18%) 

Inflammation, acute 1 (2%) 
Hyperplasia, lymphoid 

#Axillary lymph node 
Hyperplasia, lymphoid 

#Inguinal lymph node 
Hyperplasia, plasma cell 

#Liver 

(44) 
1 12%) 

(44) 
1 (2%) 

(50) 

1 (2%) 
(47) 

(47) 

(50) 

(44) 

(44) 

(50) 
Hematopoiesis 2 <4%) 3 (6%) 1 (2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) ISOOmg/kg l,OOOmg/kg 

CIRCULATORY SYSTEM 
#Lung (50) (50) (50) 

Thrombosis, NOS 1 (2%) 
Thrombus, organized 1 (2%) 

#Heart (50) (50) (50) 
Calcification, focal 1 (2%) 

#Heart/atrium• 
Thrombus, mural 

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

•Pancreatic artery <50) (50) (50) 
Inflammation, chronic 2 (4%) 

DIGESTIVE SYSTEM 
#Salivary gland <50) <49l <50) 

Inflammation, chronic focal 21 <42%) 18 (37%) 24 (48%J 
#Liver (50) !50) (50) 

Necrosis, NOS 1 (2%) 
Necrosis, focal <2%) 1 (2%) 1 (2%) 
Infarct, NOS 1 (2%) 
Metamorphosis fatty 3 (6%) 7 (14%) (2%) 
Eosinophilic cyto change 2 14%) 
Hepatocytomegaly 3 (6%l 1 (2%) 

# Liver/centrilobular (50> (50) (50) 
Necrosis, NOS 3 (6%) 
Metamorphosis fatty 1 12%) 
Hepatocytomegaly 1 12%> 
Atrophy, NOS 1 (2%) 

#Pancreas (49) (49l (50) 
Cyst, NOS 1 (2%) 
Inflammation, acute focal 1 (2%) 
Inflammation, chronic 1 (2%) 

#Pancreatic acinus (49) (49) (50) 
Atrophy, NOS 1 (2%) 
Atrophy, focal 1 (2%) 

#Gastric mucosa (50) (49) (49) 
Inflammation, acute focal 1 (2%) 
Calcification, focal 1 (2%) 

#Jejunum (49) (50) (50) 
Mucocele 1 (2%) 
Hyperplasia, adenomatous 1 (2%) 

URINARY SYSTEM 
#Kidney 

Pyelonephritis, acute 
Inflammation, chronic focal 
Glomerulosclerosis, NOS 

#Renal papilla 

Necrosis, NOS 


#Perirenal tissue 

Necrosis, fat 


#Kidney/tubule 

Necrosis, NOS 

Calcification, NOS 

Hyperplasia, cystic 


#Kidney/pelvis 
Inflammation, suppurative 
Inflammation, acute necrotizing 

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

30 <60%) 32 (64%) 25 (50%) 
4 (8%) 

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

(50> (50) (50) 
2 (4%) 

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

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

1 (2%) 
1 (2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Collttinued) 

CONTROL (VEH) 500mg/kg 1,000mg/kg 

URINARY SYSTEM <Continued) 
#Urinary bladder (49) (50) (50) 

Inflammation, acute/chronic 
Inflammation, chronic 

1 <2%) 
1 <2%) (2%) 

Inflammation, chronic diffuse 1 <2%) 
#Urinary bladder/submucosa 

Inflammation, chronic focal 
(49) 

10 <20%) 
(50) 

18 (36%) 
(50) 

5 (10%) 

ENDOCRINE SYSTEM 
#Pituitary (47) <47> <39> 

Hyperplasia, focal 
#Adrenal cortex (50) 

3 (6%) 
<47) (49) 

Hypertrophy, focal 1 (2%) 
Hyperplasia, nodular 
Hyperplasia, focal 

#Adrenal medulla 

(2%) 

(50) (47) 
1 (2%) 

(49) 
Hyperplasia, focal 

#Thyroid 
3 (6%) 

(48) 
3 (6%) 

(45) 
1 (2%) 

(47) 
Hyperplasia, follicular cell 4 (8%) 5 (11%) 4 (9%) 

REPRODUCTIVE SYSTEM 
*Preputial gland (50) (50) (50) 

Dilatation/ducts 1 (2%) 
Inflammation, chronic 4 (8%) 1 (2%) 

#Prostate (47) (39) (44) 
Inflammation, acute 2 (4%) 

*Seminal vesicle (50) (50) (50) 
Inflammation, acute 1 (2%) 
Infection, bacterial 1 <2%) 

#Testis (50) (49) (49) 
Calcification, focal 1 <2%) 
Atrophy, NOS 
Hyperplasia, interstitial cell 

1 (2%) 
1 (2%) 

#Testis/tubule 
Degeneration, NOS 

(50) 
3 (6%) 

(49) 
3 (6%) 

<49) 
2 (4%) 

Calcification, NOS 2 (4%) 2 (4%) 2 (4%) 
Calcification, focal 1 (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
None 

MUSCULOSKELETAL SYSTEM 
*Skeletal muscle 

Granuloma, foreign body 
(50) 

1 (2%) 
(50) (50) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) IJOOmglkg l,OOOmglkg 

BODY CAVITIES 
•Pleura (50) (50) (50) 

Inflammation, chronic focal 1 (2%) 
•Mesentery (50) (50) (50) 

Hemorrhage 1 (2%) 
Inflammation, granulomatous 1 (2%) 
Necrosis, fat 2 (4%J 

ALL OTHER SYSTEMS 
Foot 

Ankylosis 
Omentum 

Necrosis, fat 2 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 5 

# Number of animals with tissue examined microscopically 
• Number of animals necropsied*Multiple occurence ofmorphology in the same organ. Tiuue is counted only once. 
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TABLE 02. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
SECOND TWO-YEAR GAVAGE STUDY OF h·BUTYL CHLORID.E 

CONTROL (VEH) 250 mg/kg 

ANIMALS INITIALLY IN STUDY 50 50 
ANIMALS NECROPSIED 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 

INTEGUMENTARY SYSTEM 
*Skin (50) <50) 

Ulcer, NOS 3 (6%) 
Inflammation, acute 2 (4%) 
Inflammation, chronic focal (2%) 
Necrosis, focal 2 (4%) 

"'Subcut tissue (50) (50) 
Inflammation, chronic 1 (2%) 
Fibrosis, focal (2%) 

RESPIRATORY SYSTEM 
"'Nasal cavity (50) (50) 

Inflammation, chronic 1 (2%) 
Inflammation, chronic focal 3 (6%) 

#Lung (50) (50) 
Pneumonia, interstitial chronic 1 (2%) 

#Lung/alveoli (50) (50) 
Histiocytosis 2 (4%) 3 (6%) 

HEMATOPOIETIC SYSTEM 
•subcut tissue (50) (50) 

Hyperplasia, plasma cell 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 

#Bone marrow (50) (50) 
Hyperplasia, hematopoietic 1 (2%) 
Hematopoiesis 1 (2%) 

#Spleen (50) (50) 
Amyloidosis 1 (2%) 
Angiectasis 1 (2%) 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 
Hematopoiesis 8 (16%) 6 (12%) 

#Lymph node (47) (44) 
Hyperplasia, plasma cell 1 (2%) 

#Mandibular lymph node (47) (44) 
Hyperplasia, lymphoid 1 (2%) 

#Mesenteric lymph node (47) (44) 
Congestion, NOS 13 (28%) 20 (45%) 
Hyperplasia, lymphoid 6 (13%) 4 (9%) 

#Renal lymph node (47) (44) 
Hyperplasia, lymphoid 1 (2%) 

#Inguinal lymph node (47) (44) 
Hyperplasia, plasma cell 1 (2%) 

#Liver (50) (50) 
Hematopoiesis 1 C2%l 

#Peyers patch (49) (49) 
Hyperplasia, lymphoid 1 (2%) 

CIRCULATORY SYSTEM 
#Lung (50) (50) 

Perivasculitis 1 (2%) 
#Pancreas (49) (49) 

Periarteritis 1 (2%) 
#Perirenal tissue (50) (50) 

Perivasculitis 1 (2%) 
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TABLE Dll. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continu1ed) 

CONTROL (VEH) 250mg/kg 

CIRCULATORY SYSTEM <Continued) 
#Urinary bladder (49) (49) 

Perivasculitis 1 (2%) 

DIGESTIVE SYSTEM 
#Salivary gland 

Inflammation, chronic focal 
Hyperplasia, intraductal 

#Liver 
Inflammation, chronic focal 
Necrosis, NOS 
Necrosis, focal 
Amyloidosis 
Metamorphosis, fatty 
Eosinophilic cyto change 
Clear cell change 

#Bile duct 
Cyst, NOS 
Inflammation, chronic 

#Pancreas 
Inflammation, acute focal 
Inflammation, chronic focal 
Necrosis, focal 

#Forestomach 
Ulcer, NOS 
Inflammation, chronic focal 
Necrosis, focal 
Hyperkeratosis 
Acanthosis 

#Small intestine /serosa 
Inflammation, chronic 

•Anus 

Prolapse 


(48} 
31 

(50) 
1 
2 
1 

3 

(50} 
1 

(49} 
1 
1 

(50} 
1 
1 
1 
1 
3 

(49) 

(50) 

(65%) 

<2%> 
(4%) 
<2%> 

<6%) 

(2%} 

(2%} 
(2%) 

(2%) 
(2%} 
(2%} 
(2%) 
(6%} 

(50) 
30 

1 
<50> 

1 
2 
1 
1 

(50) 

1 
(49) 

1 
(50) 

4 
1 

3 
(49) 

1 
(50} 

1 

<60%) 
(2%) 

<2%) 

<2%) 
<4%) 
(2%> 
(2%) 

(2%) 

(2%) 

(8%) 
(2%) 

(6%) 

(2%) 

(2%} 

URINARY SYSTEM 
#Kidney 

Hydronephrosis 
Cyst, NOS 
Inflammation, suppurative 
Pyelonephritis, acute 
Glomerulonephritis, chronic 
Inflammation, chronic focal 
Glomerulosclerosis, NOS 
Hemosiderosis 
Hyperplasia, tubular cell 

#Kidney/tubule 

Cyst, NOS 

Calcification, NOS 

Hyperplasia, cystic 


#Urinary bladder 
Inflammation, chronic 
Inflammation, chronic focal 

<50> 

38 (76%) 
3 (6%) 

1 <2%) 
(50) 

1 <2%> 

<49) 

(50) 
1 
1 
1 
1 
1 

32 
2 
1 

{50} 

1 
1 

(49} 
1 
1 

(2%) 
(2%) 
(2%) 
(2%) 
(2%) 
(64%} 
(4%} 
(2%} 

(2%} 
(2%> 

<2%) 
(2%) 

ENDOCRINE SYSTEM 
#Anterior pituitary (40) (45) 

Multiple cysts 1 (2%l 
Hyperplasia, focal 2 (4%) 

# AdrenaVcapsule (49) (49) 
Hyperplasia, focal 1 (2%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 250 mg/k.g 

ENDOCRINE SYSTEM (Continued) 
#Adrenal serosa (49) (49) 

Inflammation, fibrinous 1 (2%) 
#Adrenal cortex (49) (49) 

Degeneration, NOS 1 (2%) 
Hyperplasia, nodular 1 (2%) 
Hyperplasia, focal 1 (2%) 1 (2%) 

#Thyroid (46) <47) 
Cystic follicles 1 <2%) 
Inflammation, acute focal 1 (2%) 
Hyperplasia, follicular cell 1 <2%) 

#Thyroid follicle (46) <47) 
Hyperplasia, cystic 1 (2%) 

REPRODUCTIVE SYSTEM 
•Preputial gland (50) (50) 

Dilatation/ducts 1 (2%) 
Cystic ducts 1 (2%) 
Inflammation, suppurative 2 (4%) 4 (8%) 
Inflammation, chronic 5 (10%) 3 (6%) 

#Prostate (49) (48) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic focal 1 (2%) 

#Testis/tubule (50) (50) 
Degeneration, NOS 3 (6%) 
Calcification, focal 2 (4%) 2 (4%) 

NERVOUS SYSTEM 
#Cerebral ventricle (50) (50) 

Inflammation, suppurative 1 (2%) 

SPECIAL SENSE ORGANS 
•Nasolacrimal duct (50) (50) 

Inflammation, suppurative 1 (2%) 

MUSCULOSKELETAL SYSTEM 
•Tarsal joint 	 (50) (50) 

Ankylosis 31 (62%) 17 (34%) 

BODY CAVITIES 
•Mesentery (50) (50) 

Necrosis, fat 1 (2%) 

ALL OTHER SYSTEMS 
•Multiple organs (50) (50) 

Amyloidosis 1 (2%) 

SPECIAL MORPHOLOGY SUMMARY 
None 

# Number of animals with tissue examined microscopically 
• Number of animals necropsied 
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TABLE D3. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE 

CONTROL (VEH) 500mglkg 

ANIMALS INITIALLY IN STUDY 50 50 
ANIMALS NECROPSIED 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 

INTEGUMENTARY SYSTEM 
•skin <50l (50) 

Ulcer, NOS 3 (6%) 
Inflammation, acute 1 (2%) 
Inflammation, acute/chronic 1 (2%) 
Fibrosis 1 (2%) 
Acanthosis 2 (4%) 

RESPIRATORY SYSTEM 
#Lung/bronchiole 

Inflammation, chronic 
#Lung 

Inflammation, interstitial 
Hyperplasia, alveolar epithelium 

#Lung/alveoli 
Hemorrhage 
Histiocytosis 

(50) 	 (50) 
1 (2%) 

(50) 	 (50) 
2 (4%1 
1 <2%) 1 (2%) 

(50) 	 (50) 
1 	 (2%) 

3 (6%) 

HEMATOPOIETIC SYSTEM 
#Spleen (50) (50) 

Hyperplasia,lymphoid 2 (4%) 3 (6%) 
Hematopoiesis 13 (26%) 7 (14%) 

#Lymph node (45) (49) 
Cyst, NOS 1 (2%) 
Congestion, NOS 1 (2%) 
Hemorrhagic cyst 2 (4%) 
Hyperplasia, lymphoid 1 (2%) 

#Lumbar lymph node (45) (49) 
Hyperplasia, plasma cell 1 (2%) 

#Mesenteric lymph node (45) (49) 
Congestion, NOS 1 (2%) 1 (2%) 
Hyperplasia, plasma cell 1 (2%) 

#Renal lymph node (45) (49) 
Hyperplasia, plasma cell 1 (2%) 

#Liver (50) (50) 
Hematopoiesis 7 (14%) 1 (2%) 

#Adrenal (49) (50) 
Hematopoiesis 1 (2%) 

#Adrenal cortex (49) (50) 
Hematopoiesis 1 (2%) 

CIRCULATORY SYSTEM 
•Skin 

Perivasculitis 
#Lung 

Perivasculitis 
#Heart 

Calcification, focal 
"'Coronary artery 

Inflammation, acute 
#Hepatic sinusoid 

(50) 

(50) 
2 (4%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

(50) 

(50) 
1 

(50) 
3 

(50) 

(50) 

(50) 

(2%) 

(6%) 

Infection, bacterial 	 1 (2%) 
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TABLE D3. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 500mg/kg 

DIGESTIVE SYSTEM 
#Salivary gland 

Inflammation, chronic focal 
(49) 

19 (39%) 
(48) 

16 (33%) 
#Liver (50) (50) 

Cyst, NOS 1 (2%) 
Inflammation, acute focal (2%) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic focal 
Necrosis, focal 

2 (4%) 
2 (4%) 

Necrosis, midzonal 1 (2%) 
Metamorphosis fatty 3 <6%) 1 (2%) 
Hepatocytomegaly 1 <2%) 

#Hepatic serosa <50) (50) 
Inflammation, acute 4 <8%) 2 <4%) 

#Liver/centrilobular (50) (50) 
Necrosis, NOS 1 (2%) 1 (2%) 

#Bile duct (50) (50) 
Inflammation, chronic focal 1 (2%) 
Hyperplasia, NOS 1 (2%) 

#Pancreas (49) (49) 
Inflammation, suppurative 
Inflammation, acute 1 (2%) 

1 (2%) 

Inflammation, chronic 3 (6%) 
#Esophagus 

Acanthosis 
(46) (47) 

1 (2%) 
#Forestomach (50) (50) 

Inflammation, chronic 1 (2%) 
Hyperplasia, epithelial 
Hyperkeratosis 
Acanthosis 

(2%) 

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

URINARY SYSTEM 
#Kidney 

Pyelonephritis, acute 
(50) 

1 (2%) 
(50) 

1 (2%) 
Inflammation, acute focal 1 (2%) 
Glomerulonephritis, chronic 
Inflammation, chronic focal 

2 (4%) 
19 (38%) 23 (46%) 

Infection, bacterial 1 (2%) 
Glomerulosclerosis, NOS 1 (2%) 1 (2%) 

#Urinary bladder (49) (50) 
Inflammation, chronic 1 (2%) 

#Urinary bladder/submucosa (49) (50) 
Inflammation, chronic focal 25 (51%) 22 (44%) 

ENDOCRINE SYSTEM 
#Pituitary 

Hyperplasia, focal 
#Periadrenal tissue 

<43) 
2 

(49) 
(5%) 

(46) 
4 

(50) 
(9%) 

Inflammation, acute 1 (2%) 
Inflammation, chronic 1 (2%) 

#Thyroid 
Cystic follicles 

(48) (48) 
2 (4%) 

Inflammation, chronic focal 1 <2%) 
Hyperplasia, follicular cell 7 (15%) 8 (17%) 
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TABLE D3. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
FIRST TWO·YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continu4~d) 

CONTROL (VEH) 500mg/kg 

REPRODUCTIVE SYSTEM 
*Mammary gland (50> (50) 

Hyperplasia, cystic 1 (2%) 
#Uterus (50) (49) 

Inflammation, suppurative 2 (4%) 2 (4%) 
Amyloidosis 1 (2%) 

#Uterus/endometrium (50) (49) 
Hemorrhage 1 (2%) 
Inflammation, suppurative 8 (16%) 
Hyperplasia, cystic 36 (72%) 33 (67%) 

#Ovary/parovarian (48) (48) 
Steatitis 1 (2%) 
Necrosis, fat 1 (2%) 

#Ovary (48) (48) 
Cyst, NOS 10 (21%) 19 (40%) 
Hemorrhage 1 (2%) 
Hematoma, NOS 1 (2%) 
Hemorrhagic cyst 3 (6%) 2 (4%) 
Inflammation, suppurative 12 (25%) 6 (13%) 
Inflammation, chronic 3 (6%) 5 (10%) 
Hyperplasia, adenoma to us 5 (10%) 1 (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
None 

MUSCULOSKELETAL SYSTEM 
*Skeletal muscle (50) (50) 

Inflammation, acute 2 (4%) 1 (2%) 

BODY CAVITIES 
*Mediastinum 

Vegetable foreign body 
Inflammation, acute 
Abscess, NOS 
Infection, bacterial 

*Pleura 
Inflammation, acute focal 
Inflammation, chronic 

*Epicardium 
Inflammation, acute focal 

*Mesentery 
Necrosis, fat 

(501 

(50) 
1 
1 

(50) 
1 

(50) 
1 

(2%) 
(2%) 

(2%) 
(2%) 

(2%) 

(2%) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 
2 (4%) 

131 n-Butyl Chloride, NTP TR 312 



TABLE D3. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FE.MALE MICE IN THE 
FIRST TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 500mg/kg 

ALL OTHER SYSTEMS 
•Multiple organs 

Inflammation, acute 
(50) 

4 (8%) 
(50) 

1 (2%) 
Inflammation, chronic focal 1 C2%) 2 (4%) 

Adipose tissue 
Inflammation, acute 2 

Omentum 
Inflammation, suppurative 
Inflammation, acute 
Abscess, NOS 
Necrosis, fat 1 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 

II Number of animals with tissue examined microscopically 
• Number of animals necropsied 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE 

CONTROL (VEH) 250mg/kg 

ANIMALS INITIALLY IN STUDY 50 50 
ANIMALS NECROPSIED 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 

INTEGUMENTARY SYSTEM 
None 

RESPIRATORY SYSTEM 
•Nasal cavity 

Inflammation, chronic 
#Lung 

Inflammation, acute 
Bacterial septicemia 
Infection, bacterial 

#Lung/alveoli 

Histiocytosis 


(50) (50) 
1 (2%) 

<50) (50) 
1 (2%) 2 (4%) 
1 (2%) 
1 (2%) 

(50) (50) 
1 (2%) 

HEMATOPOIETIC SYSTEM 
#Spleen (49) (49) 

Hyperplasia, lymphoid 1 (2%) 2 (4%) 
Hematopoiesis 5 (10%) 3 (6%) 

#Mediastinal lymph node (39) (45) 
Inflammation, suppurative 1 (3%) 
Inflammation, acute 1 (3%) 

#Lumbar lymph node (39) (45) 
Inflammation, suppurative 1 (2%) 

#Mesenteric lymph node (39) (45) 
Congestion, NOS 1 (3%) 2 (4%) 
Hyperplasia, lymphoid 1 (2%) 

#Renal lymph node (39) (45) 
Hyperplasia, plasma cell 1 (3%) 

#Liver (50) (50) 
Hematopoiesis 4 (8%) 4 (8%) 

CIRCULATORY SYSTEM 
#Brain 

Embolus, septic 
#Lung 

Thrombosis, NOS 
Perivasculitis 

#Heart 
Embolus, septic 
Fibrosis, focal 
Necrosis, focal 
Calcification, focal 
Angiectasis 

#Cardiac valve 
Inflammation, acute 

#Ovary 
Thrombus, organized 

#Thyroid 
Embolus, septic 

(50\ 
1 

(50) 
1 
1 

(50> 
1 

<50) 
1 

(48) 

<44) 
1 

(2%) 

(2%) 
(2%) 

(2%) 

(2%) 

(2%) 

(2%) 

(50) 

(50) 

(50) 

1 

1 
1 

(50) 

(50) 
1 

(46) 

(2%) 

(2%) 
(2%) 

(2%) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN Fll!:MALE MICE IN THE 
SECOND TWO-YEAR GAVAGE STUDY OF n-BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 250mg!kg 

DIGESTIVE SYSTEM 
*Root oftooth (50) (50) 

Abscess, NOS 1 (2%) 
#Salivary gland (46) (48) 

Inflammation, chronic focal 13 (28%) 25 (52%) 
#Liver (50) (50) 

Dilatation/sinus 1 (2%) 
Inflammation, acute focal 1 (2%) 
Inflammation, chronic focal 2 (4%) 3 (6%) 
Necrosis, focal 1 <2%) 1 (2%) 
Metamorphosis, fatty 2 (4%) 1 (2%) 
Basophilic cyto change 1 (2%) 
Hepatocytomegaly 1 (2%> 

#Hepatic serosa (50) (50) 
Inflammation, fibrinous 1 (2%) 
Inflammation, acute 3 <6%) 1 (2%) 
Inflammation, acute focal 1 (2%) 

#Bile duct (50) (50) 
Inflammation, chronic 7 (14%) 6 (12%) 

#Pancreas (45) (49) 
Cystic ducts 1 (2%) 
Inflammation, fibrinous 1 (2%) 
Inflammation, acute 1 (2%) 
Inflammation, chronic 3 (7%) 1 (2%) 

#Pancreatic acinus (45) (49) 
Atrophy, NOS 1 (2%) 

#Peripancreatic tissue (45) (49) 
Inflammation, acute 2 (4%) 

#Gastric mucosa (48) (49) 
Calcification, focal 1 (2%) 

#Glandular stomach (48) (49) 
Inflammation, chronic 1 (2%) 

#Forestomach (48) (49) 
Inflammation, acute focal 1 (2%) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic focal (2%) 
Hyperplasia, focal 1 (2%) 
Hyperkeratosis 2 (4%) 
Acanthosis 1 (2%) 1 (2%) 

#Small intestine (49) (50) 
Amyloidosis 1 (2%) 

#Ileum (49) (50) 
Amyloidosis 1 (2%) 

URINARY SYSTEM 
#Kidney (50) (49) 

Inflammation, chronic focal 27 (54%) 31 (63%) 
Infection, bacterial 1 <2%> 1 (2%) 
Glomerulosclerosis, NOS 3 (6%) 3 (6%) 

#Kidney/glomerulus (50) (49) 
Amyloidosis 1 <2%> 1 (2%) 

#Urinary bladder (48) (49) 
Inflammation, acute focal 1 (2%) 
Inflammation, chronic focal 10 (21%) 19 (39%) 

#Urinary bladder/serosa (48) (49> 
Inflammation, acute 1 (2%) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
SECOND TWO·YEAR GAVAGE STUDY OF n·BUTYL CHLORIDE (Continued) 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Dilatation/sinus 
Hyperplasia, focal 

#Adrenal serosa 
Inflammation, fibrinous 

#Periadrenal tissue 
Inflammation, acute 
Infection, bacterial 

#Thyroid 
Cystic follicles 
Hyperplasia, follicular cell 

CONTROL (VEH) 

(39) 

8 (21%) 
(47) 

2 (4%) 
(47) 

1 (2%) 
1 (2%) 

(44) 
1 (2%) 
1 (2%) 

250mg/kg 

(41) 
2 (5%) 

10 (24%) 
(50) 

(50) 
1 (2%) 

(46) 

REPRODUCTIVE SYSTEM 
#Uterus (50) (50) 

Inflammation, suppurative 1 (2%) 
Inflammation, acute 1 (2%) 

#Uterus/endometrium (50) (50) 
Inflammation, suppurative 8 <16%) 7 (14%) 
Hyperplasia, cystic 26 (52%) 35 (70%) 

#Ovary/parovarian (48) (50) 
Inflammation, suppurative 1 (2%) 
Inflammation, chronic 2 (4%) 

#Ovary (48) (50) 
Cyst, NOS 8 (17%) 8 (16%) 
Follicular cyst, NOS 1 <2%) 
Hemorrhagic cyst 1 (2%) 1 (2%) 
Inflammation, suppurative 15 (31%) 5 (10%) 
Inflammation, chronic 1 (2%) 

#Mesovarium (48> (50) 
Inflammation, chronic 1 (2%) 

NERVOUS SYSTEM 
#Brain/meninges 

Inflammation, suppurative 
(50) (50) 

1 (2%) 

SPECIAL SENSE ORGANS 
None 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Mediastinum 

Inflammation, acute 
*Pleura 

Inflammation, fibrinous 
Inflammation, acute 

*Pericardium 
Inflammation, fibrinous 

*Mesentery 
Inflammation, suppurative 
Necrosis, fat 

(50) 	 (50) 
2 (4%) 

(50) 	 (50) 
4 (8%) 1 (2%) 
1 (2%) 

(50) 	 (50) 
2 (4%) 

(50) 	 (50) 
1 (2%) 
1 (2%) (2%) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FE:MALE MICE IN THE 
SECOND TWO·YEAR GAVAGE STUDY OF n·BUTYL CHLORIDE (Continued) 

CONTROL (VEH) 250mg/kg 

ALL OTHER SYSTEMS 
•Multiple organs (50) (50) 

Inflammation, suppurative 1 (2%) 
Inflammation, acute 
Inflammation, chronic focal 

1 (2%) 
3 (6%) 1 (2%) 

Omentum 
Inflammation, acute 

SPECIAL MORPHOLOGY SUMMARY 
None 

# Number of animals with tissue examined microscopically 
• Number of animals necropsied 
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APPENDIX E 


ANALYSES OF PRIMARY TUMORS IN RATS AN'D MICE 


IN THE TWO-YEAR GAVAGE STUDIES o:F 


n-BUTYL CHLORIDE 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO·YEAR GAVAGE STUDY 
OF n·BUTYL CHLORIDE 

Vehicle Control 60mg/kg 120mg!kg 

Skin: Keratoacanthoma 
Overall Rates (a) 3/50 (6%) 2/50(4%) 2/50 (4%) 
Adjusted Rates (b) 
Terminal Rates (c) 

7.5% 
3/40 (7%) 

6.3% 
2/32 (6%) 

8.5% 
0/17 (0%) 

Week of First Observation 104 104 91 
Life Table Tests (d) P=0.459 P=0.602N P=0.528 
Incidental Tumor Tests (d) P=0.592N P=0.602N P=0.619N 
Cochran-Armitage Trend Test (d) P=0.406N 
Fisher Exact Test (d) P=0.500N P=0.500N 

Subcutaneous Tissue: Neurofibrosarcoma 
Overall Rates (a) 1150 (2%) 3/50 (6%) 1150 (2%) 
Adjusted Rates (b) 2.5% 6.8% 5.9% 
Terminal Rates (c) 1140 (3%) 0/32 (0%) 1117 (6%) 
Week of First Observation 104 80 104 
Life Table Tests (d) P=0.392 P=0.271 P=0.560 
Incidental Tumor Tests (d) P=0.551N P=0.619 P=0.560 
Cochran-Armitage Trend Test (d) P=0.610 
Fisher Exact Test (d) P=0.309 P=0.753 

Subcutaneous Tissue: Fibrosarcoma or Neurofibrosarcoma 
Overall Rates (a) 1/50 (2%) 4/50(8%) 1150 (2%) 
Adjusted Rates (b) 2.5% 9.0% 5.9% 
Terminal Rates (c) 1140 (3%) 0/32 (0%) 1/17 (6%) 
Week of First Observation 104 80 104 
Life Table Tests (d) P = 0.376 P=0.158 P=0.560 
Incidental Tumor Tests (d) P = 0.482N P=0.510 P=0.560 
Cochran-Armitage Trend Test (d) P = 0.601 
Fisher Exact Test (d) P=0.181 P=0.753 

Subcutaneous Tissue: Fibroma or Neurofibroma 
Overall Rates (a) 3/50 (6%) 2/50 (4%) 2/50 (4%) 
Adjusted Rates (b) 7.5% 5.9% 11.8% 
Terminal Rates (c) 3/40 (7%) 1/32 (3%) 2/17 (12%) 
Week of First Observation 104 100 104 
Life Table Tests (d) P=0.439 P=0.599N P=0.496 
Incidental Tumor Tests (d) P=0.502 P=0.581N P=0.496 
Cochran-Armitage Trend Test (d) P = 0.406N 
Fisher Exact Test (d) P=0.500N P=0.500N 

Subcutaneous Tissue: Neurofibroma or Neurofibrosarcoma 
Overall Rates (a) 2/50 (4%) 4/50 (8%) 3/50 (6%) 
Adjusted Rates (b) 5.0% 9.8% 17.6% 
Terminal Rates (c) 2/40 (5%) 1132 (3%) 3/17 (18%) 
Week of First Observation 104 80 104 
LifeTableTests(d) P=0.133 P=0.277 P=0.153 
Incidental Tumor Tests (d) P=0.281 P=0.552 P=0.153 
Cochran-Armitage Trend Test (d) P= 0.417 
Fisher Exact Test (d) P=0.339 P=0.500 

Subcutaneous Tissue: Fibroma, Neurofibroma, Fibrosarcoma, or Neurofibrosarcoma 
Overall Rates (a) 4/50 (8%) 6/50 (12%) 3/50 (6%) 
Adjusted Rates (b) 10.0% 14.3% 17.6% 
Terminal Rates (c) 4/40 (10%) 1/32 (3%) 3/17 (18%) 
Week of First Observation 104 80 104 
Life Table Tests (d) P=0.302 P=0.283 P=0.359 
Incidental Tumor Tests (d) P=0.564N P=0.585 P=0.359 
Cochran-Armitage Trend Test (d) P= 0.429N 
Fisher Exact Test (d) P = 0.370 P=0.500N 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF n-BUTYL CHLORIDE (Continued) 

Vehicle Control 60mg/kg 120mg/kg 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.5% 
Terminal Rates (c) 1140 (3%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.152 
Incidental Tumor Tests (d) P = 0.257 
Cochran-Armitage Trend Test (d) P =0.399 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 11/50 (22%) 
Adjusted Rates (b) 26.1% 
Terminal Rates (c) 9/40 (23%) 
Week of First Observation 100 
Life Table Tests (d) P = 0.436 
Incidental Tumor Tests (d) P = 0 .398N 
Cochran-Armitage Trend Test(d) P=O.llON 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 6.9% 
Terminal Rates (c) 1/40 (3%) 
Week of First Observation 99 
LifeTableTests(d) P=0.518N 
Incidental TumorTests(d) P=0.239N 
Cochran-Armitage Trend Test (d) P = 0.238N 
Fisher Exact Test (d) 

Pancreas: Acinar Cell Adenoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 10.0% 
Terminal Rates (c) 4/40 (10%) 
Week of First Observation 104 
Life Table Tests (d) P=0.040 
Incidental Tumor Tests (d) P=0.050 
Cochran-Armitage Trend Test (d) P=0.409 
Fisher Exact Test (d) 

Pituitary lntermedia: Adenoma 
Overall Rates (a) 3/48 (6%) 
Adjusted Rates (b) 7.6% 
Terminal Rates (c) 2/38 (5%) 
Week of First Observation 103 
Life Table Tests (d) P=0.095N 
Incidental Tumor Tests (d) P=0.064N 
Cochran-Armitage Trend Test (d) P=0.037N 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma 
Overall Rates (a) 18/48(38%) 
Adjusted Rates (b) 41.2% 
Terminal Rates (c) 13/38 (34%) 
Week of First Observation 84 
Life Table Tests (d) P=0.531N 
Incidental Tumor Tests (d) P=0.103N 
Cochran-Armitage Trend Test (d) P=0.017N 
Fisher Exact Test (d) 

3/50(6%) 2/50 (4%) 
8.9% 8.8% 
2/32 (6%) 1/17 (6%) 
99 80 
P=0.233 P=0.266 
P=0.249 P=0.421 

P=0.309 P=0.500 

7/50(14%) 6/50 (12%) 
20.3% 28.0% 
5/32 (16%) 2/17 (12%) 
98 97 
P=0.394N P=0.423 
P=0.315N P=0.487N 

P=0.218N P=0.144N 

3/50 (6%) 1150 (2%) 
7.8% 5.9% 
1132 (3%) 1117 (6%) 
86 104 
P=0.578 P=0.622N 
P=0.526N P=0.420N 

P=0.661 P=0.309N 

9/50 (18%) S/48 (10%) 
27.1% ~!9.4% 
8/32 (25%) M7 (29%) 
99 1.04 
P=0.051 P=0.076 
P=0.054 P=0.076 

P=O.l17 P=0.474 

0/49(0%) 0/47 (0%) 
0.0% 0.0% 
0/32 (0%) 0/15 (0%) 

P=0.160N IP=0.322N 
P=0.144N P=0.223N 

P=0.117N P=0.125N 

14/49 (29%) B/47 (17%) 
38.4% 39.8% 
10/32(31%) 5/15 (33%) 
89 75 
P=0.473N P=0.593N 
P=0.286N P=0.113N 

P=0.236N P=0.022N 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEA!l; GAVAGE STUDY 
OF n-BUTYL CHLORIDE (Continued) 

Vehicle Control 60mg/kg 120mg/kg 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 19/48 (40%) 14/49(29%) 8/47 (17%) 
Adjusted Rates (b) 43.6% 38.4% 39.8% 
Terminal Rates (c) 14/38 (37%) 10/32 (31 %) 5/15 (33%) 
Week of First Observation 84 89 75 
Life Table Tests (d) P=0.462N P=0.401N P=0.540N 
Incidental Tumor Tests (d) P=0.074N P=0.223N P=0.089N 
Cochran-Armitage Trend Test (d) P=0.010N 
Fisher Exact Test (d) P=0.176N P=0.013N 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 14/50 (28%) 11/50(22%) 4/50 (8%) 
Adjusted Rates (b) 33.2% 29.8% 20.6% 
Terminal Rates (c) 12/40 (30%) 7/32 (22%) 2/17(12%) 
Week of First Observation 88 86 99 
Life Table Tests (d) P=0.264N P=0.549N P=0.291N 
Incidental Tumor Tests (d) P=0.074N P=0.349N P=0.118N 
Cochran-Armitage Trend Test (d) P=0.008N 
Fisher Exact Test (d) P=0.323N P=0.009N 

Adrenal Gland: Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a) 15/50 (30%) 11150 (22%) 4/50(8%) 
Adjusted Rates (b) 35.6% 29.8% 20.6% 
Terminal Rates (c) 13/40 (33%) 7/32 (22%) 2/17(12%) 
Week of First Observation 88 86 99 
Life Table Tests (d) P=0.206N P=0.470N P=0.239N 
Incidental Tumor Tests (d) P=0.051N P=0.278N P=0.091N 
Cochran-Armitage Trend Test (d) P=0.004N 
Fisher Exact Test (d) P=0.247N P=0.005N 

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates (a) 4/49(8%) 3/49 (6%) 0/46(0%) 
Adjusted Rates (b) 10.0% 9.4% 0.0% 
Terminal Rates (c) 4/40(10%) 3/32 (9%) 0/17(0%) 
Week of First Observation 104 104 
Life Table Tests (d) P=0.191N P=0.621N P=0.218N 
Incidental Tumor Tests (d) P=0.191N P=0.621N P=0.218N 
Cochran-Armitage Trend Test (d) P=0.055N 
Fisher Exact Test (d) P=0.500N P=0.067N 

Thyroid Gland: C-Cell Adenoma 
Overall Rates (a) 5/49(10%) 1149 (2%) 2/46 (4%) 
Adjusted Rates (b) 12.0% 3.1% 11.8% 
Terminal Rates (c) 4/40(10%) 1/32 (3%) 2/17 (12%) 
Week of First Observation 99 104 104 
Life Table Tests (d) P=0.414N P=0.162N P=0.634N 
Incidental Tumor Tests (d) P=0.347N P=0.141N P=0.537N 
Cochran-Armitage Trend Test (d) P=0.148N 
Fisher Exact Test (d) P=0.102N P=0.245N 

Thyroid Gland: C-Cell Carcinoma 
Overall Rates (a) 1/49(2%) 1149 (2%) 3/46 (7%) 
Adjusted Rates (b) 2.2% 3.1% 14.8% 
Terminal Rates (c) 0/40 (0%) 1132 (3%) 2/17 (12%) 
Week of First Observation 97 104 89 
Life Table Tests (d) P=0.061 P=0.713 P=0.102 
Incidental Tumor Tests (d) P=0.128 P=0.762 P=0.266 
Cochran-Armitage Trend Test (d) P=0.184 
Fisher Exact Test (d) P=0.753 P=0.285 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF n-BUTYL CHLORIDE (Continued) 

Vehicle Control 60mglkg HIOmglkg 

Thyroid Gland: C-Cell Adenoma or Carcinoma 
Overall Rates (a) 6/49(12~) 2/49(4~) 5146(11~) 

Adjusted Rates (b) 14.0~ 6.3~ 26.2~ 
Terminal Rates (c) 4140 (10~) 2/32(6~) 4117(24~) 

Week ofFirst Observation 97 104 89 
Life Table Tests (d) P=0.262 P=0.218N P:=0.230 
Incidental Tumor Tests (d) P=0.412 P=0.171N P:=0.449 
Cochran-Armitage Trend Test (d) P=0.467N 
Fisher Exact Test (d) P=0.134N P=0.545N 

Pancreatic Islets: Islet Cell Adenoma or Carcinoma 
Overall Rates (a) 4150 (8~) 3/50 (6%) 0/48(0~) 
Adjustsd Rates (b) 10.0~ 8.3~ 0.0~ 
Terminal Rates (c) 4140(10%) 2132 (6%) 0/17 (0~) 
Week of First Observation 104 81 
Life Table Tests (d) P=0.178N P=0.606N P=0.218N 
Incidental Tumor Tests (d) P=0.128N P=0.521N P=0.218N 
Cochran-Armitage Trend Test (d) P=0.053N 
Fisher Exact Test (d) P=0.500N P=0.064N 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 5/50(10%) 3/50 <6%) 3/50 (6%) 
Adjusted Rates (b) 11.8~ 8.9% l•l.8% 
Terminal Rates (c) 3/40(7%) 2/32(6%) 2/17(12%) 
Week of First Observation 99 100 89 
Life Table Tests (d) P=0.468 P=0.483N P=0.496 
Incidental Tumor Tests (d) P=0.475N P=0.433N P=0.553N 
Cochran-Armitage Trend Test (d) P=0.283N 
Fisher Exact Test (d) P=0.357N P=0.357N 

Testis: Interstitial Cell Tumor 
Overall Rates (a) 46/50(92%) 45/49 (92%) 31~/49 (80%) 
Adjusted Rates (b) 100.0% 100.0~ 9'7.4% 
Terminal Rates (c) 40/40 (100%) 31131 (100%) 115/17 (94%) 
Week of First Observation 81 80 51~ 
Life Table Tests (d) P<0.001 P=0.032 P<0.001 
Incidental Tumor Tests (d) P=0.148 P=0.334 P=0.284 
Cochran-Armitage Trend Test (d) P=0.042N 
Fisher Exact Test (d) P=0.631N P=0.068N 

Preputial Gland: Adenoma or Carcinoma 
Overall Rates (a) 3/50 (6%) 2/50(4~) 2/50(4%) 
Adjusted Rates (b) 7.5% 6.3% 11.8% 
Terminal Rates (c) 3/40(7%) 2/32(6%) 2/17 (12%) 
Week ofFirst Observation 104 104 104 
Life Table Tests (d) P=0.437 P=0.602N P=0.496 
Incidental Tumor Tests (d) P=0.437 P=0.602N P=0.496 
Cochran-Armitage Trend Test (d) P=0.406N 
Fisher Exact Test (d) P=0.500N P=0.500N 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end ofthe study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values aseociated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF n-BUTYL CHLORIDE 

Vehicle Control 60mg/kg 120mg/kg 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 12/50(24%) 10/50 (20%) 5/50 (10%) 
Adjusted Rates (b) 29.3% 24.0% 28.8% 
Terminal Rates (c) 8/35 (23%) 7/38 (18%) 1/11 (9%) 
Week of First Observation 77 88 55 
Life Table Tests (d) P=0.554 P=0.340N P=0.535 
Incidental Tumor Tests (d) P=0.148N P=0.422N P=0.159N 
Cochran-Armitage Trend Test (d) P=0.045N 
Fisher Exact Test (d) P=0.405N P=0.054N 

Liver: Neoplastic Nodule 
Overall Rates (a) 1/50 (2%) 4/50(8%) 0/50(0%) 
Adjusted Rates (b) 2.9% 9.8% 0.0% 
Terminal Rates (c) 1/35(3%) 2/38 (5%) 0/11 (0%) 
Week of First Observation 105 99 
Life Table Tests (d) P=0.545 P=0.213 P=0.730N 
Incidental Tumor Tests (d) P=0.524N P=0.304 P=0.730N 
Cochran-Armitage Trend Test (d) P=0.390N 
Fisher Exact Test (d) P=0.181 P=0.500N 

Intermediate Pituitary: Adenoma 
Overall Rates (a) 1149 (2%) 4/50 (8%) 1149 (2%) 
Adjusted Rates (b) 2.9% 10.5% 9.1% 
Terminal Rates (c) 1134 (3%) 4/38(11%) 1111 (9%) 
Week of First Observation 105 105 105 
Life Table Tests (d) P=0.236 P=0.214 P=0.493 
Incidental Tumor Tests (d) P=0.236 P=0.214 P=0.493 
Cochran-Armitage Trend Test (d) P=0.601 
Fisher Exact Test (d) P=0.187 P=0.753 

Pituitary Gland: Adenoma 
Overall Rates (a) 22/49 (45%) 21150 (42%) 10/49 (20%) 
Adjusted Rates (b) 53.4% 50.9% 55.4% 
Terminal Rates (c) 15/34(44%) 18/38 (47%) 4/11 (36%) 
Week of First Observation 88 88 74 
Life Table Tests (d) P=0.367 P=0.327N P=0.326 
Incidental Tumor Tests (d) P=0.423N P=0.483N P=0.348N 
Cochran-Armitage Trend Test (d) P=0.008N 
Fisher Exact Test (d) P=0.465N P=0.009N 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 

24/49 (49%J 
56.8% 

23/50(46%) 
53.1% 

11149 (22%) 
61.7% 

Terminal Rates (c) 16/34(47%) 18/38(47%) 5/11 (45%) 
Week of First Observation 85 88 74 
Life Table Tests (d) P=0.352 P=0.319N P=0.294 
Incidental Tumor Tests (d) P=0.376N P=0.457N P=0.375N 
Cochran-Armitage Trend Test (d) P=0.005N 
Fisher Exact Test (d) P=0.462N P=0.005N 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 0/50(0%) 6/50 (12%) 1149 (2%) 
Adjusted Rates (b) 0.0% 15.0% 6.7% 
Terminal Rates (c) 0/35 (0%) 5/38 (13%) 0/11 (0%) 
Week of First Observation 88 100 
Life Table Tests (d) P=0.091 P=0.023 P=0.320 
Incidental Tumor Tests (d) P=0.143 P=O.Oll P=0.602 
Cochran-Armitage Trend Test (d) P=0.398 
Fisher Exact Test (d) P=0.013 P=0.495 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF n-BUTYL CHLORIDE (Continued) 

Vehicle Control 60mg/kg 120mg/kg 

Adrenal Gland: Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a) 1150 (2%) 6/50 ( 12%) 1149(2%) 
Adjusted Rates (b) 2.9% 15.0% 6.7% 
Terminal Rates (c) 1/35 (3%) 5/38 (13%) 0/11 (0%) 
Week of First Observation 105 88 100 
LifeTableTests(d) P=0.189 P=0.074 P=0.518 
Incidental Tumor Tests (d) P=0.258 P= 0.043 P=0.714 
Cochran-Armitage Trend Test (d) P = 0.579 
Fisher Exact Test (d) P = 0.056 P=0.747 

Thyroid Gland: C-Cell Adenoma 
Overall Rates (a) 4/48 (8%) 3/49 (6%) 2:/46 (4%) 
Adjusted Rates (b) 11.8% 7.4% 12.2% 
Terminal Rates (c) 4/34(12%) 2/37 (5%) 0/11 (0%) 
Week of First Observation 105 88 512 
Life Table Tests (d) P=0.527 P=0.454N P=0.529 
Incidental Tumor Tests (d) P=0.570N P=0.539N P=0.678N 
Cochran-Armitage Trend Test (d) P=0.280N 
Fisher Exact Test (d) P=0.488N P=0.359N 

Thyroid Gland: C-Cell Adenoma or Carcinoma 
Overall Rates (a) 6/48 (13%) 4/49 (8%) 2/46 (4%) 
Adjusted Rates (b) 17.6% 10.1% 12.2% 
Terminal Rates (c) 6/34 (18%) 3/37(8%) 0/11 (0%) 
Week of First Observation 105 88 ~~2 
Life Table Tests (d) P=0.449N P=0.317N P=0.644N 
Incidental Tumor Tests (d) P=0.374N P=0.383N P=0.503N 
Cochran-Armitage Trend Test (d) P=0.108N 
Fisher Exact Test (d) P=0.357N P=0.148N 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 16/50(32%) 17/50 (34%) 8/50 (16%) 
Adjusted Rates (b) 41.3% 40.0% SO.O% 
Terminal Rates (c) 13/35 (37%) 13/38 (34%) <L/11 (36%) 
Week of First Observation 77 79 80 
Life Table Tests (d) P=0.250 P=0.558 1?=0.238 
Incidental Tumor Tests (d) P=0.458N P=0.489 P=0.517N 
Cochran-Armitage Trend Test (d) P=0.046N 
Fisher Exact Test (d) P=O.SOO P=0.050N 

Mammary Gland: Adenocarcinoma 
Overall Rates (a) 1150 (2%) 3/50 (6%) 0/50 (0%) 
Adjusted Rates (b) 2.5% 7.2% 0.0% 
Terminal Rates (c) 0/35 (0%) 1138 (3%) 0/11 (0%) 
Week of First Observation 91 95 
Life Table Tests (d) P=0.636N P=0.351 P=0.670N 
Incidental Tumor Tests (d) P=0.428N P=0.348 P=0.602N 
Cochran-Armitage Trend Test (d) P=0.378N 
Fisher Exact Test (d) P=0.309 P=0.500N 

Mammary Gland: Fibroadenoma or Adenocarcinoma 
Overall Rates (a) 17/50 (34%) 20/50 (40%) 8/50 (16%) 
Adjusted Rates (b) 42.8% 45.2% 50.0% 
Terminal Rates (c) 13/35 (37%) 14/38 (37%) 4/11 (36%) 
Week of First Observation 77 79 80 
Life Table Tests (d) P = 0.263 P=0.464 P=0.296 
Incidental Tumor Tests (d) P = 0.381N P=0.537 P=0.435N 
Cochran-Armitage Trend Test (d) P= 0.032N 
Fisher Exact Test (d) P=0.339 P=0.032N 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF n-BUTYL CHLORIDE (Continued) 

Vehicle Control 60mg/kg 120mg/kg 

Clitoral Gland: Carcinoma 
Overall Rates (a) 3/50 (6%) 1150 (2%) 1150 (2%) 
Adjusted Rates (b) 7.8% 2.6% 9.1% 
Terminal Rates (c) 2/35 (6%) 1138 (3%) 1111 (9%) 
Week of First Observation 85 105 105 
Life Table Tests (d) P=0.471N P=0.281N P=0.720N 
Incidental Tumor Tests (d) P=0.464N P=0.379N P=0.680N 
Cochran-Armitage Trend Test (d) P=0.202N 
Fisher Exact Test (d) P=0.309N P=0.309N 

Clitoral Gland: Adenoma or Carcinoma 
Overall Rates (a) 4/50 (8%) 2/50 (4%) 1150 (2%) 
Adjusted Rates (b) 10.6% 5.3% 9.1% 
Terminal Rates (c) 3/35 (9%) 2/38(5%) 1/11 (9%) 
Week of First Observation 85 105 105 
Life Table Tests (d) P=0.380N P=0.304N P=0.608N 
Incidental Tumor Tests (d) P=0.378N P=0.387N P=0.570N 
Cochran-Armitage Trend Test (d) P=O.ll8N 
Fisher Exact Test (d) P=0.339N P=0.181N 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 12/50 (24%) 16/50(32%) 8/50 (16%) 
Adjusted Rates (b) 30.3% 39.6% 47.5% 
Terminal Rates (c) 8/35 (23%) 14/38 (37%) 4/11 (36%) 
Week of First Observation 85 88 37 
Life Table Tests (d) P=0.090 P=0.352 P=0.133 
Incidental Tumor Tests (d) P=0.250 P=0.284 P=0.440 
Cochran-Armitage Trend Test(d) P=0.206N 
Fisher Exact Test (d) P=0.252 P=0.227N 

Uterus: Endometrial Stromal Polyp or Sarcoma 
Overall Rates (a) 12/50 (24%) 17/50(34%) 8/50(16%) 
Adjusted Rates (b) 30.3% 40.8% 47.5% 
Terminal Rates (c) 8/35 (23%) 14/38 (37%) 4/11 (36%) 
Week of First Observation 85 60 37 
Life Table Tests (d) P=0.088 P=0.280 P=0.133 
Incidental Tumor Tests (d) P=0.313 P=0.218 P=0.440 
Cochran-Armitage Trend Test (d) P=0.208N 
Fisher Exact Test (d) P=O.l89 P=0.227N 

Uterus: Adenocarcinoma 
Overall Rates (a) 3/50 (6%) 2/50 (4%) 0/50 (Q%) 
Adjusted Rates (b) 8.6% 4.7% 0.0% 
Terminal Rates (c) 3/35 (9%) 1/38 (3%) 0/11 (0%) 
Week of First Observation 105 88 
Life Table Tests (d) P=0.229N P=0.462N P=0.382N 
Incidental Tumor Tests (d) P=0.238N P=0.570N P=0.382N 
Cochran-Armitage Trend Test (d) P=0.082N 
Fisher Exact Test (d) P=0.500N P=0.121N 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE FIRST TWO-YJ!:AR GAVAGE 
STUDY OF n-BUTYL CHLORIDE 

Vehicle Control 500mg/kg 1,,000 mglkg 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b) 

1150 (2%) 
3.0% 

4/50 (8%) 
12.7% 

1/50(2%) 
W.O% 

Terminal Rates (c) 
Week of First Observation 

1133 (3%) 
104 

2/27 (7%) 
91 

1/10(10%) 
11:)4 

Life Table Tests (d) P=0.258 P=0.145 P=0.476 
Incidental Tumor Tests (d) P=0.464 P=0.245 P=0.476 
Cochran-Armitage Trend Test (d) P=0.601 
Fisher Exact Test (d) P=0.181 P=0.753 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 14/50 (28%) 12/50 (24%) 7/50(14%) 
Adjusted Rates (b) 35.0% 29.9% 34.5% 
Terminal Rates (c) 8/33 <24%) 2/27 (7%) 2/10(20%) 
Week of First Observation 66 78 55 
Life Table Tests (d) P=0.497N P=0.490N P=0.583 
Incidental Tumor Tests (d) P=0.010N P=0.205N P=0.077N 
Cochran-Armitage Trend Test (d) P=0.058N 
Fisher Exact Test (d) P=0.410N P=0.070N 

Subcutaneous Tissue: Sarcoma 
Overall Rates (a) 2/50(4%) 1150 (2%) 3/50(6%) 
Adjusted Rates (b) 5.8% 3.7% 8.5% 
Terminal Rates (c) 1/33 (3%) 1/27 (4%) 0/10 (0%) 
Week of First Observation 101 104 68 
Life Table Tests (d) P=0.192 P=0.572N F'=0.277 
Incidental Tumor Tests (d) P=0.479 P=0.428N P=0.689 
Cochran-Armitage Trend Test (d) P=0.399 
Fisher Exact Test (d) P=0.500N P=0.500 

Subcutaneous Tissue: Sarcoma, Fibrosarcoma, or Neurofibrosarcoma 
Overall Rates (a) 16/50 (32%) 13/50 (26%) 10/50 (20%) 
Adjusted Rates (b) 39.2% 32.7% 40.1% 
Terminal Rates (c) 9/33 (27%) 3/27 (11 %) 2/10 (20%) 
Week of First Observation 66 78 5·5 
Life Table Tests (d) P=0.429 P=0.425N P=0.412 
Incidental Tumor Tests (d) P=0.019N P=0.144N P=0.094N 
Cochran-Armitage Trend Test (d) P = 0.105N 
Fisher Exact Test (d) P =0.330N P=0.127N 

Subcutaneous Tissue: Fibroma, Sarcoma, Fibrosarcoma, or Neurofibrosarcoma 
Overall Rates (a) 16/50 (32%) 16/50 (32%) 11/50 (22%) 
Adjusted Rates (b) 39.2% 40.3% 417.6% 
Terminal Rates (c) 9/33 (27%) 5/27 (19%) 21/10 (30%) 
WeekofFirstObservation 66 78 ci5 
Life Table Tests (d) P=0.261 P=0.479 P=0.289 
Incidental Tumor Tests (d) P=0.055N P=0.344N P=0.184N 
Cochran-Armitage Trend Test (d) P = 0.160N 
Fisher Exact Test (d) P=0.585 P=O.l84N 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 3/50 (6%) 8/50 (16%) ~V50 (8%) 
Adjusted Rates (b) 9.1% 22.6% 1.8.6% 
Terminal Rates (c) 3/33 (9%) 3/27(11%) l./10 (10%) 
Week of First Observation 104 84 fl5 
Life Table Tests (d) P=0.096 P=0.078 P=0.146 
Incidental Tumor Tests (d) P=0.439 P=0.194 P=0.311 
Cochran-Armitage Trend Test (d) P=0.434 
Fisher Exact Test (d) P=O.lOO P=0.500 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE FIRST TWO-YEAR GAVAGE 
STUDY OF n-BUTYL CHLORIDE (Continued) 

Vehicle Control 500mglkg l,OOOmglkg 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a) 3/50(6%) 2/50(4%) 0/50(0%) 
Adjusted Rates (b) 8.4% 7.4% 0.0% 
Terminal Rates (c) 1/33 (3%) 2/27 (7%) 0/10 (0%) 
Week of First Observation 97 104 
Life Table Tests (d) P=0.268N P==0.584N P=0.338N 
Incidental Tumor Tests (d) P=0.077N P==0.367N P=0.031N 
Cochran-Armitage Trend Test (d) P=0.082N 
Fisher Exact Test (d) P==0.500N P=0.121N 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 6/50 (12%) 10/50(20%) 4/50(8%) 
Adjusted Rates (b) 17.0% 29.0% 18.6% 
Terminal Rates (c) 4/33 (12%) 6/27(22%) 1/10 (10%) 
Week of First Observation 97 84 55 
Life Table Tests (d) P=0.246 P=0.145 P=0.381 
Incidental Tumor Tests (d) P=0.338N P=0.398 P=0.423N 
Cochran-Armitage Trend Test (d) P=0.330N 
Fisher Exact Test (d) P=0.207 P=0.370N 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 0/50 (0%) 3/50(6%) 0/50 (0%) 
Adjusted Rates (b) 0.0% 11.1% 0.0% 
Terminal Rates (c) 0/33 (0%) 3/27(11%) 0/10(0%) 
Week of First Observation 104 
Life Table Tests (d) P=0.345 P=0.087 (e) 
Incidental Tumor Tests (d) P=0.345 P=0.087 (e) 
Cochran-Armitage Trend Test (d) P=0.640 
Fisher Exact Test (d) P=0.121 (e) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 9/50(18%) 9/50 (18%) 0/50(0%) 
Adjusted Rates (b) 26.2% 28.2% 0.0% 
Terminal Rates (c) 8/33 (24%) 6/27(22%) 0/10(0%) 
Week of First Observation 88 86 
Life Table Tests (d) P=O.ll3N P=0.468 P=0.068N 
Incidental Tumor Tests (d) P=0.032N P=0.596N P=0.037N 
Cochran-Armitage Trend Test (d) P=0.004N 
Fisher Exact Test (d) P=0.603N P=0.002N 

Circulatory System: Hemangiosarcoma 
Overall Rates (a) 1150 (2%) 3/50 (6%) 4/50(8%) 
Adjusted Rates (b) 3.0% 8.9% 19.3% 
Terminal Rates (c) 1/33 (3%) 0/27 (0%) 0110 (0%) 
Week of First Observation 104 91 68 
Life Table Tests (d) P=0.028 P=0.272 P=0.044 
Incidental Tumor Tests (d) P=0.380 P=0.552 P=0.360 
Cochran-Armitage Trend Test (d) P=0.133 
Fisher Exact Test (d) P=0.309 P=0.181 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 4/50(8%) 4/50(8%) 5/50(10%) 
Adjusted Rates (b) 12.1% 14.8% 22.2% 
Terminal Rates (c) 4/33 (12%) 4/27 (15%) 1/10 (10%) 
Week of First Observation 104 104 76 
Life Table Tests (d) P=0.069 P=0.530 P=0.115 
Incidental Tumor Tests (d) P=O.l75 P=0.530 P=0.322 
Cochran-Armitage Trend Test (d) P=0.429 
Fisher Exact Test (d) P=0.643N P=0.500 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE FIRST TWO-YEAR GAVAGE 
STUDY OF n-BUTYL CHLORIDE (Continued) 

Vehicle Control 500mg/kg l,OOOmg/kg 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 

9/50(18%) 
23.8% 

10/50 (20%) 
30.2% 

10/50 (20%) 
6!!.8% 

Terminal Rates (c) 5/33 (15%) 6/27 (22%) 5/10 (50%) 
Week of First Observation 83 81 9!! 
Life Table Tests (d) P=0.018 P=0.398 P=O.Ol7 
Incidental Tumor Tests (d) P=0.331 P=0.511N P=0.427 
Cochran-Armitage Trend Test (d) P=0.450 
Fisher Exact Test (d) P=0.500 P=0.500 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 12/50(24%) 13/50(26%) 115/50 (30%) 
Adjusted Rates (b) 31.9% 40.2% 7•U% 
Terminal Rates (c) 8/33 (24%) 9/27 (33%) 6/10(60%) 
Week ofFirst Observation 83 81 715 
Life Table Tests (d) P=0.002 P=0.355 P=0.002 
Incidental Tumor Tests (d) P=0.113 P=0.576N P=0.195 
Cochran-Armitage Trend Test (d) P=0.286 
Fisher Exact Test (d) P=0.500 P=0.326 

Harderian Gland: Adenoma 
Overall Rates (a) 5/50(10%) 3/50 (6%) 0/50{0%) 
Adjusted Rates (b) 15.2% 10.1% 0.0% 
Terminal Rates (c) 5/33 (15%) 2/27 (7%) 0/10 (0%) 
Week ofFirst Observation 104 96 
Life Table Tests (d) P=0.152N P=0.460N P=0.230N 
Incidental Tumor Tests (d) P=0.093N P=0.381N P=0.230N 
Cochran·Armitage Trend Test (d) P=0.023N 
Fisher Exact Test (d) P=0.357N P=0.028N 

(a) Number oftumor-bearing animals/number ofanimals examined at the site 
(b) Kaplan· Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No P value is reported because no tumors were observed in the 1,000 mglkg and vehicle control group:s. 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE SECOND TWO-YEAR GAVAGE 
STUDY OF n·BUTYL CHLORIDE 

Vehicle Control 250mglkg 

Subcutaneous Tissue: Fibroma 

Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Test (d) 

Incidental Tumor Test (d) 

Fisher Exact Test (d) 


Subcutaneous Tissue: Fibrosarcoma 

Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Test (d) 

Incidental Tumor Test (d) 

Fisher Exact Test (d) 


Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 

7.9% 

2/37 (5%) 

103 


8/50 ( 16%) 
17.79& 
2/37 (5%) 
81 

11/50 (229&) 
24.4% 
4137 (11 %) 
81 

12/50 (24%) 
29.89& 
9137 (24%) 
93 

2/50 (4%) 
5.4% 
2137 (5%) 
104 

14/50 (289&) 
34.89& 
11137 (30%) 
93 

7/50 (14%) 
18.2% 
6/37 (16%) 
98 

2/50 (4%) 
5.7% 
2/3fi (6%) 
104 
P=0.528N 
P=0.475N 
P=0.500N 

5/50 (1 0%) 
lUI% 
l/3fi (3%) 
95 
P=II>.301N 
P=II>.172N 
P=II>.277N 

7/5CI (14%) 
17.0% 
3t3e> <9%> 
95 
P=0.257N 
P=0.131N 
P=0.218N 

6/501 (129&) 
16.2:% 
5/315, (149&) 
93 
P=0.121N 
P=0.070N 
P=0.096N 

5/50 (10%) 
12.8% 
3/35 (9%) 
84 
P=0.202 
P=0.200 
P=0.218 

11/50 (229&) 
28.1 '*' 
8/35 (239&) 
84 
P=0.375N 
P=CI.285N 
P=CI.322N 

5/50 (10%) 
13.89& 
4/35 (11 %) 
102 
P=lli.416N 
P=01.353N 
P=0.380N 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE SECOND TWO-YEAR GAVAGE 
STUDY OF n-BUTYL CHLORIDE (Continued) 

Vehicle Control 250mglkg 

Circulatory System: Hemangiosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Test (d) 
Incidental Tumor Test(d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Forestomach: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test(d) 

4/50(8%) 
10.8% 
4/37(11%) 
105 

4/50 (8%) 
10.8% 
4/37 (11%) 
105 

5/50 (10%) 
12.7% 
4/37(11%) 
84 

10/50 (20%) 
23.4% 
6/37 (16%) 
81 

15/50 (30%) 
34.7% 
10/37 (27%) 
81 

0/50(0%) 
0.0% 
0/37 (0%) 

2/50 (4%) 
5.7% 
2/35 (6%) 
104 
P=0.3El2N 
P=0.362N 
P=0.3:19N 

3/50 (6%) 
8.6% 
3/35 (9%) 
104 
P=0.5:31N 
P=0.5:31N 
P=0.500N 

10/50 (20%) 
24.2% 
6/35(17%) 
79 
P=0.124 
P=0.099 
P=0.131 

11150 (22%) 
27.0% 
6/35 (17%) 
91 
P=0.4,64 
P=0.4183 
P=O.fiOO 

21150 (42%) 
47.0% 
12/35 (34%) 
79 
P=O.ll48 
P=O.l09 
P=O.l49 

3/50 (16%) 
8.6% 
3/35 C9%) 
104 
P=0.111 
P=0.111 
P=0.121 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end ofthe study after adjusting for intercurrent mCirtality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the dosed group and the 
vehicle controls. The life table analysis regards tumors in animals dying prior to terminal kill as being (directly or indirectly) 
the cause ofdeath. The incidental tumor test regards these lesions as nonfatal. The Fisher exact test cCimpares directly the 
overall incidence rates. A lower incidence in the dosed group is indicated by (N). 
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TABLE E5. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE FIRST TWO·YEAR GAVAGE 
STUDY OF n·BUTYL CHLORIDE 

Vehicle Control 500mg!kg 

Lung: Alveolar/Bronchiolar Adenoma 

Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week ofFirst Observation 

Life Table Test (d) 

Incidental Tumor Test (d) 

Fisher Exact Test (d) 


Lung: Alveolar/Bronchiolar Carcinoma 

Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Test (d) 

Incidental Tumor Test (d) 

Fisher Exact Test (d) 


Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 
8.6% 
1129 (3%) 
98 

0/50 (0%) 
0.0% 
0/29 (0%) 

3/50 (6%) 
8.6% 
1/29(3%) 
98 

19/50 (38%) 
49.7% 
11/29 (38%) 
77 

1150 (2%) 
3.4% 
1/29(3%) 
105 

2/50(4%) 
6.6% 
1/29 (3%) 
104 

3/50 (6%) 
9.9% 
2/29 (7%) 
104 

6/50(12%) 
18.Ei% 
5/30 (17%) 
76 
P=0.238 
P=0.138 
P=0.243 

4/50 (8%) 
13.~1% 
4/30 (13%) 
105 
P=0.066 
P=0.066 
P=0.059 

9/50 (18%) 
28.3% 
8/30 (27%) 
76 
P=0.063 
P=0.028 
P=0.061 

15/50 (30%) 
45.0% 
12/30 (40%) 
82 
P=0.305N 
P=0.467N 

P=0.264N 

4/50(8%) 
13.3% 
4/30 (13%) 
105 
P=0.187 
P=0.187 
P=0.181 

4/50(8%) 
12.9% 
3/30 (10%) 
104 
P=0.349 
P=0.144 
P=0.339 

8/50(16%) 
25.8% 
7/30(23%) 
104 
P=0.109 
P=0.038 
P=O.lOO 
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TABLE E5. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE FIRST TWO-YEAR GAVAGE 
STUDY OF n-BUTYL CHLORIDE (Continued) 

Vehicle Control 500mglkg 

Pituitary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Harderian Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

12143 (28~) 
39.9~ 
8f25(32~) 
100 

14143 (33~) 
47.0~ 
10/25(40~) 

100 

0/50 (0~) 
0.0~ 
0/29(0~) 

8/46 (1~7~) 
26.3~ 
7f29(2•l~) 
89 
P=0.11)4N 
P=0.3:Z2N 
P=0.1'75N 

9/46(20~) 
29.7~ 
8/29(2:8~) 
89 
P=0.11~8N 
P=0.2:23N 
P=O.t:24N 

3/50(6~) 
10.0~ 
3/30(10~) 
105 
P=0.126 
P=0.126 
P=0.121 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end ofthe study after adjusting for intercurrent mort;ality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the dosed group and the 
vehicle controls. The life table analysis regards tumors in animals dying prior to terminal kill as being (directly or indirectly) 
the cause of death. The incidental tumor test regards these lesions as nonfatal. The Fisher exact test compares directly the 
overall incidence rates. A lower incidence in the dosed group is indicated by (N). 

151 n-Butyl Chloride, NTPTR 312 



TABLE E6. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE SECOND TWO-YEAR GAVAGE 

STUDY OF n-BUTYL CHLORIDE 


Vehicle Control 25Cllmg/kg 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 15.4% 
Terminal Rates (c) 3/26 (12%) 
Week of First Observation 64 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 3.8% 
Terminal Rates (c) 1/26 (4%) 
Week of First Observation 104 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 6/50(12%) 
Adjusted Rates (b) 19.0% 
Terminal Rates (c) 4/26 (15%) 
Week of First Observation 64 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 1150 (2%) 
Adjusted Rates (b) 3.2% 
Terminal Rates (c) 0/26 (0%) 
Week of First Observation 97 
Life Table Test (d) 
Incidental Tumor Test (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 15/50 (30%) 
Adjusted Rates (b) 42.9% 
Terminal Rates (c) 8/26 (31%) 
Week of First Observation 75 
Life Table Test (d) 
Incidental Tumor Test (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 8/50 (16%) 
Adjusted Rates (b) 25.9% 
Terminal Rates (c) 4/26 (15%) 
Week of First Observation 89 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

6/50 (12%) 
14.!l% 
4/31)(11%) 
81 
P=0.596N 
P=0.497 
P=D.500 

3/50 (6%) 
7.5% 
2/3ti (6%) 
81 
P=0.405 
?=0.342 
?=0.309 

8/50 (16%) 
20.2% 
6/36 (17%) 
81 
?=0.580 
?=0.437 
P=0.387 

3/50(6%) 
8.3% 
3/36 (8%) 
104 
P=0.418 
P=0.374 

P=0.309 

15/50 (30%) 
38.3% 
12/36(33%) 
91 
P=Qi.267N 
P=0.507N 

P=0.586N 

4/50 (8%) 
10.4% 
3/36 (8%) 
88 
P=0.083N 
P=0.154N 
P=0.178N 
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TABLE E6. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE SECOND TWO-YEAR GAVAGE 

STUDY OF n-BUTYL CHLORIDE (Continued) 


Vehicle Control 250ml~g 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Forestomach: Squamous Cell Papilloma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

1150 (2%) 
2.4% 
0/26(0%) 
88 

9/50 (18%) 
27.7% 
4/26 (15%) 
88 

3/48 (6%) 
11.5% 
3/26 (12%) 
104 

7/39 (18%) 
29.9% 
6/22 (27%) 
101 

8/39(21%) 
34.3% 
7/22 (32%) 
101 

5/50 (10%) 
13.3% 
4/36 (11 %) 
93 
P=O.l79 
P=O.l24 
P=O.l02 

7/50 (14%) 
17.9% 
5/36 (14%) 
88 
P=0.207N 
P=0.369N 
P=0.393N 

3/49 (6%) 
8.6% 
3/35 (91%) 
104 
P=0.520N 
P=0.520N 
P=0.651N 

7/41 (17%) 
21.9% 
7/32 (2:2%) 
104 
P=0.318N 
P=OA01N 
P=Q.5,75N 

8/41 (2:0%) 
25.0% 
8/32 (2:5%) 
104 
P=0.2:87N 
P=0.3:63N 
P=O.E166N 

(a) Number oftumor-bearing animals/number ofanimals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the dosed group incidence are the P values corresponding to pairwise comparisons between the dosed group and the 
vehicle controls. The life table analysis regards tumors in animals dying prior to terminal kill as being (directly or indirectly) 
the cause of death. The incidental tumor test regards these lesions as nonfatal. The Fisher exact test compares directly the 
overall incidence rates. A lower incidence in the dosed group is indicated by (N). 
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APPENDIX F 


HISTORICAL INCIDENCES OF TUMORS IN F344/N RATS 


AND B6C8F1 MICE ADMINISTERED CORN OIL 


BY GAVAGE 
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TABLE Fl. HISTORICAL INCIDENCE OF PANCREATIC ACINAR CELL TUMORS IN MALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence of 

Adenoma or Carcinoma 


in Vehicle Controls 


Historical Incidence at EG&G Mason Research Institute 

Diglycidyl resorcinol ether 
Diglycidyl resorcinol ether 
1,2-Dichloropropane 
Chlorodibromomethane 

TOTAL 

SD(cl 


Range(dl 
High 
Low 

Overall Historical Incidence 

TOTAL 

SD(c) 


Range(dl 
High 
Low 

2/49 
1149 
1/48 
1150 

(b) 5/196 (2.6%) 
1.02% 

2/49 
1150 

(e) 47/1,086 (4.3%) 
7.37% 

(f) 14/50 

0/50 


(a) Data as ofAugust 3, 1984, for studies of at least 104 weeks 
(b) Includes one acinar cell carcinoma and four acinar cell adenomas 
(c) Standard deviation 
(d) Range and SD are presented for groups of35 or more animals. 
(e) Includes 45 acinar cell adenomas, 1 adenoma, NOS, and 2 acinar cell carcinomas. One ofthe animals that had an acinar cell 
carcinoma also had an acinar cell adenoma. 
(f) Second high, 11/50; third high, 5/49 
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TABLE F2. HISTORICAL INCIDENCE OF URINARY BLADDER TRANSITIONAL CELL TUMORS IN 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

MALE 

No urinary bladder tumors have been observed in 200 male vehicle control animals at EG&G Mason Research Institute or in 
1,070 male vehicle control animals in all NTP studies. 

FEMALE 

No urinary bladder tumors have been observed in 200 vehicle control animals at EG&G Mason Research Institute. 

Overall Historical Incidence 

Number of Animals 
Examined Number ofTumors Diagnosis 

1,060 1 
2 

Papilloma, NOS 
Transitional cell papilloma 

Total 3(0.3%) 

(a) Data as of August 3,1984, for studies of at least 104 weeks. No more than one tumor was observed in any vehicle control 
group. 
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TABLE F3. HISTORICAL INCIDENCE OF ADRENAL GLAND TUMORS IN FEMALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence of 
Pheochromocytoma or Pheochromocytoma, Malignant 

Study in Vehicle Controls 

Historical Incidence at EG&G Mason Research Institute 

Diglycidyl resorcinol ether 3/50 
Diglycidyl resorcinol ether 5/50 
1,2-Dichloropropane 2/49 
Chlorodibromomethane 3/50 

TOTAL 13/199 (6.5%> 
SD(b) 2.49% 

Range (c) 
High 5/50 
Low 2/49 

Overall Historical Incidence 

TOTAL (d) 65/1,093 (5.9%) 
SD(b) 2.99% 

Range(c) 
High 6/50 
Low 1150 

(a) Data as of August 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SO are presented for groups of35 or more animals. 
(d) Includes two malignant tumors, one of which was in an animal also bearing a benign tumor. The reported range is the same 
as for benign tumors only. 
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TABLE F4. HISTORICAL INCIDENCE OF CIRCULATORY SYSTEM TUMORS IN MALE B6C3Ft MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Hemangioma Hemangiosarcoma Hemanj,ioma or 

Hemangiosarcoma 

Historical Incidence at EG&G Mason Research Institute 

Diglycidyl resorcinol ether 1150 0/50 llfiO 
1,2-Dichloropropane 0/50 2/50 2/EiO 
Chlorodibromomethane 0/50 0/50 0/SO 
Bis(2-chloro-1-methy lethy Oether 1/50 1150 1/SO 

TOTAL 2/200 ( 1.0%) 3/200 ll.5%J 4/200 (2.0%) 
SD<bl 1.15% 1.91% 1.6:3% 

Range(c) 
High 1/50 2/50 2/SO 
Low 0/50 0/50 0/50 

Overall Historical Incidence 

TOTAL 5/1,097 (0.5%) 46/1,097 (4.2%) 49/1,09'7 (4.5%) 
SD<bl 0.86% 3.90% 3.75% 

Range(c) 
High 1/50 7/50 7/150 
Low 0/50 0/50 0/150 

(a) Data as of August 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SO are presented for groups of 35 or more animals. 
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TABLE F5. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at EG&G Mason Research Institute 

Diglycidyl resorcinol ether 7/49 
1 ,2-Dichloropropane 7/50 
Chlorodibromomethane 14/50 
Bis<2-chloro-1-methy lethy I)ether 8/50 

TOTAL 36/199 (18.1 %) 
SD<bl 6.68% 

Range(cJ 
High 14/50 
Low 7/50 

Overall Historical Incidence 

TOTAL 140/1,091 02.8%) 
SD(b) 6.82% 

Range(c) 
High 14/50 
Low 0/50 

(a) Data as of August 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SO are presented for groups of35 or more animals. 

7/49 13/49 
11/50 18/50 
10/50 23/50 
5/50 13/50 

33/199 (16.6%) 67/199 (33.7%) 
5.47% 9.44% 

11/50 23/50 
5/50 13/50 

238/1,091 (21.8%) 357/1,091 (32.7%) 
7.75% 9.63% 

19/50 25/50 
5/50 7/50 
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TABLE F6. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN FEMALE BIBC3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at EG&G Mason Research Institute 

Diglycidyl resorcinol ethel' 3/48 0/48 3/48 
1,2-Dichloropropane 0/50 1/50 1/50 
Chlorodibromomethane 2/50 4/50 6/50 
Bis(2 -chloro-1-me thy lethyI)ether 5150 2/50 7/50 

TOTAL 10/198 (5.1 o/o) 7/198 (3.5%> 17/198<8.6%) 
SD<bl 4.19% 3.42% 5.47% 

Range (c) 
High 5/50 4/50 7/50 
Low 0/50 0/48 1/50 

Overall Historical Incidence 

TOTAL 41/1,092 (3.8%) 34/1,092<3.1%) 74/1,092 (6.8%) 
SD(bl 2.65% 2.29% 3.63% 

Range(c) 
High 5/50 4/50 7/50 
Low 0150 0150 1/50 

(a) Data as ofAugust 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of35 or more animals. 
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TABLE F7. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN FEMALE B6C3F1 
MICE ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at EG&G Mason Research Institute 

Diglycidyl resorcinol ether 
1 ,2-Dichloropropane 

3/49 
5/50 

0/49 
1/50 

3/49 
6/50 

Chlorodibromomethane 3/50 2/50 5/50 
Bis(2-chloro-1-methylethy))ether 1/50 0/50 1/50 

TOTAL 12/199 (6.0%) 3/199 (1.5%) 15/199 (7.5%) 
SDCbJ 3.27% 1.91% 4.42% 

Range(c) 
High 5/50 2/50 6/50 
Low 1150 0/50 1150 

Overall Historical Incidence 

TOTAL 45/1,087 (4.1 %) 12/1,087 (1.1 %) 5'7/1,087 (5.2%) 
SD<b> 2.88% 1.60% 3.47% 

Range (c) 
High 5/50 2/50 6/50 
Low 0/50 0/50 0/49 

(a) Data as ofAugusta, 1984, for studies ofat least 104 weeks 
(b) Standard deviation 
(c) Range and SO are presented for groups of35 or more animals. 
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APPENDIX G 


GENETIC TOXICOLOGY OF n-BUTYL CHLORIDE 
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TABLE Gl. MUTAGENICITY OF n-BUTYL CHLORIDE IN SALMONELLA TYPHIMURIUM 

Strain Dose 
(pg/plate) 

-89 
Revertants/(!late (a,b) 

+89 (rat) +89 (hamster) 

TA100 0 
10 
33 

100 
333 
666 

114 ± 3.8 
112 ± 10.6 
131 ± 1.0 
122 ± 7.7 
122 ± 8.0 
119 ± 9.6 

109 ± 6.7 
120 ± 8.1 
118 ± 5.8 
110 ± 9.9 
106 ± 7.8 
93 ± 6.5 

99 ± 3.3 
95 ± 2.9 

105 ± 7.8 
102 ± 3.5 
97 ± 3.5 
91 ± 7.0 

TA1535 0 
10 
33 

100 
333 
666 

24 ± 
25 ± 
24 ± 
29 ± 
27 ± 
23 ± 

3.1 
4.2 
2.0 
3.3 
1.9 
2.6 

10 ± 2.6 
11 ± 1.2 
12 ± 1.2 
8 ± 1.9 

11 ± 2.5 
9 ± 1.9 

12 ± 1.5 
5 ± 0.7 

11 ± 2.6 
9 ± 1.5 
6 ± 0.9 
9 ± 0.9 

TA1537 0 
10 
33 

100 
333 
666 

6 ± 
8 ± 
7 ± 
5 ± 
4 ± 
7 ± 

0.9 
1.8 
2.1 
0.6 
1.2 
1.9 

7 ± 1.5 
7 ± 1.7 
6 ± 1.2 
8 ± 0.9 
6 ± 1.7 
9 ± 1.7 

7 ± 2.8 
9 ± 1.0 
9 ± 2.7 

11 ± 0.6 
8 ± 1.2 

12 ± 1.8 

TA98 0 
10 
33 

100 
333 
666 

20 ± 
17 ± 
20 ± 
19 ± 
13 ± 
11 ± 

1.0 
1.9 
2.0 
2.3 
1.2 
1.2 

18 ± 1.7 
25 ± 4.6 
21 ± 2.6 
24 ± 1.2 
22 ± 3.5 
26 ± 3.6 

24 ± 2.2 
21 ± 3.0 
23 ± 0.9 
22 ± 2.0 
27 ± 3.0 
22 ± 3.8 

(a) The 89 fractions were prepared from the livers of Aroclor 1254-induced male Sprague-Dawlley rats and male Syrian 
hamsters. Cells and test compound or solvent (dimethyl sulfoxide> were incubated for 20 minutes at 37° C in the presence of 
either 89 or buffer. After the addition of soft agar, the contents of each tube was poured onto minimal medium, and the plates 
were incubated at 37° C for 48 hours (Haworth eta!., 1983). The experiment was performed twice, ,each in triplicate; because 
the results were similar, data from only one experiment are shown. 
(b) Mean ± standard error 
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TABLE G2. MUTAGENICITY OF n-BUTYL CHLORIDE IN L5178Y/TK+i- MOUSE LYMPHOMA CELLS 
IN THE ABSENCE OF 89 (a) 

Total Cloning Relative Mutatiion Frequency 
Compound Dose Mutant Clones Efficiency Total Growth (mutants/106 

(!lg/ml) (percent) (percent) clonable cells) 

DMSO 
109 69 100 52 
117 72 100 54 
96 67 100 48 

134 60 100 74 

Methyl Methanesulfonate 

15 	 518 30 22 527 
600 37 25 541 

n-Butyl Chloride 

350 	 128 83 83 52 
113 66 90 57 

400 	 184 94 57 66 
176 84 60 70 

450 	 286 97 50 99 
204 56 44 121 

500 	 769 65 16 394 
255 83 91 103 

550 	 523 52 24 335 
826 64 13 430 

(a) Experiments were performed twice, all doses were tested in duplicate, except the solvent control dimethyl sulfoxide CDMSO), 
which was tested in quadruplicate. Because the results were similar, data from only one experiment are shown. The protocol 
was basically that of Clive et al. (1979). Cells <6 X 105/mll were treated for 4 hours at37° C in medium, washed, resuspended in 
medium, and incubated for 48 hours at 37° C. After expression, 3 X toe cells were plated in medium supplemented with 
trifluorothymidine for selection of cells that were mutant at the thymidine kinase (TK) locus, and 600 cells were plated in 
nonselective medium to determine the percentage of viable cells. 
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TABLE G3. INDUCTION OF SISTER-CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY n-BUTYL CHLORIDE (a) 

-S9(b) +S9(c) 
Dose SCE/Cell Dose :SCE/Cell

(pglml) (pglml) 

DMSO 
10 )..1.1 

n-Butyl Chloride 
500 

1,600 
3,000 
4,000 
5,000 

MitomycinC 
0.001 
0.010 

8.44 

8.04 
9.30 
7.92 
8.38 
9.06 

26.06 
51.00 

DMSO 
10 )..1.1 

n-Butyl Chloride 
1,600 
3,000 
4,000 
5,000 

Cyclophosphamide 
0.3 
2.0 

8.86 

9.14 
8.98 
9.68 
9.64 

10.54 
25.60 

(a) SCE =sister-chromatid exchange; CHO =Chinese hamster ovary 
(b) In the absence ofS9, CHO cells were incubated with test compound or solvent for 2 hours at 37" C. Then BrdU was added, 
and incubation continued for 24 hours. Cells were washed, fresh medium containing BrdU (10 J..l.M) and colcemid (0.1 ).J.g/mll 
was added, and incubation was continued for 2-3 hours. Cells were then collected by mitotic shake-off, treated for 3 minutes 
with KCl (75 mMl, washed twice with fixative, and dropped onto slides and air-dried. Staining was by a modified technique 
(after Perry and Wolff,l974; Goto eta1.,1978J. 
(c) In the presence ofS9, cells were incubated with test compound or solvent for 2 hours at 3r C. Th1m cells were washed, and 
medium containing 10 J..l.M BrdU was added. Cells were incubated for a further 26 hours, with colcemid (0.1 ).J.g/ml) present for 
the final2-3 hours. S9 was from the livers of Aroclor 1254-induced male Sprague-Dawley rats. 

TABLE G4. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTE:R OVARY CELLS 
BY n-BUTYL CHLORIDE (a) 

Dose 
(pg/ml) 

-S9~b~ 
Abs/100 Cells 

(percent cells w/abs) 
Dose 

(pg/mi) 

+ S9 ~c~ 
Abs/100 Cells 

(percE1nt cells w/abs) 

DMSO 
10 )..1.1 1 (1) 

DMSO 
10 )..1.1 5{3) 

n-Butyl Chloride 
1,600 
3,000 
4,000 
5,000 

1 (1) 
3 (3) 
1 (1) 
1 (1) 

n-Butyl Chloride 
1,600 
3,000 
4,000 
5,000 

2(2) 
4(4) 
3 (3) 
2(2) 

Mitomycin C 
0.25 
1.00 

21 (16) 
48(38) 

Cyclophosphamide 
15 
50 

56(42) 
87 (51) 

(a) Abs =aberrations; CHO =Chinese hamster ovary 
(b) In the absence of S9, CHO cells were incubated with test compound or solvent for 8-10 hours at 37" C. Cells were then 
washed, and fresh medium containing colcemid (0.1 ).J.g/m]) was added. After a further 2-3 hours of incubation, cells were 
harvested by mitotic shake-off, fixed, and stained in 6% Giemsa. 
(c) In the presence of S9, cells were incubated with test compound or solvent for 2 hours at 37" C. Cells were then washed, 
medium was added, and incubation continued for 8-10 hours. Colcemid (0.1 ).J.g/mi) was added for the last 2-3 hours of 
incubation; then cells were harvested and fixed as above. S9 was from the livers of Aroclor 1254-indueed male Sprague-Dawley 
rats. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 


I. Identity and Purity Determinations of n-Butyl Chloride Lot No. 7810135-3 Performed 
by the Analytical Chemistry Laboratory 

A. 	 Physical properties 

1. 	 Boiling point: 

2. 	 Density: 

3. 	 Appearance: 

B. 	 Spectral data 

1. 	 Infrared 

Instrument: 

Cell: 

Results: 

2. 	 Ultraviolet/visible 

Instrument: 

Solvent: 

Results: 

Determined 

79° C (visual) 

24d: 0.88214 ± 
25 0.00004(8) g/ml 

Clear, colorless 
liquid 

Perkin-Elmerlnfracord 

Thin film between silver 
chloride plates 

See Figure 7 

Cary 118 

1% Methanol (v/v) 

No absorbance exhibited be­
tween 800 and 220 nm 

LHerature Values 

78') C (CRC, 44th ed.) 

0.884 g/ml (CRC, 
44th ed.) 

Colorless liquid 
(CRC, 44th ed.) 

Identical to literature 
spectrum (Sadtler 
Standard Spectra) 

Consistent with 
structure 
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FIGURE 7. INFRARED ABSORPTION SPECTRUM OF n-BUTYL CHLORIDE (LOT NO. 780135-3) 



APPENDIX H. CHEMICAL CHARACTERIZATION 


Determined 

3. Nuclear magnetic resonance 

Instrument: 

Solvent: 

Assignments: 

Chemical shift (8): 

Integration ratios: 

c. Water analysis (KarlFischer): 

D. 	 Elemental analysis 

Element 

Theory(T) 

Determined (D) 

PercentDtr 

Varian EM360-A 

Neat, tetramethylsilane 
added as an internal 
standard 

See Figure 8 

a m, 1.00 Ja-b =6Hz 
b m, 1.20-1.90 
c t, 3.49 Jb-c = 6Hz 

a 3.03 
b 4.04 
c 1.93 

0.46% ± 0.14(8)% 

c H 

51.90 9.80 

51.64 9.70 
51.80 9.78 

99.7 99.4 

Uterature Values 

Identical to literature 
spectrum (Sadtler 
Standard Spectra) 

Cl 

38~30 

38.29 
38.42 

100.1 
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APPENDIX H. CHEMICAL CHARACTERIZATION 


E. Free acid titration: 25 ± 4(8) ppm (as hydrochloric acid) 

F. Chromatographic analyses: Gas chromatography 

System 1 

Instrument: Varian 3700 
Detector: Flame ionization 
Column: Carbopack C/0.1% SP1000, 1.8 m X 4 mm 10, glass 
Inlet temperature: 250° C 
Detector temperature: 330° C 
Carrier gas: Nitrogen, 70 mllmin 
Sample injected: 5.6 pl of the neat compound, and 1% (v/v) and 0.5% (v/v) to quantitate 
the impurity and check the linearity of detector response 

Results: A major peak preceded by one impurity 

Retention Time Area 
Retention Relative to (ptlrcent of 

Peak No. Time(min) Major Peak ma;jor peak) 

1 9.2 0.81 0.27 
2 11.4 1.00 100 

System2 

Instrument: Perkin-Elmer 3920 
Detector: Flame ionization 
Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport; 1.8 m X 4 mm ID, 
glass 
Inlet temperature: 200° C 
Detector temperature: 260° C 
Carrier gas: Nitrogen, 45 ml/min 
Sample injected: 3.0 pl of the neat compound, and 1.0% (v/v) and 0.5% (v/v) to 
quantitate the impurity and check the linearity of detector respons4~ 

Results: A major peak preceded by one impurity 

Peak No. 
Retention 
Time(min) 

Retention Time 
Relative to 
Major Peak 

Area 
(percent of 
maiorpeak) 

1 
2 

1.8 
2.6 

0.69 
1.00 

0.40 
100 
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APPENDIX H. CHEMICAL CHARACTERIZATION 


G. 	 Conclusions: The results of the elemental analysis for carbon, hydrogen, and chlorine were 
in agreement with theoretical values. The water content by Karl Fischer analysis was 
0.46% ± 0.14(8)%. Free acid titration indicated a concentration of 2S ± 4 ppm (as hydro­
chloric acid). Gas chromatography, with a Carbopack C/0.1% SP1000 column, detected a 
major peak preceded by one impurity with a relative area of 0.27%. A second gas chromato­
graphic system, with a 20% SP2100/0.1% Carbowax 1SOO column, detected a major peak pre­
ceded by one impurity with a relative area of 0.40%. The infrared and nuclear magnetic 
resonance spectra were identical to literature spectra. The ultraviolet and visible spectra 
were consistent with the structure. 

II. 	 Test Chemical Stability Study of n-Butyl Chloride Lot No. 780135-3 Performed by 
the Analytical Chemistry Laboratory 

A. 	 Sample storage: Samples of n-butyl chloride were stored in glass vessols with Teflon®­
lined lids for 2 weeks at temperatures of- 20°, S0 

, 2S0 
, and 60° C. 

B. 	 Analytical method: Samples were analyzed by gas chromatography with the following 
system: 

Instrument: Varian 3700 (autosampler) 
Detector: Flame ionization 
Column: Carbopack C/0.1% SP1000, 1.8 m X 4 mm ID, glass 
Inlet temperature: 2S0° C 
Detector temperature: 330° C 
Carrier gas: Nitrogen, 60 ml/min 
Oven temperature: 110° C 
Retention times: n-butyl chloride--3.4 min; internal standard--7.8 mint 
Sample injected: Samples (1 ml) from each storage temperature were dissolved in 
methylene chloride (100 ml) containing 0.7% pentane internal standard. 

C. Results: The results were compared with the values obtained for the -20° C sample. 

Storage Temperature Percent Recovery 

-20°C 	 100.0 
soc 	 100.0 ± 0.4(8) 

2S°C 	 99.3 ± 0.3(8) 
60°C 	 98.8 ± 1.4(8) 

D. Conclusion: n-Butyl chloride is stable as the bulk chemical for 2 weeks at temperatures up 
to 60° C. 
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APPENDIX H. CHEMICAL CHARACTERIZATIOl'r 


III. 	Test Chemical Stability Study of n-Butyl Chloride Lot No. 780135-3 Performed by 
the Testing Laboratory 

A. 	 Storage conditions 

Bulk: 4° C until2/1180, then 0° C 

Reference: -18° C until12/2/81, then- 20° Cor lower 


B. 	 Analytical methods 

1. 	 Gas chromatography 

Instrument: Varian 1400 
Detection: Flame ionization 
Column: 0.1% SP1000 on Carbopack C, 6ft X 2 mm ID, glass 
Oven temperature program: 50°-170° C (or 190° C) at 6° C/minute 
Inlet temperature: 170°-230° C 
Detector temperature: 205°-240° C 

2. 	 Infrared spectroscopy 

Instrument: Perkin-Elmer Infracord #137 

Cell: Liquid film between silver chloride plates 


C. 	 Results 

1. 	 Gas chromatography 

Percent Purity 
Date Bulk Reference 

02/27179 99.74 99.68 

06/11179 99.69 99.62 

10/03179 99.85 99.76 

02/27/80 99.78 99.76 

06/23/80 99.79 99.76 

10/07/80 99.73 99.75 

02/27/81 99.73 99.74 

04/15/81 99.67 99.70 

08/11181 99.66 99.67 

12/14/81 99.73 99.73 

03/26/82 99.71 99.72 

08/09/82 99.72 

12/13/82 99.73 99.73 

04/29/83 99.73 99.73 


2. 	 Infrared spectroscopy: All bulk spectra were consistent with those of the reference 
sample. 

D. 	 Conclusion: No notable degradation w~s observed during the studies. 
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APPENDIX I. PREPARATION AND CHARACTERIZATION 


I. 	 Room Temperature Stability Study of n-Butyl Chloride (Lot No. 780135-3) in Corn 
Oil Performed by the Analytical Chemistry Laboratory 

A. 	 Sample preparation and storage: n-Butyl chloride (3.0137 ± 0.0001 g) was placed in a 
50-ml volumetric flask and diluted to the mark with corn oil. The chemical dissolved readily 
after manual shaking. The solution concentration was 6.02% w/v. 

As soon as the solution had been prepared, 10 accurately weighed 1.59 g aliquots (the total 
solution weighed 45.804 ± 0.001 g; therefore, each aliquot contain4!d 104.6 mg of n-butyl 
chloride) were removed and sealed in separate 60-ml septum vials. Duplicate aliquots were 
used as initial, or zero-time, samples and for storage for 1, 2, 5, or 7 days. 

B. 	 Sample extraction and analysis: A solution containing an internal reference standard 
was prepared by weighing 1.6092 ± 0.0001 g of n-amyl alcohol, transferring it to a 25-ml 
volumetric flask, and diluting to the mark with absolute methanol. This solution was 
further diluted 10/100 with absolute methanol. The concentration of Jreference standard was 
6.437 ± 0.008 mg/ml. 

To extract each sample aliquot, the septum vial was opened, 25 ml of methanol was added by 
volumetric pipette, and the vial was resealed immediately. The corn oil/methanol mixture 
was manually shaken for 30 seconds and sonicated for 30 seconds; then 10 ml of the 
resulting suspension was decanted into a 12-ml centrifuge tube and centrifuged for 5 
minutes. A portion of the clear, methanolic supernatant solution (3 ml) was transferred to 
an 8.5-ml septum vial, and 3 ml of the internal standard solution was added for subsequent 
analysis by the gas chromatographic system outlined below: 

Instrument: Varian 3700 with CDS 111 microprocessor 
Column: 20% SP2100/10.1% Carbowax 1500 on 100/120 mesh Supelcoport; 1.8 m X 2 
mm ID, glass, silanized 
Detection: Flame ionization 
Temperatures: 

Inlet, 150° C 

Oven, 50° C, isothermal 

Detector, 250° C 


Carrier gas: Nitrogen, 30 mVmin 

Volume of solution injected: 4 ],11 

Retention times: 


Test chemical, 2.5 minutes 
Reference standard, 7.2 minutes 

C. 	 Quality control protocol: Analyses were performed in duplicate with n-amyl alcohol as 
an internal reference standard. Zero-time recovery studies were performed in duplicate at 
the same concentration level as the test samples. Gas chromatographic linearity was 
determined with standard solutions in methanol for the n-butyl chl1()ride and the internal 
reference. 
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APPENDIX I. PREPARATION AND CHARACTERIZATION 


D. Results 

Average Percent 
Chemical Found in 

Storage Time (days) Chemical/Vehicle Mixture (a. b) 

0 (c) 6.6 ± 0.2 
1 6.5 ± 0.2 
2 6.6 ± 0.2 
5 6.6 ± 0.2 
7 6.4 ± 0.2 

(a) Zero-time recovery yield, 87% ± 2%. 
(b) Target concentration ofchemical in corn oil, 6.580% ± 0.001% (w/w) or 6.02% (w/vl 

( c l The error values in this table are average deviations obtained in the analytic measurements of the test solutions. 


E. 	 Conclusion: n-Butyl chloride is stable when dissolved in corn oil at a concentration of 6% 
and stored at room temperature for 7 days. 
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APPENDIX J. METHODS OF ANALYSIS 


I. Testing Laboratory 

Procedure: Dose mixtures were stored at 4° C during the 13-week studies and at 0° C during 
the 2-year studies. 

Duplicate 1-ml samples were extracted with methanol containing 2 mglml of n-amyl alcohol as 
an internal standard. 

Instrument: Varian 1400 
Column: 20% SP2100/0.1% Carbowax 1500 on 100/200 mesh Supelcoport (100/120 
Supelcoport before 6/25/80), 6ft X 2 mm ID, glass 
Detector temperature: 70° C (50° C before 6/25/80) 

II. Analytical Chemistry Laboratory 

A. 	 Preparation of standard spiked corn oil: Two standard solutions of n-butyl chloride 
were prepared independently in methanol. The solutions were diluted with methanol to 
make three or four additional standards. Aliquots (10 or 20 ml) of the five or six standard 
solutions were pipetted into individual septum vials (30 or 35 ml) containing 2 g of unclosed 
corn oil to make spiked corn oil standards bracketing the specified conc:entration range of 
the referee sample. Undosed corn oil (2 g) in a septum vial (30 or 35 ml) was treated with 
methanol (10 or 20 ml) for use as a blank. After the vials were sealed with Teflon•-lined 
septa, the spiked corn oil standards and the corn oil blank were analyzed. 

B. 	 Preparation of referee sample: Three portions (approximately 2 g e1ach) of the referee 
corn oil sample were transferred to individually tared septum vials (30 or 35 ml) and 
weighed to the nearest 0.001 g. Methanol (10 or 20 ml) was pipetted into each vial, the vials 
were sealed, and the samples were analyzed. 

C. 	 Analysis: Vials containing the samples, standards, and the blank Wl!re agitated for 10 
seconds on a vortex mixer and shaken for 15 minutes at maximum strok.e on a wrist-action 
shaker. After being centrifuged for 3 minutes, an aliquot of the methanol layer from each 
vial was combined with an aliquot of internal standard solution (n-amyl alcohol in 
methanol) and diluted with methanol. The solutions were mixed, and the n-butyl chloride 
content was determined by the gas chromatography system described belc•w. 

The samples were determined from the linear regression equation computed from the 
standard data. To obtain the regression equation, peak areas from each injection of the 
spiked corn oil standards were divided by the corresponding internal standard peak areas 
and related to the milligrams of chemical in the respective spiked corn oil standard. 
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APPENDIX J. METHODS OF ANALYSIS 


Instrument: Varian 3700 Gas Chromatograph with Autosampler and Varian CDS 
111-C integrator 
Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 mesh Supelcoport, 
1.8 m X 2 mm 10, glass, silanized 

Detection: Flame ionization 

Inlet temperature: 100° C or 150° C 

Oven temperature: 50° C or 60° C, isothermal 

Detector temperature: 200° C or 250° C 

Carrier gas: Nitrogen, 30 mVmin 

Volume of solution injected: 2 or 3 111 


D. 	 Quality assurance measures: The referee corn oil sample was analyzed in triplicate, and 
the undosed corn oil sample was analyzed once ... Individually spiked portions of undosed corn 
oil (five or six concentrations bracketing the specified concentration range of the referee 
sample), prepared from two independently weighed standards, were used to obtain standard 
data. Triplicate injections of each standard and sample were mad•~ into the gas 
chromatograph in a randomized order. All determinations were related. to an internal 
standard incorporated into the sample solutions. 
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TABLE Kl. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEl!:N·WEEK 
GAVAGE STUDIES OF n·BUTYL CHLORIDE 

Concentration (a) ofn-Butyl Chloride in Corn 011 (mglml} Determined as a 
Date MIJ:ed Target Determined Per,cent ofTarget 

03127n9 

os111n9 

06tosn9 

200 

100 

50 

24 

12 

6 


6 


6 


214.7 
106.5 
51.7 
24.5 
11.4 

(b) 4.0 

(b) 5.3 

5.9 

107 

107 

103 

102 

95 

67 


89 


99 


(a) Results of duplicate analysis 
!b) Out ofspecifications 
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TABLE K2. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 
STUDIES OF n-BUTYL CHLORIDE 

Concentration (a) of n-Butyl Chloride in Corn Oill 
Date Mixed for Taraet Concentration ~mllmll 

20012 24 50 100 

03/11180 11.2 22.4 93.5 192.0 
04123/80 
06/25/80 

11.25 
11.5 

22.0 
22.5 

100.5 
96.0 

200.0 
196.5 

08/07/80 (b) 7.75 
(c) 11.25 

22.5 95.0 203.0 

10/29/80 11.5 22.5 100.0 199.0 
12/10/80 10.9 22.0 102.0 202.5 
03/04/81 11.4 22.8 105.0 206.0 
03/25/81 11.25 22.0 50.0 
05/29/81 11.9 23.8 50.5 99.0 204.9 
07/15/81 10.8 22.3 48.1 100.9 194.5 
09/09/81 11.8 23.8 50.0 102.5 192.5 
12/02/81 11.7 23.1 50.2 102.7 206.9 
01/13/82 10.8 23.3 51.7 97.5 194.5 
03/03/82 49.0 
05/12/82 50.8 
07/14182 49.25 
08/25/82 50.75 
10/27/82 49.0 
12/08/82 50.6 
03/09/83 49.9 

Mean (mglml) 11.1 22.7 50.0 99.8 199.4 
Standard deviation 1.06 0.63 0.95 3.46 5.33 
Coefficient of variation 
(percent) 9.5 2.8 1.9 3.5 2.7 

Range (mglml) 7.75-11.9 22.0-23.8 48.1·51.7 93.5-105.0 192.0-206.9 
Number ofsamples 13 13 13 12 12 

(a) Results ofduplicate analysia 
(b) Out of specifications; not used in the study. 
(c) Remix; not included in the mean. 
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TABLE K3. RESULTS OF REFEREE ANALYSIS IN THE TWO·YEAR GAVAGE 
STUDIES OF n-BUTYL CHLORIDE 

DeterminedConcentra.tion 
Date Mi:led Target Concentration 

(mg/ml} 
Testing 

Laboratory (a) 
Referee 

Laboratory (b) 

06/25/80 
12/10/80 
03/25/81 
12/02/81 
05/12/82 
12/08/82 
03/09/83 

200 
24 
50 
12 
50 
50 
50 

196.5 
22.0 
50.0 
11.7 
50.8 
50.6 
49.9 

188.1 
23.1 
52.2 
11.8 
50.2 
50.1 
48.4 

(al Results of duplicate analysis 
<bl Results of triplicate analysis 
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APPENDIX L. SENTINEL ANIMAL PROGRAM 


I. Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in 
optimally clean facilities to eliminate potential pathogens that may affect test rt!sults. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the •·odents is monitored 
via viral serology on sera from extra (sentinel) animals in the test rooms. Tht~se animals are un­
treated, and these animals and the test animals are both subject to identical environmental condi­
tions. The sentinel animals come from the same production source and weanling groups as the ani­
mals used for the studies of chemical compounds. 

Fifteen B6C3Ft mice and 15 F344/N rats of each sex are selected at the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
are killed at 6, 12, and 18 months on study. Data from animals surviving 24 months are collected 
from 5/50 randomly selected control animals of each sex and species. The blood from each animal is 
collected and clotted, and the serum is separated. The serum is cooled on ice and shipped to Micro­
biological Associates' Comprehensive Animal Diagnostic Service for determinatiion of the viral anti­
body titers. The following tests are performed: 

Hemagglutination 	 Complement 
Inhibition 	 Fbation 

Mice 	 (First Study) 
PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 
GDVII (Theiler's 

encephalomyelitis virus) 
Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai (12, 18, 24 mo) 

Rats 	 PVM 
KRV (Kilham rat virus) 
H-1 (Toolan's H-1 virus) 
Sendai (12, 18, 24 mo) 

II. Results 

Results are presented in Table L1. 

M.Ad. (mouse adenovirus) MHV(1mouse 
LCM (lymphocytic hepatitis virus) (24 mo) 

choriomeningitis virus) 
Sendai (6 mo) 
MHV (6, 12,18 mo) 

RCV (rat corona virus) 
Sendai (6 mo) 
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TABLE Ll. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN 'THE 
TWO· YEAR GAVAGE STUDIES OF n-BUTYL CHLORIDE (a) 

Interval 
(months) 

No. of 
Animals 

Positive Serolotlc 
Reaction for 

RATS 

6 10/10 
10/10 

Sendai 
RCV 

12 6/10 
9/10 

Sendai 
RCV 

18 5/9 
419 

Sendai 
RCV 

24 8110 
3/10 

Sendai 
RCV 

MICE First Study 

6 8110 Sendai 

12 1/10 Sendai 

18 4110 Sendai 

24 3/5 MHV 

Second Study 

6 None positive 

12 None positive 

18 None positive 

24 619 MHV 

(a) Blood samples were taken from sentinel animals at 6,12, and 18 montha after the start of dosing and 1rrom the vehicle control 
animals just before they were killed; samples were sent to Microbiolol(ical Auociatn, Inc. (Betbelda, MI» for the Animal 
Disease Screening Program. 
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APPENDIX M 


INGREDIENTS, NUTRIENT COMPOSITION, AND 


CONTAMINANT LEVELS IN 


NIH07 RAT AND MOUSE RATION 


Meal Diet: December 1979 to January 1983 

(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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TABLE Ml. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percent by Weigblt 

Ground #2 yellow shelled corn 24.50 
Ground hard winter wheat 23.00 
Soybean meal (49% protein) 12.00 
Fish meal (60% protein) 10.00 
Wheat middlings 10.00 
Dried skim milk 5.00 
Alfalfa meal (dehydrated, 17% protein) 4.00 
Corn gluten meal (60% protein) 3.00 
Soy oil 2.50 
Brewer's dried yeast 2.00 
Dry molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitamin and mi Jrall 0.25 

(a) NIH,1978; NCI, 1976 
(b) Ingredients should be ground to pass through a U.S. Standard Screen No. 16 before bein1r mixed. 

TABLE M2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 

Ds 

Ks 

d-a·Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
812 
Pyridoxine 
Biotin 

Minerals 

Iron 

Manganese 

Zinc 

Copper 

Iodine 

Cobalt 


5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 

30.0g 
18.0g 
3.4g 

10.0g 
4,000 Ill 

1.7g 
140.0mg 

120.0 g 
60.0 g 
16.0 g 
4.0g 
1.4g 
0.4g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione activity 

Choline chloride 

d-Calciwn pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 lb) of finished product 

n.-Butyl Chloride NTP TR 312 192 



TABLE M3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Nutrient Mean ± Standard Deviation Range Number of Samples 

Crude protein (percent by weight> 24.23 ± 0.99 22.6-26.3 36 
Crude fat (percent by weight> 5.01 ± 0.44 4.2-6.0 36 
Crude fiber (percent by weight) 3.35 ± 0.49 1.4-4.3 36 
Ash (percent by weight) 6.71 ± 0.38 6.0-7.4 36 

Essential Amino Acids (percent or total diet) 

Arginine 1.260 1.21-1.31 2 
Cystine 0.395 0.39-0.40 2 
Glycine 1.175 1.15-1.20 2 
Histidine 0.553 0.530-0.576 2 
Isoleucine 0.908 0.881-0.934 2 
Leucine 1.905 1.85-1.96 2 
Lysine 1.250 1.20-1.30 2 
Methionine 0.310 0.306-0.314 2 
Phenylalanine 0.967 0.960-0.974 2 
Threonine 0.834 0.827-0.840 2 
Tryptophan 0.175 0.171-0.178 2 
Tyrosine 0.587 0.566-0.607 2 
Valine 1.085 1.05-1.12 2 

Essential Fatty Acids (percent or total diet) 

Linoleic 2.37 1 
Linolenic 0.308 1 
Arachidonic 0.008 1 

Vitamins 

Vitamin A (IU/kg) 10,589 ± 2,042 6,700-17,000 36 
Vitamin 0 (IU/kg) 6,300 1 
a-Tocopherol (ppm) 37.6 31.1-44.0 2 
Thiamine (ppm) 16.2 ± 0.428 7.8-23.0 (b) 35 
Riboflavin (ppm) 6.9 6.1-7.4 2 
Niacin (ppm) 75 65-85 2 
Pantothenic acid (ppm) 30.2 29.8-30.5 2 
Pyridozine (ppm) 7.2 5.6-8.8 2 
Folic acid (ppm) 2.1 1.8-2.4 2 
Biotin (ppm) 0.24 0.21-0.27 2 
Vitamin 8 12 (ppb) 12.8 10.6-15.0 2 
Choline (ppm) 3,315 3,200-3,430 2 

Minerals 

Calcium (percent> 1.28 ± 0.17 0.81-1.6 24 
Phosphorous (percent) 0.99 ± 0.08 0.82-1.10 24 
Potassium (percent) 0.809 0.772-0.846 2 
Chloride (percent) 0.557 0.479-0.635 2 
Sodium (percent) 0.304 0.258-0.349 2 
Magnesium (percent) 0.172 0.166·0.177 2 
Sulfur (percent) 0.278 0.270-0.285 2 
[ron(ppml 418 409-426 2 
Manganese (ppm) 90.8 86.0-95.5 2 
Zinc(ppm) 55.1 54.2-56.0 2 
Copper (ppm) 12.68 9.65-15.70 2 
Iodine (ppm> 2.58 1.52-3.64 2 
Chromium (ppm) 1.86 1.79-1.93 2 
Cobalt (ppm) 0.57 0.49-0.65 2 

(alOne or two batches of feed analyzed for nutrients reported in this table were manufactured in J anwlry and/or April1983. 
(b) One batch (7/22/81) not analyzed for thiamine 
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TABLE M4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Mean ± Standard 
Contaminant Deviation Range No. of Samples 

Arsenic (ppm l 0.41 ± 0.17 <0.05·0.93 36 
Cadmium (ppm) (a) 0.11 ± 0.06 <0.05-0.40 36 
Lead(ppml 0.97 ± 0.64 0.27-2.93 36 
Mercury (ppm> <bl < 0.05 
Selenium (ppm) 0.27 ± O.Q7 0.10-0.48 36 

Aflatoxins (ppbl (b,c) <10 <5.0·10.0 36 

Nitrate nitrogen (ppm) (d) 8.18 ± 4.48 <0.1-18.0 36 
Nitrite nitrogen (ppm) <dl 1.84 ± 1.23 <0.1-5.3 36 
BHA Cppml (e,f) 4.33 ± 4.72 <0.2-20.0 36 
BHT (ppm) (e) 3.21 ± 2.35 < 1.0-7.6 36 

Aerobic plate count <CFU/g) 105,483 ± 91,644 7,000-320,000 36 
Coliform <MPN/g) 835 ± 944 <3-2,400 36 
E. Coli <MPN/g) (g) 6.4 ± 6.0 <3-23 35 
E. Coli (MPN/g) (h) 10.3 ± 24.8 <3-150 36 

Total nitrosamine& (ppbl (i,j) 5.59 ±4.93 0.9-18.8 34 
Total nitrosamines (ppbl (i,k) 11.22 ± 24.19 0.9-118.4 36 
N-Nitrosodimethylamine (ppbl (i,j) 4.83 ± 4.75 0.7-16.0 34 
N-Nitrosodimethylamine (ppbl (i,k) 10.39 ± 23.90 0.7-117.0 36 
N-Nitrosopyrrolidine (ppb) (1) l.U5 ± 0.74 <0.3-3.2 35 

Pesticides (ppm) 

Alpha-BHC (b,m) <0.01 36 

Beta-BHC (b) <0.02 36 

Gamma-BHC-Lindane (b) <0.01 36 

Delta-BHC (bl <0.01 36 

Heptachlor (b) <0.01 36 

Aldrin (b) <0.01 36 

Heptachlor epoxide (b) <0.01 36 

DDE(b,n) <0.01 0.05 (7/14/81) 36 

DDD(bl <0.01 36 

DDT<bl <0.01 36 

HCB<b> <0.01 36 

Mirex(bl <0.01 36 

Methoxychlor <b,o) <0.05 0.13 (4126/82) 0.6 (6/24/82) 36 

Dieldrin (bl <0.01 36 

Endrin (bl <0.01 36 

Telodrin <b> <0.01 24 

Chlordane <bl <0.05 26 

Toxaphene <bl <0.1 36 

Estimated PCB's (b) <0.2 36 

Ronnel(bl <0.01 36 

Ethion(b) <0.02 36 

Trithion (b) <0.05 36 

Diazinon (b,n) <0.1 0.1 (4127/81) 36 

Methyl parathion (b) <0.02 36 

Ethyl parathion (b) <0.02 36 

Malathion (pl 0.09 ± 0.06 <0.05-0.25 36 

EndosuJfan I (b) <0.01 14 

EndosuJfan II (b) <0.01 14 

EndosuJfan sulfate (bl <0.03 14 
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TABLE M4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 

(a) Three batches contained more than 0.1 ppm. 
(b) All values were less than the detection limit, which is given in the table as the mean. 
(c) Detection limit was reduced from 10 ppb to 5 ppb after 7/81. 
(d) Source of contamination: Alfalfa, grains, and fish meal 
(el Source of contamination: Soy oil and fish meal 
<0 Six batches contained less than 0.5 ppm. 
(g) Excludes one very high value of150 obtained in the batch produced on 8/26/82. 
(h) Includes the high values listed in footnote (g). 
(i) All values were corrected for percent recovery. 
(j) Mean, standard deviation, and range exclude two very high values in the range of95.6 and 118.4 ppb obtained in batches 

produced on 1126/81 and 4127181. 

(k) Mean, standard deviation, and range include the high values listed in footnote (j). 

(!)Not detectable on 6124182 

(ml BHC =hexachlorocyclohexane or benzene hexachloride 

(nl One observation was above the detection limit. The value and the date it was obtained are listed under the range. 

(o) Two observations were above the detection limit. The values and the dates are listed under the range. 

(pi Fourteen batches contained more than 0.05 ppm. 
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APPENDIX N. DATA AUDIT SUMMARY 


The experimental data and pathology materials for the toxicology and carcinoitenesis studies of n· 
butyl chloride in F3441N rats and B6C3Ft mice were audited for completeness, consistency, and ac· 
curacy and for procedures consistent with Good Laboratory Practice requirement.s. The experimental 
data audit was conducted by Argus Research Laboratories, Inc., in November 1984 and April 1985. 
Audit team members were Dr. J. Goeke, Dr. A. Haberman, Ms. C. Veigle, Dr. D. Copeland, Mr. M. 
Pielmeier, and Ms. R. Joftes. The first and second studies on n-butyl chloride were initiated at EG&G 
Mason Research Institute as follows: rats, started in March 1980 and completed in March 1982; first 
mouse study, started in February 1980 and completed in February 1982; second mouse study, started 
in March 1981 and completed in March 1983. The studies were started before the October 1981 NTP 
requirements for full compliance with Good Laboratory Practices regulations. 

The full report of the audit of these studies is on file at the NIEHS, Research Triangle Park, North 
Carolina. The audit consisted of a review of the records for the in-life portion of the studies, including 
clinical observations and body weight data for 10% of the animals, and all of thE! environmental and 
mortality records; a review of all chemistry data, including chemical characterization, bulk chemical 
analysis, and characterization of dose mixtures; and a review of pathology data. All Individual Ani· 
mal Pathology Data Records for rats and mice were reviewed for correlation of ~rross lesions and mi· 
croscopic diagnoses. Ten percent of wet tissues were reviewed for animal id1entification and un­
trimmed lesions, and a complete slide/block match for both sexes of rats and mit:e was performed on 
the high dose and vehicle control groups. 

The review of the toxicology data found minor discrepancies in the documentatio111 of clinical observa­
tions. Several temperature and humidity readings outside the accepted range occurred during the 
studies. A review of the available chemistry data found no discrepancies. A review of the pathology 
data found no substantial problems or discrepancies. Animal identification was good; however, 
because of mutilated or missing ears, the following mice could not be identifi1ed: three high dose 
males, one vehicle control female in each study, and one dosed female in each study. The tissue bag 
for high dose male rat no. 39 was missing. Four blocks were missing for rats (one vehicle control fe­
male and three high dose females) and five for mice (one vehicle control female in each study, one 
dosed female in the second study, and a vehicle control male and a dosed male in the second study). 
One slide from each of two rats (vehicle control male, high dose female) and four mice (vehicle control 
male and female and two high dose males) were missing. Seven slide/block matches were uncertain 
(three vehicle control male rats, two vehicle control male mice, and two dosed male mice in the second 
study). A few untrimmed lesions were found in wet tissues of rats and mice. The untrimmed lesions 
were not in target organs. The slides were read, and the diagnoses of three neo]plasms in mice were 
included in thermal tables of this report. 

A few discrepancies between gross and microscopic diagnoses of lesions were nc>ted; these were dis­
tributed among dose groups and tissues and were determined to have no impac:t on the final inter­
pretation of the studies and therefore were not pursued. 

In summary, a few discrepancies were found during the audit; some that were considered not to affect 
the interpretation of the studies were not necessarily pursued to final conclusion but are listed in the 
final audit report. The data presented in this Technical Report are considered adequate to support 
the conclusions of the studies. 
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