


FOREWORD 


The National Toxicology Program (NTP) is made upof four  charter agencies of the U.S. Department of 
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health;  the 
Ni3tional Institute of Environmental Health Sciences (NIEHS), National Institutesof Health;  the National 
Center for Toxicological  Research (NCTR), Food and Drug Administration; and the National Institutefor 
Occupational Safety and Health (NIOSH), Centers for Disease  Control. In July 1981, the Carcinogenesis 
Bioassay Testing Program, NCI, was transferred to the  NIEHS. The NTP coordinates the relevant 
pr'ograms, staff, and resources from these Public Health Service agencies relatingto basic  and applied 

/research and to biological assay development and validation. 

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

The studies described in this.Technica1 Report were performed under the directionof the NIEHS and were 
conducted in compliance  with NTP laboratory health and safety requirements and must meetor exceed  all 
applicable federal, state, and local health and safety regulations. Animal care and use were in accordance 
with the Public Health Service Policy on Humane Care and Useof Animals.  The prechronic and chronic 
shldies were conducted in compliance with Food and Drug Administration (FDA) Good Laboratory Practice 
Regulations, and all aspects of the chronic studies were subjected to retrospective quality assurance audits 
before being presented for public  review. 

These studies are designed  and conducted to characterize  and evaluate the toxicologic potential, including 
carcinogenic activity, of selected  chemicals in laboratory animals (usuallytwo species, rats and mice). 

, Chemicals selected for NTP  toxicology and carcinogenesis studies are chosen primarily on the basesof 
human exposure, level of production,  and chemical structure. The interpretive conclusions presented in this 
Technical Report are based  only on the results of these  NTP studies. Extrapolation of these  results to other 
species and quantitative risk analyses of thesefor humans  require wider analyses beyond the purview 

shldies. Selection per se is not an indicator of a chemical's  carcinogenic potential. 


These NTP Technical Reports are availablefor sale  from the National Technical Information Service, 
U..S.Department of Commerce,  5285 Port Royal Road,..Springfield, VA 22161  (703-487-4650). Single 
copies of this Technical Report are available  without charge while supplies last from NTP Central Data 
Management, NIEHS, P.O. Box 12233, MD El-02, Research  Triangle Park, NC 27709  (919-541-3419). 
Listings of all  published NTP reports and ongoing studiesarealso available from NTP Central Data 
Management. The Abstracts  and other study information for 2-year  studies are also  available at the  NTP's 
World Wide Web site: http://ntp-server.niehs.nih.gov. , 
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BWWL BIENZWL P W T r n A r n  

CAS NO.85-68-7 

Chemical Formula: C,&o04 Molecular Weight: 312.39 

Synonyms: A13-14777; BBP; 1,2-benzenedicarboxylic acid butyl phenylmethyl ester(WI);b e n z y l  n-butyl phthalate; 
n-butyl benzyl phthalate; butyl phenylmethyl1,2-benzenedicarboxylate;phthalic acid benzyl butyl ester (8CI) 

Trade names: PalatinolBB; Santicizer 160;Sicol 160;  Unimoll BB 

Butylbenzylphthalateisaplasticizeradded to 
polymers to give  flexibilityand softness. It is  used 
extensivelyinpolyvinylchlorideandincellulose 
plastics,polyvinylacetate,polysulfides,andpoly-
urethane.Butylbenzylphthalatewasnominatedas 
part of a  class study of  phthalates. Previous studies of 
butyl benzyl phthalate by the NTP(1982a) resulted in 
chemical-related mortality in male rats beginning at 
about 14 weeks of exposureand,thus,were 
inadequate for evaluating carcinogenicityin male rats. 
The companion studies revealed a marginal increase 
inleukemiainfemaleratsandnoevidence of 
carcinogenicityinB6C3F,mice.Consequently,the 
present evaluations were conducted only in F344/N 
rats. Male and female F344/N rats were given butyl 
benzylphthalate(atleast 97% pure)infeed for 
10 weeks, 26 weeks, or 2 years. Genetic toxicology 
studies were conducted in Salmonella typhirnuriurn, 
L5178Y mouselymphoma cells, cultured  Chinese 
hamster ovary cells, mouse  bone marrow cells, and 
Drosophila rnelanogaster. 

no-wEEK M O D I ~ Dm m ~SWY 
m m T s  
Groups of 15 male F344lN rats were given 0,300, 
2,800,or 25,000 ppm butyl benzyl phthalate (equiva-
lent to average daily doses of approximately20, 200, 
or 2,200mg butyl  benzyl phthalatekg body  weight) 
in feed for 10 weeks. All rats survived to the  end of 
thestudy.Thefinalmeanbodyweightandbody 
weightgain of the 25,000 ppmgroupwere 
significantlyless than those of  the controls.Feed 
consumptionby the 25,OOOppm group was less than 
that by  the controls  at the end of  the study. A few 
minimal changes in thehematology occurred 
25,000ppm male rats. There was some evidence of 
a minimalanemiacharacterized by,a decreased 
erythrocytecountandincreasesinmeancell 
hemoglobinandplateletcount.Theabsoluteand 
relativeprostateglandweights of the 25,OOO ppm 
malesweresignificantlylessthanthoseofthe 
controls. of seminiferousDegeneration the 
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tubulegenninal epithelium  was observed in all males quantitativelysimili to those observed in males in the 
from the 25,OOO ppm  group.Theabsoluteright 10-week modified mating study:
cau.da, right epididymis, and right testis weights of the 
25,000 ppm males were significantly less than those 
ofthecontrols.epididymalThe spermatozoal 
concentrations in 2,800 and 25,000 ppm  males were 
significantly less than that in the controls. Although 
10 females mated to 25,000ppm males were initially 
found to be  spermpositive;none of these  females 
werepregnant at necropsy.  Thefertilityindicesof 

- mal.esandfemalesinthe25,000ppmgroupwere~ 

Significantlylowerthanthose of. the  controls.The 
maternal body weights of females mated to 300  and 
2,800 ppm  males were similar to those of females. 
mated to control  males.Therewerenosignificant 
differences in litter  data between the controls and the 
300 and 2,800 ppm  groups. 

26-WEEK STUDY IN RATS 

Groups of  15 male F344/N rats were given 0, 300, 

900, 2,800, 8,300, or 25,000 ppm  butylbenzyl 

phthalate in feed for 26 weeks. Dietary levels of 300, 

'900, 2,800, and 8,300 ppm  delivered average daily 
doses of approximately 30,60, 180,  and550 mg butyl 
benzyl ' phthalate/kgbodyweight.Thefinalmean 
body weight and body weight gain of the 25,000 ppmHematology and HormoneAssays.
malesweresignificantlylessthanthose ofthe 
controls:,Except for the  25,000ppmmales,feed 
consumption by all exposed groups wassimilar to that 
bythecontrols. Anexposure-relatedmacrocytic 

+' responsiveanemiawaspresentinthe25,000ppm 
" groupat points.Additionally,minimalalltime 

erythrocyte count decreases occurred sporadically in 
the2,800and 8,300 ppm  groupsatvarioustime 

.. 	points. Reticulocytecountswereincreased on 
days 60 ~d 90. Increases. in mean cell hemoglobin 
and mean cell hemoglobin concentrations occurred .in 
the 8,300 and 25,000 ppm  rats. The absolute right 
cauda, right epididymis, and right testis weights and 
the sperm concentration of 25,000  ppm males' were 
significantlylessthanthose ofthe controls.The 
incidences of -hypospermia  and of atrophy of  the 
seminiferous tubulehi the testis and of hypospermia 
intheepididymisin25,000ppmmaleswere 
significantlygreaterthanthoseinthecontrols. 
Degenerativechanges,ofthetestisandepididymis 
inthe 25,000 ppm  maleswerequalitativelyand 

2-YEARsTUDY INRATS ;' . 

Groups of 60male F344/N  rats were given0 ,  '3,OOO, 
6,OOO, or 12,OOO ppm  butyl benzyl phthalate (equiva-
lent to average daily doses of approximately 120,' 240, 
or 500 mg butyl  benzyl phthalate/@ body weight), 
and groups of'60 female  F344/N rats were given 0, 
6,OOO,12,OOO, or 24,OOO ppm  butyl benzyl phthalate 
(equivalent to average  daily doses of approximately 
300, 600, or 1,200 mg/kg) in, feed for 2  years. 

Survival, Body Weights, 
and Feed Consumption 
Survival of all exposed groups of male and  female rats 
wassimilartothat of the contiols. 'Mean body 
weights of the 12,000 ppm males ' and 24,000 ppm 
femaleswerelessthanthoseofthe ,controls 
throughout most of the  study; .Feed consumption by 
the females exposed to 24,OOO ppm  was less  than that 
by the controls at the beginning of the study, but was 
similar to that  by the controls by week 6. , 

,-

Ingeneral,hematologychangesweresporadic and 
.	 .

minor. At 6 months, a minimal decrease in erythro- 
cyte count and an increase in mean cell hemoglobin, 
similar to that which occurred in the 26-week study, 
occurred in male rats in the .12,000 ppm group. -In 
female rats, a decreased hematocrit value occurred at 
15 months in the 24,000  ppm group. There was.also 
a mild decrease  in triiodothyronine concentrations in 
the 24,OOO ppm  females at6 and 15 months and at the 
end of the  study. 

Pathology Findings
At 2  years, ,the incidences  of ,pancreatic acinar cell. 
adenoma and. adenoma  or carcinoma (combined) in 
12,000ppmmalesweresignificantly greater than 
those in the controls. The incidences of adenoma and 
of adenoma or carcinoma  (combined) in 12,000 ppm 
males exceeded the ranges 9f historical controls from 
NTP2-yearfeedstudies.Onecarcinomawas 
observed in one 12,OOO ppm  male, and two adenomas 
wereobservedin24;000ppmfemales.At2 years, 
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the incidence of focal  hyperplasia of  the pancreatic 
acinarcellin 12,OOO ppm  maleswassignificantly 
greater than that in the controls. 

At 2  years, transitional epithelial papillomas in the 
urinary bladder were observed in one control female 
and- in two 24,OOO ppm  females. The incidence of 
this neoplasm exceeded the range of historical controls 
fromNTP2-yearfeedstudies.Theincidence 
trapsitionalepithelialhyperplasiain24,000 
femaleswassignificantlygreaterthanthatinthe 
controls. 

of 

resultswerealsoobtainedin in vitro studies of 
mammaliancellsystemswithandwithout S9. No 
induction of trifluorothymidine resistance inL5 178Y 
mouse lymphoma cells or sister chromatid exchanges 
andchromosomalaberrationsinculturedChinese 
himster ovary cells were observed. These assays also 
were conducted with and withoutS9.  

No significant increase in sex-linked recessive lethal 
mutationswasobservedingermcellsofmale 

ppm 	 Drosophila melanogastet after administration of butyl 
benzyl phthalate either in feed orby injection. 

In contrast to the negative results obtainedin vitro and 
in Drosophila, butyl benzyl phthalate gave positive 

Theabsoluterightkidneyweight of 12,000 ppm responses intwo in vivo.studies with mice. Results of 
females and the relative right kidney weights of all a mouse  bone marrow sister chromatid exchange test 
exposed groups of  males and of 24,000 ppm females were positive at sample times of23 and 42 hours, but 
were significantly greater than those of the controls atnoconfirmatorytestwasconducted.Chromosomal 
the15-monthinterimevaluation.Theseverities of 
r e d  tubule  pigmentation in 12 ,W ppm  males and in 
24,000 ppm females were greater than those in the 
controls at 15 months and 2 years. At 2  years, the 
incidences of  kidneymineralizationin 6,000 and 
24,000 ppm  females were significantly less than that 
inthecontrols,andtheseverity was decreased.  in 
exposedfemales.Theincidenceofpreputialgland 
adenoma or carcinoma  (combined)in12,000ppm 
male rats was significantly less than in the controls, 
and the incidences occurred with a negative trend. 

GErnTlIC TomColLoGY 
Resultsfrom in vitro mutagenicitytestswithbutyl 
benzylphthalatewereuniformlynegative. No 
mutagenic response was  obtainedinanyofseveral 
strains of Salmonella typhimunum treated with up to 
11,550 pg/plate  butylbenzylphthalate,withor 
without S9 metabolicactivationenzymes.Negative 

aberrationswereinduced.inbonemarrowcells of 
malemicesampled17hoursafterintraperitoneal 
injection of 5,000 mgkg butyl  benzyl phthalate. 

CoNclLnrslIoNs 
Under the conditions of this  2-year feed study, there 
was some evidence of carcinogenic activiry" of butyl 
benzyl phthalate in male F344/N rats based on the 
increased incidences of pancreatic acinar cell adenoma 
and of acinar cell adenoma or  carcinoma (combined). 
There was .equivocal evidenceof carcinogenic activity 
of butyl  benzyl phthalate in female344/N rats based 
on the marginally increased incidences of pancreatic 
acinarcelladenomaand 'of transitional  epithelial 
papilloma of the urinary  bladder. 

Exposure of rats to butyl benzyl phthalate in feedfor 
2 years resultedin focal hyperplasiain the pancreas in 
male rats and in transitional epithelial hyperplasia in 
the urinary bladderof female rats. 

. .  

* 	 Explanation of Levels of Evidence of Carcinogenic Activity is on  page 9. A,summary of the Technical Reports Review Subcommittee 
comments and the public discussion on this Technical Report appearson page 11 .  
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Suunmary of the'2-YearCarcinogenesis and Genetic Toxicology Studies of Butyl Benzyl Phthalate 

Male 
F344/NRats 

-
Doses 	 0. 3 .W:  6,OOO, or 12,OOOppm in feed 

LBodyweights 12,OOOppmgroupless thancontrolgroup 

%Year survival 28/50. 20150, 22\50, 22/50 
rates 

Nonneoplastic 	 focal (4150,9/50,hyperplasia 7/49,
12/50)effects 

, . 

Neoplasticeffects ' -: a c h r  cell  adenoma (3150,2/49,3/50. None 
' 	 1060);acinar cell adenoma or carcinoma(3150, 
2/49,3/50, 11/50) 

Level of evidence Someevidence 
of carcinogenic 
activity 

Genetic toxicology 
Salmonella typhik ium gene mutations: 

L5178YMouse lymphomagene mutations: 
Sister chromatid exchanges 

Cultured Chinese hamster ovary cellsin vitro: 
Mouse bone -ow in vivo: 

Chromosomal aberrations 
Cultured Chinese hamster ovary cellsin vitro: 
Mouse bone marrow in vivo: 

Sex-linked recessive lethal mutations 
Drosophilamehogaster: 

Female 

F344/NRats 


. . 

. .,. 
0, 6,OOO, 12,OOO,or 24,OOOppm in feed 

24,OOOppm group less than control group 

25\50, 29/50, 29/50, 29/50 

Urinarvbladder:epithelialtransitionalhyperplasia 
(4/50,0/50, 1/50, 10150) 

PancreaS: acinar cell adenoma (0150,0/50, 0150, 
2/50)
yrinarv w:transitional epithelial papilloma 
(1/50, O/SO, 0150, 2/50) 

Equivocal evidence 

Negative in strains TA98,T A W ,TA1535,and TA1537with 
and without S9 
No induction of trifluorothymidine resistance 

Negative with and withoutS9 
Weakly positive at 23 and 42hours 

Negative with and withoutS9 
Positive at 17 hours; negative at 36 hours 

No induction of sex-linked recessive lethal mutations 



The National Toxicology Program describes the results of individual experiments, ona chemical  agentand notes the strength of the evidence 
for conclusions regardii each  study. Negative results, in which the studyanimals do not have a greater  incidence of neoplasia than control 
animals, do not  necessarily mean thata chemical  is not a carcinogen,  inasmuchas the experiments are conducted  under a limited  set of 
comlitions. Positive results demonstrate that a chemical  is carcinogenic for  laboratoryanimalsunder the conditions of the study and indicate 
that exposureto the chemicalhas the potential for hazard to humans. Other organizations, such as theInternationalAgency for  Research on 
Cancer, assign a strength  of evidence for conclusions  based on an examination of all available evidence, includinganimal studies such as those 
conducted by the WIT, epidemiologic studies,and estimates of exposure.  Thus, the actual determination of  risk to humans from  chemicals 
found to be carcinogenic in laboratoryanimals requiis a wider  analysis that extends beyond the purview of these studies. 

Five categories of  evidence of carcinogenic activity are used  in the Technical Report series to summarize the strength of the evidence 
observed in each experiment: two categories for positive results( c l e a r  evidence and some evidence);one category for uncertainf indis  
(quivwral evidence); one category for no observable effects(no evidence);and one category for  experiments that cannotbe evaluated 
because of major flaws (inadequate study). These categories of interpretative conclusions were first adopted  in June 1983 and then revised in 
March 1986 for use in the Technical Report series of evidence  of carcinogenicto incorporate more specifically the concept of actual weight 
activity. For each separate experiment (male rats, female rats, male mice, female mice), oneof the following five categories is selected 6 
describe the findings. These categories referto the strength of the experimental evidence and not to potency or mechanism. 

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

0 Some evidenceof carcinogenic activity is demonstrated by studies  that are interpreted  as showing a chemical-related  increased 
incidence of neoplasms (malignant, benign,or combined) in which the strength of the response is lessthan that required for clear 
evidence. 

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

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

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

When a conclusion  statementfor a particular  experiment is selected, consideration mustbe given to key factors that would extend the actual 
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific  experienceand current 
understanding of long-term carcinogenesis studies in laboratory animals, especially for those  evaluations that may be on the borderline 
between two adjacent levels. These considerations should include: 

0 adequacy of the experimental design and conduct; 
0 Occurrence of common versus uncommon neoplasia; 
0 progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions; 
0 some benign neoplasms have the capacityto regress but others (of the same morphologic type) progress. At present, it  is 

impossible to identify the difference. Therefore, where  progression is known to be a possibility,  the most prudent course is to 
assume that benign neoplasms of thosetypes have the potential to become malignant; 

0 combining benign and malignant tumor incidence known or thought  to represent stages of progression in the same organo r  tissue; 
0 latencyin tumor induction; 
0 multiplicityinsite-specificneoplasia; 
0 metastases; 
0 supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia inorother experiments (same lesion 

in another sex or species); 
0 presence o r  absence of dose relationships; 
0 statistical significance of  the observed tumor increase; 
0 concurrent control tumor incidence as well as the historical control rate and variability for a specific  neoplasm; 
0 survival-adjusted analyses and false positiveo r  false negative concerns; 
0 structure-activity correlations; and 
0 in some cases,  genetic toxicology. 



10 Butyl Benzyl Phthalate,N T PTR 458 

NATIONAL TOXICOLOGY PROGRAMBOARD OF SCIENTIFIC COUNSELORS 

TECHNICALREPORTS REVIEW SUBC0M"EE 


The membersof the Technical Rep- Review Subcommittee who evaluated the draft NTP T e c ~ c a l  Report on butyl benzyl phthalate on 
20June 1995 a r e ' listed below. Subconimittee members serve as independent scientists, not as representativesof any institution, company,. or 

- ' ,  .governmental agency. In this capacity, subcominittee members have five major responsibilities in reviewingN T P  studies: 
,~ . . 

0 to ascertain thatall relevant literaturedata have been adequateiy citedand interpreted,
* to determine if the designand conditionsof the NTP studies were appropriate, 

. . , I 

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


to assess the evaluationof the evidenceof carcinogenic activityand other observed toxic responses. 
 . I  
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. . 

I :.IJniversity of Wisconsin Medical School Fox Chase Cancer Center 

Madison, WI Philadelphia, PA 


. . 

Thorn& L.Goldsworthy, Ph.D. , Louise Ryan, PhiD., PrincipalReviewer 
, . 


' DepartmentofExperimentalPathologyandToxicology ' 

. .. 
Division of Biostatistics 


Chemical Industry Institute of Toxicology Dana-Farber Cancer Institute 

ResearchTrianglePark, NC ' Boston, MA 
 ' I  

Meryl H.Karol, Ph.D. Robert E.Taylor, M.D., Ph.D. ' . . 

Department of Environmental Occupational Health Department of Pharmacology 

University'of Pittsburgh ' . HowardUniversityCollegeofMedicine 

Pittsburgh, PA Washington,DC , 
 , . 

, 'Curtis D. Klaassen,  Ph.D., PrincipalReviewer Maiy J o  Vodicnik, Ph.D. 
Department of Pharmacology and Toxicology LillyMSGDevelopmentCenter , 


University of Kansas Medical Center . .  Belgium 
I . 


Kansas City, KS 

', Jerrold M.  Ward, D.V.M.; Ph.D. 

Claudia S.Miller, M.D. 
, . 

National Capcer Institute 
.University of Texas Health Sciences Center Frederick, MD 
SanAntonio, TX 

. I .Ja iUda  K. Reddy, M.D., principalReviewer . 
Department of Pathology - . 

I . 


Northwestern Medical '
University School 

Chicago; IL . .  .
' 

. . 

, , 

., " . i  

. .  . .  . . .  .. . 1 

. .  . 
. . . .. . . . 

. . . , 

, . . . .  . .  

. . 

. , .  i . .  , . 

. .  



On 20 June  1995, the draft Technical  Report on the concerning how the  distinctionwasmadebetween 
toxicology and carcinogenesis studiesof butyl  benzyl adenomas and c&cinomas @. 43). While metastasis 
phthalatereceivedpublicreview bythe . National was an easy marker for a carcinoma,  other features 
Toxicology Program's Board of Scientific Counselors'were suchcellularpleomorphism orused as 
Technical Reports Review Subcommittee. The review 
meetingwasheldattheNationalInstitute of 
EnvironmentalHealthSciences,ResearchTriangle 
Park, NC. 

Dr. F.W. Kari, EdIEHS,  introduced the toxicology and 
carcinogenesis studies of  butylbenzylphthalateby 
describing the uses of the  chemical and the rationale 
for study, the design,describingexperimental 
reporting on survival and bodyweighteffects,and 
commenting on chemical-related neoplastic lesions in 
male rats and uncertain neoplastic findings in female 
rats as well as chemical-related nonneoplastic lesions 
in male and female rats. Dr. Kari noted that there had 
been an earlier 2-year  NTP study with butyl benzyl 
phthalate in which there was, no evidenceof adverse 
effects in mice and a marginally  increased incidence 
of mononuclear  cellleukemia i n .  femalerats.This 
studywasinadequateinmaleratsdue to high 
mortalitybeginningaround week. 14.  Thus,the 
design of  the subchronic  phase of the  current study in 
maleratswasmoreelaborate'inanattemptto 
determine if early  mortality would be a problem.  The 
design included a 10-week  modifiedMating trial as 
wellasotherindices of reproductive  toxicity.The 
proposed conclusions for the  2-year study weresome 
evidence of carcinogenic activityin maleF344/N rats 
and equivocalevidence of carcinogenicactivity in 
female F344/N rats. 

Dr. Reddy, a principal  reviewer,agreedwiththe 
proposedconclusionsalthoughhethoughtthatthe 
proposed conclusions from the previous 2-year study 
in mice should be cited. Dr. Kari  responded thatth is  
informationwouldbeadded to theAbstract. 
Dr. Reddy  notedthe 20% incidence of pancreatic 
acinar cell  adenoma versus only a 2% incidence of 
carcinomain 12,000 ppm  malerats.Heaskedfor 
definition of  the criteria for distinguishing  adenomas 
from carcinomas since, based on his experience, he 
wondered if carcinomaswereunderrepresented. 
Dr. J.R. Hailey,NIEHS, said more would be added 

tremendousheterogeneityinthegrowthpattern, 
cellular atypia, and high mitotic index. 

Dr. Klaassen,  the second principal reviewer, agreed 
with the proposed conclusions. He said that reference 
to the  mouse studies should be made earlier in the 
Technical Report, preferably in the Abstract, and that 
moreinformationshouldbeincluded on phthalate 
carcinogenicityinregardtotherationale(p. 20). 
Because of  the known effects of phthalates on male 
reproduction, Dr. Klaassenwaspleased to see 
reproduction studies in this Technical Report. 

Dr. Ryan,  the third principal reviewer, agreed with 
theproposedconclusions.Shewonderedwhether 
thereshouldalsobe a conclusionregardingthe 
reproductive toxicity. Dr. Ryan  found it worrisome 
that so many an imals  died in the 26-week study during 
anesthesia prior to blood sampling and asked whether 
therewasanybiasherewherebyweaker or sicker 
an imals  were more likely to die during the procedure. 
Dr. Kari said he could only speculate that the higher 
ratio of carbon  dioxide to oxygen than generally used 
mayhave contributedtothe excessivemortality. It 
didnotappeartobeduetochemicalinteraction; 
because the numbers of deaths in controla n i m a l s  were 
similar to those in exposed groupsof animals. 

Dr. Miller  noted the National Institute for Occupa- 
tional Safety and Health (NIOSH) reference that over 
300,000 workers were potentially exposed to butyl 
benzyl phthalate and asked whether there were data 
aboutoccupationalexposureinterms of airborne 
concentrations. Dr. J. Haartz,NIOSH,commented 
thattheirdatabasedoesnothavesuchquantitative 
information.Shereportedthatthe.Occupational 
Safety and Health Administration does not have an 
exposure database and offered to follow up on that for 
Dr. Kari. 

Dr.M.Stevens,Manager of ToxicologyProjects, 
Monsanto Business Services, stated that the biggest 
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concern of the Monsanto 'Company, a primary makeris bound into a polymeric system. He said  exposure 
of 'butyl  benzyl phthalate, was thatthis study not be data would be provided to the  NTP. Dr. R.W. Hart, 
consideredinisolationfromtheirsandstudies of NCTR, returned to the  effects of feed  restriction on 
others. Hepointedoutthatsurvivalandneoplasm neoplasmincidence,notingthatin30-monthfeed 
findings in the earlier NTP study were not repeated inrestrictionmalerats,threeexposedratsdeveloped 
the current study, and, further,  when diet restriction 
was employed,  the increased incidences of pancreatic 
neoplasms seen in the current study  were eliminated. 
Thus, looking at themultiplestudieswithno 
consistent reported findings, Dr. Stevens  thoughta 
decisioncouldnotbe madeaboutthepotential 
carcinogenicity of  butyl benzyl phthalate. 

Dr. Miller  ,askedtheindustryrepresentativesfor 

pancreaticacinarcelladenomas. In feed-restricted 
exposed females at 30 months, there was a statistically 
significant increased incidence of neoplasms  of the 
urinary bladder. 

Dr. Ryan  moved that the Technical Report on butyl 
benzylphthalatebeacceptedwiththerevisions 
discussed and with the conclusions as writtenfor male 

information on occupational and consumer exposures.rats, some evidence of carcinogenic activio, and for 
Dr. R.  Hogue, Monsanto Company, said occupational femalerats, equivocalevidence of carcinogenic 
exposureisquitelow,as is consumer  exposurein activity. Dr. Reddy seconded the motion, which was 
vinylflooring,becausethebutylbenzylphthalate accepted unanimously with10 votes. 

i . 
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B m U L  BENTZML PrnrnLAlflE 

CAS NO.85-68-7 

ChemicalFormula: C,&,,O, MolecularWeight: 312.39 

Synonyms: A13-14777; BBP; 1,2-benzenedicarboxylic acid butyl  phenylmethyl ester ( X I ) ;  b e n z y l  n-butyl phthalate; 
n-butyl benzyl phthalate;  butyl phenylmethyl 1,2-benzenedicarboxylate;phthalic acid benzyl butyl ester (8CI) 

Trade names: Palatinol BB; Santicizer 160; Sic01 160; Unimoll BB 

C'wIEIbl[l[@ALmmsnem rnOPEIWTIIIES 
Butyl benzyl phthalate is a clear, oily  liquid with a 
slight odor and a bitter  taste. It has a meiting  point of 
-35" C, a boiling point of 370" C,and a specific 
gravity of 1.116 at 25" C. (SaxandLewis, 1989). 
Phthalate acid esters generally havea low  volatility at 
standard temperature and pressure, particularly those 
of the long-chain  and branched compounds such as 
butyl benzyl phthalate  and di(2-ethylhexy1)phthalate 
(Kluwe, 1982). Butyl benzyl phthalate  has a vapor 
pressure of 8.6 X mm Hg at 20" C and a vapor 
density of 10.8. It is  combustible when exposed to 
heat or flame, with a flash point  of 199" C and an 
autoignition temperature of 233" C;when heated to 
decomposition, it emits acrid smoke  and irritating 
fumes. Butyl phthalate react withbenzyl can 
oxidizers, and it is soluble in  most organic solvents 
and in dimethylsulfoxide, acetone, and 95% ethanol 
(less than 100 mg/mL at 23" C)(Verschueren, 1983; 
Hawley's, 1987; Sax and Lewis, 1989). 

Phthalate esters with short alkyl groups are apprecia-
blysolublein water. However, most other dialkyl 
phthalates are relatively  insoluble in aqueous media 
because of their lipophilic structures; butyl benzyl 
phthalate is almostinsoluble in distilled water 
(2.69 mg/L at.20" C;Howard et a l . ,  1985) and in 
deionized well water (2.9 mg/L at 20" C; Gledhill 
et a l . ,  1980). The lipophilicity  of butyl benzyl 
phthalate is also suggested  by its octanol/water 
partition coefficient (log &,J, which has been 
reported as 4.91 (Leyder and Boulanger, 1983) and 
4.77 (Gledhill et a l . ,  1980). 

rnOnDuJCTION, USE, m 
w wE r n O S W  
Phthalate acid estersare synthesized commercially by 
condensation of an appropriate alcohol. with phthalic 
anhydride in the presence of an acid catalyst (Kluwe, 
1982). Butyl benzyl phthalatehas been commercially 
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produced in-the United  States since 1946 (U.S. Tiriff 
Commission, 1948); The, annual  production of butyl 
b e n z y l  phthalate in the United States was estimated as 
80 million pounds per year  (USITC, 1978). 

Butylbenzylphthalate is a plasticizeraddedto' 

polymers (generally at concentratiom-of50to 75parts 
per 100 parts of resin)  to provide. flexibility  and 
softness. It is used extensively  in polyvinyl chloride 
for vinyl floor tile, vinyl foams, carpet backings, and 
Astroturf@.- Other  polymersplasticizedwithbutyl 
benzyl phthalate include cellulose plastics, polyvinyl. 
acetate, polysulfides, and polyurethane. Butyl benzyl 
phthalate is an organic intermediate anda component 
of synthetic biodegradableleather, tampon' 

applicators, automotive paint and upholstery, acrylic 
caulks, plastic  filler for automobile  body repair, air, 
conditioning filters,inks,and tacky adhesives used.to 
securemedical devices such 'as ostomy  bagsand 
compresses to theskin. 1 It is also used as a carrier  and 
dispersant for pesticides, 'colorants, solvents;I ' 

catalysts, munitions, industrial oils, insect repellents, 
and perfumes and asa plasticizer  in aerosol hairsprays 
atconcentrations of less .than 1% (Statsek, 1974; 
SingmasterandCrosby, 1976; Lawrence, 1979; 
USEPA, 1981;Eigenberg et a l . ,  1986;CIRP, 1992). 

The U.S.  Food and.Drug Administration  (FDA) has 
approvedbutylbenzylphthalate,providedthatit 
containsnomorethan 1 % byweightofdibenzyl-
phthalate, foruse in  packaging and wrapping materi-
als and  polyvinylacetateemulsionadhesivesin 
con.tactwithfoodproducts (21 CFR, $3 175.105, 
175.300, 175.d0,; 176.170, 176.180, 177.2420;examined in a National  Occupational Hazard' Suryey 
1'18.3740). Regenerated cellulose film is coated with conducted by the  National Institute of Occupational 
plasticizednitrocellulosecontainingbutylbenzyl Safety and Health (NIOSH) covering the years from 
phtllalate to provide flexibility and heat sealability; it 1972 to 1974. Duringthistime, an estimated 
is used  primarilytowrapconfectioneryproducts, 68,488 workerswerepotentiallyexposedtobutyl 
pastries, cakes, and  sandwiches. Studies have'shown benzyl phthalate (NIOSH, 1976). In a second  survey' 
that the flexibility of these films results from disper- of workplace (Nationalexposure Occupational 
sion of  the various  phthalate.plasticizers in the matrixExposure Survey) covering the years from 1981 to 
of the polymer chains, which decreases the interactive 1983,an esiimated.331,840workers were potentially 
forces of  adjacent chains (Autian, 1973). .However, exposedtobutylbenzylphthalate(NIOSH, 1990); 
the lack of chemical- bonding with.the polymer allowsHowever, there is no Occupational Safety and .Health 
plasticizers to migrate into foods ata rate of less  than 
0.05% to 1.8% (less than 0.05% to 0.8% for butyl 
benzyl phthalate) on .a total film-weight basis from 
nitrocellulose film containing30% to .40% plasticizer. 
Foodproductshavebeenshown to, contain 0.5 to 
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53 .mgbutylbenzylphthalate/kg,individually or in , 

combinationwithotherplasticizers(Castle et al., 
1988). 


Retailsamples of Canadian  butterandmargarine 
wrapped in aluminum foil-paper laminate were found 
to contain  butylbenzylphthalate,dibutylphthalate, 
and/or di(2-ethylhexy1)phthalateat concentrations up 
to 47h, 10.6, and 11.9pg/g; -respectively.  Analyses 
of the  foodwrappingmaterialsindicatedthatthese 
phthalate esters migrated from the.protective washcoat 
on the exterior surface of  the wrappers and through 
the food-contacting surface into the food (Page and 
Lacroix, 1992). Migrationintofood of plasticizers 
usedininkontheoutersurface of commercially 
printedpolypropylenefilmshas.alsobeendemon-
strated; th is  migration increases with storage time of 
the wrapped product (Castle et a l . ,  1989). Conceni 
regarding the potential toxicity of phthalate esters as 
contaminants of food  ledthe Japanese. Ministry of 
Health and Welfare to establish regulations tolimitthe 
migration of these  compoundsintofoodstuffsand 
beverages (Omori, 1976). 

The U.S. Environmental  ProtectionAgency(EPA) 
has exempted butyl .benzyl phthalate from tolerance 
requirements.whenusedas an inert  ingredientin 
laminated dispensers for controlled release of Glossy-
pure@, a syntheticpheromoneused on cottonto 
disrupt thematingofthe pink bollworm(USEPA, 
1981). 


Occupational exposure to butyl benzyl phthalate was 

Administration permissible exposure limit for butyl 
benzyl phthalate, nor is there an American Conference 
of Governmental  Industrial Hygienists recommended 
threshold limit value-time weighted average reported 
b t h e  current literature. 



~~~~~ ~ ~~ ~ ~ ~. 
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. .  

Butyl bepyl phthalate can enter the environment as a phthalate was identified at a concentration  of0.8 ng/g 
consequence of its manufacture, use, and  disposal. in sediment from Lake Pontchartrain in New Orleans 
Hmmis may be exposed to butyl benzyl phthalate in (McFall et a l . ,  1985). 
occupational surroundings and from environmental 
contamination. Based on use patterns for vinyl Studies performed in water treatment plants have 
flooring and food 'packaging materials  including demonstrated that biodegradation of phthalates is 
adhesives, almost all consumers are exposed to butyl temperature dependent andcan occur under aerobic or 
benzyl phthalate to some extent. anaerobic conditions. A wide range of organisms in 

soil, river and  sea water, sediments, and water 
treatment plants are canable of biodegrading phthal- 

~ G U L A T O I W YSTATUS ates. Longer alkyl chain phthalates biodegrade more 
Butyl benzyl phthalate is classified  by the FDA as a slowly thando those  with shorter chains. Elimination 
migratory, indirect food additive (21 CFR, 5 170.3). from natural waters could be by biodegradation, 
It has been designated by the EPA as a ,  base-neutral photodegradation, volatilization, or adsorption onto 
priority pollutant as well as a hazardous'waste to be sediments; phthalate concentrations in sediments are 
disposed of according to the federal hazardous waste markedly higher than those in the water above the 
management system (40 CFR, 0 261.33). Butyl sediment strata. In the  opinion of the ECETOC Task 

' 

benzyl phthalate is a regulated substance under the Force, the  widespread disposition of low concentra- 
Comprehensive Enviro-ental Response, Compensa- tions of phthalate esters in surface water may reflect 
tion, and Liability Act (CERCLA). Under CERCLA, a balance  between continuous input to the aquatic 
releases of butyl benzyl phthalate into the environmentenvironment and elimination of  the compounds by 
in. quantities exceeding 100 pounds must be reported biodegradation (ECETOC, 1985). 
to the EPA (40 CFR, Part 302). 

h S O r n I O N ,  DISTrnrnIION, 
I E M I W o m N T m  rnPACT rnTrnOlLIS19mE X C r n T I O N  
STORET, the EPA water quality database, was  used Expefimental Animals 
to determine the concentrations of butyl benzyl Phthalic acid esters are generally well absorbed from 
phthalate throughout the United States in all types  of the gastrointestinal tract. Due to the lipophilic nature 
water samples (mean aqueous ,.concentration of ofthese compounds, absorption also occurs via 
9 pg/L), sediment (median concentration of less than dermal and  pulmonary routes (Kluwe,,1982).

, . > ,  ,500 pgkg dry, 6% detectable), and  biota(median 
concentration of less than 2.5 pgkg wet, 3 % detect-

Both ester linkages  of phthalate esters can be hydro- able) (Staples e? a l . ,  1985). In studies  by several 
lyzed, leaving  phthalic acid as a product., . Esterasesgroups of investigators, butyl  benzyl phthalate was 
that rapidly hydrolyze a single ester group. to generate identified in drinking water in New Orleans (0.08 to 
themonoestermetabolite are present in several 1.8 pg/L) and Philadelphia (0.3 to 1 pg/L), surface 
mammalian tissues, including intestinal mucosal cells, water in Illinois, Michigan, Missouri, New Jersey, 
and extracellular enzymes present in the intestinal and Pennsylvania (0.2 to 2.4 pgIL), and  industrial contents are also  capableof hydrolyzing phthalate wastewater effluents near Philadelphia (40 pg/L). 
esters (Rowland et a l . ,  1977). Butyl benzyl, phthalate These effluents and others !were treated at a local 
is partially  hydrolyzedby intestinal esterases, pri- wastewater treatment plant which discharged effluents
marily to monobutylphthalate and benzyl alcohol with containing 100 pg butyl benzyl phthalate/L into the 
monobenzylphthalate and n-butanolas. minor  productsDelaware river (Keith et a l . ,  1976; Shackelford and 
of hydrolysis (Agarwal et a l . ,  1985).Keith, 1976; Sheldon and 1978,Hites, 1979). 


Sediment'samples collected from the Saginaw
River in 
Michigan and the Missouri River at Weldon Springs; Tissue distribution and pharmacokinetic studies by 
Missouri, contained butyl' 'benzyl, phthalate at Eigenberg e?al.  (1986) demonstrated that butyl benzyl 
concentrations of 400 to 567 ng/g and 100 ng/g, phthalate is rapidly cleared from the body  ofmale 
respectively (Gledhill et a l . ,  1980). Butylbenzyl F344 rats administered gavage (2 to  2,000 mg/kg) or 
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intravenous (20 mg/kg) doses of ['4C]-butyl  benzyl theapplicationsiteandtheocclusiveplastic.cap 
phthalate. Excretion of 75 % to 86% of a  gavage dose over the site, respectively. Five percentof the  applied
occurred within 24 hours,  and greater than92% was dose was retihed in the tissues after  7 days, 4.6%..in 
eliminated by the end of 4  days. , The major route of muscle and0.5% ip the brain, spinal.cord, and testes. 

. ,elhination ofbutylbenzylphthalate ,in rats  is . . 


excretion of  metabolitesintothebile. Atgavage Recovery of radioactivity  from 'fetal tissues 'following
' 

doses from, 2 to 200  mg/kg, extensive enterohepatic treatment 'of maternal  Sprague-Dawleyratswith 
reabsoqtion'of these  metabolites or their  degradation [L4C]di(2ethylhexyljphthalateor [L4C]diethylphthal- 
products resulted in urinary excretion of 75% of  the ate demonitratedthat niatee-fetal transfer of dialkyl 
dose; another 20% was  eliminated h thefeces.At phthalate esters occurs across  theplacen&(Singh 
2,OOO.mg/kg, however, 72% ofthe dose  was elhhi- e? al:, 1975). ' Since' lipophilic  cheinicalsreadily 
nated hi the feces, with only 22% excreted in the partition into high fat materials such as breast m i l k ;' 

This shift  from u r i ~ ~ ~ '  excretion .of-phthalatesinto'maternal milk is alsourine. to fecal  elimination 
. .may be due to incomplete  absorptionof butyl benzyl probable. . , . 

, .. 
. ' 


phthalate or its ' metabolitesduringenterohepatic . .  . . 


m:irculation. The half-lives of butyl benzyl phthalate Humuns- ' . 


and its  metabolitesinalltissuesareapproximately The. most  commonroute of exposure to phthalate 

6 hours; although lipophilic, butyl benzyl phthalate is esters . i n  hu-s is,ingestion of food or liquids 

not sequestered in fat due to its  rapid metabolism. (auwe, 1982).  However, no infohation related to 


the pharmacokinetics and metabolism  of butyl. benzyl 
Pharmacokinetic studies in four beagle dogs adminis- phthalate in humani -has been  reportedinthe 
tered a divided oral dose  equivalentto 5 gbutyl literature. 
bekyl .  phthalatejkg  bodyweight over aperiod of 
4 hours demonstrated recovery of 88% (male) and, TOXICITY 
91% (female) of  unchanged ,butyl benzyl phthalate Experimental Animals 

1 . 

-from the  feces;approximately 4% was  excretedas Phthalate acid. esters  have very low acute toxicity by
urinyy phthalic acid (Erickson, 1965): oral.and- parenteral ' routes; the acceptable daily oral 

. .  \ intake values for phthalates are of the  same order of 
.The major urinary metabolites of butyl benzyl phthal- magnitude,assomechemicalsapproved for use  as 

ate in,rats. are  monophthalate derivatives (10% to 40% direct food additives (Krauskopf, 1973). ,Absorption

of the dose) and monophthalate glucuronides (2%.. to through the .sk in  &curs to',some extent, with LD50 

21.%) (Eigenberg e?a l . ,  1986).Sincebutylbenzyl values . i n rabbitsrangingfrom 3.4 mL/kg for 
phthalateis an, asymmetric  .diester, two different diflylphthalate to 20 &/kg for dibutylphthalate  and 
monophthalates ,are produced, monobutylphthalateor dihexylphthalate (Patty's, 1967).However, due to 

ispreference,monobenzylphthalate.Therea for their low volatility,  inhalation of most  phthalates is 
hydrolysis .of the benzyl' ester, resultingina not associated with acute toxic effects (Autian,. 1973).
preponderance (approximately3 :1) of  monobutyl- . . 

phthalate in the urine. Theurinary half esters of other The acute lethal toxicityof phthalate esters, adminis- 
phthalates,suchasdiethylphthalateanddibutyl- tered orally or parenterally,.  is inversely proportional 
phthalate, have been shown to be four times more to molecular.  weight;. esters.'. .with the shorter alkyl 
toxicthantheirparentcompounds(International groups are. the most water soluble and exhibit .,the 
Labor Office, 1983.). greatesttoxicity(Autiah; "'1973j. Butylbenzyl 

phthalate has a relatively high molecular weight 'and 
Dermal absorption of. [14C]-radiolabeled  butyl benzyl i s  almost insoluble&I water.: The gavage hD50 values 
phthalate and other phthalate esters was  evaluated in for butyl ' benzylphthalatein a : corn oil  vehicle, 
male .F344 rats using calculated 14 'days after 'admin$ration, of a  singleurinary and fecal excretion as an 

. .

index of .relative  percutaneousabsorption(Elsisi dose, . were- 2133 . ;: g/kg for ' maleandfemale 
e? al .  , 1989). . By day 7,'30% of a  157 bmol butyl Fisher, 3441N- rats, 6 3 6  g/kg for male'B6C3Fl mice, 
benzyl phthalatelkg dose was excretedthe urine and id4.17 g/kg for f e m e  B6C3F,  mice (NTP, 1982a).i n , 


feqs, wMe 44.9% and 6.3% remained  in the skimof The oral LDmin Sprague-Dawley rats was 20.4 g/kg 
. .  
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(ShibkoandBlumenthal,1973; Hammond et a l . ,  
1987).Theintraperitoneal LD5,, of butyl  benzyl 
phthalateinSwissWebstermice was3;16g/kg 
(Calley et d . ,  1966). ... 

In a 14-dayfeedstudyofbutylbenzylphthalate 
in .F344/N rats, exposure to 2 5 , h  ppm.  or 'more 
resultedinlowerbodyweight gahs than  thosein 
thecontrols.Thymicatrophy occurred. in  all 
lC@,W ppm  rats,andtesticulardegeneration was 

'observed in  all 5 0 , O  and 1 0 , 0 0  ppm  males. ,No 
compound-related effects were observed ina compan- 
ion study in BBC3F, mice administered concentrations 
up to 2 5 , O  ppm  in feed. In similar 13-week feed 
studies,lowerbodyweightgainsandtesticular 
degeneration, characterized by  loss of the germinal 
epithelium of the seminiferous tubules, were observed 
in male rats receiving concentrationsof 25,004). ppm, 
whereascompound-relatedeffects in micewere 
limitedto'lowerbodyweight gains in  malemice 
exposed to concentrations of 1,600 ppm or  more and 
in12,500and 25,ooOppmfemales (NTP,1982a). 
Thetesticulardegenerationobservedinratsmight 
havebeenrelatedtoconversion of butyl  benzyl 
phthalate to its  monobutylphthalate metabolite, which 
has been shown to produce  testicular atrophy (Foster 
et d . ,  1981; Gangolli, 1982). 

Sprague-Dawleyratsexposedtoconcentrations of 
2,000 to 4,UW mg butyl  benzyl phthalatekg in  feed 
for 2 weeks  exhibiteddose-relatedposteriorbddy 
stiffness and incoordination of the  hind limbs, which 
wasmoresevereinmales. These. signs  generally 
disappeared by the  end of a 1-week  recovery period 
(Hammond et d ,  1987).In a follow-up 6-week' 

neurologicalstudy,bodyweightgains of Charles 

River CD rats  exposed to 1,500 or 3,000 mg butyl 

benzylphthalate/kg body  weightwerelowerthan 


ns 


slightlylowerthanthose ofthe controls, and liver 
weightsweregreaterthanthose of the  controlsat 
concentrations of 1 % and above (Erickson, 1965). In 
a similar  90-dayfeedstudyin dogs, the NOELof 
butylbenzylphthalatewas 2%. Dogsexposedto 
5% butyl  benzyl phthalate gained less  weight initially 
due to refusal  to eat; feed consumption returned to 
normal after capsule dosing was institutedon day 40 
of the study (Erickson,  1965). 

After 14  weeksof a 2-year  studyin F344/N' rats 
exposed to 6 , O  or  12,000 ppm butyl benzyl phthal-
ateinfeed,compound-relatedmortalityinmales 
resulted from unexplained internal hemorrhaging; all 
surviving male rats were sacrificed at week 29 or 30 
(NTP,1982a). 

The comparative  parenteraltoxicity of a series of 
phthalate esters was evaluated by Calleyet d . (1966). 
In a 6-week  study, Swiss Webster mice given daily 
intraperitonealinjections of 500 mg butyl  benzyl 
phthalate/kg body weight exhibited a slight  retardation 
in weight gain compared to controls, extramedullary 
hematopoiesis in the liver and spleen, and periportal 
hepatitis in addition toan acute peritonitis caused by 
thedailyintraperitonealinjections. As h acute 
studies,therelativetoxicity ofthe phthalateesters 
testedwasdirectlyrelated to watersolubilityand 
molecular weight. In the same series of studies,  the 
order of potentiation of hexobarbital'  narcosis also 
followed the water solubility 'of the compounds. A 
500 mgkg intraperitoneal  injection of butyl  benzyl 
phthalate emulsified in 3% acacia,  given 30 minutes 
prior to a 60mgkg intraperitoneal  injection of  sodium 
hexobarbital, resulted in a sleep  time of 62  minutes, 
whichwassignificantlygreaterthanthat of the 
controls (46 minutes; P>O.O5); th is  was interpreted 
by the authors to be an indication of acute depression 
of the central  nervous system. 

those of the controls, and transient hind limb. stiffnessIntradermal imtation caused  byphthalateestersin 
was observed in the 3,000 mgkg group,  .predomi-
nantlyinmales.Histopathologicexamination of 
.tissues from  thecentralandperipheralnervous 
systems of these  animals failed to reveal compound-
related pathologic changes (Robinson, 1991). 

The no-observable-effect-level  (NOEL) in a 90day 
studyinratsadministeredfeedcontainingupto 
2% butyl benzyl phthalateby weight was0.5%. Body 
weight gains of rats exposed to. 1.5 % and 2 % were 

rabbits was evaluated following injection of 1 mL/kg 
of 1 % trypan blue into the marginal ear vein. Mild to 
moderate inflammatory responses occurred with butyl 
benzyl,dibutyr,diisobutyl,di-(methoxyethyl),and 
dicapryl phthalates, as indicated by leakageof dye.at 
the injection site 15 to 26 minutes after the injection, 
whereasdimethyl,diethyl,anddi(Zethylhexy1) 
phthalateselicitedmarkedinflammatoryresponses, 
indicatedby rapid and intense concentration of extra- 
vasated Trypan Blue at the  injection sites. With the 
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ex'ception of di(2-ethylhexyl)phthalate, the imtant 
aciivity of this series of esters was related to molecu-
lar weight  (Calley,et ul., 1966). 

Although some' of the  most water soluble .phthalate 
esters diethyl,di(methoxyethy1)[dimethyl, and 
phthalates] cause i n  vifrocytotoxicity in strain L, 929 
mcnse fibroblasts,0.05 mL of a 50 mg/mL emulsion 
ofbutylbenzylphthalatewasnottoxictomouse 
fibroblasts. None of the  phthalate esters tested at the 
same concentration were toxic to chick embryo cellsdevelopmental deviations caused at any  time during
(Calley et al.,  1966). In another in vitro test, a butyl 
benzylphthalateconcentration of. 1 . 8  ,X 10'. M 
slightly inhibited the growth of cultured neonatal rat 
cerebellar cells, and  cellulartoxicitywasobserved 
with concentrations of 7 x 'lo4M or more  (Kasuya, 
1980; Teranishi, and  Kasuya, ', 1980)., ' Butyl benzyl 
phthalate has been shown to be cytotoxic.. to HeLa ' 

-\ 
cells in a 24-hour metabolic inhibition test (Ekwall 

. 'etal.,, i982). 
. . 

. >Humans . . 

Butyl-' tienzyl  phthalate 'is a slight skin, eye, and ' 

mu.kous membrane hitant a s  well as a central  nervous 
system:-- depressant  (Gosselin :: et' . al . ,  1984). 
Occupational studies ,have indicated  'that exposureto 
high concentrationsof mixed phthalates workplace. i n '  


air may produce  transient irritation of  the nose and 
throat (Patty's, 1967). Prolonged.contactwiththe 
liquid caused irriiation of the  eyes and skin (CHRIS, 
1W). Other symptoms include respifatory initation, 
respiratory distress, nausea,lightheadedness, 
pharyngitis,sleepiness,anderythema(Hazardline, 
1983). Repeated exposure to phthalate  vapors mixed 
with other plasticizers 'may lead to neurotoxic  effects 
such as pain,numbness,andweaknessofthe 
extremities; a higher iqcidence of toxic  polyneuritis; 
ind a lowering of  the excitability of the vestibular and 
olfactory receptors (Milkovet a l . ,  1973). 

.I 

. . .  
I . 
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TOXICITY. 
Experimental Animals' ., , , 

-Butyl ,benzyl phthalate. had  no adverse effect - on' 

embryo development or neonataldeaih rates' at 
21 days 'of age in two studies in the chick embryo 
system.However,compound-relatedlethality(as. ,  . _ '  

. , .. . , 

. '. . . .  

evidenced by' a ' decrease of hatching  rates)was 
obseived in one study (Haberman et a l . ,  1968), but 
notintheother(Bower et .aZ.,'1970). In.another 
study, the. embryotoxicity. of butyl  benzyl phthalate 
was relatively limited (Korhonen et a l . ,  1983): 
. . 

In ' a  series of .feed  or gavage studies, Ema-et 'al .  
(1990;1991,1992a,b,1993) administeredbutyl 
benzyl phthalate to pregnant Wistar rats throughout 
gestationinordertoevaluate.compound-related 

the span of development (e.g.,death of the develophg 
organism,structural-abnormalities,' and. growth 
retardation) using criteria described by Wilson(1973). 
The NOELS for'butyl benzyl  phthalate administered 
daily in .feed on gestation days 0 through 20 were 
0.5% (375 mg/kg) for maternal toxicity and 1 % 
(654 mg/kg) for embryo.feta1 toxicity.AdjustedI I 


maternalbodyweightgainand 'feed consumption 
during pregnancy were significantly  lower in the1 % 
and 2% (974 mg/kg)groupsthan those, in $e 
controls. 

, 

In the 2% group, all pregnant rats .exhibited 
complete resorption of. all implanted embryos (Ema 
et a l . ,  1990). - .. . 

. .  . . 
A subsequent study was performedto rule  out mater-
naltoxicity(malnutritionduringpregnancy)as *a 
contributing factor in'the embryolethality  observed in 
treated rats with the addition ofa feed-reskcted @air-
fed) group ' that received. approximately .the same 
amount of feed,consumedbythe 2%butyl beizyl 
phthalategroup(Ema et a l . ,  1991). Asinthe 
previous study,. complete resorptionof all implanted 
embryos occurred in the 2%.butyl benzyl  phthalate 
group but did not occur in any of the  pair-fed rats, 
indicating that embryolethality was a direct effect of 
butyl benzyl phthalate and/or its  metabolites. 

Pregnant Wistar rats given concentrations of.0.2% 
butylbenzylphthalateinfeedongestation days'.O 
through 20,O through 11,  or 1 1 'through20 consunied 
less feed aJld gained less weight than the control and 
pair-fedgroups:Alldamsexposed to butyl  benzyl 
phthalateondays 0 through 20 or"0 through 1 1  
exhibitedcompleteresorption of allimplanted 
embryos. No increaseinpost-implantationloss 
'occurred hi rak exposed  on days 11 through 20. 
However, the incidence of fetal malformations in this 

. . 

.~ 

. .  
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group was significantly higher thanin the control and carbobutoxymethyl, dioctyl, dipropyl, dicyclohexyl, 

pair-fedgroups,consistingpredominantly of cleft di(2-&ylhexyl),and mono(Zethylhexy1)phthalates 

palate (72/134 fetuses) and fusion of  the sternebrae. (Singh et a l . ,  1972, 1973; Yagi et a l . ,  1980). 

The results of .this  study suggested that the suscepti-

bility to the  teratogenic effect of butyl  benzyl phthal- wnamns . .  


ate varies with the developmental stage at the timeof Increasedincidences of anovulatory  reproductive

administration.Butylbenzylphthalateexposure cycles and low estrogen concentrations were reported
during the first halfof pregnancy  resultedin embryo- amongRussianwomenworkingwithphthalate
lethality; similar exposure during the second half  of plasticizers; the abnormal cycles were associated with 
pregnancy caused marked teratogenicity (Emaet a l . ,  abortion et a l . ,  1975).spontaneous (Aldyreva
1992a).Embryolethality in experimentalanimals However,the.specificphthalatesimplicated,dose 
exposed to plasticizers was also reported in an earlierlevels, and other data were not reported.
Russian study (Mdyrevaet a l . ,  1975). 

Another study by Emaet al. (1993) demoktrated that CARemoGENeIITU 
thesusceptibility to the  teratogeniceffect of butyl Bxpe~mepUaalAnimalsbenzyl phthalate varies with the developmental stage Di(2-ethylhexyl)phthalate, a relatedstructurallyat the  time of administration.  Butyl benzyl phthalate compound, was shown to be an hepatic  carcinogenincauseddose-relatedincreased ofa incidence a 2-year feed study in F344/N rats exposed to 6,000 malformed fetuses in rats administered gavage doses or 1 2 , W  ppm  and B6C3F1mice exposed to 3,000 or ofO.6,0.75,.or 1 g/kg on gestation  days 7 through 9 6 , W  ppm  (NTP, 1982b). The incidences of hepato-or 13 through  15, but was  not teratogenic when given cellularcarcinomaweresignificantly greater than on gestation-days 10 through 12. Treatment on days 7those of the  controlsin 12,000 ppm  female rats,through 9 resulted in skeletal malformations such as 6,000 ppm  malemice,and3,000and 6,000 ppm fusion of the  cervical vertebral arches and.deformity femalemiceandoccurredwithpositivetrendsinof the  thoracicvertebrae,whereas . treatmenton femalerats,malemice,andfemalemice.Inmaledays 13 through  15 resultedin external malformations rats, the'combinedincidencesofhepatocellularand skeletal malformations such as cleft palate and carcinoma or neoplastic  nodulesweresignificantlyfusion of the sternebrae..  In a similar feed study, cleft greater thanin the controls.palate occurredin 95% of  the fetuses ofdams exposed 
to 2% butyl  benzyl phthalate on days 7 through 16; In a carcinogenesis bioassay of butyl benzyl phthalatefusion of the sternebrae was alsoacommon' administered to F344/N rats in feed containing 6,000 observation in this group (Emaet al . ,  1992b). or 12,000ppm for approximately  2years (NTP, ' 

1982a), the incidence of mononuclear  cell leukemia,
The maternal and developmental NOELS in Sprague- generallycharacterizedbysplenomegalyandoften 
Dawley (CD) rats and Swiss (CD-l@).mice exposed  to hepatomegaly,was greater $Iby significantly
butylbenzylphthalate in feed'ongestation days6 12,000 ppm  females thin that  in the controls and
through 15 were0.5% (419 mg/kg per day)and 0.1% 

' 

occurredwithapositivetrend.Theincidence of
(182 mg/kg per day), respectively(Priceetal.,  1990). mononuclear cell le&emiain the 12,000ppm femes  
In rats exposed to' 1.25 % (1,102 mglkg per'day) and was also significantly greater than that in historical
'mice exposedto 0.5% (910 mg/kg/day), dam weight controlsfromNTP2-yearfeedstudies,andthe
gains were lower' and the incidenceof fetal  reabsorp- overall remained significant.trend statistically
tionsandmalformationsweregreaterthanthe However, the results.ofthe study were inadequate.to
controls. ThedevelopmentalNOEL in rabbits evaluate'carcinogenicityinmaleratsdue to unex- 
administeredbutylbenzylphthalateongestation plained compound-related toxicity and early mortality
days.6 through  18 was 10 mg/kg (Hammond, 1981): beginningat14weeks;allsurvivingmaleswere 

. . sacrificed at 29 to 30 weeks.. There was no evidence 
Other phthalate acid esters that have been shown to of carcinogenicity :of butyl benzyl phthalate in the 
exhibitteratogenicityinratsand/ormjceinclude companionstudyinB6C3F,mice. In the  carcino-
dimethoxyethyl,diethyl,dibutyl,diisobutyl,butyl genesis bioassay of diallyphthalate,  the incidence of 

I .  

, _  
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mononuclearcellleukemiawasalsosignificantly 
gre:ater in female rats administered gavage doses of 
100 mg/kg than that in the controls (NTP, 1985). 

Butylbenzylphthalate,along'with other' drinking 
watercontaminants,wastested for carcinogenicity 
and. failed to induce a positive  pulmonary adenoma 
response in strain A male  miceadministeredintra-
peritonealdosesup to 800 mg/kgintricaprylin 
3 times per week, for a .  total  of24injections 
(19,200 mg/kg)  (Theisset a l . ,  1977). 

Humans ' .  4 

According. to the  International Agency for Research 
on'Cancer, no evaluationcould be made to determine 
thecarcinogenicrisk of butyl  benzylphthalateto 
humans(IARC,1982, 1987). 

_ *  

% . 	 . 

GENETIC TOXICITY 
There are few.mutagenicity  data published for butyl 
benzyl phthalateotherthanthedataincludedin' 

Appendix C of th is  Technical Report, and with the 
exception of  the two unpublished in vivo studies 
discussed in 'Appendix C, all  results were negative. 
Butyl benzyl phthalate did-not induce  gene mutations 
in Salhonella'typhimurium testedwitheither a' 
s,&dard plate incorporation protocol (Kozumboet al., 

- - .-	1982) or modified 'preincubation protocol  (Zeiger 
et ad., 1985; Table Cl), with  and without S9. 

Butyl Benzyl Phthalate, N T P  TR 458 

There is only one published mammalianin vivo study 
withbutylbenzylphthalate, an abstract by  Bishop 
et al. (1987) describing results of a dominant  lethal 
'test hmale mice. After treatment of male B6C3F, 
and CD-1 mice with three subcutaneous injections of 
butyl benzyl phthalate (doses up to4,560 mg/kg per 
day) and matings to untreated virgin females of the 
same strain for a period of 49 days,  no increase in 
fetaldeaths ~d no. decrease  invariousfertility 
parameters were found. 'Butyl benzyl phthalate was 
concluded tobe negative in the mouse dominant lethal 
assay.. Twounpublished in vivo studiesshowing 
induction of . sisterchromatidexchangesand 
chromosomalaberrationsinbonemarrowcellsof 
male mice administered butyl benzyl phthalate by a 
single intraperitoneal injection are described  in detail 
in Appendix C of this report. 

, ,  

In summary,.all mutagenicity  tests with butyl benzyl 
phthalate were negative, with the exception of two 
unpublished mouse in vivo tests demonstrating weak 
chromosomal effects. 

STUDYRATIONALE 
Butyl benzyl' phthalate was nominated by the EPA, 
along with several'other phthalates,  as part of a class 
study evaluation. Diethylhexyladipate and di(2-ethyl-
hexy1)phthalatehave been implicated as rodent 
carcinogens (NTP, 1982b,c), and diallylphthalate had 
equivocal -evidence. of carcinogenicity  in female rats 

In n m a l i a n  cell  systems, butyl benzyl phthalate did(NTP,1985)'and;malemice (NTP, 1983a). In.an 
notinduce mutitions at the.  TKlocusofL5178Y\mouselymphomacells(MyhrandCaspary,1991 ; 
Table C2),'  anditdidnotinducesisterchromatid 
exchanges or chromosomal  aberrationsincultured 
Chiiese hamster  ovary cells (Galloway et al.,  1987;. 
Tables C3 i d  C4).  These tests were conducted with 
and- without Aroclor-inducedS9. 

. I ,, 

earlier study, carcinogenicityof butyl  benzyl phthalate 
in rats ,could not be evaluated dueto an unexplained 
compound-relatedtoxicityandearlymortality .in 
males (NTP, 1982a). The oral route of exposure was 
chosen for the current studies to mimic  the piincipal 
means of human  exposure to butyl  benzyl phthalate. 
Since the reproductive morphology and function of 

No:'increases in sex-linked recessive' lethal mutations 
wereobservedingermcells ofmale Drosophila 
melnnogaster treated with butyl benzyl phthalate by 
injection or in  dosedfeed(Valencia et al., 1985; 
TableCS). ' .  

maleratsandmicehave 'been affectid by other' 
phthalate esters, a 10-week  modified mating study was 
conducted in rats to assess the possibility that butyl 
benzylphthalatecouldalsoadverselyaffectmale 
reproduction (Gray and Gangolli, 1986; Lambet hl., 
1987; Heindel'etal., 1989). 

. . 

, . 



m o c m m m  M I D  
C~@TIEIWIIZATIaDNoIF 
B W r n ' B I E N Z r n .  r n T W A ' I L I E '  
ButylbenzylphthalatewasobtainedfromChem 
Central (Kansas City, MO) intwo lots (COW882  and 
L-1211-87).LotCON882wasusedduringthe 
10-weekmodifiedmatingstudyandthe26-week 
study, and.lot L-121  1-87 was used during the 2-year 
study.,Identity, purity, and  stabilityanalyseswere 
conductedbytheanalyticalchemistrylaboratory, 
MidwestResearchInstitute(KansasCity,MO) 
(AppendixG). Reports,on analyses pedormed in 
support of  the butyl benzyl phthalate studies are on 
file at the  National, Institute of Environmental  Health 
Sciences (NIEHS). 

The chemical,  a clear, colorless,  viscous liquid, was 
identifiedasbutylbenzylphthalate by 'infrared, 
ultraviolet/visible,andnuclearmagneticresonance 
spectroscopy. The purity, of  both lots was determined 
by elemental  analyses, Karl Fischer water analysis, 

raphy using the second system indicated one major 
peak and three impurities with a combined area of 
2.27% relative  to the major peak. The overall  purity 
of lot  CON882wasdetermined to be greater than 
97%. 

For lot G121 1-87,  elemental analyses for carbonand 
hydrogenwereinagreementwiththetheoretical 
values for butyl benzyl phthalate. Karl Fischer water. 
analysis indicated 0.11% f 0.01% water. Functional 
grouptitrationsindicateda free acidvalue of 
0.00112 f O.oooO3mEq acid/g  sample and a purity 
of W.1% f 0.4%. Thin-layer  chromatography indi-
cated a major spot andtwo slight trace impurities by 
one system and a major spot and one trace impurity 
by the second system. Gas chromatography using one 
system indicated one major peak and five impyities 
with a combined area of 1.20% relative to the  major 
peak. GasChromatographyusinganothersystem 
indicated one major peak.\and three impurities witha 
combined area of 1.04% relative to the  major peak. 
The overall purity of lot  L-121 1-87 was determined 

functional group'titrations (free acid titiation and esterto be greater than or equal to 99%. 
hydrolysis),thin-layerchromatography,andgas 
chromatography. . For .lot CO90882, elemental 
apalyses for carbon and  hydrogen were in agreement 
with the theoretical values for butyl  benzyl phthalate. 
Karl Fischer water analysis indicated0.23% f 0.01% 
water. group ,indicatedFunctionaltitrations 
free acidvalues of 0.011% f . 0.001% and 
0.00158 f 0.0004 mEq acid/g  sampleandpurities 
of 99.5% f 0.2% and 100.2% f 0.4%. Thin-layer 
chromatography indicated a major spot and a slight 

Stability studies of the bulk chemical were performed 
bytheanalyticalchemistrylaboratoryusinggas 
chromatography.Thesestudiesindicate$thatbutyl 
benzylphthalate was stableasa bulk chemical for 
2 weeks  when stored protected from  light at tempera-
tures up to 60" C. To ensure  stability,thebulk 
chemicalwasstored at 4" C  in the dark in, tightly 
sealed1-gallonamber-glass duringbottles the 
10-week modified mating study and the26-wek study 
and at approximately 22" C in 1-gallon amber-glass 

thesecondsystem.Gaschromatographyusingone bottleswith Teflon'Wned lids  duringthe2-year 
system indicated one major peak and four impurities study. 

trace impurity by one system and only a major spot by 

with a combined area of 3.0% relative to the major 
peak.Gaschromatographyusinganothersystem 
indicated one major peak and four impurities with a 
combined area of 2.8% relative to the  major peak. 
Another analysis of lot CO90882  by gas  chromatog-

Stability was monitored during  the 10-week modified 
mating study, the 26-week study, and the 2-year study 
usinggaschromatography.Nodegradation of the 
bulk chemical was detected. 
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PIZEPARATIONAND ANALYSIS 
01;" DOSEFORMU~ATIONS 
The dose  formulationswere'prepared 

. . 

- - . weeklyby 
mking butyl  benzyl phthalate with feed (Table-Gl). 
Homogeneityandstability studies, of 300, 3,OOO; 
6,2!50;,24,OOO, and 25,OOO ppm  doseformulations 
we:* performed  by the analytical cheMstry laboratory,and on  gestation days0, 6, 9, and 13.. Details  of the
and/or the  study laboratory using high-performance 
liquid chromatography. Homogeneity was  confirmed, 
and ,the stability of 'the .dose  'formulationswas 
confirmed ,for at least  4 weeks. at 5' C when  stored 
protected'from light. 

Periodic analyses of the dose formulations of butyl 

Butyl Benzyl Phthalate, N T P  TR 458, 

spermdetection(gestationday 0), females were 
housed individually. Feed and water were available 
ad libitum. Clinical findings were recorded daily for 
rats.Feedconsumptionbymaleswasrecorded 
weekly.Themaleswereweighedinitially, weekly,' 
and at the  endofthestudy.The 'females"were 
weighed at the.beginning of  the 7-day mating period 

benzyl phthalate were conductkd at the study labora- NTP'sspermmorphologyandvaginalcytology
toiies aqd analytical chemistry laboratory using high-evaluationsprotocol (NTP,1983b). The right testis
perfo&ce liquid chromatography. For the 10-week 
mohified mating study, the 26-week study, and the 
2:year study,  the formulations were analyzed every 8 
to 9 weeks(TablesG2andG3). Allofthedose 

. ' 	 foniulations 'analyzed  werewithin 10% of  the target 
concentration.Results of periodic  refereeanalyses 
performed by the  analyticalchemistrylaboratory 
agreedwiththeresultsobtained bythestudy 
laboratory (Table G4). 

10-WEEKMODIFIEDMATING STUDY 
MaleandfemaleF344/Nrats.wereobtainedfrom 
Simonsen'Laboratories,Inc.(Gilroy,CA).. On 
rmipt,.the male  rats were 4 weeks old. Males were 
quarantined for 11  days and were 6 weeks oldon the 

, first day  ofthestudy.Femaleswere 20 to24weeks 
old on the first day. of  thematingperiod.Before 
initnation of the study, five male and five female rats 
were randomly selected for parasite  evaluation and 
gross.observation for evidence of disease. At. the end 
of the study, serologic analyses were performed on 

. five male sentinel rats using the protocolsof the NTP 
Sentinel. Animal Program (AppendixJ). . ! . 

, .  ! 

Groups .of  15 male rats were fed diets containing.0,: 
300, 2,800, or 25,OOO ppm  butyl.'benzyl phthalate for 
10weeks and. then  wereallowedtorecoverfor 

,-

study design and animal maintenanceare summarized 
inTable 1. . . : . 

At the .end of the 10-week modified mating study,  the 
males were necropsied and evaluatedfor reproductive 
toxicity.Theparametersevaluated are listed  in 
Table 1. Methods used .were those described in the 

andrightepididymiswereisolated,.weighed,and 
fixed and preserved .for histopathology.  The tail of 
the epididymis (cauda epididymis) was then removed 
from the epididymal .body (corpus ,epididymis) and 
weighed. Test yolk buffer was applied to slides, and 
a small incision was made at the  distal border. of the. 
caudaepididymis.The -sperm effluxing  from the. 
incision were dispersed in the buffer on the slides,and 
thenumbers of motile  'andnonmotilespermatozoa 
werecounted for five  fields. per; slide-  by two 

L .

observers. Followingcompletion of the. sperm 
motility estimates, each right cauda epididymis was 
placed in buffered saline solution. Caudae were finely 
minced, and, the tissue, was  'incubated in ,the saline 
solution,afterwhichsampleswereremoved for 
morphology evaluation, and the remainder 'were'heat 
fixed at 65" C.  Sperm density was then determined 
microscopicallywiththeaidofahemacytometer ... 

Four sperm morphology slides were prepared- for each 
animalevaluated. An aliquot ,of killed sperm 
suspension was stahed .in a 'test tube, ' spread on a 
microscope slide undera coverslip, and .examined. 

I . 


At the end of the 10-week modified mating study,  all 
maleswereanesthetizedwithcarbon dioxide,, and 
bloodwascollectedfromthe retroorbital' sinus for 
hematology analyses. Blood for hematology determi-
nationswasplaced !in tubes  .containingpotassium 

2.days. ,Male rats were housed individually during theEDTA as the anticoagulant. .Leukocyte, 'erythrocyte, 
exposure and recovery periods,. and .two untreated and. reticulocyte, counts were determined .from blood, 
females were housed with each male during the 7-daysmears by light  microscopy. .The hematology para-. 
mating period. On the first .day of vaginal  plug or metersmeasuredarelistedinTable1. .., 

, .  

. .  

. . 
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A necropsywasperformedonallmalesafterthe 
7-day mating period.  The brain, heart, right kidney, 
liver, lung,  prostategland,.seminalvesicle,right 
testis,andthymuswereweighed. A necropsywas 
performed on all mated females on gestation day 13, 
and on all virgin females 13 days after the end of the 
mating period. The uterus and ovaries were stained 
with 10% ammonium  sulfide and examined grossly. 
Table1liststheparametersexamined.Histopatho-
logicexaminationswereperformedon 0 and 
25,000 ppm male rats. In addition, the epididymis, 
prostategland,seminalvesicle,andtestiswere 
examined in all other exposure groups. Table 1 lists 
the tissues and organs routinely examined. 

26-WEEB S W Y  
The26-weekstudywasconductedtoevaluatethe 
cumulative toxic effects of repeated exposure to butyl 
benzylphthalateandtodetermine.theappropriate 
doses to be  usedinthe2-yearstudy. I 

MaleF344/NratswereobtainedfromSimonsen!
I 	

Laboratories, Inc. (Gilroy, CA). On receipt, the rats 
were 4 weeksold.Animalswerequarantinedfori 	 11 days and were6 weeks old on the first day of the 
study. Before initiation of the  study, five male rats 
wererandomlyselectedforparasiteevaluationand 
gross observation  forevidence of disease; At 
13weeksandattheendofthestudy,serologic 
analyses were performed on five male sentinel rats 
usingtheprotocols of theNTPSentinelAnimal 
Program (Appendix J). 

Groups of 15 male rats were fed diets containing 0, 
3U€),900,2,80, 8,300, or 2 5 , W  ppm  butyl benzyl 
phthalate. Feed and water were availablead libitum. 
Ratswerehousedfiveper 'cage. Clinicalfindings 
were recordeddaily. Feed consuinption was recorded 
weekly. The animals were weighed initially, weekly, 
andattheend of the  study.Details ofthestudy 
designand animal maintenance are summarized  in 
Table . 1. 
At the end of the  26-weekstudy,sampleswere 
collected from0, 300,8,300, and 25,ooO ppm male 
rats for sperm  .morphologyevaluations.Thepara-
meters evaluated are listed in Table 1. Methods used 
were the same  asthosedescribedformalesinthe 
10-week modified mating study. 

On days 30, 60, 90; 120, 150, and at the end of the 
study, blood was collected from all rats (except for 
the 25,ooO ppm males on days 120,and 150)  from the 
retroorbital sinus for hematology analyses. The rats 
were anesthetized with carbon dioxide. Hematology 
parameters were determined using the same methods 
asdescribedformalesinthe10-weekmodified 
mating study. The hematology parameters measured 
are listed in Table 1. 

A necropsywasperformed on allrats.Thebrain, 
heart,rightkidney,liver,lung,prostategland, 
seminalvesicle,righttestis,andthymuswere 
weighed. Tissues for microscopic examination were 
fmed and preserved in 10% neutral  buffered formalin, 
processedandtrimmed,embeddedinparaffin, 
sectioned to a thickness  of 5  to 6 pm, and stained with 
hematoxylinandeosin. A complete histopathologic 
examination was performed on all0 and 25,000 ppm 
rats. ' In addition,  theepididymis,prostategland, 
seminal vesicle, and testis were examined in all  other 
exposure groups. Table 1 lists the tissues and organs 
routinely examined. 

%YEAR STUDY 
SUnndy Dwigm 
Groups of 60 male rats were fed diets containing 0, 
3,@00, 6,000, or 12,OOO ppm  butyl benzyl phthalate, 
and groups of60 female rats were fed diets containing 
0, 6,000, 12,OOO, or24,000 ppmbutylbenzyl 
phthalate. Ten male and ten female, rats from each 
group were bled at 6 months for hematology and at 
6 and 8 months for hormone assays. After 15 months 
of exposure, 10 male and 10 female rats from each 
groupwereevaluatedforhematology,hormone 
assays, organ weights, and histopathology. 

somce m d  Spi iPca~onoff Animds 
MaleandfemaleF344/Nratswereobtainedfrom 
Simonsen Laboratories, Inc. (Gilroy, CA) for use in 
the 2-year study. Rats were 4 weeks old upon receipt 
andwerequarantinedfor11daysbeforethe 
beginningofthestudy.Fivemaleandfivefemale 
rats were selected for parasite evaluation and gross 
observationforevidence of disease.  Rats.were 
approximately 6 weeksoldatthebeginningofthe 
study.Thehealthoftheanimalswasmonitored 
duringthestudyaccordingtotheprotocols of the 
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NlrP Sentinel Animal Program (Appendix J). After 
approximately 1  year, an additional health check was 
performedonsentinelanimals. ..All animalswere 
positive for either pinworms or pinworm eggs. : 

. .  . . 

Animal Maintenance . 

Rats were housed five per cage.  Feed and water were 
available ad libitum. consumptionFeed was 
measured weekly for 12 weeks and monthly thereafter 
forcontrolsandapproximatelyeverymonthfor 
exposed groups. Cages and racks were rotated every 
2 weeks. Further details of animal maintenance are 
given in Table 1. Information on feed composition 
and contaminants is provided in AppendixI. 

Clinical Examinations and Pathology 
All animalswereobservedtwicedaily.Clinical 
findingsandbodyweightswererecordedatthe 
beginning of the study, weekly for 13 weeks, monthly 
thereafter, and  at the end of the study. 

, , 

Blood for  hematology analyses was collected from all 
rats from the retroorbital sinus at 6 and 15 months. 
Blood for  hormone assays was collected from all rats 
at 6 and 15 months and at study termination and from 
allmalesat 8 months.Theratswereanesthetized 
with carbon dioxide or a mixture of carbon dioxide 
andoxygen.Bloodfor-hematologydeterminations I 

andplasmahormoneassayswasplaced in tubes 
containingpotassiumEDTAastheanticoagulant.. 
B l d  for  serum hormone assays was placedin tubes 
witllout anticoagulant, allowed to clot' at room tem-
perature,andcentrifuged.Hematologyparameters 
weremeasuredon aTechniconH-1.Erythrocyte, 
reticulocyte,anddifferentialleukocytecountsand 
morphologic evaluations of blood cells were deter-
minedfrombloodsmearsbylightmicroscopy. 
Analysesforthyroxine,trii,odothyronine,andtes-
tosterone were performed with. radioimmunoassay kitsadministration, examplesof disagreements in diagno-
(DiagnosticProductsCorp., Los Angeles,CA). 
Analyses for thyroid-stimulating hormone and prolac-
tin were performed with radioimmunoassay methods 
and reagents from the National.Institute of Arthritis, 
Diabetes,Digestive,andKidneyDisease:Adreno-
corticotropic hormone levels were measured us.ing a 
dou'ble-antibodytechnique.Thehematologyand 
hormoneassayparametersmeasuredarelistedin 
Table 1. 

A completenecropsyandmicroscopicexamination 
were performed on all.rats. At the 15-month interim 
evaluation, the right epididymis, right kidney, liver, 
and right testis of rats were weighed..At .necropsy, all 
organs and tissues were examined for grossly visible 
lesions, and all major tissues were fuced and preserved 
in 10% neutral  bufferedformalin,processedand 
trimmed,embeddedinparaffin,sectionedtoa 
thickness of 5  to6 pm, and stained with hematoxylin 
and eosin for microscopic examination. Forall paired 
.organs (i.e., adrenal  gland, kidney, ovary), samples 
from each organ were examined. Tissues examined 
microscopically are listed in Table 1. 

Microscopic evaluations were completed by the study 
laboratorypathologist,andthepathologydata 
were entered into the Toxicology Data Management 
System. The slides, paraffin blocks, and residual wet 
tissues were sent to the NTP Archives for  inventory, 
slideblock match,  andwet tissueaudit.Theslides, 
individual animal data records,and pathology tables' 

were evaluated by an independent quality assessment 
laboratory. The individual animal records and tables 
werecompared foraccuracy,theslideandtissue 
countswereverified,andthehistotechniquewas 
evaluated. For the 2-year'study, a quality assessment 
pathologist reviewed the' adrenal gland, kidney, liver, 
mammary gland (females), pancreas, pituitary ,gland 
(pars distalis), prostate gland (males), skin (males), 
spleen,thyroidgland(males),urinarybladder,and 
uterus (females) for all neoplastic and nonneoplastic 
lesions. 

The quality assessment report and the reviewed slides 
were submitted to the NTP Pathology Working Group 
(PWG) charperson, who  reviewed the selected tissues 
andaddressedanyinconsistenciesinthediagnoses 
made. by  the laboratoryandqualityassessment 
pathologists.Representativehistopathologyslides 
containingexamplesoflesionsrelatedtochemical 

sesbetweenthelaboratoryandquality,assessment 
pathologists,orlesions of general.interestwere 
presented by the chairperson 

' 

to the PWG for  review. 
ThePWGconsistedofthequalityassessment 
pathologistandotherpathologistsexperienced in 
rodent toxicologic, pathology. This group examined 
the tissues without any knowledge of dose groupsor 
previouslyrendereddiagnoses..Whenthe PWG 
consensus differed from-the opinion  of the laboratory 
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pathologist,thediagnosis waschanged.Thus,the 
final diagnoses  representaconsensus of quality 
assessment pathologists, the PWG chairperson,.  and 
the PWG.Details of these  reviewprocedureshave 
been described, in part, by Maronpot  and Boorman 
(1982)andBoorman et a l .  (1985). Forsubsequent 
analyses of the  pathology data, the diagnosed lesions 
for each  tissuetypewereevaluatedseparately or 
combined according to the guidelines of  McConnell 
et a l .  (1986). 

STATlIsTlIem rnTWOnDS 
s ~ v i v dAmangrsens 
Theprobability o f ,  survival  wasestimatedbythe 
product-limit procedure of  Kaplan and Meier(1958) 
and is presented  intheform of graphs. Aamals 
found dead of other than natural causes were censoredfurther described  andillustratedbyDinseand
fromthesurvivalanalyses;animalsdyingfrom 
natural causes were not censored. Statistical analyses 
for possible  dose-relatedeffectsonsurvivalused 
Cox's (1972) method for testing two groups for ' 

equality and Tarone's (1975)life table test to identify 
dose-relatedtrends. AllreportedPvalues for the 
survival analyses are two sided. 

@dennnaU.om off IImcidemce 
The incidences of neoplasms or  nonneoplastic lesions 
as presented in TablesA1,A5, B1, and B5 are given 
as the  number of animals  bearing such lesions at a 
specific anatomic site and the number of animals with 
that site examined microscopically. For calculation of 
statisticalsignificance,incidences mostthe of 
neoplasms (Tables A3 and B3) and all nonneoplastic 
lesions are given  as the numbers of animals  affected 
ateachsiteexaminedmicroscopically.However, 
when macroscopic examination was required to detectwere used in  the analysis of neoplasm  incidence, and 
neoplasms in certain tissues (e.g., intestine, harderian reportedPvaluesareonesided.Theprocedures 
gland, mammary gland, and skin) before microscopic described in the preceding paragraphs were also used 
evaluation, or when neoplasms had multiple potentialto' evaluate selected nonneoplastic lesions. For further 
sites of occurrence  (e.g., leukemia or lymphoma), the 
denominators consist of  the number' of animals  on 
which a  necropsy was performed. Tables A3 and B3 
also give the survival-adjusted neoplasm ratefor each 
groupandeachsite-specificneoplasm, i.e., the' 

&plan-Meier estimate of the neoplasm incidence that 
would have been observed at the end of  the study in 
theabsence of mortality  fromallothercompeting 
risks (Kaplan and Meier, 1958). 

~~ 

25 


A ~ ~ ~ S H SO~FNmpnasm I I D C ~ C U ~ W ~ S  
Themajority of neoplasms  inthesestudieswere 
considered to be incidental to the cause of death or not 
rapidlylethal.Thus,theprimarystatisticalmethod 
used was logistic regression analysis, which assumed 
that the diagnosed neoplasms were discovered as the 
result of death  from an unrelated cause and thus did 
notaffect therisk of death.  Inthisapproach,I 

neoplasmprevalencewasmodeledasalogistic 
function of chemical  exposure and time. Both linear 
andquadraticterms in, time  wereincorporated 
initially, and the quadratic term was eliminatedif the 
fit of  the model was not significantly enhanced. The 
neoplasm incidences of exposed  and control groups 
were compared on the basis of the  likelihood score 
testfortheregressioncoefficient of dose.  This 
method of adjusting for intercurrent  mortality is the 
prevalenceanalysis of Dinse  andLagakos (1983), 

Haseman (1986).When neoplasms are incidental,th is ,  
comparison of the time-specific neoplasm prevalences 
alsoprovidesacomparison of the  time-specific 
neoplasm incidences (McKnight and Crowley,1984). 

In addition to logistic  regression, other methods of 
statistical analysis were used, andthe results of these 
testsaresummarizedintheappendixes.These 
methodsincludethelifetabletest(Cox, 1972; 
Tarone, 1975), appropriate for rapidly  lethalneo-
plasms, and the Fisher exact test and the Cochran-
Armitagetrendtest(Armitage, 1971; Gart et a l . ,  
1979),procedures based on the overall proportion'of 
neoplasm-bearing animals. 

Tests of significance included pairwise comparisons of 
each exposed group with controls and a test for an 
overall dose-related trend. Continuity-corrected tests 

discussion of thesestatisticalmethods,refer to 
Haseman (1984). 

b d y s b  0%mmmpnmtic I L = ~ O ~~[mcidem~t~ 
Because all nonneoplastic lesions in this study were 
considered tobe incidental to the cause of deathor not 
rapidly lethal, the primary statistical analysis used was 
a logistic regression analysis in which nonneoplastic 
lesion prevalence was modeled as a logistic function 
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of chemical exposure and time. For lesions detected 
attheinterimevaluation,theFisherexacttestwas 
used,aprocedurebasedontheoverallpropor-
tion of affected  animals. . . 

. .  
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retrospectively. by an  independent quality assurance 
contractor.Separateauditscoveringcompleteness 
andaccuracy of thepathology data, . pathology 
specimens, final pathology tables; and adraft of  this 
NTPTechnicalReportwereconducted.Audit 

Analysis of ContinuousVariables :. . 

Two approaches were employedto assess  the signifi-
calnce of pairwise  comparisons between exposed and 
control groups in the analysisof continuous variables. 
Organ and weight.whichbody data, have 
approximatelynormaldistributions,wereanalyzed 
using the parametric multiple comparison procedures 
of Dunnett (1955) andWilliams (1971, 1972). 
Hematology,hormoneassay,spermatid,spermato-
zoal, fertility, and developmental toxicity data, which 
havetypicallyskeweddistributions,wereanalyzed 

procedures and findings are presented in the reports 
andareon fileat NIEHS.Theaudit findings were 
reviewed and assessed by NTP staff,so all comments 
had been resolved or  were otherwise addressed during 
the preparation.of this Technical Report. 

GENETICTOXICOLOGY 

Thegenetictoxicity of butyl  benzylphthalatewas 
assessed by testing  theabilityofthechemical 

using the nonparametric multiple comparison methods 
of Shirley (1977)and Dunn (1964).Jonckheere’s test 
(Jonckheere, 1954)was used to assess the significance 
of the dose-related trends  and to determine  whether a 
trend-sensitive test (Williams’ or Shirley’s  test) was 
more appropriate for pairwise  comparisons than a test 
that does not assume a monotonic dose-related trend 
(Dunnett’s or Dunn’stest).Priortostatistical 
analysis, extreme values identified by  the outlier test 
of Dixon and Massey(1951) were examined by NTP 
personnel,andimplausiblevalueswereeliminated 
fromtheanalysis.Averageseverityvalueswere 
analyzed for significance  using the Mann-WhitneyU 
test(HollanderandWolfe, 1973). Fertilityand 
developmental toxicity data were also analyzed using 
the Chi-square test. 

Historical Control Data 
Although the concurrent control group. is  always the 
first and  mostappropriatecontrolgroupusedfor 
evaluation, historical control data canbe helpful in the 
overall assessment of neoplasm  incidence in certain 
instances.Consequently,neoplasmincidencesfrom 

to induce  mutations in various strains of Salmonella 
typhimuriwn, sister chromatid exchanges and chromo-
somalaberrationsinculturedChinesehamster 
ovary cells and mouse bone marrow cells, mutations 
in L5178Y mouselymphoma cells, and  sex-linked 
recessivelethalinmutations Drosophila 
melanogaster. The protocols for these studies and the 
results are given in Appendix C. 

The genetic toxicity studies of butyl  benzyl phthalate 
are part of a  larger effort by  the NTP to develop a 
database that would permit the evaluation of carcino-
genicity in experimental animals from the structure 
and responses of the  chemical in short-term in vitro 
and in vivo genetictoxicitytests.Thesegenetic 
toxicitytestswereoriginallydeveloped to study 
mechanisms of chemically induced DNA damage and 
to predict carcinogenicityinanimals, based on the 
electrophilic theory of chemical carcinogenesis and 
the somatic mutation theory (Miller and Miller,1977; 
Straw, 1981 ;Crawford, 1985). 

There is a strong correlation between a chemical’s 
the: NTP  historical control database, which is updatedpotentialelectrophilicity(structural alert to DNA 
yearly, are included in the NTP reports for neoplasmsreactivity), mutagenicity in Salmonella, and carcino-
appearing to show  compound-related effects. 

QUALITYASSURANCEMETHODS 
The 26-week  and 2-year studies were conducted in 
compliance with Food and Drug AdministrationGood 
Laboratory Practice Regulations(2.1CFR, Part 58). 
In addition, as records from the 2-year study were 
submitted to the  NTP Archives,’ the studywas audited 

genicity in rodents. The combination of electrophili- 
city andSalmonella mutagenicity is highly  correlated 
with the induction of carcinogenicity  in rats and mice 
and/or at  multiple tissue sites (Ashby and Tennant, 
1991). Other in vitro genetictoxicitytests do not 
correlate well  withrodent carcinogenicity(Tennant 
et a l . ,  1987;Zeiger et a l . ,  1990),although these other 
tests can provide information on the types of DNA 
andchromosomeeffectsthatcanbeinduced 



by the chemical being investigated. Data from NTP 
studies show thata positive response inSalmonella is 
currently the most predictive in vitro test for rodent 
carcinogenicity. (89% .of the Salmonella mutagens 
were rodent carcinogens), and that there is no com-
plementarity among the in vitro genetic toxicity tests. 

Thatis,nobatteryofteststhatincludedthe 
Salmonella testimprovedthepredictivityofthe 
Salmonella test alone. The predictivity for carcino-
genicityof a positive  responseinbonemarrow 
chromosome aberration or micronucleus tests is not 
yetdefined. '2 
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TABLE1 
Experimental Design and Materials and Methods of Butyl Benzyl Phthalatein the .Feed Studies 

10-Week 
Modified Mating Study 

Study Laboratory 
Hazleton Laboratories America, Inc. 
(Rockville, MD) 

Strain and Species 
Rats: F344lN 

Animal Source 
Simonsen Laboratories, Inc. 
(Gilroy, CA) 

Tme Held  Before Studies 
1 1  days (males) 

Average Age When Studies Began 
6weeks (males) 

20 to 24weeks (females at the 

beghiing of the 7day mating  period) 


Date of First Dose 
24September 1984(males) 

Duration of Dosing 
10weeks (males) 

Date of Last Dose 
2December 1984(males) 

Necropsy Dates 
12-13December (males)and 
16-22December (females) 1984 

Average Age at'Necropsy 
16weeks (males)and . 
22 to 26weeks (females) 

. , 

Sue of Study Groups 
15 males and 30untreated females 

26-Week Study 

Haileton Laboratories America, Inc. 
(Rockville, MD) 

Rats: F344lN 


Simonsen Laboratories, Inc. 

(Gilroy,CA) 


1 1  days 


6weeks 


24September 1984 


26weeks 


25-26March 1985 

25-26March 1985 

. 32 weeks 

15 males 

2-Year Study 

Southern Research Institute 
(Birmingham, AL) 

Rats: F344lN 

Simonsen Laboratories, Inc. 
(Gilroy, CA) , 

1 1 days 

6weeks 

26 June 1989 

104 weeks (males), 
105 weeks (females) 

17 June (males) and 
24 June (females) 1991 

15-Month interim evaluation-
26 September (males) and 

' 27 September (females)1990 
Terminal -
24-26June (males) and 
1-3July (females) 1991 

15-Month interim evaluation -
72 weeks 

Terminal -
110weeks (males) and 
1 1  1 weeks (females) 

15-Month interim evaluation -
10males and 10 females 

Terminal -
50 males and 50 females 
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IO-Week 
Modified Mating Study 

Method of Distribution 
Animals were distributed randomly into 
groups of approximately  equal mean 
body weights 

Animals per Cage 
1 (except during 7-day mating period, 
when one male was house with two 
females) 

Method of Animal Identification 
Toe clip and  cage label 

Diet 
NJH-07 open formula meal diet  (Zeigler 
Brothers, Inc., Gardners, PA), 
available ad libitum 

Water Distribution 
Tap water (Rockville municipal supply) 
via glass water bottles (Lab Products, 
Garfield, NJ; Ancare Corp., 
Manhasset, NY), available ad libitum 

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

Bedding 
Sani-Chips' heat-treated hardwood 
chips (P.J. Murphy Forest  Products 
Corp., Rochelle Park, NJ),  changed 
twice weekly 

CagelRack Filters 
Nonwoven polyester cage filters (Snow 
Filtration Co., Cincinnati, OH), 
changed every2 weeks 

Racks 
Aluminum racks (Lab  Products, 
Garfield, NJ), rotated every2 weeks 

%Week Study 

Same as 10-week modified mating'study 

5 

Toe clip and  cage label 

Same as 10-week  modifiedmating study 

Same as 10-week modifiedmating study 

Same as 10-week modified mating study 

Same as 10-week  modified mating study 

Same as 10-week modified mating study 

Same as 10-week  modifiedmating study 

%Year Study 

Same as 10-week  modified mating study 

5 

Tail tattoo 

Same as 10-week  modifiedmating study 

Tap water (Bimungham municipal 
supply) via automatic watering system 
(Edstrom Industries, Inc., Waterford, 
WI), available ad libitum 

Solid-bottom, polycarbonate cages (Lab 
Products, Inc., Maywood, NJ), changed 
twice weekly 

Sani-Chips' heat-treated hardwood 
chips (P.J. Murphy Forest Products 
Corp., Montville, NJ), changed twice 
weekly 

Reemay' spun-bonded polyester rack 
filters (Andico. Birmingham,AL), 
changed every2 weeks 

Stainless steel racks (Lab Products, 
Inc., Maywood, NJ), rotated every 
2 weeks 
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. .  
. ITABLE1 

Experimental Designand Materials and Methods in the Feed Studiesof Butyl Benzyl Phthalate 
(continued) , .  

Modified Mating Study 
10-Week 26-Week Study ' I  2-YearStudy 

Room air: 12 to 15 changeslhour 
Fluorescentlight: 121;ourslday 
Relativehumidity: 26% to 69% 
Temperature: 21" to 27"'C 
Animal Room Environment 

.Room air: 12to 15 changeslhour 
Fluorescentlight: 12hourslday 
Relative humidity: 24% to 69% 
Temperature: 21 to 26"C 

10changeslhour ' 

Room air: minimum  of 
Fluorescentlight: 12hourslday 
Relative humidity: 22.2% to 89.0% 
Temperature: 13.1"to 29.2"C 

available ad libitum (males) 
0,300,2,800,or 25,O0Oppm in feed, 
DO!M 

. 

ad libitum 
25,OOOppm in feed, available 
0,306, 900,2,800,8,300;or 

(females) in feed, availablead libifzim 
or 0,6,O0O, 12,O0O,or 24,O0Oppm 
b,i,000,6,000, or 12,000ppm ( d e s )  

weekly. 
consumption by males  was recorded 
observations. were recorded daily. Feed 
the end of the study; clinical 
were weighed initially, weekly, and at 
Males were observed twice daily; males 
Type and Frequencyof Observation 

' 

wasrecorded,weekly. , . 

wererecordeddaily.Feedconsumption 

weighed initially. weekly, and at the 
Observed twice daily; animals were 

endofthestudy;clinicalobservations 

, 

. . . .  

. 

. . 

. .  

groups. 
approximately monthly for exposed 
thereafter for controls  and 
weekly for 12weeksandmonthly . 

study. Feed consumption was,  recorded 
monthly thereafter, and  at the end of the 
recorded initially, weekly for 13 weeks, 
weighed and clinical observations were 
Observed twice daily; animals were 

exsanguination 
Carbon dioxide asphyxiation and' 
Method of Sacrifice , .  

exsanguination 
Carbon dioiide asphyxiation'and Carbondioxideasphyxiation I 

Necropsy 
Necropsy perforked on  all males. Necropsy performed on all rats. Necropsy performedon all rats. 
Organs weighed were brain,  heart, right Organs weighed were brain, heart,  right Organs weighed at the  15-month intirim 
kidn,ey, liver,  lung, prostate gland, kidney, liver, lung, prostate gland, evaluation were right epididymis, right 
seminal vesicle, right testis, and semidvesicle, right  testis, and kidney, liver, and  right testis. 
thymus. thymus. .. 



@ h k C d  h a d o a  
Blood for hematology  was collected 
from the  retroorbital sinus of all males 
surviving to the end of the study. 
Hematology: hematocrit,hemoglobin, 
erythrocyte and reticulocyte counts, 
mean cell volume, mean cell 
hemoglobin, mean cell hemoglobin 
concentration, platelet count, and total 
leukocyte count and differential. 

Hiitopathology 
Complete histopathology was performed 
on all 0 and 25,ooO ppm males. In 
addition to gross lesions and  tissue 
masses, the tissues examined included: 
adrenal gland, brain, esophagus, hear& , . I 

large intestine (cecum, colon, rectum), 
smallintestine(duodenum,jejunum, , 

ileum), liver, lung (andkidney,
mainstem bronchi), lymph nodes 

, 

(mandibular and mesenteric), mammary: 
gland, nose, pancreas, parathyroid ~ 

gland,pituitarygland,preputialgland, , 

prostate gland, salivary gland, skin,. 
spleen, stomach (forestomach and 
glandular), testis (with epididymis and 
seminal vesicle), thymus, thyroid gland, 
trachea, and  urinarybladder.Thetestis 
(with epididymis and seminal vesicle) 

~ 

and prostate gland were also examined 
in all other groups ofrats. 

Blood for hematology  was collected 
from the retroorbital sinus on days30, 
60.90, 120, 150, and at end of the 
study from all rats (except for 
25,ooO ppm males on days120 and 
150). 
Hemotology: hematocrit,hemoglobin, 
erythrocyte and reticulocyte counts, 
mean cell volume, mean cell 
hemoglobin, mean cell hemoglobin 
concentration, platelet counts, and total 
leukocyte counts and differentials. 

complete histopathology  was performed 
on'all0 and 25,ooO ppm rats. In 
addition to gross lesions and tissue 
masses, the tissues examined included: 
adrenal gland, brain, esophagus, heart, 
large intestine (cecum, colon, rectum), 
small intestine (duodenum, jejunum, 
ileum), kidney, liver, lung  (and 
mainstem bronchi), lymph nodes 
(mandibular and mesenteric), mammary 
gland, nose, pancreas, parathyroid 
gland, pituitary gland, preputial gland, 
prostate gland, salivary gland, skin, 
spleen, stomach (forestomach and 
glandular), testis (with epididymis and 
seminal vesicle), thymus, thyroid gland, 
trachea, and urinary bladder. The testis 
(with epididymis and seminal vesicle)
and prostate gland were also examined 
in all other groups of rats. 

Blood was collected from all rats from 
the retroorbital sinus at 6 and 
15 months for  hematology, and from 
males at 6. 8, and 15 months and at 
study termination, and from  females at 
6 and 15 months and at study 
termination for hormone assays. 
Hemafology: hematocrit;hemoglobin; 
erythrocyte, reticulocyte, and nucleated 
erythrocyte counts; mean cell volume; 
mean cell hemoglobin, mean cell 
hemoglobin concentration; platelet 
counts; total leukocyte counis and 
differentials. 
Hormone ossoys: thyroid-stimulating 
hormone, triiodothyronine(6 and 
15 months and study termination only in 
males), thyroxine (6 and 15 months and 
study termination only in males), 
adrenocorticotropic hormone(6 and 
15 months and study termination only in 
males), testosterone, and prolactin 
(15 months and study termination only 
in females) 

Complete histopathology was performed 
on all groups of rats. In addition to 
gross lesionsand tissue masses, the 
tissuesexaminedincluded:adrenal 
gland, brain (three sections), clitoral 
gland, femur (and bone marrow),  heart, 
large intestine (cecum, colon, rectum), 
small intestine (duodenum, jejunum, 
ileum), kidney, liver, lung (and 
mainstem bronchi), lymph nodes 
(mandibular and mesenteric), mammary 
gland, oral mucosa (and tongue), ovary, 
pancreas, pituitary gland, preputial 
gland, prostate gland, salivary gland, 
skin, spleen, stomach (forestomach and 
glandular), testes (with epididymis and 
seminal vesicle), thymus, thyroid gland, 
urinary bladder, and uterus. 
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TASLE1 

Ex.perimentalDesign and Materials and Methods in the Feed Studies of Butyl Benzyl Phthalate 

(COlltinued) 

lo-week 26-Week Study 2-Year Study 
Modified Mating Study 

-
Reproductive Tissue Evaluations 

Attheendthe sperm samples endthe sperm samples
ofstudy, At theofstudy, None 

werecollectedfromallmale rats for werecollectedfrommale rats'in the 0, 

spelm count, moyity. and morphology 300,8,300, and 25.OOO ppmgroups for . : 


evaluations.The right cauda, motility,
sperm count, and morphology 

epididymis, and testis wereweighed.evaluations.right
Thecauda, 

. .  epididymis, and testis were weighed. 

Fertility, Maternal Body Weight, and Developmental Toxicity Evaluations 
Femaleswereobserved w y  . . . Nonetwice None 

during mating and gestation. Females 

were weighed at the beginning of the 

7&y mating period and on gestation 

days 0. 6,9, and 13. Necropsies were 

performed on mated females on 


igestation day 13, and on virgin females 

13 days after the end of themating 

period.' The uterus and ovaries were -

examined.Theparametersevaluated , 


included:male and femalefertility , 


. 	 indexes, mitemalhdy weights,  live 
and dead feplses, resorptions, corpqrp 
lutea, and gross abnormalities. 



RATS

no-w&Ix MODIFED m ~ STWm ~ 

All rats  survived to the  end of thestudy(Table 2). by the 25,000 ppmgroupwaslessthanthatbythe 
The final meanbodyweightandbodyweightgain of controls at the end of the study. Dietary levels of 
the 25,UNl ppmmalesweresignificantlylessthan ,300, 2,800, and 25,000 ppmdeliveredaveragedaily 
those ofcontrols.thedoses 200,of approximately 20, and 2,200 mg butyl 

benzyl phthalatekg body  weight. No clinical fmd,ings 
Feed consumption by the 300 and 2,800 ppm groups were considered to be related to butyl benzyl phthalate 
was similar to that bythecontrols. Feed consumptionexposure. 

0
 15/15 110
 f 3 
 320 f 4 
 211 f 2
 14 16 

30015/15 


2,800
15/15 

16 319 f 3 


1 1 1  f 3 316 f 3 205 f 3 
 9 9 ' 


1 1 1  f 3
 4 208 f 100 14 

14 16 


25.0 
 15/15110
 f 3
 4** 116f226 
 f 3" 71 22
 1 1  


** Significantly different (PiO.01)from the control group by Williams' o r  Dunnett's test. 
a umber of animals surviving at 10 weeks/number initially in group 

Weights and weight changes are given a s  mean f standard error. 
Feed consumption is expressed as grams of feed consumed per animal per day. 

A few minimal hematology changes occurred in the 
25,000 ppm male rats (Table El). There was some 
evidence of a minimal anemia; th is  was characterized 
by a decreased  erythrocyte count. The substantially 
lowerfinalmeanbodyweight of the 25,ooO ppm 
malessuggests,however,thattheseratswere not 
eating or drinkingasmuch a s  thecontrols,and 
dehydrationcouldhaveoccurred.Dehydrationcan 
cause a relative erythmytosis due  to decreased blood 
volumehemoconcentration. significantand If 
dehydrationmurredin these rats, the severityof the 
anemia could have been masked. The' erythrocytes 
were macrocytic, evidenced by an increase in mean 

cell volume. Increases in mean cell volume usually 
suggestincreasednumbers of, larger, immature 
erythrocytes circulation.in(reticulocytes)the 
However, the reticulocyte count was not increased in 
25,000 ppm males, indicating the decrease in eryth-
rocyte count was  too minimal to stimulate a strong 
bonemarrowresponse. A n  increaseinmeancell 
hemoglobin occurred and wouldbe consistent with the 
larger erythrocyte  size.Theplateletcount was 
increasedandwouldbeconsistentwith a reactive 
thrombocytosis.Reactivethrombocytosiscanbe 
caused by a variety of conditions,includingbone 
marrow response to anemia. 
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Th.e and testisprostateabsoluterelative and 
glandweightsofthe 25,000 ppm maleswere 
significantlylessthan.those .ofi'.the. controls 
(Table Dl). The other lower organ weights of rats in 

,.the:, 25,000 ppmgroupwere apibuted tothe 
moderatelylowermeanbodyweightgainof this 
group.Thereweremarkeddegenerativetesticular 

,	 . 

.. . 
, ,  . . 

. ,  . .  . 

TABLE3 
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and associated epididymal degenerative changesin the 
25,OOOppm males. All changes were associated with 
damage primarily to the germinal epithelium, which 
resulted in necrosis (detritus) and loss (atrophy and 
hypospermia) of. germinal . epitheliumandwith 
formationofsyncytia.ofspermatids,(giant .cells) 

.	 .(Table 3). 

. .  . .  , . 

Incidences of Selected Nonneoplastic;&ob in Male Rats in the 10-Week Modified Mating Study 
of Butyl Benzyl Phthalate 

.	 . 

Dose 	 Oppm : 
~ ~~~ , -. . 

Testisa 15 

Seminiferous Tubule, Atrophyb 0 


-. . .Seminiferous Tubule, Giant Cells 0 

Seminiferous Tubule, Necrosis 0 


Epididymis 15 

Iiypospexmia 0 

Tail. I n t l d t i o n  0
Chronic 	 ' ,' ' 
Tail, Detritus 0 .. 

.. . 

* ' 

* Significantlydifferent(PiO105)fromthecontrolgroup bytheFisher -** €'r0.01 
a 	 Number of animals with organ examined microscopically 

Number of animals with lesion. 
Averige severity  grade of lesions in affected animals: 1 = , ' m i n i m a l ;  

. I . 
Thc absoluteright cauda, right epididymis, and right 
testis weights of the 25,000ppm'males were sigxiifi-
cantly less than those of the controls (Table Fl). The 
epididymal spermatozoal concentrations in2,800and 
25,OOO ppm males were significantly less than that in 
the controls. Sperm motility and epididymal sperma-
toz0alparameterswerenotcalculatedfor.males 
exposed to 25,000ppm due to the absence of'sperm, 
andthose in othergroups of exposedmaleswere 
similar to thosein the controls.. Although 10 females 

300 PPm >,SO0 ppm . . . . ,. 25,OOO ppm 

15 15 
1 (4.0)' ' . o  
0 0 
Q 0 

15 15 
1 (4.oj 0' 

0
0 
0 ' 0 

exact test ' ' 

. .  

. 

15 

.	 1 
 15** (4.0) 

lo** (1.3) 
' 3 (1.0) 

. .  

15 

15** (4.0)' 

4* (1.3) . 


11** (2.9) 


-

2.= mild; 3 = moderate; 4 = marked 
. . ..

I. ' . 

speA positive,  none of these females were pregnant 
at. 'necropsy.  Thefertilityindicesofmalesand 
females in the 25,OOOppm group were significantly 
lowerthanthoseofthecontrols(Table €2); The 
maternal body weights of females ,mated to300 -and 
.2,800ppmmalesweresimilar .to those  offemales 
matedtocontrolmales.Therewerenomaternal 
clinical findings related to exposure of malesto butyl 
benzylphthalate;Therewerenosignificantdiffer-
ences in ,litter data between the controls and the300 

maxed to 25,OOO pp,m males were initially found to be and 2,800 ppm groups. 
.	 . 

. _  , : .  : . 	 . 1  

. 	 1 .	 . 
. .  

., I 

. .  
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Two'control males, one300 ppm male, one 900 ppm 
male,one 2,800ppmmale, arid four 25,000ppm 
malesdiedduringthestudy(Table 4). Alldeaths 
occurredduringanesthetization for the  collection 
of'  bloodfromtheretroorbitalsinus.Thefinal 
meanbodyweightandbodyweightgainof 
the 25,000 ppmmalesweresignificantlyless 
than those other controls. Except for the 25,000ppm 
males, feed. consumption by exposedall 

0 113 13/15d f 3 365 f 15 

groups was  similartotliatbythecontrols.Feed 
consumption was not measured for the 25,000ppm 
group because there was excessive scattering of the 
feed at this exposure conkntration. Dietary  levels of 
300, 900,
'2,800,and 8,300ppm delivered average 
daily doses,of approximately30,60,180,and 550mg 
butylbenzyl phthalatekg body  weight. No clinical 
findingswererelatedtobutylbenzylphthalate 
exposure. 

251 f 14 1 8  16 
300 14/Ee 1 1 3  f 3 391 f 5 278 f 4 17 
900 112 14/15f f 2 403 f 6 290 f 5 110 

107 25 
16' 

260 f.6 15 

-ll/Mh25.00 112 f 3 254 f 13"" 140 f 10" 70 

** Significantly different(PsO.01)from.the control group by Williams'or Dunnett's test 
a Number of animalssurvivingat 26 weekslnumber initially in group 

17 
2,800 14/15g. 112 f 3 374 f 8 102 16 

103 17. 8,300 15/15 1 1 3  f 3 375 f 8 263 f 6 15 
-

Weights and weight changes are given as mean f standard error. Subsequent @culations are based on 

study. 

Feed conkunptionis expressed as grams of feed consumed per animal per day, 


animals surviving to the end of the 

Weekofdeath: 5 .9  
e Weekof death: 5 . . 

Weekofdeath: 18 
Weekof death: 9 
Weekofdeath: 5 ,  9;9. 13 ' 

.No feed consumption dahi were calculatedfor this exposure group. 

The hematology  dataarelistedinTableE2. An 
exposure-related macrocytic. responsive anemia was 
present in the 25,000ppm group ,at all  time points 
evaluated.Theanemiawascharacterized by a 
minimal to mild decrease in hematocritvalues and/or 
erythrocyte counts. Additionally,minimalerythrocyte 
count decreases  occurred sporadically in the 2,800 
and 8,300ppm groups at various  time points. The 
macrocytosis,evidenced by a tominimal mild 
increase inmeancellvolume,would sugges! 
increased of reticulocytes.numbers circulating 

Reticulocyte couhts were increased on days60 and 90 
and wouldbe consistent witha hematopoietic response 
to the  anemia. An increase in mean cell hemoglobin 
occurred in the€430and 25,000ppm rats at all'time 
points. In geneial, increases in mean cell hemoglobin 
would be a reflection of the larger erythrocyte  size. 
Therewereminimalincreasesinthemeancell 
hemoglobin in 8,300 andconcentrationthe 
2 5 , W  ppm exposure groups. Increases in mean cell 
bemoglobinconcentrationhavebeenrelated to 
erythmiyte hemolysis (invivo or in vitro) or 
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alterations in hemoglobin concentrations or hematocritlessthanthoseofthecontrols(Table F3). Sperm
values.' Differences in other hematology .variables did 
no4 exhibit an exposure-related respoxise and.  were not 
considered relevant. 

. . .  

Tine absolute  and.relativetestisweights ofthe 
25,OOO ppm  males were significantly less than those 
of' the  controls(TableD2).Otherorganweight 
differences in rats were attributed to changes in body 
we:ight gains,or were  not considered to' be related to 
exposure,to butyl  benzyl phthalate. The absolute right 

, caudaandrightepididymisweightsandthesperm 
encentration of 25,OOO ppm males were significantly 

. . 
. .. 

. . .  -TABLE 3 . 

Incidences of Selected NonneoplasticLesions in Male Rats in the 26-Week Feed Study 
of Butyl Benzyl Phthalate . , I , 

Dose 0 PPm 300 ppm 900 ppm 2,800 ppm ' .8,300 ppm 25,000 ppm 
/ .  .. .. 

. Semhiferous Tubule,  Atrophyb 
Testisa 15 

0 
15 
o \ 

15 
0 

15 
1 (1;oy ' 

15 
0 15** (3.9) 

15 

Seminiferous Tubule, 
Seminiferous Tubule, GiantCells 0 ' 0 0 0 0 5* (2.2) 

, ' HYPO"? 1 . 
0 , o  0 0 0 15** (4.0) 

. .  

Epididymis 15. 15 15 15 ' 15 15 

~ Tail, Detritus 
H%spermia . ' .  0 

0 . .  

0 
, o  

0 
0 1, 

0 
(1.0) 0 

0 
13** (2.2) 
15** (4.0) 

. . 

. . 

** P$O.Ol 
* Slignificantly different(PiO.05) fromthecontrolgroupbytheFisherexact test . ' *  . 

I . 

a ~~mbeiof animals with brgan examined inicroscopicdly 
Elumber of animals with lesion , . !  % 

Average severity of lesions in affected animals: 1 = minimal;2 = mild; 3 = moderate; 4 = marked 

Dose SelectionRationale: Based on lower mean body a marginal increase in the incidence of mononuclear 
weightsandincreasedincidencesofnonneoplastic cellleukemia. A higherexposureconcentration of 
lesions in the 25,OOOppm rats, butyl benzyl phthalate 24,000 ppmwasadded for females  in this .2-year 

,,-


exposure concentrations  selected for male  rats in the 
2-year study were 0, 3,OOO,' 6,OOO, or 12,OOO ppm. 
In a previous 2-yearNTP study, the only evidenceof 
chronic toxicity or carcinogenicity in female rats was 

motility and epididymal spermatozoal parameters .were 
not calculated for males exposed to25,000 ppm, and 
those in other exposed groupsof males were similar 
tothosein . the . controls.Theincidences,of 
hypospermia and of atrophy of thesewferous. tubule 
in' the  &is and of hypospermia in h e  epididymis'  in 
25,000 ppmmalesweresignificantlygreaterthan 
those of the  controls(Table 5)..  Thedegenerative 
changes oftestisepididymisthethe and of 
25,000 ppmwere andmalesqu.alitatiuely 
quantitatively similar to thoseobservedjn males'in h e  
10-weekmodifiedmatingstudy. . , 

study tomaximize the potential for observing  adverse 
chemical effects. Therefore, exposure concentrations 
of 0, 6,OOO, 12,OOO, or 24,OOO ppm were selected for 
females in the 2-year study. 
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sumivau 
& h a t e s  of 2-year survivai probabilities for male and 
femde ratsareshowninTable 4 andinthe 
&plan-Meier survival curves (Figwe 1). Survival of 
all exposed groups of males and females was similar 
to .that of the controls. 

Body Weights9Feed and 
&hB@N&Ud (h2SUhB$%%DM1, a ~ d  
CUinicd Endings 
The mean baddy weight  of the 1 2 , O  ppm  males was 
4% to 10% less  than that of the controls throughout 
most of the study, and the mean body weight of the 
24,000 ppm  females was 7% to 27% less  than that of 
the controls throughout mostof the study. Mean bady 
weightsofall 3,UQQ and 6,Wl ppinmalesandof 
6 , W  and 1 2 , W  ppm  females were similar to those 
of the controls throughout the study (Tables 7 and8, 
Figure 2). Feed consumption by the females exposed 

L¶emouofl and Hornone Assays 
Thehematologyandhormoneassaydataforrats 
evaluated at 4 ,8 ,  and 15 months and at the end of the 
study are listed in Table E3. In general, hematology 
changesweresporadicdnd.minor.At 6 months,a 
minimal decrease in erythrgte count  and an increase 
inmean . cellhemoglobin,similartothatwhich 
occurred in the 26-week study, occurred in male rats 
in the 12,UOO  ppm group. .In female  rats, a decreased 
hematocritvalueoccurredat.15monthsinthe 
24 ,W ppm  group. At this time point, however, the 
meancellvolume .was decreased,  indicatingthat 
smaller.thannormalredcells(microcytosis)were 
being released from the bone marrow. A microcytic 
anemia is usually associated with a reduced erythro-
poiesis and may be caused by a  variety of conditions 
includingdecreasednutritionalstatus.Themarked 
mean body weight decrease of the 24,UOO ppm female 
rats would  beconsistentwithdecreasednutiition. 
There was also a mild decrease in triiodothyronine 
concentrations in ,the 24,000 ppm females at 6 and 
15 months and at study termination. No alterations in 
the and hormonethyroxinethyroid-stimulating 
concentrations occurred, suggesting that the decreaseto 24,000 ppm was less 'than that by the controls at the 

beginning of the study, but was similar to that by the 
controls by week 6 (TablesH1and H2). Feed 
consumption byall other exposed groups of males and 
females was similar to that by the controls. Dietary 
levels of 3,OOO, 6,000, or 12,OOOppm delivered 
average daily doses ofapproximately120,240, or 
500 mgbutylbenzyl phthalatekg body  weightto 
males. levels B , W ,  12,W, orDietaryof 
24,000 ppmdeliveredaveragedailydoses of 
approximately 300,BOQ), or 1,200 mg/kg to females. 
There were no clinical findings in exposed groupsof 
rats related to butyl benzyl phthalate exposure. 

intriiodothyroninewas.relatedtoanonthyroidal 
disorder.Innonthyroidaldisorders,decreases in 
circulating triiodothyronine concentrations have been 
attributed to the decreased conversion of thyroxine to 
triiodothyronine peripherally (e.g. liver) and can be 
related to numerous conditions ixicluding poor nutri-
tion. It appears that thyroid hormones 'decrease in 
extrathyroidaltissues(exceptforthebrain)asa 
response to situations in which preservation of energy 
isadvantageous,andthe.triiodothyroninedecrease 
observed in various nonthyroidal disorders is probably 
related to caloric deprivation or conservation. 
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TABLE6 
Survival of Rats in the 2-YearFeed Studyof Butyl .Benzyl Phthalate 

-
Male 

Animals initially in study 60 60 60 6 0 '  


15-Month interim evaluationa 10 10 10 10 
Moribund 19 19 26 26 
Natural deaths 3 11 2 2 
A n i m a l s  surviving to study termination' 
Percent probability of survival at end of studyb 
Mean survival (days)'. 

28 
57 

625 

20 
40 

617 
44 
22 

644 632 
44 
22 

'analysisd survival P=O.185 P=O.794 P=O;570 P=O.520 

Female 

Animals initially in study. 60 60 60 60 

15-Month interim evaluationa 10 10 10 10 
Moribund 23 20 17 16 
Natural deaths 2 4 5 1 
A n i m a l s  surviving to study termination 25 29 29 29 
Percent probability of survival at end of study 50 59 58 . , 5 9  
Mem survival  (days) 651 651 651. 

' 

644 

analysis Survival P=0.567N P=O.S%N P=0.759N 
, . 

a Censoredfromsurvivalanalyses 

ICaplan-Meier determinations


'. Mean of all deaths (uncensored, censored, and terminal sacrifice). 

/ d s ~  
The result of the life table trend est (Tarone.  1975) isin  the control column,and the results of the life table pairwise comparisons (Cox, 
' 1.972)withthecontrols are in the,exposedcolumns. A negative trend or lowermortalityin an exposure group is indicated by N. 

, 

, . L .' 
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TABLE7 

Mean Body Weights andSurvival of Male Rats in the 2-Year Feed Studyof Butyl Benzyl Phthalate; 


Weeks 0 D O m  12.000 DDm 
on Av. Wt. NO.of . . Av;Wt. Wt. (%O f  NO.O f  Av.Wt. Wt. (%'of NO.of- Av.Wt. Wt. (% O f  NO.of 

Study (9) Survivors (g) controls) Survivors (9, controls) Survivors (g) controls) Survivors 

, l  113 60 111 98 60 109 97 . ; 6 0  108 961 

14160 
18060 

4 205 60 208 102 60 209, 102 . 60 208 101 60 
5 233 60 236 101 60 233 100 . 60 226 97 60 

2 149 60 148 99 60 147 9 9 6 0 95 
3 183 60 186 102 60 184 lo1 ' 60 98 

6 253 60 255 101 60 .253 100: '. . 60 24360 
7 266 60 267 100 60 ' 258 97 ' 60 255 96 60 
8 286 60 287 100 60 274 96 272 95' 6 0  '60 

9 298 60 299 100 60 292 98 60 284 95 60 
10 310 60 310 100 60 30 1 7 ' 60 291 .94 609
 

' 6 011 319 60 320 100 60 307 96 ., 301 94 60 

96 

60 328 101 60 ' .  319 98 60 31260 
31560 
33860 

21 391 60 389 100 60 367 94 60 351 90 60 
25 391 403 103 , 60 381 98 60 362 93 60. 6 0  


96 12 326 
321 95 '60 93 13 339 60. 338 100 ' 6 0  


99' ' 60 91 17 370 60 350 95 60367 

60 377 91 5960 9541160 

33 423 60 42 1 100 60 399. 95 60 382 90 59 

39429 416 99 


389 91 59 60'410 
41 437 58 434 9 9 . . 6 0  422 96 394 . 9 0 59. 6 0  


45 443 58 451 ' 102 59 . ,429 9 7 6 0  405 92 58 
49 449 58 449 100 59 433 97 60 413 92 58 
53 45 1 58 45 1 100 59 437 97 , .  60 414 92 58 
.57 450 58 453 101 59 432 96, 60 412 92 58 
61 45 1 58 445 99 59. .. 434 96 59 413 92 58 

60 429 100 60 96 42937 

446 99 59 , , 434 .. 96' ' 59 58420 
t59a 446 46 445 100 47 440 99 ' 49 419 94 46 

93 65 45 1 57 

,441 99 48 42745 
428 96 

95 '73 448 45 447 100 45 
446 45 443 99 ' 4 4 48441 

422 46431 44 
r55 440 40 431 98 37 424 9 6 4 4  418 95 44. 

99 '77 
99
 96 440
 98 4142 43781 . 

41342 
42239 
411 95 
29402 


94 r59 439 . 36 430 98 . 32 428 98 41 
440 33 429 97 96 28 422 96 . 40 

37410 
29407 I 

!>3 
95 42827 

1Q1 426 31 419 98 . 24 
! 9 7  433 32 99 

94 96 

Mean for weeks 
1-13, 252 
14-5'2 417 
53-101 443 439 

417 
253 

'. 

99 
,100 
100 

429 
398 
247 

97 
95 
98 

417 
379 
241 

94 
91 
96 

~~ 

a Interim evaluatlon occurred duringweek 66.\ .  

35 

45 
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FIGURE2 
Growth Curves for Rats Administered Butyl Benzyl Phthalate in Feed for2 Years 



PazthsBlPgy and SUu.Ruis~c6a&Analyses 
This section describes the statistically significant or 
biologically noteworthy changes in the incidences of 
neoplasms and/or nonneoplastic  lesions of  thepan-
creas, urinary bladder, kidney, s h ,  preputial gland, 
mammary gland, pituitary gland, and other organs. 
Summaries of theincidences ofneoplasmsand 
nonneoplastic individual tumorlesions, animal 
diagnoses, statistical analyses of primary  neoplasms 
that occurred with an incidence of at  least 5% in at 
least one animal group, and historical incidencesfor 
the neoplasms mentionedin this section are presented 
inAppendixA for male  ratsandAppendix B for 
female rats. 

Pancreas: At 2  years, the. incidences of  pancreatic 
acinar cell adenoma and pancreatic acinar cell adeno-
ma or carcinoma  (combined) in 12,000 ppm males 
were significantly ,greater than  those in the controls 
(Tables 9 and A3). The incidencesof adenoma and of 
adenoma or carcinoma  (combined)in th is  group 
exceeded the rangesof historical controls from NTP 
2-yearfeed (Tablesand Onestudies 9 A4a). 
carcinoma wasobservedina 12,OOO ppm  male 
(Tables 9 and Al). Thisneoplasmhasneverbeen 
observed in the historical controls from NTP 2-year 
feedstudies(Tables 9 andA4a).At 2 years, the 
incidence of focal hyperplasia of the pancreatic acinar 
cell in 12,000 ppm  maleswasalsosignificantly 
greater than that in the controls (Tables9 and A5). 

Thefoci of acinar  cellhyperplasiawerevariably 
circumscribedandoftenminimallycompressedthe 

surroundingparenchyma.Theglandularpattern 
within the hyperplasias was pronounced, and the cells 
wereslightlyenlargedcompared to normal  with 
mitotic figures occasionally observed. Generally, the 
adenomas were more discrete and were larger (greater 
than 3 mm in diameter) with greater compression of 
thesurroundingparenchyma. Also ,  theacinarcell 
pattern was  more heterogeneous with greater mitotic 
activity. The, carcinoma  was larger and  more 
pleomorphic than the adenomas. 

Two pancreatic acinar cell adenomas were observed 
in the 2 4 , W  ppm  females (Tables 9 and Bl). W e  
the incidence of this  neoplasm (4%) was within the 
range of historical  controlsfromNTP%yearfeed 
studies (Tables9 and B4a), pancreatic neoplasms have 
onlybeenobservedin3 of 1,194  femalesinthe 
historical Hyperplasia, anddatabase. adenoma, 
carcinoma of  the pancreatic acinar cell represent a 
morphologicalandbiologicalcontinuumwiththe 
morphological distinction between hyperplasias and 
adenomas not always clearly apparent. There were no 
increasesintheincidences of hyperplasiaor 
carcinomainexposedfemales.However,because 
pancreatic neoplasms are rare in control groups, these 
lesions were classified as adenomas, and because a 
pancreatic tumorigenic effect occurred in the males, 
the pancreatic adenomas in the 24,000 ppm females 
were considered to be possibly relatedto exposure to 
butyl benzyl phthalate. 
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. .TABLE9 
Incidences of Neoplasms and NonneoplasticLesions of the Pancreas inRats 
in the %Year Feed Studyof Butyl Benzyl Phthalate-
Dose 

Male 

Nunlber Examined Microscopically 
Acinus, Focal Hyperplasiaa 

. ,  

Iicinus, Adenoma' 
,Overall rated 
. Adjusted ratee 
Terminal ratef 
First incidence (days) 
Logistic regression testg 

~cinus,  Carcinomah 
Overall rate . .  , 

Acinus, Adenoma or Carcinoma' 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Logistic regression test 

Female 

, Number ExaminedMicroscopically 
Acinus, Focal Hyperplasia 

Acinus, Adenomd 
Overall rate 

(T)Terminal sacrifice 

. .  
0 PPm 

50 

4 (2.5)b 

. . 

3/50 (6%) 
10.7% 
3/28 (1 1 %) 
729 (T) 
P=O.o06 

Ob0 (0%) 

3/50 (6%) 
10.7% 
3/28 (1 1%) 
729 (T)
P=O.o03 

Oppm . . 

50 

1 (3.0) 

. .  

. 0/50 (0%) 

3,OOO ppm 6;OOOppm 12,OOO ppm 

49 50 50 

7 (2.1) (2.3) (2.3)
9 	 12 

2/49 (4%) 3/50 (6%) lob0 (20%) 
7,4% 13.6% 41.0% 
1/20(5%) 3/22 (14%) 8/22 (36%) ', 

569 729 (T) 709 

P=0.543N P=O.548 PzO.016 


0/49 (0%) 0150 (0%) 1/50 (2.96) 

2/49 (4%) 3/50 (6%) 11/50 (22%) 

7.4% 13.6% 42.7% 

1120 (5%) 3/22 (14%) 8/22 (36%) 

569 729 (T) 674 

P=0.543N P=O.548 P=O.O14 


6,OOOppm , 12,OOO ppm 24,mppm 

50 50 50 

4 (2.5) 2 (2.5) 0 


0/50 (0%). 0150 (0%) 2/50 (4%) 

* 	 Significantly different(PsO.05) from the control by the  logistic regression @st 
a 	 N v b e r  ofanimalswithlesion 

Average severity of lesions in affected a n i m a l s :  1 = a ;= mild; 3 = moderate; 42 	 = marked 
Hisiorical incidence for 2-year NTP f e d  studies withuntreatedcontrols: 1911.191 (1.6% f 2.4%); range, 0%-10%

? Number of a n i m a l s  withneoplasm per number ofwithpancreas ex-ed microscopically 
e Ydpl&Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality 

observed incidence  inanimals surviving until the end of the study 
g 	 In the control co~umn are the P values associated with the trend test. III the exposed group co~umns are the P values corresponding to the 

painvise comparisons between the controlsand that exposed group. The 1ogistic.regression test regards lesions in animals dying priorto 
terminal kill as nonfatal. A lowerincidenceinanexposuregroupisindicated by N., , 

. 
. .  

'Historicalincidence: 0/1,919 (0.0%) 
i 	 . Historicalincidence: 19/1,191 (1.6% f 2.4%); range, 0%-10% 

Historicalincidence: 2/1,194 (0.2% f 0.846);'range.0%4% 
. . 
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Urinary Bladder: At 2 years,transitionalepithelial 
papillomas in the urinary bladder were observed in 
one control female  and in two 24,000ppm females 
(Tables 10 and Bl). The incidence of this neoplasm 
exceeded the range of historical controls' from  NTP 
2-year feed studies (Tables 10 and B4b). At 2years, 
the incidence of transitional  epithelial hyperplasia in 
24,OOOppm females was significantly greater than in 
the controls (Tables10 and B5). 

The hyperplasias consisted of  mild to  moderate, focal 
to multifocal thickening of the transitional epithelium 
of the urinary bladder. The papillomas projected into 

Number Examined Microscopically 50 
Hyperplasia,TransitionalEpitheliuma 4 (1.5)b 

Papilloma,TransitionalEpithelium' 1 

* 


thelumenofthe urinary bladder and were charac-
terizedbypapillaryfrondsthatwerecoveredwith 
proliferative transitional epithelium and supported by 
a fibrous  stalk.Hyperplasiaandpapillomas of the 
urinarybladderrepresent a morphologicaland 
biological continuum in the progression of prolifera-
tive lesions, and, although the two papillomas were 
small, they appeared to represent the next step in the 
progression of  observed Thethe hyperplasias. 
occurrence of two papillomasandthesupportive 
increaseintheincidence of hyperplasiainthe 
24,000ppm females suggest that these lesions may 
have been associated with exposure to butyl  benzyl 
phthalate. 

50 50 50 
0 1 (4.0) 10' (2.2) 

0 0 2 

Significantly different(PsO.05) from the control by the logistic regression test 
a Number of animals with lesion 

Average severity of lesions in affected animals: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked' Historical incidence for 2-year NTP feed studies with untreated controls: 4/1,182 (0.3% f 0.8%);range, 0%-2% 

Kidney: At the  15-monthinterimevaluation,the normallyobservedinagingrats.At 2 years, the 
absoluterightkidneyweight ofthe 12,000 ppm incidences of mineralization  of the kidney in 6,ooO 
females and the relative kidney weights of all exposedand 24,000 ppm  females were significantly less than 
groups of males  and the 24,000ppm females were 
significantlygreaterthanthose ofthe controls 
(Table D3). The severities of renal  tubule pigmenta-
tion in 12,000ppm males and in24,OOOppm females 
were greater than those in the controls at15 months 
(Table 11). A marginal  increaseinseveritywas 
observedin 12,000'ppmmalesat 2 years.The 
pigment was yellowish-brown, coarsely granular, and 
present predominantly within the cytoplasmof tubule 
epithelial cells. Special stains performed on kidneys 
from four animals  werepositive for hemosiderin 
(PrussianBlue)andmarginallypositive for ceroid 
(AFB), suggesting an exacerbation of, the  pigment 

thatinthecontrols(Tables 11 and M), andthe 
severitywasdecreasedinexposedfemales at 
15 months and 2years. The incidences of nephrop- 
athy in 6,000, 12,OOO,and 24,000ppm females and 
of transitional  epithelial hyperplasia of  the kidney in 
12,000ppm females were significantly greater than 
those in the controls (Tables1 1  and BS). 

Minimal to mild  mineralization of the pars  recta of  the 
kidney is a common  finding in female F344/N rats; 
the mineralization is often intraluminal, but may be 
intracellular. There were also slight increases in the 
incidences of nephropathy  inexposedgroups of 
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females. Nephropathy is extremely common in aging significance.Also,therewasanincreaseintheI 

of ,of renal 
marginally exacerbated in this study. Though these transitional epitheliumin 12,OOO ppm females. These 
effkcts are possibly related to exposure to butyl benzyl characterized' by- focal  minimal 

F344/Nrats (particularly males) and was apparently incidencehyperplasia the pelvic 

hyperplasiaswere 
phthalate,they are marginal  changes thickening .of the epithelium,. which often contained' ofcommon a 
backgroundlesionsand are of  minimalbiological central focus of mineralization. 

TABLE11 
Incidences of Nonneoplastic Lesionsof the Kidney in Rats in the 2-Year Feed Study 
of ]Butyl Benzyl Phthalate , .  

. . 

Dose 12,000 ppm 

. . 

Male 

15-]Month Interim Evaluation 

Nephropathya 
Number Examined Microscopically 

10(1.4)b 
10 . .  

10 
10 

8 

'(1.3) 10 
10 

(1.3) 9 
1 0  

(1.1) 
Renal Tubule, Pigmentation 10(1.0) 

%Year Study 

1010
(1.0)
 . (1.2) 10(2.0) 


50 Number Examined Microscopically 
,Mineralization 0 - . . ' 1 (1.0) ' 2 .(1.5) 0 

5050 50 

48 (2.0) 
47(2.2)
 50 (2.3)
Nephropathy 48 (2.1) 
50 (1.9)
49 
 48 (1.5) 50 (1.6) ,Renal Tubule, Pigmentation (1.5) 

1 (2.0)
6 (1.0) 
 10 6-,(1.2)
(1.3) 
 ITr-itional Epithelium, Hyperplasia 

6,OOO Ppm ." 12,OOOppm PPm 

Female 

Number Examined Microscopically 
15-Month Interim Evaluation 

Renal Tubule, Pigmentation
Nephropathy 
Mineralization 

10(1.4) 
7 (1.0) 
10(2.5) 
10 

10(1.9) 
10(1.0) 
9 (1.8) 
10 

' I ' 10(1.0) 

10 
9 (1.6) 

10. .(1.8) 

' 10 
.8 
10 
10 

(1.6) 
(1.0) 
(2.0) 

Number Examined Microscopically 
%Year Study 

Transitional Epithelium, Hyperplasia 
Renal TuWe, Pigmentation
Nephropathy 
Mineralization 

50 

0 
49(1.4) 
34(1.4) 
43(2.1) 

, 

50 
34* (1.7) 
47**(1.1) 
49 (1.5) 
3 (1.0) 

SO . *  

37(i.4) 
43*. (1.1) 
49 ' (1.4)
7** (l.O),, 

~ 

4 (1.0) 
47(1.6). 
45** (1.0) 
35* (1.4) 
50 

a umber.of animals with lesion 
** PsO.01 
* Significantly different(PgO.05) from .the control by the  logistic regression test P ! 

Average severity of lesions in affected animals: 1 = minimal;2 = mild;.3 .= moderate; 4 =. m"' 
I . , . 

. . .  . .  ... 

. 
. . 



Skipi: At 2  years,theincidences of acanthosisand crustyareasinvolvingthe skin of thetail. 
hyperkeratosis of skin 12,000 Microscopically,wasmildto 

. 

the in ppm there moderate 
males were significantly greater than in the controls thickening(acanthosis) of epidermisthe with 
(Tables 12 and AS). Theidentification of these excessiveoverlyingkeratin(keratinization).The 
lesionswasbasedupongrossobservations of pathogenesis of this  minimal effect is uncertain. 

Dose 

Number Necropsied 50 50 50 5 0  
Acanthosisa 0 2 (3.0)b 2(2.5) lo** (2.6) 
Hyperkeratosis 0 2 (3.0) 3 (3.0) 13"' (3.1) 

** Significantly different(PsO.01)from the control by the logistic regression test 
a Numberof a n i m a l s  withlesion 

Average severity of lesions in affected animals: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked 

PreputialGland: At 2  years,theincidences of the incidence been0% as in the 12,000 ppm  males in 
preputial gland adenomas in males occurred with a thisstudy.Theincidences of hyperplasia of the 
negative trend (Tables 13 and A3). The incidence of preputial gland in exposed groups were similar to that 
adenoma or carcinoma  (combined) of  thepreputial in the controls (Tables 13 and A5). A decrease in the 
gland in 12,000 ppm males was significantly less than incidence of clitoral  gland neoplasms, .which. is the 
in the  controls,andtheincidencesoccurred witha comparabletissueinfemales,wasnotobserved 
negative trend (Tables 13 and  A3). The incidence of (Table Bl). Xenobioticsthataffectone of these 
preputial gland adenoma or carcinoma  (combined) in tissues often affect the other, but not always. It is  not 
12,000 ppm  maleswaslessthantherangeof clear whether this marginal decrease in the incidence 
historicalcontrolsin NTP 2-yearfeedstudies of preputial gland neoplasms was related to exposure 
(Tables 13 and  A4b). In no recent control group has to butyl benzyl phthalate. 
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T i u r n  13 
Incidences of Neoplasms and Nonneoplastic Lesionsof the Preputial Glandin Male Rats 
in the2-YearFeed Studyof Butyl Benzyl Phthalate-

. . 

Dose 0 PPm 3,Ooo ppm 6,Ooo ppm 12,000 ppm . 

. . - . 

Number Examined Microscopically 50 50 50 50 
Hyperplasiaa 1 (3.0)b 2 (2.5) 2 (2.0) ' 1 (2.0) . , 

, .Adenoma' 
Ovepll rated 4/50 (8%) 3/50 (6%) 1/50 (2%) 0150 (0%) 
Adjusted ratee 12.8% 15.0% 4.5% 0.0% 
Terminal ratef 2/28 (7%) 3/20 (15%) 1/22 (5%) 0122 (0%) 
First incidence (days) 644 729 (T) 729 (T) -h 
Logistic regressiontestB P=O.MZN P=0.593N P=O.  165N P=O.O59N 

Adenoma or Carcinoma' 
Overall rate 5/50 (10%) 8/50 (16%) 2/50 (4%) 0/50 (0%) 
Adjustedrate . , 15.1% 33.9% 9.1%. . , 0.0% 
Terminal rate 

, 

2/28 (7%) 5/20 (25%) 2/22.(9%), 0122 (0% 
First 'incidence (days) 614' 626 729 (T) -
Logisticxgression test P=0.006N P=O.201 P=0.196N . P=0.032N .' 

(T)Terminal sacrifice 
a 'Numberof animals with lesion 

Average severityof lesions  in affected animals: 1' = minimal; 2 = mild; 3 = moderate; 4 = marked 
Historicalincidence for 2-year NTP feed studieswithuntreatedcontrols: 84/1,164 (7.2% f 5.6%);range, 0%-24% , 
Number of animalswith neoplasm per numberof animals with preputial gland e-ed microscopically ' 

e Kaplan-Meier estimated neoplasm incidence at the endof the study after adjustment for intercurrent mortality 
Observed incidencein animals survivinguntil the end of the study 

g In the control column are the P values associated with-the-trend test.In the exposed group columns are the P values correspondingto the . 
pairwise comparisons between the controls and that exposed group. The logistic regression test regards lesio? ina n i m a l s  dying prior tb 
terminal kill as nonfatal. A negative trend or lower  incidence in an exposure group is indicated by N. 

., .Not applicable; no neoplasms inanimalgroup

Historicalincidence: 124/1,164 (10.7% f 7.5%);range, 2%-30% 


' .  . 

. .  

Mtzn&zry Gland: At 2  years,theincidence of only slightly exceeded the,range of historical  controls 
fibroadenoma of the mammary gland was significantly from NTP 2-year feed studies (Tables 14 k d  B4c): 
decreasedin the 24,OOO ppm  females(Tables14 Fibroadenomas of, the  mammarygland are benign 
and ' B3). Theincidences ofmammarygland neoplasms that %cur spontaneously ata high rate in 
fibroadenoma in the 6,oOpand 12,000 ppm  females female F344/N rats. 

s. 




I§-Month Interim Evaluation 
Number Necropsied 

Fibroadenomaa 

%Year Study 
Number Necropsied 

Fibroadenomab 
Overall ratec 
Adjusted rated 
Terminal ratee 
First incidence (days) 
Logistic regression testf 

a 	 Numberof animalswithneoplasm 

10 10 10 10 
0 1 1 0 

50 50 50 50 

28/50 (56%) 30/50 (60%) 31/50 (62%) 11/50 (22%) 
71.0% 72.8% 71.7% 28.9% 
14/25 (56%) 18/29 (62%) 17/29 (59%) 5/29 (17%) 
587 606 509 487 
PC0.001N P=O.379 P=O.318 P<O.001N 

Historical incidence for 2-year NTP feed studies with untreated controls: 465/1,202 (38.7% f 12.7%);range, 8%-58% 

Number of animals with neoplasm per number of animals necropsied 

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


e 	 Observed incidence in animals surviving until the end of the study 
In the control column are the P values associated with the trend test. I n  the exposed group columns are the P values correspondingto the 
pairwise comparisons between the controls and that exposed group. The logistic regression test regards lesions in animals dying prior to 
terminal kill as nonfatal. A negative  trend or lower incidence in an exposure group is indicated by N. 

Pituitary Gland: At 2years, the incidences of adeno- 3,000 ppm, 0/50; 6,000ppm, 0/50; 12,000ppm, 
ma or carcinoma  (combined) of the pars distalis of the7/50;Table As) and of corpora  amylacae (mineral-
pituitary gland in females occurred with a  negative ization) in the prostate gland (17/50, 28/50, 32/50, 
trend (0ppm, 22/49; 6,000 30/50);and a decrease in the incidence of bile  ductppm, 26/50; 12,W ppm, 
25/48; 24,ooO hyperplasia (39/50,41/50, 27/50).ppm, 13/50;Table B3). Incidences of 38/50, In females, 
pituitary gland neoplasms in F344/Nrats have been thereweredecreasesintheincidences of' focal 
demonstrated to correlate with body weight (Seilkop,hypertrophy of the  adrenalcortex (0.ppm, 9/50; 
1995). It is  that decreasethe 12,000 24,000probable the in 6,000ppm, 11/50; ppm, 7/50; ppm, 
incidences of these  neoplasmsinthe 24,000ppm 0/50; Table B5) and of cytoplasmic vacuolization of 
females is associated with the significantly lower meanhepatocytes (7/50, 6/50, 2/50, In general, 0/50).  
body weights of this  group. 

OtherOrgans: In addition to the  effects mentioned 
above,therewereotherstatisticallysignificant 
increased or decreased  incidences of nonneoplastic 
lesions. In males, there were increases in theinci-
dences of granuloma  intheliver (0 ppm, 0150; 

these nonneoplastic lesions may occur  spontaneously 
in high numbers and represent relatively insignificant 
changes within the individual organs and/or tissues. 
While the potential contribution of exposure to butyl 
benzyl phthalate and/or lower mean body weights as 
causal factors of these  effects remains undetermined, 
the biological importance of the changes is considered 
minimal. 
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G~ENJETICTOXICOLOGY 
Butyl benzyl phthalate was not mutagenic ina series 
of in vitro tests, but positive responses were obtained 
in two in vivo studies conducted with male mice. 

Butyl benzyl phthalate was tested intwo laboratories 
for mutagenicity  in Salmonellatyphimurium strains 
TA98,TA100,TA1535,.andTA1537withand 
withoutAroclor-induced S9 liver  enzymes(Zeiger 
et al., 1985;Table Cl). Negativeresultswere' 

obtainedinbothlaboratoriesinallstrains"using 
co.ncentrations of butyl benzyl phthalate that were the 
highestpermitted by experimental  design. In vitro 
studieswith.mammaliancell.systemsalsogave 
negative results with and without S9. .No'ibduction of 
trifluorothymidine resistance was  obtained in L5178Y 
mouse lymphoma cells with concentratiop of  butyl 
bekyl phthalate  that formed stable, solutions(Myhr' 

and Caspary , 1991; Table C2). Increases in mutant 
co'lonieswereobserved.in' ,the absence of S9 in 
culturestreatedwithconcentrationsthatproduced 
precipitation, but~such responses  were not considered 
validbyexperimentalqualitycontrolparameters. 
Therefore, the ,@st was concluded to be negative. No 
induction of chromatid or,sister exchanges 
chromosomalaberrationswasobservedincultured 
Chinese hamster ovary cells treatedwitki butyl  benzyl 
phthalate (Gallowayet al., 1987; Tables C3 and C4). 
In the first sister chromatid exchangepial without S9, 
the response was considered to be  equivocal due to a 
significant (P=O.O04)' absenceintrend the 
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melunogaster administered 500 ppmbutylbenzyl 
phthalate by injection or up to.50,OOO  ppm in  dosed 
feed (Valenciaet al., 1985; Table C5). 

In vivo stydies with butylbenzylphthalatein male 
mice 'gave positive  "results for induction ,of sister 
chromatidexchanges(TableC6)andchromosomal 
aberrations.(TableC7) at standard  sampling't&es 
over a dose  range of 1,250 to 5,000 mg/kg. Irithe 
sister chromatid exchange test, a single  trial with a 
sampletime of 23  hourspost-injectionyielded a 
positivetrendwhenthehighestdosewasexcluded 
from the analysis (P=O.O067) becauseof a reduction 
inresponse at 5,000 mg/kg.  Thesisterchromatid 
exchangetestconductedwith a 42-hoursample 
time also gave a weakly  positive response'by trend 
analysis.Neithertrialwasrepeated.Positivetrend 
anilyses were obhiied in  each of two trials in  the 
chromosomal aberrations test that used the standard 
harvesttime of 17  hourspostinjection. The only 
significantdose in eachtrialwasthehighestdose 
(5,OOOmg/kg). The single chromosomal aberrations 
trial that  used a delayed  harvesttimeof 36 hours 
showed no increases in chromosomal aberrations at 
anyofthe three.dose levels  tested. .. ' 

Inconclusion,butylbenzylphthalateshowedno 
evidence'of mutagenicity  in any of four in vitrb tests 

of a significant  ihcrease in sister chromatid exchanges S9 activation  enzymes.performedwithandwithout 
at any  onedoselevel.However,resultsofthe 
second &al clearly as' were negative,was 
the: siigle trial  conducted with S9, and the test results 
we:re concluded to be  negative overall. 

\ . 

No induction of sex-linked  recessive lethal ,mutiitions 
wasobservedin ,germ dells of  male Drosophila 

, . 

In addition, a test  for induction of sex-linked recessive 
lethalmutationsingermcellsofmale Drosophila 
melunogaster gave negative results. Positive results 
were .obtained in mouse bone marrow testsfor sister 
chromatid exchanges and induction of chromosomal 
aberrations. Responses were weak, however, and the 
sister chromatid exchange test was not repeated. 

. . 



But$ benzyl  phthalate is widely used either directly as10-weekmodifiedmatingstudy,butitwasnotas 

a plasticizer  in a variety of commercial  polymers or prominent as that in the 26-week study. 

indirectly as a chemical  intermediate. Consequently, 

there is human exposure in occupational settings andIn the 2-year study, there was evidenceof an anemia 

through a variety of  consumerproductsincluding inthe24,000ppmfemalerats.However,itwas a 

food,cosmetics,furnitureandinteriorfinishings, microcybc, rather than a macrocytic,  anemia and was 

numerous household items, and product packaging. probably related to the markedly lower mean body 

Butyl benzyl phthalate was originally nominated for weightgain(decreasednutritional status) of this 

chronicevaluationinratsandmice bythe U.S. group'. The 24,000 ppm female rats also had lower 

Environmental Protection Agency as part of a class triiodothyronine concentrations. This is probably. also 

study of phthalates. A previous  study of butyl benzyl related to the  lowermeanbodyweight(hence, 

phthalateinratsandmiceresultedinunexplained decreased nutrition). 

chemical-related mortality in male rats beginning at 

about week 14 of the study (NTP, l982a). Therefore, Theexposureconcentrationsused for males  inthe 

the present studies were conducted only in rats. present 2-year study(3,000, 6,000, and  12,000 ppm) 


werebasedonresultsfromthe10-weekmodified 
Sincemalereproductivemorphologyandfunction mating study and the 26-week study. In  each of these 
havebeenaffected by other  phthalateesters, a studies, exposure concentrations up to 25,000 ppm did 
10-weekmodifiedmatingstudywasconductedto notcauseanychemical-relateddeaths,butthe 
assess the possibility that butyl benzyl phthalate could25,'OOO ppm  concentration did result in 30% lower 
also adversely  affectmalereproduction.Following finalmeanbodyweights.However,the 8,300 ppm 
exposure to butylbenzylphthalateinfeed for concentration had  no adverse effects on mean body 
10 weeks, marked chemical-related effects on male weightsinthe26-weekstudy,suggestingthatthe 
reproductive parameters included  decreasedtestis, males could tolerate higher exposure concentrations. 
epididymis, and seminiferous tubule weights accom- Consequently, 12,000 ppm was selected as the highest 
panied by dramatically decreased sperh concentra- exposure concentration for males  in the 2-year study. 
tions. It is likely that these effects were related to the The exposure concenkations selected for females were 
marked testicular degeneration seen in the 10-week based on the previous 2-year study conducted by the 
modified mating study and the 26-week feed study. NTP (1982a) in which exposure concentrationsof 0, 

6,000, and  12,000ppmdidnotaffectsurvival of 
The26-weekstudyinmaleswasdesignedtohelp exposed groups of females, and mean body weightsin 
characterize the chemical-related mortality observed exposed groups were slightly lower than those of the 
inthepreviouslyconductedNTPstudies(NTP, controls throughout the study. The only evidence-of 
1982a). In those  studies, internal hemorrhaging was chronictoxicityorcarcinogenicity in the  previous 
suspected at necropsy,  butit wasnotconfirmed 2-year study was a marginal  increase in the  incidence 
microscopically.Therewerenochemical-related of mononuclear  cellleukemiainthe12,000ppm 
deaths in  the present 26-week study and, in general, female rats. Consequently, these exposure concentra-

, hematology changes were minimal. The most promi- tions were used for males  in this study, and a higher 

nent chahge was a macrocytic  responsive anemia in exposure concentration of 24,000 ppm  was added for 

the 25,000 ppm  male rats. A cause for the  anemia females to. maximize  thepotential for observing 

was not readily evident, but chronic occult hemor- adversechemicaleffects.Therefore,theexposure 

rhagingcouldaccount for the  responsiveanemia. concentrationsused for females  in this studywere 

Evidence of an anemiawasalsopresentinthe 6,000, 12,000,  and 24,000 ppm. 
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For male  andfemale rats, the  selectedexposure administered to males, onlytwo pancreatic acinar cell 
concentrations .: hadnoeffectonmortality . or adenomas were observed in the 24,000 ppm group. 
morbidity.Mean weights 3,000 and Thesewereprobablyrelated to exposure to butyl body of 

6,000 ppmmalesandof 6,000 and12,000ppm phthalate of rarity
benzyl because 	 the of'' 

femalesweresimilartothose .ofthe controls. this.neoplasm. . Thisdifferenceinsusceptibility 
The exposure of .males to 12,OOO ppm  butyl benzyl betweenmalesandfemaleshasbeenreported for 
phthalateresulted4 % to 10% lowermeanbody another peroxisome. proliferator (hydrochlorofluoro-
weights throughout most of the study, whereas the carbon 123)  (Malley et a l . ,  1995)andappears 
exposure of females to24,OOO ppm resulted  in a more to be  consistent with results of investigations showing 
severe mean body weight depression of  about 7% to thattestosteroneisstimulatoryandestrogen is 
27% throughout the study. Although the survival of inhibitory for growth of acinar  cell neoplasms in rat 
24,000 ppm  femaleswassimilartothat ofthe models(Lhoste et al.,, 1987a,b;Sumi et a l . ,  1989; 
controls, the degreeof mean body .weight depression LongneckerandSumi,1990).Otherperoxisome 
suggests that a lower exposure concentration could proliferators such as clofibrate and nafenopin have 
have beenused. The selected exposure concentrations causedpancreaticacinarcellneoplasms;but 'these 
did. allow adequate numbers of animals to be evaluatedchemicals were only evaluated in male rats (Reddy 
for chronic toxicity and carcinogenicity, and they alsoand Qureshi, 1979; Svoboda and Azarnoff,' 1979). 
ranged from concentrations causing no effects to those 
which resulted in chemical-related adverse effects. The biological significanceof the marginal increasein 

the incidence of transitional epithelial papilloma in the 
Chemical-related neoplasms and noMeoplastic lesions urinary bladder of female rats is uncertain. Whilethis 
wereobservedinratsinthepresent2-yearstudy. neoplasm was observed in two 24,000-ppm females 
Exposure to butyl  benzyl phthalate resulted in marked versus one in the control females, the appearance of 
increases in the incidences of pancreatic  acinar cell this neoplasm in the exposed groups was associated 
hyperplasia and adenoma in 12,OOO ppm  male rats. 'In withincreasesintheincidenceandseverityof 
the F344/N rat,theselesionsaregenerally transitional epithelial hyperplasia. This suggests that 
characterized by a  clearmorphologicalcontinuum these lesions may have been associated with exposure 
from focal  acinarcellhyperplasia to adenoma to to butyl benzyl phthalate. 
carcinoma. Ten adenomas and one carcinoma were 
observed in the 12,OOO ppmmales(11150, 22%). Butyl benzyl phthalate ,did  not cause liver neoplasms,. 
This was statistically significant (P=O.O14) by logistic. Liver neoplasms' would be expected because they have 

. 	regression' analysis,  whichisappropriateforthis been observed with other peroxisome proliferators.In 
typically*nonfatalneoplasm.Thisincidenceiswell collaborative studies conducted concomitantly with the 
abovetheaverageincidenceand welloutsidethe present2-yearstudyatthesame laboratory, butyl 
range reported iri the 'historical database from NTP benzyl phthalate was evaluated for  its ability to induce 
2-year

. 
feed studies. Although only .one' carcinoma hepaticperoxisomesinfemaleF344/Nratsas 

' 

' 
,.. I 

was observed '&'a 12,000 ppm  male, no carcinomas evidenced by the activities oftwo hepatic peroxisomal 
have ever been observed in NTP historical control ratsenzyme mkkers, palmitoyl CoA oxidase and carnitine 
from feed studies. With the exception of  an increased acetyl transferase, 'when evaluated  after 1 month and 
incidenceofpancreaticacinarcellhyperplasiain 1 year of exposuretobutylbenzylphthalate 

- i2,1po0 ppm males, 'there wereno other lesions at this (Monsanto,, 1994). It appears  thatbutylbenzyl 
siteinmaleratsthatcouldbeattributedtothe phthalate can cause a mild yet detectable increase in 
a&;inistration of butyl'be'nzyl phthalate.' peroxisome 'although aproliferation, at lower 

concentration than $at induced by only 3 weeks of 
Evtm 'though  the females' were  administered expo- exposuretothepositivecontrol,di(Zethylhexy1)-
sure concentrations  that were twice as higha s  those phthalate (Table 15). 
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. Butyl B@myIPhthsilsit@ D i ( ~ e t h ~ ~ e l r y l ) ~ ~ ~ ~ ~ ~ t @ b  
DQse 0PBm Q,Wppm 12,000 ppm U,Wppm 12,QMppm 

n M Q ~ &  

n 

Palmitoyl CoA Oxidase 
(nmollminlmg) 

Carnitine Acetyl Transferase 
(nmollminlmg) 

n YW 


n 

Paimitoyl CoA Oxidase 
( M l O Y m i n l m g )  

Carnitine Acetyl Transferase 
(nmoYmin/mg) 

5 

20.7 f 5.6 

5.0 f 1.221.1 

I . 

10 


28.79 f 5.56 


5 

22.2 f 3.434.8 


f 3.9"36.8 


10 


33.11 f 3.8148.35 


17.13 f 6.89 26.21 f 4.18". 45.29 


5 5 

f 10.6"74.5 f 18.2" 


f 13.6'59.9 f 17.2' 


. . 

10 10 


f 10.57" 71.24 f 11.94" 


f 6.82" 64.44 f 14.065 


5 

1W.2 f 38.4" 
 I 

83.7 f 28.5' 


5 

86.30 f 12.24" 


72.20 f 10.46' 


9 Significantly different.(Ps0.05) from  thecontrolgroupby the two-tailedStudent'st-test , 

a Mean f standard deviation. Study  performed at Southern Research Institute. A detailed descriptionof the protocol and i e s e  data  are 
presented by Monsanto (1994). 
Di(2-ethylhexy1)phtWate was a positive control administered only for thelast 3 weeks of the  study. 

. ., 

Theseperoxisomeproliferationresultsagreewith 
work by other investigators.An assuciation of hepatic 
pefoxisomeproliferation(induced bystructurally 
dissimilar hypolipidemic drugs and certain phthalate 
ester plasticizers) withrdent liver  tumorigenicity has 
been demonstrated by Reddye?al.  (1980, 1986), who 
suggestedthatthehepatocarcinogenicity of 'these 

eventual appearance of hepatocarcinogenicity (Ashby 
et a l . ,  1994). In vivo and in vitro investigations failed 
to provideevidence for significantperoxisome 
proliferation in thehumanliverbythechemicals 
studied.Furthermore,epidemiologystudieshave 
failed to demonstrate  an increased incidence of tumors 
inhumansexposed 'chronically to therapeutic 

chemicals canbe correlated with their ability to inducehypolipidemicdrugsknowntocauseperoxisome 
peroxisomeproliferationandcyanide-insensitive proliferation in rodents (reviewed by Ashby e? d . ,. -
palmitoyl CoA oxidase. In a ranking of seven phtha- 1994). 
late esters and several common hypolipidemic agents 
by induction of normalized  enzymeactivity,the Interestingly, there was no increasein the bcidence of 
palmitoyl CoA oxidase value of butyl benzyl phthalate mononuclearcellleukemiainfemale rats' as  was 
wastwo,compared to one for aspirin,  15for 
di(%ethylhexyl)phthalate, and29to304 for hypo- 
lipidemic agents such as ciprofibrate andW-14643 
that are known  peroxisomeproliferatorsandliver 
carcinogens in rodents  (Reddy.andLalwai,1983; 
Barber e?a l . ,  1987). Critical analysis of  the literature 
onover 70 chemicalsthatinduceperoxisome 
proliferation in rodent livers reveals a near perfect 

observed previously, although the present study used 

exposure concentrations that were twice as high as 

thoseadministeredinthepreviousstudy(NTP, 

1982a). 


Thedecreasedincidence ofmammaryglandneo-

plasms in female rats was observed previously  (NTB, 

1982a) and is attributable to lower mean body weights 


correlation between peroxisome proliferation and theintheexposedgroups.Using the NTPhistorical 
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co:ntroldatabase,alogisticregressionmodel for 
pndicting mammary gland neoplasm incidence was 
developedbasedonsurvivalandbodyweight at 
1 p a r  (Seilkop, 1995). Application of this model to 
the: butyl  benzylphthalate data revealedthatthe 
predicted neoplasm  incidenceof 20.6% for the 
24,,000ppm female exposure group agrees with the 
observedincidence(1 1/50, 22%). Thus, .the 
chmical-related decrease, in  theincidenceof this 
neoplasmappears to be  due primarily to the  lower 
mean body weights. 

Butyl Benzyl Phthalate, NTP TR 458 

It was only at the  highest dose (5;OOO mg/kg) that 
increasesinthechromosomalaberrationswere 
obse,rvedin vivo in male mice. 

7	 . .CONCLUSIONS ,	 . 

Under the  conditions ofthis 2-year feed study, there, 
was some evidenceof carcinogenic activity*of butyl 
beqzyl phthalate in male F344/N rats based. on the 
increased incidences of pancreatic acinarcell adenoma 
and of acinar cell adenoma or  carcinoma (combined).

Bu&l benzyl phthalate 'showed no evidence of muta- There was equivocal evidence of carcinogenic activity 
-	 genicityin four standard in vitro;tests(Zeiger et UZ.,  of butyl benzyl in female F344/Nrats based 

l985; Galloway et a l - ,  1987;Myhrand Caspw, onthemarginallyincreasedincidences of pancreatic 
1?91), and  a g e m  cell  mutation'testin Drosophila acinarcelladenomaandoftransitionalepithelial 
gave negative results (Valencia.ei al ;, 1985). Weak papilloma of &e urinary bladder, 
but statistically  significant increases were, 'however, 

. .
observed in  mousebonemarrowtests for 'sister 
chromatid exchanges and. chromosomal aberrations. Exposure of rats to butyl  benzyl phthalate in feed for. 
The highest dose. used in these tests 'was 2 years resulted in focal hyperplasia in the pancreas in5,OOC,mg/kg, 

which is approximately four times  the highest .dose male rats and in transitional epithelial hyperplasia in 

used in these  studies(1,200mg/kg, 25,OOO ppm).  the urinary bladder of female'rats. 


.	 . 

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 9. A summary of the Technical Reports Review Subco,mmike 
, . 

. .'commentsand the public discussionon this Technical Report appears on page11 .  
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Early deaths 
15-Month interim evaluation 
Animals initially in study 
Disposition Summary 

Terminal sacrifice 

Natural deaths 
Moribund 

Survivors 

19 

10 
60 

28 

3 
19 

10 
60 

20 

11 
26 

10 
60 

22 

2 
26 

10 
60 

22 

2 

Animals examined microscopically 60 60 60 60 

Adrenal medulla 
Endocrine System 
d5-MonEh Irlt@rirnlEvdu&.on 

Thyroid gland 

Pituitary gland 

C-cell, adenoma 

Pars distalis, adenoma 

Pheochromocytoma benign 

Testes 
Genital System 

Interstitial cell, adenoma 
Bilateral, interstitial cell, adenoma 

(10) 

4 (40%) 
3 (30%) 

(10) 

2 (20%) 
3 (30%) 

(10) 
2 (20%) 
7 (70%) 

(10) 

4 (40%) 
5 (50%) 

Histiocytic sarcoma 
Spleen 
Hematopoietic System 

Skin 
Integumentary System 

Keratoacanthoma 

Multiple organsb 
Systemic Lesions 

Mesotheliomamalignant 
Leukemia mononuclear 
Histiocytic sarcoma 

Urinary System 
Special Senses System 
Respiratory System 
Nervous System 
Musculoskeletal System 
General Body System 
Cardiovascular System 
Alimentary System 
Systems Exmined WithNo Neopl&sppls Observed 
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TABLEA d  
Summary of4he Incidence  of Neoplasms in Male Rats in the 2-Year Feed Study of Butyl Benzyl Phthalate(continued) 

0 PPm 3,000 ppm 6,000 ppm 12,000 ppm 

2-Year Study 
Alimentary System 
Intestine large, colon 

Adenoca~rcinoma 
Caicinoitl F o r  malignant 

Intestine 1arge;rectum 

Leiomyoearcoma 


Intestine large, cecum 

Lipoma 

Intestine small, duodenum 
Intestine small, jejunum 

Leiomyoma 
Intestine small, ileum 

Leiomyosarcoma 
Liver 

Adenocarcinoma, metastatic, 
intestine large, colon 


Carcinoma, metastatic, pancreas 

Hepatocellular carcinoma 

Hepatoce:llular adenoma 

Hepatocellular adenoma, multiple 


Mesentery 
Adenocarcinoma, metastatic, 

’ intestinelarge,colon 
Oral mucosa 

Squamous cell ppilloma 
Pancreas 

Adenocarcinoma, metastatic, 
intestine large, colon 


Acinus, adenoma 

Acinus, carcinoma 


Salivary glands 
Schwannoma malignant 

Stomach, forestomach 
Stomach, glandular

Carcinoma 
Tongue 

Squamous cell papilloma 

Cardiovascular System 
Heart 

Thymoma malignant, metastatic, thymus 

(49) 
1(2%) 

. . 

1 (2%) 
1 (2%). 

1 (2%) 
4 (8%) 

(5)  ’ 

3 (6%) 2 (4%) 

(50) 
1 (2%) 



Z - y e a P  (continued) 
Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Islets, pancreatic 
Adenoma 

Pituitary gland 
Pars distalis, adenoma 
Pars distalis, adenoma, multiple 
Pars distalis, carcinoma 
Pars intermedia, adenoma 

Thyroid gland 
C-cell, adenoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

General Body System 
None 

Epididymis 
Genital System 

Adenocarcinoma, metastatic, 
(50) (50)  (50) 

intestine large,  colon 1(2%) 
Preputialgland 

Adenoma 
Carcinoma 

. (50) 

1 (2%) 
4 (8%) 

(50) 

6 (12%) 
3 (6%) 

1(2%) 
1 (2%) 

(50)  (50) 

Prostate (50) (50) (50) .(50) 
Seminal vesicle (50) (50) (50) (50) 

Adenocarcinoma, metastatic, 
intestine large, colon 

Testes 
Adenocarcinoma, metastatic, 

Interstitial cell, adenoma 
Bilateral, interstitial cell, adenoma 

intestine large, colon 

(50)  

7 (14%) 
37 (74%) 

(50) 

36 (72%) 
10 (20%) 

(50)  
1(2%) 

8 (16%) 
40 (80%) 

1 (2%) 

(50) 

8 (16%) 
37 (74%) 

Hematopoietic System 
Bone marrow (50) (50) (50) (50) 

Pheochromocytoma malignant, metastatic, 
adrenal medulla 1 (2%) 

Lymph node 
Iliac, leiomyosarcoma, metastatic, 

(23) (22) (30) (19) 

intestine large, rectum 1 (4%) 

Lymph node, mediastinal 
Lymph node, mesenteric 
Lymph node, mandibular 

intestine large, colon 
Adenocarcinoma, metastatic, 

(50) 
(49) 

(50) 
(49) (50) 

(1) 
(50) 

1 (lao%) 

(50) 
(50) 



68 Butyl Benzyl Phthalate,NTP TR 458 

TABLEA1 

Summary of the Incidenceof Neoplasms in MaleRats in the 2-Year Feed Studyof Butyl Benzyl Phthalate(continued) 


0 PPm , ' 3,000 ppm 6,000 ppm 12,000 ppm 

2-YeUr  ,!$fUdy (continued) 

Hematopoietic System(continued) 

Spleen (50)


Adenocarcinoma, metastatic, 

intestinc large, colon 


Fibroma 

Liposarcoma 


Thymus (49)

Thymoma benign 

JXymoma malignant 


Integumellltary System
Mammary gland 


Carcinoma 

Fibroadenoma 


Skin (50)
Basal cell adenoma 2 (4%) 

Basal cell carcinoma 1 (2%) 

Keratoacan9onia 2 (4%) 1 (2%) 

Squamous cell papilloma 1 (2%) 

Sebaceous gland, adenoma 

Subcutaneous tissue, fibroma 2 (4%) 5 (10%) 

Subcutaneous tissue, lipoma 1 (2%) 

Subcutaneous tissue, melanoma malignant 

Subcutaneous tissue, schwannoma benign 

Subcufaneous tissue, schwannoma malignant 1 (2%) 


Musculoskeletal System
Bone 


Chordoma 
 I 

Osteosarcoma . 

Skeletal muscle 


Adenocarcinoma, metastatic, 

intestine large, colon 1 (100%) 


Hemangiomrcoma 1 ( 1 0 0 % )  


Nervous System 
Brain 


Astrocyton~ malignant 

Oligodendroglioma malignant


spinal cord ,, 

Respiratory System 
Lung (50) (50)  

~ Alveolarlbronchiolaradenoma 

Alveolarlbronchiolar carcinoma 1 (2%) 

Chordoma, metastatic, bone 1 (2%) 

Pheochromocytoma malignant, metastatic, 

adrenal lnedulla 1 (2%) 


Thymoma malignant, metastatic, thymus 




Urinary System 
Kidney 

Renal tubule, adenoma 
Renal tubule, carcinoma 

Urinary bladder 
Adenocarcinoma, metastatic, 

intestine large, colon 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

Neoplasm Summary 
Total animals with primary neoplasms' 

15-Month interim evaluation 8 7 
2-Year study 50 50 

15-Month interim evaluation 
Total primary neoplasms 

12 8 
2-Year study 135 142 

15-Month interim evaluation 
Total animals with benign neoplasms 

8 7 
2-Year study 46 49 

15-Month interim evaluation 
Total benign neoplasms 

11 7 
2-Year study 94 98 

15-Month interim evaluation 
Total a n i m a l s  with malignant neoplasms 

1 1 
2-Year study 37 35 

15-Month interim evaluation 
Total malignant neoplasms 

1 1 
2-Year study 41 44 

2-Year study 
Total animals with metastatic neoplasms 

2 

2-Year study 
Total metastatic neoplasms 

2 

a 	 Number of animals examined ~croscopically at  the site and the numberof animals with neoplasm 
Number of animals with any tissue examined microscopically

' 	Primaryneoplasms: all neoplasmsexceptmetastaticneoplasms 

1 (2%)' 

9 

50 

14 

135 
 ' ' 

9 

49 


10 

94 


4 

37 


4 . 
41 

2 


12 


9 
'50 

11 
136 

9 

47 

11 
91 '' 

38 

45 

2 
, . 

3 
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, ,,TABUA2 
Individual AnimalTumor Pathology of Male Rats in the 2-YearFeed Study of Butyl Benzyl Phthalate: 0 ppm % 

2 2 4 4 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7  
Number of Days on Study 5 6 3 7 7 4 4 5 6 7 9 0 1 1 3 3 4 6 7 1 1 1 2 2 2  

5 1 8 7 9 1 4 7 2 6 3 7 1 4 1 1 4 2 7 7 8 8 9 9 9  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0  
Carcass I DNumber ' ' - 0 3 5 0 2 1 1 2 4 4 1 0 4 4 0 2 0 4 3 2 1 3 0 0 1  . . 

8 9 3 1 5 2 0 2 0 5 8 5 9 2 9 7 3 1 1 1 7 . 4 4 6 1  
~~~~~~ ~~ ~~ ~~~~ 

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large, colon + + + + + + M + + M + + + + + M + M + + + + + . + +  
Intestine large, rectum + + + + + + M + + + + + + + + + + + + + + + + + +  

Leiomyosarcoma X 
Intestine large, cecum + A + + + + M + + + + + + + + + + + + + + + + + . +  . .. 


Intestine small, duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small, jejunum + A + + + + + + + + + + + + + + + + + + + + + + +  


Leiomyoma 
Intestinesmall,ileum + A + + + + + + + + + + + + + + + + ' + + + + + + +I 


Liver . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hepatocellular adenoma X 

Mesentery + + +  + 
Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  

Acinus, adenoma 
Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cardiovascular System 
Blood vessel1 . . . . . . . . . . . . . . . . . . . . . . . . . .  

Heart . . . . . . . . . . . . . . . . . . . . . . . . .  

Endocrine System 
Adre9  cortex . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pheochromocytoma malignant X J 

Pheochromocytoma benign X 

Pheochromocytoma benign, multiple X . x  x 


Islets, pancmeatic- . . . . . . . . . . . . . . . . . . . . . . . . .  
Adenoma\ 

Parathyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Pituitary glmd . . . . . . . . . . . . . . . . . . . . . . . . .  


Pars distalis, adenoma X X X 

Pars distalis, adenoma, multiple . ., 


Thyroid g l a d  . . . . . . . . . . . . . . . . . . . . . . . . .  

Ccell. adenoma X X X 


General Body System
Tissue NOS + 

. , 

~ ~ ~~ 

Genital System 
Epididymis . . . . . . . . . . . . . . . . . . . . . . . . .  

Preputial gland . . . . . . . . . . . . . . . . . . . . . . . . .  


Adenoma1 X x 

Carcinoma X . . 


Prostate . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. .Seminal vesicle . . . . . . . . . . . . . . . . . . . . . . . . .  


Testes . . . . . . . . . . . . . . . . . . . . . . . . .  

Bilateral, interstitial cell, adenoma x x x x x x 
. x x x x x x  x x x x :  

Interstitia! cell,, adenoma . . 

x x  X x ' .  


+: Tissue examined microscopically M:Missingtissue X: Lesionpresent 
A: Autolysisprecludesexamination I: Insufficienttissue Blank:Notexamined 

I 



7 7 7 7 1 7 1 7 1 , 7 7 7 7 1 1 7 7 1 7 7 7 7 7 7 7  

Number of Days on §tudy 	 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3  


9 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 1  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0  Total 
Carcass IUD Number. 1 1 1 2 2 2 . 2 3 3 3 3 4 4 4 0 0 1 1 2 2 3 3 3 4 4  Tissues/ 

4 5 9 0 4 6 9 3 6 7 8 3 4 6 2 7 3 6 3 8 0 2 5 7 8  Tumors 

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine large,  colon . + + + + + + + + + + + + + M + + + + + + M + + + +  44 

Intestine large,  rectum . . . . . . . . . . . . . . . . . . . . . . . . .  49 


Leiomyosarcoma 1 

Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + M + +  47 

Intestine small, duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine small, jejunum . . . . . . . . . . . . . . . . . . . . . . . . .  49 


Leiomyoma x 1 

Intestine small, ileum . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Hepatocellular adenoma x . 2  

Mesentery + + + 7 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Acinus, adenoma x x x 3 

Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Cardiovascular §ystem 
Blood vessel 	 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Endocrine System 
Adrenal cortex . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Adrenal medulla . . . . . . . . . . . . . . . . . . . . . . . . .  50 . 


Pheochromocytoma malignant x 2 

Pheochromocytoma . 6
benign x x x x x  

Pheochromocytoma benign, multiple 3 


Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Adenoma x x ’  x x x 5 


Parathyroid gland + + M + + + + + + + + + + + + + + + + + + + + + +  49 

gland . . . . . . . . . . . . . . . . . . . . . . . . .  50
Pituitary . 


Pars distalis, adenoma x x x x x x 9 

Pars distalis, adenoma, multiple x .  1 


Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

C-cell, adenoma X x 5 


. .General Body System 

Tissue NOS 1 


Gknital System 
Epididymis . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Preputial gland . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Adenoma x x 4 

Carcinoma 1 


Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Seminal vesicle . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Testes . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Bilateral, interstitial cell, adenoma x x x x x x x x x x x x x x x x x x x x x  37 

Interstitial cell. adenoma x x x 7 
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TABLEA2 

Individuad Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of Butyl Benzyl Phthalate: 0 ppm (continued) 

, 2 2 4 4 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7 7 . 7 . 7 7 7  
Number of Days on Study 5 6 3 7 7 4 4 5 6 7 9 0 1 1 3 3 4 6 7 1 . 1 1 2 2 2 . ' " .  

' , 5 1 8 7 9 1 4 7 2 6 3 7 1 4 1 1 4 2 7 7 8 8 9 9 9  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
Carcass I DNumber 0 3 5 0 2 1 1 2 4 4 1 0 4 4 0 2 0 4 3 2 1 3 0 0 ' 1 " ~ ~  

8 9 . 3 . 1 5 2 0 2 0 5 8 5 9 2 9 7 3 1 1 1 7 4 4 6 1  

Hematopoiietic System 
Blood + 
Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  
Lymph node + +  + +  + + + + + +  + + + + +  + 

Iliac, leiomyosarcoma, metastatic, 
intestine: large, rectum X 

Lymph node, mandibular . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lymph node, mesenteric . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spleen . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thymus + + + + + + + + + + + M + + + + + + + + + + + + +  

Integumentary System 
Mammary gland ' + + + + + + + + + + + + + M + + M + + + + + + + + ': 

Fibroadenoma x 
Skin . . . . . . . . . . . . . . . . . . . . . . . . . .  


Basal.cel1 carcinoma X 

Keratoacanthoma 

Squamous;cell papilloma 

Subcutaneous tissue,fibroma : , x  X 

Subcutaneous tissue, melanoma malignant 


:. 'Musculoskdetal System 
Bone . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chordoma X 
, .Skeletal muscle + 

Hemangiosarcoma X 

Nervous System 
Brain . . . . . . . . . . . . . . . . . . . . . . . . .  


Oligodendroglioma malignant X .. . , 

Peripheral nerve + + 
spinal cog  + 

~ ~~ ~ ~~~~ ~~~ ~ ~~ ~ ~~ ~~ 

Respiratory System 
Lung . . . . . . . . . . . . . . . . . . . . . . . . . . .  


Chordomal, metastatic, bone X 
Nose , . . . . . . . . . . . . . . . . . . . . . . . . . .  
Trachea . . . . . . . . . . . . . . . . . . . . . . . . . .  


Special Senses System 
Ear 
Eye 

~ ~~~~ ~~ ~~ ~ ~ ~ - ~~ 

Urinary System 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . . .  

Renal tubule, adenoma X ,  
Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . . .i . 


Systemic Lesions 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . . .  

Leukemia mononuclear x x  X X X ~ X x - X Xx x x x x x x x x x '
? 

Mesothelioma malignant x 



Number of Days on Study 

-

Carcass IDNumber 

Hematopoietic System 
Blood 
Bone marrow 
Lymph node 

Iliac, leiomyosarcoma, metastatic, 
intestine large, rectum 

Lymph node, mandibular 
Lymph' node, mesenteric 
Spleen 
Thymus 

Integumentary System 
M a m ~ ~ a ~ g l a n dI 


Fibroadenoma 
Skin 


Basal cell carcinoma 
Keratoacanthoma 
Squamous cell papilloma 
Subcutaneous tissue,  fibroma 
Subcutaneous tissue, melanoma malignant 

Musculoskeletal System 
Bone 

Chordoma 
Skeletal muscle 

Hemangiosarcoma 

Nervous System 
Brain 

Oligodendroglioma malignant 
Peripheral nerve 
Spinal cord 

Respiratory System 
Lung

Chordoma, metastatic, bone 
Nose 
Trachea 

Special Senses System 

Ear 

Eye 

Urinary System 
Kidney 


Renal tubule, adenoma 

U r i ~ ~ y 
bladder 

Systemic ]Lesions 
Multiple organs 


Leukemia mononuclear 

Mesothelioma malignant 


7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 1 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3  

9 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 1  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  Total 
1 1 1 2 2 2 2 3 3 3 3 4 4 4 0 0 1 1 2 2 3 3 3 4 4  Tissues/ 
4 5 9 0 4 6 9 3 6 7 8 3 4 6 2 7 3 6 3 8 0 2 5 7 8  Tumors 

1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ + + + + +  + 23 


1 

+ + + + + + + + M + + + + + + + + + + + + + + + +  .49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


+ + + M + + + + + + + + + + M + + + M + + + + + +  45 

X 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


x x 2 

X 1 


X X X 5 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


+ 3 

+ 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ + 2 

+ 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

~~~ ~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x x - x x  X x x x  x x x x  31 

' 


1 
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TABLE:A 2  
Individual Animal Tumor Pathology of Male Rats in the 2-YearFeed Study of Butyl Benzyl Phthalate: 3,OOO ppm' 

. . . . .  , 

3 4 4 4 4 5 5 5 5 5 5 5 5 ' 6 6 6 6 6 6 6 6 6 6 6 6  
Number of Days on Study 0 5 7 9 9 - 1 4 4 5 6 6 8 8 0 0 0 0 1 2 2 4 4 4 7 9 .  

3 0 7 9 9 9 1 4 0 5 9 4 6 1 7 7 7 1 6 7 4 5 9 8 4  -,.
, . .- . _ .  

0 0 ~ 0 0 0 ' 0 1 0 1 0 1 0 1 0 0 0 0 1 0 0 1 0 0 0 1  
Carcass IDNumber 6 6 8 6 7 8 0 9 0 9 0 8 1 7 . 6 7 8 0 7 7 0 8 7 6 0 :  -

3 8 5 4 1 9 6 1 7 3 0 6 0 7 9 0 3 3 2 8 4 4 4 1 2, .  , . . .  

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large,  colon + + + + + + + + + + + + + + + + M + + + + + + + + .  
Intestine large, rectum . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large, cecum . . . . . . . . . . . . . . . . . . . . . . . . .  

Lipoma 
Intestine small, duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small, jejunum . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small, ileum . . . . . . . . . . . . . . . . . . . . . . . . . .  

Leiomyosarcoma 
' 

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  
Hepatocellular adenoma x " 
Hepatoce:llular adenoma, multiple 

Mesentery + + + + + + 
Oral mucosa 

Squamous cell papilloma 
Pancreas + + + M + + + + + + + + + . + + + + + + + + + + + +  

, .Acinus, adenoma X 
1 . 

Salivary glads . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach,forestomach, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tongue 

Cardiovascular System 

Blood vessel . . . . . . . . . . . . . . . . . . . . . . . . .  

Heart . . . . . . . . . . . . . . . . . . . . . . . . .  

Endocrine System 
Adrenal cortex . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  


, . ..Pheochromocytoma benign X X 
Pheochromocytoma benign, multiple 

Islets, pancreatic + + . + M + + + + + + + + + + + + + + + + + + + + + '  
Adenoma X 

Parathyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Pituitary: gland . . . . . . . . . . . . . . . . . . . . . . . . .  

Pars distalis, adenoma X X x x . .  

Pars dista:lis, carcinoma X 
Thyroid g l a d  . . . . . . . . . . . . . . . . . . . . . . . . .  

C-cell, adenoma X 
Follicular cell, adenoma . . . .  

General Body System 
! . .None . 

, , I .. .. . 
- , -Genital System 

Epididymis . . . . . . . . . . . . . . . . . . . . . . . . .  

Preputial gland . . . . . . . . . . . . . . . . . . . . . . . . . . .  
 ' 

. .Adenoma 
Carcinoma X 

Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  
Seminal vesicle . . . . . . . . . . . . . . . . . . . . . . . . . . .  
 ' . 

Testes . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bilateral, interstitial cell, adenoma x x x x xx xx x x x x  x 
Interstitialadenoma x x  x x  X x xcell, x x  r ,  



Carcass ID Number 

. .  . 
Aliientary $ystem 
Esophagus 
Intestine large, colon 
Intestine large, rectum 
Intestine large,cecum. 

Lipoma 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 

Leiomyosarcoma 
Liver 

Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentery 
Oral mucosa 

Squamous cell papilloma 
Pancreas 

Acinus, adenoma 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Cardiovascular System 
Blood vessel 
Heart 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytoma benign 
Pheochromocytoma benign, multiple 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 

Pars distalis, carcinoma 


Thyroid gland 
Ccell, adenoma 
Follicular cell,. adenoma 

General Body System 
None 

Genital System 
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, adenoma, 
Interstitial cell. adenoma 

~~~~~~~~ ~~ ~ ~~ ~~~~~ 

6 1 1 1 1 1 1 7 1 1 1 1 7 1 1 1 7 7 1 1 1 1 1 1 1  

9 0 0 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

8 8 8 3 3 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1  


0 0 1 ~ 0 0 0 0 0 0 0 0 ~ 0 0 0 0 1 0 0 ‘ 0 0 0 0 0 1 1Total 

8 9 0 7 9 6 6 6 7 8 8 9 9 9 9 0 6 1 1 8 8 9 9 0 0  Tissues/ 

0 0 5 5 2 2 6 1 9 2 1 5 6 1 8 8 5 3 6 1 8 4 9 1 9  Tumors 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

M + + + + + + + + + + + + + + + + + + + + + + + +  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

X 1


+ + +  + + + + 13 

+ 1 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X x xx x  8 


X X 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . . .  - 5 0  

X X x x  x x x  1 1  


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X X 3 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X X .3 ’ 


x x  X X X 6 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

x x x x x x x x x x x x x x x x x x  x x x x x  36 


x In 
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TABLE
1 4 2  

Individllal Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of Butyl Benzyl Phthalate: 3,OOo ppm
(continued) 

Number of Days on Study . 

Carcass I D Number 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Fibroma 
Liposarcoma 

Thymus 
Thymoma benign 

Integumentary System 
Mammary gland 

Carcinoma 
Fibroadenoma 

Skin 
Keratoacanthoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, schwannoma benign 
Subcutaneous tissue, schwannoma malignant 

Nervous System 
Brain 

Astrocytoma malignant 
Peripheral nerve 
Spinal cord 

Respiratory System 
Lung

Alveolarhronchiolar adenoma 
Alveolarhronchiolar carcinoma 

Nose 
Trachea 

Special SystemSenses , 

None 

Urinary System 
Kidney 

Renal tubule, adenoma 
Urinary bladder 

Systemic IRsions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

3 4 4 4 4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  
0 5 7 9 9 1 4 4 5 6 6 8 8 0 0 0 0 1 2 2 4 4 4 . 7 ~ 9 ' " '  

, 3 0 7 9 9 9 1 4 0 5 9 4 6 1 7 7 7 1 6 7 4 5 9 8 4  
~~~ 

0 ' 0 0 0 0 0 1 0 1 0 1 0 1 0 0 0 0 1 0 0 1 0 0 0 1  

6 6 8 6 7 8 0 9 0 9 0 8 1 . 7 6 7 8 0 7 7 0 8 7 6 0  

3 8 5 4 1 9 6 1 7 3 0 6 0 7 9 0 3 3 2 8 4 4 4 1 2  


. . . . . . . . . . . . . . . . . . . . . . . . .  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  . 


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


+ + + + + + M + + + + + + + + + + + + + + + + + +  


+ + + + + + + + M + + + + + + + + + + + + + + + +  

x x 

. . . . . . . . . . . . . . . . . . . . . . . . .  


x 

X 


X. 


. . . . . . . . . . . . . . . . . . . . . . . . .  
+ 
+ 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

x x xx x x x x  x x  X
x x  


X X 


- .  
,,, i / ,  

.  .  . . .  . 

, . .  
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Tmm A2 
m d-OR paurmnw off 

(continued) 

NWElb@rQf QW Shdy 

@m- m Nmber 

Wemat~pdeticSystem
Bone marrow 
Lymph nod& 
Lymphnode,mandibular , 

Lymph node, mesenteric 
Spleen 

Fibroma 
Liposarcoma 

Thymus 
Thymoma benign 

h t e m e n t w  system 
Mammary gland 

Carcinoma 
Fibroadenoma 

Skin 
Keratoacanthoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, schwannoma benign 
Subcutaneous tissue, schwannoina  malignant 

Musculoskeletal §ystem 
Bone 

NePvow System 
Brain 

Astrocytoma malignant 

Peripheral nerve 

Spinal cord 


Respiratory §ystem
Lung 


Alveolarlbronchiolar adenoma 

Alveolar/bronchiolar carcinoma 


Nose 

Trachea 


Special Senses System 
None 

urinary System 

Kidney 


Renal tubule, adenoma 

Urinary bladder 


Systemic ILasions 
Multiple organs 

Leukemia mononuclear '. 
Mesothelioma malignant 

m~ ube 2-y- smnyF W ~  m y n  mewn mumaue: 3 , m ppm 

6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7 1 1 1 7 1 1 7 1  

, 9 0 0 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

8 8 8 3 3 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 '  

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1  Total 
8 9 0 1 9 6 6 6 1 8 8 9 9 9 9 0 6 7 7 8 8 9 9 0 0  Tissues/ 
0 . 0 5 5 2 2 6 1 9 2 1 5 6 1 8 8 5 3 6 1 8 4 9 1 9  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + +  + + + + +  + + 22 


+ + + + + + + + + + + + + + + + + + + + M + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


1 

x 1 


+ + + + + + + + + + + + + + + + + M + + + + + + +  48 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  - 4 9  

X 1 


x x X 5 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X X 2 

X 2 


1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X 2 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
 ' 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x.x x x x X x x  x x x x x  x 28 


X 3 
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TABLE1 4 2  


Individual Animal Tumor Pathology of Male Rats in the2-YearFeed Study of Butyl Benzyl Phthalate: 6,OOO ppm 

~ ~~~ 

4 4 5 5 5 5 . 5 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  
Number of Days on Study 0 9 4 4 6 7 9 1 1 2 5 5 ' 7 7 8 8 ' , 8 8 9 9 0 0 0 0 0  

0 4 2 2 9 4 2 1 4 8 1 5 0 4 1 1 3 4 7 7 1 2 2 3 8  

1 1 1 1 1 1 1 1 1 1 1 ' 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1  
Carcass KD Number 3 2 5 6 6 2 7 6 6 4 4 5 4 3 3 . 5 3 3 2 2 5 3 4 5 6  

, 0 9 9 9 0 7 0 8 4 5 4 7 7 5 3 0 7 6 3 8 4 2 9 6 2  

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large, colon + + + + + + + + + + + + + + + M + + + + + + + + +  

Adenocarcinoma X 
Intestine large, rectum . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large, cecum . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small, duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine snlall, jejunum . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small, ileum . . . . . . . . . . . . . . . . . . . . . . . . .  

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenocarcinoma, metastatic, 
intestine large, colon X 

Hepatocellular carcinoma 
Mesentery + + + + +  + +  + + 

Adenocarcinoma, metastatic, 
intestine large, colon X 

Oral mucosa 
Squamous cell papilloma 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  
Adenocarcinoma, metastatic, 

intestine large, colon X 
Acinus, adenoma . .  

Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  
Tongue +I 

Squamous cell papilloma X 

Cardiovascular System 
Blood vessel . . . . . . . . . . . . . . . . . . . . . . . . .  

Heart . . . . . . . . . . . . . . . . . . . . . . . . . .  


~~ 

Endocrine System 
Adrenal cortex . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pheochrcmocytoma malignant X X 
Pheochromocytoma benign X X X 

Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  
Adenoma x x  \ 

Parathyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Pituitary gland . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pars distalis. adenoma X x x  x 
Pars intermedia, adenoma X 

Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . . .  
C-cell, adenoma x x 

. . I .  

General Body System 
None 

.. . .. , . 
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TmlLlE A2 
hdiddund Annhd TUJIEIUQI~P ~ U ~ Q U C D ~d"le hUshUEne %Year Feed SUudy ~ f fBuQU BeqU PhUlln&Ue: 6,Q"D ppm 
(continued) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

~ U b e P  , 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3QfDays O n  Study 

1 2 3 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1  


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Total 
Carcass IUD Number 6 2 4 2 2 3 4 4 5 5 5 6 6 2 2 ' 3 3 3 4 4 4 5 5 6 6  Tissues/ 

5 2 2 4 6 8 1 6 1 3 8 3 1 1 5 1 4 9 0 3 8 2 5 1 6  Tumors 

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine large, colon . . . . . . . . . . . . . . . . . . . . . . . . .  49 


Adenocarcinoma' 1 

Intestine large, rectum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine large, cecum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine small, duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine small, jejunum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine small , ileum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Adenocarcinoma, metastatic, 

intestine large, colon' 1 


Hepatocellular carcinoma X 1 

Mesentery + + + 12 


Adenocarcinoma, metastatic, 

intestine large,  colon 1 


Oral mucosa + + 2 

Squamous cell papilloma X X 2 


Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Adenocarcinoma, metastatic, 


intestine large,  colon 1 

Acinus, adenoma x x  X 3 


Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Tongue 1 


Squamous cell papilloma 1 


Cardiovascular System 

Blood vessel . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Heart . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Endocrine System 
Adrenal cortex . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Adrenal medulla . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Pheochromocytoma malignant 2 

Pheochromocytoma benign X x x X x x 9 


Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Adenoma x x  4 


Parathyroid gland + + + + + + + + + + + + + + + + + + M + + + + + +  49 

Pituitary gland . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Pars distalis, adenoma x x X x x x x  11 

Pars intermedia, adenoma 1 


Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  50 

C-cell, adenoma X 3 


. . .  3 , 

General Body System 
None 
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Number of Days on Study 
-

Carcass ID Number 

Genital System 
Epididymis 

Adenocarcinoma, metastatic, 
intestine large,  colon 

Preputial gland 
Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 

Adenocarcinoma, metastatic, 
intestine large, colon 

Testes 
Adenocarcinoma, metastatic, 

intestine large, colon 
Bilateral, interstitial cell ,  adenoma 
Interstitial cell, adenoma 

Hematopoietic System
Bone marrow 

Pheochromocytoma malignant, 
metastatic, adrenal medulla 

Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Lymph node, mediastinal 

Adenocarcinoma, metastatic, 
intestine large, colon 

Spleen 
Adenocarcinoma, metastatic, 

intestine large, colon 
Thymus 
-

Integumentary System 
Mammary gland 

Fibroadenoma 
Skin 

Basal clell carcinoma 
Keratoacanthoma 
Squamous cell papilloma 
Sebaceous gland, adenoma 
Subcutaneous tissue,  fibroma 

Musculoskeletal System 
Bone 
Skeletal muscle 

Adenocarcinoma. metastatic. 

Nervous System
Brain 

Astrocytoma malignant 

4 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  
~ 0 9 ~ 4 4 6 7 9 1 1 2 5 5 7 7 8 8 8 8 9 9 0 0 0 0 0  
0 4 2 2 9 4 2 1 4 8 1 5 0 4 1 1 3 4 7 7 1 2 2 3 8  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

3 2 5 ' 6 6 2 7 6 6 4 4 5 4 3 3 5 3 3 2 2 5 3 4 . 5 6 ,  
. . $ 

0 9 9 9 0 7 0 8 4 5 4 7 7 5 3 0 7 6 3 8 4 2 9 6 2  

. . . . . . . . . . . . . . . . . . . . . . . . .  


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 

+ + +  + + + + + + + + + + + + +  + + +  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


+ 
' 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  


, .  .X 

. . . . . . . . . . . . . . . . . . . . . . . . . .  


I M + + + + + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

X 


X X X X 

, . 

. . . . . . . . . . . . . . . . . . . . . . . . . .  . . '  

+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  



a n  


N W b @ PQff Days QUl StPady 

~~ 

Genital Sg.St@rn 
Epididymis 

Adenocarcinoma, metastatic, 
intestine large,  colon 

Preputial gland 
Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 

Adenocarcinoma, metastatic, 
intestine large, colon 

Testes 
Adenocarcinoma, metastatic, 

intestine large, colon 
Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 

I 

HematopoieticSystem 
Bone marrow 

Pheochromocytoma malignant,
metastatic, adrenal medulla 

Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Lymph node, mediastinal 

Adenocarcinoma, metastatic, 
intestine large, colon 

Spleen 
Adenocarcinoma, metastatic, 

intestine large,  colon 
Thymus

I 
Integumentary System 
Mammary gland

Fibroadenoma 
Skin 


Basal cell carcinoma 
Keratoacanthoma 
Squamous cell papilloma 
Sebaceous gland, adenoma 
Subcutaneous tissue, fibroma 

Mwculwkektal System 
Bone 
Skeletal muscle 

Adenocarcinoma, metastatic, 
' intestine large,  colon 

Nervous System 
Brain 

Astrocytoma malignant 

1 1 7 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 2 3 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1  

1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Total 
6 2 4 2 2 3 4 4 5 5 5 6 6 2 2 3 3 3 4 4 4 5 5 6 . 6  Tissues/ 
5 2 2 4 6 8 1 6 1 3 8 3 1 1 5 1 4 9 0 3 8 2 5 1 6  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


x x  x x x x x xx x x x x x x x x x x  x x  
x x  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + +  + + + + +  + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


+ + + + + + + + + + + + + + + + + + + + ' + + + + M  

x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 

X 
X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

50 

1 
50. 

1 
1 

50 
50 

1 
50 

1 
40 


8 

50 

1 
30 
50 . 

50 
1 

1 
50 

1 
50 

41  
2 

50  
1 
2 
.1 
1 
5 

50 
1 

1 

50 
1 
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. .  TABIP A2 

Individual Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of Butyl Benzyl Phtlihate: 6,OOO ppm - , 


' . 

(continued) .~ 

4 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 -
Number of Days on Study 0 9 4 4 6 7 9 1 1 2 5 5 7 7 . 8 8 8 8 9 9 0 0 0 0 0  

, '  

0 4 2 2 9 4 2 1 4 8 1 5 0 4 1 1 3 4 7 7 1 2 2 . 3 8  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 . .  
Carcass I D  Number 3 2 5 6 6 2 7 . 6 6 4 ' 4 5 4 3 3 5 3 3 2 2 5 3 4 5 6  

0 9 9 9 0 7 0 8 4 5 4 7 7 5 3 0 ' 7 6 3 8 4 2 , 9 6 2  
~ ~ . . 

Respiratory System 
~~~~~~~ 

. . 

Lung 

metastatic, adrenal medulla 
Pheochromocytoma malignant, 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

, . !  

, .  
Nose' - ., . . . . . . . . . . . . . . . . . . . . . . . . .  . + 

Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  
. .  - -
Special Senses System 

. .  

None 

urir;ary systeni 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  ', 


Urinary'bladder . . . . . . . . . . . . . . . . . . . . . . . . . .  
Adenocnrcinoma, metastatic, 

intes@e large,. colon X 

Systemic ILesioqs 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . .  


Leukemia mononuclear x ~ x x x x x x ~ x x x x x x x x x  x,x x x 



TABLE A2 
~[rmdiv~nna~ off "e irm the 2-yem peedl study ~ f ~ermzy~ 6 , m ppm~ n h r n n-4 ~ a t ~ ~ o g y  ~ a t s  	 f ~ n n t y ~  ~ht~ma~ate: 

. e(continued) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1  

Number d Days QII Study 	 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

1 2 3 0 0 0 0 0 0 0 0 . 0 0 1 1 1 1 1 1 1 1 1 1 1 1  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Total 
Carcass IDNumber 6 2 4 2 2 3 4 4 5 5 5 6 6 2 2 3 3 3 4 4 4 5 5 6 6  Tissues/ 

5 2 2 4 6 8 1 6 1 3 8 3 1 1 5 1 4 9 0 3 8 2 5 1 6  Tumors 

Reipiratory System 
Lung . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Pheochromocytoma malignant, 
metastatic, adrenal medulla 1 

Nose . . . . . . . . . . . . . . . . . . . . . . . . .  50 
Trachea 	 . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Special Senses System 
None 

Urinary System 
Kidney 	 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  50. , 

Adenocarcinoma, metastatic, 
intestine large, colon 1 

Systemic Lesions 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Leukemia mononuclear x xx x  x x x x x  34x x x x  	 x 

I 
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TABLEA 3  
Individed Animal Tumor Pathology of Male Rats in the 2-Year Feed Study of.Buty1 Benzyl Phthalate:.12,OOO ppm 

~ ~ 

1 2 4 4 4 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7  
Number of Days on Study 8 9 6 6 7 5 9 1 3 3 3 5 6 6 6 7 7 7 8 9 9 0 0 0 1  ' '  

0 7 4 6 7 0 3 4 4 9 9 4 2 3 8 4 4 5 4 8 8 3 9 9 6  

,.-. 2 1 1 2 2 2 2 2 1 1 2 1 1 2 ' 2 1 2 2 1 1 1 1 2 2 2  
Carcass I13 Number 1 8 8 0 2 0 1 2 8 8 2 9 8 0 0 8 0 1 9 8 9 9 1 2 0 ~ ~. _  

9 6 7 1 4 7 6 5 4 5 8 3 8 6 2 9 4 5 0 1 4 1 7 7 5  

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 


Intestine.large, colon . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carcinoid tumor malignant 

Intestine large,  rectum . . . . . . . . . . . . . . . . . . . . . . . . . .  ' . ,  

Intestine large, cecum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small, duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small, jejunum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine small, ileum . . . . . . . . . . . . . . . . . . . . . . . . .  

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma, metastatic, pancreas X 
Hepatocellular adenoma X x 

Mesentery + + + + +  ., 8 

Pancreas-- . . . . . . . . . . . . . . . . . . . . . . . . .  
Acinus, adenoma x x  
Acinus, carcinoma X 

Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . . .  

Schwannoma malignant 

Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma 
Tongue 

Cardiovascular System 
Blood vessel . . . . . . . . . . . . . . . . . . . . . . . . . .  

Heart , . . . . . . . . . . . . . . . . . . . . . . . . .  

Thymoma d i g n a n t ,  metastatic, thymus X 

Endocrine System 
Adrenal C O ~ X  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  , .  

Pheochrolnocytoma malignant 
Pheochromocytoma benign X x x x x  

Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenoma 

Parathyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Pituitary gland . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pars distalis, adenoma x x  x x x  
Thyroid glami . . . . . . . . . . . . . . . . . . . . . . . . .  

C-cell, adenoma X 
Follicular cell, adenoma 
Follicular cell, carcinoma 

, X 
I . .  

" 
. , . ,.General Body System

None 
. . .Genitalsystem 

Epididymis . . . . . . . . . . . . . . . . . . . . . . . . . .  

. ,Preputial gland . . . . . . . . . . . . . . . . . . . . . . . . .  


Prostate . . . . . . . . . . . . . . . . . . . . . . . . . .  

S e wvesicle . . . . . . . . . . . . . . . . . . . . . . . . . .  

Testes . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bilateral, interstitial cell, adenoma x x x x  x x x x x x x x x x x  
Interstitial cell, adenoma x x  x x X 



  

~ ~~~ ~ ~ ~ 

1 1 1 1 1 7 ~ 1 1 1 1 1 7 1 1 7 1 7 1 7 1 1 1 7 1 7  

1 1 , 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 6 8 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1  


2 2 2 1 1 1 2 2 2 2 2 2 2 1 1 1 1 1 2 2 2 2 2 2 2  Total 
crarmm Number 1 1 0 8 9 9 0 1 1 2 2 2 3 8 9 9 9 9 0 0 1 1 2 2 2  Tissues/ 

. 1 2 9 3 5 8 0 0 8 0 2 6 0 2 2 6 7 9 3 8 3 4 1 3 9  Tumors 

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine large, colon + . + + + + + + M + + + + + + + + + + + + + + + + M  48 


Carcinoid tumor malignant X 1 

Intestine large, rectum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine large, cecum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine small, duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Intestine small, jejunum . . . . . . . . . . . . . . . . . . . . . . . . .  ' 50 

Intestine small, ileum . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Carcinoma, metastatic, pancreas . 1 

Hepatocellular adenoma x x  4 


Mesentery 5 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 5 0  


Acinus, adenoma X x xx x x x X 10 

Acinus, carcinoma 1 


Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  50 ' 


Schwannoma malignant X 
' 

1 

Stomach, forbstomach . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  50 


carcinoma X . .  1 

Tongue + 1 .  


@rardiov;ascaalmsystem 
Blood vessel . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Heart . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Thymoma malignant, metastatic, thymus 1 ' 
-

Endw*e systm 

Adrenal cortex . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Adrenal medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  .50  


Pheochromocytoma malignant X X 2 

Pheochromocytoma benign X X X  ' 8 


Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  50 . 

Adenoma X 1 


Parathyroid gland + + + + + + + . + + + + + M + + + + + + + + + + + +  49 .. 

Pituitary gland . . . . . . . . . . . . . . . . . . . . . . . . .  49 


Pars distalis, adenoma x x  x x  X 10 

Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  50  
 I 


C-cell, adenoma 1 

Follicular cell, adenoma X . 1  

Follicular cell, carcinoma X 2 


General B d y  sysuem
None 

Genihl system 
Epididymis . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

Preputial gland . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

Seminal vesicle . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Testes . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Bilateral, interstitial cell, adenoma x x x x x x x x x x x x x x x x x x x x x x  31 

Interstitial cell, adenoma X X X 8 
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, .TABLEA2 

Individulal Animal Tumor Pathology of Male Rats in the 2-YearFeed Study of Butyl BenzylPhthalate: 12,OOO ppm 
(continued:) 

~ ~ ~~ ~~ 

1 2 4 4 . 4 5 5 6 6 6 6 6 6 6 ' 6 6 6 6 6 ' 6 6 7 7 7 7  
Number of Days on Study . 8 9 6 6 7 5 9 1 3 3 3 5 6 6 6 7 7 7 8 9 9 0 0 0 1 ~  ' 

0 . 7 4 6 7 0 3 4 4 9 9 4 2 3 8 4 4 5 4 8 8 3 9 9 6  

. I 2 1 1 2 2 2 2 . 2 1 1 2 1 1 2 2 i 2 2 1 1 1 1 ~ 2 2  
Carcass ID Number 1 8 8 0 2 0 1 2 8 8 2 9 8 0 0 8 0 1 9 8 9 9 1 2 0 '  

9 6 7 1 ' 4 7 6 5 4 5 , 8 3 8 6 2 9 4 5 0 1 4 1 7 7 5  

I .Hematopoietic System . ,' 

Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  

Lymph node + + + + +  + + + ' + + + + + + 
Lymph node, mandibular . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lymphmesenteric . . . . . . . . . . . . . . . . . . . . . . . . . 
node, . 

Spleen 
' 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
Thymus + + + + + + + + + + + + + + + + + + + M + + + + . +  

Thymoma benign - . 

Thymoma malignant X 


Integunnqtary System 
Mammary gland + + + + + + + + + + + + + + + M + + + + M + + + +  
skin . . . . . . . . . . . . . . . . . . . . . . . . .  


Basal cell adenoma X 

Basal cell carcinoma 

Keratoac.anthoma 

Squamous cellpapilloma 

Subcutaneous tissue,  fibroma X X x 

Subcutaneous tissue, lipoma 

Subcutaneous tissue, schwannoma malignant 


, .Musculoskeletal System 
Bone . . . . . . . . . . . . . . . . . . . . . . . . . .  


Osteosarcoma X 

Nervous System 
Brain . . . . . . . . . . . . . . . . . . . . . . . . .  

Peripheral nerve + 

S O h d Cold + + 

Respiratory System 
Lung' . . . . . . . . . . . . . . . . . . . . . . . . . .  

Alveolar/bronchiolar carcinoma 
..Thymoma malignant, metastatic, thymus X 

Nose . . . . . . . . . . . . . . . . . . . . . . . . .  
 . .Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  

~ ~~ 

Special Senses System 

Ear + 

Eye . , . .  . .  . .  

Urinary System 
. ' . ' . ' . PKidney . . . . . . . . . . . . . . . . . . . . . . . . . .  


Renal tubule, carcinoma X 
Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

~ ~~~ ~ ~ 

Systemic Lesions 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . . .  


.. 1Leukemia mononuclear X x x x x x x x x ' x x x x x x x x x x . x  

Mesothelioma malignant X . . 
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1 7 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

1 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 6 8 ~ 0 0 0 0 0 0 0 0 0 0 1 1 1 . 1 1 1 1 1 1 1 1 1  

2 2 2 - 1 1 1 2 . 2 2 2 2 2 2 1 1 1 1 1 2 2 2 2 2 2 2  Total 
1 1 0 8 9 9 , 0 1 1 2 2 2 3 8 9 9 9 9 0 0 1 1 2 2 2 Tissues/ 
1 2 9 3 5 8 0 0 8 0 2 6 0 2 2 6 7 9 3 8 3 4 1 3 9  Tumors 

Hematopoietic System 
Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Lymph node + + + +  + 19 

Lymph node, mandibular . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Lymph node, mesenteric . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Thymus . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Thymoma benign X 1 

Thymoma malignant 1 


~~ ~~ 

Integumentary System 
Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Skin . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Basal cell adenoma x 2 

Basal cell carcinoma x 1 

Keratoacanthoma x 1 

Squamous cell papilloma X 1 

Subcutaneous tissue, fibroma x x  5 

Subcutaneous tissue, lipoma X 1 

Subcutaneous tissue, schwannoma malignant X 1 


Musculoskeletal System 
Bone . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Osteosarcoma , 1  

Nervous System 
Brain . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Peripheral nerve 1 

Spinal cord 2 


Respiratory System 
~ 

Lung . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  
 8 


Alveolarhronchiolar carcinoma x 
 2 1 


Thymoma malignant, metastatic, thymus 1 

Nose . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Special SensesSystem 

Ear 1 

EYe + 1 


I 


Urinary System 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  50
' , 

Renal tubule, carcinoma 1 

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Systemic ]Lesions 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Leukemia mononuclear x x x  x x x x  x x x  30 

Mesothelioma malignant 1 
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TABLEA 3  
Statisticrrl Analysis of PrimaryNeoplasms in Male Rats in the 2-Year Feed Study of Butyl. Benzyl Phthalate ' i 

0 PPm 

Adrenal hledulla:  Benign Pheochromocytoma 
Overall ratea . 9/50 (18%) 
Adjusted rateb 28.2% 
Terminal ratec 6/28 (21 %)
First incidence (days) 607 
Life table testd P=0.473N 
Logistic regression testd P=0.335N 
~ochran-~rmita P=0.402Ne testd fFisher exact test 

Adrenal Medulla: Benign or Malignant Pheochromocytoma 
Overall rate 10/50 (20%)
Adjusted rate 30.1% 
Terminal rate 6/28 (21 %)
First incidence (days) 607 
Life table test P=O.469 
Logistic regression test P=0.487N 
Cochran-Armitage test P=O.535 
Fisher exact test 

Liver:HepatocellularAdenoma 
Overall rate 2/50 (4%) 

Adjusted rate 6.5% 

Terminal rate 1/28 (4%) 

First incidence (days) 662 

Life table test P=O.223 

Logistic regression test P=O.240 

Cochran-Armitage test P=O.232 

Fisher exact test > 


Liver: Hepatocellular Adenoma or Carcinoma 
Overall rate 2/50 (4%) 
Adjusted rate 6.5% 
Tenninal rate 1/28 (4%) 
First incidence (days) 662 
Life table test P=O.212 
Logistic regression test P10.238 
Cochran-Armitage test P=O.227 
Fisher exacttest 

Lung: Alveolarhonchiolar Adenoma or Carcinoma 
Overall rate 0/50 (0%) 
Adjusted rate 0.0% 
Terminal rate OD8 (0%) 
First incidence (days) -
Life table test P=O.581 
Logistic regression test , . P=O.581. .  

Cochran-Armitage test P=O.634 
Fisher exact test . .  

3,OOO ppm 

lob0 (20%) 
38.8% 
6/20 (30%) 
544 
P=O.263 
P=O.410 

P=O.500 

10/50 (20%) 
38.8% 
6/20 (30%) 
544 
P=O.348 
P'=O.524 

P=0.598N 

2/50 (4%) 
8.5% 
1/20 (546) 
678 
P=O.600 
P=O.661 

P=0.691N 

2/50 (4%) 
8.5% 
1/20 (5%)  
678 
P=O.600 
P=O.661 

P=0.691N 

3/50 (6%) 
15.0% 
3/20 (15%) 

' ,729 (T) 
P=O.O67 
P=O.O67 

P=O.121 

6,OOO ppm 

9/50 (18 %) 
34.5% 
6/22 (27%) 
684 
P=O.448 
P=0.562N 

P=0.602N 

. , 

11/50 (22%) 
38.6% 
6/22 (27%) 
68 1 
P=O.370 
P=O.557 

P=O.500 

0150 (0%) 
0.0% 
0/22 (0%)-e 

P=O.25ON 
P=0.227N 

P=0.247N 

1/50 (2%) 
4.2% 
0122 (0%) 
722 
P=O.J29N 
P=0.483N 

P=0.500N 

0/50 (0%) 
0.0% 
0/22 (0%)
-

-

-


-

12,000ppm 

. . 

8/50 (16%) 
25.4% 
3/22 (14%) 
639 
P=O.589N 
P=0.47JN 

P=O.500N 

10150 (20%) 
33.3% 
5/22 (23%) 
639 
P-0.496 
P=0.573N 

P=0.598N 

4/50 (8%) 

14.2% 

2/22 (9%) 

464 

P50.291 
P-0.339 

P=O.339 

4/50 (8 X) 

14.2% 

2/22 (9%) 

464 

P=O.291 
P=O.339 

P=O.339 

1/50 (2%) 
4.5% 
1/22 (5%)  
729 (T) 
P=O.452 
P=O.452 

P=O.JOO 

. .  

. , . .  

. . 



test 
test 

table  test 

rate 
rate 

rate 

Mammary Gland: Fibroadenoma 

Overall rate 2/50 (4%) 

Adjusted rate 7.1% 

Terminal rate 2/28 (7%) 

First incidence (days) 729 (T)

Life table test P=0.115N 

Logistic regression test P=0.081N 

Cochran-Armitage test P=0.092N 

Fisher exact test 


Mammary Gland: Fib~oadenomaOP @archma 

Overall rate 2/50 (4%) 

Adjusted rate 7.1% 

Terminal rate 2/28 (7 %) 

First incidence (days) 729 (T)

Life table test P=O.O99N 

Logistic test P=0.066N
regression -

Cochran-Armitage test P=0.077N 
Fisher exact test 

Oral Cavity (Oral Muccpsa OP T u D ~ ~ u u ~ ) :  Cell PapillomaB C ~ U ~ U N B S  
Overall Ol50 (0%) 

Adjusted 0.0% 

Terminal 0/28 (0%) 

First incidence (days) -

Life ,P=O.599 


regression Logistic P=O.624N 
Cochran-Armitage P=O.634 
Fisher exact test 

Pancreas: Adenoma 
Overall rate 3/50 (6%) 
Adjusted rate 10.7% 
Terminal rate 3/28 (1 1%) 
First incidence (days) 729 (T)
Life table test P=O.rn 
Logistic regression test P = O . o 0 6  
Cochran-Armitage test P=O.o05 
Fisher exact test 

Pancreas: hknoma C ~ ~ h o m a  
Overall rate 3/50 (6%) 
Adjusted rate 10.7% 
Terminal rate 3/28 (11%) 
First incidence (days) 729 (T)
Life table test P <o.o01 
Logistic regression test P=O.O3 
Cochran-Armitage test P=O.rn 
Fisher exact test 

5/50 (10%) 
19.8% 
2/20 (10%) 
645 
P=O.128 
P=O.165 

P~O.218 

6\50 (12%) 
24.3% 
3/20 (15X) 
645 
P=O.o66 
P = O . o 9 0  

P=O. 134 

1\50 (2%) 
5.0% 
1/20 (5%) 
729 (T) 
P=O.433 
P=O.433 

P=O.5o0 

2/49 (4%) 
7.4% 
1/20 (5%) 
569 
P=O.624N 
P=0.543N 

P=0.510N 

2/49 (4%) 
7.4% 
1/20 (5%) 
569 
P=O.624N 
P=0.543N 

P=O.51ON 

2/50 (4%) 
9.1 % 
2/22 (9%) 
729 (T) 
P=O.607 
P=O.607 

P=0.691N 

2/50 (4%) 
9.1% 
2/22 (9%) 
729 (T) 
P=O.607 
P=O.607 

P=0.691N 

3/50 (6%) 
11.9% 
2/22 (9%) 
697 
P=O.o97 
P=O.121 

P=O.121 

3/50 (6%) 
13.6% 
3/22 (14%) 
729 (T)
P=O.548 
P=O.548 

P=0.661N 

3/50 (6%) 
13.6% 
3/22 (14%) 
729 (T) 
P=O.548 
P=O.548 

P=0.661N 

0150 (0%) 
0.0% 
0/22 (0X)
-
P=0.292N 
P=0.292N 

P=0.247N 

0/50 (0%) 
0.0% 
0/22 (0R)-
P=0.292N 
P=0.292N 

P=0.247N 

0150 (0%) 
0.0% 
0/22 (0%)-
-
-
-

10150 (20%) 
41.0% 
8/22 (36%) 
709 
P=O.O11 
P=O.O16 

P=O.O36 

11/50 (22%) 
42.7% 
8/22 (36%) 
674 
P=O.(#n 
P=O.O14 

P=O.o20 
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TABLEA3 

Statistitbal Analysis of Primary Neoplasms in Male Rats in the2-YearFeed Study of Butyl Benzyl Phthalate (continued) 


. . 

Oppm . 3,000ppm 6 , W  ppm 12,000ppm 

PancreaticIslets:Adenoma 
Overall rate 5/50 (10%) 2/49 (4%) 4/50 (8%) l / s o ( i w j  ' 

Adjusted rate 17.9% 6.8% 15.2% 4.5% 

Terminal rate 5/28 (18%) 0120 (0%) 2/22 (9%) 1/22 (5%) 

First incidence (days) 729 (T) 607 701 729 (T) 

Life table test P=0.150N' P=0.347N P=0.623N P=0.161N 

Logistic regression test . . P-0.097N P-0.271N P=0.518N P=0.161N 

Cochrin-Amniitage test P=0.112N 

Fisher exact test P=O.l02N 


Pituitary Gland (Pars Distalis): Adenoma 
Overall rate 10/50 (20%) 11/50 (22%) 11/50 (22%) 10/49'(20%) 
Adjusted rate 30.6% 42.2% 37.9% 35.1% 
Terminal rate 7/28 (25%) 7/20 (35%) 6/22 (27%) 5/22 (23 X) 
First incidence (days) 438 499 569 684 
Life table test P=O.473 P=O.261 P~O.352 P=O.431 
Logistic regression test P=0.467N P=O.460 PsO.545 P=O.J75N 
Cochran-Armitage test P=O.546N 
Fisher exact test P=O.500 P=O.500 P=O.579 

Pituitary Gland (Pars Distalis):Adenoma or Carcinoma 
Overall rate 10/50 (20%) 12\50 (24%) 11/50 (22%) 10149 (20%) 
Adjusted rate 30.6% 43.3% 37.9% 35.1% 
Terminal rate 7/28 (25%) 7/20 (35%) 6/22 (27,%) 5/22 (23%) 

. .First incidence (days) 438 303 569 684 

Lifetest . P=O.197 P-0.352 P=O.431.
table P=O.506 
Logistic regression test P=0.456N P=O.394 P-0.545 P=0.575N 
Cochran-Armitage test P=0.511N 

test P=O.500, ,Fisherexact P=O.$5 P=O.579 * 

PreputialGland:Adenoma 
Overall rate , 4/5b (8%) 3/50 (6%) lis0 (2%) 0150 (0%) , .  . .
Adjustedrate . . 

' 

12.8% 15.0% 4.5% 0.0% 
Terminal rate 2/28 (7%) 3/20 (15%) 1/22 (5X) 0122 (0%)-First incidence (days) 644 729 (T) 729 (T) 

Life table test P=0.038N P=O.644 P-0.231N P=O.O87N 

Logistic regression test P=0.022N P=0.593N P=0.165N P-0.059N 

Cochran-Annitage test P=0,025N 

Fisher exact test P=0.500N P=0.181N P=O.O59N 


PreputialGland:Carcinoma . . . . 


Overall rate 1/50 (2%) 6/50 (12 X) l/so(2%) . oiso (0%) 

Adjusted rate 

. . ,  
2.7% 25.1% 4.5% 0.0% 


Terminal rate . 0128 (0%) . 3/20 (15%) 1/22 (596) 0/22 (0%)
-First incidence (days) 614 ' 626 729 (T) 
. . .  


Lifetest P=O.l35N P=O.O30 PzO.749 P-0.470N
table . 

Logistic regression %st , . .  .. . P=0.099N P=O.o44 P=0.763N P=0.504N 

Cochran-Armitage test P = O .  11 1N . ._* 


Fisher exact test P=O.O56 P=0.753N P=0.500N 


., . . ,  . . . .  ,,. I 1 .  . . . - *. . - , . I  . , . - . . . 



test 
table  test 

(days) 

rate 

exact  test 

Preputial GlanB: Adenoma cw Crppcinoma 

Overall rate 5/50 (10%) 8/50 (16R) 2/50 (4%) 0150 (0%) 

Adjusted rate 15.1% 33.9% 9.1% 0.0% 

Terminal rate 2/28 (7 R) 5/20 (25 k) 2/22 (9%) 0122 (0%) 
-First incidence (days) 614 626 729 (T) 
Life table test P=0.014N P-0.136 P=0.273N P=O.@i3N 
Logistic regression test P=O.201 P=O.o06N P=O.l%N P=0.032N 
Cochran-Armitage test P=0.008N 
Fisher exact test P-0.218N P=O.277 P=O.MIN 

Skin: Squmous Cell  Papilloma or Keratoacanthoma 
Overall rate 3/50 (6%) 2/50 (4%) 3/50 (6%) 2/50 (4%) 
Adjusted rate 10.7% 10.0% 9.4% 9.1 % 
Terminal rate 3/28(1 1I )  2/20 (10%) 1/22 ( 5 % )  2/22 (9%) 
First incidence (days) 
Life table test 

729 (T) 729 (T) 655 729 (T)
P=O.614 P=O.654NP=O.506N P=0.611N 

Logistic regression test’ P=O.426N P=0.654N P=0.641N P=0.611N 

Cochran-Armitage test P=0.456N 

Fisher exact test P=0.500N P-0.661N P=O.5oON 


§kin: Basal Cell Adenoma OP Basal Cell Carcinoma 

Overall rate 1/50 (2%) 0150 (0%) 1/50 (2%) 3/50 (6%) 

Adjusted , ’ 2.5% 0.0% 4.5% 11.3%
rate 
Terminal rate 0128 (0%) 0/20 (OR) 1/22 (5X) 2/22 (9%) 
First incidence (days). 593 - 729 (T) 639 
Life table test ,P=O.O98 P=O.742P=O.516N P=O.289 .. 
Logistic regressi0n.k ’ P-0.101 P=0.502N P=O.760 P=O.307 

Fisher exact test 
Cochran-Armitagetest , P=O.o97 

P=0.500N P=0.753N P=O.309 

regression 

incidence 

rate 

Cochran-Armitage test 
Logistic P=O.347P=O.394N 
Life P=O.272 P=0.478N P=O.587 
First 593 729 (T) 655 

rateTerminal , 3/28 (1 1 X) 2/20 (10%) 2/22 (9%) 
Adjusted 12.9% 10.0% 13.8% 
Overall 4/50 (8%) 2/50 (4%) 4/50 (8 X) 
Skin. Squamous Cell Papilloma, Keratoacanthoma, Basal Cell Adenoma, or Basal Cell Carcinoma 

Fisher P=O.339N P=0.643N 
P=O.309 

P=0.618N P=O.518 , 

P=O.403 
639 
4/22 (18%) 
20.2% 
5/50 (10%) 

P=O.500 

. 

. , 

Fisher exact test 
Cochran-Armitage test 
Logistic regression test 
Lifetabletest ’ 

First incidence (days) 
Terminal rate 
Adjusted rate 
Overall rate 
Skin (Subcutaneous Tissue): Fibroma 

P=O.415 
P-0.601N P=O.254N P=O.452 

P=O.4w 
614 
3/28 (1 1 %) 
16.0% 
5/50 (10%) 

. I 

. .  

. .  

’ 

P=0.343N 
645 
1/20 ( 5 % )  
8.3% 
2/50 (4%) 

P=0.218N 

P=O.562 
628 
1/22 (5%) 
15.9% 
5/50 (10%) 

P=0.630N 

17.3% 
5/50 (10%) 

P=0.614N 
P=O.550, 
668 

P=0.630N 

2/22 (9%) 
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TABLEA3 

Statistical Analysisof Primary Neoplasms in Male Rats in the 2-YearFeed Studyof Butyl Benzyl Phthalate(continued) 


Adjusted :rate 

. . 

0 PPm 3,O00 ppm 6,OOO ppm 12,OOO ppm 
- . . .  . 

Testes: Adenoma 
Overall n~te  44/50 (88%) 46/50 (92%) 48/50 (%%) 45/50 (90%) 

97.8% 97.8% 98.0% 100.0% 
Terminal rate 27/28 (96%) 19/20 (95%) 21/22 (95%) 
First incidence (days) 494 477 450

22/22 (100%) 
464 


Life table test P=O.O49 P=O.354 
Logistic regression test P=O.383 P=O.371 P=O.568 
Cochran-Armitage test P=O.449 
Fisherexacttest . P=O.134 

Thyroid Gland (C-cell):  Adenoma 
Overall rate 5/50 (10%) 
Adjusted rate 14.1% 
Tenninal rate 2/28 (7%) 
First incidence (days) 438 
Life table test P=0.091N 
Logistic regression test P=0.078N 
Cochran-Annitage test P=O.O79N 
Fisher exact test 

Thyroid Gland (Follicular Cell): Adenoma or Carcinoma 
Overall rate 0150 (0%) 

Adjusted rate 0.0% 

Terminal rate 0128 (0%) 

First incidence (days) 

Life table test P=O.o42. 

Logistic regression test P=O.O50 

Cochran-Armitage test P=O.o44 

Fishertest
exact ., 

All Organs: Malignant Mesothelioma 
Overall rate 1/50(2%) 
Adjusted rate 3.1% 
Terminal rate 0/28 (0%) 
First incidence (days) . .  677 
Life table test P=O.376N 
Logistic regression test P=0.411N 
Cochran-Amitage test ~ . ,  P=O.WN 
Fisher exact test 

All Organs: Mononuclear Cell Leukemia 
Overall rate 31/50 (62%) 
Adjusted rate 71.8% 
Terminal rate 16/28 (57%) 
First incidence (days) 479 
Life table test P=O.469 
Logistic regression test P=O.466 
Cochran-Almitage test P=O.510 
Fisher exact test 

P=O.370 

3/50 (6%) 
12.8% 
2/20 (1 0I )  
626 
P=0.475N 
P=O.356N 

P=O.357N 

1/50 (2%) 
4.2% 
-0/20(0%) 
708 
P=O.449 
P=O.473 

P=O.500 

.3/50 (6%) 
10.9% 
1/20 (5%). 
607. 

P=O.245 

P=O.299 


.P=O.309 

28/50 (56%) 
72.0% 
10/20 (50%) 
499 
P=O.364 
P=0.233N 

P=0.342N 

P-0.122 

3/50 (6%) 

9.7% 

1/22 (5%)  

674 

P=0.375N 

P=0.378N 


P=O.357N 

Ob0 (0%)' 
0.0% 

0/22 (0%) 


0150 (0%) 
.O.O% 
0/22 (0%) 
-
P=0.477N 

P=0.497N 


P=O.500N 

34/50 ( 6 8 % )  
74.1% 
11/22 (50%) 
400 

P=O.268 
P=O.469 

P=O.338 

P=O.205 
P=O.619 

P=O.500 

1/50 (2%) 
3.6% 
0/22 (0%) 
709 
P=O.l3ON 
P=O. lO5N 

P=O.lOZN 

3/50 (6%) 
11.6% 
1/22 (5%)  
698 
P-0.096 
P=O.121 

P=O.121 

1/50 (2%) 
2.4% 
0/22 (0%) 
634 
P=0.737N 
Pt0.762 

P=0.753N 

30/50 (60%) 
65.6% 
7/22 (32%) 
180 
P-0.478 
P=0.492N 

P-0.5OON 
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All Organs: Benign Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

All Organs: Malignant Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

All Organs: Benign or Malignant Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

("')Terminal sacrifice 

100.0% 
46/50 (92%) 

100.0% 
49/50 (98%) 

100.0% 
49/50 (98%) 

100.0% 
47/50 (94%) 

438 
28/28 (100%) 

450 
20/20 (100%) 

494 
22/22 (100%) 

464 
22/22 (100k) 

P=O.374 P=O.O33 P=O. 144 P=O. 199 
P=O.590 P=O.204 P=O.583 P-0.601 
P=O.523 

P=O.181 P=O.181 P=O.500 

78.5% 
37/50 (74%) 

80.8% 
35/50 (70%) 

77.8% 
37/50 (74%) 

77.5% 
38/50 (76%) 

255 
18/28(64%) 

303 
12/20 (60%) 

400 
12/22 (55X) 

180 
11/22 (50%)  

P=O.394 P=O.279 P=O.414 P=O.342 
P=O.331 P=0.396N P=O.526 P=O.469 
P=O.383 

P=0.412N P=0.59ON P=O.500 

50/50 (100%) 50/50 (100%) 50/50 (100%) 50/50 (100%) 
100.0% 100.0% 10 .0% 100.0% 

255 
28/28 (100%) 

303 
20/20 (100%) 

400 
22/22 (100%) 

180 
22/22 (100%) 

P=O.397 
f- -

P=O.O93 
-
P=O.285 P=O.260 

P= 1 . W N  P= 1 . W N  P= 1 . O N  

a 	 Number of neoplasm-bearing animalslnumber of animals examined. Denominator is number of a n i m a l s  examined microscopically for adrenal gland, liver, 
lung, pancreas, pancreatic islets, pituitary gland, preputial gland, testes,and thyroid gland; for other tissues, denominator is numberof animals necropsied. 
Kaplan-Meier estimated neoplasm incidenceat the  end of the study after  adjustment for intercurrent mortality 
Observed incidence at terminalkill 
Beneath the control  incidence are the P values associated with the trend test. Beneath the exposed group incidenceare the P values corresponding to 
painvise comparisons between the controlsand that exposed group. The life table test regards neoplasms in animals dying prior to terminal kill as being 
(directly or indirectly) the causeof death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exacttests 
compare directly the overall incidence rates. For all tests,a negative  trend or a lower  incidencein an exposure group is indicated by N. 

e Not applicable;noneoplasms inanimal group 
Value of statistic cannotbe computed. 
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Historilcal Incidence of Pancreatic Neoplasms in Untreated MaleF344/NR a t s a ' 

TABLEA4a 

Adenoma CarcinomaAdenomaorCarcinoma 
Incidence in Controls 

Overall Historical Incidence 

Range 
Standard deviation 
Total 

0%-10% 
2.4% 

1911.191 (1.6%) 011,191 (0.0%) 

0%-10% 
2.4% 

19/1,191 (1.6%) 

a Dataas; of 17 June 1994 

Historical Incidenceof Preputial .Gland NeoplasmsinUntreated Male F344/NR a t s a .  

TABLE A4b 
3 , . 

. . .  

Adenoma CarcinomaAdenomaorCarcinoma 
Incidence in Controls 

Overall Historical Incidence 

Range 
Standard deviation 
Total 

0%-24% 
5.6% ' 

84/1,164 (7.2%) 

0%-14% 
3.4% 

41/1,164 (3.5%) 

2%-30% 
7.5% 

124/1,164 (10.7%) 

a Dataas of 17 June 1994 
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15-Month Interim Evaluation (continued) 
Endocrine System 
Adre@ cortex 

Accessory adrenal cortical nodule 
Hyperplasia, focal 
Hypertrophy, focal 

Pituitary gland 
Pars distalis, angiectasis 
Pars distalis, cyst 1 (10%)
Pars distalis, hemorrhage 1 (10%)
Parsdistalis.hyperplasia, focal ' 2 (20%)

Thyroid gland (10)
Ultimobranchial cyst 2 (20%)
Ccell, hyperplasia 
Follicle, cyst 1 (10%) 

Genital System
Epididymis 

Atypia cellular 
Preputial gland 

Inflammation. chronic 
Inflammation, suppurative 

.Prostate 
Corpora qmylacea 
Inflammation. suppurative 
Epithelium, hyperplasia 

Testes 
Interstitial cell, hyperplasia 

Hematopoietic System 
Bone marraw (10) (10) (10) (10)

Myelofibrosis 1 (10%) 
Lymph node (2) (2) (1)

Deep cervical, hemorrhage 1 (50%) 
Deep cehical, pigmentation 1 (50%) 
Mediastinal, hemorrhage 2 (100%) 2 (100%) 1 (100%) 

. .Mediastinal, pigmentation 2 (100%) . 2  (100%) i (100%) ' 

Lymph node, mandibular (10) (10) (10) (10)
Ectasia 1 (10%) 1 (10%) 
Hemorrhage 2 (20%) 1 (10%) 
Hyperplmia, lymphoid. 1 (10%) 1 (10%) 

Lymph node, mesenteric (10) (10) (10) (10)
Ectasia 1 (10%) 
Hemorrhage 2 (20%). 

. , . , .Hyperplasia. lymphoid 1 (10%) 

Spleen > (10) (10) (10) (10)
' ' 

Hematopoietic cell proliferation 2 (20%) 1 (10%) 
Pigmentation, hemosiderin 

Thymus 
1010
(100%)(100%)
 10 .(loo%) 
 7 (70%) 


(10) (10) (10) ' . (9) 
1 (10%)cyst 



Bone 
Musculoskeletal System 

Femur, osteopetrosis 

Lung 
Respiratory System’ 

Alveolar epithelium, hyperplasia 
Infiitration cellular, histiocyte 
Hemorrhage 

Mucosa, metaplasia, squamous 
Mucosa, hyperplasia
Fungus 
Foreign body 
Exudate 

Nose 

(10) 

1 (10%) 
2 (20%) 
1 (10%) 

(10) 

EY e 
Special Senses System 

Retina, degeneration 
Hemorrhage 
Cataract 

(1) 

1 (100%) 
1 (100%) 
1 (100%) 

Urinary System 

Renal tubule, pigmentation 
Nephropathy 

Kidney (10) 

10 (100%) 
10 (100%) 

(10) 

10 (100%) 
1 0  (100%) 

(10) 
10 (100%) 
1 0  (100%) 

(10) 
\ 9  (90%) 
10 (100%) 

Nervous System 
General Body System 
Systems Exmined With No Lesions Observed 
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TABIBA5 
Summyry of the Incidence of Nonneoplastic Lesions in MaleRats in the 2-Year Feed Studyof Buty1:Benzyl Phthalate 
(continued) 

2-Year $hdy 

Intestine large,  colon 
Alimentary System 

Dilatation 
(48) 

Parasite metazoan ' 
Intestine large,  rectum 

Parasite metazoan 

Edenia-
Intestine large, cecum 

8 (16%) 

4 (8%) 
(50) 

(50) 

Ulcer, 
Parasite inetazoan 

Erosion 
Intestine small,'duodenum (50) 

. .. . .  1 (2%) 
1 (2%) 

. .  
(50) 

Clear cell focus 
Basophilic focus 
Angiectasis 

Liver 

15 (30%) 
22 (44%) 

- (50) 

7(14%) 
18 (36%) 
5 (10%) 

(50) 

8 (16%) 
14 (28%) 
2 (4%) 

Inflammation, subacute 
Hepatodiaphragmatic nodule 
Hemorrhage ' ' 

Hematopoietic cell proliferation 
Granulod -. . 
Eosinophilic focus 
Degeneration, cystic 
cyst 

' . . 

3(6%) 
7 (14%) 

1(2%) 4 (8%) 

2(4%) 

7 (14%) 
10 (20%) 

7 (14%) 
4 (8%) 
6 (12%) 
2 (4%) 

4 (8%) 
7 (14%) 
1 (2%) 

Mixed cell focus, 3(6%) 6 (12%) 7(14%) e 

Bile duct, hyperplasia 41 (82%) 38 (76%) 27 (54%) . . 


Centrilobular, necrosis . .  4 (8%) 2 (4%) 

Hepatocyte, hyperplasia, focal 1 (2%) 

Hepatocyte. vacuolization cytoplasmic 2(4%) 4 (8%) 

Kupffer cell, pigmentation 1 (2%) 6 (12%) 

Lobules, necrosis 1 (2%) 


Mesentery . (13) (5).
Accessory spleen 3 (23%) . ' 1 (20%). 
Angiectasiis 
Fat, necrosis 8 ( 6 m j  3 (6p%). ' .  

Pancreas (49) (50) 
Atrophy 33 (67%) 29 (58%) 
Edema .~ 
Acinus, cytoplasmic alteration 
Acinus, hyperplasia, focal l i  (24%) 

Salivary glands (50)
Cytoplasmic alteration 

Stomach. forestomach (50) . . 
' 

Edema . 3 (6%) 

Ulcer 3 (6%) 

Mucosa, hyperplasia 1 (2%) 


Stomach, glandular (50)  - . 

Edema 
Erosion 1 (2%) 
Ulcer . . 1 (2%) 

Tongue (1) 
.Epithelium, hyperplasia 1 (100%) 
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2-yeCaP $&lddy(continued) 
Cardiovascular System 
Blood vessel 

Hypertrophy
Inflammation, subacute 
Thrombosis 

Heart 
Cardiomyopathy 
Thrombosis 
Schwann cell, hyperplasia 

Endocrine System 
Adrenal cortex 

Accessory adrenal cortical nodule 
Angiectasis 
Degeneration, fatty 
Hemorrhage 
Hyperplasia, focal 
Hypertrophy 
Hypertrophy, focal 
Vacuolization cytoplasmic 

Adrenal medulla 
Hyperplasia 

Islets, pancreatic 
Hyperplasia 
Metaplasia, hepatocyte 

Parathyroid gland 
Hyperplasia 

Pituitary gland 
Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hyperplasia 
Pars distalis; hyperplasia, focal 
Pars distalis, necrosis 
Pars intermedia, angiectasis 
Pars intermedia, cyst 
Pars intermedia, hyperplasia 

Thyroid gland 
Ultimobranchial cyst 
C-cell, hyperplasia 
Follicle, cyst 

General Body System 
None 

Q PPm 3,000 ppm . . 6,000 ppm, 

(50)  
11(22%) 

3 (6%) 

1 (2%)

I (14%) 


2 (4%) 

1 (2%) 


(50)  
6 (12%) 

(50)  
. ,3 (6%) 

(49) 

(50)  
3 (6%) 

3 (6%) 

1 (2%)

I (14%) 


3 (6%) 
1 (2%) 

(50) 
2 (4%) 

4 (8%) 

2 (4%) 


12,0W ppm 

(50)  
6 (12%) 
2 (4%) 
8 (16%) 
1 (2%) 
4(8%) ' .  

1 (2%) 

(50) 
12 (24%) 

(50) 
2 (4%) 

(49) 

1 (2%) 


(49) 

2 (4%) 
2 (4%) 
5 (10%) 
1 (2%) '' 
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TABLEA45 
SWlmalV Of the Incidenceof Nonneoplastic Lesions in Male Rats in the 2-Year Feed Studyof Butyl Benzyl Phthalate 
(continued) , 

~ ~ ~~~~~~ ~ 

0 PPm 3,000 ppm 6,000 ppm 12,000 ppm 

/ 

2-Year Study (continued) 
Genital System 
Epididymis (50) (50) (50) (50)

Atypia cellular 28 (56%) 26 (52%) 29 (58%) . ' 37 (74%) 
Hypospermia 34 (68%) 37 (74%) , 41 (82%) 43 (86%) 

Preputial gland (50)  (50) (50) (50)
Ectasia ' 11 (22%) 14 (28%) ' 20 (40%) 14 (28%) 
Hyperphsia 1 (2%) 2 (4%) 2 (4%) 1 (2%) 
Inflammation, chronic 	 25 (50%) 17 (34%) 20 (40%) 17 (34%) 
Inflammation, suppurative . 9 (18%) 9 (18%) 14 (28%) , , 6 (12%) 

Prostate 
Corpora amylacea 

(50) (50) (50) (50)
17 (34%) 28 (56%) 32 (64%) 30 (60%) 

Fibrosis 

Hemorrhage 

Inflammation, suppurative 

Epithelium, hyperplasia 


Seminal vesicle ' ' 

Dilatation 
Testes I - --

Mineralization 
-Interstitial cell, hyperplasia 
Seminiferous tubule! atrophy 

Hematopoietic System 
Bone marrow . . 

Hypercellularity 
Myelofibrosis 

Lymph node 
Iliac, hemorrhage 
Iliac, hyperplasia, lymphoid 
Iliac, pigmentation 
Mediastinal, fibrosis 
Mediastinal, hemorrhage 
Mediastinal, pigmentation 
Pancreatic, ectasia 
.Pancreatic, hemorrhage 
Pancreatic, hyperplasia, lymphoid 
Pancreatic, pigmentation 

.Renal, hyperplasia, lymphoid ' 

Renal, pigmentation 
Lymph node, mandibular 
.	Congestion 

Ectasia 

Hemorrhage 

Hyperplasia, lymphoid 

Pigmentation 


Lymph node, mesenteric 
Ectasia 
Hemorrhage 
Hyperplasia,.lymphoid 

29 (58%) 
4 (8%) 

(50) 
4 (8%) 

(50) 

4(8%) 
2 (4%) 

5 (22%) 
5 (22%) 

1 (4%)
2 (9%) 

(49) 
1 (2%) 
6(12%) 
4 (8%) 
3 (6%) 
2 (4%) 

(50)
6(12%) 
1(2%) 
2 (4%) 

1 (2%) 
29 (58%) 
6 (12%) 

(50)
2 (4%) 

(50)
1 (2%) 
7 (14%) 
5 (10%) 

5 (23%) 
7 (32%) 

1 (5%) 

2 (9%) 
(49) 

2 (4%) 
3 (6%) 
3 (6%) 
2 (4%) 
5 (10%) 

(50)
4 (8%) 
3 (6%) 
2 (4%) 

26 (52%) 
5 (10%) 

(50) 

(50) 

4 (8%) 
6 (12%) 

1 (3%) 

1 0  (33%) 
1 (3%) 

1 (3%) 
4 (13%) 

1 (2%) 

19 (38%) 
3 (6%) 

(50)  
1 (2%) 

(50) 

6 (12%) 
4 (8%) 

5 (26%) 

1 ( 5 % )  

(50) ' 

1 (2%) 
4 (8%) 



% y @ t k P  sht(%4,(continued) 
Wematopoietic System (continued) 
Spleen 

Developmental malformation 
Fibrosis 
Granuloma 
Hematopoietic cell proliferation 
Hemorrhage 
Metaplasia, osseous 
Necrosis 
Pigmentation, hemosiderin 
Lymphoid follicle,  atrophy 

Thymus 
cyst 
Hemorrhage 

Integumentary System 
Mammary gland 

Hyperplasia 
Skin 

Acanthosis 
Cyst epithelial inclusion 
Edema 
Hemorrhage 
Hyperkeratosis 
Inflammation, chronic 
Inflammation, chronic, focal 
Metaplasia, osseous 
Ulcer 

Musculoskeletal System 
Bone 

Cranium, hyperostosis 
Cranium, osteopetrosis 
Femur, osteopetrosis 
Rib, osteopetrosis 

Nervous System 
Brain 

Compression 
Gliosis 
Hemorrhage 
Hydrocephalus 
Mineralization 
Necrosis 
Cerebellum, necrosis 

0 PPm 3,000 ppm 

(50)
1(2%) 

11 (22%) 

8 (16%) 
1 (2%) 

1 (2%) 
1 (2%) 

(48) 

1 (2%) 

(49) 
16 (33%) 

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

2 (4%) 
1 (2%) 

(50) 

1 (2%) 1(2%) 

6,QQQppm 

(50)  

14 (28%) 

5 (10%) 

1 (2%) 
2 (4%) 

(47) 
10 (21%) 

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

3 (6%) 

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

P2,QQQppm 

(50)  

10 (20%) 

1 (2%) 

7 (14%) 


6 (12%) 

(48)
12 (25%) 

(50)  
10 (20%) 
1 (2%) 

1(2%) 
13 (26%) 
2 (4%) 

3 (6%) 
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TABLEA5 ' 

S m m a U  of the Incidenceof Nonneoplastic Lesions in Male Rats in the 2-Year Feed Studyof Butyl Benzyl Phthalate 
(continued) 
-

2-YeUr s&" (continued) 
Respiratory System 
L u g

Congestion 
Foreign body 
Hemorrhage 
Infiltration cellular, histiocyte 
Inflammation, subacute . 

Inflammation, suppurative 
, 

Metaplasia, osseous 
Alveolar epithelium, hyperplasia 

Nose 
Exudge, 
Foreign body 
Fungus 
Mucosa, hyperplasia 

Mucosa, metaplasia, squamous 


Special Senses System 
Eye

Atrophy 

Urinary System 
Kidney 

cyst 
Inflammation, suppurative 
Mineralization 
Nephropathy 
Papilla, inflammation, suppurative 
Papilla, necrosis 
Renal tubule, atrophy 
Renal tubule, cytoplasmic alteration 
Renal tubule, dilatation 
Renal tubule, hyperplasia 
Renal tubule, pigmentation 
Transitional epithelium, hyperplasia 

Urinyy bladder 
Hemorrhage 
Inflammation, suppurative 
Transitional epithelium, hyperplasia 

0 PPm 3,000 ppm 6,000 ppm 
, . 

(50) 	 (50) (50) ' .  

1 (2%) 	 2 (4%) 

1 (2%) 

1 (2%) 


13 (26%) 12 (24%) 14 (28%) 
1 (2%) 3 (6%) 1 (2%)1 


1 (2%) 

1 (2%) 1 (2%) 

7 (14%) 2 (4%) 6 (12%) 


(50) 	 (50) (50)
17 (34%) 10 (20%) 13 (26%) 
8 (16%) 4 (8%) 6 (12%) 

12 (24%) 5 (10%) 8 (16%) 
11 (22%) 8 (16%) 5 (10%) 
9 (18%) 5 (10%) 7 (14%) 

(100%) 

(50) 	 (50) (50) 
2 (4%) . 3(6%) 
3 (6%) 9 (18%) 
1 (2%) 2(4%) 

48 (96%) 47 (94%) 50 (100%) 
1 (2%) 
1 -(2%) 
1 (2%) 1(2%) 

1 (2%) 
2 (4%) 

12,000 ppm 

(50) 
1 ( 2 % )  

1(2%) 
' * 6 (12%) 

2 (4%) 
. ...' . 

- (50) 
. ;  17 (34%) 

5 (10%) 
' ' 11 (22%) 

12 (24%) 
2 (4%) 

1(2%) 
1 (2%) 

49 (98%) 48 (96%) 50 (100%) 50 (100%) 
6 (12%) 10 (20%) 6 (12%) 1(2%) 

(50) 
1(2%) 

(50) . (50)  (50)  

2 (4%) 
2 (4%) 
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TABLElB1 
Summary.of the Incidence of Neoplasms in Female Rats in the 2-YearFeed Study of Butyl Benzyl Phthalatea " ' 

Disposition S u m m a r y  
Animals initially in study 60 60 60 6 0 -
IS-Month interim evaluation 10 10 10 10 
Early deaths 

Moribund 23 17 16 20 . ' 

Natural deaths 2 4 5 1 
Survivors 

Terminal. sacrifice 25 29 29 29 
. .  , .: 

Animals examined microscopically 60 60 60 60 

15-Month Interim Evaluation 
Alimentary System 
Liver (10)

Hepatocellular adenoma 

Endocrine System . . 
Pituitary gland (10) (10) (10) (10)

Pars distalis, adenoma 1 (10%) 1 (10%) 
Thyroid gland (10) (10, (10) (10) 

. .  , .C-cell, adenoma 1 (10%) " ' 


C-cell, adenoma, multiple 1 (10%) 

Follicular cell, adenoma 1 (10%) 


Genital System 
uterus 


Deciduoma benign 

Polyp stromal 


Integumentary System 
Mammary gland 

Fibroadenoma 

Nervous System 
Brain (10)

Astrocytoma malignant 

Systemic Lesions 
Multiple organsb 

Leukemia mononuclear 

SystemsExamined With.No Neoplasms Observed - . -
I. 

Cardiovascular System 
General Body System 
Hematopoietic System 

. . I . , I .Musculoskeletal System 
Respiratory System 
Special Senses System 
Urinary System 



Alimentary System 
Intestine large, cecum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 

Hepatocellular adenoma 
Mesentery 

Leiomyosarcoma, metastatic, uterus 
Lipoma 
Liposarcoma 
Schwannoma malignant 

Oral mucosa 
Squamous cell carcinoma 

Pancreas 
Acinus, adenoma 

Salivary glands 
Stomacli, forestomach 

Squamous cell papilloma 
Stomach, glandular 
Tongue 

Squamous cell papilloma 

Cardiovascular System 
Heart 

Schwannoma malignant. 

Endocrine iystem 
Adrenal cortex 

Adenoma 
Carcinoma 

Adrenal medulla 
Ganglioneuroma 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Carcinoma 

Pituitary gland 
Pars distalis, adenoma 
Pars distalis, adenoma, multiple 
Pars distalis, carcinoma 
Pars intermedia, adenoma 

Thyroid gland 
C-cell, adenoma 
C-cell, carcinoma 
C-cell, carcinoma, multiple 
Follicular rell, carcinoma 

General Body System 
Tissue NOS 

.. . 

(50) 
1 (2%) 

(1) 
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TABILEB1 
Summary of the Incidenceof Neoplasms in FemaleRats in the 2-Year Feed Studyof Butyl Benzyl Phthalate(continued) 

24,000 ppm 

&Year Study (continued) 
Genital System 
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Airhenoblastoma NOS 
Granulosa cell tumor benign 

Uterus (50)
Deciduoma benign 1 (2%)
Leiomyoma 1' (2%)' 

Leiomyosarcoma 1, (2%) 

Polyp stromal 6 (12%) 7 (14%) 

Sarcoma stromal 


Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

Carcinoma, metastatic, thyroid gland 
Thymoma benign 

Integumentary System 
Mammary gland 

Adenoma 
Carcinoma 
Fibroadenoma 

Skin 
Basal cell adenoma 
Basal cell carcinoma 
Keratoacanthoma 
Squamous cell papilloma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, lipoma 

* ; . .  . . 
Musculoskeletal System I .  . . . .,' ' 

None 

Brain 
Nervous System 

Astrocytoma malignant 
(50) (50) 

Carcinoma,metastatic,pituitarygland 
Carcinoma 

2 (4%) 
1 (2%) 

, * .  , . . .  . . .  ). , ... .. . .., , . . . . . . . . 

. .  
. .  

I a ,, ... . / 



Lung 
Respiratory System 
2-E'ew Study (continued) 

Carcinoma, metastatic, mammary gland 
Alveolar/bronchiolar adenoma 

(50)
.2 (4%) 

(50) 

1 (2%) 
1 (2%) 

(50)
1 (2%) 

(50) 

None 
Special Senses System 

Urinary System 

Renal tubule, carcinoma 
Hemangioma 

Kidney 

Transitional epithelium, papilloma 
Urinary bladder (50) 

(50) 

1 (2%) 

1 (2%) 
(50) 

(50) (50) 

1 (2%) 
(50) (50) 

(50)
1 (2%) 

2 (4%) 

Multiple organs 
Systemic Lesions 

Leukemia mononuclear 

I 

I
i
i
j 

I 
I 

I
I 
I 

Total animals with primary neoplasms' 
Neoplasm Summary 

15-Month interim evaluation 

2-Year study 
15-Month interim evaluation 

2-Year study 
15-Month interim evaluation 

2-Year study 
15-Month interim evaluation 

2-Year study 
15-Month interim evaluation 

2-Year study 
15-Month interim evaluation 

2-Year study 

2-Year study 

2-Year study 

Total primary neoplasms 

Totalanimalswithbenignneoplasms ' 

Total benign neoplasms 

Total animals with malignant neoplasms 

Total malignant neoplasms 

Total animals with uncertain neoplasms-

Totalmetastaticneoplasms 

Total animals with metastatic neoplasms 

Total uncepin neoplasms 

benign or malignant 

2-Year study 

2-Year study 

1 

30 
1 

I1 
4 

40 
3 

112 
5 

49 
4 

2 

2 

35 
. . . 

48 
4 

120 
4 

43 
4 

86 
4 

31 

1 

1 

34 
1 

27 
1 

I1 
3 

41 
2 

112 
4 

45 
3 

1 

1 

34 

1 

1 

42 

70 

31 

48 

22 

1 

1 

22 

a Number of animals examined microscopically at the site and the numberof animals with neoplasm 

Primary neoplasms: all neoplasms except metastatic neoplasms 
Number of animals with any tissue examined microscopically 
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TABLEB2 
Individual Animal Tumor Pathology of Female RaWiu the 2-Year Feed study of Butyl Benzyl Phthalate: 0 ppm 

Number of Days on Study 

-

Carcass ID Number 
-

Alimentary System 
Esophagus 
Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 
Mesentery 

Liposarcoma 
Pancreas 
Salivary glands 
Stomach, forestomach 

Squamous cell papilloma 
Stomach, glandular 
Tongue 

Sbuamous cell oaoilloma 

Cardiovascular System 
Blood vessel 
Heart 

Schwannoma malianant 

Endocrine System 
Adrenal coltex 

Adenoma 
Adrenal medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary g l a d  

Pars distalis, adenoma 

Pars distalis, adenoma, multiple 

Pars distalis, carcinoma 


Thyroid gland 
Ccell, adenoma 
Ccell. carcinoma 

General Body System 
Tissue NOS 

Genital System 
Clitoral gland 

Adenomn 
Carcinoma 

Ovary
Granulosa cell m o r  benign . ~ .  

0 3 5 5 5 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 6 1 7 8 9 6 7 8 8 9 0 0 0 1 1 1 1 1 1 1 2 2 ~ 2  


. 9 8 2 0 7 8 8 0 1 4 1 2 2 3 1 3 6 7 7 7 9 5 5 5 6  

3 3 3 3 3 . 3 3 3 3 3 . 3 . 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

0 0 1 4 4 0 2 3 4 3 4 1 1 2 0 2 0 0 1 2 4 0 1 ~ 2 ~ 3  
9 8 6 8 . 4 3 4 7 9 4 1 1 3 0 2 8 4 5 4 2 5 7 0 3 9  


+ + , + + M , + . + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  ' .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . .  

+ * + + + +  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + M + + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

. . . . . . . . . . . . . . . . . . . . . . . . . .  


+ 
, ' 

. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


+ + . + + M + + + + + + + + + + + + + + + + + + + +  
X 


. . . . . . . . . . . . . . . . . . . . . . . . . .  


+ + + + M + + + + + + - M + + + + + + + + + + + + +  
+ + + + M + + ' + + + + + + + + + + + + + + + + + +  

x x  x x  X X x x x  
. 

X 
. .  

. ,  . . 

' + + + + M + + ' + + + + + + + + + + + + + + + + + +  
x x x  

' ,  

+ 
. 

. .  

\ 
2. . . . . . . . . . . . . . . . . . . . . . . . . .  


X 

X . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
. .  

. 

, '  

+: Tissueexaminedmicroscopically M: Missing tissue X: Lesionpresent 
A: Autollysisprecludesexamination I: Insufficienttissue Blank:Notexamined 



~ ~ ~~ ~~ ~ 

Number of Days on Study 

Carcass nrrP Number 

Alimentary System 
Esophagus 
Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 
Mesentery 

Liposarcoma 
Pancreas 
Salivary glands 
Stomach, forestomach 

Squamous cell papilloma 
Stomach, glandular 
Tongue 

Squamous cell papilloma 

Cardiovascular System 
Blood vessel 
Heart 

Schwannoma malignant 

Endocrine System 
Adrenal cortex 

Adenoma 
Adrenal .medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars distalis, adenoma, multiple 
Pars distalis, carcinoma 

Thyroid gland 
C-cell, adenoma 
C-cell, carcinoma 

General Body System 

Tissue NOS 


Genital System 
Clitoral gland 


Adenoma 

Carcinoma 


Ovary 

Granulosa celltumor benign 


~~~. 

~~ ~ ~ ~~ ~ ~ ~~ ~~ 

7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 1 7 7 7 7 7 7 1 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  


3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  Total 
0 1 1 1 1 2 2 2 3 3 3 3 4 4 4 0 1 2 2 3 3 3 4 4 5  Tissues/ 
1 2 7 8 9 5 6 9 0 2 5 6 0 3 7 6 5 1 7 1 3 8 2 6 0  Tumors 
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TABLElB2 

Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of Butyl Benzyl Phthalate: 0 ppm (continued) 


Number of Days on Study 

Carcass I D  Number 

Genital System (continued) 
Utems 

Leiomyoma 
Leiomyosarcoma 
Polyp stromal 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

Integumentary System
Mammary gland 

Adenoma 
Carcinoma 
Fibroadenoma 

Skin 

Keratoacanthoma 

Subcutaneous tissue. fibroma 


Musculoskeletal System 
Bone . 

Skeletal muscle 

Nervous System 
Brain 

Carcinoma 
Carcinoma, metastatic, pituitary gland 

Respiratory System 
Lung

Alveolar/bronchiolar adenoma 
.Nose 
Trachea 

Special Senses System 
Eye 

Urinary System 
Kidney 

Renal tubule, carcinoma 
Urinary bladder 

Transitional epithelium, papilloma 

Systemic Lesions 
Multiple organs 


Leukemia mononuclear 


0 3 5 5 5 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
~~~ 

3 6 1 7 8 9 6 7 8 8 9 0 0 0 1 1 1 1 1 1 1 2 2 2 2  
9 8 2 0 7 8 8 0 1 4 1 2 2 3 1 . 3 6 7 7 7 9 5 5 5 6  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 , 3 ; 3 3 , 3 3 3  
0 0 1 4 4 0 2 3 4 3 4 1 1 2 0 2 0 0 1 2 4 0 1 2 3  

9 8 6 8 4 3 4 7 9 4 1 1 3 0 2 8 4 5 4 2 5 7 0 3 9  


. . . . . . . . . . . . . . . . . . . . . . . . .  


X. X X 
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TABLE I82 
Individual Animal Tumor Pathology of Female Rats in the 2-Year Feed Study of Butyl Benzyl Phthalate: 6,OOO ppm 

P 

Number of Days on Study 

-

Carcass ID Number 

Alimentary System 
Esophagus
Intestine large; colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 
Mesentery 

Lipoma 
Schwannoma malignant 

Oral mucosa 
Squamous cell carcinoma 

Pancreas 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 

Cardiovascular System 
Blood vessel 
Heart 

Endocrine System 
Adrenal cortex 

Adenoma 
Adrenal medulla 

Ganglioneuroma 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary g l a d  

Pars dislalis, adenoma 
Thyroid gland 

Ccell, adenoma 
C-cell, carcinoma 
Follicular cell, carcinoma 

General Body System 
None 

Genital System 
Clitoral gland

Adenoma 
Carcinoma 

Ovary 
uterus 

Polyp stromal 
Sarcoma stromal 

2 4 4 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  
4 0 2 2 9 0 0 1 1 6 8 8 0 0 1 2 2 2 2 2 2 3 3 3 3  
7 5 4 9 3 6 6 1 8 3 2 9 1 3 8 2 5 5 5 5 6 6 6 6 6  

. 4 3 4 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 4 ' 3 3 3 3 3  
0 9 1 6 6 7 8 0 6 8 9 7 9 9 8 6 6 6 7 0 9 6 6 7 7  
1 0 5 2 8 9 2 2 1 8 2 2 4 7 9 4 3 7 6 0 9 5 6 0 . 3  

+ + + + + + ' + + + + + + + + + 4 + + + + + + + + + '  

+ + + + + + . M + + + + + + + + + + + + + + + + + M  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  
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x x  
 x x  
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X 


X 
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, .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 


X 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

X x x x  


, x  




I 

Carcass IDNumber 

Alimentary System 
Esophagus 

Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 
Mesentery 

Lipoma 
Schwannoma malignant 

Oral mucosa 
Squamous cell carcinoma 

Pancreas 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 

Cardiovascular System 
Blood vessel 
Heart 

Endocrine System 
Adrenal cortex 

Adenoma 
Adrenal medulla 

Ganglioneuroma 
Pheochromocytomabenign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, carcinoma 

General Body System 
None 

Genital System 
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
uterus 

Polyp stromal 
Sarcoma stromal 

3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4  Total 
7 7 1 8 8 8 8 9 9 9 0 0 0 0 0 6 1 7 8 8 8 9 9 0 0  Tissues/ 
4 7 ' 8 1 4 5 7 1 5 6 3 4 6 1 9 9 1 5 0 3 6 3 8 5 8  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

M + + + + + + + + + + + + + + + + + + + + + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ + +  + + 	 8 

1 

1 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  
' 

50 


. . . . . . . . . . . . . . . . . . . . . . . . .  . 50 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 	 5 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

A 1 


2 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 	 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


x x x x  x x x x  x x x x  x 26 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X x x 4 

X 2 


A 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X 4 


X X X X X 6 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


x x x  X X 9 

1 




114 Butyl Benzyl Phthalate, NTP TR 458 

TABLEB2 
Individual Animal Tumor Pathology of Female Rais in the2-Year Feed Studyof Butyl Benzyl Phthalate: 6,000 ppm 
(continued) 

2 4 4 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  
Number of DaysonStudy . 4 0 2 2 9 0 0 1 1 6 8 8 0 0 1 2 2 2 2 2 2 3 3 3 3 '  

7 5 4 9 3 6 6 1 8 3 2 9 1 3 8 2 5 5 5 5 6 6 6 6 6  
~ ~ ~ ~ ~ ~ ~~~~ 

- 4 3 4 3 3 3 3 4 3 ' 3 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3  
Carcass IDNumber 0 9 1 6 6 7 8 0 6 8 9 7 9 9 8 6 6 6 7 0 9 6 6 7 . 7  

l o 5 2 8 9 2 2 1 8 2 2 4 7 9 4 3 7 6 0 9 5 6 0 3  

Lymph node 
Bcye marrow 
Hematopoietic System 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + +. + + + + 

Spleen 
Lymph node, mesenteric. 
Lymplimde, mandibular 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

Thymus ' . . . . . . . . . . . . . . . . . . . . . . . . .  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 

Integumentary System 

Carcinoma 
Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

, . 

Fibroadenoma . .. x x x x x  x x x x x x x  x x  
Skin . . . . . . . . . . . . . . . . . . . . . . . . .  

Keratoacanthoma 
Subcutaneous tissue, fibroma- X 

, . 

Bone , 
Musculoskeletal System 

. . . . . . . . . . . . . . . . . . . . . . . . .  
~ ~ ~ ~ ~ ~ ~ 

Brain 
Nervous' System 

. . . . . . . . . . . . . . . . . . . . . . . . .  
Respiratory System 
Lung

Alveolarhronchiolar adenoma 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
Carcinoma, metastatic, mammary gland 

Nose 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  

None 
Special Senses system . , 

. .- . . . 

Kidney 
Urinary System 

. . . . . . . . . . . . . . . . . . . . . . . . .  
. . 

Urinary bladder . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
~~~~~~~~~~~~~ ~ ~ ~ 

Multiple organs 
Systemic lmions 

,Leukemiamononuclear ,, 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x - x x x   x x x x x  x x x  



nns 


Number of Days on Study 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

Integumentary System 
Mammary gland 

Carcinoma 
Fibroadenoma 

Skin 

Keratoacanthoma 

Subcutaneous tissue, fibroma 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung

Alveolarlbronchiolar adenoma 
Carcinoma, metastatic, mammary gland

Nose 
Trachea 

Special Senses System 
None 

Urinary System
Kidney . 

Urinary bladder 

Systemic ]Lesions 
Multiple organs 

Leukemia mononuclear 

1 1 1 1 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 1 7 1 1 1 1 1 1 1 7  


- ~~ ~ ~~~ ~ ~~ - ~~ -~ ~~ ~ ~ -~ 

3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 3 3 3 3 3 3 3 3 4 4  Total 
1 1 1 8 8 8 8 9 9 9 0 0 0 0 0 6 1 1 8 8 8 9 9 0 0  Tissues/ 
4 7 8 1 4 5 1 1 5 6 3 4 6 1 9 9 1 5 0 3 6 3 8 5 8  Tumors 
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TABLElB2 
Individual Animal Tumor Pathology of Female Rats in the %Year Feed Study of Butyl Benzyl Phthalate: 12,OOO ppm 

~~~~~ ~ 

2 4 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
Number of Days on Study 8 7 0 4 4 5 7 0 4 4 4 6 7 0 2 2 2 2 2 2 3 3 3 3 3  

5 9 9 4 4 1 2 7 6 7 7 6 0 3 2 4 5 5 6 6 3 6 6 6 6  

. I  I ' 4 4 4 4 4 4 4 4 4 . 4 4 4 4 4 . 4 4 4 4 4 4 4 4 4 4 4  
Carcass 13)  Number , 6 6 2 2 2 6 5 4 4 3 3 3 5 2 3 6 4 4 4 5 6 2 2 2 2  ' 

7 1 1 3 6 6 0 0 9 0 1 2 5 4 6 0 3 7 4 7 8 1 2 8 9  

Alimentary System 
Esophagus + + + + + + + + M + + + + + + + + + + + + + + + +  

Intestine la.rge, colon . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine large, rectum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine large, cecum . . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine snlall, duodenum . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine jejunum . . . . . . . . . . . . . . . . . . . . . . . . . 
small, . 

Intestine snlall,  ileum. . . . . . . . . . . . . . . . . . . . . . . . . .  
Liver . . . . . . . . . . . . . . . . . . . . . . . . .  

Hepatocellular adenoma 
Mesentery + +  + + + + + 

Leiomyosarcoma, metastatic, u t e ~ ~  X 
Pancreai . . . . . . . . . . . . . . . . . . . . . . . . .  
Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  
Sto-mach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . .  
Stdmach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  
Tongue 

, ICardiovascular System 
Blood vessel . . . . . . . . . . . . . . . . . . . . . . . . .  

Heart . . . . . . . . . . . . . . . . . . . . . . . . .  


Endocrine System 
Adrenal cortex . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenoma 
Carcinoma X . ,  

Adrenal medulla . . . . . . . . . . . . . . . . . . . . . . . . .  

Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  


Carcinonla X 
Parathyroid gland + + + + + + + + + + + + + + M + + + + + + + + + +  
Pituitary gland + + + + + + + + + + M + + + + + M + + + + + + + +  

Parsdistillis,adenoma, ' X X x x x x  , x x  
Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  

Ccell, adenoma 

General Body System 
None 

Genital Sy$em 
Clitor;? gland . . . . . . . . . . . . . . . . . . . . . . . . .  

.Adenoma X X 
Carcinoma X X X 

Ovary . . . . . . . . . . . . . . . . . . . . . . . . . .  
Arrhenoblastoma NOS X 

uterus . . . . . . . . . . . . . . . . . . . . . . . . .  
Leiomyosarcoma X 
Polyp stromal x x  X X 



Number of Days on Study 

Alimentary System 
Esophagus 
Intestinelarge,colon , 

Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 

Hepatocellular adenoma 
Mesentery 

Leiomyosarcoma, metastatic, uterus 
Pancreas 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Cardiovascular System 
Blood vessel 
Heart 

Endocrine System 
Adrenal cortex 

Adenoma 
Carcinoma 

Adrenal medulla 
Islets, pancreatic 

Carcinoma 
Parathyroid gland
Pituitary gland 

Pars distalis, adenoma 
.Thyroid gland 

C-cell, adenoma 

General Body System 
None 

GenitalSystem . ' 

Clitoral gland

Adenoma 

Carcinoma 


Ovary 

Arrhenoblastoma NOS 


Uterus 

Leiomyosarcoma

Polyp stromal 


--~ ~ ~~ ~ ~ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 7 1 1 1 1 1 1 1 1 1 1  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

6 6 6 6 6 6 6 1 1 1 1 1 7 1 1 1 1 1 1 1 8 8 8 8 8  


4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  Total 
3 3 3 3 4 4 4 2 3 3 4 4 5 5 5 5 6 6 6 1 5 5 5 6 6  Tissues1 
4 5 8 9 2 5 8 5 3 1 1 6 1 2 3 4 2 5 9 0 6 8 9 3 4  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

+ + + + + + + + + + M + + + + + + + + + + + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + M + + + + + + + + + + + + + + + + + + +  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1 

+ 8 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50. 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


+ 1. 

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

x x x  x x x  x x x  25
x x x x x x x  x 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X X X 3 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x  4 


X X 5 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

X X 6 
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TABLEB2 
Individual AnimalTumor Pathology of Female Rats in the2-YearFeed Studyof Butyl Benzyl Phthalate: 12,000 ppm 
(continued) 

2 4 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
Number of Days on Study 8 7 0 4 4 5 7 0 4 4 4 6 7 0 2 2 2 2 2 2 3 3 3 3 3  

5 9 9 4 4 1 2 7 6 . 7 7 6 0 3 2 4 5 5 6 6 3 6 6 6 6  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 . 4 4  
Carcass ID Number " 6 6 2 2 2 6 5 4 4 3 3 3 5 2 3 6 4 4 4 5 6 2 2 2 2 .  

. .  7 1 7 3 6 6 0 0 9 0 1 2 5 4 6 0 3 7 4 7 8 1 2 8 9  


Hematopoietic System 
Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  

Lymph node + +  + + + +  + +  + + 

Lymph node, mandibular . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lymph node, mesenteric . . . . . . . . . . . . . . . . . . . . . . . . .  

Spleen . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Thymus ' . . . . . . . . . . . . . . . . . . . . . . . . .  

Thymoma benign 

Integumerntary System 
Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma 
Fibroadenoma x x  x .  x X'X - x x  x x x x x x x x x  

Skin . . . . . . . . . . . . . . . . . . . . . . . . .  

Basal cell carcinoma 
Squamous cell papilloma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, lipoma 

. . . .  . .  

Musculoskeletal System 
Bone . . . . . . . . . . . . . . . . . . . . . . . . . .  

Nervous System 
Brain . . . . . . . . . . . . . . . . . . . . . . . . . . .  


Respiratory System 
L w  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


Alveolar/bronchiolar adenorm 
Nose . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .Trachea . . . . . . . . . . . . . . . . . . . . . . . . . .  

Special Senses System 

Eye 
Ear + 

+ 
~~~ ~~ ~ ~ ~ ~- ~ ~ ~ ~~ ~~ ~ ~~ 

Ureter 

Kidney 
Urinary System 

Renal tubule, carcinoma 
- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
+ 

Urinary bladder , . . . . . . . . . . . . . . . . . . . . . . . . . .  

Multiple organs 
Systemic Lesions 

Leukemia mononuclear 
1 .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

: ' X  x ' .'Xx x x x x x x x x  



Number of Days on Study 

Carcass !ID Number 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

Thymoma benign 

Integumentary System 
Mammary gland 

Carcinoma 
Fibroadenoma 

Skin 
Basal cell carcinoma 
Squamous cell papilloma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, lipoma 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung

Alveolar/bronchiolar adenoma 
Nose 
Trachea 

Special Senses System 
Ear 
Eye 

Urinary System 
Kidney 

Renal tubule, carcinoma 
Ureter 
Urirlary bladder 

§ystemic Lesions 
Multiple organs 

Leukemia mononuclear 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 . 3 3 3 3 3 3 3 3 3 3 3  

6 6 6 6 6 6 6 1 1 1 1 1 1 7 1 1 1 1 1 7 8 8 8 8 ~  

4 . 4 4 4 4 4 4 4 4 4 . 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  Total 

3 3 3 3.4 4 4 2 3 3 4 4 5 5 5 5 6 6 6 I 5 5 ’ 5 6 6 Tissues1 

4 5 8 9 2 5 8 5 3 7 1 6 1 2 3 4 2 5 9 0 6 8 9 3 4  Tumors 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + +  + +  16 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 


x 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x 2 


x x  x x  x x  x x x x  x x x x  31 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 1. 

x 1 


X X 2 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X x x  x x  . x  21
x x x  
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TABLE132 
Individual Anima! Tumor Pathology of Female'Rats in,the 2-Year  Feed Studyof Butyl Benzyl Phthalate: 24,OoO'ppm 

.. I .. . . . 

4 4 . 4 4 4 4 5 5 6 6 6 6 6 6 6 7 7 7 7 7 ' 7 7 7 7 7  
Number of Days on Study 0 5 5 5 ~ 8 8 ' 5 9 0 ' 0 1 8 8 8 8 0 0 0 1 2 2 3 ' 3 3 3 . ' 

4 2 2 2 7 7 1 2 7 7 1 1 4 4 4 3 3 3 7 2 5 7 7 7 7  

4 4 4 ' 5 , 4 5 4 5 4 , 5 4 5 5 5 5 5 5 5 5 4 , 4 4 4 4 5  
: >Carcass ID Number 9 8 9 , 0 8 0 8 1 9 2 8 1 0 2 2 0 2 2 1 8 9 8 9 9 0  

' 6 6 4 2 5 6 7 6 3 0 1 2 5 6 8 4 2 5 0 9 0 3 1 7 0  . - . . .  , 

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . . .  

Intestine large, colon . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large, rectum . . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large, cecum A + + + + + + + + ' + + + + + + + + + + + + + + + - +  
Intestine small, duodenum + + + + + + + + + + + ' + + + + + + + ' + + + : + ' +  + - +  
Intestine small, jejunum A + + + + + + + + + + + + + + + + + + + + + + + + .  
Intestine small, ileum . . . . . . . . . . . . . . . . . . . . . . . . . .  
Liver . . . . . . . . . . . . . . . . . . . . . . . . .  


Hepatocellular adenoma 
Mesentery + + + + 
Oral mucosa 
Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  

Acinus, adenoma X x 
Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . .  

. . ,  , ..~ 

. - . .Cardiovascular System 

Blood vessel . . . . . . . . . . . . . . . . . . . . . . . . . .  

Heart . . . . . . . . . . . . . . . . . . . . . . . . . .  

Schwannoma malignant . /  

. ..Endocrine System 
Adrenal cortex . . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal'medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  
. .  

Pheochromocytoma benign 
Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  
Parathyroid gland + + M + + + + + + + + + + + M + + + + + + + + + + '  
Pituitary gland 

' 

. . . . . . . . . . . . . . . . . . . . . . . . .  
Pars distalis, adenoma X x xx x xx x  

Pars inte~media, adenoma X 


Thyroid gland . . . . . . . . . . . . . . . . . . . . . . . . .  
C-cell, adenoma X 
C-cell, carcinoma, multiple X . .. ,_ .. 

General Body System 

Tissue NOS + 


I ,  

Genital, System 
Clitoral gland . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenoma 
Ovary 

.  .  . . . . . . . . . . . . . . . . . . . . . . . . .  

Uterus . . . . . . . . . . . . . . . . . . . . . . . . . .  

Deciduoma benign X 
Polyp stromal x -. , . . , ,  . . I . . 



nan 


Number of Days OQ Study 

Carcass ltD Number 

Alimentary System 
Esophagus 
Intestine large, colon 
Intestine large, rectum 
Intestine large, cecum 
Intestine small, duodenum 
Intestine small, jejunum 
Intestine small, ileum 
Liver 

Hepatocellular adenoma 
Mesentery 
Oral mucosa 
Pancreas 

Acinus, adenoma 
Salivary glands 
Stomach, forestomach 
Stomach, glandular 

Cardiovascular System 
Blood vessel 
Heart 

Schwannoma malignant 

Endocrine System 
Adrenal cortex 
Adrenal medulla 

Pheochromocytomabenign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars intermedia, adenoma 

Thyroid gland 
C-cell, adenoma 
C-cell, carcinoma, multiple 

General Body System 
Tissue NOS 

Genital System 
Clitoral gland 

Adenoma 
Ovary 
U k N S  

Deciduoma benign 

Polyp stromal 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 , 3 3 3 3 3 3 3 3 3 3 3  

1 1 1 1 1 1 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  


. - 5 5 5 5 5 5 4 4 4 ’ 4 4 4 4 5 5 5 5 5 . 5 5 5 5 5 5 5  Total 
0 1 1 1 2 2 8 8 8 9 9 9 . 9 0 0 0 0 1 1 1 1 2 2 2 3  Tissues/ 
7 1 4 1 1 1 2 4 8 2 5 8 9 1 3 8 9 3 5 8 9 3 4 9 0  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X 2 


+ + 6 

+ 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50  

x x  x x X 13 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


X 2 

1 


1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

x x  x X 4 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


X X X X x x 1 
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- .. 
4 4 4 4 4 4 5 5 6 - 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

Number 'ofDays on Study 0 5 5 5 8 8 5 9 0 0 1 8 8 8 8 0 0 0 1 2 2 3 3 3 3  . . ,  

4 2 2 2 7 1 1 2 7 7 1 . 1 4 4 4 3 3 3 7 2 5 7 7 7 7  

4 4 4 ' 5 4 5 4 , 5 4 5 4 5 5 5 5 5 ' 5 5 5 4 4 4 4 4 5  
Carcass I D  Number 9 8 9 0 8 0 8 1 9 2 8 1 0 2 2 0 2 2 1 8 9 8 9 9 0  

6 6 4 2 5 6 7 6 3 0 1 2 5 6 8 4 2 5 0 9 0 3 1 7 0  
. .  . . .  , . .  . . .

Hematopoietic System 
Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  
Lymph node + +  . +  + +  + +  + + 
Lymph node, mandibular . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lymph node, mesenteric . . . . . . . . . . . . . . . . . . . . . . . . .  

Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  
Thymus + I + + + + + + + + + + + + + + + + + + + + + + + .  

Carcinoma, metastatic, thyroid gland X 

Inte-entary' System 
Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibroadenoma x x  x x x  X 
Skin ' . . . . . . . . . . . . . . . . . . . . . . . . . .  

Basal cell adenoma 

Musculoskeletal 
. .~ 

System 
Bone 

' , 

. . . . . . . . . . . . . . . . . . . . . . . . .  
Skeletal muscle 

, . . . , ,  . . .. 
Nervous System 

. . 

Brain . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  ' . ,  

Astrocytoma malignant X 
. . 

Respiratory System 
Lung. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Nose . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  


, ,. . . . .  
Special Senses System 
Eye + + 

. .  ' , .. . 
Urinary System 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . . .  


Hemangioma 
Ureter + 
Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Transitional epithelium, papilloma X 
. .  . , .. . . .  

Systemic LesiOns 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . . .  

Leukemia mononuclear X , x x x xx x x xx x  
, . .  . . .. . .~ 



g z g g g g - 


+ + + + +  
+ + + + + +  
+ + + + +  
+ + + + +  
+ + + + +  
+ + + + + + '  
+ + + + +  
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+ + + + +  
+ + + + + +  
+ + + + +  
+ + + + +  
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+ + + + + +  
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TABLE lB3 

Statistical Analysisof Primary Neoplasms in Female Rats in the 2-Year Feed Studyof Butyl Benzyl Phthalate . 


AdrenalCortex:Adenoma 
O v e d  ratea 
Adjusted rateb 
Terminal rate' 
First incidence (days) 
Life table testd 
Logistic regression testd 
~ochran-~rmitae testd %Fisher exact test 

ClitoralGland:Adenoma 
Overall ratc: 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Clitoral Gland: Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Clitoral Gland:  Adenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Annitage test 
Fisher exact test 

MammaryGland:Fibroadenoma 
OveralI rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 

. .Logistic regression test 
Cochran-Arnitage test 
Fisher exact test 

0 ppm 

1/50 (2%) 
2.4% 
0125 (0%) 
681 
P=0.123N 
P-O.146N 
P=O.l34N 

3/50 (6%) 
11.2% 
2/25 (896) 
725 
P=O.495 
P=O.409 
P-0.446 

4/50 (8%) 
14.3% 
3/25 (12%) 
702 
P=0.037N 
P=0.052N 
P=0.047N 

7/50 (14%) 
24.7% 
5/25 (20%) 
702 
P-0.119N 
P=0.188N 
P=O.l58N 

28/50 (56%) 
71.0% 
14/25 (56%) 
587 
P<0.001N 
P<0.001N 
P<0.001N 

. 	 6,OOO ppm 

5/50 (10%) 
15.6% 
3/29 (10X) 
725 
P=O.137 
P=O. 101 

P=O.102 

4/50 (8 I%) 
13.0% 
3/29 (10%) 
725 
P=O.582 
P=O.541 

P=O.500 

6/50 (12%) 
19.2% 

.5/29 (17%) 
618 
P=O.439 
P=O.363 

P=O.370 

10/50 (20%) 
31.4% 
8/29 (28%) 
618 
P=O.rn 
P=O.291 

P-0.298 

30/50 (60%) 
72.8% 
18/29 (62%) 
606 

P-0.494N 
P=O.379 

P10.420 

12,OOO ppm 

1\50 (2%) 
3.4% 
1/29 (3%) 
736 (T) 
P-0.758N 
P=O.761 

P=0.753N 

4/50 (8%) 
12.5% 
3/29 (10%) 
646 

P=O.566 

P=O.489 


P=O.500 

5/50 (10%) 
14.9% 
3/29 (10%) 
572 
P=O.567 
P=O.492 

P=O.500 

9/50 (18%) 
26.5% 
6/29 (21%) 
572 
P=O.491 
P=O.377 

P=O.393 

3 1/50  (62%) 
71.7% 
17/29 (59%) 
509 
P-0.557 

P=O.318 


PaO.342 

, . .  

24,OOO ppm 

0150 (0%) 
0.0% 
0/29 (0%)-e 

P=0.515N 
P=O.499N 

P=O.5OON 

4/50 (8%) 
13.8% 
4/29 (14%) 
736 (T) 

'~L	P=O.572 
P10.530 ' 

P=O.500 

0150 (0%) 
0.0% 
0129 (0%)-
P=0.054N 
P=O.O69N 

P=0.059N 

4/50 (8%) 
13.8% 
4/29 (14%) 
736 (T) 
P=O.l98N 
P=0.265N 

P~0.262N 

1 1/50  (22%) 
28.9% 
5/29 (17%) 
487 ' 

P=0.001N 
P<0.001N 

P<0.001N 

, 

. 

~ 



Mammary Gland: Fibroadenoma or Adenoma 
Overall rate 28/50 (56%) 
Adjusted rate 71.0% 
Terminal rate 14/25 (56%) 
First incidence (days) 587 
Life table test P<0.001N 
Logistic regression test P<O.001N 
Cochran-Armitage test P<0.001N 
Fisher exact test 

Mammary Gland: Adenoma or Carcinoma 
Overall rate 4/50 (8%) 
Adjusted rate 14.6% 
Terminal rate 3/25 (12%) 
First incidence (days) 716 
Life table test P=O.O44N 
Logistic regression test P=0.052N 
Cochran-Armitage test P-0.052N 
Fisher exact test 

Mammary Gland: Fibroadenoma,Adenoma, or Ca~cinoma 
Overall rate 29/50 (58%) 
Adjusted rate 71.8% 
Terminal rate 14/25 (56%) 
First incidence (days) 587 
Life table test P<0.001N 
Logistic regression test P<0.001N 
Cochran-Armitage test P<0.001N 
Fisher exact test 

Pituitary Gland (Pars Distalis): Adenoma 
Overall rate 20/49 (41%) 
Adjusted rate 57.0% 
Terminal rate 11/25 (44%) 
First incidence (days) 598 
Life table test . P=0.035N 
Logistic regression test P=0.053N 
Cochran-Armitage test P=0.036N 
Fisher exact test 

Pituitary Gland (Paps Distalis): Adenoma or Carcinoma 
Overall rate 22/49 (45%) 
Adjusted rate 61.3% 
Terminal rate 12/25 (48%) 
First incidence (days) 598 
Life table test P=0.018N 
Logistic regression test P.=0.025N 
Cochran-Armitage test P=O.O16N 
Fisher exact test 

30/50 (60%) 
72.8% 
18/29 (62%) 
606 

P=O.494N 
P1.0.379 

P=O.420 

1/50 (2%) 
2.1I 
0129 (0%) 
424 
P=0.154N 
P=O.l8ON 

P=0.181N 

31/50 (62%) 
73.3% 
18/29 (62%) 
424 
P=0.492N 
P=O.392 

P=O.419 

26/50 (52%) 
63.4% 
15/29 (52%)  
529 
P=O.316 
P=O.168 

P=O.180 

26\50 (52%) 
63.4% 
15/29 (52%) 
529 
P=O.455 
P=O.290 

P=O.3@7 

31/50 (62%) 
71.7% 
17/29 (59%) 
509 
P=O.557 
P=O.318 

P=O.342 

2/50 (4%) 
6.9% 
2/29 (7 %) 
736 (T) 
P=0.277N 
P=O.304N 

P=O.339N 

32/50 (64%) 
74.0% 
18/29 (62%) 
509 
P=O.S60N 
P=O.313 

P=O.341 

25/48 (52%) 
71.2% 
19/29 (66%) 
607 
P=O.396 
P=O.127 

P=O.182 

25/48 (52%) 
71.2% 
19/29(66%) 
607 
P=O.553 
P=O.232 

P=O.3@7 

11/50 (22%) 
28.9% 
5/29 (17%) 
487 
P=0.001N 
P<0.001N 

P<0.001N 

0150 (0%) 
0.0% 
0129 (0%) 
-
P=0.052N 
P=O.O64N 

P=0.059N 

11/50 (22%) 
28.9% 
5/29 (17%) 
487 
P<0.001N 
P<0.001N 

P<0.001N 

13\50 (26%) 
36.1% 
7/29 (24%) 
592 
P=0.086N 
P=0.121N 

P=0.088N 

13/50 (26%) 
36.1% 
7/29 (24%) 
592 
P=0.042N 
P=0.058N 

P-0.039N 
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TABLEB3 

Stabistical Analysis of Primary Neoplasnp in Female Rats in the 2-Year Feed  Study of Butyl Benzyl  Phthalate (continued) 

-

-

Thyroid Gland(C-cell):Adenoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

Thyroid Gland (C-cell): Adenoma or Carcirioma 
Overall rate 
Adjusted raie 
Terminal rate 
First incidence (days) 

. .Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test ' 

Uterus:StromalPolyp 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Annitage test 
Fisher exact test 

Ute-': Stromal'polyp or  Stromal Sarcoma 
Overall ra1:e 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Annitage test 
Fisher exact test 

AU Organs: Mononuclq Cell  Leukemia 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Cochran-Armitage test 
Fisher exact test 

0 PPm 

4/49 (896) 
11.4% 
1/25 (4%) 
702 
Pr0.209N 
P-0.256N 
P=0.227N 

5/49 (10%) 
15.1% 
2/25 (8%) 
702 
P-0.186N 
Ps0.217N 
P-0.2OON 

6/50 (1246) 
19.6% 
3/25 (12%) 
68 1 
P=0.498N 
P=O.535 
P=O.555 

6/50 (12%) 
19.6% 
3/25 (12%) 
681 
P=0.458N 
P=0.535N 
P=O.514N 

2 1/50  (42%) 
51.7% 
7/25 (2846) 
368 
P-0.382N 
P=O.340N 
P=0.394N 

6,000 PPm 

4/50 (8%) 
13.0% 
3/29 (10%) 
725 
P=O.596N 
P=O.644 

P=0.631N 

6/50 (12%) 
18.5% 
4/29 (14%) 
689 
P=O.557 
P10.499 

P=O.514 

9/50 (18%) 
26.1I 
5/29 (17%) 
247 
P=O.387 
P-0.287 

P=O.288 

10150 (20%) 
28.2% 
5/29 (17%) 
247 
P-0.304. 
P-0.206 

P=O.207 

20150 (40%) 
46.6% 
8/29 (28%) 
405 
P=0.402N 
P=O.5OON 

P=O.5OON 

12,000 ppm 

3/50 (6%) 
10.3% 
3/29 (10%) 
736 (T) 
P-0.463N 
P=0.507N 

P-0.489N 

3/50 (6%) 
10.3% 
3/29 (10%) 
736 (T)
P=0.316N 
P=0.363N 

P-0.346N 

6/50 (12%) 
18.0% 
3/29 (10%) 
722 
P=0.523N 
P=O.611 

P=0.620N 

. .  

6/50 (12540) 
18.0% 
3/29 (10%) 
722 
P=0.523N 
P=O.611 

P=0.620N 

21/50 (42%) 
52.0% 
10129 (34%) 
509 
P=0.436N 
P=O.578 

P=O.58ON 

24,000 ppm 

2/50 (4%) 
6.9% 
2/29 (7%) 
736 (T) ' 

P=0.326N 
P=0.359N 

P=O.329N 
. . 

3/50 (6%) 
8.8% 
2/29 (7%) 
452 
P=0.337N 
P=0.346N 

P=O.346N 

7/50 (14%) 
22.4% 
6/29 (21X) 
487 
P=O.571 
P=O.470 

P=O.500 

. .  

7/50 (14%) 
22.4% 
6/29 (21%) 
487 
P=O.571 
P=O.470 

P=O.5OO 

19/50 (38%) 
46.1% 
8/29 (28 %) 
452 
P=0.398N 
P=0.422N 

P=0.419N 

. 




All Organs: Benign N ~ Q ~ ~ S E I I S  
Overall rate 40/50 (80%) 43/50 (86%) 41/50 (82%) 31/50 (62%) 
Adjusted rate 88.7% 91.4% 93.1% 74.9% 
Terminal rate 20/25 (80%) 25/29 (86%) 26/29 (90%) 19/29(66%) 
First incidence  (days) 512 247 509 452 
Life table test P=0.028N P=0.500N P=0.377N P=O.O6ON 
Logistic regression test P=0.009N P=O.287 P=O.457 P=0.047N 
Cochran-Armitage test P=0.007N 
Fisher exact test P=O.500 P=O.298 P=0.038N 

All Organs: Malignant Weoplaesms 
Overall rate 30/50 (60%) 31/50 (62%) 27/50 (54%) 22/50 (44%) 
Adjusted rate 70.1% 66.3% 63.8% 50.7% 
Terminal rate 13/25 (52%) 14/29 (48%) . .  14/29(48%) 9/29 (31 %) 
First incidence (days) 39 247 509 404 
Life table test P=0.068N P=0.466N P=O.24ON P=O. 110N 
Logistic regression test P=0.032N P=O.516 P-0.343N P=0.067N 
Cochran-Armitage test P=0.038N 
Fisher exact test P=O.500 P=0.343N P=O.O8ON 

~ 1 1Organs: Benign or Malignant ~eoplasms
Overall rate 49/50 (98%) 48/50 (96%) 45/50 (90%) 42/50 (84%) 
Adjusted rate 98.0% 96.0% 93.8% 84.0% 
Terminal rate 24/25 (%%) 27/29 (93 X) 26/29 (90%) 21/29 (72%) 
First incidence (days) 39 247 509 404 
Life table test P = O . O W N  P=0.252N P=0.145N P=O.l23N 
Logistic regression test P=O.WN P=0.552N P=0.087N P=0.027N 
Cochran-Armitage test P=O.WN 
Fisher exact test P=O.500N P=0.102N P=0.015N 

(T)Terminal sacrifice 
a 	 Number of neoplasm-bearing animalslnumber of animals examined. Denominator is number of animals examined microscopically for  adrenal gland, clitoral 

gland, pituitary gland, thyroidgland, and uterus; for other tissues, denominator is numberof animals necropsied. 
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustmentfor intercurrent mortality 
Observed incidence at terminal  kill 
Beneath the control incidence are the P values:associated with the trend test. Beneath the exposed group incidence are the P values corresponding to 
pairwise comparisons betweemthe controlsand that exposed group. The life table test regards neoplasmsinanimals dying priorto terminal kill as being 
(directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests 
compare directly the overall incidence rates. :For alltests, a negative  trend or a lower  incidence inan exposure group is indicated by N. 

e 	 Not applicable; no neoplasms in animal group 
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TABLE B4a 
Historical Incidenceof Pancreatic Neoplasmsin Untreatecd Female F344/NRatsa 

Adenoma CarcinomaAdenomaorCarcinoma 
Incidence in Controls 

OverallHistoricalIncidence 

Range 
Standard deviation 
Total 

. 

0464% 
0.8% 

211,194 (0.2%) 

0%-2% 
0.4% 

1/1,194 (0.1%) 

~ ~~~~~ 

0 % 4 %  
0.9% 

3/1,194 (0.3%) 

~ 

a Dataas of 17 June 1994 

Historical Incidenceof Urinary Bladder Papilloma in Untreated FemaleF344/NRatsa 
TABLEB4b 

Incidence in Controls 

Standard deviation 
Total 

Overall Historical Incidence 

0%-2% 
0.8% 

411,182 (0.3%) 

a Dataas of 17 June 1994 

Historical Incidenceof Mammary Gland Fibroadenoma in Untreated FemaleF344/NR a t s a  
TABLE B'4c 

Incidence in Controls 

Overall Historical Incidence 

Range 
Standard deviation 
Total 

8%-58% 
12.7% 

4511,202 (38.7%) 

a Dataas of 17 June 1994 



TABLEB§ 

Summary off the Incidence off Nonnneopbtic ILe~i~rn
inn Femde Rats inn the %Pear Feed Study 

. .. .off BantyU Benzyl PMhdatea 

Disposition Summary 
Animals initially in study 60 60 60 
IS-Month interim evaluation 10 10 10 
Early deaths 

Moribund 23 17 16 
Natural deaths 2 4 5 

Survivors 
Terminal sacrifice 25 29 29 

Animals examined microscopically 60 60 60 

d§-M~nthInteepipa E~&cs&ion 
Alimentary System 
Intestine large, colon 


Parasite metazoan 

Intestine large, cecum 


Parasite metazoan 

Liver 

Basophilic focus 
Eosinophilic focus 
Granuloma 
Hepatodiaphragmatic nodule 
Bile duct,  hyperplasia 
Kupffer cell,  pigmentation 

Mesentery 
Accessory spleen 
Fat, necrosis 

Pancreas 
Atrophy 

Tongue 
Epithelium, hyperplasia 

Cardiovascular System 
Heart ' (10) (10) (10)

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

. .  
Adrenal cortex (10) (10) (10)

Accessory adrenal cortical nodule 2 (20%) 1(10%) 2 (20%)
Angiectasis 5 (50%)  6 (60%) 7 (70%) 
cyst 
Degeneration, fatty 1(10%) 1(10%) 
Hyperplasia, focal 
Hypertrophy, focal 1(10%) 1(10%) 2 (20%) 

Parathyroid gland (9) (10) (10) 
cyst 1(10%) 

Endocrine System 

a Number of animals examined microscopically at the site and the number of animals with lesion 

60 

10 

20 
1 

29 

60 


(10) 

(10) 
4 (40%) 
3 (30%) 
1(10%) 

1(10%) 

(10) 

. - -



-- 
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TABtE B5 
Summsuy of the Incidenceof Nonneoplastic Lesions in FemaleRats in the 2-Year Feed Study 
of Butyl Benzyl Phthalate (continued) 

.-

. . 
0 w m  6,000 ppm 

_ -

15-Month In&& Evaluation (continued) 
Endocrine System (continued) 
Pituitary gland 

Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hemorrhage 
Pars distalis, hyperplasia, focal 
Pars intermedia, cyst 

Thyroid gland 
Ultimobranchial cyst 
C-cell, hyperplasia 

Genital System
Clitoral gland 

Ectasia 
Inflammation, chronic 

Ovary 
Cyst 

Uterus 
Hydrometra 

Hyperplasia, cystic 

Inflammation, suppurative 


Hematopoietic System 
Lymph node 

Mediastinal, hemorrhage 
Mediastinal, pigmentation 

Lymph node, mandibular 
Ectasia 
Hemorrhage 
Hyperplasia, lymphoid 
Pigmentation 

Spleen 
Hematopoietic cell proliferation 
Pigmentation, hemosiderin 

Thymus 
Hemorrhage 

Integumentary System 
Mammary .gland


Hyperplasia ; 


Musculoskeletal System
Bone 

Cranium, hyperostosis
Cranium, osteopetrosis 
Femur, osteopetrosis 

(10) 
1(10%) 
6 (60%) 

1 (10%) 

(10) 
1 (10%) 

. . 

(1) 
1(100%) 
1 (100%) 

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

(10) 

3 (30%) 
2 (20%) 1 '(10%) 

4 (40%) 

1(10%) 
(10) 

3 (30%)
(10) 

10 (100%) 10 (100%) 
(9) (9)

1(11%) 

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

12,000 ppm 24,000 ppm 

(10) 
1(10%) 

' .  

. 
' 

' 

: 

. 

i 

'. 

(10) 

1 (10%) 
1 (10%) 

(10) 

2 (20%) 
1 '  (10%) 



Is-&hnEh &t~kHd&o8 (continued) 
Respiratory System 
Lung (10) (10) (10) (10)

Infiltration cellular, histiocyte 2(20%) 1 (10%) 3(30%) 2(20%)
Nose (10) (10) (10) (10)

Exudate 1 (10%) 1 (10%)
Foreign body 2(20%) 

Fungus 1 (10%) 

Mucosa, metaplasia, squamous 1 (10%) 


Ueinaey System 

Kidney (10) 
 (10) (10) 

cyst 1 (10%) 2 (20%)
(10) 

Mineralization 10 (100%) 9 (90%) 9 (90%) 8 (80%)
Nephropathy 7(70%) 10 (100%)
Renal tubule, atrophy 1 (10%) 

10 (100%) 10(100%) 

Renal tubule, pigmentation 10(100%) 10 (100%) 10(100%) 10 (100%) 

Systems ExaminedWith No Lesions Observed 
General Body System 
Nervous System 
Special Senses System 

%Yea?.SEl4dy 
Alimentary System 
Intestine large, colon (50)

Parasite metazoan 3 (6%)
Intestine large, rectum (50)

Parasite metazoan 3 (6%) 
Intestine large, cecum (50)

Edema 2(4%)
Parasite metazoan 2(4%) 
Ulcer 

Intestine small, ileum (49)
Inflammation, chronic 
Ulcer 1 (2%) 

Liver (50)
Angiectasis 
Basophilic focus 37 (74%) 
Clear cell focus 3 (6%) 
cyst 
Developmental malformation 1 (2%) 
Eosinophilic focus 19 (38%) 
Granuloma 6 (12%) 
Hematopoietic cell proliferation 1 (2%) 
Hepatodiaphragmatic nodule 9(18%) 
Inflammation, subacute 3 (6%)
Mixed cell focus 10 (20%) 
Thrombosis 
Bile duct, hyperplasia 10 (20%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

38 (76%) 
3 (6%) 
1 (2%) 

15 (30%) 
11 (22%) 

6(12%) 

4 (8%) 
. .  

12 (24%) 

(49) 
3 (6%) 

(50) 
11 (22%) 

(49) 
2 (4%) 
1 (2%) 
1 (2%) 

(50) 

(50) 
4 (8%) 

41 (82%) 
8 (16%) 
2 (4%) 

9 (18%) 
6 (12%) 

6 (12%) 

5(10%) 

1 (2%) 


12 (24%) 


(50) 
3 (6%) 

(50) 
4 (8%) 

(49) 
1 (2%) 
1 (2%) 

(50) 

(50) 

39 (78%) 

9(18%) 

2 (4%) 


20 (40%) 

2 (4%) 

1 (2%) 


12 (24%) 


6(12%) 


9(18%) 
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TABLEB5 

Smmsuy of the Incidence of Nonneoplastic Lesions in Female Rats inthe 2-Year,Feed Study 


~.of Butyl BenzylPhthalate (continued) 

4PPm : . 6,000 ppm 12,000 ppm 24,000 ppmI 

&Year Study (continued) 
Alimentary System(continued) 
Liver (continued) (50) (50)

Centrilobular, necrosis 1 (2%) 1 (2%) 
Hepatocyte, hyperplasia, focal 
Hepatocyte, vacuolization cytoplasmic 7 (14%) 2 (4%)
Kupffer cell,  hyperplasia 1 (2%) 
Kupffer cell, pigmentation 4 (8%) ' 5 (10%) 10 (20%) 
Lobules, necrosis 6 (12%) 6(12%)

Mesentery (10) . (8) (6) ' 
Accessory spleen 1 (10%) 1 (13%) 1 (17%) 
Fat, necrosis - 9 (90%) 6 (75%) 6 (100%) . Oral mucosa (1)
Hyperplasia 1(100%)

Pancreas (50) (50) (50)
Atrophy 18 (36%) 16 (32%) 12 (24%) 
Edema 
Acinus, cytoplasmic alteration 1 (2%) 1 (2%) 
Acinus, hyperplasia, focal 1 (2%) 2 (4%) 

Salivary glands (49) (50)
Atrophy 1 (2%) 
Hyperplasia 1 (2%) 

Stomach, forestomach (50)
Edema 2' (4%) ' 

Ulcer 
Mucosa, hyperplasia 1 (2%) 

Stomach, glandular (50)
EdEma 
Erosion . 1 (2%) 
Hyperplasia 
Inflammation, chronic 1(2%) 
Mineralization 1 (2%) 
Ulcer ' 3 (6%) 1 (2%) 

Tongue (3)
Epithelium,hyperplasia . 1 (33%) 

Cardiovascular System 
Heart (50) (50) (50) (50)


Cardiomyopathy 16 (32%) 21 (42%) 23 (46%) 13 (26%) 

Mineralization 1 (2%) 

Thrombosis 1 (2%) 1 (2%) 


. .  

Endocrine System 
Adrenal cortex (50) (50) (50) (50) 


Accessory adrenal cortical nodule 5 (10%) 6(12%) 8 (16%) 6(12%) 

Angiectasis 22 (44%) 23 (46%) 26 (52%) 29 (58%) 

cyst 1 (2%) 

Degeneration, fatty 10 (20%) 15 (30%) 11 (22%) 4 (8%) 

Hemorrhage 1 (2%) 1(2%)
1 
Hyperplasia, focal 9 (18%) 4 (8%) 2 (4%) 2 (4%) 

Hypertrophy, focal 9(18%) 11 (22%) 7 (14%) 

Necrosis 1 (2%) 




3 - l ' e ~  (continued) 
Endocrine §ystem (continued) 
Adrenal medulla 

Hyperplasia 
Islets, pancreatic 

Hyperplasia 
Metaplasia, hepatocyte 

Parathyroid gland 
Hyperplasia 

Pituitary gland 
Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hyperplasia 
Pars distalis, hyperplasia, focal 
Pars intermedia, angiectasis 
Pars intermedia, cyst 
Pars intermedia, hyperplasia 

Thyroid gland 
Ultimobranchial cyst 
C-cell, hyperplasia 
Follicle, cyst 
Follicular cell, hyperplasia 

General Body System 
Tissue NOS 

Hemorrhage 

Genital System 
Clitoral gland 

Ectasia 
Hyperplasia 
Inflammation, chronic 
Inflammation, suppurative 

Ovary 
cyst 
Inflammation, chronic 

Uterus 

cyst 

Hydrometra 

Hyperplasia, cystic 


Hematopoietic §ystem 
Bone marrow 


Hypercellularity 

Myelofibrosis 


Lymph node 
Iliac, hyperplasia, lymphoid 
Iliac, pigmentation 
Mediastinal, hemorrhage 
Mediastinal, hyperplasia, lymphoid 
Mediastinal, pigmentation 

Q PPm 

(49) 
1 (2%) 

(50)  

(47) 

(49) 
7 (14%) 

24(49%) 

12 (24%) 

1 (2%) 
(49) 

2(4%) 
6(12%) 

(1) 
1 (100%) 

(50) 
1 (2%) 
4 (8%) 

(12) 

1 (8%) 

2(17%) 

6,QQQppm 

(50) 
21 (42%) 

4 (8%) 

4 (8%) 

5 (10%) 


(50) 
5 (10%) 

(50) 

1 (2%) 
4 (8%) 

12,QOQppm 

(49) 

(48) 
8 (17%) 

16 (33%) 

9(19%) 
3 (6%) 

(50) 
1 (2%) 
7(14%) 
1 (2%) 

24,000 ppm 

(50)  
10 (20%) 
1 (2%) 
1 (2%) 
3 (6%) 

(50)
5 (10%) 

(50) 

3 (6%) 
I 11 (22%) 
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. .If the Incidencecd NonnkoplasticLesionsin Femaleltats in  the2-YearFeed Study . I 

of Butyl Benzyl Phthalate(continued) 

%Year Study (continued) 
Hematopoietic System(continued) 
Lymph node (continued) 

Pancreatic, hemorrhage 
Pancreatic, pigmentation 
Renal, hemorrhage 
Renal, hyperplasia, lymphoid 
Renal, pigmentation 

Lymph node, mandibular 
ECtasia 

, Hemorrhage 
Hyperplasia, lymphoid 
Pigmentation 

Lymph node, mesenteric 
Ectasia 
Hemorrhitge 
Hyperplasia, lymphoid 

Spleen 
Developmental malformation 
Fibrosis 
Hematopoietic cell proliferation 
Hemorrhage 
Necrosis 
Pigmentation, hemosiderin 

Tiiymus 
cyst 
Hemorrhage 

Integumentary System 

Mammary gland 


.Ectasia .. . 
Hyperplasia 
Inflammation, chronic active 

Skin 

Acanthosis 

. 	Cystepithelialinclusion 
Developmental malformation 
Hemorrhage 
Hyperkeratosis 
Inflimmation, chronic 
Ulcer 

Musculoskeletal System 
Bone 


Cranium, osteopetrosis 

Femur, .osteopetrosis 

Femur, osteosclerosis 

Rib, osteopetrosis 


Skeletal muscle 

Hemorrigge 


' . ' I '  	 . . 

. ~ 

6,000 ppm 12,000 ppm 24,000 ppm 

(12) 

1 (8%) 

1 (8%) 

12 (24%) 
6(12%) 
5 (10%) 
1 (2%) 

(49) 

(50) 

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

(50) 

19 (38%) 
1 (2%) 

10 (20%) 
1 (2%) 

. . 
(49) 

1(2%) 

.' 

(11) 

1(9%) 
2 (18%) 
2 (18%) 

5 (45%) 
(50) 

23 (46%) 
4 6 (12%) 

9 (18%) 
4 (8%) 

(50) 

2 (4%) 
3 (6%) 

(50) 

1 (2%) 
12 (24%) 
2(4%) 

1(2%) 

20 (40%) 
(50) 

21 (42%) 
(50) 

1 (2%) 

(15) 

3(20%) 

5 (10%) 
3 (6%)' 

4 (27%) 
(50) 

.16 (32%) 
(50) 

2 (4%) , 

(50) 

14 (28%) 
1(2%) 
1 (2%) 

29 (58%) 
(48) 

1 (2%j 

. .  

, -

I .  

. .  

(50) 

39 (78%) 
9 (18%) 

(50)
11 (22%) 
17 (34%) 

(50)
2 (4%) 

(50)
1 (2%) 

2 (4%) 



2-l'ea~~S'Baaadpgr (continued) 
Newrow §YSt@rn 
Brain 

Compression 

Gliosis 

Hemorrhage 

Hydrocephalus 

Necrosis 


Rmpkat0n.y system 
Lung

Congestion 
Hemorrhage 
Mitration cellular,  histiocyte 
Inflammation, subacute 
Alveolar epithelium, hyperplasia 

Nose 
Exudate 
Foreign body 

Fungus

Mucosa, hyperplasia 

Mucosa, metaplasia, squamous 

Special §ernes System 
Eye (2)

Atrophy 1 (50%)  
Cataract 
Hemorrhage 1 (50%)  
Retina, degeneration 

urinary §ystem 
Kidney 

Calculus, microscopic observation only 
cyst 
Hydronephrosis 
Mineralization 43 (86%) 
Nepbropathy 34 (68%) 
Renal tubule, atrophy 
Renal tubule, cytoplasmic alteration 1 (2%) 
Renal tubule, dilatation . . 1 (2%) 
Renal tubule. necrosis 1 (2%) 
Renal tubule, pigmentation 49 (98%) 
Transitional epithelium, hyperplasia 

Ureter 
Dilatation 
Transitional epithelium, hyperplasia

Urinary bladder 
Edema 
Hemorrhage 
Transitional epithelium, hyperplasia 4 (8%). 

(50) 
8(16%) 

1 (2%) 

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

19 (38%) 
1 (2%) 
2 (4%) , 

(50) 
4 (8%) 

1 (2%)
i (2%) 

(3) 

2 (67%) 
1 (33%) 
2 (67%) 

(50) 
1 (2%) 

2 (4%) 

1 (2%) 


35 (70%) 

45 (90%) 


2 (4%) 

10 (20%) 
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SALMONELLA TYPHIMURZUM hlUTAGENICITY TESTPROTOCOL 

TestingwasperformedasreportedbyZeiger et a2. (1985).Butylbenzylphthalatewassenttothe . .
, 

laboratory as a coded  aliquot from Radian Corporation (Austin, TX), It was  incubated with the Sulmonella 
typhimurium tester.strains (TA98,  TA100, TA1535, and TA1537) either in buffer orS9 gix (metabolic 
activation enzymes and cofactors from Aroclor 1254-induced male Sprague-Dawley rator Syrian  hamster 
liver) for 20 minutes at 37" C. Top  agar supplemented with 2-histidine and d-biotin was added, and the 
contents of  the tubes were mixed and poured onto the surfaces of minimal glucose agar plates.  Histidine-
independent mutant colonies arising on 'these plates were counted following incubationfor 2 days at 37" C. 

Each trial consisted of  triplicate plates of concurrent positive and negative controls and at least five dosesof 
butyl benzyl phthalate. In the absence of toxicity, 10,000 or 1 1,500 pg/plate  was selected as the high dose. 
All trials  were repeated. . . . . 

, ., ' I  

In this assay, a positive  response is defined as a reproducible,  dose-related increasein.histidine-independent 
(revertant) .colonies inany one strainlactivation combination.. An  equivocal response is defined as an 
increase in revertants that is notdose.related, is  not reproducible, or, isof insufficient magnitude to support 
a determination of mutagenicity.  A.negative response is obtained when no increase in revertant colonies is 
observed following chemical treatment. There was  no minimum,percentage or fold  increase required for a 
chemical to be  judged positive or weakly  positive. 

I . 

. , . . 

I .MOUSE LYMPHOMA TEST PROTOCOL'MUTAGENICITY 
The experimental protocol is presented in detailby Myhr  and Caspary (1991). Butyl benzyl phthalate was 
supplied as a coded  aliquot 'by Radian Corporation. The high'dose-of butyl  benzyl phthalate was determined 
by' toxicity. Mouse lymphoma L5178Y cells were maintained at370 C as suspension .cultures in 
supplemented Fischer's medium;  normal cycling time was approximately 10,hours. To reduce the number 
of spontaneously  occurringtrifluorothymidine-resistantcells, subcultures were exposedto medium 
containing THMG (thymidine, hypoxanthine, methotrexate;and glycine) .for 1 day,  to medium containing 
THG (thymidine, hypoxanthine, and glycine) for 1 day,  and to normal medium, for 3 to 5 days. For 
cloning, the horse serum contentwas increased and Noble agar was added. 

All treatment  levels within an experiment,  including concurrent positive and solvent controls, were 
replicated. Treated cultures ,contained6 X lo6cells in 10 mL medium. This volume included the 
S9 fraction  in those experiments performedwith metabolic activation. Incubation with-butyl benzyl 
phthalate continued for 4 hours, at which  time the' medium plus butyl .benzyl phthalate was removed and the 
cells were resuspended in fresh ,medium and incubatedfor an  additional2 days to express  the mutant 
phenotype. Cell density was monitored S o  thatlogphasegrowthwasmaintained.After the.48-hour.. . 

expression-period, 3 X lo6cells were-plated in mediumand soft agar: supplemented with trifluorothymidine 
(TFT) for selection of TFT-resistant  (TIC'-) cells; 600 cells .were plated in nonselective medium andsoft 
agar to determine cloning efficiency. Plates were incubated at 37" C in 5 % COafor 10 to 12 days. The 
test was initially performed without .S9:  If a clearly  positive response was: not obtained, the test was* 
repeated using freshly prepared,'S9,from the  livers of Aroclor 12544nducedmale Fischer  344/N rats. 

. . . . . , . ,.. 

Minimum criteria for accepting an experiment:as  valid and a detailed  description of the  statistical analysis. '  

and data evaluation are presented in Caspary .et ul:  (1988). .All data  were evaluated statistically for trend 
and peak responses. Both responses had to be significant (PgO.05)for butyl  benzyl phthalate to be 
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considered positive, i.e., capable of  inducing TFT resistance: A single significant response led to a 
“questionable” conclusion, and  the absence of both a trend  and peak response resulted in a ”negative”  call. 

. . 

C m s E  rnSTEIIB OVARY CELL @YTOGErnTIICSm o T o c o L s  
Testing’was performed  as reportedby Galloway et a l .  (1987). Butyl benzyl phthalate was sent to the 
laboratory as a coded  aliquot by  Radian Corporation. It was tested in cultured Chinese.hamster ovary 
(CHO) cells for induction of sister chromatid’.exchanges (SCEs) and chromosomal aberrations (Abs), both in 
the presence and absence of Aroclor  1254-induced male Sprague-Dawley rat liverS9 and cofactor mix. 
Cultures were handled under gold lights to prevent photolysisof bromodeoxyuridine-substitutedDNA. 
Each test consisted of concurrent solvent and positive controls and of at least three doses of butyl benzyl 
phthalate; the high dose was limitedby toxicity to 1,250 pg/mL. A single flask per dose was used, and 
tests yielding equivocal or positive results were repeated. 

, , 

Sister C ! ~ P Q P P ~ &  Exchange Test: In the SCE test withoutS9, CHO cells were incubated for 26 hours with 
butyl benzyl phthalate in supplemented McCoy’s 5A medium. Bromodeoxyuridine (BrdU) was added 
2 hours  after culture initiation. After 26 hours, the medium containing butyl benzyl phthalate was removed 
and replaced with fresh medium plus BrdU and Colcemid, and incubation was continued for2 hours.  Cells 
were then harvested by mitotic shake-off, fixed,. and  stained with Hoechst 33258 and Giemsa. In the  SCE 
test with S9, cells were incubated with butyl benzyl phthalate, serum-free medium, andS9 for 2 hours.  The 
medium was then removed and replaced with medium containing serum and BrdUand’no butyl  benzyl 
phthalate, and incubation proceeded for an additional 26 hours, with Colcemid present for the final2 hours. 
Harvesting and staining were the same as for cells treated withoutS9. All slides were scored blind, and 
those from a single  test were read by the  same person. Fifty second-division metaphase cells were scored 
for frequency of SCEs/cell  from each dose level. 

Statistical analyses were conducted on the slopesof the  dose-response curves and the individual dose points 
(Galloway et a l . ,  1987). An SCE  frequency 20% above  the concurrent solvent control value was chosen as 
a statistically  conservative positive response. The probability of this  level of difference occurring by chance 
at one dose point is less than0.01; the  probability for sucha chance occurrence attwo dose points is less 
than 0.001. An increase of 20% or  greater at any single dose was considered weak evidenceof activity; 
increases at‘twoor more doses resultedin a determination  that the trial was positiye.A statistically 
significant trend(PiO.05) in the absence of any responses reaching20%above background led to a call  of 
equivocal. 

C ~ P Q ~ Q S Q P P ~ Q ~  Test: In the Abs test withoutS9, cells were incubated in McCoy’s SA  mediumAbe~~daslisoss 
with butyl benzyl phthalate for .12 hours; Colcemid was added and incubation continuedfor 2 hours. The 
cells were then harvested by mitotic shake-off, fixed, and stained with Giemsa. For the Abs test withS9, 
cells were treated with butyl benzyl phthalate andS9 for 2 hours,  after which the treatment medium was 
removed and the cells were incubated for 12 hours in fresh medium, with Colcemid present for the final 
2 hours.  Cells were harvested in the same  manner as for  the treatment withoutS9. The harvest time for the 
Abs test was based on the cell cycle information obtained in the SCE’ test. 

Cells were selected for scoring on the basisof good morphology and completeness of karyotype 
(21 f 2 chromosomes).  All slides were scored blind, and those from a single  test were read by the same 
person. One hundred first-division metaphase cells were scored at each dose level. Classes of aberrations 
included simple (breaks and terminal deletions), complex (rearrangements and Qanslocations), and other 
(pulverized cells, despiralized chromosomes, and cells containing 10 or more aberrations). 

. . 
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Chromosomal aberration data are presented as percentage of cells with aberrations. Toarrive at a statistical 
Call for a trial, analyses  were conducted on both the dose response curve and individual dose points.For a 
Single trial, a statistically  Significant (P<O:O5) difference for one dose  point and a significant  trend 
(PiO.015) were  considered weak  evidence for a positive  response; significant differences for two or .more 
doses indicated the trial was positive. A positive trend test in the absence of a statistically  significant 
increase at any one dose resulted in an equivocal call (Gallowayet al. ,  1987). Ultimately, the trial calls 
were based on a consideration  of the statistical analyses aswell as the biological information available to the 
reviewers. 

. " , 

L)ROSOPHZL.A MELANOGASTER TEST PROTOCOL 
The assays for induction,of sex-linked  recessive lethal (SLRL) mutations were performed with adultflies as 
described by  Valencia et al. (1985). Butyl benzyl phthalate was supplied as a coded  aliquotby Radian 
Corporation. It was  assayed in the SLRL test by  feeding for  '3 days to adult Canton4 wild-type  males no 
more than 24 hours old at the beginning of treatment.  Because no response was obtained, butyl benzyl 

. .phthalate was retested by injection into adult males. 

To administer  butyl benzyl phthalate by injection, a glass  Pasteur pipette was drawn out ina flame  to a 
microfine filamect, and the tipwas broken off to allow delivery of the test solution. Injection was 
performed either manually,  by attaching a rubber  bulb to the other endof the pipette  and forcing through 
sufficient solution (0.2 to 0.3 pL) to  slightly distend the abdomen of  the fly, or by attaching  the pipette to a 
microinjector which automatically delivered a calibrated  volume. Flies were anesthetized with ether and 

( 	
immobilized on a strip of  tape. Injection into the thorax, .under the wing, was perfoded with  the aid of a 
dissecting microscope. 

Toxicity tests were performed to set concentrations of butyl benzyl phthalate ata level  that would induce 
30% mortality  after 72 hours of feeding or 24  hours after injection, while keeping induced sterilityat an 
acceptable level. Oral exposure was achieved by  allowing Canton-S males to feed for 72  hours on a ' 
solution of butyl benzyl phthalate in5 % sucrose. In the injection experiments, 24- to 72-hour old Canton-S 
males were treated with a solution of  butyl benzyl phthalate dissolved in9%ethanol: 1 % Tween-80 and 
allowed to recover for 24 hours. A concurrent solvent control group was also  included: In the adult 
exposures, treated males were mated to threeBasc females for 3 days  and given fresh females at 2-day 
intervals to produce  three matings of 3;2,  and 2 days  (in each case, sample sperm from successive matings 
were treated at successively earlier post-meiotic  stages). F ,  heterozygous females were mated with their 
siblings and then placed in individual vials,F, daughters from the same parental male were kept together to 
identify clusters. (A cluster occurs when a number  of mutants from a given  male result from a single 
spontaneous premeiotic mutation event, and is identifiedwhen the number of 'mutants from that male 
exceeds the number predicted by a Poisson  distribution.) If a cluster was identified,  all data from the male 
in question were discarded. Presumptive lethal mutations were identified as vials containing fewer than 5 % 
of ,the expected number of wild-type males after 17 days; these were retested to confirm  the response; , 

SLRL data were analyzed by simultaneous  comparison with the concurrent and historical controls, usinga 
nolmal approximation to the  binomial test (Margolin et a l . ,  1983). A test result was considered,positive if 
PsQ.01 and  the mutation frequency,in the  tested group was greater than'O.lQ%, or if PsO.05 and the 
frequency in the treatment groupwas greater  than 0.15% . A test was considered to be  inconclusive if 
(a) the P value  was between0.05 and 0.01 but the frequency in the treatment group was between0.10% and 
0.15% or (b)  the P value  was between 0.10 and 0.05 but the frequency in the treatment group wasgreater 
than 0.10%. A test was considered negative if P20.10 or if  the frequency in the treatment group was less 
than 0.10%. 



II 
1

i 

MOUSE BONE b4rfumOW SSnsmlR C r n O r n T r n  E X C W G E  TEST mOTOcOLs 
Doses were selected basedon available LD,, information,  and the high dose was limited by experimental 
design to 5,000 mg/kg. Butyl benzyl phthalate was tested for the induction of SCEs in mouse bone marrow 
using two protocols. Male B6C3F, mice (five animals per dose group) were injected intraperitoneally with 
butyl benzyl phthalate dissolved in cornoil (injection volume= 0.4 mL). Solvent control mice received 
equivalent injections of corn  oil only. The positive controlwas dimethylbenzanthracene. 

The first protocol  had a standard  harvest time of  23 hours,  and the second protocol hada delayed  harvest 
time of 42  hours. The mice were implanted subcutaneously with a BrdU  tablet (McFee et a l . ,  1983) 
24 hours before harvest (1 hour before butyl benzyl phthalate treatment in the caseof the  standard 
protocol). The use of  BrdU allowed selection of the appropriate cell population (cells in. the second 
metaphase following butyl benzyl phthalate treatment) for scoring. Two hours before sacrifice, the mice 
received an intraperitoneal injection of colchicine  in saline. The animals were killed 23 or 42 hours after 
treatment (24 hours after BrdU dosing). One or both femurs were removed, and the marrow was flushed 
out with phosphate-buffered saline (pH7.0). The cells were treated with a hypotonic  salt solution, fixed, 
and dropped onto chilled slides. After a 24-hour  drying period, the slides. were stained using fluorescence-
plus-Giemsa and scored. 

Twenty-five second-division metaphase cells were scored from eachof four  animals per treatment group. 
Responses were evaluated as SCEdcell, and  the data were analyzed by a trend  test (Margolinet a l . ,  1986). 

MOUSE BONE IMLmROW C'wlROMOsOmL & E m T l O N s  TEST mOTOcoLS 
Doses were selected based on availableLD,, information, and the high dose was limitedby experimental 
design to 5,000mgkg. Butyl  benzyl phthalate was tested for induction of Abs in mouse bone marrow using 
two different protocols. The first protocol used a standard  harvest time of 17 hours,  and the second 
protocol used a delayed  harvest time of 36  hours. 

Male B6C3F, mice (10 animals per dose group) were injected intraperitoneally with butyl benzyl phthalate 
dissolved in corn oil (injection volume= 0.4 mL). Solvent control mice received equivalent injections of 
corn oil only:  The positive control was dimethylbenzanthracene (100 mg/kg). The mice were 
subcutaneously implanted with a BrdU  tablet (McFeeet a l . ,  1983) 18 hours before the scheduled harvest. 
(For the standard protocol, this requiredBrdU implantation to precede injection with butyl benzyl phthalate 
by 1 hour.)  The use of BrdU allowed selection of the appropriate cell population for scoring. (Abs induced 
by chemical administration are present  in maximum number at the first metaphase following treatment; they 
decline in number  during subsequent nuclear divisions due to cell death.) Two hours before sacrifice, the 
mice received an intraperitoneal injection of colchicine  in saline. The animals were killed 17 or 36  hours 
after butyl benzyl phthalate injection (18 hours after BrdU dosing). One or both femurs were removed, and 
the marrow was flushed out with phosphate-buffered saline (pH7.0). Cells were treated with a hypotonic 
salt solution, fixed, and dropped onto chilled slides. After a 24-hour  drying period, the slides were stained 
and scored. 

Fifty first-division metaphase cells were scored from eachof eight  animals per treatment group. The types 
of aberrations  observed (gaps, breaks, rearrangements,and chromatid versus chromosome) were recorded 
separately for each animal. The mean total numberof aberrations  and the mean percentage of cells with 
aberrations (excluding gaps) were,determined for each treatment group. The values for percent cells with 
aberrations were analyzed by a one-tailed  trend test (Margolinet a l . ,  1986), and significance was set at 
P=O.O25. 
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]RESULTS 
13utyl benzyl  phthalate yas not  mutagenic in a'series of  in virro tests, but'positive responses  were obtained 
in two in vivo shdies conducted  with male mice. 

Butyl benzyl phthalate was testedby hvo laboratories for mutagenicity-  in. Salmonella typhimuriumsea& 
TA98, TA100, TA1535, and TA1537 with and without Aroclor-inducedS9 liver  enzymes.(Table C1; 
Zeiger et al . ,  1985). Negative results were obtained at both  laboratories in all strains using concentrations 
of butyl benzyl phthalate that were the highest permittedby experimental  design. In vitro studies with 
mammalian cell systems also gave negative results with and without S9. No inductionof trifluorothymidine 
resistance .was ,obtained in L5178Y of butyl benzyl phthalate thatmouse lymphoma cells with concentrations 
formed stible solutions  (Table C2; Myhr and Caspary, 1991). Increases in mutant cologies.were observed 
in the  absence of S9 in cultures treated with  concentrations that produced precipitation,but.such responses 
were not considered valid by experimental  quality control parameters. Therefore, the test was concluded to 
be negative.  No induction of SCEs or Abs  was observed in  CHO cells treated with butyl benzyl phthdate 
(Tables C3 and  C4; Galloway et all,. 1987). In the fust SCE  trial without S9, the, response was considered 
to be  equivocal due to a significant  trend (P=O.O04) in the absence ofa significant  increasein SCEs:at any . 

l one dose level; ''However, results. of.the second  trial were clearly negative,. as was the single trial conducted 
with S9, and the test results were  concluded tobe negative overall. . .  . 

i 
No induction of. sex-linked  recessive lethal mutations was observed in germ cells!of male .Drosophila 
melanoguster administered 500 ppm butyl.benzy1 phthalateby injection or up  to 50,000 ppm  in feed 
(Table C5; Valenciaer aZ.,'1985). 

. .I n  .vivo.studies with butyl 'benzyl phthalate in male mice gave positive results.for induction  ofSCEs 
(Table C6) and Abs (Table C7)  at standiud sampling times over a dose  range of 1,250 to-5,000 mg/kg.  In 
the SCE test, a single  trial with sample time of 23 hours  post-injection yielded a positive  trend when :the 

. 

, 

highest dose was excluded from the analysis (P=O.O067) becauseof a reduction  in response at the 
5,000 mg/kg  level. The SCE test conducted with a 42-hour  sample time'hlso gave a weakly  positive
response by trend  analysis. Neither trial was repeated. Positive trend.analyses.were. obtained  in each Of 
two trials in the Abs test that used the standard harvest timeof 17 hours  post injection. ,,Theonly significant 
dose in each trial was the highest dose (5,000 mg/kg). The single Abs trial that useda delayed  harvest time 
of 36 .hours showed  no increases in Abs at any of  the three dose levels tested. i, .! 

In conclusion, butyl benzyl phthalate showed no evidence 	 'of,four in  vitro testsof mutagenicity  in ,any 
performed with and without S9 activation  enzymes. A test for induction  of SLRL mutations in germ cells of 
male Drosophila melanogusret  also gave negative results. Positive results were obtained in mouse bone 
marrow tests for ,induction of SCEs and Abs. Responses were rather weak; .however, and the SCE test was 
not repeated. 
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TABLEC 1  

Mutagenicity of Butyl Benzyl Phthalate in Salmonel& typhimurium (continued) 


Revert-te 

-DoseStrain +lo%hamster S9 +lo%rat S9 
@g/plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

Study performed at Case Western Reserve University 

TAlOO 0 99 f 1.2 108 f 9.8 160 f 8.6 169 f 8.0 1 6 4  f 15.7 142 f 11.7 
333 104 f 2.9 117 f 1.8 180 f 14.5 176 f 10.2 162 f 2.2 143 f 3.0 

1,Ooo 109 f 0.9 117 f 4.2 162 f 3.5 169 f 2.2 138 f 11.4 145 f 13.3 
3,333 123 f 11.2 125 f 5.5 156 f 2.9 149 f 8.8 157 f 3.0 159 f 12.3 

10,Ooo 125 f 2.2 121 f 9.9 222 f 4.6 180 f 17.0 171 f 13.5 170 f 12.2 
11,550 155 f 2.9 132 f 19.3 196 10.0 178 f 18.4 186 f 4.0 163 f 1.2 

Trial summary 
Positive control 

Equivocal
733 f 35.0 

Negative
722 f 23.9 

Negative 
2,057 f 90.3 

Negative
1,023 f 28.3 

NegativeNegative 
2,440 f 73.11,359 f 165.2 

TA1535 0 5 f 1.0 8 f 0.3 6 f 1.2 13 f 2.0 8 f 1.8 13 f 0.9 
333 3 f 0.3 6 f 0.6 8 f 0.7 12 f 4.4 5 f 0.7 8 f 0.3 

1,Ooo 2 f 0.9 4 f 0.9 5 f 0.7 9 f 1.0 I f 1.5 9 f 0.9 
3,333 4 f 0.0 7 f 0.7 5 f 1.8 10 f 0.3 8 f 0.9 10 f 2.1 

10,Ooo 3 f 0.3 7 f 1.7 5 f 1.0 8 f 1.5 4 f 1.0 9 f 2.1 
1 1,550 6 f 0.9 9 f 1.5 6 f 1.0 10 f 1.8 5 f 1.8 8 f 1.5 

Trial summary 
Positive control 

Negative
435 f 50.6 

Negative
957 f 173.9 

Negative 
93 f 9.3 

Negative 
117 f 4.6 

Negative
160 f 13.5 

Negative ' 

182 f 15.7 

TA1537 0 2 f 0.6 5 f 2.3 8 f 0.6 10 f 2.3 7 f 1.5 9 f 1.2 
333 3 f 1.2 5 f 1.7 7 f 0.3 9 f 0.3 5 f 0.3 8 f 2.3 

1,Ooo 5 f 1.0 6 f 3.2 5 f 0.3 8 f 1.2 7 f 0.3 7 f 2.3 
3,333 

10,Ooo 
11,550 

3 f 0.7 
3 f 0.9 
2 f 0.3 

7 f 0.6 
5 f 1.2 
6 f 1.3 

5 f 0.0 
4 f 0.0 
8 f 1.5 

10 f 2.0 
7 f 2.2 

10 f 2.0 

6 f 0.9 
8 f 1.5 
7 f 0.3 

9 f 1.9 
7 f 2.6 
8 f 0.9 

Trial summary
Positive control 

Negative
787 f 185.8 

Negative
507 f 94.8 

Negative
122 f 5.7 

Negative
71 f 3.8 

Negative
117 f 30.4 

Negative
122 f 19.9 

TA98 0 12 f 2.3 22 f 6.2 19 f 1.8 25 f 3.6 21 f 5.7 22 f 1.5 
333 8 f 0.7 13 f 0.7 19 f 1.0 28 f 4.3 23 f 1.9 21 f 2.1 

1,Ooo 11 f 0.7 13 f 3.8 21 f 2.4 27 f 2.3 23 f 1.7 24 f 2.6 
3,333 11 f 0.6 14 f 3.1 18 f 4.4 26 f 2.2 25 f 2.0 23 f 1.8 

10,Ooo 
11,550 

13 f 0.9 
11 f 2.1 

17 f 3.7 
17 f 2.0 

14 f 1.0 
25 f 3.0 

21 f 1.5 
28 f 4.0 

21 f 2.5 
29 f 2.3 

26 f 3.8 
29 f 0.6 

Trial summary 
Positive control 

Negative 
195 f 27.9 

Negative 
283 f 19.2 

Negative 
1,275 f 368.8 

Negative
542 f 28.1 

NegativeNegative 
1,454 f 115.4622 f 110.8 

a The detailed protocoland these data are presented in Zeiger et ul. (1985). 
.. Revertants are presented  as mean f standard error from  three plates. 

The positive controls in the absence of metabolic activation were sodium azide(TA1535 and TAlOO), 9-aminoacridine (TA1537). and 
4-nitro-o-phenylenediamine (TA98). The positive control for metabolic  activation with all strains was  2-aminoanthracene. 
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:rmmc 2  
Induction of Trifluorothymidine Resistancein L5178YMouse Lymphoma Cells by Butyl Benzyl Phthalate 
(continued) 

AverageMutantMutantRelativeCloning 
CompoundConcentrationMutantEfficiencyCountTotalGrowth.Fraction 

(nL/mLI (%I (%I Fraction 

-s9  (continued) 
Trial 2 

Ethanol . 84 130 80 32 
93 130 105 38 
82 40 170 69 46 

Toxic 

Methylrnethanesulfonate 

\-x. . ' 

gd 
95 
37 

101 
12 

724 
730 

255 
658 

456e 

Butyl benzylphthalate 20 

57 
58 
57 

48 
40 
16 

80 
63 

167 

47 
36 
98 

60 

30 

91 
66 
75 

34 
45 
56 

128 
106 
110 

47 
53 
49 

50 

-40 

71 
77 
69 

29 
28 
25 

125 
153 
99 

59 
67 
48 

58 

50 

Toxic 
65 
67-

26 
31 

99 
95 

51 
47 

49 

60' 
Toxic 

54 
49 

23 
20 

97 
115 

60 
79 

69 

80 

73 
39 
67 

27 
15 
18 

183 

132 
,103 

84 
88 
66 

79e 



BuQa Benzyl Puntunalate, rnP.TR 458 n0-7 

TAlBElE @2 

~~nduc~ion ~esisuamcs: C~UUS I P M M ~ U ~ 
off ~ r i t ~ u o r o ~ h p i ~ ~ e  in u n 7 m  owe ~~ymp~omsn  by raauuyn ~ e n y ~  
(continued) 

RelativeCloning 
Compound Concentration TotalEficiencyGrowth 

(n!L/mIL) (%I 

Trial 3 
-$9 (continued) 

Ethanol 

92 
88 
83 
67 

94 
117 
110 
79 

Methylrnethanesulfonate gd 

54 
49 
58 

32 
30 
26 

Butylbenzylphthalate10 
79 
61 

72 
69 

20 
94 
79 

39 
61 

30 

67 
90 
86 

36 
27 
39 

40 

95 
65 
54 

43 
17 
24 

60f 
99 
95 

101 

30 
33 
32 

80 
68 
60 

14 
11 

Mutant 

Count 


82 
6 6 .  


70 
80 

432 
567 
638 

60 

90 

78 
110 

127 
114 
86 

79 
68 

110 

135 
115 
102 

94 
106 

Mutant 

Fraction 


41 
27 
26 
29 

248 
384 
398 

33 
38 

33 
39 

49 
42 
43 

49 
35 
39 

45 
40 

34 

52 
52 

Average 
Mutant 
Fraction 

31 

343= 

35 

36 

45 

41 

40 


52e 
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'rmEc 2  
Induction of Trifluorothymidine ResistanEe in L5178Y Mouse Lymphoma Cells by Butyl Benzyl Phthalate 
(continued) 

AverageMutantMutantRelativeCloning 

CompoundConcentrationTotal Growth Fraction
Efficiency CountMutant 

(nL/mL) (%I (%I Fraction 

-s9 (continued) 
Trial 4 


Ethanol 105 109 ' 62 20 

68 89 80 26 

95 99 70 24 
82 99 113 28 24 

Methylmethanesulfonate gd 

83 
88 
76 73 

93 
69 

617 
780 
791 318 

295 
27 1 

295e 

Butyl benzyl phthalate 10 

79 
89 
73 48 

66 
72 

35 
46 
49 21 

17 
16 

18 

20 

76 
87 
72 

50 
64 
53 

53 
54 
41 

23 
21 
19 

21 

30 

!x2 
82 
95 

20 
20 
22 

57 
61 
49 

21 
25 
17 

21 

40 
Toxic 
Toxic 



104 
80 
82 

104 

153 
69 
76 

103 

164 
138 
222 
195 

52 
57 
91 
62 

66 

Methyl cholanthrene 22id 

41 
41 
49 

10 
19 
27 

693 
683 
768 

568 
562 
521 

550e 

Butyl benzyl phthalate 30 

80 
77 
80 

86 
63 
76 

158 
203 
150 

66 
88 
63 

72 

40 

80 
78 
78 

113 
59 
73 

104 
149 
116 

44 
64 
50 

52 

50 

79 
75 
83 

65 
50 
82 

101 
123 
128 

42 
55 
52 

50 

6 0 f  

74 
81 
96 

67 
52 

5a 165 
198 
206 

75 
81 
71 

76 

80 

ao 

7a 
76 

62 
55 
51 

184 
169 
195 

77 
74 
84 

78 

100 

79 
73 
79 

47 
53 
58 

186 
147 
190 

78 
67 
80 

75 
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TABLE c 2  

'Average Mutant CloningMutant Relative 

Compound
Concentration.MutantEfficiencyCountTotalGrowthFraction 

(nL/mL) (%) Fraction 

+S9 (continued) 

Tuial2 


Ethanol 	 75 106 112 50 
86 104 73 28 
90 101 107 40 
78 89 104 45 41 

Methyl cholanthrene 2.5d 	 69 50 602 291 
76 58 631 277 
64 48 687 359 309= 

Butyl b e n z y l  phthalate 30 	 64 65 95 50 
60 59 76 42 
74 64 69 31 41 

40 	 94 81 94 33 
86 57 137 53 
83 66 77 31 39 .. 

50 	 93 59 103 37 
96 67 122 42 
85 77 94 37 39 . , 

. I
60' 	 82 I 54 92 38 

93 73 11 1  40 

71 . 68 89 42 40 

80 	 99 61 121 41 
83 69 90 36 
92 80 109 39 39 

100 92 42 99 36 

102 60 98 32 

88 45 96 36 35 


a Study performed at Litton  Bionetics, Inc. The detailed protocoland these data are presented in Myhr and Caspary (1991). 
Mutant fraction  (MF) (frequency) isa ratio  of the mutant count to the cloning efficiency, divided by 3 (to arrive at MF/106cells treated). 
Mean from  three replicate platesof approximately 106 cells each 

r' Chemicalwasused 	 as a positive  control, and thedoseispresentedas pglmL. 
e Significant positive response(PsO.05)
f. Precipitate formed at this dose level. 



-$9 
Trial 1 
Summary:Equivocal 

Dimethylsulfoxide 50 1,045 480 0.45 9.6 26.0 

232.5031.9Triethylenemelamine 0.015 50 1,045 . 1,596 1.52 26.0 

Butyl benzyl phthalate 0.40 50 1,047 549 0.52 11.014.16 
568 0.54 11.4 26.0 18.22 

26.0 
. 1.25 50 1,046 

4.00 50 1,046 566 0.54 11.3 26.0 17.80 

P = o . m C  

Summary:Negative 
Trial 2 

Dimethylsulfoxide so 1,043 460 0.44 9.2 26.0 

Triethylenemelamine 0.01550 1,048 1,482 1.41 29.6 26.0 220.64 

Butyl benzyl phthalate 0.40 50 1,046 481 0.45 9.6 26.0 4.21 
1.25 SO 1,052 469 0.44 9.4 26.O 1 .08 
4.00 50 1,048 405 0.38 8. I 26.0 -12.38 

12.50 25 523 219 0.41 8.8 26.0 -5.06 
12.50 25 519 230 0.44 9.2 28 .O 0.48 

PsO.934 

+s9 
Summary:Negative 

Dimethylsulfoxide 	 50 1,042 420 0.40 8.4 26.0 

Cyclophosphamide 1 50 1.036 1,711 1.65 34.2 26.0 309.74 

Butyl benzyl phthalate 125' 50 1.034 466 0.45 9.3' 26.0 11.81 
40 50 1.040 466 0.44 9.3 26.0 11.16 

1,250 50 1.039 410 0.39 8.2 26.0 -2.10 

P=O.618 

a 	 Study performed at Columbia  University. The detailed protocol and these data are presented in Galloway et ai. (1987). SCELsister 
chromatid exchange; BrdU=bromodeoxyuridine. 
SCEs/chromosomein treated cells versus SCEskhromosomein solvent control cells 
Significanceof SCEskhromosome tested  by the linear  regression trendtest vs. log of the dose 
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> 

TABLEC4 
Induction of Chromosomal AbeiTations in Chinese Hainster OvaryCells by Butyl Benzyl Phthalatea 

Dose 

Scored
&g/mL)Cells 

Total 
-

No. of 
Abs 

Abs/ 
Cell 

Cells with 
Abs'(%) 

Scored 
(Icg/mL) 

Dose 
Cells Abs 

+s9  
Total, No. of 

Cell 
Abs/ 

Abs (%) 
Cells with , ' 

Summary:Negative 
Harvesttime: 14.0 hours 

Dimethylsulfoxide 
100 1 0.01 1.o 

Summary:Negative 
Harvesttime: 14.0hours 

Dimethylsulfoxide 
100 1 0.01 1.o 

Triethylenemelde Cyclophosphamide 
15 100 54 0.54 35.0 	0.15 100 31 0.31 25.0 

Butyl benzyl phthalate . 	 Butyl b e n z y l  phthalate 
125 100 1 0.01 1.o 125 100 2 0.02 2.0 

"400 100 2 0.02 2.0 	 400 100 3 0.03 3:O 
1,250 100 1 0.01 1.o 

P=0.41gb 

1,250100 1 0.01 
. . 

1.o 
, I 

P=O.431 

a 	 Study performed at Columbia University. The detailed protocol and these data are  presented in  Galloway et al. (1987). Abs=aberrations. 
Significance of percentcells with aberrationstested by the  linear regression trend test vs. log of the dose 

\ 

, 	 I . .  

TABLEC5 

hduction of Sex-Linked Recessive Lethal Mutations inDrosophila helanogarter ' 


iby Butyl  Benzyl Phthalatea 

Route of Dose Incidence of No. of LethalslNo. of X Chromosomes Tested 
Exposure (ppm) Death (7%) Mating 1 Mating2 Mating 3 Totalb 

Feed 0 0/1.148 0/1,126 011.019 013,293 (0.00%)' 
10,Ooo 40 111,122 111,090 3/1,107 513,319 (0.15%) 

Feed 0 3/1.058 111,038 21992 613,088 (0.19%)' 
50,Ooo 10 01828 01835 11692 112,355(0.04%) 

Injection 0 	 212,071 311,897 111.581 
500 10 	 1/2,007 . . 211,930 

615,549 (0.11%) 
211.933 515,870 (0.09%) 

a Study performed at University of Wisconsin, Madison, The detailed protocol and these data are presented in Valencia et al. (1985). After 
17days, presumptive lethal mutations were identified as vialscontaining no wild-type males; the parental flies were retested. Results were 
not significant at the 5% level (Margolinet al., 1983). 

' c : o m b d  total number of lethal mutations/mber of X chromosomes tested for threemating trials 
' P=O.419 for pooled data from both feed studies. 
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TABLE c 7  
Induction of Chromosomal Aberrationsin Mouse Bone Marrow Cells by  Butyl Benzyl Phthalatea 

Dose 
(mgkg) 

Total 
Cells 

No. of 
Abs 

Abs/ 
Cell 

Cells &th" 
Abs (%) 

Dose 
(mglkg) 

Total 
,Cells 

No. of 
Abs 

Abs/ 
Cell 

Cells with 
Abs (%) 

' I 

Trial 1 - Harvewtime: 17hours '; . Trial 2 - Harvest time: 17 hours' 

Corn oilb Corn oil 
400
0.01 

Dimethylbenzanthracenec Dimethylbenzanthracene 
100 400 . 11.6 0.13 11S O  100 400 16.4 0.18 14.00 

Butyl b e n z y l  phthalate Butyl benzyl phthalate 
400 2.4 '0.02 . . 1.50 400 4.0 0.02 2.251,250 2,500, 


2,500 400 0.8 0.01 . 0.75 3,750 400 2.3 0.02 2.00 

5,Ooo 400 3.4 0.04 3.25* 5,OOO 400 6.6 0.05 4.25** 


P=0.003d P=O.003 

Trial 3 - Harvest time: 36 hours 

Corn oil 
400 0.5 0.0 0.25 

Dimethylbenzanthracene 
400
0.89 26.75 

400 
0.75 2.3 1.6 0.01 1.OO 

100 56.1 

Butyl benzyl phthalate 
400 1.0 1S O  1,250 0.01 

2,500 400
0.00 
5,Ooo 400 

0.25 0.4 
0.500.5 

P=O.464 

* Positive(P=O.O06) 

eight animalsper treatment group. 
Solvent control 
Positive control 
One-tailed trend agalysis (Margolinet ul., 1986); significant at P=O.025 

0.01 
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TABLEID1 
Organ Weights and Organ-Weight-to-Body-Weight Ratios forMale.Rats in the 10-Week Modified  Mating Study 
of Butyl Benzyl Phthalatea 

n 

Necropsy body wt 

Brain 
Absolute 
Relative 

Heart 
Absolute 
Relative 

R.Kidney 

15 

317 f 4' 

1.924 f '0.017 
6.08 f 0.07 

1.067 f 0.032 
3.37 f 0.09 

300 'ppm 

15 


315 f 4 


1.925 f 0.017 
6.12 f 0.08 

1.032 f 0.026 
3.27 f 0.07 

2,800 ppm 

15 


310 f 4 


1.903 f 0.013 
6.15 f 0.08 

1.057 f 0.026 
3.41 f 0.09 

25,000 ppm 

15 


225 f 5** 


1.880 f 0.019 
8.38 f 0.13** 

0.845 f 0.027** 
3.75 f 0.11** 

Absolute 1.231 f 0.028 1.206 f 0.026 1.269 f 0.029 0.926 f 0.023** ', 

Relative 3.89 f 0.07 3.84 f 0.11 4.09 f 0.08 4.11 f 0.07 
Liver 

Absolute 13.207 f 0.264 13.394 f 0.230 13,170f 0.230 9.987 f 0.276** 
Relativi: 41.67 f 0.51 42.51 f 0.63 42.44 f 0.44 44.28 f 0.62** 

Absolute
Lung 

1.407 f 0.036 1.473 f 0.040 1.423 f 0.040' 1.141 f 0.036** 
Relative 4.45 f 0.12 4.68 f 0.14 4.60 f 0.15 5.07 f 0.15** 

Prostate Gland 
Absolute 0.609f 0.058 0.614 f 0.061 0.604 f 0.050 0.276 f 0.034** 
Relative 1.93 f 0.19 1.95 f 0.20 1.94 f 0.15 1.23 f 0.15* 

Seminal Vesicle 
Absolute 1.517 f 0.081 1.290 f 0.081 1.333 f 0.078 1,035 f 0.059** 
Relative 4.80 f 0.27 4.09 f 0.25 4.29 f 0.24 4.58 f 0.22 

R. Testis 
Absolute 1.497 f 0.017 1.378 f 0.081 1.502 f 0.019 0.442 f 0.014** 
Relative 4.73 f 0.06 4.36 f 0.25 4.85 f 0.06 1.97 f 0.06** 

Absolute 
Thymus 

0.277 f 0.012 0.293 f 0.017 0.271 f 0.009 0.239 f 0.010 
Relative 0.87 f 0.04 0.92 f 0.05 0.87 f 0.03 1.07 f 0.05** 

, I 
 ,. .* Significantly different (PsO.05) from the control group by Williams' or Dunnett's test 
** PiO.01 
a Organ weights (absolute weights) and body weights are given in grams; organ-weight-to-Wy-weight ratios (relative weights) are'given as mg organ 

weight/g body weight (mean f standard error). 
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n 12 14 14 14 15 11 

Necropsy body wt 367 f 16 386 f 5 4OOf6 369 f 8 376 f 7 249 f 13'" 

Brain 
Absolute 1.966 f 0.031 2.068 f 0.018" 2.081 f 0.012'" 2.030 f 0.023 2.033 f 0.018 1.916 f 0.040 
Relative 5.46 f 0.22 5.37 f 0.08 5.22 f 0.07 5.53 f 0.09 5.43 f 0.11 7.98 f 0.52" 

Heart 

Relative 
Absolute 

3.24 f 0.14 
1.182 f 0.056 

3.06 f 0.09 
1.179 f 0@9 

3.07 f 0.10 
1.226 f 0.039 

3.10 f 0.09 
1.139 f 0.034 

3.03 f 0.08 
1.140 f 0.036 0.796 f 0.035" 

3.24 f 0.09 

Absolute 
R.Kidney 

1.277 f 0.114 1.281 f 0.039 1.365 f 0.031 1.249 f 0.037 1.422 f 0.045 1.021 f 0.058* 
Relative 3.50 f 0.27 3.32 f 0.09 3.42 f 0.06 3.41 f 0.12 3.77 f 0.09 4.13 f 0.12'4 

Liver 
Absolute 12.181 f 0.531 13.017 f 0.199 13.759 f 0.382 12.599 f 0.333 14.261 f 0.349" 11.782 f 0.757 
Relative 33.24 f 0.46 33.76 f.0.36 34.40 f 0.66 34.16 f 0.55 37.92 f 0.71" 47.23 f 1.23'4 

Absolute
Lung 

1.570 f 0.059 1.726 f 0.053 1.745 f 0.046 1.648 f 0.036 1.638 f 0.042 1.147 f 0.045" 
Relative 4.30 f 0.09 4.47 f 0.10 4.37 f 0.09 4.48 f 0.09 4.36 f 0.10 4.69 f 0.15 

Prostate Gland 
Absolute 0.768 f 0.0% 0.812 f 0.105 0.579 f 0.043 0.799 f 0.084 0.731 f 0.091 0.504 f 0.099 
Relative 2.05 f 0.21 2.10 f 0.27 1.44 f 0.09 2.19 f 0.24 1.93 f 0.23 1.96 f 0.37 

Seminal Vesicle 
Absolute 1.387 f 0.105 1.654 f 0.103 1.798 f 0.048' 1.489 f 0.114 1.538 f 0.089 0.979 f 0.1044 
Relative 

R. Testis 
3.78 f 0.25 4.31 f 0.29 4.51 f 0.13 4 . 0  f 0.26 4.11 f 0.25 3.85 f 0.29 

Absolute 1.517 f 0.043 1.581 f 0.016 1.619 f 0.029 1.559 f .  0.027 1.594 f 0.024 0.457 f 0.026" 
Relative 4.18 f 0.12 4.11 f 0.06 4.06 f 0.08 .. 4.24 f 0.09 4.25 f 0.08 1.86 f 0.09** 

Absolute 
Thymus 

0.251 f 0.023 0.263 f 0.013 0.381 f 0.115 0.259 f 0.015 0.281 f 0.017 0.182 f 0.015 
Relative 0.67 f 0.04 0.68 f 0.03 0.98 f 0.32 0.71 f 0.04 0.75 f 0.05 0.74 f 0.05 

, . 

Significantly different (PsO.05) from the control group by Williams' or.Dunnett's test 
** PsO.01 
a Organ weights (absolute weights) andbody weights are given  in grams; organ-weight-to-body-weightratios (relative weights) are given asm g organ 

weight/g body weight (mean f standard error). 
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TABLED3 
Organ Weights and Organ-Weight-to-Body-Weight Ratiosfor Rats at the 15-Month Interim Evaluation 
in the %-YearFeed Studyof Butyl Benzyl Phthalatea 
P 

0 PPm 3,000 ppm 6,000 ppm 12,000 ppm 

Male 

n 10 10 10 10 

Necropsy body wt 458 f 10 4 6 o f 7  430 f 9* 416 f 8** 

R.Epididymis 
Absolute 0.428 f 0.016 0.457 f 0.023 0.473 f 0.021 0.433 f 0.009 
Relative 0.93 f 0.02 0.99 f 0.05 1.10 f 0.05* 1.04 f 0.02* 

R.Kidney 
Absolute 1.608 f 0.045 1.767 f 0.054 1.667 f 0.038 1.706 f 0.048 
Relative 3.52 f 0.10 3.83 f 0.08* 3.88 f 0.07** 4.10 f O.OS** 

Liver 
Absolute 15.463 f 0.524 16.120 f 0.482 15.479 f 0.382 15.761 f 0.483 
Relative 33.75 f 0.92 35.00 f 0.83 .36.00 f 0.55 37.82 f 0.78** 

R. Testis 
Absolute .1.638 f 0.122 1.820 f 0.180 1.580 f 0.106 1.771 f 0.165 
Relative 3.62 f 0.36 3.97 f 0.41 .3.69 f 0.27 4.27 f 0.42 

0 PPm 6,Ooo PPm ppm ’ 24,OOO ppm12,OOO 

. .Female 

n 10 . 10 10 10’ 

Necropsy body wt 279 f 7 279 f 6 282 f 5 215 f 4** 

R.Kidney 
Absolute 0.931 f 0.022 1.004 f 0.025 1.013 f 0.022* 0.868 f 0.019 
Relative 3.34 f.O.07 3.61 f 0.12 3.59 f 0.05 4.04 f 0.12** 

Liver 
Absolute 8.629 f 0.189 8.785 f 0.230 9,301 f 0.305 8.377 f 0.153 
Relative: 31.01 f 0.81 31.58 f 0.90 33.00 f 1.01 38.96 f 0.57** 

. .  
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TABLEEl 
Hematology Datafor Male Rats in the 10-Week Modified Mating Studyof Butyl Benzyl Phthalatea 

n 

Hematocrit (%) 
Hemoglobin (g/dL) 
Erythrocytes (106/pL) 
Reticulocytes (106/pL) 
Mean cell volume (fL) 
Mean cell hemoglobin (pg) 
Mean-cell hemoglobin  concentration (g/dL) 
Platelets ( 1 . 0 ~ 1 ~ ~ )  
Leukocytes (103/pL) 
Segmented neutrophils (103/pL) 
Lymphocytes (l@/pL) 
Monocytes (103/pL) 
~osinophils ( 1 0 ~ 1 ~ ~ )  

* Significantly different (Pr0.05) from the control group by Dunn's or Shirley's test 
** P50.01 
a Mean f standard error. Statistical tests were performed on unrounded data. 

n=9 
n = l l  
n=12 

e n=14 
f n=7 . . 
g . .n=10 ' . 

14 15 15 15 

39.9 f 0.5 39.8 f 0.6 40.7 f 0.5 38.2 f 0.6 
16.1 f 0.2 16.0 f 0.1 16.3 f 0.2 15.5 f 0.2 
8.20 f 0.09 8.22 f 0.10 8.41 f 0.09 7.25 f 0.11** 
0.12 f 0.01b 0.12 f 0.O2c 0.15 f 0.01' 0.18 f 0.02d 
48.7 f 0.1 48.4 f 0.1 48.3 f 0.1 52.7 f 0.2** 
19.7 f 0.1 19.5 f 0.1 19.4 f 0.2 : 21.5 f 0.2** 
40.4 f 0.3 40.3 f 0.3 40.1 f 0.4 , 40.7 f 0.3 

755.1 f 10.8 738.5 f 15.2 ' 786.3 f 14.5 963.5 f 24.2** 
7.36 f 0.23 7.50 f 0.26e 7.58 f 0.23 6.51 f 0.21 
1.33 f 0.12b 1.14 f O.OSf 1.31 f O.llg 1.12 f 0.05d 
6.29 f 0.22b 6.83 f 0.19f 6.47 f 0.299 5.38 f 0.24d 
0.08 f 0.02b 
0.04 f 0.O2b 0.04 f omf 

0.01 f 0.01*f 
0.05 f 0.02g 
0.04 f 0.03g 0.05 f O . m d  

0.04 f omd 

. .  . . . 



n 13 14 15 14 15 11 

Hematocrit (%) 
Day 30 43.3 f l.Ob 42.7 f O.Sb 45.0 f 0.7 43.8 f l . lb  42.3 f 0.8 40.0 f l . l b  

Day 120 
Day 90 
Day 60 

39.8 f 1.1 
35.5 f 0.6 
37.9 f 0.7' 

40.9 f 0.4 
37.1 f 1.2 
38.1 f 0.6 

40.7 f 0.7 
35.6 f 1.1 
38.1 f 0.5 

40.2 f 0.4 
36.2 f 0.8 
37.9 f 0.3b 

39.0 f 0.5 
34.6 f 0.8 
36.8 f 0.4 

31.7 f 1.3* 
36.4 f OS* '  

d-
Day 150 39.5 f 1.1 40.6 f 0.7 39.7 f 0.5' 38.3 f 0.9 38.5 f 0.6e -
Day 180 37.8 f 0.9f 38.6 f 0.9 39.5 f 0.8' 38.4 f 1.0 37.6 f 0.9' 34.5 f 0.7 

Hemoglobin (gldL) 

Day 60 
Day 30 

15.3 f 0.2' 
16.2 f 0.4b 

15.5 f 0.2 
15.7 f 0.3b 

15.5 f 0.2 
16.8 f 0.3 

15.6 f O.lb 
16.2 f 0.3b 

15.3 f 0.1 
16.2 f 0.3 

15.6 * 0.2' 
15.9 f 0.4b 

Day 120 
Day 90 

15.5 f 0.4 
14.2 f 0.2 

15.9 f 0.2 
14.6 f 0.4 

15.9 f 0.3 
14.2 f 0.5 

15.8 f 0.2 
14.4 f 0.2 

15.5 f 0.2 
14.1 f 0.3 13.0 f 0.6 

-

Day 180 
Day 150 

14.5 f 0.3f 
15.4 f 0.4 

14.8 f 0.3 
15.8 f 0.2 

15.1 f 0.3' 
15.4 f 0.2' 

14.7 f 0.4 
15.0 f 0.3 

'14.7 f 0.3 
15.3 f 0.2' -

13.7 f 0.3 
Erythrocytes (106/pL) 

Day 90 
Day 60 
Day 30 

7.20 f 0.14 
7.50 f 0.11' 
8.02 f 0.20b 

7.39 f 0.20 
7.61 f 0.14 
7.95 f 0.16b 

7.15 f 0.24 
7.57 f 0.09 
8.33 f 0.13 

7.22 f 0.09 
7.54 f 0.07b 
7.99 f 0.18b 

6.89 f 0.17 
7.23 f 0.05* 
7.83 f 0.14 

6.07 f 0.27** 
6.71 f 0.09**' 
7.22 f 0.20**b 

Day 150 
Day 120 

7.97 f 0.22 
8.05 f 0.21 

8.20 f 0.13 
8.28 f 0.08 

8.02 f 0.09' 
8.17 f 0.12 

7.74 f 0.17* 
8.13 f 0.09 7.81 f 0.09* 

7.74 f 0.11' 
-
-

Day 180 7.71 f 0.17f 7.90 f 0.19 8.06 f 0.16' 7.81 f 0.22 7.67 f 0.19' 6.69 f 0.13** 
Reticulocytes(106/pL) 

Day 90 
Day 60 
Day 30 

0.15 f 0.01 
0.12 f 0.02' 
0.09 f 0.01b 0.10 f 0.01b 

0.20 f 0.02 
0.17 f 0.03 

0.17 f 0.02 
0.13 f 0.02 
0.06 f 0.01 

0.14 f 0.01 
0.15 f O.Olb  
0.09 f 0.01b 

0.14 f 0.02 
0.13 f 0.02 
0.11 f 0.01 

0.26 f 0.03* 
0.20 f om*'
0.10 f0.01b 

Day 120 0.10 f 0.02 0.10 f 0.01 0.09 f 0.01' 0.10 f 0.02e 0.11 f 0.01 -
Day 150 0.15 f 0.02 0.15 f 0.01 0.13 f 0.02' 0.15 f 0.01 0.14 f 0.01' -
Day 180 0.15 f O.Olf 0.15 f 0.01 0.14 f 0.02' 0.12 f 0.02 0.14 f 0.02' 0.17 f 0.03 

Mean cell volume (fL) 
Day 30 54.0 f 0.3b 53.7 f 0.2b 53.9 f 0.3 54.7 f 0.3b 53.9 f 0.2 55.3 f 0.3**b 

Day 90 
Day 60 

49.3 f 0.3 
50.5 f 0.5' 

50.1 f 0.5 
50.1 f 0.4 

49.8 f 0.4 
50.3 f 0.4 

50.1 f 0.6 
50.2 f 0.2b 

50.2 f 0.2* 
50.9 f 0.5  

52.4 f0.3** 
54.2 f 0.3**' 

Day 120 49.4 f 0.2 49.4 f 0.2 49.7 f 0.3 49.5 f 0.2 49.9 f 0.2 -
Day 150 49.6 f 0.2 49.5 f 0.3 49.5 f 0.2' 49.6 f 0.2 49.7 f 0.1e -
Day 180 

Mean cell hemoglobin (pg) 
49.0 f 0.4f 48.8 f 0.2 49.0 f 0.2' 49.2 f 0.2 49.0 f 0.1 51.6 f 0.1** 

Day 30 20.3 f O.lb 19.8 f O. lb  20.2 f 0.1 20.3 f O.lb  20.7 f 0.2 22.0 f 0.2**b 
Day 60 20.5 f 0.1' 20.3 f 0.2 20.5 f 0.1 20.7 f O.lb 21.1 f 0.2** 23.3 f 0.2**' 

Day 120 
Day 90 

19.2 f 0.1 ' 
19.8 f 0.1 

19.2 f 0.0 
19.8 f 0.1 

19.5 f 0.1* 
20.0 f 0.2 

19.4 f 0.1* 
20.0 f 0.1 

19.9 f 0.1** 
20.4 f 0.1** 21.4 f 0.1** 

-
Day 150 19.4 f 0.1 19.3 f 0.1 19.3 f 0.1' 19.5 f 0.1 19.8 f0.1**' -
Day 180 18.8 f O.lf 

Mean cell hemoglobin concentration ( g k )  
18.7 f 0.1 18.7 f 0.1' 18.8 f 0.1 19.1 f 0.1*' 20.5 f 0.2** 

Day 30 37.5 f 0.3b 36.9 f 0,3b 37.4 f 0.3 31.2 f 0.3b 38.4 f 0.4 39.8 f 0.3**b 

Day 150 
Day 120 
Day 90 
Day 60 

39.1 f 0.2 
38.9 f 0.1 
40.1 f 0.2 
40.5 f 0.3' 

39.1 f 0.2 
38.8 f 0.1 
39.5 f 0.5 
40.6 f 0.2 

38.9 f 0.2' 
39.2 f 0.1 
40.1 f 0.2 
40.6 f 0.2 

39.3 f 0.2 
39.2 f 0.2 
40.0 f 0.6 
41.3 f 0.2*b 

39.6 f O.l*e 
39.9 f 0.2** 
40.7 f 0.1 
41.5 f 0.3* 

40.9 f 0.2** 
43.0 f 0.4**' 

-
-

Day 180 38.4 f 0.2f 38.4 f 0.2 38.2 f 0.2' 38.4 f 0.2 39.0 f 0.2*' 39.8 f 0.3** 
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. ., . .. . ,..14 15 14. ,,. 15 1 1  

platelets ( 1 0 ~ 1 ~ ~ )  
Day 30 914.9f 27.4b 892.3 f 17.3b 881.8f 33.5 926.9f 26.5b 954.6f 19.7869.9 f 16.2b 
Day 60 743.1 f 26.9' 748.8 f 20.1 735.5f 22.7 757.3f 16.4b 731.8 f 9.5714.9 f 30.0' 
Day 90 767.5 f 12.6 740.9 f 18.4 751.7 f 21.9 707.8f 11.1* 743.1 f 11.8' 734.6 f 28.6 

Day 120 676.4 f 17.4 718.1 f 21.3 713.9 f 21.4 719.7 f 15.0 709.7 f 23.8 -

Day 150 694.2f 25.9 679.2f 21.8 699.6f 16.5' 695.9f 14.8 704.9f 16.5 -

Day 180 636.8f 15.5f 659.4f 13.0 656.6f 13.5' 650.7f 14.2 676.1 f 9.7685.0 f 12.7 


Leukocytes (IO?~L) 
Day 30 7.67f 0.39b 7.74f 0.36b 7.78 f 0.40 '7198f 0.36b 7.88 f 0.34'8.96 f 0.34b ' ' 

Day 60 9.24f 0.25' 8.42f 0.17 9.16f 0.31 8.57f 0.32b 8.43 f 0.269.57 f 0.37'~ 
Day 90 8.24 f 0.38 8.34f 0.25 8.60.f 0.33 7.81 f 0.25 .8.07f 0.188.44 f 0.36 
Day 120 8.12 f 0.36 8.72f 0.23 8.33 f 0.27 8.12f 0.22 8.28 f 0.29 -
Day 150 9.39 f 0.41f  9.07f 0.31 9.30f 0.52' 8.84 * 0.23 9.37f 0.27 -
Day 180 8.58 f 0.19' 8.88f 0.21 8.83 f 0.42' 9.45f 0.48 9.25f 0.33 9:25, f 0.28 

Segmented neutrophils (103/pL) 
*Day-30 0.94 f 0.13b 0.89 f O.oSb 0.91 f 0.08 1.00 f 0.09b 0.92 f 0.10' . 0.87f O.llb 


Day 60 1.60 f 0.17' 1.33 f 0.12 1.40f 0.11 1.41 f 0.08b 1.19 f 0.08 0.99 f 0.10**' 

Day !N 1.50f 0.12 1.50f 0.13 1.48 f 0.16 '1.36f 0.18 1.58 f 0.131.34 f 0.08 

Day 120 1.47 f 0.13 . 1.75 f 0.12 1.37 f 0.10 1.49 f 0.15 1.58 f 0.11 -

Day 150 1.75 f 0.16f 1.40f 0.12 1.71 f 0.11' 1.60 f.0.14 1.82f 0.17 -


'Day 180 1.53 f 0.19f' 1.80 f 0.11 1.47f 0.12' 2.04 f 0.18 2.01 f 0.121.50 f .0.09 
Lymphocytes (103/pL). 

Day 30 
~ 

. 6.60f 0.40b 6.72f 0.34b 6.72f 0.38 6.83f 0.37b 6.83 f 0.29'7.96 f '0.29**b 
Day 60 7.32f 0.16' 6.86f O i l 5  7.50f 0.26 6.99 f 0.30b 7.07f 0.23 8.39 f 0.29' 
Day 90 6.39 f 0.32 . 6.52f 0.20 6.78f 0.28 6.21 f 0.25 6.20f 0.126.77 f 0.36 
Day 120 6.51 f 0.35 6.76f 0.13 6.76 f 0.25 6.47f 0.19 6.57f 0.27 -
Day 150 7.45f 0.32' 7.51 f 0.25 7.38 f 0.49' 6.95 f 0.23 7.43 f 0.25 -
Day 180 6.84f 0.24' 6.90f 0.19 7.19 f 0.36' 7.23f 0.40 7.06 f 0.327.47 f 0.25 

M%oiyte.s (i03/pL) , .
Day 30, 0.07 f O.(nb 0.07f 0.01 
Day 60.'


0.09 f 0.02b 
 0.07 f 0.02b 0.07f 0.02' 0.09f O . m b  
0.11 f 0.03' 0.06 f 0.01 0.12 f 0.03 0.08 f O.CQb 0.09 f 0.030.10 f 0.03'~ 

Day 90 0.17 f 0.04 0.12 f 0.02 0.15 f 0.03 
Day 120 0.02 f 0.01 0.06 f 0.03 0.04f 0.01 
Day 150 0.09f 0.02f 0.04f 0.02 0.04f 0.02' 
Day 180 0.08 f 0.03f 0.06 f 0.02 0.04 f 0.01' 

Eosinophils (10~1~~) 
Day 30 0.03 f 0.019. 0.06 f 0.01b 0.07f 0.02 
Day 60 0.10 f 0.02' 0.10 f 0.03 0.07 f 0.02 
Day 90 . .  0.14 f 0.03 0.11 f 0.03 0.12f 0.02 
Day 120 0.10f 0.03 0.11 f 0.03 0.15 f 0.03 
Day 1SO 0.08 f 0.03f 0.11 f 0.03 0.14 f 0.03' 
Day 180 0.11 f 0.03f 0.11 f 0.03 0.09 f 0 . 0 2 c  

. .  

* Significantly different (PsO.05) from the control group by DUM'S or Shirley's test 
** P r O . O 1  . , 

a Mean f standard error, Statistical tests were performed on unrounded data. - , .n=15

' n=14 

Not measured at this time point 
e n=13 
f n=12 


0.10f 0.02 

0.04f 0.02 

0.11 f 0.02 

0.06 f:O.02 


-0.06 f omb 
0.05 f 0.02*b 
0.12 f 0.03 

0.09f 0.02 

0.16 & 0.04 
q.10 f 0.02 


,, , .I..( . . , .,. 

0.10f 0.02 

0.05 f 0.02 

0.02f 0.01 

0.05 f 0.02 


0.07 f 0.03'0.04 

0.05 f O.02* 
0.12 f 0.04 

0.09f 0.02 

0.09 f 0.02 

0.12 f 0.040.11 


, . 

0.16 f 0.03 
-
-

0.15 f 0.07 


f O.Olb 

0.05 * 0.02' 
0.12 f 0.03 


-
-
f 0.04 


. . 

.' .I . 

=... . . ._ 



Male 

Hematology 

6 Months 

n 

Hematocrit (%) 

Hemoglobin (gldL) 

Erythrocytes (106/pL) 

Reticulocytes (106/pL) 

Nucleated erythrocytes(103/pL) 

Mean cell volume(a)

Mean cell hemoglobin (pg) 

Mean cell hemoglobin 


concentration (gldL) 
Platelets ( ~ o ~ / ~ L )  
Leukocytes (1dlpL) 
Segmented neutro hils (1dlpL)PLymphocytes (10 lpL) 
Atypical lymphocytes(1dlpL) 
Monocytes (1dlpL) 
Eosinophils (103/pL) 

15 Months 

n 

Hematocrit (%) 

Hemoglobin (gldL) 

Erythrocytes (106/pL) 

Reticulocytes (106/pL) 

Nucleated erythrocytes(1dlpL) 

Mean cell volume(E) 

Mean cell hemoglobin(pg) 

Mean cell hemoglobin 


concentration (gldL)
Platelets ( 1 0 ~ 4 ~ )  
Leu!xocytes (ld/pL) 
Segmented neutro hils (l$/pL) 
Lymphocytes (10PlpL) 
Atypical lymphocytes(ld/pL) 
Monocytes ( ~ d l p ~ )  
~ ~ ~ i n ~ p h i l ~( 1 0 ~ 1 ~ ~ )  

10 

47.1 f 0.4 
15.2 f 0.1 
9.28 f 0.08 
0.11 f 0.01 
0.08 f'O.03 
50.8 f 0.3 
16.4 f 0.1 

32.3 f 0.2 
594.8 f 12.5 
10.58 f 0.38 
1.85 f 0.24 

" 8115 f 0.24 
0.00 f 0.00 
0.32 f 0.06 
0.26 f 0.05 

9 

42.8 f 0.7 
14.3 * 0.2 
8.40 f 0.13 
0.13 f 0.02 
0.20 f 0.10 
51.0 f.O.4 
17.0 -f0.1 

33.3 f 0.3 
731.6 f 36.9 
8.29 f 0.55 
3.26 f 0.39 
4.64 f 0.33 
0.00 f 0.00 
0.27 f 0.03 
0.11 f 0.04 

3,000 ppm 

10 

47.7 f 0.5 
15.3 f 0.1 
9.31 f 0.07 
0.09 f 0.01 
0.03 f 0.02 
51.3 f 0.3 
16.4 f 0.1 

32.1 f 0.1 
586.3 f 10.9 
9.99 f 0.35 
1.77 f 0.15 
7.92 f 0.36 
0.00 f 0.00 
0.22 f 0.06 
0.09 f 0.04* 

10 

45.1 f 0.8 
15.0 f 0.3 
8.75 f 0.15 
0.12 f 0.01 
0.04 f 0.03 
51.5 f 0.3 
17.2 f 0.1 

33.3 f 0.2 
715.4 f 18.2 
8.59 f 0.74 
3.23 f 0.27 
4.80 f 0.49 
0.0 f 0.00 
0.41 f 0.09 
0.14,f 0.05 

6,QOQppm 

10 

46.7 f 0.5 
15.0 f 0.1 
9.13 f 0.08 
0.11 f 0.02 
0.07 f 0.03 
51.2 f 0.2 
16.5 f 0.1 

32.1 f 0.1 
595.9 f 22.2 
10.38 f 0.57 
2.04 f 0.19 
7.80 f 0.48 
0.00 f 0.00 
0.44f 0.10 
0.09 f 0.02 

10 

44.0f 0.4 
14.6 f 0.1 
8.58 f 0.08 
0.13 f 0.01 
0.04 f 0.02 
51.3 f 0.3 
17.1 f 0.1 

33.2 f 0.1 
723.4 f 24.9 

8.05 f 0.59 
3.47 f 0.37 
4.12 f 0.36 
0.00 f 0.00 
0.32 f 0.07 
0.13 f 0.05 

12,QQQppm 

10 
) .  

46.7 f 0.4 

.15.1 f 0.1 

9.08 f 0.06* 
0.09 f 0.01 
0.06 f 0.02 
51.5 f 0.4 
16.7 f O.O** 

32.5 f 0.2 
616.2 f 21.6 
10.63 f 0.55 
2.34 f 0.40 
7.74 f 0.29 
0.00 f 0.00 
0.42 f 0.07 
0.12 f 0.04 

1 0  

43.7 f 0.6 
14.6 f 0.1 
8.45 f 0.09 
0.15 f 0.02 
0.03 f 0,.02 
51.6 f 0.4 
17.2 f 0.1 

33.4 f 0.2 
734.4 f 14.5 
8.43 f 0.63 
3.42 f 0.31 
4.60 f 0.46 
0.00 f 0.00 
0.34 f 0.06 
0.08 f 0.03 
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TABLEE3 
Hematology and Hormone Assay Datafor Rats at6, 8, and 15 Months and at Study Termination 
in the .2-Year Feed Studyof Butyl Benzyl Phthalate(continued) 

Male (continued)-.--
Hormone Assays 

n 

Thyroid-stimulating hormone(nglmL) 
6 Months 
8 Months 
15 Months 
Study termination 

Triiodothyronine (ng/dL) 

6 Months 

15 Months 

Study termination 


Thyroxine (pgldL) 

6 Months 

15 Months 

Study termination 


Adrenocorticotropichormone (pg/mL) ' 

6 Months 
15 Months ' 

Study termination 
Testosterone (nglmL) 


6 Months 

8 Months 

15 Months 

study termination 


10 

3 f l b  
I f 0  
I f 0  
2 f ob 

80 f 9' 
115 f 7c 
117 f 10 

. . 	 4 f d  
4 f 1  
4 f 0  


3,102 f 542 
1,263 f 310b 

741 f 122 

1 f of 
I f 0  
2 f O d  
5 i 5  


10 

8 5 6  
3 f o** 
I f 0  
1 k O  

100 f 7b 
114 f qb 
80 f 11 

4 f oc 
4 f 0  

' 3 f O  

; 3,420 f 636 
1,599 f 452b 

641 f 91 

l fOg  
1 f 0. 
2 f 1' 
1 * 0  

10 

a2 f 9 
123 f 4b 
,121 f 17' 

4 f 0' 
5 * 0  
4 i - 0  

3,014 f 462 
2,299 f 494 

704 f 130 

l h  
2 f Ob 
2 f . 1  
I f 0  

10 

4 * 1  
2 f . o  
1 * o  
2 f O  

77 f. lZd 
116 f 2' 
117 f 11' 

4 f oc 
3 f ob 
4 f o  

1,450 f 365* 
2,754 f 757 

835 f 122 

2 f o*f 
2 f ob 
2 f oe 
1 f o* 

' \  



I
I

I 

I 
I
I 

6 Months 

Hematology 

I F @ l t l d @  

I 

i
I
I
i 

I 

n 

Mean cell hemoglobin 
Mean cell hemoglobin (pg) 
Mean cell volume(a)
Nucleated erythrocytes (103/pL) 
Reticulocytes (106/pL) 
Erythrocytes (106/pL) 
Hemoglobin (gldL) 
Hematocrit (46) 

Eosinophils ( 1 0 ~ 1 ~ ~ )  
Monocytes (103/pL) 
Atypical lymphocytes (1dlpL) 
Lymphocytes (10 lpL) 
Segmented neutro his  ( 1 0 ~ 4 ~ )  
Leukocytes (103/pL) 
Platelets ( 1 0 ~ 1 ~ ~ )  

concentration (g/dL) 

P 

9 

17.9 f 0.1 
54.6 f 0.2 
0.07 f 0.02 
0.12 f 0.02 
8.31 f 0.08 
14.9 f 0.1 
45.4 f 0.4 

0.15 f 0.06 
0.33 f 0.07 
0.00 f 0.00 
5.41 f 0.35 
1.58 f 0.45 
7.46 f 0.82 

645.8 f 45.0 
32.8 f 0.1 

10 

17.9 f 0.1 
54.6 f 0.3 
0.07 f 0.03 
0.09 f 0.01 
8.42 f 0.07 
15.1 f 0.1 
46.0 f 0.4 

0.09 f 0.02 
0.30 f 0.07 
0.00 f 0.00 
5.85 f 0.38 
1.35 f 0.18 
7.59 f 0.58 

608.2 f 17.5 
32.8 f 0.2 

10 

17.9 f 0.1 
53.9 f 0.3 
0.07 f 0.02 
0.13 f 0.02 
8.11 f 0.18 
14.5 f 0.3 
43.7 f 0.9 

0.08 f 0.02 
0.30 f 0.05 
0.00 f 0.00 
5.55 f 0.35 
1.50 f 0.14 
7.43 f 0.37 

573.0 f 14.7 
33.2 f 0.2 

10 

18.1 f 0.1 
54.2 f 0.3 
0.04 f 0.02 
0.15 f 0.02 
8.32 f 0.10 
15.0 f 0.2 
45.1 f 0.5 

0.09 f 0.03 
0.41 f 0.06 
0.00 f 0.00 
6.62 f 0.46 
1.04 f 0.12 
8.17 f 0.58 

566.1 f 17.7 
33.3 f 0.1 

15 Months 

I n 9 10 10 10 

i
I 

I
I 

Mean cell hemoglobin 
Mean cell hemoglobin (pg) 
Mean cell volume(a)
Nucleated erythrocytes (lO')/pL) 
Reticulocytes (106/pL) 
Erythrocytes (106/pL) 
Hemoglobin (g/dL) 
Hematocrit (%) 

Eosinophils (103/pL) 
Monocytes (1dlpL) 
Atypical lymphocytes (IdlpL) 
Lymphocytes (10 IpL) 
Segmented neutro MS ( ~ d / p ~ )  
Leukocytes (lO')/pL) 
Platelets ( 1 0 ~ 1 ~ ~ )  

concentration (gldL) 

P 

19.1 f 0.1 
56.8 f 0.5 
0.28 f 0.06 
0.15 f 0.02 
7.91 f 0.15 
15.1 f 0.3 
44.9 f 0.6 

0.05 f 0.01 
0.04 f 0.01 
0.00 f 0.00 
2.75 f 0.15 
1.36 f 0.19 
4.20 f 0.26 

628.9 f 50.8 
33.7 f 0.2 

19.1 f 0.1 
55.8 f 0.3 
0.16 f 0.04 
0.15 f 0.02 
8.12 f 0.08 
15.5 f 0.1 
45.3 f 0.4 

0.08 f 0.02 
0.08 f 0.03 
0.0 f 0.0 
3.48 f 0.61 
1.57 f 0.28 
5.20 f 0.69 

696.5 f 24.0 
34.2 f 0.1 

19.1 f 0.1 
56.2 f 0.2 
0.13 f 0.02 
0.15 f 0.01 
7.96 f 0.15 
15.2 f 0.2 
44.7 f 0.8 

0.07 f 0.02 
0.06 f 0.02 
0.00 f 0.00 
3.62 f 0.23* 
1.22 f 0.11 
4.97 f 0.26 

664.4 f 23.7 
33.9 f 0.1 

18.8 f 0.1 
55.0 f 0.2** 
0.47 f 0.10 
0.13 f 0.02 
7.79 f 0.11 
14.7 f 0.2 
42.8 f 0.6* 

0.06 f 0.02 
0.12 f 0.02 
0.02 f 0.02 
4.87 f 0.59** 
1.28 f 0.15 
6.34 f 0.66** 

691.9 f 21.5 
34.3 f 0.1* 



166 Butyl Benzyl Phthalate, N T P  TR 458 

TABLEE3 
Hematology and Hormone Assay Datafor Rats at 6, 8, and 15 Months and at Study  Termination 
in the %Year Feed Studyof Butyl Benzyl Phthalate(continued) 

. ,  . . .. . I. L . 
I '  . 

Female (continued) 

Hormone Assays 

I	 , n 	 10 10 10 
.! . 

10 
~ , .  . 

Thyroid-stimulating hormone (nglmL) 

6 Months 2 f l  . l f O b  2 f 2 b ' , ~ '  o * o  

15 Months l * O  I f 0  2 f 0  , .  
 2 * o  . . ,  

' 'Study termination 	 I f 0  1.f ob I ' ' 1  f 0 ' 1 f O  
, , .  ,,Triiodothyronine(ng/dL) 


6 Months 86 f 8' 99 f 7e 82 f 5' 60 f 4* 

15 Months 126 f 5 125 f 3 117 f 4 -98f 5** 

Study termination 130 f 20e 101 f 6 W f 6 9  83 f 5*d 


Thyroxine @g/dL) 

6 Months 4k :O 4 f ob " 4 f.Ob 3 f O  

15Months 3 f O  3 f 0  ' 3 f O  

' 

2 f o** 

iStudy termination 3 * 0  3 f . O  3 f O  . 3 f O  


Adrenocorticotropic hormone (pglmL) 

6 Months 1,946 f 328 1,912 f 413 f 255 f 311
1,838 1,966 

15Months 1,565 f 368 816 f 88 1,609 f 303 731 f lWb 

Study termination 666 f 76 4% f 68 

Prolactin (ng/mL) 
78334 634 f f 35** 

15 Months 	 26 f 3 42 f 11 37 *. 11 2 8 f 6  
'Study termination 	 86 f 15f 131 f 2Se 172 f 37g 80 f 42= 

. I  
~ I' 

* 	 Significantly different (PiO.05) from the control group by Dunn's or Shirley's test , 

. .** PiO.01  
a 	 Mean f standard error. Statistical tests were performed on unrOUllded data. 

n=9 
n=8 
n=s 

e n=6 
n=2 

g n=4 
n= 1; no standard error calculated 

i n=7 

, 

i 



. .  . 
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TABLEF1 
Summary of Reproductive Tissue Evaluationsfor Male Rats in the 10-Week Modified Mating Study 
of Butyl Benzyl Phthalatea 

’ OPPm 300 ppm 2,800 ppm 25,OOO ppm 

n 	 15 14 15 15 

Weights (g) 
Necropsy body wt 317 f 4 . 315225f 4b 310 f 4 f 5** 2 

R. cauda 	 0.221 f 0.040 0.1% f 0.0230.179 f 0.005 0.068 f 0.005**’ 
R. epididyniis 	 0.541 f 0.042 0.505 f 0.026b0.486 f 0.0130.230 f 0.009** 
R. testis 	 1.497f 0.0171.378 f 0.081b1.502 f 0.0190.442 f 0.014** 

Epididymal spermatozoal parameters -Motility (X) 79.21f 3.38 73.24f 13.14~ 76.49f 3.29 ‘ d  

Concentration (1OVg cauda 
epididymal tissue) 373.94 f 39.52 324.14f 49.56 261.47 f 39.50*0.567 f 0.39** 

, - . . .  Abnormal (X)  	 0.987f 0.106 0.857f 0.064 0.960 f 0.105 

*	 Significantly different(PsO.05) from the control groupby Williams’ or Dunnett’s  test (organ weights andbody weights) or by DUM’S or 
Shirley’s test (epididymal spermatozoal parameters)

** PsO.01 
a Data are presented  as mean f standard error. 
n=15 

: ,  ‘ n=14 
Not measured at this exposure level dueto there being too few sperm to assess 

. ,  

. .  	 . .  



ne9 

Fertility 
Male fertility indexb 
Female fertility index‘ 
Days of  matingd 

Maternal body wt (8) 

n 

Mating day0 

Gestation day0 

Gestation day6 

Gestation day9 

Gestation day 13 


Developmental Toxicity 

n 


Litters with  dead fetuses 
Live fetusesltotal fetuses 
Live fetusesllitter 
Corpora lutea/litter 
Implantations/litter 
Litters with resorptions 
Resorptionsllitter 

Q PPm 

23/30 (77%) 
20/23 (87%) 
4.41 f 0.38 

19 


191 f 3 

200 f 3 

208 f 3 

215 f 3 

225 f 3 


20 


0 (0%) 

203/203 

10.15 f 0.83 
12.65 f 0.36 
10.60 f 0.83 

6 (30%) 
0.50 f 0.22 

300 PPm 

25/30 (83%) 
23/25 (92%) 
4.30 f 0.41 

21 


195 f 2 

202 f 3 

211 f 2 

218 f 3 

228 f 3 


23 


2 (9%) 
189/192 

8.22 f 0.94 
12.13 f 0.59 
8.78 f 0.92 

7 (30%) 
0.44 f 0.15 

2,800 ppm 

28/30 (93 %) 
23/28 (82%) 
4.83 f 0.28 

23 


188 f 2 

198 f 2 

207 f 2 

213 * 2 

224 f 2 


23 


1 (4%) 
232/233 

10.09 f 0.60 
12.22 f 0.38 
10.83 f 0.64 

13 (57%) 
0.70 f 0.16 

25,000 ppm 

10130 (33%)** 
o/o (O%)** 
6.23 f 0.21** 

30e 

192 * 2  

** Significantly different(PsO.01) from the control group by the  Chi-square test or Dunn’sor Shirley’s  test 
a 	 Data for days of mating, maternal body weights, and live fetuses, corpora lutea, implantations, and  resorptions per  litter are presented  as 

mean f standard error. Maternal body weight differences  from the control group are not significantby Dunnett’s or Williams’ test. 
Differences from the control group for developmental toxicity datanotaresignificant by the Chi-square test orDunn’s or Shirley’s  test. 
Females determined to be sperm positive at the endof the mating period/females housed with males 

Females pregnant at necropsylfemales  initially determined to be sperm positive 

Days until females were determined tobe sperm positive (measured for 30 females per exposure group) 


e 	 No litters at this exposure level 
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TABLEF 3  
Summary OF Reproductive Tissue EvaluationsFor Male Rats in the 26-Week Feed Study 

. .off Butyl Benzyl Phthalatea 

Weights (9) 

R. cauda 
Necropsy body wt 367 f 16 ' 

0.227 f 0.020 
' 386 f 5 
0.197 f.O.007 0.212 f 0.0070.109 

369 f 8b 
f 0.009** 

249 f 13**- . . 

R. epididymis 0.531 f 0.019 . 0.549 f 0.0180.559 f 0.0140.282 f 0.025** 
R. testis 1.517 f 0.043 1.581 f 0.016 ' 1.559 f 0&27b 

2, , , , 
0.457 f 0.026** 

Epididymalspermatozoalparameters 

Concentration (W/g  cauda 
Motility (W )  

. . . 

74.15 f 9.62 75.49 f 8.42 
. . 

75.94 f 6.28 

. . 
C-

Abnormal (%) 
epididymal tissue) . , 284.52 f 32.23 

1.017 f 0.097 
285.75 f 40.18 , 

0.879 'f0.115 
376.79 f 22.682.06 
0.840 f 0.094 

f 2.06** 
-

** Significantly different(PsO.01)from the  control group by Willihs' or Dunnett's Est (organ weights  and body weights)or by D u n "  o r  
Shirley's test (epididymal spermatozoal papmeters) 

a Data are presented  as mean f 'standard error. 
. ' ,n=14 

Not measured at this exposure level due to there being too few spermto assess 
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CHEMICAL CHARACTERIZATION AND 
DOSE FORMULATION STUDIES 

PROCUREMENT AND CHARACTERIZATIONOF BUTYL BENZYLPHTHALATE , 

Rutyl benzyl phthalate was  obtained from Chem  Central (Kansas City, MO) in two lots (Cog0882 and 
L.-121 1-87). Lot CO90882  was used during the.lO-week modified  mating study and the %-week study, and 
lot L-121 1-87  was used during the 2-year study. Identity, purity; and stability analyses were conducted by 
the analytical chemistry laboratory, Midwest Research Institute  (Kansas City, MO). Reports on analyses 
performed in support of  the butyl benzyl phthalate studiesare on file at the  National Institute of 
Environmental Health Sciences. 

Both lots of  the chemical, a clear, colorless, viscous liquid, were  identified as butyl  benzyl phthalate by 
infrared, ultraviolethisible, and nuclear magnetic  resonance spectroscopy. All spectra were consistent with 
the structure of butyl benzyl phthalate, and  the infrared and  nuclear magnetic resonance spectra were 
consistent with  the literature spectra (SudtZerStandard Spectra) of  butyl benzyl phthalate (Figures G1 
and G2). 

The purity of both lots was determined by  elemental analyses,.Karl Fischer water analysis, functional group 
titrations (free acid titration and ester hydrolysis),  thin-layer chromatography (TLC), and gas 
chromatography. For one type of functional group titration, samples  of butyl benzyl phthalate were diluted 
with methanol and titrated  with 0.01 N sodium hydroxide. The titration was  monitored potentiometrically 
with a combination mV/pH electrode filled  with aqueous 3 M potassium chloride. For the second type of 
functional group. titration, samples  of butyl benzyl phthalate were dissolved in excess aqueous 
1 N potassium hydroxide and 2-propanol. After  gentle agitation, the excess potassium hydroxide was 
neutralized with 0.5 N hydrochloric acid.  The titration was  monitored visually with phenolphthalein 
indicator or potentiometrically with a combination  pH/mV electrode filled  with aqueous 3 M potassium : 
chloride. TLC was performed on Silica  Gel 60 F-254 plates with two solvent  systems:, 1) n-hexane: 
p-dioxane (90:10) and 2) methylene chloride. Plates were examined under visible light and/or short ~ 

wavelength (254 nm) ultraviolet light and  with a spray of 20% antimony (V) chloride in carbon tetrachloride 
or chloroform. For lot CO90882,  the plates were heated at 110" C for 20 minutes. Dimethyl terephthalate 
was used as a reference sthndard.  Gas chromatography was performed using a flame ionization detector. ". 
For each lot, two systems were used: 

( .  

A) 	 3%SP-2100 on 100/120 Supelcoport glass column, with a nitrogen carrier gas at a flow 
rate of 70 mWminute  and an oven temperature program of 50" C for 5 minutes, then 50" 
to 270" C at  10" C per minute,  and 

. 

1 B) 	 3 % SP-2401 on 100/120 Supelcoport glass column, with a nitrogen'carrier gas at a flow 
rate of 70 mWminute  and an oven temperature program of 50" C for 5 minutes, then 50" 
to 250" C at 10" C per minute. 

. . 

. . .  	, . . 
.. , 	 . . .  I . . .. . 

. .For lot L-I21 1-87, an additional system  was also used: 
. , ,  

, ,C) 	 DB-5 Megabore fused  silica c o l u b ,  with a helium c a k e r  gas at a flow rate of 
10 mL/minute, a nitrogeqmake-up .gas at a flow rate of 20 mL/minute, and an oven 
temperature program of 150" to 300" C at 10" C per minute  with' a l7Lminute final hold.' 

For lot CO90882, elemental analyses for carbon and hydrogen were in agreement with  'the theoretical values 
for butyl benzyl phthalate. Karl Fischer water ariaiy'sis indicated 0.23 % f 0.01% water. Functional group 

c 
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titrations indicated free acid  values of 0.01 1 % f 0.001% and 0.00158 f 0.0004 mEq  acid/g sample and 
purities of 99.5% f 0.2% and 100.2% f 0.4%. TLC  indicated a major  spot and a slight  trace impurity by 
system 1 and only a major  spot by system 2. Gas  chromatography using system A indicated  one major peak 
and four impurities with a cumulative  areaof 3.0% relative to the  major peak. The largest impurity had an 
area estimated to be 2.3 % relative to the major peak. Gas chromatography using systemB indicated one 
major peak and four impurities with a cumulative  area of 2.8% relative to the major peak. Another analysis 
of lot CO90882 by gas chromatography using systemB indicated one major peak and three impurities witha 
cumulative area of 2.27% relative  to the major peak. The largest impurity hadan area  estimated to be 
1.76% relative to the  major peak. The largest impurity was identified as benzyl phthalate by gas 
chromatography using system A, and the sample contained 1.43% f 0.03% benzyl phthalate. Major peak 
comparisons of lot CO90882  with lot  M2676 with system A but  with an isothermal  oven temperature of 
250" C indicated a purity of 100.3 % f 0.8% for lot CO90882 relative to lot  M2676. The overall  purity of 
lot CO90882  was determined to be  greater than 97% . 

For lot L-121 1-87, elemental analysesfor carbon  and hydrogen were in agreement with the theoretical 
values for butyl  benzyl phthalate. Karl Fischer .water analysis indicated 0.11 % f 0.01% water. 
Functional group titrations indicated 0.001 12 f 0.00003 mEq  of acid/g of sample and a purity of 
99.1 f 0.4%. TLC  indicated a major  spot and two slight trace impurities by system 1 and a major  spot and 
a trace  impurity by system 2. Gas  chromatography using systemB with a final  oven temperature of 270" C 
with a 20-minute  final hold indicated one major peak and five impurities witha combined  area of 1.20% 
relative to the  major peak. Gas chromatography using system C indicated  one major peak and three 
impurities with a combined  area of 1.04% relative  to the major peak. Major peak comparisons of 
lot L-121 1-87 with lot M2676 with systemA but  with an isothermal oven temperature of 250" C and 
n-pentacosane as an internal standard indicated a purity of 99.3 % f 0.4% for  lot L-121 1-87 relative to 
lot M2676. The overall purity of lot L-12 1 1-87  was determined to be  greater than or equal to 99%. 

Stabilitystudies of the  bulkchemicalwereperformed bytheanalyticalchemistrylaboratory.Gas . -

chromatography was performed using system A except  with an isothermal oven temperatureof 250" C and 
n-pentacosane as an internal  standard. These studies indicated that butyl benzyl phthalate was stableaas 
bulk chemical for 2 weeks  when stored protected from light at temperatures up to60" C. To ensure 
stability, the bulk chemicalwas stored in the dark at4" C in  tightly sealed 1-gallon amber-glass bottles 
during the 10-week modified mating study and the 26-week study and in the dark at approximately22" C in 
1-gallon amber-glass bottles with Teflon@-lined lids during the 2-year study. Stability was monitored using 
gas chromatography during the 10-week modified,mating study, the 26-week study, and the 2-year study. 
No significant degradation of the  bulk chemical was detected. 

r n P r n T I O N  mm A l L Y s n s  OF DOSE I F o m a T I o N s  
The dose formulations were prepared weekly  by mixing butyl benzyl phthalate with feed (Table Gl). A 
butyl benzyl phthalate/feed premix was preparedby hand and  then blended with feed ina Patterson-Kelly 
twin-shell blender for 25  minutes using an intensifier  bar for the  initial 15 minutes for the  10-week modified 
mating study and for the  26-week study and for 15  minutes using an intensifier  bar for the  initial5 minutes 
for the  2-year study. Formulations were stored in plastic bags inside containersat 5" C for up to 4 weeks. 

Homogeneity studies of the 300, 6,250, and  25,000 ppm dose formulations were performed by the study 
laboratory and the analytical chemistry laboratob. In  addition, homogeneity studies of the 3,000 and 
24,000 ppm  dose formulations were performed by the  study laboratory. The samples were taken in 
triplicate from the three blender ports. For the  300, 3,000, 24,ooO  and 25,000  ppm formulations, the 
samples were extracted with hexane and clarified by centrifugation.  Aliquots of the extracts were shaken 
with 0.1 N.sodium hydroxide and were centrifugedto separate  thetwo phases. For each  sample,an aliquot 
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:from the hexane layer was pipetted into a vial  and evaporated under a,stream of  nitrogen. An internal 
standard solution of  octaphenonein acet0nitrile:water (80:20) was added, and the solutions were purified 
and then analyzed using high-performance liquid chromatography (HPLC). HPLC was performed'with a- 
Brownlee MPLCRP-18 column using.ultraviolet detection (280nm) and a mobile  phaseof 
water:acetonitrile (15:85, 25:75, 30:70, or 40:60)  at a flow  rate of 1.O or 1.4 mL/minutci. For the 
6,250 ppm formulation, the samples were extracted with acetonitrile and clarifiedby centrifugation. 
Aliquots of the extracts were mixed with water and an internal standard solution of octaphenonein 
acetonitrile and were further diluted with acetonitrile.  The solutions were filtered and analyzed using the 
same HPLC system used for the 300, 3,000,24,000 and  25,000 ppm formulations but with acmobilephase, 
ratio of 30:70,and a flow  rate of 1.4 mL/minute. Stability studies of  the 300 and 6,250 ppm  dose 
formulations were also performed using the same HPLC methods describedfor the  homogeneity analyses- of 
the 300 and 6,250 ppm  formulations, respectively. Homogeneity was  confirmed :and the stability of the, 
dose formulations was  confirmed for at  least 4 weeks.  at temperatures up to 5°C. when.stored:protected 

1 . 

' . 

fiom light. 
. . 

Periodic analysesof the dose formulations of butyl benzyl phthalate were conducted at the study laboratories 
and analytical chemistry laboratory using HPLC.,For the  10-week modified mating 'study, the 26-week 
study, and the 2-year study, the formulations were analyzed every8 to 9 weeks- (Tables G2 and.G3): All of 
the dose formulations analyzed were .within10% of the  target concentration: Redultiofi periodic referee: % 

analyses performed by the  analytical chemistry laboratory agreed with the results 'otitained bythe study 
laboratory (Table G4). 
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FIGURE G2 
Nuclear Mabetic Resonance Spectrim of ButylBemyl Phthalate 
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TABLE62 
Results of Analysis of Dose Formulations Administered to Rats in the 10-Week Modified  Mating Study 
and in the 26-Week Feed Study of Butyl Benzyl Phthalate 

ConcentrationDate DatePreparedAnalyzed 

19September 1984 22 September 1984 

13 November 1984 14November 1984 

8 January 1985 9January 1985 

12March 1985 13 March 1985 

a Results of duplicateanalyses 
Sample selectionfrom top left of twin-shell blender

' Sample selection from top right of twin-shell blender 
Sample selection from bottom of twin-shell blender 

Target Determined Difference 
Concentrationa from Target 

(PPm) ( P P d  (%I 

300 310b +3 
300 310' +3 
300 3lod +3 
300 308b +3 
300 308' +3 
300 3fOd +3  
900 850 -6 
900 852 -5 

2,800 2.790 0 
2,800 2,790 0 
8,300 7,680 -7 
25,OOO 24,400b -2 
25,OOO 24,400' -2 
25,OOO 24.400d -2 

300 321 +7 
900 973 +8 

2,800 2,800 0 
8,300 8.450 +2 
25.OOO 23,900 -4 

300 285 -5 
900 850 -6 

2,800 2,690 -4 
8,300 7,830 -6 
25,OOO 23,600 -6 

300 299 0 
900 891 - 1  

2,800 2,630 -6 
8,300 7,830 -6 
25,OOO 23,900 -4 
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T m m  G3 
IRSUMS off A K I ~ U Y S ~  F Q ~ U M ~ Q P P ~ ~ ~  to I R ~ U Sin the 2-ykar Feed studyoff I IDQS~ A C I M K I ~ ~ W ~ ~  
Qff BUtJ'l BtXD.Z.J'u ~hth~b~tolle 

Determined 
ConcentrationDate DateAnalyzed&@paredConcentrationa 

19 June 1989 20 June 1989 

21 August 1989 22-23 August 1989 

23 October 1989 24-25 October 1989 

18 December 1989 18-19 December 1989 

12 February 1990 13 February 1990 

26 March 1990 27-28 March 1990 

Target 

(PPm) 

3 ,m 
6 . m  
6 . m  

12,m 
12,m 
24,OOO 

3 . m  
6 . m  
6 . m  

12,m 
12,m 
12,m 
24,ooO 
24,OOO 

3,m 
6 , m  
6 , m  

1 2 , m  
1 2 , m  
12,m 
24,coO 
24,OOO 

3,m 
6,ooO 
6,OOO 

12,m 
12,m 
12,m
24,m 
24,OOO 

3 , m  
6,ooO 
6 , m  

12,m 
12,ooo 
12 ,m 
24,m 
24,OOO 

3 , m  
6 . m  
6 . 0  

12 ,m 
12,m 
12,m 
24,000 
2 4 , ~  

(PPd 

2,860 
5,700 
5,500 

11,400 
11,600 
23,200 

3 . m  
5,960 
5,980 

12,300 
12 ,m 
12,200 
24,100 
24,800 

3,020 
5,960 
5,980 

12,200 
1 2 , m  
12,200 
24.100 
23,700 

2,940 
6.040 
6,ooO 

11,900 
12 ,m 
12,m 
24,600 
24,200 

2,960 
5,940 
5,940 

12,m 
12,ooo 
11,900 
24,300 
24,200 

2.820 
5,920 
5,870 

12 ,m 
11,600 
12,300 
23,800 
23,OOO 

Difference 
from Target 

(%I 

-5  
-5  
-8 
- 5  
-3 
-3 

0 
-1 

0 
+3 

0 
+2 

0 
+3 

+1 
-1 
0 

+2 
0 

+2 
0 

-1 

-2 
+1 

0 
-1 

0 
0 . 

+3 

+1 

-1 
-1 
-1 

0 
0 

-1 
+1 
+1 

-6 
-1 
-2 

0 
-3 
+3 

-1 
-4 
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TABLE6 3  
llesults of Analysis of Dose Formulations Administered to Rats in the 2-Year Feed  Study 
of Butyl Benzyl  Phthalate (continued) 

Target DifferenceDetermined 
ConcentrationDatePreparedDate fromAnalyzed 	 ConcentrationTarget 

@ P d  (PPrn) 

21 May 1990 21-22May 1990 	 2,870 
5,960 
5,990 
11,740 

11,990 


. . 12,170 

23.910 

23.630 


23 July 1990 24-27July 1990 	 3,110 
6,540 
6,370 
12.450 

12,620 

12,590 
 1 


24,370 

24,510 


24September 1990 	 25Septemberl990- 2,870 
2October 1990 5,910 

5,890 
11.800 

11.800 

11,700 

23,400 

23,400 


~ . .  

26 November 1990 27 November 1990 	 2,970 
5,980 
6,020 

12,Ooo 

12,Ooo 

l2,oop 

23,800 


, . 23,900 


21 January 1991 22January 1991 	 3.120 
5.600 

' ' 5,770' 

12,Ooo 
11,630 

. -. 12.080.I 


23,920 

23.820 '' 

-4 

- 1  

0 

-2 

0 


+ 1  

0 

-2 


+4 

+9 
+6 

+4 

+5 
+5 
+2 

+2 


-4 

-2 

-2 

-2 

-2 

-3 

-3 

-3 


- 1  

0 

0 

0 

0 

0 


-1 

0 


+4 

-7 

-4 

0 

-3 

+ 1  
0 


-1 'I 



Target
Date Prepared Date Analyzed Concentration 

(PP@ 


18 March 1991 

13 May 1991 13-15 May 1991 

8 July 1991 9-10 July 1991 

September 19916,ooO 
12,m 
24,ooO 

4 November 1991 4-5 November 1991 6 , m  

12,Ooo 

24.00 

6 January 1992 6 January 1992 6 , m  

12,m 

24,oO 


9 March 1992 9-10 March 1992 6;OOO 

. .  12 ,m 


24;oop! 


a Results of duplicate analyses 

1991 September9 9-10 

Deternilled 
Concentration 

( P P d  

2,990 
5,900 
5,730 
5,950 

11,600 
11,800 
11,900 
23,700 
23,600 
23,500 

3,020 
5,910 
5,930 
5.970 

11,900 
11.90 
12,m 
24,100 
24,000 ' 

24,OOO 

5,980 
12 ,m 
24,100 

5,820 
12 ,m 
23,800 

6.1 10 
11,500 
24,200 

5,970 
11,700 
23,600 

5.940 
11,900 
24,ooO 

Difference 
from Target 

(%) 

0 
-2 
- 5  
-1  
-3 
-2 
-1 
-1 
-2 
-2 

+1 
-2 
-1 
-1 
-1 
-1 
0 
0 
0 
0 

0 
0 
0 

-3 
0 

-1 

+2 
-4 
+1 


-1 
-3 
-2 

-1 
-1  

0 

I 
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TABLE 64 
Results of Referee Analysis of Dose Formulations Administered to Rats 
in the 10-Week Modified Mating  Studyand the 26-Week and 2-Year Feed Studies 
of Butyl Benzyl Phthalate 

Petermined Concentration (arraF11 

Target Concentration .Study , Referee 


Date Prepared . ' (ppm) ' Laborato$ Laboratoryb 


lQ-Week Modified Mating Study and 26-Week Study  (Hazleton Laboratories America, Inc.) 

19 September 1984 :' 300 	 308 ,305 f 3 . .  
, 8 January 1985 8;300 	 7,830 7,960 f 120 

2-Year Study  (Southern Research Institute) 
i 


19 June 1989 12,ooo 	 11,400 11,800 f 500 

a 	 Results of duplicateanalyses 
Results of triplicateanalyses(mean f standard error) . . 
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TABLEH1 
Feed and Compound Consumption <byMale,Ratsin the 2-YearFeed Studyof.Butyl Benzyl Phthalate 

0 DDm -- m12.Ooo DD 
DoselBodyFeedDose/BodyFeedDoselBodyFeedFeedBody 

Week 
(@day)a @/day)WeightWeight 

(9 )  
' Dayb(@day)

0,.(m@k9) 
.(@day)WeightWeightDayDay 

( ~ 3  (m@kg) (9 )  (m@W 

2 14.6 149 15.1 148 308 14.8 147 606 14.1 141 1,198 
3 15.9 183 
4 15.6 205 
5 17.8 233 19.3 236 245 17.8 233 456 19.7 226 1,043 
6 17.5 253 17.9- 255 210 17.1 253 404 18.4 243 905 . 

7 16.5 266 
8 17.4 286 
9 16.5 298 15.6 299 156 15.2 292 313 15.6 284 660 

10 16.2 310 16.8 310 163 17.0 301 339 16.6 291 686 
11 15.3 319 
12 16.4 326 
13 16.4 339 16.6 338 147 17.2 321 321 16.8 315 642 
I.7 17.3 370 16.3' 367 134 12.4' 350 212 12.3 338 438 
21 15.9 391 17.8 389 . 137 18.6 367 305 17.5 351 599 
25 20.5 391 16.4 403 122 17.0 381 268 15.5 362 512 
2,9 14.7 416 15.6 411. 114 15.1' 394 : 231 14.4 377 458 
33 14.7 423 16.2 421 115 14.3 399 214 15.6 382 490 
37 15.0 429 15.6 429 109 16.1' 410 236 15.2 389 469 
41 17.1 437 16.4 434 114 15.8 422 225 16.5 394 502 
45 17.5 443 16.3 429 228 17.0 405 503 
49 16.1 449 16.0. 449 107 16.0 433 221 15.9 413 463 
53 16.3 45 1 17.1' 451 . 114 15.6 437 215 16.7 414 484 
57 15.3 450 15.2. 453 101 16.0 . 432 222 16.2 412 470 
61 15.7 45 1 17.4. 445 117 16.0 434 221 16.1 413 468 
65 15.4 45 1 16.0 446 107 15.7 434 " 217 15.1 420 43 1 
69 14.2 446 15.5 445 104 14.5 440 198 15.1 419 434 
73 15.1 448 14.5 447 97 14.6 441 199 15.4 427 433 
77 14.1 446 15.3. 443 104 13.8: 441 188 14.4 428 404 
81 13.5 440 13.2 437 91 11.9 431 166 13.3 422 378 
85 13.6 440 14.2 431 - 99 13.8 . 424 . 195 14.3 418. 409 
89 13.9 439 14.0 430 1 97 14.2 428 199 13.6 413 396 
93 13.1 422 186 13.0 422 370 
97 14.5 433 13.5 428 95 12.4 410 '1 82 12.7 411 372 

101 12.4 426 12.8 419 92 13.9, 407 204 11.6 402 347 

Mean for weeks 
1-13 ' 16.3 264 16.9. 264 205 16.5 258 . 1 407 16.9 250 856 
14-52 16.5 417. 16.3. 413 119 15.7 398 -:i 238 15.5 379 493 
53-101 14.5 443 14.9, 4 4 0 ' 101 , 14.3 429 ' ,  199.: 14.4 417 415 

a Grams of feed consumed per animal per day 
Milligrams of butyl benzyl phthalate consumed per kilogram body'weightper day . I ' 

,.; 

J ' .IJ . . 
'0 
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Feed Sady Feed Sady Dose/ Feed. BodyFeed Dose/ Sady Dose/ 

Week 
Weight 
0 

Wday) Weight 
0 

Dayb 
(WW 

(g/day) Weight 
@ 

Day 
(WW 

@/day) Weight 
(d 

Day 
(mg/W 

3 
2 

11.0 
10.3 

135 
121 11:l 121 551 10.9 122 1.076 7.5 114 1,582 

4 11.3 142 
5 11.1 153 12.6 151 499 11.8 149 951 

7 
6 

10.9 
10.6 

167 
159 11.6 162 431 11.0 157 838 11.3 151 1,791 

8 10.9 171 
9 11.3 175 
10 10.9 178 10.8 179 362 10.9 175 749 10.5 171 1.478 
11 10.8 180 
12 11.0 186 

17 
13 

10.2 
10.3 

198 
185 

10.4 
10.5 

197 
187 

317 
337 

10.2 
10.1 

193 
179 677 

634 9.7 
9.8 

183 
176 

1.274 
1,338 

41 
37 
33 
29 
25 
21 10.3 

10.7 
10.7 
9.7 
9.3 

204 

238 
231 
223 
218 

10.9 
10.2 
9.8 
10.4 
10.0 

231 
225 
219 
213 
204 

282 
272 
269 
293 
292 

11.2 
10.7 
9.4 
9.6 
9.9 
10.2 

230 
224 
216 
211 
206 
1% 

581 
575 
520 
547 
575 
623 

9.6 
9.3 
9.0 
10.1 
9.9 

203 
199 
197 
193 
187 

1,133 
1,127
1,090 
1,254 
1,269 

101 
, 9 7 

93 
89 
85 
81 
77 
73 
69 
65 
61 
57 
53 
49 
45 

10.2 
11.4 
10.6 
12.1 
11.8 
11.7 
11.3 
11.1 
11.1 
11.7 
11.4 
11.1 
11.6 
12.5 
11.4 

. 
296 
286 
281 
276 
269 
258 
240 

318 
319 
320 
321 
312 
3 0  
3 0  
298 

11.5 
11.8 
11.8 
12.4 
11.7 
11.4 
11.2 
10.9 
11.3 
11.6 
11.6 
11.9 
12.1 
11.4 
11.4 

325 
323 
321 
321 
308 
303 
304 
301 
293 
287 
280 
275 
270 
261 
244 

211 
219 
221 
231 
228 
227 
221 
218 
233 
243 
249 
260 
270 
262 
281 

11.7 
12.1 
11.1 
11.7 
12.0 
11.2 
11.4 
11.2 
11.5 
11.6 
11.4 
11.8 
11.9 
11.8 
11.5 

307 
309 
308 
3% 
299 
291 
287 
284 
281 
277 
270 
266 
258 
248 
239 

. 

457 
469 
432 
460 
480 
462. 
475 
473 
491 
502 
506 
534 
553 
570 
579 

10.1 
10.4 
10.5 
10.6 
10.8 
10.0 
9.8 
9.8 
9.9 
10.1 
9.7 
10.6 
10.1 
10.4 
9.7 

232 
233 
236 
237 
231 
222 
230 
226 
222 
220 
216 
214 
214 
212 
207 

1.049 I 

1,070 
1,069 
1.074 
1.126 
1,084 
1,028 
1.046 
1,068 
1,104 
1,073 
1,184 
1,130 
1,177 
1,119 

Mean for weeks 
1-13 
14-52 
53-101 

10.9 . 

10.6 
11.3 

163 
226 
3(#1 11.6 

10.6 
11.3 

301 
224 
160 

233 
284 
436 

11.6 
10.5 
10.9 

288 
218 
156 

484 
578 
858 

10.2 
9.7 
9.8 

226 
198 
153 

1,085 
1,180 
1,547 

a Grams of feed consumed per animal per day 
Milligrams of bulyl benzyl phthalate consumed per kilogram body weight per day 
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TABLEI1 
Ingredients of NM-07Rat and Mouse Rationa 

Ingredientsb 	 Percent by Weight 

Ground #2yellow shelled corn 24.50 
Ground hard winter wheat 23.00 
Soybean meal(49% protein) 12.00 
Fish meal (60%protein) 10.00 
Wheat middlings io.00 
Dried skim milk 5.00 
Alfalfa meal (dehydrated, 17% protein) 4.00 
Corn gluten meal (60%protein) 3.00 
soy oil 2.50 
Dded brewer's  yeast 2.00 
Dry molasses 1S O  
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitaminand mineral) 0.25 

a 	 NCI, 1976; NM. 1978 
Ingredients wereground to pass through a U.S. Standard Screen No. 16 before being mixed. 

TABLEI2 
iVitamini and Minerals inNIH-07 Rat and Mouse Rationa 

Amount 	 Source 

Vitamins 
A :5,500,OooIu Stabilized vitamin A palmitate or acetate 

~4.6oo,oO0IU D-activated animal sterolD3 
2.8g MenadioneK 3 


d-a-Tocopheryl acetate 	 20,OOOIu 
Choline 	 560.0 g Choline chloride 
Folic acid 	 2.2g 
Niacin 	 30.0g 
d-Pantothenic acid 	 18.0 g d-Calcium pantothenate 
Riboflavin 	 3.4g 
Thiamine 	 1o.og Thiamine mononitrate'. 

BIZ 	 9,OooPg
Pyridoxine 	 . . 1.7 g Pyridoxine hydrochloride 
Biotin 	 . .  ' ,. 140.0 mg d-Biotin 

Miuerals ,
. .  

. 

Iron . ,120.og Iron sulfate 
Manganese 60.og Manganous oxide 
zinc + '  ' .16.Og ' Zinc oxide 

. .  .4.0g . Copper sulfateCopper
Iodine 	 1.4g Calcium iodate 
Cobalt 	 . . , 0.4g Cobalt carbonate 

, .  

-a 	 Per ton (2,OOOIb) of fished product 



Protein (X by weight) 23.60 f 0.71 

Crude fat(% by weight) 5.45 f 0.32 

Crude fiber (X by weight) 3.49 f 0.31 

Ash (% by weight) 6.82f 0.33 


Amino AciL (% of totaldiet) . 
Arginine 1.287 f 0.084 
Cystine 0.306 f 0.075 
Glycine 1.160f 0.050 
Histidine 0.580f 0.024 
Isoleucine 0.917 f 0.034 
Leucine 1.972 f 0.052 
Lysine 1.273 f 0.051 
Methionine 0.437 f 0.115 
Phenylalanine , 0.994f 0.125 
Threonine 0.896.f 0.055 
Tryptophan 0.223 f 0.160 
Tyrosine ,0.677f 0.105 
Valine 1.089 f 0.057 

IEssential Fatty Acids (% of total diet) 
Linoleic 2.389f 0.233 
Linolenic 0.277 f 0.036 

Vitamins 
Vitamin A (IUlkg) 6,966 f.l.512 
Vitamin D (Iulkg) 4,450f 1,382 
a-Tocopherol (ppm) 36.92f 9.32 
Thiamine (ppm) 18.94f 2.06 
Riboflavin (ppm) 7.92 f 0.93 
Niacin (ppm) 100.95f 25.92 
Pantothenic acid (ppm) 30.30f 3.60 
Pyridoxine (ppm) 9.25 f 2.62 
Folic acid (ppm) 2.51 f 0.64 
Biotin (ppm) 0.267 f 0.049 
Vitamin B12 (ppb) 40.14 f 20.04 
Choline (ppm) 3,068f 314 

I .Wierals . . .  

Calcium (%) 1.19 f 0.09. 
. .Phosphorus (96) ' ' .  0.94f 0.05' 

Potassium (%) 0.887 f 0.067 
Chloride (%) : . ' ' 0.526 f ' O . 0 9 2  
Sodium (%) Oi315 f 0.034 
Magnesium (X) 0.168 f 0.008 
Sulfur (%) 0.274f 0.063 
Iron (ppm) 356.2f 90.0 
Manganese (ppm) 92.24.f5.35 
Zinc (ppm) 58:14 f 9.91 
Copper (ppm) 11.50f 2.40 
Iodine (ppm) . 1 3.70.f 1.14 
Chromium (ppm) 1.71 f 0.45 

0,797f 0.23Cobalt-(PPm) . . I. _  , .. , .. . " . . ,,.-,,. .~. 

21.30-25.20 
4.80-5.90 
3.00-4.10 
6.01-7.27 

1.100- 1.390 
0.181-0.400 
1.060- 1.220 
0.231-0.608 
0.867-0.965 
1.850-2.040 
1.200- 1.370 
0.306-0.699 
0.665- 1.110 
0.824-0.985 
0.107-0.671 
0.564-0.794 
0.%2 - 1.170 

1.830-2.570 
0.210-0.320 

4,290- 12,540 
3,ooO -6,300 
22.5-48.9 
15.0-25.0 
6.10-9.00 
65.0- 150.0 
23.0-34.6 . 
5.60- 14.0 
1.80-3.70 
0.19-0.35 
10.6-65.0 
2,400-3.430 

1.02- 1.37 
0.80- 1.03 
0.772-0.971 
0.380-0.635 
0.258-0.370 
0.151 -0.180 

0.208-0.420 
,255.0-523.0 
81.70-99.40 
46.10- 81.60 
8.090- 15.39 
1.52- 5.83 
0.85-2.09 
0.490- 1.150 

32 

32 

32 

32 ' 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 


9 

9 


32 

4 

9 

32 

10 

9 

10 

10 

10 

10 

10 

9 


32 

32 

8 

8 

10 

10 

10 

10 

10 

10 

10 

10 

9 

6 


. . 
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Mean f Standard 

Nutrient Deviationb Range Number of Samples
-

Contaminants 
Arsenic (ppm) 0.40f 0.18 0.10-0.80 32 
Cadmium (ppm) 0.11 f 0.06 0.05-0.20 32 
Lead (ppm) 0.33 f 0.38 0.10- 2.10 32 
Mercury (ppm) 0.03 f 0.01 0.02-0.05 . 32 
Selenium (ppm)' 0.35 f 0.10 0.20-0.55 31 
Aflatoxins (ppb)d <5.0 31 
Nitrate nitrogen (ppm)e 11.60f 5.15 1.80-20.0 32 
Nitrite nitro en (ppm)e 0.24f 0.20 0.10- 1.00 32BBHA (ppm) 1.42f 0.85 1.00-4.0 3 1  

BHT (ppmIf 1.29f 1.10 1 .00-7.00 31 

Aerobic plate count (CFU/g)f 102,209f 92,146 4,700-380,ooO 32 

Coliform (MPN/g)g 20.50f 22.30 3.00-93.00 32 

Escherichia coli (MPN/g) 3.25 f 1.08 3.00-9.0 32 

Total nitrosoamines (ppb)g 7.05 f 2.60 2.00- 13.70 32 

N-Nitrosodimethylamine (ppb)g 5.12f 1.60 1.00-9.40 32 

N-Nitrosopyrrolidine (ppb)g 1.68 f 1.25 0.00-4.70 32 


Pesticides (ppm) 
a-BHC <0.01 31 
p-BHC <0.02 31 
y-BHC <0.01 31 
&BHC <0.01 31 
Heptachlor <0.01 31 
Aldrin <0.01 31 
Heptachlor epoxide <0.01 31 
DDE <0.01 31 
DDD <0.01 31 
DDT <0.01 31 

.HCB <0.01 31 . . 
Mirex <0.01 31 

Methoxychlor <0.05 31 

Dieldrin <0.01 31 

Endrin <0.01 31 

Telodrin <0.01 31  

Chlordane CO.05 31 

Toxaphene <0.1 31 

Estimated PCBs <0.2 31 

Ronnel <0.01 31 

Ethion <0.02 31 

Trithion <0.05 31 

Diazinon <o.1 31 

Methyl parathion <0.02 31 

Ethyl parathion <0.02 31 

Malathion 0.28 f 0.26 <0.05 1.00 34 

Endosulfan I <0.01 

-

31 

Endosulfan II <0.01 31 

Endosulfan sulfate <0.03 31 


a 	 CFU=colony-forming units, MPN= most probable number, BHC=hexachlorocyclohexaneor benzene hexachloride 
For valuesless than the limit of detection, the detection limit is given as the mean. 
No selenium  measurementwas recorded for the  lot milled 4May 1990. 
No aflatoxin  measurementwasrecorded for thelotmilled 2 October 1989. ' 

e 	 Sources of contamination: alfalfa, grains, and  fishmeal 
Sources of contamination: soy oil and fish meal. No BHA or BHT  measurements were recorded for the  lot mil l ed  1 November 1989. 
All values were corrected  for percent recovery. 
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SENTINEL ANIMAL PROGRAM 


METHODS ? 

Rodents used in the Carcinogenesis Programof the National Toxicology Program are produced  in optimally 
dean facilities to elminate potential  pathogens that may affect  study results. The Sentinel Animal Program 
is part of  the periodic monitoring of animal health that occurs during the toxicologic evaluationof chemical 
compounds. Under this program, the disease state of  the rodents is monitored via serology on sera from 
extra (sentinel) animals in the study rooms. These animals and the study animals are subject to identical 
environmental conditions. The sentinel animals come from the same production source and weanling 

. . ..I. ~ groups as the animals usedfor the  studies of chemical  compounds. 

Serum samples were collected from randomly selected rats during the 10-week modified mating study, the 
26-week study, and the 2-year study. Blood from each animal was collected and allowed to clot,  and the ' 

-
' 

serum was separated. The samples were processed appropriately and sent to Microbiological  Associates,', 
Imc. (Bethesda,  MD), for determination of  .antibody titers.  The laboratory serology methods and viral 
agents for which  testing was performed are tabulated  below; the times at which  blood was collected during 
the studies are also  listed. 

. . 
I .  * . ,_ . . . . . 

1O-Week Modified  Mating Study * ,. 

ELISA . . . .. . , . . .  

PVM (pneumonia virus of mice) 
Mycoplasma pulmonis 
Mycoplasma arthntidis 

Study termination 
Study termination 
Study termination 

RCV/SDA (rat coronavirus/ 

Sendai 
sialodacryoadenitisvirus) 

Study termination 
Study termination 

Hemagglutination Inhibition 
H-1 (Toolan's H-1 virus) Study termination 
KRV (Kilham  rat virus) Study termination 

26-Week Study 
ELdSA 

M. arthritidis 13 weeks, study termination 
M.pulmonis 13 weeks,  'study termination 
PVM 13 weeks, study termination 
RCV/SDA 13 weeks, study termination 
Sendai 13 weeks, study termination 

Hemagglutination Inhibition 
H- 1 13 weeks,  study termination 
KFtV 13 weeks, study termination 



nm 


%Y@mStudy 
ELISA 

M. arthritidis 
M.pulmonis 
PVM 

RCV/SDA 

Sendai 

Immunofluorescence Assay 
RCV/SDA 

Hemagglutination, Inhibition 
H-1 
KRV 

Study termination 
Study termination 
6, 12, 14, and 17 months, study termination 
6, 12, 14, and 17 months, study termination 
6, 12, 14, and 17 months, study termination 

Study termination 

6, 12, 14, and 17 months, study termination 
6, 12, 14, and 17 months, study termination 

msmlrs 
One rat had a positive  titer toM.arthritidis at  the endof the 2-year study. Further evaluationof the sample 
positive forM.arthritidis by  immunoblot and Western blot procedures indicated that the positive titer may 
have been due to a cross  reaction with antibodies of nonpathogenicMycop lasm or other agents. There 
were no clinical findingsor histopathologic changes ofM.arthritidis infection in-the rat  with the positive 
titer. Accordingly, the M.arthritidis-positive titer was  considered to be a false  positive. 
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