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Acronyms and Abbreviations 
 

bw   body weight 
cc   cubic centimeters 
CD   Caesarean Delivered 
CERCLA  Comprehensive Environmental Response, Compensation and  

Liability Act of 1980 
CNS   central nervous system 
cu.m   cubic meter 
DWEL   Drinking Water Equivalent Level 
FEL   frank-effect level 
FIFRA   Federal Insecticide, Fungicide, and Rodenticide Act 
g   grams 
GI   gastrointestinal 
HEC   human equivalent concentration 
Hgb   hemoglobin 
i.m.   intramuscular 
i.p.   intraperitoneal 
i.v.   intravenous 
IRIS   Integrated Risk Information System 
IUR   inhalation unit risk 
kg   kilogram 
L   liter 
LEL   lowest-effect level 
LOAEL  lowest-observed-adverse-effect level 
LOAEL(ADJ)  LOAEL adjusted to continuous exposure duration 
LOAEL(HEC) LOAEL adjusted for dosimetric differences across species to a human 
m   meter 
MCL   maximum contaminant level 
MCLG   maximum contaminant level goal 
MF   modifying factor 
mg   milligram 
mg/kg   milligrams per kilogram 
mg/L   milligrams per liter 
MRL   minimal risk level 
MTD   maximum tolerated dose 
MTL   median threshold limit 
NAAQS  National Ambient Air Quality Standards 
NOAEL  no-observed-adverse-effect level 
NOAEL(ADJ)  NOAEL adjusted to continuous exposure duration 
NOAEL(HEC) NOAEL adjusted for dosimetric differences across species to a human 
NOEL   no-observed-effect level 
OSF   oral slope factor 
p-IUR   provisional inhalation unit risk 
p-OSF   provisional oral slope factor 
p-RfC   provisional inhalation reference concentration 
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p-RfD   provisional oral reference dose 
PBPK   physiologically based pharmacokinetic 
ppb   parts per billion 
ppm   parts per million 
PPRTV  Provisional Peer Reviewed Toxicity Value 
RBC   red blood cell(s) 
RCRA   Resource Conservation and Recovery Act 
RDDR   Regional deposited dose ratio (for the indicated lung region) 
REL   relative exposure level 
RfC   inhalation reference concentration 
RfD   oral reference dose 
RGDR   Regional gas dose ratio (for the indicated lung region) 
s.c.   subcutaneous 
SCE   sister chromatid exchange 
SDWA   Safe Drinking Water Act 
sq.cm.   square centimeters 
TSCA   Toxic Substances Control Act 
UF   uncertainty factor 
μg   microgram 
μmol   micromoles 
VOC   volatile organic compound 
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PROVISIONAL PEER REVIEWED TOXICITY VALUES FOR  
1,2,4,5-TETRACHLOROBENZENE (CASRN 95-94-3) 

Derivation of a Subchronic Oral RfD 
 
 

Background 
 
 On December 5, 2003, the U.S. Environmental Protection Agency's (EPA's) Office of 
Superfund Remediation and Technology Innovation (OSRTI) revised its hierarchy of human 
health toxicity values for Superfund risk assessments, establishing the following three tiers as the 
new hierarchy: 
 
 1. EPA's Integrated Risk Information System (IRIS). 
 
 2. Provisional Peer-Reviewed Toxicity Values (PPRTV) used in EPA's Superfund 

Program. 
 
 3. Other (peer-reviewed) toxicity values, including: 
 

< Minimal Risk Levels produced by the Agency for Toxic Substances and Disease 
Registry (ATSDR), 

< California Environmental Protection Agency (CalEPA) values, and 
< EPA Health Effects Assessment Summary Table (HEAST) values. 

 
 A PPRTV is defined as a toxicity value derived for use in the Superfund Program when 
such a value is not available in EPA's Integrated Risk Information System (IRIS).  PPRTVs are 
developed according to a Standard Operating Procedure (SOP) and are derived after a review of 
the relevant scientific literature using the same methods, sources of data, and Agency guidance 
for value derivation generally used by the EPA IRIS Program.  All provisional toxicity values 
receive internal review by two EPA scientists and external peer review by three independently 
selected scientific experts.  PPRTVs differ from IRIS values in that PPRTVs do not receive the 
multi-program consensus review provided for IRIS values.  This is because IRIS values are 
generally intended to be used in all EPA programs, while PPRTVs are developed specifically for 
the Superfund Program. 
 
 Because new information becomes available and scientific methods improve over time, 
PPRTVs are reviewed on a five-year basis and updated into the active database.  Once an IRIS 
value for a specific chemical becomes available for Agency review, the analogous PPRTV for 
that same chemical is retired.  It should also be noted that some PPRTV manuscripts conclude 
that a PPRTV cannot be derived based on inadequate data. 
 
Disclaimers 
 
 Users of this document should first check to see if any IRIS values exist for the chemical 
of concern before proceeding to use a PPRTV.  If no IRIS value is available, staff in the regional 
Superfund and RCRA program offices are advised to carefully review the information provided 

 1



8-7-2007 
 
 
in this document to ensure that the PPRTVs used are appropriate for the types of exposures and 
circumstances at the Superfund site or RCRA facility in question.  PPRTVs are periodically 
updated; therefore, users should ensure that the values contained in the PPRTV are current at the 
time of use.  
 
 It is important to remember that a provisional value alone tells very little about the 
adverse effects of a chemical or the quality of evidence on which the value is based.  Therefore, 
users are strongly encouraged to read the entire PPRTV manuscript and understand the strengths 
and limitations of the derived provisional values.  PPRTVs are developed by the EPA Office of 
Research and Development’s National Center for Environmental Assessment, Superfund Health 
Risk Technical Support Center for OSRTI.  Other EPA programs or external parties who may 
choose of their own initiative to use these PPRTVs are advised that Superfund resources will not 
generally be used to respond to challenges of PPRTVs used in a context outside of the Superfund 
Program. 
 
Questions Regarding PPRTVs 
 
 Questions regarding the contents of the PPRTVs and their appropriate use (e.g., on 
chemicals not covered, or whether chemicals have pending IRIS toxicity values) may be directed 
to the EPA Office of Research and Development’s National Center for Environmental 
Assessment, Superfund Health Risk Technical Support Center (513-569-7300), or OSRTI. 

 
 

INTRODUCTION 
 
 An RfD of 3E-4 mg/kg-day for 1,2,4,5-tetrachlorobenzene is available on IRIS (U.S. 
EPA, 2002a).  This RfD, verified 11/06/1985, was derived from a NOAEL of 0.34 mg/kg-day for 
kidney toxicity in a 90-day feeding study in rats (Chu et al., 1984), employing an uncertainty 
factor of 1000 (factors of 10 each for intraspecies and interspecies variability and use of a 
subchronic study).  The HEAST (U.S. EPA, 1997) references the chronic RfD on IRIS and 
provides a corresponding subchronic RfD of 3E-3 mg/kg-day.  IRIS and the HEAST list no 
source document for this assessment.  No RfD is included for 1,2,4,5-tetrachlorobenzene in the 
Drinking Water Standards and Health Advisories list (U.S. EPA, 2006) or the OPP Reference 
Dose Tracking Report.  Relevant documents in the CARA list (U.S. EPA, 1991a, 1994) include 
an Ambient Water Quality Criteria (AWQC) (U.S. EPA, 1980) and a Health Assessment 
Document (HAD) (U.S. EPA, 1985) for chlorinated benzenes.  U.S. EPA (1980) included 
derivation of an acceptable daily intake (ADI) of 0.01 mg/kg-day for 1,2,4,5-tetrachlorobenzene 
based on a chronic dietary study in dogs (Braun et al., 1978).  An ADI or RfD was not derived in 
U.S. EPA (1985).  A WHO (1991) Environmental Health Criteria document for chlorinated 
benzenes developed an oral Tolerable Daily Intake value (analogous to an ADI or RfD) of 1E-4  
mg/kg-day for 1,2,4,5-tetrachlorobenzene.  This value is derived from the same subchronic rat 
study used to derive the IRIS RfD (Chu et al., 1984), but a lower dose level was chosen as the 
NOAEL and different uncertainty factors were applied.  Health Canada (1993) derived a 
tolerable daily intake (TDI) of 2.1E-4 mg/kg-day from a NOAEL for histopathological effects in 
the thyroid (2.1 mg/kg-day) seen in a 13-week dietary study in rats (NTP, 1991a). A total 
uncertainty factor of 10,000 was applied (factors of 10 each for intraspecies and interspecies 
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variability, use of a subchronic study, and database uncertainty).  There is no ATSDR 
Toxicological Profile for 1,2,4,5-tetrachlorobenzene (ATSDR, 2007).  NTP (1991a,b) has 
performed subchronic and reproductive toxicity studies of 1,2,4,5-tetrachlorobenzene.  Literature 
searches of the following databases were conducted from 1965 to June, 2007 for relevant studies: 
TOXLINE (supplemented with BIOSIS and NTIS updates), MEDLINE, CANCERLIT, 
TSCATS, RTECS, DART/ETICBACK, EMIC/EMICBACK, GENETOX, HSDB and CCRIS. 
 
 

REVIEW OF PERTINENT LITERATURE 
 
Human Studies 
 
 Only one study was available regarding human exposure to 1,2,4,5-tetrachlorobenzene 
(Kiraly et al., 1979).  An increase in chromosomal aberrations was reported for the peripheral 
blood lymphocytes of Hungarian workers exposed to 1,2,4,5-tetrachlorobenzene during pesticide 
manufacturing.  No exposure levels were reported for the study.    
 
Animal Studies 
 
 In a 28-day dietary study (Chu et al., 1983), male and female Sprague Dawley rats 
(10/sex/dose) were fed diets containing 0, 0.5, 5, 50, or 500 ppm of 1,2,4,5-tetrachlorobenzene 
(purity >99.5%) dissolved in corn oil.  The study authors calculated daily dose estimates of 0, 
0.041, 0.42, 3.4, or 32 mg/kg-day for male rats and 0, 0.059, 0.61, 6.2, or 56 mg/kg-day for 
female rats, respectively.  The animals were observed daily for clinical signs.  Body weight and 
food consumption were measured weekly.  Blood was obtained at the time of sacrifice for 
evaluation of hematological parameters and serum biochemistry.  The animals were observed for  
gross lesions, and organ weights were determined for the brain, heart, liver, spleen and kidneys.  
A section of the liver was excised for analysis of microsomal enzyme activities and porphyrin 
concentration.  An extensive collection of tissues were evaluated for histopathology.  No clinical 
signs or deaths occurred in rats treated with 1,2,4,5-tetrachlorobenzene.  Treatment did not affect 
body weight gain or food consumption in rats of either sex.  No hematological effects were 
observed.  The only noteworthy clinical chemistry finding was a significant increase in serum 
cholesterol at the high dose level of 500 ppm in both male and female rats.  Also at this dose, 
hepatic mixed function oxidase enzyme activities (i.e., aniline hydroxylase, aminopyrine 
demethylase, and ethoxyresorufin deethylase) were significantly increased in both males and 
females.  The only change in organ weights was a significant increase in liver weight in males 
(31%) and females (20%) at 500 ppm.  Treatment-related histopathological lesions were found in 
the liver and thyroid of male and female rats and the kidney of male rats.  Liver changes included 
cytoplasmic vacuolation of hepatocytes and anisokaryosis.  A reduction in aggregated basophilia 
was also observed in the perivenous area.  Thyroid alterations consisted of an increase in 
epithelial height and a collapse of thyroid follicles with a reduced colloid density.  Eosinophilic 
inclusions were observed in the proximal convoluted tubules of male rats.  At the highest dose 
the inclusions were prominent and bulged in the lumen of the tubule.  Incidence data for these 
lesions are presented in Table 1.  Clear, statistically significant increases for all of these lesions  
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Table 1.  Incidence of Histological Lesions in Rats Treated with 1,2,4,5-Tetrachlorobenzene 
in the Diet for 28 Days (Chu et al., 1983) 

Male  Female Concentration 
(ppm) 

Liver Thyroid Kidney  Liver Thyroid 

0 0/10 0/10 1/10  0/10 0/10 

0.5 2/10 5/10 0/10  1/10 2/10 

5 0/10 3/10 0/10  1/10 3/10 

50 4/10 4/10 5/10  3/10 4/10 

500 10/10a 9/10a 8/10a  10/10a 6/10a 
a p<0.01 by Fisher Exact test performed for this analysis 

 
were found only in the 500 ppm group, while the 50 ppm group showed marginal increases in 
these same lesions.  The lesions in the liver were characterized as moderate to severe in the 500 
ppm group, while lesions in the thyroid and male kidney were characterized as mild, even at the 
high dose.  The kidney lesions described in this study are consistent with the hydrocarbon or 
hyaline droplet nephropathy produced by 1,2,4,5-tetrachlorobenzene in other studies (NTP, 
1991a; BBRC, 1989).  Hyaline droplet nephropathy in male rats is related to the binding of 
chemicals to α2u-globulin and the formation of complexes that are resorbed, but not degraded in 
kidney tubules.  Because the α2u-globulin protein is not found in humans, these lesions are not 
considered to be predictive of health effects in humans (U.S. EPA, 1991b).  The criteria required 
for demonstrating that the α2u-globulin process may be a factor in any observed renal effects in 
male rats (U.S. EPA, 1991b) are described in the Derivation of Provisional Subchronic RfD for 
1,2,4,5-Tetrachlorobenzene section in this document.  A LOAEL of 500 ppm (32 mg/kg-day) 
and NOAEL of 50 ppm (3.4 mg/kg-day) were established for this study based on effects on the 
liver (increases in serum cholesterol and liver weight and histopathology, including cytoplasmic 
vacuolation of hepatocytes and anisokaryosis), and thyroid (columnar epithelium with focal 
follicular collapse and reduced colloid density). 
 

A 90-day feeding study of 1,2,4,5-tetrachlorobenzene in rats was performed by the same 
researchers as a follow-up to the 28-day study (Chu et al., 1984).  Male and female rats (15/dose 
group) were fed diets containing 0, 0.5, 5, 50, or 500 ppm of 1,2,4,5-tetrachlorobenzene (purity 
>99.5%) in corn oil.  The study authors calculated daily dose estimates of 0, 0.034, 0.34, 3.4, or 
34 mg/kg-day for male rats and 0, 0.042, 0.42, 4.1, or 41 mg/kg-day for female rats, respectively.  
The study methods were similar to those used in the 28-day study.  One male in the 50 ppm 
group died during the study, but the death did not appear to be treatment-related.  Growth and 
food consumption in treated rats were similar to controls.  Hemoglobin and hematocrit were 
slightly, but significantly, decreased in the 500 ppm group only.  It is not clear from the report 
whether this effect occurred in males, females, or both.  Significant increases in serum 
cholesterol were observed in males and females of the 500 ppm group; no other serum chemistry 
changes were noted.  Hepatic microsomal enzyme activities (i.e., aniline hydroxylase and 
aminopyrine demethylase) were increased in males at 50 and 500 ppm and females at 500 ppm.  
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Liver weight was significantly increased in male and female rats at 500 ppm (20-25%).  Kidney 
weight was significantly increased by almost 45% in males at 500 ppm.  A much smaller (.8%) 
increase in kidney weight in females at this dose was also statistically significant.  Treatment-
related lesions were observed only in the liver and kidney.  Lesions in the liver (both sexes) 
included accentuated zonation, aggregated basophilia, anisokaryosis, and pyknotic hepatocellular 
nuclei.  Lesions in the kidney (males only) included eosinophilic cytoplasmic inclusions in the 
proximal tubular epithelium and free bodies in tubular lamina, and at 500 ppm only, swelling of 
the kidney with extensive epithelial necrosis and formation of large intratubular casts.  Incidence 
and severity data are shown in Table 2.  Liver lesions were clearly and significantly increased in 
incidence and severity at 500 ppm in both males and females, with marginal increases in 
incidence at 50 ppm.  High incidence of renal lesions in control males made detection of 
increased incidence difficult, but a statistically significant increase was still seen in the 500 ppm 
males.  Severity of the renal lesions in males increased with dose at 5 and 50 ppm, and increased 
markedly at 500 ppm.  The kidney lesions described in this study are consistent with the 
hydrocarbon or hyaline droplet nephropathy produced by 1,2,4,5-tetrachlorobenzene in other 
studies (NTP, 1991a; BBRC, 1989).  As noted above, the renal lesions in male rats associated 
with the α2u-globulin process are not considered to be predictive of health effects in humans 
(U.S. EPA, 1991b).  The criteria required for demonstrating that the α2u-globulin process may be 
a factor in any observed renal effects in male rats (U.S. EPA, 1991b) are described below in 
Derivation of Provisional Subchronic RfD for 1,2,4,5-Tetrachlorobenzene section in this 
document.  Thyroid lesions were not reported in this study.  This study provided a LOAEL of 
500 ppm (34 mg/kg-day) and a NOAEL of 50 ppm (3.4 mg/kg-day), based on effects on the liver 
(increases in serum cholesterol and liver weight and incidence and severity of histological 
lesions, including accentuated zonation, aggregated basophilia, anisokaryosis, and pyknotic 
hepatocellular nuclei) of male rats. 

 
NTP (1991a) conducted 13-week feeding studies of 1,2,4,5-tetrachlorobenzene (>99% 

purity) in male and female F344/N rats (20/sex/dose) and B6C3F1 mice (10/sex/dose).  Dietary 
concentrations (dissolved in corn oil) for the 13-week rat study were 0, 30, 100, 300, 1000, or 
2000 ppm, with corresponding daily doses estimated by the study authors as 0, 2.1, 7.1, 22.1, 
71.4, or 156 mg/kg-day for males and 0, 2.1, 7.3, 22.4, 79.1, or 151 mg/kg-day for females, 
respectively.  Ten rats of each sex were designated for serum chemistry, hematology, thyroid 
function analysis and urinalysis determinations conducted periodically throughout the study.  
Blood (from the orbital sinus) and urine (collected over 16 hours) samples were obtained on days 
3 or 4 (blood only), 15-18, 43-46, and 86-89.  The remaining ten animals of each sex were used 
for organ weight evaluations, histopathology, and sperm morphology or vaginal cytology studies.  
Evaluation of sperm morphology was performed at necropsy and vaginal smears were prepared 7 
days prior to necropsy. 

 
All animals survived to the end of the study (NTP, 1991a).  Hypoactivity and lethargy 

were observed and considered to be treatment-related, but the dose groups showing these effects 
were not specified.  These and other clinical signs were observed at 3000 ppm, but not 1000 
ppm, in a 14-day range-finding study reported in the same paper.  Although food consumption 
was unaffected by treatment, body weights were lower than controls throughout the study in the 
1000 and 2000 ppm males and females.  Final body weights were reduced 10% and 8% in the  
1000 ppm males and females, respectively, and 21% and 16% in the 2000 ppm males and 
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Table 2.  Incidence of Histological Lesions in Rats Treated with 1,2,4,5-Tetrachlorobenzene 
in the Diet for 90 Days (Chu et al., 1984)a 

Male  Female Concentration 
(ppm) 

Liver Kidney  Liver 

0 2/15  (1.1)b 10/15  (1.7)  0/15  (1.0) 

0.5 5/15  (1.3) 4/15  (1.3)  1/15  (1.1) 

5 3/15  (1.2) 14/15  (2.4)  0/15  (1.0) 

50 6/14  (1.4) 14/15  (3.0)  3/15  (1.2) 

500 15/15c  (4.1) 15/15c  (5.5)  15/15c  (3.8) 
a  the statistical significance relates to an increase in the incidence of kidney lesions in male rats (15/15) 
as compared to controls (10/15).  The conclusion in IRIS (U.S. EPA, 2002a) regarding “significance” 
relates to the severity of kidney lesions as assessed by the severity scale used in Chu et al. (1984).  At 5 
ppm the severity of kidney effects in male rats was considered mild (severity score of 2), while higher 
doses produced renal effects that were considered severe (severity score of 3-4).  This assessment does 
not derive a NOAEL or LOAEL value for male rat kidney effects due to the involvement of α2u-
globulin accumulation (see the Derivation of Provisional Subchronic RfD section in this document). 
b incidence (severity score); severity graded on scale of 1(normal) to 10  
c p<0.05 by Fisher Exact test performed for this analysis 

 
 
females.  Hematological analysis revealed significant, dose-related decreases in red blood cell 
count, hemoglobin, and hematocrit in males at 1000 and 2000 ppm.  Platelets were increased in 
males from these same groups.  These changes were not seen in females.  The most striking 
finding of serum chemistry analysis was a significant, dose-related decrease in serum levels of 
thyroxin (free or total) in male rat at concentrations >300 ppm (p<0.05) and in female rats at 
concentrations >30 ppm (p<0.05).  Free serum thyroxin concentrations measured on day 45-46 
were decreased by 10, 0, 35, 70, and 90% in male rats given 30, 100, 300, 1000, and 2000 ppm 
1,2,4,5-tetrachlorobenzene, respectively.  Free serum thyroxin levels measured on day 45-46 
were decreased by 44, 19, 38, 75, and 88% in female rats given 30, 100, 300, 1000, and 2000 
ppm, respectively.  The study authors concluded that these data are strongly suggestive of a 
moderate primary hypothyroxemia.  Serum levels of triiodothyronine were unaffected, and 
thyrotropin levels were not adequately measured.  Serum albumin levels were significantly 
increased at >100 ppm in males and 2000 ppm in females.  Serum cholesterol levels were not 
monitored.  Urinalysis results included significant increases in urinary porphyrins in males at 
>1000 ppm and females at 2000 ppm, significant and generally dose-related increases in urinary 
aspartate aminotransferase (AST) in males of all treated groups (>30 ppm) but not in females, 
significant increases in urinary glucose at >300 ppm in both sexes and urinary protein at >1000 
ppm in both sexes, and increased urinary alkaline phosphatase in females at >1000 ppm. 
 
 Organ weight changes were seen in the liver and kidney (NTP, 1991a).  Both absolute 
and relative liver weights were significantly increased at >300 ppm in males and >100 ppm in 
females.  Absolute and relative kidney weights were increased at >300 ppm in both sexes.  The 
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analysis of the reproductive system also showed significant decreases in whole and caudal 
epididymal weights in males at 300 and 2000 ppm (1000 ppm group not examined).  Sperm 
density and percent of abnormal sperm were not affected, but sperm motility was significantly 
reduced in the 300 and 2000 ppm males (1000 ppm group not examined).  Length of estrus cycle 
in females was unaffected by treatment.  Histopathological examination revealed minimal 
centrilobular hepatocellular hypertrophy in the liver of males and females at 1000 and 2000 ppm.  
Minimal follicular cell hypertrophy in the thyroid gland was also seen in males and females at 
300 ppm and above.  Renal changes in males were found at >100 ppm.  These included abnormal 
hyaline droplet accumulation (increasing with dose from minimal to moderate severity), minimal 
to mild dilation of tubules of the outer stripe of the outer medulla, mild cortical tubular 
regeneration (versus minimal in controls), minimal mineralization of medullary collecting 
tubules, and at the higher concentrations, increased incidence of minimal tubular protein casts of 
the type associated with spontaneous nephropathy in laboratory rats.  This spectrum of kidney 
lesions observed in male rats is consistent with hydrocarbon or hyaline droplet nephropathy. The 
criteria required for demonstrating that the α2u-globulin process may be a factor in any observed 
renal effects in male rats (U.S. EPA, 1991b) are described below (see p. 16, Derivation of 
Provisional Subchronic RfD for 1,2,4,5-Tetrachlorobenzene).  As discussed previously, the renal 
lesions in male rats associated with the α2u-globulin process are not considered to be predictive 
of health effects in humans (U.S. EPA, 1991b).  Renal changes in female rats were limited to 
increases in the incidence of tubular protein casts, cortical tubular pigmentation, and cortical 
tubular regeneration (all minimal in severity) at 2000 ppm.  Incidence data for the observed 
histopathological lesions are presented in Table 3.  A LOAEL of 30 ppm (2.1 mg/kg-day) was 
derived from this study, based on decreased serum thyroxin concentrations in female F344/N 
rats.  A NOAEL value was not derived from this study.  NTP (1991a) derived a NOEL for 
histologic lesions in rats of 30 ppm; however, the decrease in total and free thyroxin levels at this 
dose in female rats is an adverse toxicological effect, resulting in the designation of 30 ppm as a 
LOAEL.  
 

Table 3.  Incidence of Histological Changes in Rats Treated with 1,2,4,5-Tetrachlorobenzene 
in the Diet for 13 Weeks (NTP, 1991a)a 

Male  Female Concentration 
(ppm) Liverb Thyroidc Kidneyd  Liverb Thyroidc Kidneye 

0 0/10f 0/10f 0/10f  0/10f 0/10f 1/10(1.0)f 
30 0/10 0/10 0/10  0/1g 0/10 0/10 

100 NA 0/10 10/10(1.0)h  NA 2/10 2/10(1.0) 
300 0/10 4/10(1.0)h 10/10(2.1)h  0/10 6/10(1.0)h 2/10(1.0) 

1000 8/10(1.0)h 10/10(1.0)h 10/10(2.8)h  5/10(1.0)h 9/10(1.0)h 4/10(1.0)h 

2000 10/10(1.1)h 10/10(1.0)h 10/10(3.2)h  10/10(1.6)h 10/10(1.0)h 6/10(1.2)h 

a Incidence (severity score); 1 = minimal; 2 = mild; 3 = moderate; 4 = marked 
b Centrilobular hypertrophy 
c Follicular cell hypertrophy 
d  Hyaline droplet formation 
e Cortical tubule regeneration 
f p<0.05 by Cochran-Armitage trend test performed for this analysis 
g Only one animal was examined.  
h p<0.05 by Fisher Exact test performed for this analysis 
NA = no incidence data reported 
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Mice were fed the same dietary concentrations of 1,2,4,5-tetrachlorobenzene as the rats 
(NTP, 1991a).  Doses in mice were estimated by the researchers as 0, 4.5, 14.6, 45.2, 150, or 278 
mg/kg-day for males and 0, 6.0, 19.7, 56.6, 143 or 302 mg/kg-day for females, respectively.  The 
study methods were similar to those used in the subchronic rat study described above, except that 
each dose group included only 10 animals of each sex, blood was collected only at terminal 
sacrifice, and more limited serum chemistry analysis was performed.  Clinical signs of toxicity, 
including tremors, prostration, lethargy, hunched posture, and rough hair coat, were seen in male 
and female mice treated with 2000 ppm.  One of the females in this group died on week 2 of the 
study and another died prior to scheduled sacrifice on week 13.  Males and females at 2000 ppm 
lost weight during the first week of the study, and body weights of these animals remained lower  
than controls through most of the study.  Final body weights, however, were reduced only 8% in 
2000 ppm males (and similar amounts in 30, 300, and 1000 ppm males) and 3% in 2000 ppm 
females (other female groups were within 1% of controls).  Food consumption was lower than 
controls in male mice exposed to 2000 ppm and female mice exposed to 1000 or 2000 ppm.  
Hematological changes, occurring in both males and females and primarily in the 1000 and 2000 
ppm groups, included decreases in hemoglobin and hematocrit, and increases in platelets.  Serum 
chemistry analyses showed significant increases in serum albumin and alanine aminotransferase 
(ALT) at 2000 ppm and sorbitol dehydrogenase (SDH) at >1000 ppm in both males and females.  
Increases in ALT were 2-3 fold over controls, while increases in SDH were less than 2-fold at 
1000 ppm and 4-6 fold at 2000 ppm.  In contrast to the results in rats, there were no effects on 
male reproductive organs or sperm, but estrus cycle length was significantly increased in 2000 
ppm females.  Organ weight changes in mice occurred in the liver.  Absolute and relative liver 
weights were markedly and significantly increased in a dose-related fashion in both males and 
females in the 1000 ppm (1.5-fold) and 2000 ppm (3-fold) groups.  Histopathological 
examination revealed minimal centrilobular hepatocellular hypertrophy in the liver of male and 
female mice at 1000 ppm, increasing slightly in severity to minimal-to-mild in both sexes at 
2000 ppm.  Minimal-to-mild degenerative and necrotic lesions of individual hepatocytes were 
also reported in both sexes at 2000 ppm.  The incidence of hepatocellular degeneration in mice is 
presented in Table 4.  A LOAEL of 2000 ppm (290 mg/kg-day, average of male and female 
doses) and NOAEL of 1000 ppm (146 mg/kg-day, average of male and female doses) were 
determined in B6C3F1 mice from the authors of the study, based on liver effects (degenerative 
and necrotic lesions at higher doses).  Centrilobular hepatocellular hypertrophy accompanied by 
increased liver weight occurred at 1000 ppm, but these were not considered to be adverse effects 
in the absence of other study findings of hepatotoxicity (i.e., clinical chemistry, histopathology) 
(U.S. EPA, 2002b). 
 

Available studies of longer duration were of limited utility for risk assessment.  In a study 
from the Russian literature published in English, rats and rabbits were given 1,2,4,5-
tetrachlorobenzene via vegetable oil gavage at doses of 0, 0.001, 0.005, or 0.05 mg/kg-day for 
eight months (Fomenko, 1965).  Evidence of nervous system effects in rats (e.g., altered 
conditioned reflexes) and liver toxicity in rabbits (e.g., disruption of glycogen metabolism) was 
reported in the 0.005 and 0.05 mg/kg-day groups, but insufficient data are presented in the paper 
to evaluate the significance of the reported changes.  Braun et al. (1978) conducted a kinetic 
study in which two beagle dogs of each sex were fed 5 mg/kg-day of 1,2,4,5-tetrachlorobenzene 
in the diet for two years, followed by a 20-month recovery phase.  No concurrent controls were 
included in the study.  After 24 months, serum alkaline phosphatase and total bilirubin levels 
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Table 4.  Incidence of Hepatocellular Degeneration in Mice Treated with 1,2,4,5-
Tetrachlorobenzene in the Diet for 13 Weeks (NTP, 1991a)a 

Concentration 
(ppm) 

 
Male 

  
Female 

0 0/10c  0/10c 
30 0/10  0/10 

100 0/10  0/10 
300 0/10  0/10 

1000 0/10  0/10 

2000 9/10(1.4)d  5/10(1.2)d 

a Incidence (severity score); 1 = minimal; 2 = mild; 3 = moderate; 4 = marked 
c p<0.05 by Cochran-Armitage trend test performed for this analysis 
d p<0.05 by Fisher Exact test performed for this analysis 

 
were slightly elevated in treated animals compared to historical controls.  These clinical 
chemistry parameters returned to normal 3 months into the observation period.  Following the 20 
month recovery period, no gross or histopathological changes related to 1,2,4,5-
tetrachlorobenzene exposure were evident. 
 
 A multi-generation reproductive toxicity study was conducted in Sprague Dawley rats 
(BRRC, 1989; Neeper-Bradley et al., 1990).  Male and female weanling rats (F0 generation, 
28/sex/group) were fed diets containing 1,2,4,5-tetrachlorobenzene (>97.6% pure) at 
concentrations of 0, 30, 300, or 1000 ppm for 10 weeks (pre-breeding period).  Based on food 
consumption and body weight data, the study authors calculated average daily doses of 0, 2.2, 
21.1, or 70.3 mg/kg-day for F0 males and 0, 2.6, 25.5, or 82.5 mg/kg-day for F0 females.  During 
the pre-breed treatment period, rats were examined twice daily for mortality and once daily for 
clinical signs of toxicity.  Body weights and food consumption were measured on a weekly basis.  
Study animals were randomly paired within dose groups for a 3-week mating period to produce 
the F1 generation.  F0 males were necropsied following the mating period.  Exposure to F0 
females was continued throughout mating, gestation, parturition and lactation.  Mated study 
females were weighed on gestational day 0, 7, 13, and 20.  Dams were observed twice daily for 
parturition beginning on gestational day 20.  Dams with litters were weighed on postnatal days 0, 
4, 7, 14, and 21.  Dams were allowed to rear their young until day 21 postpartum, when weaning 
and necropsy of dams occurred. 
 
 Randomly selected F1 weanlings (28/sex/group) from the controls and the two lowest 
dose groups were fed the same dietary concentrations as their parents (0, 30 or 300 ppm) for 11 
weeks and were subsequently mated to produce the F2 generation (BRRC, 1989; Neeper-Bradley 
et al., 1990).  Similar treatment was planned for the 1000 ppm group, but was not performed due 
to high mortality of F1 pups in this group.  All pups from the F1 and F2 generations were sexed 
and examined on the day of birth to determine the number of viable and stillborn members of 
each litter.  Pups were also weighed and examined on postnatal days 1, 4, 7, 14, and 21 
(weaning).  Litters were evaluated twice daily for mortality, and survival indices were calculated 
on postnatal days 0, 4, 7, 14, and at weaning (day 21).  The F1 pups that were not chosen for 
mating and all F2 generation pups were necropsied at weaning and examined for gross lesions.  
Selected tissues from all parental animals (F0 and F1 generations) in the control and high dose 
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groups (1000 ppm for F0, 300 ppm for F1) were weighed and examined for histopathological 
lesions (pituitary gland, liver, kidneys, vagina, uterus, ovaries, testes, epididymides, seminal 
vesicles, prostate gland, and any other tissues that exhibited gross lesions).  The liver and 
kidneys from parental rats in the low and mid-dose groups were also weighed and underwent 
histopathologic examination.  In addition, kidney sections from the F0 parental males from all 
dose groups were stained with Mallory Heidenhain stain and examined for the presence of α2u-
globulin droplets.  The following reproductive indices were calculated for the each successive 
generation: mating index, fertility index, gestational index, live birth index, survival indices at 4, 
7, 14, and 21 days, and lactation index. 
 
 Throughout the 10-week pre-breeding period, significant reductions in food intake, 
weight gain, and body weight were demonstrated in male and female F0 rats exposed to 1000 
ppm of 1,2,4,5-tetrachlorobenzene (BRRC, 1989; Neeper-Bradley et al., 1990).  At 10 weeks, 
body weights were 14% lower than controls in 1000 ppm males and 9% lower in females.  
Findings in lower dose groups were generally similar to controls.  Clinical signs associated with 
treatment were observed in F0 females exposed to 1000 ppm during the pre-breeding period, 
including hypoactivity, ataxia, emaciation, dehydration, unkempt appearance, urine stains and 
labored respiration.  Body weights of F0 1000 ppm females remained depressed throughout 
gestation and lactation.  Smaller, and only sometimes statistically significant, reductions in 
maternal gestational body weight were also seen in the 300 ppm group.  There were no effects on 
gestation length or male or female mating or fertility indices in any group.  The number of 
stillborn pups was significantly increased in the 1000 ppm group, leading to significant decreases 
in number of pups born alive per litter and live birth index in this group.  Pup body weights at 
birth were significantly reduced in this group as well, and remained depressed subsequently.  All 
pups in this group died prior to lactation day 14.  Pups in the 300 ppm group, although initially 
similar in weight to controls, grew slower than controls after day 4 of lactation and had 
significantly reduced body weights after day 7 of lactation.  Survival of 300 ppm pups was 
significantly reduced during the latter half of the lactation period.  Pup body weights in the 30 
ppm group were similar to controls throughout lactation; however, survival was reduced within 
the first 7 days of the lactation period (see Table 5).  Necropsy of F0 parents revealed significant 
increases in absolute and/or relative liver weight in males and females at $300 ppm.  Males also 
had significant increases in absolute and/or relative kidney weights at $30 ppm and testes 
weights at 1000 ppm.  Histologically, F0 parents showed liver and kidney lesions similar to those 
observed in subchronic feeding studies.  Changes in the liver included hepatocellular 
hypertrophy in both males and females at 300 ppm, along with cytoplasmic inclusions and 
vacuolization in the 1000 ppm groups.  Lesions in the kidney were seen in males only: hyaline 
droplet nephrosis at 30 ppm, accompanied by tubular proteinosis, distension of tubules by 
granular cast formation, interstitial nephritis and interstitial fibrosis at the higher doses.  The 
accumulation of α2u-globulin protein in the hyaline droplets was demonstrated by Mallory 
Heidenhain staining.  As described previously, hyaline droplet nephropathy in male rats is 
related to the binding of chemicals to α2u-globulin and the formation of complexes that are 
resorbed, but not degraded in kidney tubules.  Because the α2u-globulin protein is not found in 
humans, these lesions are not considered to be predictive of health effects in humans (U.S. EPA, 
1991b).   
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Table 5. Litter viability data in F1 pups of rats administered 1,2,4,5-tetrachlorobenzene in 
the diet (lactation day 4 postcull to lactation day 21) 

Concentration (ppm) Total number of pups Number dead 
0 192 0 
30 196 8a 
300 205 24a 
1000 48 48a 
a Significantly different from control group (p<.01) 
b There was an error in reporting of statistical significance in Table 18 of BBRC (1989).  The Table shows 
the increase in pup mortality to be statistically significant on lactational days 7 and 14, but not day 21.  As 
the data on lactational day 21 are identified to the earlier time periods (i.e., there were no deaths in either 
controls or 30 ppm animals after lactational day 7), then the increase at day 21 too must be statistically 
significant.  In fact, the text on p. 14 of the BBRC (1989) reports that pup deaths were significantly 
increased at 30 ppm, and this is easily verified by independent Fisher Exact test. 

 
 
 Body weights of the F1 adult males through the pre-breeding period were consistently 
lower than controls in the 300 ppm group, but the differences were relatively small (3-6%) and 
only sometimes statistically significant.  Body weights in 30 ppm males and 30 and 300 ppm 
females were similar to controls throughout the F1 adult pre-breeding period.  No significant 
clinical signs were observed in F1 adult males or females during pre-breeding.  Body weights of 
the treated F1 adult females during gestation and lactation did not differ from controls.  There 
were no effects on gestation length or male or female mating or fertility indices in any group.  As 
in the first breeding, pups in the 300 ppm group were born at a similar weight to controls, but 
grew more slowly after day 4 of lactation, had significantly lower body weights after day 7 of 
lactation, and experienced significantly reduced survival during the latter part of the lactation 
period.  Pups in the 30 ppm group did not differ from controls.  Necropsy findings in the F1 
adults were generally similar to those in the F0 adults reported above: absolute and relative liver 
and kidney weights were increased in males at 300 ppm, significant hepatocellular hypertrophy 
was observed in males and females at 300 ppm, and renal changes were seen in males at 30 ppm 
(mineralization) and 300 ppm (hyaline droplet nephrosis, granular cast formation, tubular 
proteinosis).  A LOAEL of 30 ppm (2.6 mg/kg-day) was derived from this study, based on 
decreased pup survival during lactation.  A NOAEL was not available for this study. 
 
 A continuous breeding protocol was used to evaluate the effects of 1,2,4,5-
tetrachlorobenzene on reproduction and fertility in Swiss CD-1 mice (NTP, 1991b; Chapin et al., 
1997).  Male and female mice (40 breeding pairs for controls and 20 pairs/exposed group) were 
continuously exposed to dietary concentrations of 0, 280, 720, or 1800 ppm of 1,2,4,5-
tetrachlorobenzene (>99% pure) for a 7-day precohabitation and a 98-day cohabitation period.  
The study authors estimated that these dietary concentrations resulted in average daily dose 
intakes of 0, 40, 100, or 250 mg/kg-day.  The last litter born to each dam following the 
continuous breeding phase was reared until weaning.  The F1 mice (20 breeding pairs per dose 
group) then underwent the same exposure and breeding protocol to produce the F2 generation of 
mice (control and 720 ppm groups only).  The endpoints examined in the study included clinical 
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signs of toxicity, parental body weight and feed consumption, fertility (number producing a litter 
vs. total number of breeding pairs), the number of litters per pair, the number of live pups per 
litter, the proportion of pups born alive, the sex ratio of live pups, and pup body weights 
immediately after birth.  Following weaning of the last F2 litter, F1 mice were necropsied and the 
following endpoints were evaluated: organ weights, body weights, epididymal sperm motility, 
sperm morphology, and sperm count.  Estrual cyclicity was monitored by vaginal lavage 12 days 
prior to necropsy.  Selected organs (liver, testis, epididymis, and kidney) were examined for 
histopathological changes related to 1,2,4,5-tetrachlorobenzene exposure. 
 
 The high dose of 1800 ppm produced extensive mortality in F0 female mice (19/20 died), 
with one animal dying during cohabitation and the remaining 18 at parturition of their first, 
second, or third litter (NTP, 1991b; Chapin et al., 1997).  Eight of the 19 females that died were 
evaluated histopathologically.  Two were diagnosed with hepatocellular degeneration and one 
with lymphoma; the cause of death could not be determined for the remaining five rats.  The 
study authors speculated that the stress of giving birth combined with systemic toxicity caused 
this unexpected mortality.  In male mice exposed to 1800 ppm, no mortality was observed, but 
clinical signs of toxicity were seen, including transient inactivity and a rough hair coat.  No 
significant effects on body weight were noted in F0 males or females, although food consumption 
was significantly reduced in 1800 ppm mice of both sexes during the first 2 weeks of the study.  
Large increases in absolute and relative liver weight (approximately twice that of controls) and a 
small significant increase in the percent of abnormal sperm (14% vs. 10%) were observed in F0 
males at 1800 ppm.  Due to the high mortality of dams at 1800 ppm, reproductive parameters 
could only be assessed in the lower dose groups.  There was a slight, but statistically significant, 
decrease (6%) in the number of live pups per litter in the 720 ppm group.  Number of litters per 
pair, number of days to litter, proportion of pups born alive, and pup weight and sex ratio were 
unaffected.  For the last litters of the F1 generation, which were raised to weaning, there was no 
effect on pup viability throughout weaning, and pup body weights were similar to controls until 
day 21 of lactation, at which time body weights of both male and female pups were significantly 
decreased in the 720 ppm group.  Absolute and relative liver and kidney weights were increased 
in male and female adult F1 generation mice in the 720 ppm group.  An increase in the weight of 
the testes was also noted for the males; sperm parameters, however, were unaffected.  No change 
was observed in adult F1 female estrual cycle parameters at any dose.  With regard to production 
of the F2 generation, there was no difference in mating, litter size, pup weight, or dam weight.  
Histopathology revealed that adult F1 offspring in the 720 ppm group showed greater incidence 
and severity of hepatic cytomegaly and karyomegaly, and renal tubular regeneration, as 
compared to controls (males and females).  Mortality and clinical signs of toxicity were not 
observed in the 280 ppm group (F0 and F1 generations).  Body weight gain, and food and water 
consumption were unaffected in the F0 and F1 generations, and reproductive parameters for the 
F0 generation were similar to controls (i.e., mean litters/pair, live pups/litter, pup weight/litter, 
cumulative days to litter).  Reproductive toxicity was not evaluated for F1 animals in the 280 
ppm dose group.  NOAEL and LOAEL values for this study were 280 ppm (40 mg/kg-day) and 
720 ppm (100 mg/kg-day), respectively, based on decreased pup growth during lactation, and 
increases in organ weights (liver, kidney, testes) and incidence and severity of hepatic histologic 
lesions (cytomegaly and karyomegaly) in F1 adults (NTP, 1991b; Chapin et al., 1997). 
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 In a study conducted primarily to investigate maternal hepatic effects of 1,2,4,5-
tetrachlorobenzene, the chemical (>98% pure) suspended in 1.5% gum tragacanth was orally 
administered to groups of up to 12 timed-pregnant Sprague Dawley rats.  Doses of 0, 30, 100, 
300, or 1000 mg/kg-day were administered on days 9 through 13 of gestation, and dams were 
sacrificed on day 14 of pregnancy (Kitchin and Ebron, 1983).  Maternal livers were excised, 
weighed and processed for histopathology evaluation and analysis of liver microsomal enzymes.  
For the control and high-dose groups, uteri were observed for implantations and resorptions.  
Two embryos from each dam in these groups were examined for abnormalities and growth 
parameters.  No maternal deaths occurred.  Maternal body weight gain was significantly 
decreased in the 1000 mg/kg-day group.  No change was observed for maternal liver weight, 
liver to body weight ratio, or hepatic microsomal protein content at any dose level.  Slight 
centrilobular hypertrophy was observed in 3 of 9 rats given 1000 mg/kg-day of 1,2,4,5-
tetrachlorobenzene.  No effects on liver histology were observed at lower dose levels.  Enzyme 
assays revealed a significant increase in maternal hepatic cytochrome P450 content at 1000 
mg/kg-day only, no effect on NADPH-cytochrome c reductase, a slight increase in aminopyrine 
N-demethylase activity at 300 and 1000 mg/kg-day, and large, dose-related increases in O-
deethylation of ethoxyresorufin at all dose levels (30, 100, 300, and 1000 mg/kg-day).  UDP-
Glucuronyl transferase activity was unaltered by 1,2,4,5-tetrachlorobenzene administration.  
Embryonic parameters, including resorptions, embryonic deaths, abnormalities, crown-rump 
length, head length, somite number, and protein content were not affected by the administration 
of 1,2,4,5-tetrachlorobenzene at 1000 mg/kg-day.  This study identified a LOAEL of 1000 
mg/kg-day and NOAEL of 300 mg/kg-day in Sprague-Dawley rats, based on decreased maternal 
body weight gain in pregnant dams (Kitchin and Ebron, 1983).  A NOAEL of 1000 mg/kg-day 
was identified for fetal effects, based on the absence of treatment-related changes in resorptions, 
embryonic deaths, abnormalities, crown-rump length, head length, somite number, and protein 
content. 
 
 A more standard developmental toxicity study was conducted by Kacew et al. (1984).  
1,2,4,5-Tetrachlorobenzene (98-99% pure) was administered to presumed pregnant Sprague 
Dawley rats (10/group) via corn oil gavage at dose levels of 0, 50, 100, or 200 mg/kg-day from 
day 6 through 15 of gestation.  Dams were sacrificed on day 21 of gestation and blood was 
removed from the abdominal aorta for hematological evaluation and serum biochemistry 
(aspartate aminotransferase, alkaline phosphatase, lactate dehydrogenase, bilirubin, uric acid, 
cholesterol, protein, glucose, sodium, potassium, calcium, inorganic phosphorous).  Maternal 
organs (i.e., liver, brain, kidneys, perirenal fat, spleen and heart) were removed, weighed, and 
processed for histopathology.  A portion of the maternal liver was also utilized for microsomal 
enzyme analyses (i.e., aniline hydroxylase, aminopyrine demethylase).  The pups were removed 
via cesarean section, weighed and examined for gross anomalies.  Approximately two-thirds of 
the fetuses were processed for examination of skeletal anomalies, while the remaining fetuses 
were fixed in Bouin’s solution for visceral examination. 
 

Nine of 10 rats in the 200 mg/kg-day group died during gestation, showing severe 
alimentary toxicity with hemorrhages in the small intestine, thoracic cavity, and uterus (Kacew et 
al., 1984).  The deaths were attributed by the researchers to circulatory collapse.  At the lower 
dose levels, no changes were noted in maternal body or organ weights, and hematological 
parameters were considered normal.  Serum chemistry variables were unaffected, except for 
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slight, statistically significant increases in cholesterol in the 50 and 100 mg/kg-day groups (not 
evaluated in the lone survivor at 200 mg/kg-day).  Liver activities of aniline hydroxylase and 
aminopyrine-N-demethylase activity were increased in all dose groups.  Histopathological 
findings in pregnant females were not considered treatment-related by the study authors.  No 
fetal effects due to treatment were found.  The number of fetuses per dam was significantly 
reduced at 50 mg/kg-day, but not at 100 mg/kg-day or in the one surviving litter at 200 mg/kg-
day.  Neither the number of resorptions nor pup weights differed significantly from controls.  
1,2,4,5-Tetrachlorobenzene did not cause fetal anomalies, and histopathological changes in the 
fetus were considered by the study authors to be incidental in nature.  A  FEL of 200 mg/kg-day 
and NOAEL of 100 mg/kg-day for this study were based on alimentary hemorrhage and 
mortality in pregnant Sprague Dawley rats (Kacew et al., 1984).  Serum cholesterol and 
microsomal enzyme activities were increased at 50 and 100 mg/kg-day, but these changes were 
not accompanied by increased liver weight or altered liver histopathology.  These changes may 
occur as an adaptive response to chemical exposure and are not necessarily indicative of toxicity. 
  
 An additional developmental toxicity study in rats was available only as an abstract.  
Pregnant F-344 rats (25/group) were exposed to 1,2,4,5-tetrachlorobenzene on days 6 through 15 
of gestation and sacrificed on day 22 (Fisher et al., 1990).  Doses administered via corn oil 
gavage were 0, 25, 75, or 125 mg/kg-day.  Overt maternal toxicity was observed in the 125 
mg/kg-day group, as evidenced by clinical signs (urine stains, audible respiration, and nasal and 
ocular discharge) and decreased body weight gain and food consumption.  Increases in absolute 
and relative liver weight were observed in both the 125 and 75 mg/kg-day group dams.  The only 
fetal change noted was an increase in the incidence of delayed skeletal ossification in the 125 and 
75 mg/kg-day groups.  Delayed ossification was also reported in the 25 mg/kg-day group, 
although the effect was described as minimal at this dose.  No additional details were contained 
in the available abstract. 
 
 The same abstract also reported a study in rabbits (Fisher et al., 1990).  Pregnant New 
Zealand White rabbits (15/group) were exposed to 1,2,4,5-tetrachlorobenzene on days 6 through 
18 of gestation and sacrificed on day 29.  Doses administered via corn oil gavage were 0, 5, 15, 
or 25 mg/kg-day.  Maternal toxicity was observed at all three dose levels, including mortality at 
5 and 25 mg/kg-day, decreased body weight gain at 5 and 15 mg/kg-day, and increased incidence 
of abortions at 5 mg/kg-day.  Slight fetotoxicity (increased incidence of one visceral and one 
skeletal variation in the cranial region) was reported in the 5 and/or 15 mg/kg-day groups, but 
not the 25 mg/kg-day group.  No additional details were contained in the available abstract. 
 
 Ou et al. (2003) used an initiation-promotion protocol to evaluate the ability of 1,2,4,5-
tetrachlorobenzene to increase the development of preneoplastic enzyme-altered foci in rat liver.  
Male Fisher 344 rats were initiated with a single dose of diethylnitrosamine (DEN) (200 mg/kg 
i.p.).  1,2,4,5-Tetrachlorobenzene was given daily by corn oil gavage (0.1 mmol/kg) for six 
weeks, beginning two weeks after the initiation dose.  Partial hepatectomy was performed 3 
weeks after DEN initiation.  Liver weight, hepatocyte cell division (i.e., 5-bromo-2’-
deoxyuridine-labeling index), and the number and volume of glutathione-S-transferase (GST-P) 
positive foci were measured at 23, 26, 28, 47, and 56 days after initiation.  1,2,4,5-
Tetrachlorobenzene exposure for six weeks caused a significant increase in liver weight (35% 
increase) without a significant change in body weight, as compared to DEN controls.  
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Histopathological examination showed hepatocellular hypertrophy in the centrilobular region of 
the liver.  1,2,4,5-Tetrachlorobenzene did not significantly alter hepatocyte cell division rates as 
compared to DEN controls.  A time-dependent reduction in foci number was accompanied by a 
time-dependent increase in foci volume for both DEN controls and the 1,2,4,5-
tetrachlorobenzene treatment group.  On day 56, 1,2,4,5-tetrachlorobenzene treatment produced 
a significant increase in the percentage of foci volume in the liver (0.369 + 0.038%) as compared 
to DEN controls (0.261 + 0.024%).  The total number of foci was also increased by 1,2,4,5-
tetrachlorobenzene treatment (2123 + 241) as compared to DEN controls (1599 + 126). 
 
 Fat and plasma elimination half-life values of 1,2,4,5-tetrachlorobenzene in dogs are 
respectively 111 and 104 days (Braun et al., 1978).  The compound is not metabolized in squirrel 
monkeys (Schwartz et al., 1987) and is least metabolized and excreted in rats compared to 
1,2,3,4- and 1,2,3,5-tetrachlorobenzene (Chu et al., 1984).  The only metabolite identified in rats 
is 2,3,5,6-tetrachlorophenol, a polar compound and is readily excreted through the kidney (Chu 
et al., 1984). 
 
 

DERIVATION OF A PROVISIONAL SUBCHRONIC RfD FOR  
1,2,4,5-TETRACHLOROBENZENE 

  
 The subchronic toxicity of 1,2,4,5-tetrachlorobenzene has been investigated in rats and 
mice in several dietary studies (Chu et al., 1983, 1984; NTP, 1991a).  The results of these studies 
are consistent in indicating that the primary systemic targets of exposure are the liver, thyroid, 
and, in male rats, the kidney.  Reproductive/developmental toxicity studies have been performed 
for 1,2,4,5-tetrachlorobenzene in rats, mice, and rabbits (BRRC, 1989; NTP, 1991b; Kitchin and 
Ebron, 1983; Kacew et al., 1984; Fisher et al., 1990). 
 

The spectrum of histologic kidney lesions induced by 1,2,4,5-tetrachlorobenzene in 
male rats is consistent with hydrocarbon or hyaline droplet nephropathy associated with 
binding to α2u-globulin and the formation of complexes that are resorbed, but not degraded in 
kidney tubules.  Because the α2u-globulin protein is not found in humans, these lesions are not 
considered to be predictive of health effects in humans (U.S. EPA, 1991b).  The EPA Risk 
Assessment Forum Technical Panel Report (U.S. EPA, 1991b), discussed three categories of 
information and histopathology criteria required for demonstrating that the α2u-globulin 
process may be a factor in any observed renal effects in male rats.  Taken together, the NTP 
(1991a) and BBRC (1989) study findings meet all necessary criteria.   The first criterion is an 
increase in the number and size of hyaline droplets in the renal proximal tubule cells of treated 
male rats.  Hyaline droplets were observed in proximal tubule epithelium of male rats from 
both the NTP (1991a) and BBRC (1989) studies.  In addition, the Chu et al. (1984) study 
described the formation of eosinophilic cytoplasmic inclusions in proximal tubule cells, which 
is consistent with hyaline droplet formation.  The second criterion is accumulation of α2u-
globulin protein in the hyaline droplets, in order to rule out a nonspecific response to protein 
overload.   The BBRC (1989) study demonstrated the accumulation of α2u-globulin protein in 
hyaline droplets using Mallory Heidenhain stain.  The third criterion is the presence of 
additional aspects of the pathological sequence of lesions associated with α2u-globulin 
nephropathy (e.g. single-cell necrosis, exfoliation of epithelial cells into the proximal tubular 
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lumen, formation of granular casts, linear mineralization of papillary tubules, and tubule 
hyperplasia).  Additional pathological lesions associated with α2u-globulin nephropathy were 
noted in both the NTP (1991a) and BBRC (1989) studies (e.g. tubular proteinosis, formation 
of granular casts, mineralization of medullary collecting tubules, and tubule hyperplasia).  The 
Chu et al. (1984) study also described epithelial necrosis and formation of intratubular protein 
casts at the highest dose.  The kidney lesions induced by 1,2,4,5-tetrachlorobenzene in male 
rats meet the criteria for demonstrating involvement of the α2u-globulin accumulation.  
Because this response is specific to male rats, as a matter of science policy, the EPA (U.S. 
EPA, 1991) has concluded that “if a chemical induces α2u-globulin accumulation in male rats, 
the associated nephropathy is not used as an endpoint for determining noncarcinogenic hazard. 
Estimates of noncarcinogenic risk are based on other endpoints”.  
 
 On the basis of effects other than hyaline droplet nephropathy in male rats, the following 
LOAEL and NOAEL values are established: 
 
 
1) a LOAEL of 500 ppm (32 mg/kg-day) and NOAEL of 50 ppm (3.4 mg/kg-day) in 

Sprague Dawley rats exposed in the diet for 28 days, based on effects on the liver 
(increases in serum cholesterol and liver weight and histopathology, including 
cytoplasmic vacuolation of hepatocytes and anisokaryosis) and thyroid (columnar 
epithelium with focal follicular collapse and reduced colloid density) (Chu et al., 1983); 

 
2) a LOAEL of 500 ppm (34 mg/kg-day) and NOAEL of 50 ppm (3.4 mg/kg-day) in 

Sprague Dawley rats exposed in the diet for 90 days, based on effects on the liver 
(increases in serum cholesterol and liver weight and incidence and severity of histological 
lesions, including accentuated zonation, aggregated basophilia, anisokaryosis, and 
pyknotic hepatocellular nuclei) (Chu et al., 1984); 

 
3) a LOAEL of 30 ppm (2.1 mg/kg-day) in F344/N rats exposed in the diet for 90 days, 

based on decreased serum thyroxin concentrations.  A NOAEL value was not derived 
from this study (NTP, 1991a); 

 
4) a LOAEL of 2000 ppm (290 mg/kg-day, average of male and female doses) and NOAEL 

of 1000 ppm (146 mg/kg-day, average of male and female doses) in B6C3F1 mice 
exposed in the diet for 90 days, based on liver effects (degenerative and necrotic lesions) 
(NTP, 1991a); 

 
5) a LOAEL 30 ppm (2.6 mg/kg-day) in Sprague Dawley rats in a multi-generation feeding 

study, based on decreased pup survival during lactation (BRRC, 1989); 
 
6) a LOAEL of 720 ppm (100 mg/kg-day) and NOAEL of 280 ppm (40 mg/kg-day) in 

Swiss CD-1 mice in a multi-generation feeding study, based on decreased pup growth 
during lactation, and increases in organ weights (liver, kidney, testes) and incidence and 
severity of hepatic histologic lesions (cytomegaly and karyomegaly) in F1 adults (NTP, 
1991b; Chapin et al., 1997); 
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7) a LOAEL of 1000 mg/kg-day and NOAEL of 300 mg/kg-day in Sprague-Dawley rats in 

a gestational gavage exposure study, based on decreased maternal body weight gain in 
pregnant dams (Kitchin and Ebron, 1983); and 

 
8) a  FEL of 200 mg/kg-day and NOAEL of 100 mg/kg-day in Sprague Dawley rats in a 

gestational gavage exposure study, based on alimentary hemorrhage and mortality in 
pregnant rats (Kacew et al., 1984).  Serum cholesterol and microsomal enzyme activities 
were increased at 50 and 100 mg/kg-day, but these changes were not accompanied by 
increased liver weight or altered liver histopathology. 

 
 These studies identify LOAELs of 2.1 - 290 mg/kg-day and NOAELs of 3.4 - 146 mg/kg-
day for effects of 1,2,4,5-tetrachlorobenzene on the liver, thyroid, and suckling pup in rats (Chu 
et al., 1983, 1984; NTP, 1991a; BRRC, 1989).  Mice were less sensitive than rats, although the 
liver and suckling pup were identified as targets in this species as well, with LOAELs of 100-150 
mg/kg-day and NOAELs of 40-45 mg/kg-day (NTP, 1991a,b).  Three rat studies were considered 
for development of a provisional subchronic RfD for 1,2,4,5-tetrachlorobenzene (Chu et al., 
1984; NTP, 1991a; BRRC, 1989).  Benchmark dose (BMD) modeling (U.S. EPA, 1996, 2000) 
was performed for the liver histopathology data from the Chu et al. (1984) study, the serum 
thyroxin data from the NTP (1991a) study, and the litter viability data from the BRRC (1989) 
study.  
  
  Chu et al. (1984) provided incidence data for combined histological liver lesions 
(including accentuated zonation, aggregated basophilia, anisokaryosis, and pyknotic 
hepatocellular nuclei) in male rats.  Altered liver histopathology was considered the critical 
effect for this study.  It should be noted that these data were somewhat limited in their usefulness 
for dose-response modeling, because liver lesions were described as normal (severity scale of 1) 
for all dose groups with the exception of the high dose group, where 100% of the animals 
demonstrated liver lesions indicative of toxicity.  All dichotomous models in the EPA 
Benchmark Dose Modeling Software (BMDS; Version 1.3.2) were fit to the incidence data for 
liver lesions in male and female rats (see Table 2, p. 8).  For each model, a benchmark response 
(BMR) of 10% extra risk (as recommended by U.S. EPA, 2000) was used to calculate the 
benchmark dose (BMD) and its lower 95% confidence limit (BMDL).  Summary results for the 
benchmark dose modeling of liver incidence data from Chu et al. (1984) are provided in 
Appendix A.  For both males and females, the quantal quadratic model provided the best fit to 
the data.  BMD and BMDL estimates from these data are shown in Table 6. 
 

Table 6.  Benchmark dose modeling results for 1,2,4,5-tetrachlorobenzene 
Endpoint BMR BMD 

(mg/kg-day) 
BMDL 

(mg/kg-day) 
Liver lesions in male rats (Chu et al., 1984) 10% 2.0 1.2 
Liver lesions in female rats (Chu et al., 1984) 10% 3.0 1.9 
 

The critical effect for the NTP (1991a) study was the observed reduction in serum 
thyroxin concentrations.  This was suggested by the study authors to indicate a moderate, 
primary hypothyroxemia.  The data sets chosen for BMD modeling included the free serum 
thyroxin concentration in male and female rats at 45-46 days or 88-89 days on study (4 data 
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sets).  Total serum thyroxin concentrations were also reduced in this study; however, it has been 
determined that it is the free serum thyroxin concentration that determines the biologic activity of 
the hormone and the ultimate clinical status (NAS, 2005).  Continuous models in the EPA 
Benchmark Dose Modeling Software (BMDS; Version 1.3.2) were fit to the free serum thyroxin 
data in male and female rats at 45-46 days or 88-89 days on study.  Due to nonhomogenous 
variances in the thyroxin data, variance was modeled as a power function of the mean (the only 
option currently available in the BMDS for nonhomogenous variance).  The fit of the power 
function to the thyroxin variance was adequate (p > 0.1) for all 4 data sets.  However, none of the 
models (linear, power, polynomial, hill) were able to provide adequate fit to the means while the 
variance model was applied for any of these data sets.  Summary results for the benchmark dose 
modeling of the free serum thyroxin data in male and female rats at 45-46 days or 88-89 days on 
study (NTP, 1991a) are provided in Appendix B.   
 

The critical effect observed in a dietary multigeneration study (BRRC, 1989) was 
decreased litter viability (i.e., survival) in the F1 generation of rats exposed to 1,2,4,5-
tetrachlorobenzene during gestation and lactation.  Pup weights were also decreased in offspring; 
however, this effect was observed at a higher dose level.  All available dichotomous models in 
the EPA Benchmark Dose Software (BMDS version 1.3.2) were fit to the incidence data for litter 
viability of F1 pups of rats administered 1,2,4,5-tetrachlorobenzene in the diet (see Table 5, p. 
15).  Predicted doses associated with a 10% extra risk were calculated.  As assessed by the chi-
square goodness-of-fit test, no models in the software provided an adequate fit to the data for the 
incidence of death in F1 pups (χ2 p-value > 0.1).  The highest dose group was removed from the 
data set in an attempt to obtain a good fit to the data.  Even with the high dose group removed, 
there were no models in the software that provided an adequate fit to the data.  Summary results 
for the benchmark dose modeling of the free litter viability of F1 pups (BBRC, 1989) are 
provided in Appendix C.   
 

Three values were considered in the determination of a point of departure for the 
provisional subchronic RfD for 1,2,4,5-tetrachlorobenzene.  These were 1.2 mg/kg-day (Chu et 
al., 1984; BMDL10 for liver lesions in male rats), 2.1 mg/kg-day (NTP, 1991a; LOAEL for 
decreased thyroxin levels in female rats), and 2.6 mg/kg-day (BRRC, 1989; LOAEL for 
decreased survival in F1 suckling rat pups).  The use of the BMDL for liver effects derived from 
Chu et al. (1984) as the point of departure would not be protective for effects on thyroxin levels 
or on pup viability, as estimated by the LOAEL values for these effects divided by a LOAEL to 
NOAEL uncertainty factor of 10.  NOAELs were not observed for either thyroxin levels or pup 
viability and LOAELs for both effects were only slightly higher than the BMDL based on liver 
effects.  Therefore, the LOAEL of 2.1 mg/kg-day for decreased thyroxin levels in the NTP 
(1991a) rat study was chosen as the point of departure. 

 
A provisional subchronic RfD of 2E-3 mg/kg-day was derived by applying a composite 

uncertainty factor of 1000 to the LOAEL of 2.1 mg/kg-day for reduced serum thyroxin in rats 
(NTP, 1991a).  The composite uncertainty factor of 1000 comprises factors of 10 for 
extrapolation from a LOAEL to a NOAEL, 10 for extrapolation from rats to humans, and 10 for 
protection of sensitive individuals.  There is some concern for potential developmental 
neurological effects from disruption of thyroid homeostasis; however, an additional database 
uncertainty factor was not applied because the database includes adequate subchronic, multi-
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generation reproduction, and developmental toxicity studies in two species.  The derivation is as 
follows: 

 
 
  p-sRfD  = LOAEL / UF 

     =  2.1 mg/kg-day / 1000 
     = 0.002 or 2E-3 mg/kg-day 
 
 Confidence in the critical study is medium-to-high.  The study included adequate 
numbers of rats of each sex and dose groups and investigated relevant endpoints; however a 
NOAEL value was not determined.  Confidence in the database is high due to the presence of 
supporting data from an array of adequate subchronic, multi-generation reproduction, and 
developmental toxicity studies in two species.  Overall confidence in the provisional subchronic 
RfD is medium-to-high. 
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Appendix A.  Benchmark Dose Modeling Results from Chu et al. (1984) 
 
 

All dichotomous models in the EPA Benchmark Dose Modeling Software (BMDS; 
Version 1.3.2) were fit to the incidence data for liver lesions in male and female rats (see Table 
2, p. 8).  For each model, a benchmark response (BMR) of 10% extra risk (as recommended by 
U.S. EPA, 2000) was used to calculate the benchmark dose (BMD10) and its lower 95% 
confidence limit (BMDL10).   
 

Tables A1 and A2 show the modeling results for each of the dichotomous models for 
male and female rats, respectively. 
 
 

Table A1.  BMD modeling results for liver lesions in male rats from Chu et al. (1984) 

 
Model 

Degrees 
of 

Freedom
χ2 χ2 Goodness 

of Fit p-Value AIC BMD10 
(mg/kg-day) 

BMDL10 
(mg/kg-day)

Quantal Quadratic 3 1.81 0.61 70.80 1.99 1.24 

Logistic 3 1.88 0.60 70.85 1.41 0.75 

Probit 3 1.88 0.60 70.85 1.39 0.76 

Multistage (degree=1)a 3 2.34 0.50 71.41 0.84 0.42 

Quantal Linear 3 2.34 0.50 71.41 0.84 0.42 

Log-probit (slope > 1) 2 1.80 0.41 72.80 2.66 0.86 

Gamma (power > 1) 2 1.80 0.41 72.80 2.57 0.45 

Weibull (power > 1) 2 1.80 0.41 72.80 2.63 0.45 

Log-logistic (slope > 1) 2 1.80 0.41 72.80 2.94 0.69 
aDegree of polynomial initially set to (n-1) where n= number of dose groups including control; model selected 
is lowest degree model providing adequate fit.  Betas restricted to > 0. 
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Table A2.  BMD modeling results for liver lesions in female rats from Chu et al. (1984) 

 
Model 

Degrees 
of 

Freedom
χ2 χ2 Goodness 

of Fit p-Value AIC BMD10 
(mg/kg-day) 

BMDL10 
(mg/kg-day)

Quantal Quadratic 3 2.07 0.56 28.66 2.99 1.92 

Logistic 3 2.20 0.53 28.75 3.09 2.06 

Probit 3 2.21 0.53 28.78 2.96 1.89 

Gamma (power > 1) 2 2.05 0.36 30.60 3.55 1.16 

Weibull (power > 1) 2 2.05 0.36 30.60 3.59 1.15 

Log-logistic (slope > 1) 2 2.05 0.36 30.60 3.79 1.78 

Log-probit (slope > 1) 2 3.02 0.22 30.72 3.57 1.68 

Multistage (degree=1)a 3 3.84 0.28 31.21 1.32 0.77 

Quantal Linear 3 3.84 0.28 31.21 1.32 0.76 
aDegree of polynomial initially set to (n-1) where n= number of dose groups including control; model selected 
is lowest degree model providing adequate fit.  Betas restricted to > 0. 

 
 

All models provided acceptable global goodness of fit (chi square p-value >0.1).  As 
recommended by U.S. EPA (2000), the model with the lowest AIC value (Quantal quadratic for 
both males and females) was selected as the best fitting model, which yielded a BMD10 of 1.99 
mg/kg-day and a BMDL10 of 1.24 mg/kg-day for male rats and a BMD10 of 2.99 mg/kg-day and 
a BMDL10 of 1.92 mg/kg-day for female rats.  Plots of the observed and expected incidence of 
liver lesions versus dose from the results of the Quantal quadratic model are shown in Figures 
A1 and A2 for male and female rats, respectively.   
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Figure A1.  Dose response modeling of liver lesion incidence data for male rats (Chu et al., 
1984).  Dose = mg/kg-day 
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Figure A2.  Dose response modeling of liver lesion incidence data for female rats (Chu et 
al., 1984).  Dose = mg/kg-day 
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Appendix B.  Benchmark Dose Modeling Results from NTP et al. (1991a) 
 
 

Free Serum Thyroxin.  Continuous models in the EPA Benchmark Dose Modeling Software 
(BMDS; Version 1.3.2) were fit to the free serum thyroxin data in male and female rats at 45-46 
days or 88-89 days on study (Table B1).  Due to nonhomogenous variances in the thyroxin data, 
variance was modeled as a power function of the mean (the only option currently available in the 
BMDS for nonhomogenous variance).  The fit of the power function to the thyroxin variance was 
adequate (p > 0.1) for all 4 data sets.  However, none of the models (linear, power, polynomial, 
Hill) were able to provide adequate fit to the means while the variance model was applied for 
any of these data sets (Table B2). 
 
 
 

Table B1.  Free serum thyroxin in rats exposed to 1,2,4,5-tetrachlorobenzene in the diet 
for 13 weeks by NTP (1991a) 

Dose 
(mg/kg-day) 

Concentration at 44-45 days 
ng/dL (mean +SEM) 

Concentration at 88-89 days 
ng/dL (mean +SEM) 

Males 
0 2.0+0.19 1.7+0.13 

2.1 1.8+0.15 1.5+0.11 
7.1 2.2+0.20 1.5+0.14 

22.1 1.3+0.13a 1.0+0.0.12a 
71.4 0.6+0.07a 0.5+0.04a 

156 0.2+0.02a 0.2+0.03a 

Females 
0 1.6+0.14 1.0+0.08 

2.1 0.9+0.10a 1.0+0.11 
7.3 1.3+0.18a 0.8+0.09 

22.4 1.0+0.07a 0.6+0.10a 
79.1 0.4+0.04a 0.3+0.03a 
151 0.2+0.03a 0.2+0.03a 

ap<0.05 by Dunn’s test or Shirley’s test (n=9) 
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Table B2.  BMD modeling results for decreased free serum thyroxin in rats exposed to 
1,2,4,5-tetrachlorobenzene in the diet for 13 weeks by NTP (1991a) 

 

Model BMR
Variance 
p-valuea 

Means 
p-valueb AIC 

BMD 
(mg/kg-day) 

BMDL 
(mg/kg-day)

Male 45-46 days 
Linear (constant variance) 1 SD <0.0001 0.0001 -16.30 4.24 3.47 
Linear (modeled variance) 1 SD 0.92 <0.0001 -43.68 68.10 54.95 
Polynomialc (modeled variance) 1 SD 0.92 <0.0001 -43.68 68.10 54.95 
Powerd (modeled variance) 1 SD 0.92 <0.00001 -41.68 68.10 54.95 
Hille (modeled variance) 1 SD NAf 

Male 88-89  days 
Linear (constant variance) 1 SD <0.0001 <0.0001 -111.16 2.51 2.12 
Linear (modeled variance) 1 SD 0.52 <0.0001 -67.48 60.83 48.76 
Polynomialc (modeled variance) 1 SD 0.52 <0.0001 -67.48 60.83 48.76 
Powerd (modeled variance) 1 SD 0.52 <0.00001 -65.48 60.83 48.76 
Hille (modeled variance) 1 SD NAf 

Female 44-45 days 
Linear (constant variance) 1 SD <0.0001 <0.0001 -45.18 5.14 4.09 
Linear (modeled variance) 1 SD 0.28 <0.0001 -64.42 75.72 60.03 
Polynomialc (modeled variance) 1 SD 0.28 <0.0001 -64.42 75.72 60.03 
Powerd (modeled variance) 1 SD 0.28 <0.0001 -64.42 75.72 60.03 
Hille (modeled variance) 1 SD NAf 

Female 88-89 days 
Linear (constant variance) 1 SD <0.0001 0.0042 -92.32 5.21 4.16 
Linear (modeled variance) 1 SD 0.24 0.0001 -103.22 77.72 60.04 
Polynomialc (modeled variance) 1 SD 0.24 <0.0001 -103.22 77.72 60.04 
Powerd (modeled variance) 1 SD 0.24 <0.0001 -101.22 77.72 60.04 
Hille (modeled variance) 1 SD NAf 
aValues <0.10 fail to meet conventional goodness-of-fit criteria 
bValues <0.10 fail to meet conventional goodness-of-fit criteria 
c2-degree polynomial; no adequate fit with any polydegree 
dPower restricted to >=1 
eN restricted to >1 
 fNA = not available (BMD software could not generate a model output) 
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Appendix C.  Benchmark Dose Modeling Results from BBRC (1989) 
 

All available dichotomous models in the EPA Benchmark Dose Software (BMDS version 
1.3.2) were fit to the incidence for litter viability of F1 pups of rats administered 1,2,4,5-
tetrachlorobenzene in the diet. (Table C1).  Predicted doses associated with a 10% extra risk 
were calculated.  As assessed by the chi-square goodness-of-fit test, no models in the software 
provided an adequate fit to the data for the incidence of death in F1 pups (x2 p-value ≥ 0.1) 
(Table C2).  The highest dose was dropped from the data-set in an attempt to obtain a good fit to 
the data. Even with the high dose dropped, there were no models in the software that provided an 
adequate fit to the data (Table C3). 
 
 

Table C1. Incidence data for litter viability of F1 pups of rats administered 1,2,4,5-
tetrachlorobenzene in the diet from BBRC (1989) 

Dose 
(mg/kg/day) Number of pups Number dead 

(lactation days 4 postcull to 21) 
0 192 0 

2.6 196 8a 
25.5 205 24a 
82.5 48 48a 

aSignificantly different from control group (p<.01) 
 
 
 

Table C2.  BMD modeling results for the litter viability of F1 pups of rats administered 
1,2,4,5-tetrachlorobenzene in the diet from BBRC (1989) 

Model 
Degrees of 
freedom 

χ2 test 
statistic 

χ2 p-
valuea AIC 

BMD10 
(mg/kg-day) 

BMDL10 
(mg/kg-day)

Gamma (power > 1) 2 8.00 0.018 229.97 25.56 23.69 
Logistic 2 12.24 0.0022 231.81 23.25 20.71 
Log-Logistic (slope > 1) 1 8.00 0.0047 231.97 25.52 24.05 
Multistage (betas ≥ 0)b 3 51.55 0.0000 288.54 9.33 7.77 
Probit 2 15.97 0.0003 234.43 21.66 19.23 
Log-probit (slope > 1) 1 8.00 0.0047 231.97 25.54 24.03 
Quantal-linear 3 51.55 0.0000 288.54 9.33 7.77 
Quantal-quadratic 2 23.29 0.0000 250.48 18.82 16.86 
Weibull (power > 1) 1 8.00 0.0047 231.97 25.60 22.80 
aValues <0.1 fail to meet conventional goodness-of-fit criteria  
bPolydegree= 1 (no adequate fit with any polydegree) 
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Table C3.  BMD modeling results for the litter viability of F1 pups of rats administered 
1,2,4,5-tetrachlorobenzene in the diet from BBRC (1989) (highest dose dropped) 

Model 
Degrees of 
freedom 

χ2 test 
statistic 

χ2 p-
valuea AIC 

BMD10 
(mg/kg-day) 

BMDL10 
(mg/kg-day)

Gamma (power > 1) 1 6.15 0.013 225.09 19.99 13.92 
Logistic 1 6.89 0.0087 228.45 25.12 21.50 
Log-Logistic (slope > 1) 1 6.09 0.014 224.71 19.06 13.05 
Multistage  (betas ≥ 0)b 1 6.15 0.013 225.09 19.99 13.92 
Probit 1 6.78 0.0092 228.24 24.93 20.86 
Log-probit (slope > 1) 1 7.98 0.0047 229.90 25.64 20.69 
Quantal-linear 1 6.15 0.0131 225.09 19.99 13.92 
Quantal-quadratic 1 7.83 0.0051 229.55 25.40 21.01 
Weibull (power > 1) 1 6.15 0.0131 225.09 19.99 13.92 
aValues <0.1 fail to meet conventional goodness-of-fit criteria  
bPolydegree= 1 (no adequate fit with any polydegree) 
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PROVISIONAL PEER REVIEWED TOXICITY VALUES FOR

1,2,4,5-TETRACHLOROBENZENE (CASRN 95-94-3)

Derivation of Subchronic and Chronic Inhalation RfCs

Background

On December 5, 2003, the U.S. Environmental Protection Agency's (EPA's) Office of

Superfund Remediation and Technology Innovation (OSRTI) revised its hierarchy of human

health toxicity values for Superfund risk assessments, establishing the following three tiers as the

new hierarchy:

1. EPA's Integrated Risk Information System (IRIS).

2. Provisional Peer-Reviewed Toxicity Values (PPRTV) used in EPA's Superfund

Program.

3. Other (peer-reviewed) toxicity values, including:

� Minimal Risk Levels produced by the Agency for Toxic Substances and Disease

Registry (ATSDR),

� California Environmental Protection Agency (CalEPA) values, and

� EPA Health Effects Assessment Summary Table (HEAST) values.

A PPRTV is defined as a toxicity value derived for use in the Superfund Program when

such a value is not available in EPA's Integrated Risk Information System (IRIS).  PPRTVs are

developed according to a Standard Operating Procedure (SOP) and are derived after a review of

the relevant scientific literature using the same methods, sources of data, and Agency guidance

for value derivation generally used by the EPA IRIS Program.  All provisional toxicity values

receive internal review by two EPA scientists and external peer review by three independently

selected scientific experts.  PPRTVs differ from IRIS values in that PPRTVs do not receive the

multi-program consensus review provided for IRIS values.  This is because IRIS values are

generally intended to be used in all EPA programs, while PPRTVs are developed specifically for

the Superfund Program.

Because science and available information evolve, PPRTVs are initially derived with a

three-year life-cycle.  However, EPA Regions or the EPA Headquarters Superfund Program

sometimes request that a frequently used PPRTV be reassessed.  Once an IRIS value for a

specific chemical becomes available for Agency review, the analogous PPRTV for that same

chemical is retired.  It should also be noted that some PPRTV manuscripts conclude that a

PPRTV cannot be derived based on inadequate data.
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Disclaimers

Users of this document should first check to see if any IRIS values exist for the chemical

of concern before proceeding to use a PPRTV.  If no IRIS value is available, staff in the regional

Superfund and RCRA program offices are advised to carefully review the information provided

in this document to ensure that the PPRTVs used are appropriate for the types of exposures and

circumstances at the Superfund site or RCRA facility in question.  PPRTVs are periodically

updated; therefore, users should ensure that the values contained in the PPRTV are current at the

time of use. 

It is important to remember that a provisional value alone tells very little about the

adverse effects of a chemical or the quality of evidence on which the value is based.  Therefore,

users are strongly encouraged to read the entire PPRTV manuscript and  understand the strengths

and limitations of the derived provisional values.  PPRTVs are developed by the EPA Office of

Research and Development’s National Center for Environmental Assessment, Superfund Health

Risk Technical Support Center for OSRTI.  Other EPA programs or external parties who may

choose of their own initiative to use these PPRTVs are advised that Superfund resources will not

generally be used to respond to challenges of PPRTVs used in a context outside of the Superfund

Program.

Questions Regarding PPRTVs

Questions regarding the contents of the PPRTVs and their appropriate use (e.g., on

chemicals not covered, or whether chemicals have pending IRIS toxicity values) may be directed

to the EPA Office of Research and Development’s National Center for Environmental

Assessment, Superfund Health Risk Technical Support Center (513-569-7300), or OSRTI.

INTRODUCTION

An RfC is not available for 1,2,4,5-tetrachlorobenzene on IRIS (U.S. EPA, 2003) or in

the HEAST (U.S. EPA, 1997).  Relevant documents in the CARA list (U.S. EPA, 1991, 1994)

include an Ambient Water Quality Criteria (AWQC) (U.S. EPA, 1980) and a Health Assessment

Document (HAD) (U.S. EPA, 1985) for chlorinated benzenes.  The WHO (1991) Environmental

Health Criteria (EHC) for chlorinated benzenes was also reviewed.  There is no ATSDR

Toxicological Profile for 1,2,4,5-tetrachlorobenzene (ATSDR, 2003).  ACGIH (2003), NIOSH

(2003), and OSHA (2003) have not developed occupational exposure limits for 1,2,4,5-

tetrachlorobenzene.  Literature searches of the following databases were conducted from 1965 to

December, 2003 for relevant studies: TOXLINE (supplemented with BIOSIS and NTIS

updates), MEDLINE, CANCERLIT, TSCATS, RTECS, DART/ETICBACK,
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EMIC/EMICBACK, GENETOX, HSDB and CCRIS.  An additional literature search was

conducted through December 2004 and no relevant information was found.

REVIEW OF THE PERTINENT LITERATURE

Human Studies

Only one study was available regarding human exposure to 1,2,4,5-tetrachlorobenzene

(Kiraly et al., 1979).  An increase in chromosomal aberrations was reported for the peripheral

blood lymphocytes of Hungarian workers exposed to 1,2,4,5-tetrachlorobenzene during pesticide

manufacturing.  It is assumed that exposure to 1,2,4,5-tetrachlorobenzene occurred via inhalation

and dermal contact; however, exposure levels were not reported in the study.

Animal Studies

No studies were located regarding the toxicity of 1,2,4,5-tetrachlorobenzene in animals

following inhalation exposure.

FEASIBILITY OF DERIVING PROVISIONAL SUBCHRONIC AND CHRONIC

INHALATION RfCs FOR 1,2,4,5-TETRACHLOROBENZENE

The lack of relevant data in humans and animals following inhalation exposure precludes

derivation of a provisional subchronic or chronic RfC for 1,2,4,5-tetrachlorobenzene.
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PROVISIONAL PEER REVIEWED TOXICITY VALUES FOR

1,2,4,5-TETRACHLOROBENZENE (CASRN 95-94-3)

Derivation of a Carcinogenicity Assessment

Background

On December 5, 2003, the U.S. Environmental Protection Agency's (EPA's) Office of

Superfund Remediation and Technology Innovation (OSRTI) revised its hierarchy of human

health toxicity values for Superfund risk assessments, establishing the following three tiers as the

new hierarchy:

1. EPA's Integrated Risk Information System (IRIS).

2. Provisional Peer-Reviewed Toxicity Values (PPRTV) used in EPA's Superfund

Program.

3. Other (peer-reviewed) toxicity values, including:

� Minimal Risk Levels produced by the Agency for Toxic Substances and Disease

Registry (ATSDR),

� California Environmental Protection Agency (CalEPA) values, and

� EPA Health Effects Assessment Summary Table (HEAST) values.

A PPRTV is defined as a toxicity value derived for use in the Superfund Program when

such a value is not available in EPA's Integrated Risk Information System (IRIS).  PPRTVs are

developed according to a Standard Operating Procedure (SOP) and are derived after a review of

the relevant scientific literature using the same methods, sources of data, and Agency guidance

for value derivation generally used by the EPA IRIS Program.  All provisional toxicity values

receive internal review by two EPA scientists and external peer review by three independently

selected scientific experts.  PPRTVs differ from IRIS values in that PPRTVs do not receive the

multi-program consensus review provided for IRIS values.  This is because IRIS values are

generally intended to be used in all EPA programs, while PPRTVs are developed specifically for

the Superfund Program.

Because science and available information evolve, PPRTVs are initially derived with a

three-year life-cycle.  However, EPA Regions or the EPA Headquarters Superfund Program

sometimes request that a frequently used PPRTV be reassessed.  Once an IRIS value for a

specific chemical becomes available for Agency review, the analogous PPRTV for that same

chemical is retired.  It should also be noted that some PPRTV manuscripts conclude that a

PPRTV cannot be derived based on inadequate data.
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Disclaimers

Users of this document should first check to see if any IRIS values exist for the chemical

of concern before proceeding to use a PPRTV.  If no IRIS value is available, staff in the regional

Superfund and RCRA program offices are advised to carefully review the information provided

in this document to ensure that the PPRTVs used are appropriate for the types of exposures and

circumstances at the Superfund site or RCRA facility in question.  PPRTVs are periodically

updated; therefore, users should ensure that the values contained in the PPRTV are current at the

time of use. 

It is important to remember that a provisional value alone tells very little about the

adverse effects of a chemical or the quality of evidence on which the value is based.  Therefore,

users are strongly encouraged to read the entire PPRTV manuscript and  understand the strengths

and limitations of the derived provisional values.  PPRTVs are developed by the EPA Office of

Research and Development’s National Center for Environmental Assessment, Superfund Health

Risk Technical Support Center for OSRTI.  Other EPA programs or external parties who may

choose of their own initiative to use these PPRTVs are advised that Superfund resources will not

generally be used to respond to challenges of PPRTVs used in a context outside of the Superfund

Program.

Questions Regarding PPRTVs

Questions regarding the contents of the PPRTVs and their appropriate use (e.g., on

chemicals not covered, or whether chemicals have pending IRIS toxicity values) may be directed

to the EPA Office of Research and Development’s National Center for Environmental

Assessment, Superfund Health Risk Technical Support Center (513-569-7300), or OSRTI.

INTRODUCTION

A cancer assessment is not available for 1,2,4,5-tetrachlorobenzene on IRIS (U.S. EPA,

2003), in the Drinking Water Standards and Health Advisories list (U.S. EPA, 2002), or in the

HEAST (U.S. EPA, 1997).  Relevant documents in the CARA list (U.S. EPA, 1991, 1994)

include an Ambient Water Quality Criteria (AWQC) (U.S. EPA, 1980) and a Health Assessment

Document (HAD) (U.S. EPA, 1985) for chlorinated benzenes.  The WHO (1991) Environmental

Health Criteria (EHC) for chlorinated benzenes was also reviewed.  There is no ATSDR

Toxicological Profile for 1,2,4,5-tetrachlorobenzene (ATSDR, 2003).  IARC (2003), NTP

(2003), and ACGIH (2003) have not assessed the carcinogenicity of 1,2,4,5-tetrachlorobenzene.

Literature searches of the following databases were conducted from 1965 to December, 2003 for

relevant studies: TOXLINE (supplemented with BIOSIS and NTIS updates), MEDLINE,

CANCERLIT, TSCATS, RTECS, DART/ETICBACK, EMIC/EMICBACK, GENETOX, HSDB
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and CCRIS.  An additional literature search was conducted through December 2004 and no

relevant information was found.

REVIEW OF THE PERTINENT LITERATURE

Human Studies

Only one study was available regarding human exposure to 1,2,4,5-tetrachlorobenzene

(Kiraly et al., 1979).  An increase in chromosomal aberrations was reported for the peripheral

blood lymphocytes of Hungarian workers exposed to 1,2,4,5-tetrachlorobenzene during pesticide

manufacturing.  It is assumed that exposure to 1,2,4,5-tetrachlorobenzene occurred via inhalation

and dermal contact; however, exposure levels were not reported in the study.

Animal Studies

No chronic carcinogenicity bioassays have been performed for 1,2,4,5-

tetrachlorobenzene.  Medium-term bioassays using an initiation/promotion study design have

been used to compare the potential hepatocarcinogenicity of several chlorobenzene congeners

(Gustafson et al., 1998, 2000; Ou et al., 2003).  1,2,4,5-Tetrachlorobenzene was shown to

promote the formation of glutathione-S-transferase (GST) positive foci in rats (Gustafson et al.,

1998, 2000).  In each of these studies, rats were initiated with diethylnitrosamine two weeks

prior to oral gavage treatment with 1,2,4,5-tetrachlorobenzene.  Only one or two dose levels [0.1

mmol/kg-day (2.16 mg/kg-day) and 0.4 mmol/kg-day (8.64 mg/kg-day)] of 1,2,4,5-

tetrachlorobenzene were employed for each study.  Partial hepatectomy was also performed on

rats three weeks following initiation in one of the studies (Ou et al., 2003).  The comparison of

chlorobenzene isomers revealed that the numbers and area of foci were lower for

tetrachlorobenzene than for hexachlorobenzene or pentachlorobenzene (Gustafson et al., 2000;

Ou et al., 2003).  While each of the isomers significantly increased foci volume, only

hexachlorobenzene increased normal hepatocyte proliferation.  Intraperitoneal injection of

1,2,4,5-tetrachlorobenzene following diethylnitrosamine treatment resulted in enhanced

production of �-glutamyltranspeptidase (GGT)-positive foci in male rats (Herren-Freund and

Pereira, 1986).

Other Studies

1,2,4,5-Tetrachlorobenzene did not produce reverse mutations in Salmonella

typhimurium strains TA98, TA100, TA1535, or TA1537 with or without metabolic activation

(Haworth et al., 1983), or sex-linked recessive lethal mutations in Drosophila melanogaster

(Paradi and Lovenyak, 1981).  Although, as discussed above, Kiraly et al. (1979) reported a

clastogenic effect of 1,2,4,5-tetrachlorobenzene in peripheral blood lymphocytes of Hungarian

workers exposed to unknown concentrations during pesticide manufacture, in vitro studies in
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Chinese hamster ovary cells did not find evidence of clastogenicity; results were negative in tests

for chromosomal aberrations and sister chromatid exchange with or without metabolic activation

(Loveday et al., 1990).

PROVISIONAL WEIGHT-OF-EVIDENCE CLASSIFICATION

Data regarding the carcinogenicity of 1,2,4,5-tetrachlorobenzene are limited to

initiation/promotion studies showing the chemical can promote the development of liver foci

initiated by diethylnitrosamine in rats, and genotoxicity studies showing negative results for

mutagenicity in bacteria and fruit flies and mixed results for clastogenicity.  These data provide

an insufficient basis for evaluating the carcinogenicity of 1,2,4,5-tetrachlorobenzene.  Due to

inadequate evidence for carcinogenicity in humans and animals, 1,2,4,5-tetrachlorobenzene is

not classifiable as to its carcinogenicity to humans (U.S. EPA, 1999).  Under the proposed U.S.

EPA (1999) cancer guidelines, the human and animal data are inadequate for an assessment of

human carcinogenic potential.

QUANTITATIVE ESTIMATES OF CARCINOGENIC RISK

Derivation of quantitative estimates of cancer risk for 1,2,4,5-tetrachlorobenzene is

precluded by the absence of chronic carcinogenicity data for this chemical.
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