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i Th.ls document provides the health effects basis to be considered in establish-
! ing the MCLG. To achieve this objective, data on pharmacokinetics, human exposure, 

acute and chronic toxicity to animals and humans, epidemiology and mechanisms of 
toxicity are evaluated. Specific emphasis is placed on literature data providing 
dose-response information. Thus, while the literature search and evaluation per­
formed in support of this document has been comprehensive, only the reports con­
sidered most pertinent in the derivation of the MCLG are cited in the document. 
The comprehensive literature data base in support of this document includes 
information published up to 1987; however, more recent data may have been added 
during the review process. Final revisions and editorial changes were made in 
1991. 
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FOREWORD 

Section 1412_(b)(3)(A) of the Safe Drinking Waler Act, as amended In 
1986, requires the Administrator of the Environmental Protect ion Agency to 
publish maximum contaminant level goals (MCLGs) and promulgate National 
Primary Drinking Water Regulations for each contaminant, which, in the 
judgment of the Administrator, may have an adverse effect· on public health 
and which ls known or antic \pated to occur in publ le water systems. The 
MCLG. is nonenforceable and is set at a level at which no known or antici­
pated adverse health effects in humans occur. and which allows for an 
adequate margin of safety. Factors considered in settlng the MCLG Include· 
health effects data and sources of exposure other than drinking water. 

This document provides the he-alth effects basis to be .. considered In 
establishing the MCLG. To achieve this objective, data on pharmacokinetics, 
human exposure, acute and chronic lox.icily to animals and humans, epidemi­
ology and mechanisms of toxicity are evaluated. Specific emphasis is placed 
on literature data providing dose-response information. Thus, while the 
literature search and evaluation performed in support of this document has 
been comprehensive, only the reports considered most pertinerrt in the deri­
vation of the MCLG are cited ln the document. The comprehensive literature 
data base ln support of this document includes Informal ion published up .to 
1987; however, more recent data may have been added during the review 
process. Final revisions and editorial changes were made in 1991. 

When adequate health effects data exist, Health Advisory values for less 
thari lifetlme exposures (l-day, lO-day and longer-term, -10% of an 
individual's lifetime) are included in this document. These values are not 
used in setting the MCLG, but serve as informal guidance to municipalities 
and other organizations when emergency spills or contamination situations 
occur. 
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I. SUMMARY 

Hexachlorobenzene Is imported but not produced conunercially In the 

UnHed States, and occurs as a by-product ln the synthesls of nfne other 

chlorlnated hydrocarbons; 2-5 mllllon pounds may be generated each year. 

Hexachlorobenzene ls a colorless crystalllne (monocllnic prlsm) solld -

wHh a reported water solublllty of 0.005 mg/'i. at 25°C. In general, hexa­

chlorobenzene has low water solubility, hlgh octanol/water partition coeffi­

cient, low vapor pressure at 25°C, low flammabllHy and ls photochemically 

stable. Chemical analysis of hexachlorobenzene ln water gene_rally involves 

solvent extraction followed by a cleanup method being used to produce 

organic extracts suitable for GC/MS analysis. 

The pharmacoklnetics of hexachlorobenzene In a number of mammalian 

species have been studied in detail followlng oral administration and, to a 

lesser extent, following intravenous or lntraperltoneal injection. No 

Information was found regarding hexachlorobenzene metabolism following 

Inhalation or topical application. Absorption of hexachlorobenzene from the 

intestinal tract appears to depend on the vehicle used during test material 

administration. Thus, when hexachlorobenzene ls ·administered ln olive oil, 

-80% of the dose Is absorbed; when It Is administered In an aqueous 

solution, in 1% methyl cellulose or (n a crystalline form, relatively little 

(<20%) Is absorbed. Intestinal absorptl.on of hexachlorobenzene occurs 

prlmarlly through lymphatic channels, wHh only a minor portion being 

absorbed lnto the portal circulation. 
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Followlng absorpt1on, hexachlorobenzene is dlstrlbuted to tissues that 

have a hlgh llpld content. The adipose tlssue accumulates the greatest con­

centrations of hexachlorobenzene ln all species studled, although bone mar­

row and skln, whlch contaln large amounts of llplds, also accumulate hexa­

chlorobenzene. The adrenal cortex accumulates hexachlorobenzene at concen­

trations approaching those of fat. Other body constltuents (e.g., llver, 

kldneys, lungs, heart, spleen and blood) generally contaln much lower 

amounts of hexachlorobenzene. Intravenous lnject Ion of hexachlorobenzene 

results in a tissue dlstrlbutlon slmllar to that seen followlng oral admln­

lstratlon. Hexachlorobenzene ls transported vla the placenta and ls 

dlstrlbuted ln fetal tissue as lndlcated by studles wlth rabblts, rats, 

mlce, mlnk and ferrets. 

Hexac~lorobenzene Is metabolized slowly lnto other chlorlnated benzenes, 

chlorlnated phenols and other mlnor metabolites and forms glucuronlde and 

glutathlone conjugates. Tlssues were found to contain malnly unchanged 

hexachlorobenzene together wlth small amounts of metabolltes.· Slmllarly, 

only small amounts of hexachlorobenzene metabol l tes were detected In feces, 

whereas most of the metabol l tes were excreted In the ur lne together with 

small amounts of unchanged ~exachlorobenzene. There are lndlcatlons that 

females produce and excrete more hexachlorobenzene metabolltes than do males. 

The excretion of hexachlorobenzene from treated anlmals Is slow and 

occurs malnly through the feces wlth relatlvely llttle being excreted In the 

urine. It Is characterlzed by an lnltlal rapld phase followed by one or 

more slow phases. This slow phase of excretion can be enhanced by the 

admlnlstratlon of mlneral oll, paraffln or n-hexadecane. Both billary and 
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Intestinal excretlon contribute to fecal excretlon. A three-compartment 

mal1'flli l lary model has been reported for the behavior of hexachlorobenzene In 

beagles and rhesu~ monkeys following a single l.v. Injection. Radioactivity 

was not detected In exhaled air following l.p. lnjection of 14C-hexa­

chlorobenzene. Hexachlorobenzene has been detected In the· m1lk of nursing 

ma 11111a 1 s . 

The acute oral toxicity of hex.achlorobenzene has been found to be low 

w1th LD
50 

values ranging _from 1700-10,000 mg/kg. Subchronlc oral toxlclty 

studies wHh a number of marrvnallan species Indicated a significant Increase 

In liver and kidney weights as well as other organ weights .\n hexachloro­

benzene-treated animals. The llvers from hexachlorobenzene-exposed animals 

have sho1o1n histologlc changes .such as Irregularly shaped and moderately 

enlarged llver mltochondrla and Increases In the size of the centr1lobular 

hepatocytes. Chronic tox1clty studies revealed slm1lar effects to those 

seen ln the subchronlc studies, plus hexachlorobenzene associated life­

shortening and various hepatic and renal pathologies. These subchronic and 

chronic effects were usua.lly dose-related. Other effects Included multiple 

alopecia and scabbing, together with neurologic effects \n rats, mice and 

dogs. A dose-related hlstopathologlc change In the ovaries of monkeys has 

also been reported. 

Increased porphyr\n levels In the liver and In urine have been reported 

for all species studied except the dog. Hexachlorobenzene wa's found to 

cause the accumulation of B-H-sterolds, which Induce porphyrln blosynthesls, 

and to Inhibit uroporphyrlnogen decarboxylases. Indications are that 

females are more susceptible to hexachlorobenzene-lnduced porphyrla than are 
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males, wh1ch may be related to the females estrogen levels and greater 

hexachlorobenzene metabollsm. Hexachlorobenzene was reported to produce a 

mlxed-type 1nduct lon of cytochromes.. resembl lng that produced by a 

comblnat1on of phenobarbltal (P-450) and 3,4-benzpyre!'le (P-448). In 

add1t1on, the act1v1tles of several hepat1c mlcrosomal enzymes were found to 

be Induced by hexachlorobenzene. 

Hexachlorobenzene d1d not lnduce dominant lethal mutations ln two stud-

1es but was reported to be mutagenlc ln a yeast, L cerevl s lae, assay at a 

concentrat lon of 100 ppm. Hexachlorobenzene possessed no detectable levels 

of mutagenlc act1v1ty In the Salmonella h1slld1ne reverslon assay. Chronic 

feedlng studles provide suff1c1ent evidence for the carcinogenicity of hexa­

chlorobenzene In animals (U.S. EPA we1ght-of-evldence classlflcat Ion of B2) 

s1nce there was an Increased lncldence of mallgnant tumors of the llver In 

two specles (haemang1oendothelloma In hamsters and hepatocellular carclnoma 

In rats) as well as reports of hepatoma In mice, rats and hamsters. 

Hexachlorobenzene glven to pregnant mice was found to produce cleft palates 

and renal agenesls In exposed pups. Certaln chem1cals were four:d to alter 

the tox1c1ty of hexachlorobenzene In ma11111als, whereas hexachlorobenzene 

pretreatment was reported to Increase CC1
4 

tox!~ity and alter the t11111une 

responses of treated anlmals. 

A few epldemlologic studies wlth occupatlonally-exposed workers have 

been reported, together with studles conducted In Turkey and In the UnHed 

States (i.e., Loulslana) on the general population following accldental 

exposure to hexachlorobenzene. These studles qual1tat1vely support the tox­

lclty of hexachlorobenzene, but glve llttle dose-response 1nformat1on. Bio­

logic mon\torlng of plasma levels clearly shows more hexachlorobenzene ln 
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the plasma of exposed compared with nonexposed 1nd1viduals, although no bio­

loglcally s1gnlfjcant adverse health effects .were seen durlng the observa­

tion perlods. The exposure of humans .to hexachlorobenzene In Turkey during 

1955-1959 caused an epldemlc of hexachlor.obenzene-lnduced .porphyr1a cutanea 

tarda (PCTJ. also known as porphyrla turc1ca, whlch ls manHested by dis­

turbed porphyrin metabo1'sm, cutaneous lesions ·and hyperp1gmentation. The. 

authors estlmated that from 0.05-0.2 g/day were Ingested. In exposed 

chndren under 1 year of age, pink· sore was observed as well as 95% morlal­

lty ln these Infants. 

Follow-up studles conducted wlth Turklsh patients 20-25 years after the 

onset of porphyrla showed that a few subjects stlll had active porphyrla, 

whereas >50% exhiblted hyperplgmentatlon scarring, as well as other 

dermatologlc, neurologlc and skeletal features of hexachlorobenzene 

toxlclty. Hexachlorobenzene resldues were also found In the blood, fat and 

breast m1lk of s~me patients. 

A correlation was found between hexachlorobenzene· levels In blood and 

the number of years worked ln a chlorinated solvents plant. The concentra­

tion of urinary uroporphyrins ·and coproporphyr.\ns ranged From 21-37 and 

67-101 µg/i., respectively, For lhe perlod between 1974 and 1977. An 

epldemiologlc survey conducted wlth 86 residents ln the vicinity of this 

chlorinated solvents plant showed elevated hexachlorobenzene res1dues in 

plasma. Higher levels of hexachlorobenzene residues were found In males 

than in females, but these were not associated 1i1lth race or 'food consumption. 
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The quant1tat1ve r1sk assessment for hexachlorobenzene ls based on 

anlmal data slnce human data are 1nsuff1c1ent. Data are 1nsufflc1ent for 

the der1vat1on of 1-day and 10-day HAs for a 10 kg chlld; therefore, the 

1 anger -term HA for a 10 kg ch 1ld of 0. 05 mg/i. 1 s reco11111ended as the 1-day 

and 10-day HAs for a 10 kg chlld. The longer-term HA for a 70 kg adult ls 

0. 2 mg/i.. The 11fet lme DWEL derlved from chranlc toxlclty data for a 70 

kg adult ls 0.03 mg/i.. The RFD ls 0.0008 11 g/kg bw/day and ls based on 

the results of a 130-week study 1n -rats and was verlfled 1n May 1988. 

The 95% upper bound llfetlme cancer rlsk associated wlth 1 11g/i. of 

hexachlorobenzene 1n dr1nk1ng water ls estimated to be 4.f>xl0- 5 • Levels 

of 2.0xl0- 5 , 2.0xlo-, and 2.0xl0- 3 mg/i. of hexachlorobenzene 1~ 

dr1nl< Ing water correspond to the 95% upper bound llfet 1me cancer rl sl<s of 

io-•, io-s and 10-', respectlvely. These values were verlfled by the 

CRAVE worl<group 1n March 1989. Hexachlorobenzene has been classlfled as a 

82, probable human carcinogen. 
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II. PHYSICAL AND CHEMICAL PROPERTIES 

Hexachlorobenzene ls not manufactured as a corrunerclal product In the 

Unlted States, but an. estimated 2-5 mllllon pounds were produced each year 

durlng the synthesls of several chlorlnated chemicals {Mumna and Lawless, 

1975). Hexachlorobenzene Is also an lngredlenl In a funglclde of which_ 

-200,000 pounds are lmported each year (!ARC, 1979). Hexachlorobenzene ls 

resistant to blodegradatlon, accum~lates In the blologlc environment and has 

been detected In amblent air, drinking and surface water, sediments, 

cropland and food (U.S. EPA, 1985). 

Hexachlorobenzene is a colorless crystalllne (monoclinic prlsms) solld. 

Its water solubility was reported as 0.005 mg/lat 25°C (Yalkowsky and 

Val11ani, 1980). Hexachlorobenzene ls sparingly soluble ln cold alcohol and 

soluble in benzene, chloroform and ether {NLM, 1979). Impure commercial 

preparations may contain pentachlorobenzene (10-81,000 ppm), octachlorod1-

benzo-p-dloxln (0.05-212 ppm)· and octachlorodlbenzofuran (0.35-58.3 ppm) 

(Vllleneu11e et al., 1974). The chemical structure of hexachlorobenzene is 

shown In Figure II-1. Synonyms, trade names and. Identification numbers for 

hexachlorobenzene are listed In Table II-1. 

Some physical properties of hexachlorobenzene are shown in Table II-2. 

In general., hexachlorobenzene has low water solublllty, high octanol/water 

coefficient, low .,.apor pressure at 25°C and low flal1lllabi l i ty. Hexachloro­

benzene has been demonstrated to be photochemically stable (Korte et al., 

1978; Hustert et al., 1981). 
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FIGURE II-1 

Chem1cal Structure of Hexachlorobenzene 
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TABLE Ir-1 

Synonyms, Trade Names and 
Ident1f1cat1on Numbers of Hexachlorobenzene 

ldent1f1cat1on Numbers 

CAS No. 118-74-1 
TSL No. DA2975000 
EPA Haz Waste No. Ul27 

Synonyms and Trade Names 

Esaclorobenzene (Ital1an) 
Arna t l n 
Ant1carle 
Bunt-Cure 
Bunt-No-More 

·Co-op Hexa 
Granox NM 
HCB 
HEXA C.B. 
Hexachlorobenzol (German) 
Hexachlorobenzene 
Jul1n's Carbon Chlor1de 

. No Bunt 
No Bunt 40 
No Bunt 80 
No Bunt L1qu1d 
Pentachlorophenyl Chlor1de 
Perchlorobenzene 
Phenyl Perchloryl 
Sanoc1de 
Smut-Go 
Sn1ec1otox 

•source: Nat1onal L1brary of Mediclne (NLM), Tox1cology 
Data Bank (TDB) 
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TABLE 11-2 

Phys1cal Propertles of Hexachlorobenzenea 

Molecular Welght 

Melting Point 

Bolling Point 

Dens1ty at 23°C 
b Henry's Law Constant x 10-1 

Log P0 b 

c Water Solubility 
Flash Point 
Vapor Pressure {nm Hg) 

Spec1flc Vapor Density {air= 1) 

284.79 

230°C 
322.9°C at 760 nm 

1.57 g/m9. 

0.12 atm. m3 mo1-i 

5.B 

0.005 mg/9. at 25°C 
4&8°F 
1 at 144.4°Cd 
1.68 x 10-s at 25°Fe 
1 .089 x lo-s at 20°cf 
9.849 

aoata are from the National L lbrary of Medicine {NLM), Toxicology Data 
Bank (TDB), except as noted. 

bMackay et al., 1979 

cvalkowsky and Valvan1r 1980 

dwea s t, 1981 

eleoni and D'Arca, 1976 

fFarmer et al., 1980 

9Verschueren, 1977 

P0 = Part1t1on coeff1c1ent at 25"C 
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Chem1cal Analys1s 

Chem1cal analysls of hexachlorobenzene 1n water generally Involves 

solvent extractlon followed by a cl~anup method being used to produce 

organic extracts suHable for GC/MS analys1s. The U.S. EPA (1982) (Method 

612) has recommeded the use of Florls11 column chromatography as a cleanup 

step before the quanU fl cat Ion of the samples by GC w1 th electron capture 

detector. This recommended method 1s applicable for the determlnatlon of 

hexachlorobenzene ln drinking· water and wastewater. The recovery of hexa­

chlorobenzene by this method was found.to be 95%. 

A method for the determ1natlon of hexachlorobenzene ln soil and chemical 

waste disposal site samples has been developed by Deleon et al. (1980). lhe 

procedure Involves methane extraction Followed by temperature-programmed GC 

analysls using electron capture detecUon. Recoverles of samples spiked at 

the 10, 100 and 300 µg levels were 96.5% (_:3.6), 93.1% (_:8.1) and 78.0% 

(_:2.6). respectively. The lower detection llm1t for thls method ls around 

10 µg/g. 
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111. TOXICOKINETICS 

Absorpt1on 

Absorption of- hexachlorobenzene from the gut has been- studied in detail; 

however, no in format 1on has been found· in the available l lterature on hexa­

chlorobenzene absorption through the lungs or sk1n. Absor~tlon of hexachlo­

robenzene from the intest1nal tract appears to depend on the solvent vehicle 

used during test material adm1nistratlon. Thus, when hexachlorobenzene· ls' 

adminlstered 1n ol1ve o.il, -80% of the dose 1s adsorbed; when 1t is adm1n­

istered 1n an aqueous solut1on, in 1% methyl cellulose, or in a solld 

crystalllne form, relatively lHtle (<20%) ls absorbed. Intestinal absorp­

tion of hexachlorobenzene occurs pr imar lly through lymp~atlc channels 

(latropoulos et a.l., 1975), w1th only a m1nor portion be1ng absorbed 1nto 

the portal clrculatlon. 

lngebr1gtsen et al. (1981) investigated the absorption of [14C]hexa­

chlorobenzene (lO mg In peanut o11J administered to male, blle~duct-cannu­

lated W1star rats by gastric catheter. Four days after doslng, 24.8% of the 

admlnistered 14C had been recovered in the feces, lndlcatlng that at least 

75% of the administered hexachlorobenzene was absorbed. 

Albro and Thomas (1974) studled the absorption of.hexachlorobenzene In a 

squalane/cotlon seed oil vehicle by male rats follow1ng adminlstratlon of a 

single dose by stomach intubation. The results lndicated that at doses of 

12 and 30 mg/kg, -82 and 72%, respect1vely, were absorbed w1thin 96 hours. 

Koss and Koransky (1975) compared the absorption rates of [ 14C]hexa­

chlorobenzene 1n female Wlstar rats followlng oral admlnistrat1on of ollve 
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011 solutions or suspensions 1n 6% gum arable 1n water (4, 20, 50.5, 60 and 

180 mg/kg). Approximately 80% of the dose was absorbed from the o1've oll 

solutlons; however, orily 6% was absorbed from the aqueous suspenslon. 

Slmllarly, Zablk and Sche11111el (1980) found that, when ·hexachlorobenzene 

(32 mg/kg/day) was admlnlstered \n the dlet, h1gh-fat (45.3% w/w) dlet.s 

resulted ln greater accumulat1on of hexachlorobenzene In the t1ssues and 

less hexachlorobenzene excreted \n the feces than d1d h1gh-carbohydrate 

d1ets (67.7% w/w). The female rats rece1ved 32 mg hexachlorobenzene/kg body 

we1ght/day for 6, 12 or 18 days. Although th1s study d1d not 1nclude a 

control group rece1v1ng a balanced d1et, the data suggest. that hlgh-fat 

d1ets 1ncrease the absorpt1on of hexachlorobenzene. 

Sundlof et al. (1982) adm1nlstered seven consecutlve dally oral doses· of 

10 or 100 mg crystalllne hexachlorobenzene/kg body we1ght to male laboratory 

beagles. The results from the 100 mg/kg group lnd1cated that hexachloro-

benzene can contlnue to be absorbed from the lntest1nes for up to 1 week 

followlng the cessatlon of doslng. 

Bleavins et al. (1982) fed female European ferrets (Mustela putorlus 
-. 

furo) a single dose of 57.6 11g hexachlorobenzene (UC-labeled) ln ~ 7 .5 g 

of standard m1nk dlet (22% fat) and calculated that 98.5% of the hexa~hloro-

benzene dose was absorbed by the ferrets. They made thls calculatlon based 

on. pred1cted hexachlorobenzene excretion as extrapolated from thls study, 

and owlng to a food passage tlme ln the female ferret of just over 3 hours. 
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01str1but1on 

Follow1ng intest1nal absorpt1on, hexachlorobenzene, which. is 11poph111c, 

distributes to t1Ssues that are rich 1n lip1d content. The adipose tissue 

accumulates the greatest concentrations of hexachlorobenzene in all ,species 
-

studied, although bone marrow and skin, which contain rarge amounts of 

lip1ds, also accumulate hexachlorobenzene. The adrenal cortex accumulates 

hexachlorobenzene at concentrations approaching those of fat. Other tissues 

(e.g., 11ver, kidneys, lungs, hea~t. spleen and blood) generally contain 

lower amounts of hexachlorobenzene. Intravenous injecti6n of hexachloroben-

zene results 1n a tissue distribution slm11ar to that following oral admini-

stration. Hexachlorobenzene Is transported via the placenta and is distri-

buted in Fetal tissue. 

Mehendale et al. (1975) studied the disposition of 14C-hexachloroben­

zene by adult male rats Following a single oral dose of 5 mg/kg. 14C­

Hexachlorobenzene was mixed with arachis oi 1 and admin1stered by stomach 

intubat1on. The animals were sacrificed 7 days later and the tissues and 

organs radi oassayed. Forty-three percent of the total radioactivity 

administered was present In fat tissue 7 days after 14C-hexachlorobenzene 

administration. In addition, muscle and skin tissues each contained -9% of 
--

the radi-0act1vity, whereas the other 12 tissues analyzed contained -5% 

combined (Table III-l)'. 

When 14C-hexachlorobenzene was suspended in l" methyl cellulose and a 

single oral dose .contain.ing 150 Ilg of hexachlorobenzene was· administered 

to Sprague-Dawley rats, the absorption of 14C-hexachlorobenzene ·by the 

walls of the stomach and duodenum 1 hour later was relatively low: -1.0 and 
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TABLE III-1 

Storage and Excret1on of 1 •C-HCB Adm1n1stered Orally 
1n Arach1s 011 1n Ratsa 

Organ or Tissue 

Fatb 
Musclec 
Sk1nd 
L1ver 
Small 1ntest1ne 
Bonee 
K1dneys 
Large 1ntest1ne 
Stomach 
Blood 
Lungs 
Testes 
Heart 
Bra1n 
Spleen 

Total 1n t1ssues 

Excret1on 
Feces 
Ur1ne 
Gut contents 

Total recovery 

asource: Mehendale et al., 1975 

beased on 
( 

9% body we1ght as fat 

ceased on 50% body we1ght as muscle 

deased on 16% body we1ght as sk1n 

eeased on 10% body we1ght as bone 

fcumulat1ve total for 7 days 

Percent of Total 
Rad1oact1v1ty 
Adm1n1stered 

42.81 + 6. 14 
9.41:;1.17 
8.64 :; 1.21 
3.01 :; 0.23 
2.43 ! 0.47 
1.04 + o. 09 
0.76+0.11 
0.43 + 0.08 
0.36 + 0.04 
0.24 :; 0.04 
0.24 :; 0.04 
0.21 :; 0.04 
0. 18 :; 0. 03 
0.17:; 0.03 
0.04 ~ 0.002 

70. 09 ! 5. 48 

16.02 + 2.Jlf 
- f 0.85 + o. 13 

2.48 ! 0.45 

89.44 ! 10.57 

Adult male rats were g1ven 5 mg/kg of hexachlorobenzene. 

HCB = Hexachlorobenzene 
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0.6 ppm were found ln the stomach and duodenum, respectlvely (Iatropoulos et 

al., 1975). Increased rad1oact1vlty was found. in the jejunum and lleum as 

well as the lymph nodes and adlpose tlssues 3 hours after adminlstratlon 

(Table III-2). Although the radloacllvlty also lncreased .ln the llver and 

kldneys, thls lncrease was relatively low compared w1th that found ln the 

lymph nodes and adlpose tlssue. Moreover, the radloactivHy in the l Iver 

and kldneys decreased wlthin a 2-day perlod, whereas the radioactivlty in 

the lymph nodes and fat rema\ned relatively constant. These results lndi­

cate that the portal ve·nous· transport of hexachlorobenzene to the llver 

appears to be a minor pathway, whereas the major part of the Ingested hexa­

chlorobenzene Is absorbed by the lymphatic system in the duodenum and 

jejuno-11eum and deposHed ln the fat, bypasslng the systemlc clrculatl'on 

and the excretory organs. 

Knauf and Hobson (1979) Investigated the tissue dlstributlon of hexa­

chlorobenzene ln slx female rhesus monkeys follDwlng the gastrlc admlnlstra­

tlon of dally doses of hexachlorobenzene [O (one monkey), B (one monkey), 32 

(one monkey). 64 (one monkey), or 128 (two monkeys) mg/kg/day] In 1% methyl 

cellulose for a perlod of 60 days. Tbe highest concentrations of hexachlo­

robenzene were located In tlssues with high l IP._ld content. Tlssue levels 

correla\ed more wl th body fat content than wl th dose, wl th the monkey that 

had the least adlpose tissue producing the highest nonfat tissue and serum 

values (Table III-3). 

The highest levels of hexachlorobenzene resldues were found in fat 

tlssue (215-930 ppm) and bone marrow (175-1700 ppm). and selectively higher 

levels were found in the adrenal cortex (30-325 ppm) than In the adrenal 
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TABLE 111-2 

T\ssue Concentrat\on (ppm) of 14C-Hexachlorobenzenea and Its Metabol\tes \n Sprague-Dawley Ratsb 

T\me (hours) 

l 3 5 12 48 
T\ ssue 

Male female Male female Male female Male Female Male female 

Stomach 0.6 1.6 0.8 1.0 l. l 0.5 O. l · O. l 0. 1 0.1 
Duodenum 0.6 0.6 1.4 1.0 0.2 0.3 O. l O. l 0. l O. l 

Jejuno-lleum 0. l 0.2 0.6 0.8 l.O 0.3 0.3 0.3 0.2 . 0.1 

Cecum 0. 1 0. l 0. l 0.2 0. l 0. l 0. l 0.2 0.1 0. l 

Colon 0. 1 0. 1 0. l 0.2 0.4 o. l 0. l 0. l 0.2 0. l 

L1ver 0. 1 0.4 0.5 0.5 0.2 0.3 0.2 0.2 0.1 0.2 

Mesenter1c 
lymph node 0. l 0.6 0.4 l.3 2.0 1.0 l.5 1.0 1.9 2. l 

Ad1pose 
t1 ssue 0. l 0.2 l. 7 l. 2 2.3 l.5 1.3 l. 1 2.6 2.7 

K1dneys 0. l 0.2 0.4 0.3 0.5 0.2 0.2 0. l 0.2 0. l 

Lungs 0. 1 0.3 0.3 0.4 0.2 0.2 o. l O. l 0. l 0.2 

/ 

a150 ~g hexachlorobenzene was adm\n\stered by stomach tube suspended \n· 1% methyl cellulose. 

bsource: latropoulos et al., 1975 



. TABLE ~II-3 · 

T1ssue Levels of HCB (ppm) 1n Adult Female Rhesus ~onkeysa,b 

Monkey No. 613' 618d 627e 817 1163 1826 
Dose (mg/kg/day) 128 128 64 32 8 0 

Body fat 930 215 540 250 580 l. l 

Bone marrow 460 175 1700 255 350 l. 6 

Adrenal cortex 150 30 325 90 so 0. 1 

Adrenal medulla 12 9 285 35 4 <O .1 

L1ver 20 50 365 40 30 <O. 1 

Kldney 18 19 258 11 3 <0.1 

Brain 25 19 108 12 B <O .1 

Ovaries 6 23 133 3 <O. l 

Muscle 4 21 24 7 2 <O. l 

Serum 2.5 l. 5 11. 0 0.5 3.3 <O. 1 

asource: Knau.f and Hobson, 1979 

bHcB was administered daily for 60 days in 1% met~ylcellulose (orally} 

CMonkey was small and slight 

dMonkey was obese 

eMonkey had very 11ttle adipose tissue 

HCB = Hexachlorobenzene 
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medulla (4-285 ppm). Residues ln serum, muscle, ovaries, bra1n, kldneys and 

11ver were relatlyely much lower (0.5-365 ppm), 

Engst et al. (1976) reported the admlnlstratlon by gav?ge of 8 mg/kg of 

hexachlorobenzene In l mi. of sunflower all to male Wlstar rats for a dura­

tion of 19 days. The an11lldls were then sacr1f1ced, and the liver, kidneys, 

adrenals, heart, spleen and Intestinal fat were analyzed for hexachloroben­

zene residues. The following resu1ts were reported: fat tissue, 82 11g/g; 

muscle, 17 11g/g; 11ver, - 125 11g total; kidneys total 21 11g each; spleen 

total 9 µg; heart total 1.5 11g; and adrenals total 0.5 llg each. High 

levels of hexachlorobenzene residues In fat tissues also have been reported 

for female rats receiving 50.0 mg/kg (177 llffiOles/kg) of hexachlorobenzene 

every second day for 10 weeks (Koss et al., 1980b). 

Szymczynski and Waliszewski (1981) analyzed human semen and testicular 

and fat tissues, and identified several chlorinated pesticides that included 

hexachlorobenzene. The compound was not detected in testicular Lissue, but 

was present In semen and fat tlssues at concentra~lons of 0.001 and 0.128 

llg/g, respectlvely. Similarly, hexachlorobenzene was one of several 

chlorinated compounds found in semen collected in 1979 from 132 college 

students (Dougherty et al., 1981). 

Sundlof et al. (1982) studied the distribution of 14C-hexachloroben­

zene or unlabeled hexachlorobenzene In male beagles following a single 

Intravenous dose of l mg/kg In olive oil. Two dogs each were sacrificed 

after 2, 4, 8, 16, 32 and 48 hours and after 12 weeks;. hexachlorobenzene 

concentrations 1i1ere determined In 16 tissues and organs as well as In the 
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blood (Table III-4). Two hours after dos1ng, the h1ghest concentrat1on was 

found 1n the lung~ (36.14 ppm). This was cons1dered to be a property of the 

1nject1on veh1cle rather than a. property of hexachlorobenzene per .se. That 

1s, 1t was .bel1eved that the ol1ve 011 veh1cle formed m1croembol1 ln the 

blood which became trapped 1n the cap1llar1es of the lung. Resldue levels 

In the lungs then dropped (4.4 ppm)., and a concurrent 1ncrease. In. 

hexachlorobenzene was detected ln fat t1ssues (10.32 ppm In subcutaneous, 

per1renal and mesenter1£ fat) 4 hours post1nject1on. Residues 1n all 

t1ssues, organs and blood decl1ned durtng the 48 hours post1nject1on except 

for fat tissue, which remained constant. Twelve weeks after dosing, t1ssue 

concentratlons were very low ln all t1ssues, 1nclud1ng f.at (>0.01-0.46 ppm), 

lnd1catlng sign1f1cant excret1on of the compound by that tlme. 

·Yang et al. (1978) stud1ed the dlstr1butlon of hexachlorobenzene In male 

Sprague-Dawley rats and female rhesus monkeys following 1ntravenous Injec­

tion of uc-hexachlorobenzene ln 1,2-propanedlol :plasma (1 :8). Rats 

received 0.1.mg of 14 C-hexachlorobenzene and then were replaced In meta­

bol1c cages for 48 hours before sacrH1ce. About 0.2 and l.0% of the admin­

istered dose was excreted In the ur1rre and feces, respectively. No radto­

actlv1ty was exhaled from the animals. Over 20.-t1ssues from the rats were 

analyzed and all were found to contain radloactlv1ty. The highest levels 

were 1n fat (-3 µg/g of ttssue). The .adrenal glands also conta1ned a 

relatively h1gh level of radloactlvHy, whereas the other tissues contained 

much lower levels, generally 1n the range of 1/12 to 1/300 of those In fat 

tissue. 
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TABLE JII-4 

HCB Concentrat1ons 'n T1ssues of Male Beagl~s · 
Rece1v1ng S1ngle Intravenous Doses of 1 mg/kg bw 1n-01,ve 011* 

HCB Concentrat1on (ppm) 
Tlme Interval After Doslng 

nssue 2 hours 48 hours 12 weeks 

Lungs 36. l 4 0.08 <0.01 
Adrenals 2.82 0.38 0.06 
Subcutaneous fat 1. 14 3.38 0.37 
Per1renal fat l.00 3.24 0.46 
Mesenter1c fat 0.56 2.40 0.41 
Spleen 0.54 O.Ol <O. 01 
Llver 0.51 0.04 0.02 
Thyrold 0. 37 NR 0.02 
Heart 0.28 0.04 0.0l 
Kldneys 0.18 0.02 o.~1 

Stomach 0. 18 0. 36 0.01 
Pancreas 0. 17 0.06 0.07 
Bra1n o. 15 0.02 0.02 
Duodenum 0. 12 0.02 0.02 
Colon 0. 12 0.0l <0.01 
Sma 11 lntestlne 0.07 0.02 0.01 
Blood 0.07 0.03 0.01 

*Source: Sundlof et al., 1982 

NR = Not reported 

HCB = Hexachlorobenzene 
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The tissue distribution of 14 C-hexachlorobenzene in rhesus monkeys was 

determined in Individual animals 100 days, 6 months and 1 year after Intra­

venous Injection - of 14C-hexachlorobenzene at 0.38, 0.32 and 0.22 mg/kg, 

respectively. The results again 1nd1cated that the highest levels were 
. 

present in fat (6069 ng/g on day 100 and 828 ng/g on day 365) and bone 

marrow (1638 ng/g on day 100 and 373 ng/g on day 365) among the 30 tissues 

analyzed 1n all lhree monkeys. The adrenal glands contained -1/6 to 1/8 of 

the levels present in fat, whereas ~he other tissues contained radioactivity 

levels ranging between 1/10 to <l/800 ~f those in fat. 

The transplacental transfer of hexachlorobenzene from pregnant mice, 

rats and rabbits has also been reported. Brandt et al. ( 1980) conducted a 

qualitative study on the distribution of i-C-hexachlorobenzene and several 

of its sulfur-containing metabolites \n pregnant mice. The mice were 

Injected i .v. and sacrlflced at intervals ranging between 20 minutes and 32 

days after Injection. The animals were frozen, sectioned and submitted to 

autoradlography. The autoradiograms showed a strong uptake o,f hexachloro­

benzene in the adipose tissues. Hexachlorobenzene was found to persist In 

the adipose tissues for more than month after the administration. 

Radioactive hexachlorobenzene was also found to penetrate the placenta, 
-. 

resulting in the blood and liver concentrations 1n the fetuses that appeared 

to equal those of the dams. 

Villeneuve .and Hierlihy (1975) studied the placental transfer of hexa­

chlorobenzene In ~istar rats and reported that hexachlorobenzene crosses the 

placenta and accumulates In the fetus in a dose-dependent manner. The 

females were dosed orally daily (5, 10, 20, 40 and 80 mg/kg} from gestation 
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day 6-16 and then sacrHiced on day 22. Only liver, brain and whole fetal 

residue levels _were determined ln lhls study. Fetal llver residues 

{l.B-35.8 µg/g) were much lower than those of the dams (9.3-86.0 µg/g). 

The fetal braln and whole fetal levels were l.l-17.5 µ_g/g and l.5-18.9 

µg/g, respectlvely. 

Villeneuve et al. (1974) also reported that the transplacental transport 

of hexachlorobenzene in New Zealand rabbHs was dose-dependent. Rabbits 

were mated and then dosed orally with hexachlorobenzene from days 1-27 with 

subtoxlc doses of 0, O.l, 1.0 or 10 mg/kg. On day 28 the dams were k1lled 

for fetal and maternal tissue analysis of hexachlorobenzene. In dams, the 

hexachlorobenzene resldue concentrations were highest in fat, followed by 

the llver, heart, kidneys, braln, lung, spleen and plasma. Hexachloro­

benzene resldues were Mgher in the fetal llver than ln the maternal llver. 

Courtney et al. (1976) reported on the distrlbution of hexachlorobenzene 

(assayed 90.4% hexachlorobenzene and 9.6% pentachlorobenzene) adminislered 

via oral intubation on days 7-ll of gestation at a dose of 50 mg/kg/day in a 

corn oil acetone mix to flve pregnant .and two non-pregnant CD-1 mice. They 

found there were no remarkable differences in ·the hexachlorobenzene t 1 s'ue 

levels between the pregnant and non-pregnant animals sampled at day 12 of 

pregnancy. The levels of pentachlorobenzene. in sampled tissues were low as 

compared with the very high hexachlorobenzene levels detected in the thymus, 

skin, fat and urinary bladder. No detectable levels of hexachlorobenzene or 

pentachlorobenzene were found in the control mice. 
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Courtney et al. (1979) studled the tlssue dlstrlbutlon of hexachloroben­

zene 1n the maternal and fetal tlssues of CD rats and C0-1 m1ce and reported 

that placentas and fetuses of. both spec1es demonstrated a dose-:dependenl 

relat1onsh1p for hexachlorobenzene res1dues, w1th level~ ln the fetuses 

belng h1gher than those ln thelr correspondlng placentas. The dams were 

treated vla oral lntubation wHh slngle or multlple oral doses (10, 50 or 

1-00 mg/kg ln corn oll) at dlfferent perlods durlng gestatlon. The hexachlo­

robenzene concentratlons 1n mfce a~d rat fetuses at mld-gestatlon were very 

s1m1lar. In mlce, multiple· low doses of hexachlorobenzene resulted 1n 

hlgher concentrations of hexachlorobenzene ln maternal and fetal tissues 

than slngle doses of equ1valent total doses. ln another study, Courtney and 

Andrews (1979) reported that ln mlce the fetus could be exposed to hexachl~­

robenzene from maternal body burdens, establ1shed before fetal 1mplantatlon,. 

and. was not llm1ted to maternal exposure during the postlmplantation 

gestation. 

Bleavins et al. (1982) studied the tlssue dlstrlbution and transfer of a 

slngle dose of hexachlorobenzene g1ven to female European ferrets (Mustela 

putor1us furo). They gave a sing.le 5.7.f> µg hexachlorobenzene (14C­

labeled) dose In 7 .5 g of standard mink dlet ( 2_~.2% fat) to each of three 

bred and five non-bred ferrets. The dosed ferrets and offspring were 

observed for 5 weeks after the k1ts were born, at 1o1hlch tlme they were 

k,l l led and ' t l ssue 14C-hexachlorobenzene levels were determined (Table 

111-5). One ferret kit per litter was also collected at birth and at weeks 

1, 2, 3 and 4 for whole body resldue determlnatlons (Table III-I'>). These 

results 1nd1cate that nu rs lng mothers can s lgnlflcant ly reduce thel r body 

burdens of hexachlorobenzene, when compared wlth unbred female counterparts, 

by transferring a large amount of the hexachlorobenzene to the1r offsprlng. 
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TABLE III-5 

Mean (+SE) Hexachlorobenzene Rad1oact1vlty (dpm/g) 
of Selected European Ferret Tlssuesa,o 

Tissues 

Blood 

Subcutaneous fat 

Visceral fat 

Muscle 

Heart 

Kidney 

Spleen 

Liver 

lung 

Brain 

Group I 
(n .. 3) 

49 .! 34.6d 

4472 .! J-80.5e 

4429 !. 867. 6e 

53 .! 14.4d 

34 .!: 9.2d 

105 .!: 31. le 

13!,7.5e 

248 !. &8.9e 

!. 0.3e 

61 !. 3o.oe 

asource: Bleavlns et al., 1982 

Group II 
(n=S) 

166 .! 26.8 

19,525 !. 1503.9 11,£>78 !. 712.4f 

19,704 .! 1£>66.0 

384 !. £>4.0 5£>1 .!: 204.8 

310 !. 56.8 

611 !. 80.4 209 .!: 37.2 

180 !. 24.8 

1,445 !. 145.2 1,420 !. 185.6g 

241 !. 18.4 

395 !. 48. 5 130 + 29. 4 

bat 62 days postdos1ng from adult bred (group I) and unbred (group Ill 
female ferrets exposed to a single 57.6 µg dose of uc-labeled hexa­
chlorobenzene and from offspring born to the bred females. 

CK1t tissues, from 5-week-old offspring, were t"ontrasted only wHh mater­
nal (group I) Ussues. 

ds1gn1flcantly different (p<0.05) from group I I tissue of the same type. 

es1gnlf1cantly dl fferent (p<0.01) from group I I tissue of the same type. 

fs1gnlflcantly dl fferent from maternal tissue {group I) at p<0.01. 

gSlgnlflcantly different from maternal t1 s sue (group I ) at p<0.05. 

HCB = Hexachlorobenzene 
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TABLE lll-6 

Mean (.!.SE) HCB Aad\oact\v\ly (dJlll x.10"1 of European ferret kttsa,b 

Weeki Po1l2!rlu• 
Measure · Nullber 

0 l 2 3 ' 4 

Per gram of kt t 3 3.0 .!. 0.19 2.1 .!. 0.51 4.J .!. 0.61 3.9 .!. 0.13 3.5 !. 0.50 

Per whole Ut 3 25. I .!. 1.43 16.1 !. 14. 35 311.4 !. 6J.39 492.5 !. 92.22 612.8 !. 111.U 

Increase over prev1ous week -- 51.6 234.1 181.1 180.3 

M11k I per 111 I 3 -- -- 6.1!.0.66 2.9 !. 0.45 1.8 !. 0.11 

•source: Bleavlns et al., 1982 

beorn to female ferrets exposed to a s1ngle dose of 1 •C-libeled hexachlorobenzene and the •\lt produced by those dams 

HCB • Hexachlorobenzene 

5 

2.l!,0.14 

805.J !. 54.25 

132.8 

0.8 .!. 0.20 



The mothers' m1lk contam1nated w1th hexachlorobenzene seems to be a large 

contr1butor to the klts' body burdens wHh a reported m1lk to placental 

exposure ratlo of 31 :l. The d1str1but1on of hexachlorobenzene 1n ferrets 

follows s1m1lar trends, as observed 1n the other manvnals, where the h1ghest 

hexachlorobenzene levels were found ln the l1p1d r1ch t1ssues. 

The transfer of hexachlorobenzene to nursing 1nfant rhesus monkeys from 

lactat1ng mothers rece1v1ng vla oral 1ntubat1on &4 mg/kg/day hexachloroben­

zene suspended in 1% meth_yl eel lulose; for &O days was reported by Bailey et 

al. (1980). Mllk concentratlons were on the average 17-fold higher than 

maternal serum levels, whereas lnfant serum levels were about 2- to 5-fold 

hlgher than serum levels of thelr mothers. Slmllarly, the lnfants had· 

higher tlssue residues than thelr mothers and hexachlorobenzene. was concen-. 

trated in the 1nfant fat, bone marrow, adrenals and lymph nodes. 

Hexachlorobenzene res1dues also have been reported In human fat in the 

Unlted K1ngdom (Abbott et al., 1981, Japan (Curley et al., 1973), and 

Australia (Brady and Siyall. 1972) and ln human milk collected in Sweden 

(Wes too and Noren, 1978; Hofvander et al., 1981), Canada (Mes and Davies, 

1979), Norway {Bakken and Seip, 197&; Skaare, 1981), and Hawal1 (Takahash1 

et al., 1981). 

Metabo 11 sm 

The metabolism of hexachlorobenzene has been stud1ed ln male and female 

rats follow1ng oral adm1n1stratlon, rhesus monkeys and beagles follow1ng 

l .v. injection, and in rabbHs followlng 1.p. lnjectlon (Renner, 1981). 

Hexachlorobenzene is metabollzed slowly 1nto other lower chlorinated 

benzenes. chlorinated phenols and other mlnor metabolltes and forms 
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glucuronide and glutathione conjugates. Tissues were found to contain 

mainly unchanged hexach 1 orobenzene together wlth sma 11 amounts of metabo-

1 ltes. Similarly, only small amounts of hexachlorobenzene metabolites were 

detected in feces, whereas most of the metabol 1 tes were excreted ln the 

urine together w1th small amounts of unchanged hexachloroberizene. 

Hehendale et al. (1975) studied the metabollsm of hexachlorobenzene 1n 

male Sprague-Dawley rats 7 days after oral intubation adm1nistration of a 

slngle 5 mg/kg dose in arachls oil. . The fat, llver, intestlnes, kidneys, 

lungs and brain were found to contain hexachlorobenzene primarily, along 

with trace amounts of other chlorinated benzenes. Analysis of these chlori­

nated benzenes suggested the presence of pentachlorophenol, 2,4~5-tr\chlo~o-

phenol, pentachlorobenzene and the tetrachlorobenzenes. Extract lon and 

analysis of fecal radioactivity, which accounted for 16% of the dose, d1d 

not reveal the presence of metabolites. Although urlne contained only 0.85% 

of the administered radioactlvlty, it provided the only evidence of hexa-

chlorobenzene metabolite excretlon. Several unidentified metabolites \oiere 

evident following th1n-layer chromatography (TLC) separation of urlne, In 

addltion to 2,4,5-trlchlorophenol, pentachl~rophenol and one spot was 

reported to contaln a mixture of chlorinated benzenes. 

l!!. vitro metabol l sm studles with homogenates of the l.iver, lungs, kid­

neys and sma 11 lntest ines produced trace amounts of chlorobenzene metabo-

1 l tes when incubated with [ 1 •C]-hexachlorobenzene In the presence or 

absence of added cofactors. L lver microsomal preparations produced amounts 

of one or more chlorophenols .when fortlfled with NADPH; ln the presence of .. 
UDPGA, pentachlorophenol was reported to form the glucuron\de conjugate. 
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Fort1f1cat1on of lcldney homogenates w1th glutath1one resulted ln the appear­

ance of unextraciable rad1oact1v1ty 1n the aqueous phases, 1nd1cat1ng that 

glutathlone conjugates of polar hexach1orobenzene metabolites mlg~t also be 

formed (Mehendale et al., 1975). 

The metabolism of hexachlorobenzene In male and female Sprague-Dawley. 

rats each receiving nine oral doses of 85.6 mg/kg hexachlorobenzene (99.7% 

pure) ln arachl s ol 1 over a per1od of month was reported by R1chter et 
-

al. (1981 ). The an1mals were sacrH1ced 3, 24 and 52 days after the last 

dose, and various tissues were analyzed for hexachlorobenzene and 1ts 

metabol1tes by COE/GLC and GLC/MS. In addition to hexachlorobenzene, the 

follow1ng metabolites were also detected: pentachlorobenzene (PCB), penta-

chlorophenol (PCP), pentachlorothlophenol (PCTP) and 2,3,4,6- and 2,3,5_,6-

tetrachlorophenol (TCP). The results reported for the 11ver and kidneys for 

day 3 1nd1cated that the livers of the females contained slgn1f1cantly more 

PCTP, a derlvat1ve of a glutathlone conjugate, than those of the males 

(Table III-7). However, 1t 1s not lcnown whether this 1ncrease ls due to a 

higher rate of PCTP productlon or to a lower rate of ellmlnat1on. 

R1zzardlnl and Smith (1982) lnvestlgated th.a sex dlfferences In hexa-

chlorobenzene metabolism 1n young F344/N rats who had been Intubated every 

other day for 103 days wHh 14 mg/leg hexachlorobenzene (analytical grade) 

d1ssolved 1n arachls 011. Three hexachlorobenzene metabolites were analyzed 

for: pentachlorobenzene, pentachlorothlophenol and 2, 3, 5,6-tetrachloroben-

zene-1,4-dlol, and all three were found to be produced In larger concentra-

tlons ln the· female rats dur1ng the f1rst 10 weeks of hexachlorobenzene 

treatment. The greater quantities of hexachlorobenzene metatiol1tes being 

formed In female rats was bel1eved due to the1r body estrogen levels. 
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Hssue/Sex 

Llver 

Males 

Females 

Kldneys 
Males 

Females 

TABLE III-7 

Concentrat1ons of HCB and lts Metabolites (mg/k.g) 
1n the L1ver and K1dneys of ·Male and Female Ratsa.b 

HCB 

192 
147c 

127 

111 

PCB 

0.05 
0.03c 

0.05 

0.01 

PCP 

3. 16 
2. 12c 

5.79 
3.69 

PCTP 

0.23 
0.36c 

0.24 

0. l 0 

asource: R1chter et al., 1981 

TCP 

0.62 
0.04c 

0.09 

0.08 

boetermlned · 3 days after the last of nlne oral doses of 85.6 mg/kg HCB 
gtven w1th1n l month ln arach1s 011 

cstat1st1cally slgn1f1cant from males (p<0.05) 
.. 

HCB = Hexachlarobenzene; PCB = pentachlorobenzene; PCP .: pentachlorophenol; 
PCTP = pentachlorothlophenol; TCP= 2,3,5,6-tetrachlorophenol 
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Engst et al. (1976) detected several ur1nary metabol1tes 1n male W1star 

rats receiving by gavage 8 mg/kg of hexachlorobenzene daily d1ssolved in 

sunflower o1l for 19 days. The result-s of this study were presented qua11-

tat1vely, and the authors reported that the major metabol!c route for hexa­

chlorobenzene was to pentachlorophenol. In addi t1on, the feces con ta lned 

mainly unchanged hexachlorobenzene together with traces of pentachloro­

benzene. 

Koss et al. (1976) 1nvest1gated the metabolism of hexachlorobenzene 1n 

female W1star rats g1ven 2-3 1.p. doses of (UC]hexachlorobenzene (260 or 

390 mg/kg total dose). At the end of 4 weeks, 7% of the adm1nistered rad1o­

activ1ty was excreted 1n the urine, w1th >90% of th1s amount conta1ned ln 

the major metabolites (pentachlorophenol, tetrachlorohydroqu1none, and 

pentachloroth1ophenol). An isomer of tetrachloroth1ophenol was detected as 

a minor urinary metabolite. Twenty-seven percent of the adm1nistered radio­

activity was excreted 1n the feces, of which 70% was identified as unchanged 

hexachlorobenzene. Only pentachlorophenol and pentachlorothiophenol were 

ident1fied as fecal metabolites of hexachlorobenzene. In the tissues of the 

an1mals, only pentachlorophenol was- detected in measurable quantities, 

account1ng for 10% of the rad1oactivity in blood and <0.1% 1n body fat. 

Total rad1oact1v1ty contained 1n the metabolites detected in the anlmal 

bodies and excreted at the end of the 4 weeks accounted for 16% of the 

administered radioact1v1ty. 

In follow-up studies, Koss et al. (1978a) compared the formation of 

hexachlorobenzene metabolites in rats, mice, guinea pigs, Japanese quail, 

lay1ng hens and rainbow trout. The only metabolites detected were penta-
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chlorophenol, tetrachlorohydroqu1none and pentachloroth1ophenol; however, 

the spec1es tested dHfered greatly 1n the1r abi11ty to metabollze hexa­

chlorobenzene (Table III-8). 

Gas-1 iquld chromatography of urine, bl le and fecal extracts from ma le 

beagle dogs recelving a single i .v. injection _of 14C-hexachlorobenzene at 

1 mg/kg revealed that 96% of the fecal radioactivity occurred as the parent 

compound. Hexachlorobenzene accounted for 4% of the blllary radioactivity, 

but no parent compound was detected \n·urine (Sundlof et al., 1982). 

Kohll et al. (1976) studled the metabollsm of several cRlor1nated ben­

zenes, including hexachlorobenzene; in rabb1ts following 1.p. injection. 

The urtne was collected for 10 days after Injection and analyzed for metabo­

lites foTlowing extraction and gas-llquld chromatography, but no hexachloro­

benzene metabolltes were found ln the urlne. 

Excretion 

The excret1on of hexachlorobenzene from treated animals ls slow and 

occurs mainly through the feces, wHh relatively little being excreted in 

t~e urlne. It ls characterized by an ln1tlal rapid phase followed by a very 

slow phase. This slow phase of excretion can be enhanced by the administra­

tion of mineral oil, paraffin and n-hexadecane. Both biliary and intestinal 

excretion contribute to fecal excretion. A three-compartment mammillary 

model has been reported for the behavior of hexachlorobenzene In beagles and 

rhesus monkeys following i.v. injection of a single dose. Radioactivity was 

not detected in exhaled air following i .p. lnjectlon of i•c-hexachloro­

benzene. 
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Speclesb 

Rat 

Mouse 

Gulnea plg 

Japanese quail 

TABLE III-8 

Hexachlorobenzene and Its Major Metabolltes 
1n the Excreta of 01fferent Anlmal Speclesa 

Total Amount of 
Total Oosec 
(mMol/kg) HCB PCP 

0.92 6. 1 d 2.0 

0.92 2.6 0.3 

0.92 1.8 0.9 

2.76 7.5 trace 

Substances 

TCH PCTP 

0.4 1. 8 

0.1 NO 

0.2 0.5 

trace 3.2 

Laying hen 0.92 0.6 0.1 0.07. O.D4 

Rainbow trout 2.76 1.8 0.4 ND NO 

asource: Koss et al., 1978a 

b2-3 anlma.ls were used per each species investigated 

CHexachlorobenzene was dissolved ln oll and administered intraperitoneally 

dflgures are given ln µMol/kg bw/day 

NO = Not detected. The lower detection 1 lm1t o~. the metabolltes was deter­
mlned to be 0.03 nMol/ml urlne or g feces. 

HCB = Hexachlorobenzene; PCP = pentachlorophenol; TCH = tetrachlorohydro­
qulnone; PCTP = pentachlorothlophenol 
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Stud1es conducted by Mehendale et al. (1975) w1th rats rece1v1ng a 

s1ngle oral dose 1nd1cated that only 16.0 and 0.85% were excreted 1n the 

feces and ur1ne, respect1vely, 7 days after treatment (see Table IIC-1). 

Ingebr1gtsen et al. (1981) reported that 4 days after 1Atragastr1c adm1n-

1strat1on of 14C-hexachlorobenzene, a total of 24.8 and 2.1% of the adm1n-

1stered radioactiv1ty were recovered 1n the feces and ur1ne, respectively. 

In add1 t1on, an average of 3.6% of the dose was recovered ln the b1 le of 

b1le-duct-cannulated rats w1th1n 48 hours after doslng. Of the rad1oact1v-

1ty excreted 1n the b1le, only 2% was unthanged hexachlorobenzene, 1.8% was 

pentachlorobenzene, 24% was pentachlorophenol and -72% was un1dent1f1ed 

metabol1tes. 

Rozman et al. ( 1977) stud1ed the excret1on of hexachlorobenzene. 1n 

f ema 1 e rhesus monkeys · rece1 vtng 110 11g i.oc-hexach lorobenzene/day/monkey 

. v1a d1et for 15 months. The excret1on and storage patterns· showed a very 

slow approach to a saturation level, 1nd1cat1rig a h1gh tendency for hexa­

chlorobenzene accumulat1on 1n rhesus monkeys. A total of 5.8 and 3.6% of 

the adm1nistered dose was excreted 1n the ur1ne of male and female monkeys, 

respect1vely, after 15 months, of which 50% was ·pentachlorophenol, 25% 

pentachlorobenzene and. the remaln1ng 25% cons1st-1ng of unldentHled metabo­

lHes wHh vary1ng amounts of hexachlorobenzene. A total of 47.9 and 27.5% 

of the dose was present 1n the feces of ma le and female monkeys, respec­

tlvely, of which 99% was hexachlorobenzene. 

Koszo et al. (1978) adm1n1stered hexachlorobenzene (0.2% 1n the d1et) to 

young male and female W1star rats for as long as 200 .days and measured the 

accumulat1on of hexachlorobenzene 1n the 11ver and fatty t1ssue and the 
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excret1on of hexachlorobenzene and pentachlorophenol 1n the ur1ne and feces. 

The concentratlon of hexachlorobenzene 1n the llver and fat 1ncreased stead­

lly throughout the treatment per1od. Pentachlorophenol appeared ln both the 

ur1ne and feces ln 1ncreas1ng amounts throughout the treatment per1od, w1th 

the excret1on of other apolar and polar products be1ng mark~dly enhanced 

after 5-6 weeks. 

R1zzard1n1 and SmHh (1982) 1nvest1gated the sex d1fferences 1n hexa­

chlorobenzene metabolism and excret1on of hexachlorobenzene metabol1tes 1n 

young F344/N rats. These rats were 1ntubated with 14 mg/kg analytical grade 

hexachlorobenzene d1ssolved 1n arach1s 011 every other day for 103 days and 

were analyzed for the three ma1n hexachlorobenzene metabolites, pentachloro­

phenol, pentachlorothlophenol and 2,3,5,6-tetrachlorobenzene-1,4-diol, 1n 

ur1ne and feces. Results 1nd1cated that the comb1ned ur1nary excret1on of 

metabol1tes was greater 1n the female rats, espec1ally dur1ng the f1rst 10 

weeks, w1th pentachloroth1ophenol be1ng particularly h1gh 1n the Females. 

No w1 de var 1at1ons be tween the sexes were seen in the analyzed feces hexa­

ch l orobenzene metabol1tes after 103 days of treatment. Comb1ned ur1ne and 

feces excret1on of metabo11tes at the· end of the study were found not to be 

s1gn1f1cantly dlfferent between males (229l:_H6 nmole/ 24 hours/kg) and 

females (2425:_182 nmole/24 hours/kg). It was stated, though, that the total 

excret1on of pentachlorothiophenol was always s1gnH1cantly h1gher 1n the 

female rats. 

Koss and Koransky (1975) stud1ed the metabol1sm of hexachlorobenzene 1n 

rats when the compound was orally adm1n1stered ln an aqueous suspens1on or 

1n ol1ve 011. The an1mals rece1ved dlfferent amounts of 14C-hexachloro-
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benzene ln a single dose, and the feces and urine were collected at varying 

time 1ntervals and radioassayed. When administered in water, hexachloro­

benzene was not read11y absorbed; 76-97% of the dose was excreted In the 

feces, and <0.1-0.4% was excreted ln the urine 1 day after administration. 

When administered In oil, only 45-46% of the dose was excr·eted In the feces 

and 2.1-3.8% was excreted In the urine after 14 days of treatment. Rats 

receiving 4 mg/kg of iac-hexachlorobenzene admtnlstered t .p. excreted a 

total of 5 and 34% of the dose in .the urine. and feces, respectively, within 

14 days. About 4 and 80% of the eircreted radioactivity ln the urine and 

feces, respectively, was unchanged hexachlorobenzene. Animals Injected i.p. 

wHh 50.5 mg/kg [J. 4 C]hexachlorobenzene released no radioactivity In 

exhaled air (Koss and Koransky, 1975). 

Rozman et al. (1981) reported that administration of mineral oil or 

n-hexadecane to female Sprague-Dawley rats or male or female rhesus monkeys 

who were pretreated with iac-hexachlorobenzene enhanced the fecal el lmina-

tion of 1 °C-hexachlorobenzene. All animals were administered 1 °C-hPxa-

chlorobenzene (100 mg/kg) in 1% methyl cellulose as a single oral dose 

intubation except for one monkey that received three consecutive dally doses' 

and two monkeys that received 14C-hexachlorobenzene (0.11 mg/kg) in sugar 

pellets daily for 750 consecutive days. Aliphatic hydrocarbons were admin~-, 
stered to the treated animals 11-40 days after hexachlorobenzene treatment. 

When mineral oil was added to the diet of the rhesus monkeys, fecal excre-

tlon of hexachlorobenzene was enhanced 6- to 9-fold. Similarly, dietary 

administration of hexadecane resulted In the same Increase In fecal excre-

tion of hexachlorobenzene In both the rhesus monkeys and rats. Residue 

analyses Indicated an enhanced depletion of hexachlorobenzene from blood and 
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of stored hexachlorobenzene from adipose tlssue. Enhanced fecal excretton 

of hexachlorobenzene as a result of. dtetary admtnlstratton of altphatlc 

hydrocarbons was prlmarlly due to lncre.ased hexachlorobenzene ellmlnatlon tn 

the large Intestine. 

Rtchter and Schafer (1981) stud1ed the lntestlnal excret Ion of hexa­

chlorobenzene tn male Sprague-Dawley rats uslng the pendular perfusion 

method. The antmals were Injected· I.~. wHh hexachlorobenzene at 100 mg/kg 

and, 1 and 4 weeks ·after treatment, various parts of the intestines were 

perfused with paraffln or squalane for 5 hours. The largest amount of hexa­

chlorobenzene excreted was into the jejunum followed by the Ileum and 

colon. The ratios of total hexachlorobenzene excreted during parafftn 

treatment were: jejunum/Ileum= 1.2& and jejunum/colon= 2.43. The authors 

concluded that these results Indicate the Importance of Intestinal excretlon 

In the el1mlnatlon of hexachlorobenzene, and that paraffln treatment can be 

one of the measures by which a long-term stimulation of hexachlorobenzene 

excretlon can be achieved. 

Beagle dogs receiving a single I .v.. dose of l mg/kg excreted 44 and <&% 

of the dose in the feces and urine, respectively, during a 12-wcek period 

• (Sundlof et al., 1982). Both biliary and lntestinal excreUon contributed 

to fecal excretion; however, the data indica.ted that blllary excretlon was 

the major contributor to fecal excretlon. A computer-assisted pharmaco­

klnetlc analysis of blood, urine and fecal radioact1vlty levels during a 

12-week period suggested a three-compartment model for the behavior of hexa­

chlorobenzene In beagles. The btologic half-life values were calculated for 

the three dogs used and ranged from & weeks to 3 years. 
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Yang et al. (1978) reported that the ellminatlon rate of hexachloroben­

zene from male S_prague-Dawley rats and rhesus monkeys lnjected 1 .v. with 

hexachlorobenzene was slow because hexachlorobenzene is stored .in the fat 

tlssue. The major route of excretion for the radlolabel i11 treated monkeys 

was via the feces. About 17.l, 8.8 and 26.2% of the dose was excreted in 

the feces after 100 days, 6 months and 1 year, r~spectlvely, after treatment. 

of individual mon~eys, with -90% of the radioact ivHy determined to be 

unchanged 14C-hexachlorobenzene. The cumulative urinary excretion of 

hexachlorobenzene metabolhes was determined to be 1.5% of the administered 

dose after 1 year. An.open system, three-compartment mammillary model was 

found to fit the data for plasma, fecal and metabolized hexachlorobergene in 

the rhesus monkey. 

Koss et al. (1983) administered 100 mg/kg hexachlorobenzene In olive oil 

every other day, via stomach tube, to female Wistar rats for a period of 6 

weeks and then observed the rats for an ~ddit ional 16 months. At cessation 

of hexachlorobenz~nc treatment they tried to assess the biologic half-life 

of hexachlorobenzene and determined a \lalue of 6 days for the sla.r t of the 

elimination phase, a value of 10 weeks when assessed 3 months later, and 

finally a value of l.5 years after 12 months .. Jhe authors then concJuded 

that 1t Is not possible lo establish a valid biologic half-llfe .for· the. 

total elimination phase of hexachlorobenzene in rats. 

6leav1ns et al. (1982) studied the excretion and transfer of hexachloro­

benzene given to female European ferrets (Mustela putorius f.ULQ.). Three 

bred and five non-bred female ferrets were each given a single dose of 57 .f> 

11Q 14C-hexachlorobenzene in 7 .5 g of standard mink diet (22:2% fat). 
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The 1nvest1gators 1nd1cated that there were no s1gn1f1cant d1fferences 1n 

the excret1on of hexachlorobenzene metabol1tes, between bred and non-bred 

groups, 1n urlne for the ent1re 8-week. study per1od or 1n feces dur"lng the 

beg1nn1ng of the study. The observed fecal excret1on dur1ng the m1ddle 

weeks to the end of the study showed a levellng of the cumulatlve fecal 

excret1on ln the bred females and a cont1nued 1ncrease ln fecal excret1on 111 

the non-bred female ferrets, although lt was stated that th1s d1fference was 

not stat1st1cally s1gnlf1cant. Excr.et1on of hexachlorobenzene or metabo-

11tes 1n the milk was found to be an 1mportant route of excret1on for lac­

tat1ng females, -20.3" of the 1n1t1al dose was e11m1nated by the flfth week 

of lactat1on, and found to be a very 1mportant route of exposure to nurs1ng 

offsprlng. The 1mportance of placental transfer and m1lk excret1on ls fur­

ther presented by observ1ng the t1me requ1red for 50% of the 1n1t1al hexa­

chlorobenzene dose to be excreted. The bred females requ1red 32 days to 

excrete 50% wh1le 41 days was requlred for the unbred females. 

Sunmary 

The pharmacok1net1cs of hexachlorobenzene ln a· number of ma11111allan 

spec1es have been stud led 1n deta1 l f"ol low1ng oral adm1n1stratlon and, to a 

lesser extent, fol.lowlng 1.v. or 1.p. 1njection ... No 1nformat1on was present 

in the ava1 lable 11 terature on hexachlorobenzene metabollsm fol lowlng 

1nhalat1on or toplcal application. Absorptlon of hexachlorobenzene from 

the 1ntest1nal tract appears to depend on the solvent veh1cle used dur1ng 

test mater1al adm1nistration. Thus, when hexachlorobenzene 1s adm1n-

1stered 1n ol1ve o'1, -80% of the dose ls absorbed; when H 1s adm1n1stered 

1n an aqueous solut1on, 1n 1% methyl cellulose or 1n a crystalline form, 

relat1vely little (<20%) 1s absorbed. Intestinal absorptlon of hexachloro-
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benzene occurs pr1mar1 ly through lymphat1c channels, w1th only a m1nor por­

t1on belng absorbed lnto the portal c1rculat1on. 

Follow1ng absorpt1on, hexachlorobenzene d1str1butes to -t1ssues that have 

a h1gh 11p1d content. The ad1pose t1ssue accumulates the greatest concen­

trat1ons of hexachlorobenzene 1n all spec1es stud1ed, although bone mar.row 

and sk1n, wh1ch conta1n large amounts of 11p1ds, also accumulate hexachloro­

benzene. The adrenal cortex accumulates hexachlorobenzene at concentrat1ons 

approachlng those of fat. Other t1ssues (e.g., 11ver, k1dneys, lungs, 

heart, spleen and blood) generally contaln much lower amounts of hexachloro­

benzene. Intravenous 1nject1on of hexachlorobenzene results ln a t1ssue 

d1str1butfon s1m1 lar to that seen follow1ng oral adm1n1strat1on. Hexachlo­

robenzene 1s transported v1a the placenta and 1s dlstr1buted ln fetal t1ssue 

ln rabb1ts, rats, m1ce, mlnks and ferrets. 

Hexachlorobenzene 1s metabollzed slowly 1nto other chlor1nated benzenes, 

chlor1nated phenols and other m1nor metabolltes and forms glucuronlde and_ 

glutath1one conjugates. Tlssues were found to conta1n ma1nly unchanged 

hexachlorobenzene together w1th small" amounts of metabol1tes. S1m1larly, 

only small amounts of hexachlorobenzene metabo11.tes were detected ln feces, 

whereas most of the metabolites were excreted 1n the urine together wlth 

small amounts of unchanged hexachlorobenzene. There are 1nd1cat1ons that 

females produce and. excrete more hexach-lorobenzene metabol 1 tes than do males. 

The excret1on of hexachlorobenzene from treated an1mals Is slow and 

occurs ma1nly through the feces w1th relatlvely llttle belng excreted ln the 

ur1ne. It is Characterlzed by an 1n1t1al rapld phase followed by one or 
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more slow phases. Th1s slow phase of excret1on can be enhanced by the 

adm1n1strat1on of m1neral 011, paraffln or n-hexadecane. Both b111ary and 

1ntest1nal excret1on contr1bute to fecal excret1on. A three-compartment 

ma11111111ary model has been reported for the behav1or of helhlchlorobenzene 1n 

beagles and rhesus monkeys follow1ng 1.v. 1nject1on of a s1ngle dose. 

Rad1oact1v1ty was not detected 1n exhaled a1r fo11ow1ng 1.p. 1nject1on. af. 

HC-hexachlorobenzene. Hexachlorobenzene has been detected 1n the m1 lk of 

nur s 1 ng ma11111a 1 s .· 
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IV. HUMAN EXPOSURE 

This chapter wi 11 be submitted by the Science and Technology Branch, 

Criteria and Standards Division, Office of Drinking Water. 
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V. HEALTH EFFECTS IN ANIMALS 

Acute Tox1c1ty 

Information on the acute toxlc1ty of hexachlorobenzene was l1m1ted to 

oral LD 50 values determined wHh a few mammalian species. The following 

LD 50 values were reported ln the available literature: rats, 3500-10,000 

mg/kg; rabbits, 2600 mg/kg; cats, 1700 mg/kg; and mice, 4000 mg/kg (IARC, 

1979; NAS, 1977; Sax, 1979). 

Graef et al. (1979) reported that hexachlorobenzene blocked the activity 

of rat hepatic 3-hydroxysterold dehydrogenase lead1ng to the accumulation of 

56-H-steroids, which are known inducers of porphyrln biosynthesis. Hexa-

chlorobenzene-lnduced porphyrla has also been reported to occur as a result 

of a def1ciency In the uroporphyrinogen decarboxylation process that is 

catalyzed by porphyrlnogen carboxylase. This enzyme is the only one in the 

heme pathway that exhibits a decrease In activity. The 1nh1bit1on of por-

phyrlnogen carboxylase In 11ver homogenates from female Wlstar rats with 

severe por~hyria induced by hexachlorobenzene was studied by Rios de Molina 

et al. (1980). Hexachlorobenzene had no effect on enzyme activity at 

10- 3 M, whereas pentachlorophenol caused a 90% 1nhib\tion at the same con-

centration. However, pentachlorophenol-did not Inhibit the enzyme at a con­

centration of 10- 5 M. It was concluded that ;r- concentration >10- 5 M of 

pentachlorophenol, poss1bly together with other hexa~hlorobenzene metabo-

lites, was needed to cause enzyme lnhlbiti6n. 

Hexachlorobenzene has also been reported to 1nduce the activity af 

hepatic microsomal enzymes In male or female rats following subchronic 

administration (Carlson, 1978; Carlson and Tardiff, 1976; Chadwick et al., 
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1977). Hexach l orobenzene produced a so-ca 11 ed "m1xed-type • 1nduct1 on of 

cytochrome P-450 content ln female rats resembl lng that produced by a com­

b1natlon of phenobarbltal (cytochrome P-450) and 3,4-benzopyrene (cytochrome 

P-448) (Goldste1n et al., 1982; Oebets et al., 1980a).: In female rats, 

hexachlorobenzene increased the actlvities of ~-aminolevulinic acid syn­

thetase and aminopyrlne demethylase (Arlyoshl et al., 1974). ethoxy- · 

resorufln-0-deethylase, aminopyr1ne demethylase, aryl hydrocarbon hydroxy­

lase, p-n1trophenol glucuronyl transferase, and NAOPH-cytochrome c reductase· 

(Goldste1n et al., 1982; Oebets et al., 1980a). S1m11arly, ln male rats, 

hexachlorobenzene 1ncreased. the act1vH1es of hepat1c ethyl morph1ne N- and 

p-n1troan1sol 0-demethylases, an111ne hydroxylase, and UDP glucuronyl trans~ 

ferase (~ehendale et al., 1975), acetan111de hydroxylase, acetanil1de ester­

ase, proca1ne esterase, and arylesterase act1v1tles (Carlson et al., 1979; 

Carlson, 1980). 

Subchron1c Tox1c1ty 

Several oral subchronlc studles of hexachlorobenzene have been reported, 

but no studles were located on the effects of hexachlorobenzene following 

lnhalat1on. In several anlmal species, hexachlorobenzene was found to cause 

alopecia and scabbing, decreased body welght, ··1ncreased 11ver and kidney 

weights and increased porphyr1n levels ln, the ur1ne and 1n several organs. 

H1stopatholog1c changes were noted 1n the 11ver and k1dneys of rats, gastr1c 

lympho1d t1ssue of dogs, and ovar1es of monkeys. When placed on untreated 

d1ets, rats were able to recover from most of the tox1c effects of hexa­

chlorobenzene treatment. Hexachlorobenzene was also reported to cause 

certain neurolog1c effects (ataxia, paralys1s, etc.) on rats, m1ce, hamsters 

and female beagles, and to 1nduce an increase 1n hepatic m1crosomal enzyme 

actlvlty .. Toxlc1ty data for hexachlorobenzene can be found in Table V-1. 
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Spec\es 

Rat 
(females» 

Rat 

Rat 
(females) 

Rats 
(females I 

Rat 
(females I 

Route 

oral 

oral 
(d\et) 

oral 
fgavage) 

oral 
(gawage) 

ora I 
(diet) 

Dose 

100 111g/kg every other 
day 

0.5 mg/kg/day 

2.0 mg/kg/day 

e.o mg/kg/day 

32.0 mg/kg/day 

50 mg/kg every other 
day 

0.5 mg/kg tw1ce 
weekly 

2.0 mg/kg twice 
weekly 

8.0 mg/kg lw1ce 
weekl'I 

32.0 mg/kg tw\ce 
weekly 

100 mg/kg diet 

r 

TABLE V-1 

Sulllllary of Tox1c1ty Stud\es on Heiachlorobenzene 

Ouratton 

up lo43days 

15 weeks exposed and 
held lo 48 weeks 

15 weeks exposed and 
held lo 48 weeks 

15 weeks exposed and 
held to 48 weeks· 

15 weeks exposed and 
held to 48 weeks 

15 weeks 

29 weeks 

29 weeks 

29 weeks 

29 weeks 

98 days 

Effech 

Suggested covalent blnd1ng of hexachlorobenzene 
melabol1tes to cytoso11c prote1ns 

Trans1ent 1ncreases 1n 11ver porphyr1n levels 
\n females after termination of exposure 

Increases tn 11ver porphyrtn levels tn females 
after lerm\nalton of exposure, tncreased size 
of 'centrllobular hepalocytes 

Increased ltver wetghts, tncreased ltver, 
ktdney and spleen porphyr\n levels tn females 
(porphyrta), cenlr11obular 1\ver les1ons espe-
c1ally \n females at 4B weeks · 

Increased mortaltty tn females, tntenston 
tremors In males and females and ataxia 1n a 
few females, Increased liver, ktdney and 
spleen weights, Increased 11ver; kldner and 
spleen porphyrln levels In females (porphyr1a), 
cenlr11obular 11ver les\ons and splenomegaly 

Increased ltver, ktdney, spleen and adrenal 
we\ghls, porphrrta (tncreased ltver porphrrln 
levels and tncreased excretion of porphrrtns 
and precursors), tremors, hatr loss and skin · 
lesions 

Increase tn relallve ltver wetghl 

Increase tn relattve ltver wetght, moderately 
enlarged hepatocytes 

Porphyrta, markedly enlarged hepatocytes, 
·increase tn relat1ve 11ver weight 

Porphyrla, markedly enlarged hepatocytes, 
1ncrease In liver weights 

Porphyrla (Increased liver lobe porphyrtns), 
decreased actlv.lty of uroporphyr1nogen 
decarboxylase 

Reference 

Koss et a 1., 
1980a 

Kut per-Goodman 
et al., 1911 · 

Koss et a 1., 
19J8b 

Biiger et a 1., 
1919 

S11Hh el al., 
1980 
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Species 

Rat 

Rat 

Rat 

Rat 

Rat 
(male) 

Rat 
I female') 

Rat 
(female) 

Rat 

Rat 
(females) 

Rat 
(fem.tie~! 

Roule 

ora I 
(diet and 
nursing) 

ora I 
(diet and 
nursing) 

oral 
(diet) 

oral 
(diet) 

ora I 
(diet) 

ora I 
(diet I 

ora I 
(gavage) 

ora I 
( gavage) 

oral 
( gavage) 

oral 
(diet) 

Dose 

50 mg/kg diet 

J50 mg/kg diet 

4, 20 or JOO mg/kg 
diet 

500, 1000 or 2000 
mg/kg diet 

2000 mg/kg diet 

2000 mg/kg diet 

3000 mg/kg diet 

SO, JOO or 200 mg/kg 

14 mg/kg every other 
day 

100 mg/kg every 
other day 

6-8 mg/kg/day 

lABU V-1 (cont.) 

Duration 

gestation until 
5 weeks of age 

gestation until 
5 weeks of age 

ge s ta ti on un l 11 
5 weeks of age 

J weeks 

10 weeks 

100 days 

JI weeks 

120 days 

103 days 

6 weeks txposed and 
held for additional 
18 months 

J!i-90 weeks 

Effects 

Depressed resistance to l· mon!!.fj!Qg~ and 
J. splr-alls, enhanced thymus-dependent antibody 
response 

Increased serum lgM and lgG, depressed resis­
tance lo l· monocytogenes and f. !Plralls, 
enhanced thymus-dependent antibody response, 
Increased liver and adrenal weights 

Increased lgM and lgG responses lo lelanous 
loxlod, delayed-type hypersensitivity reactions 
lo ovalbumln, noted accumulallqn of alveolar 
macrophages; no change In I· splralls resistance 

Dose-related Increases In relative spleen, 
lymph nodes, liver, adrenals, thyroid, testes 
and kidney weights, dose-related Increase In 
serum ·1gM levels, no change In serum lgG 
levels, dose-related pathologic changes In 
liver, lymph nodes and spleen 

Porphyrla found microscopically at 5 weeks and 
grossly al 10 weeks using fluorescence 

Elevated hepatic enzymes by 1 week and Increased 
urinary porphyrln and ALA levels (porphyrla) as 
early as 40 days 

Decreased uroporphyrlnogen decarboxylase 
activity and porphyrla after 4 weeks 

Dose- and lime-dependent Increase In liver and 
urine porphyrlns (porphyrlal 

Porphyrla In treated females, susceptibility of 
females lo porphyrla may be related to estrogen 
levels 

Porphyrla (liver uroporphyrln levels peaked 1 
months postexposure and levels had not returned 
lo normal by 18 months), decreased liver prolo­
porphyrln and coproporphyrln levels, Inhibition 
of uroporphyrlnogen decarboxylase activity 
until 18 months poslexposure 

Decline In.body w~lghts, porphyrla, enlarged' 
livers and liver tumors 

Reference 

Vos et al., 
1919b 

Vos et al., 
1983a, b 

Vos et al., 
1979a 

Gralla et al., 
1911 

l luner 
et al., 1975 

E Ider et a J., 
1916 

Car Ison, 1911 

A\izardlnl and 
Smith, 1982 

Kou et a I., 
1983 

Smith and 
Cabr a I, l'J80 
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Species 

Ral 

Ral 

Hal 

Rat 

Hal 

Roule 

nra l 
I cJ let I 

oral 
(diet I 

ora I 
(dlel I 

ora I 
Id lei I 

oral 
(diet and 
ours Ing) 

oral 
I diet I 

Dose 

15 mg/kg diet 
(4-5 my/kg/day) 

150 mg/kg diet 
(8~9.5 mg/kg/day) 

15 or 150 mg/kg dlel 

800 mg/kg diet 

0.32, 1.6, 8.0 or 
40 mg/kg diet 

0.32 or 1.6 mg/kg 
dlel 

8.0 mg/kg diet 

40 mg/kg diet 

10 or 20 mg/kg diet 

40 mg/kg dlel 

80 mg/kg diet 

160 mg/kg diet 

3?0 and 640 mg/kg 
dlel 

TABLl V-1 (cont. I 

Dural Ion 

up lo 2 years 

up lo 2 years 

20 weeks 

-130 days 

gestation through 
lifetime (130 weeks) 

gestation through 
lifetime (130 weeks) 

gestation lhrough 
lifetime (130 weeks) 

Fo to F4 generations 

Fo lo F4 generations· 

Fo lo F4 general Ions 

fo to 14 generations 

FD lo F4 generations 

Effects 

Porphyrla, lime-related appearance of severe 
hepatic and renal pathologies, after l year In­
creases In hepatomas, hepatocarclnomas, bile duct 
adenomas, renal adenomas and renal carcinomas 

Decreased nerve conduction velocities 8 and 
31% In 75 and 150 ppm groups, respectively; 
muscles showed signs of denervatlon, 
fibrillations and pseudomyotonla 

Reduced nerve conduction velocities, no muscle 
abnormalities as observed In 2-year sludy 

Hematologic changes at all dose levels In 
males, Increases In liver and heart weights In 
males al 8.0 and 40 ppm diets, no lrealmenl­
related effects observed In bred females 

Glycogen depletion In 1.6 mg/kg males; no 
effects reported at 0.32 mg/kg 

Increase In liver pathologies 

Increased mortality as pups, Increase In liver 
and kidney pathologies, Increase In adrenal 
pheochrornocylomas In females and parathyroid 
tumors In males 

No effects reported 

Increases In ~Iver weights and aniline 
hydroxylase activity 

Decreased body weights, f3 and f4 generations had 
decreased lactation Index and postnatal viability 
and Increased stillbirths 

Increased mortality and decreased lactation 
Index starling In f 1 generation 

20 and SOX mortality In fo 320 and 640 mg/kg 
groups, respectively, greatly reduced fertility 
Index and litter size and Increase In still­
births, viability Index zero In Fi 

Reference 

Lambrecht el 
al., 1983a,b 

Sufll el al., 
1986 

Suf It et a 1., 
1986 

Arnold el al., 
1985 

Grant el al., 
1977 
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Spec,es 

Rat 

Rat 

Rat 

Rat 

"ouse 

"ouse 
(male) 

"ouse 
Ima le) 

"ouse 

U'I "ouse ...... 
CJ) 
CJ) 

llaiuster 

Route 

oral 
ldlell 

oral 
ld,el )' 

oral 
I diet) 

oral 
Cgavage) 

oral 
ld'e') 

oral 
ld,et) 

oral 
ld,et) 

oral 
ld,et) 

oral 
I gavage) 

oral 
j d I el) 

Dose 

60, 80, 100, 120 or 
140 mg/kg d'el 

O or 80 mg/kg diet 

80 1119/kg d'et 

10, 20, 40, 60, BO 
or 120 119/kg 

2.5, 25 or 250 
119/kg diet 

10 mg/kg d'et (8.4 
lmg/llOu~e/24 weeks) 

or 50 •g/kg diet 
CJ5.3 1119/lllOuse/ 
24 weeks) 

U~l mg/kg d'et 

6, 12, 24 and lb* 
1119/kg/day 

100 mg/kg/day lo 
pregnant 111,ce 

200 or 400 lllCJ/kCJ 
dlel 

TABLI V-1 (cont.) 

Dural 'on 

Fo to Fla and f1b 
general ons 

gestat Ion and 
nursing or cross 
nursed with controls 

2 weeks pr,or to 
aiallng to 35-36 days 
after wean,ng 

days 6-21 of gesta­
Uon 

21 days 

24 weeks 

3-b weeks 

101-120 weeks 
*115 weeks e1posed 

held until 120 
weeks) 

days l-lb of 
gestat,on 

90 d<iys 

lffech 

Increased 110rtal,ty 'n all groups at 21 days, 
21-day LD50 values for pups were 100 and 140 
mg/kg for f1a and f1b generations, respectively 

Nurs,ng e1posure produced greater effects than 
did geslat,onal e1posure, effects noted were: 
smaller bra,ns, hearts, k'dneys and spleens, 
'ncreased l'ver weights 

Increased porphyrln levels and decreased liver 
esterase ac,,vlly 'n dams, no changes In 
gestat,on 'nd,ces or neonatal surv,val 

"aternal to1lclty (we,ght loss, tre110rs and 
convuls,ons) and reduced fetal we,ghts at 120 
and BO mg/kg 11alernal doses, dose-related 'n­
crea~e 'n 'nc,dence of unilateral and b'lateral 
14th r lb, sternal defec h were a ho no'ted 'n 
one e1perl111e11t 

Dose-related Increase In l'ver and decrease In 
prostate and se•lnal ves,cle we,ghls, dose­
related alteration' 'n testosterone metabol's•, 
altered hepat'c enzyme levels 

Dose-related reduction In weight ga,n, no tW110r 
pathology observed 

lmpa,rment 'n host res,stance as measured by 
'ncreased sens't'v'ty to!· txehosa and f. 
berghe,, and decrease 'n lgA levels 

Reduced growth rate al all dose levels, short­
ened lifespan assoc,aled w'th tre1110rs and con­
vuls,ons 'n 24 and lb 119/kg/day groups, dose­
dependent 'ncrease 'n liver-cell tumors 'n the 
12, 24 and 36 •J/kg/day dose groups 

Increased maternal l'vers and decreased fetal 
body we,ghls, Increased 'nc,dence of abnormal 
fetuses per l'lter observed 

Prec,rrhotli and c'rrhollc hepatic les,ons, 
Ill le-duct hyperplaslas .tnd hepallllllds 

Reference 

Ulch'n 
et a 1., )C)82 

"8ndou 
et a 1., 1918 

"8ndoza 
et al., Hl9 

Khera, 1914 

Elhsalde ·and 
Clark, 1919 

Shirai el al., 
l9lB 

Loose el al., 
lU~a .• b 

Cabral el al., 
1919 

Courtney 
el al., l9lb 

Lambrecht 
el .t l., 1982a 
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Hamster 

Cats 
I breeding 
felllcJles) 

Nlnks 

Dog 
jfe111c1le) 

< Dog 
I 
-.J 

0 
U) 
....... ...... 
IJ'I ...... 
CD 
CD 

Nonkey 
lfe111c1le) 

Monkey 

Roule 

oral 
ldlel) 

oral 
ldlet) 

oral 
ldlet) 

oral 
I capsule) 

oral 
ICcJpsule) 

oral 
I gavage I 

oral 
fnurslng) 

Dose 

4, 8 or lb mg/kg/day 

3 or 8.1 mg/day/cat 

l or 5 mg/kg dlel 

50 or 150 mg/kg/day 

I. 10, 100 or 1000 
mg/day/doy 

8, 32, 64 or 128 
mg/kg/day. 

1.51-186 ppm milk 

TABLE V-1 lconl.) 

Dural Ion 

1 lfespan 

142 days 

during gestation 
until 11 weeks of 
aye 

21 days 

ye~r 

60 days 

60 days 

Effech 

Shortened lifespan In 16 mg/kg/day group, In­
crease In hepal11111as al all dose levels. Increase 
In liver hae11c1ngloendothellwacJ In .ales and 
fe11c1les and an Increase In thyroid alveolar 

-adenwnas In 11c1les In 16 mg/kg/day group 

Welghl loss and Increased disease susceptibility 
In bred fe11c1les, dose-related decrease In litter 
size and survival of offspring, hepalomegaly In 
offspring 

Dose-related Increase In offspring mortallly, 
Induction of hepatic NFD·enzyaies In exposed 
offspring 

LI ver an.d hepal ocyte en largeaient, dose-Induced 
electroencephalogram dysrhylhmlas 

Increase In A10rlallly, neulrophllla, and 
anorexia In lhe 100 and 1000 mg dose groups, 
dose-relaled nodular hyperplasia of gastric 
lymphoid tissue In all treated anllllclls 

Dose-related pathology In liver, kidney, ovaries 
and thy11Us 

2 of 3 Infants died as a result of exposures 

Reference 

Cabral et al., 
1911 

Hansen et a 1., 
1919 

Rush et al., 
1983 

Sundlof 
el a 1., 1981 

Gra lla et al., 
1911 

latropoulus 
et al., 1916 

Balley et al., 
1980 



Iatropoulos et al. (197&) reported that f1ve adult female rhesus monkeys 

g1ven da1ly gavage treatments. of hexachlorobenzene suspended in 1% carboxy­

methylcel lulose at 8, 32, 64 or 128 mg/kg/day for &O days, showed extensive 

morpholog1c changes 1n the ovar1es. These changes were dose-related. 

Subchron1c stud1es conducted by Koss et al. (1980a) w1th groups of four 

female rats treated orally (probably by gavage) wlth 100 mg/kg of hexachlo­

robenzene in ol1ve oil every oth~r day, suggested that hexachlorobenzene 

metabolites covalently b_1nd to cytosollc proteins although no b1nd1ng to 

uroporphyr1nogen decarboxylase was spec1flcally demonstrated. 

E11ssalde and Clark (1979) reported a slgn1f1cant increase 1n the _IB 

vitro metabollsm of 3H-testosterone by 11ver m1crosomes from male mlce fed 

dlets contalnlng 250 mg hexachlorobenzene/kg for 21 days. In add1t1on, 

decreases ln the concentrat1on of testosterone In the serum and ln .the 

welghts of sem1nal ves1cles and ventral prostates were reported. Hexa­

chlorobenzene was also reported to cause certain neurologlc lesions ln male 

and female rats, hamsters and mlce fed dlets contaln1ng varlous levels of 

hexachlorobenzene for 13 weeks. These 1ncluded hyperemla, edema, arborlza­

tlon and hemorrhages in the braln and menlnges. The lesions extended to the 

cerebrum, cerebellum, medulla, splnal cord and thelr menlnges. The severity 

of these leslons was higher ln males and was dose dependent in both sexes 

(Headley et al., 1981). Physiologic changes (electroencephalogram dys­

rhythmlas) 1n the central nervous system were reported in 10 female beagles 

rece1v1ng gelatin capsules conta1nlng doses of 50 or 150 mg/kg of hexa­

chlorobenzene for 21 days (Sundlof et al., 1981). 
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Ku1per-Goodman et al. (1977) conducted a 15-week subchronlc feeding 

study wherein gr9ups of 70 male and 70 female COBS rats were fed d1ets pro­

viding 0, 0.5, 2, 8 or 32 mg/kg bw/day of hexachlorobenzene originally 

d1ssolved ln corn ,oll (5%) and mixed wHh the feed. FemaJe rats were more 

susceptlble to hexachlorobenzene than males, as Indicated by all the para­

meters stud1ed, and a NOEL of 0.5 mg/kg/ day was suggested by the authors. 

This NOEL may be better Interpreted as a NOAEL since a ,transient Increase in 

liver porphyrln levels was observed In females 4 weeks after removal from 

hexachlorobenzene. The £mg/kg/day dose may be Interpreted as a LOAEL since 

thls level caused Increases In liver porphyrln levels ,In females even 33 

weeks after removal from hexachlorobenzene, and Increases In the relaUve 

observed sever lty of centr I lobular liver les Ions as compared wHh control 

rats. About 40% mortallty occurred In females, but none In males at the 

highest dose. Cl lnlcal signs Included lntenUon tremor, excess\ve lrrtta.;. 

bllHy, multiple alopecla, scabbing and ataxia, with hind leg paralysis at 

the h1ghest dose. There was a significant Increase In l\ver and kidne.y 

1ir1elghts at the higher doses. An Increase in l Iver weight 1ir1as also found In 

groups of 36 female Wlstar rats treated by gavage twice weekly wHh hexa­

chlorobenzene dissolved In olive oil at 32 mg/kg for 29 weeks (Boger et al., 

1979)•. Similarly, Koss et al. (1978b) reported a __ l.5- to 2-fold Increase in 

the weights of the liver, spleen, kidneys and adrenal glands from female 

Wlstar rats treated orally (esophageal tube) with 50 mg/kg of hexachloroben­

zene dissolved In corn oil every other day for 15 weeks. When hexachloro­

benzene-treated rats were placed on untreated diets, they no longer showed 

signs of hexachlorobenzene tox.lclty, such as dermal lesions, and body and 

organ 1ir1eights returned_ to normal (Kuiper-Goodman. et al., 1977; Koss et al., 

197Bbl. Enlarged l Ivers were reported In subchronlc stud1es with female 
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beagles (Sundlof et al., 1981) and male m1ce (Shlral et al., 1978) admlnl­

stered hexachloroeenzene ln dlet. 

A dose-dependent enlargement of hepatocytes was observe~ ln groups of 36 

female Wlstar rats recelvlng gavage treatments of ollve all contalnlng hexa­

chlorobenzene (99.8%· pure) 0.5, 2.0, 8.0 and 32 mg/kg twlce weekly for 29 

weeks (Boger et al., 1979). Thls effect was assoclated wlth the prollfera­

tlon of the smooth endoplasmlc renculum ln the centrllobular area, and an 

Increase ln glycogen deposits; however, anlmals recelvlng 0.5 mg/kg did not 

develop enlarged hepatocytes. In addltlon, atypical membrane complexes In 

treated anlmals were noted and llver-cell mltochondrla were moderately 

enlarged and had Irregular shapes. Kulper-Goodman et al. (1976) also 

reported slgnlflcantly enlarged hepatocytes ln male and female COBS rats 

recelvlng hexachlorobenzene ln d1ets, contalnlng 5% corn oll, at the 8.0 and 

32.0 mg/kg bw dose levels for 15 weeks. They observed that thls hepatocyte 

enlargement conslsted to a large degree of prollferatlon of the smooth endo­

plasmlc retlculum. In males this prollferatlon was often associated 1o1lth 

large 1o1horls of compacted membranes surroundlng llpld droplets. 1he nuclel 

of enlarged hepatocytes were also enlarged whlle the mltochondrla were very 

small and sparse. They stated that this prollfer_~tlon of smooth endoplasmlc 

reticulum was related to the Increased drug metabollzlng enzyme act1v1ty of 

the 1 Iver and was consldered an adaptive rather than toxic response to the 

hexachlorobenzene, since the enzyme actlvlty and liver morphology returned 

to normal after exposures were dlscontlnued. An Increase In the she of 

centrllobular hepatocytes was also reported ln male and female rats 

recelvlng 2 mg/kg/day for 15 weeks, together with h1stopatholog1c changes ln 

the spleen (Kuiper-Goodman et al., 1977). 
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Nodular hyperplas1a of gastrlc lymphoid tlssue was reported In groups of 

o male and o female beagles recelvlng dally gelatlne capsules containing l, 

10, 100 and 1000 mg hexachlorobenzene/~og/day for 12 months (Gral la et al., 

1977). Extensive dose-related hlstopathologlc changes were. also observed 1n 

ovar les from groups of two rhesus monkeys g1 ven dally methyl cellulose/ 

d1stllled water solutions conta\nlng doses of B; lo, 32, &4 or 128 mg hexa­

chlorobenzene/kg of body we1ght by gavage for oO days {Knauf and Hobson, 

1979; Iatropoulas et al., 19_7&). -Sh1ra\ et al. (1978) conducted a 24-week 

study with male m1ce fed ~lets containing 10 or 50 ppm of hexachlorobenzene, 

followed by a recovery perlod of 14 weeks. H1stologlc exam1natlon revealed 

no pathologic changes In the 11ver or any other organ. 

Lambrecht et al. ( 1982a) fed male and female Syr1an golden hamsters 

hexachlorobenzene at doses of 0, 200 and 400 ppm 1n the1r d1et for 90 days. 

The hamsters were kll led on day 91 and at &-week Intervals thr.ough day 3&1. 

No differences were seen In growth and food consumption between control and 

exposed an1mals. The 11ver was reported as the most severely affected organ 

exhlb1t1ng a var1ety of prec\rrhotlc and cirrhotic lesions, bile-duct hyper­

plas1as and hepatomas. The 1nc\dence .of neoplasms found in this study w1ll 

be further discussed ln the Carclnogen\c1ty Section. 

Hexachlorobenzene has been found to cause increased porphyr\n levels In 

the liver of male and female rats rece\v\ng the compound Incorporated Into 

the d1et at doses of 8 and 32 mg/kg/day for 15 weeks (Kuiper-Goodman et al., 

1977). Koss el al. {1978b) reported that female rats treated orally w1th 50 

mg hexachlorobenzene/kg every other day for 15 weeks sl111 .showed Increased 

levels of porphyrln In the llver, 38 weeks after the last treatment. In 
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add1t1on, porphyr1n, .s-am1nole11ul1n1c ac1d, and porphob111nogen levels ln 

the ur1ne gradually 1ncreased during the 15-week treatment period, but sub­

sequently decreased to normal levels. Sm1th et al. (1980) reported that the 

lobes of llvers from female Agus rats fed d1ets conta1n1ng _0.01% hexachloro­

benzene developed porphyr1a at dlfferent rates. Ourlng the lnlt1al course 

of treatment, porphyrla In the caudate lobe developed at a s1gn1flcantly 

slower rate than the med1an, left or r1ght sectlons of the liver, but event­

ually, all lobes became equally po·rph_yr1c. In contrast, porphyrla was not 

observed when v1ewed For hepatic Fluorescence of porphyr1ns In male and 

Female beagle dogs treated dally wl th 0, l, 10, 100 or 1000 mg/dog/day For 1 

year (Gralla et al., 1977). Gralla et al. (1977) observed that female CD 

rats Fed 0.2% hexachlorobenzene were porphyr1c using this fluorescence 

method. 

R1zzardinl and SmHh (1982) clearly conflrmed that female rats are more 

susceptible to hexachlorobenzene-lnduced porphyr\a than are male rats, and 

that this difference in suscept1b1llty ls probably associated with the 

faster metabollsm of hexachlorobenzene ln females. They 1ntubated male and 

female F344/N rats every other day for 103 days with 14 mg/kg (50 µmole/ 

kg) hexachlorobenzene d1ssolved ln arachls ol l and monitored the rats for 

hexachlorobenzene metabolites and porphyrln levels. The results lndlcated 

that after 75 days of hexachlorobenzene treatment the excret Ion of urinary 

porphyrlns Increased rapidly ln the females and after 103 days the females 

had urine and liver porphyrln levels 40- and 310-fold higher, respectively, 

than did the males. Durlng this treatment per.lad the females were found to 

excrete greater quantities of hexachlorobenzene metabolites, especially 

pentachlorothlophenol, than the males. Estrogen levels seem to play an 

02590 V-12 04/05/91 



Important part In the Increased susceptlb11Hy of females to hexachloroben­

zene-lnduced porphyrla. When both male and femal~ rats were pretreated 

lntraper1toneally with four doses of_ 20 µmole/kg of d1ethylstllboestrol 

dlpropfonate (an estrogenlc drug), both sexes had st lmulated excret Ion of 

hexachlorobenzene metabolites. 

Hexachlorobenzene pretreatment has been reported to cause altered lmmune 

responses. Vos et al. (l979b) studied the effect of hexachlorobenzene on 

the· lnrnune system after ·combined pre- and postnatal exposure. Wlstar rats 

were fed d1ets containing 0, 50 or 150 mg/kg hexachlorobenzene during preg­

nancy and lac ta tl on. The pups were weaned after 3 weeks and cont! nued on 

the test diets until 5 weeks of age, when their 111111une system was function­

ally assessed. At the higher d1etary level, hexachlorobenzene caused a 

s1gnlf1cant Increase 1n serum·l~M and IgG concentrations. 

Hexachlorobenzene treatment also caused a decreased resistance to Infec­

t Ion wHh Llsterla monocytogenes (Vos et al., l979b). The L0 50 values 

were reported to be 14xl05 , 7.lxl0 5 and 5.0xl0 5 bacteria In pregnant 

Wlstar rats receiving dlets containing 0, 50 and 150 mg/kg, respectively. 

Similarly, decreased resistance of Trichlnella spiralls Infect ion, as Indi­

cated by an 1'1crease In the number of larvae found In muscle t Issue, was 

noted. Hexachlorobenzene also enhanced the thymus-dependent ant I body 

response to L. splralls antlgen and to tetanus toxold. No effects were 

observed on allograft rejection, mHogenlc response of thymus and spleen 

cells, thymus-independent lgM response to Escherlchla coll lipopolysaccha­

rlde, passive cutaneous anaphylaxls, or on the clearance-of carbon particles 

and L monocytogenes. The authors concluded that hexachlorobenzene sup­

pressed cellular lmmunlty and enhanced humeral Immunity In both test groups. 
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In a second comblned pre- and postnatal hexachlorobenzene d1etary study 

Wlstar rats were slmllarly exposed to d1ets conta1n1ng 0, 4, 20 or 100 mg/kg 

hexachlorobenzene durlng gestat1on, nurslng and untll 5 weeks of age (Vos et 

al., l983a,b). The pr1mary and secondary IgM and lgG responses to tetanous 

toxo1d (humeral 111111un1ty parameters) were observed to be s1gn1flcantly 

1ncreased ln all test groups compared w1th controls. Delayed-type 

hypersens1t1v1ty react1ons to ovalbumln (cell-mediated l11111un1ty parameter) 

were s1gn1f1cantly enhanced In the 4 and 100 mg/kg groups and the 20 mg/kg 

group was observed as merkedly Increased (non-slgn1flcantly) compared w1th 

controls. No hexachlorobenzene Induced effects were observed on the 

resistance to Trlchlnella splral1s, on the ant1body response to ovalbumln, 

and on the ~ v1tro natural cytotoxic act1vlty of spleen cells against YAC 

lymphoma cells. Even at the 4 mg/kg diet level accumulat1on of macrophages 

were noted 1n the lung alveol I of exposed rats. At the 4 mg/kg d1et level 

liver weights, morphology and m1crosomal enzymes were not altered, except 

for an lncrease 1n the actlv1ty of 7-ethoxyresorufln-o-deethylase. These 

results led the authors to conclude that the develop1ng 1nvnune systerr. Is 

part1cularly vulnerable to hexachlorobenzene exposure. 

In contrast, hexachlorobenzene pretreatment of weanl Ing rats d1d not 

alter their cell-mediated Immunity, but dld stimulate their humeral lrmiune 
I , 

response and enhanced the ~ vitro responsiveness of spleen cells to dif­

ferent mltogens, which was mainly a result of an Increase In the number of 

splen1c lymphocytes. The rats received diets contalntng 1000 µg hexa-

chlorobenzene/g for 3 weeks after weanlng, before assessing their 1rmiune 

system (Vos et al., 1979a). 
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Loose·.et al. {1978a,b) found that hexachlorobenzene pretreatment also 

resulted ln lmpalred host reslstance. Male BALB/c m1ce recelved d1ets con­

talnlng 167 119 hexachlorob.enzene/g for 3 or o weeks before asses.slng thelr 

l1TVT1une funct1ons. The concentration of IgA was slgnlflcantly 

decreased,whereas those of IgG and IgM dtd 

slgntftcant altera- ttons · as co~pare~ 

not exhtbtt 

wtth the 

conststent 

controls. 

Hexachlorobenzene-treated mlce were more sens1ttve to gram-negattve 

endotoxtn (Salmonella tvphosaJ, shbwed a decreased reslstance to a malaria 

challenge (Plasmodlum berghe1), and exhlbtted slgnflcantly depressed 

antibody synthests~ 

Chronlc Tox1c1ty 

Cabral et al. (1977) studted the tumorlgentcHy of hexachlorobenzene in· 

fl-week-old Syrlan golden hamsters g1ven 0, SO (4 mg/kg/day), 100 (8 mg/leg/ 

day) and 200 {lo mg/leg/day) ppm hexachlorobenzene In their diets for their 

rematnlng lifespan. Shortened lifespan was observed In the male and female 

200 ppm dose groups after 70 weeks of exposure along wt th marked welght 

reduction In the males. Neoplasms were lncreased by the hexachlorob.enzene 

exposures and are reported In the_ Carcinogenicity Section. No other 

pathologtes were reported In thls study. 

Cabral et al. (1979) studied the tumor1genlclty of o- to 7-week:-old male 

and female outbred Swtss mice given 0, 50 (o mg/kg/day) 100 (12 mg/kg/day) 

and 200 (24 mg/kg/day) ppm hexachlorobenzene for 101-120 weeks and 300 ppm 

(36 mg/kg/day) hexachlorobenzene for 15 weeks and held until 120 weeks of 

age. Results lndlcated that shortened lifespan occurred In the 200 and 300 

ppm dose groups starting after the 30th .week of the test and that this 
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reduced surv1val was associated w1th tremors and convulslons. Reduct Ion In 

the rate of growth was observed In female mice In the 50, 200 and 300 ppm 

dose groups and more pronounced growth rate reduction was observed in llldle 

mlce In the 100, 200 and 300 ppm dose groups. An Increase _ln neoplasms were 

found as a result of hexachlorobenzene exposures and are discussed In the 

Carcinogenicity Section. No other pathologies were reported In this study. 

Sm1th and Cabral (1980) fed you·ng female Agus or MRC Wlstar rats 100 ppm 

(6-8 mg/kg/day) hexachlorobenzene In a diet containing 2% arachis oil for 90 

weeks. Hexachlorobenzene exposure resulted ln a steady decline In body 

weights over the study period and In the exposed rats posses.sing less halr 

than the controls. Tremors or other nervous symptoms were not seen during 

this study. Onset of porphyrla was observed In the hexachlorobenzene 

treated rats after -3 months, as lndlcated by urlnes fluorescing red under 

UV llght, and llver porphyrla was conflrmed at autopsy by a red fluorescence 

of the llver. The l Ivers were ;nlarged 2-fold. In the hexachlorobenzene­

exposed females and were associated with multiple liver cell tumors. lnls 

neoplastic Incidence will be dlscussed ln the Carclnogenlclty Section. 

Male and female Sprague-Dawley rats were fed hexachlorobenzene diets for 

2 years containing 0, 75 or 150 ppm hexachlorobenzene (Lambrecht et al., 

l983a,b). Four rats per group were killed at weeks 0, l, 2, 3, 4, 8, lb, 

32, 48 and b4 of the study and liver and kidney evaluattons were made. 

Times of appearance of lesions were as follows: 4 weeks -- hepatic hyper­

emia, edema, parenchymal and hydroplc degeneration, renal hyperemia, con­

gestion, swelling and parenchymal degenerations; 32 weeks -- renal tubular 

nephritis with hyallne casts, severe parenchymal degeneration, epltnellal 
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necrosis accompan1ed by proximal convoluted tubular regeneration, and pre­

neoplastic foci; and 36 weeks -~hepatic preneoplasti~ focl; and 64 weeks 

hepat1c neoplasms and renal neoplasms. The incidence of neoplasms wi 11 be 

further discussed In the Carcinogenicity Section. 

In a short comrnunicat1on by Suf1t et al. (1986), hexacholorobenzene-

induced nerve function detriments were reported in rats. Rats fed 

hexachlorobenzene for 2 years .at l 50 and 75 ppm diet were observed wHh 

prolonged conduct Ion t lme·s from the sciatic nerve to the foot of 31 and 8%, 

respect lvely. Needle electromyograph of. the muscle· showed signs of 

denervation, fibrillation, and chronic repetitive discharges (pseudo-

myotonia). Hepatocarcinomas and other disorders were also seen but not 

described. In a second study male Sprague-Dawley rats were fed 800 ppm 

hexachlorobenzene In diet for 20 weeks pr1or to testing. They reported a 

significantly (p=0.02) reduced nerve conduct1on velocity 1n the hexachloro­

benzene fed rats when compared to controls. Needle electromyograph of the 

gastrocnemius showed no flbrillatlons or other abnormalties. The authors 

stated that· hexachlorobenzt!ne had a deflnlte detrimental effect on nerve 

function and suggested an axomal effect. 

A two-generat Ion hexachlorobenzene (analyt lcal grade) feeding study was 

conducted using Sprague-Dawley rats fed dlets contalnlng 0. (64 males, 64 

females). 0.32 (40 males, 40 females), 1.6 (40 males, 40. females), 8.0 (40 

males, 40 females), or· 40.0 (66 males, 66 females) ppm hexachlorobenzene 

(Arnold et al., 1985). The parental rats (F 0J recelved their respective 

test d1ets for 90 days before mating and until 21 days after parturition (at 

1o1eanlng), at which t \me they 1o1ere killed and evaluated for hexachloro-
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benzene-lnduced effects. The number of offsprlng (F 1 generatlon) From 

these matlngs wer-e reduced to 50 males and 50 females per dose group at 2B 

days of age and. fed their respective parents' dlets. Thus, the F1 animals 

were exposed to hexachlorobenzene and metabol Hes 1n. Y.k!:Q, from maternal 

nursing and from thelr dlets for the rema1nder of their 11fet1me (130 weeks). 

The results from. this two-generatlon study 1nd1cated no cons1stent 

treatment-related e.ffects upon growth or food consumption In elther gener-

at1on and no change 1rr fert111ty, gestat1on or lactation 1nd1ces. A 

decreased v1abllity Index was noted 1n the 40.0 ppm group relative to con­

trols. No treatment-related effects were found 1n the· Fa. females. The 

F0 males were found to have s1gn1flcantly lncreased liver, heart and braln 

absolute weights In the 8.0 ppm group and s1gnlf1cantly Increased llver and 

heart absolute weights In the 40.o· ppm group. The Fa males were observed 

to have var lous s lgni fl cant changes In hematolog1c parameters at all dose 

levels. Neoplasms .were seen In the F
1 

generat1on and are dlscussed 1n the 

Carcinogenicity Section. In the F
1 

generation the follow1ng changes were 

seen: 

l) Centrllobular basophilic chromogenesls showed a significant 
dose-related trend 1n both males and females. Additionally, at 
doses of 8.0 and 40.0 ppm the Increases w~~e slgn1f1cant In com­
parlson with controls for both males and females. 

2) Increases In perlbll1ary lymphocytosls were slgnlf1cant In the 
0.32, 1.6 and 40.a ppm male groups, while Increases In 
per1bll1ary fibrosis were statistically s1gnlflcant In the 0.32 
and 40.0 ppm male groups. 

3) Increases 1n severe chronic nephrosls were observed which were 
dose-related, but significant relative to controls only For the 
40.0 ppm male dose group. 
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In a second study conducted by Arnold et al. (1985). 50 male Sprague­

Dawley rats per group were fed hexachlorobenzene (0 or 40 ppm) and var lous 

levels of vitamln A diet (O:l, l or 10 tlmes normal conlrol levels). 1he 

test .groups were as follows: control dlet; control diet plus 40 ppm hexa­

chlorobenzene; 1/10 vHamln A dlet; 1/10 vHamln A dlet plus 40 ppm hexa­

chlorobenzene, 10 times control vHamln A diet; ·and 10 times vltamln A diet 

plus 40 ppm hexachlorobenzene.. five rats per group were killed and evalu­

ated both at 25 and 49 weeks anCI the remaining animals were killed and 

evaluated after 119 weeks: 

Results revealed that the animals .on the 1/10 vitamin A diet had s1g­

nlflcantly reduced body weights and survivability when compared wlth control 

diet animals. The animals on 1/10 vitamin A plus 40 ppm hexachlorobenzene 

diet had slgnlf\cantly decreased body weights and did not survive as long as 

rats receiving the control diet plus 40 ppm hexachlorobenzene. Hematologic 

evaluations revealed no consistent treatment-related effects. Neoplasms 

were observed in the test animals and are discussed In the Ca.rcinogenlcily 

Section. No s\gnlflcant dlfferences were found In lhe \ncider.ce of any 

pathological lesions between the test groups. 

Mutagenlclty 

In a dominant lethal mutatlon sludy- (Simon et al., 1979), male rats 

( straln not given) received by oral gavage 0, 70 or 221 mg hexachloroben­

zene/kg body weight dissolved ln corn o\l for 5 consecut1ve days. A dose-

dependent reduc tlon in ma le reproduc t1 ve performance was 

hexachlorobenzene dld not Induce domlnant lethal mutations. 

observed, but 

Khera (1974) 

also reported a lack of dominant lethal mutations In Wlstar rats following 

025'10 V-19 04/05/91 



oral administration of 0, 20, 40 or 60 mg hexachlorobenzene/kg In 0.25% 

aqueous gum traqacanth for 10 consecutive days. In 14 sequential matlng 

trials, no slgn1ficant dHferences ln _the Incidence of pregnancies, corpora 

lutea, live implants and declduomas between the treated aod control groups 

were observed. Mutagenic activHy has been observed in a yeast, Saccharo­

myces cerevlslae, assay (Guerzonl et al., 1976): The mutagenlclty of he_xa­

chlorobenzene was investigated in three strains of ~ cerevlslae using 

reversion from histidine and· meth.ionlne auxotrophy, and hexachlorobenzene 

was reported to be mutagenlc at a minimum concentration of 100 ppm. 

Lawlor et al. ( 1979) measured· the act ivl ty of hexachlorobenzene In the 

Ames assay, strains TA98, TAlOO, TA1535, TA1537 and TA1538, at five unspec­

ified dose levels both with and w1thout metabol1c acltivatlon by Aroclor 

1254 induced rat liver microsomes. Hexachlorobenzene possessed no 

detectable levels of mutagenlc activity 1n any of the Salmonella strains 

used either ·with or without microsomal activation. These results were 

reported In. an abstract with few experimental details. In addition, this 

result ls not unexpected because the Salmonella test system ls generally 

1nsenslt1ve to chlorinated compounds (Rinkus and Legator, 1986). 

Carcinogenicity 

Studies on the carcinogenic potential of hexachlorobenzene have been 

carried out on hamsters, mice and rats. 

Hamster Studies. 

Cabral et al. (19771 -- In one study on Syrian golden hamsters (Cabral 

et al., 1977) hexachlorobenzene was administered In the diet at 50, 100 or 

200 ppm. These concentrations correspond to dosages of 4, 8 and 16 mg/kg/ 
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day based on body loielght and food lntake a11erages. The hexachlorobenzene. 

was prepared by dlssolutlon ln corn ell which was then mixed wlth the feed. 

The feed was analyzed periodically to Insure that the Intended le11el of 

hexachlorobenzene was maintained (Mollner, 1963). The hexachloroben2ene 

preparation used In this study was 99.5% pure. Impurities reported to be 

present In some hexachlorobenzene preparations tnclude chlorlnated dlbenzo­

furan and chlorlnated dlbenzo-p-dloxln, both members of classes of compounds 

that are carcinogens (Vllleneu11e et al., 1974). The dosages selected for 

this study loiere chosen In order to be comparable wlth those. belle11ed to be 

consumed by 11lctlms of accldental hexachlorobenzene Ingestion In Turkey. 

In this study on hamsters H was dlfflcult to determine from the pub­

lished report whether an MTD was reached or exceeded because the lnformatlon 

on mortality and weight changes was not detailed enough for an unamblguous 

e11aluatlon. Although mortality was monitored, the ln11estlgators only stated 

that 71% of the treated animals were al111e at SO weeks and that at the 

highest dose, 16 mg/kg bw/day, there was a reduced lifespan among treated 

animals after 70 weeks. The study was run for the llfeUme of the anlmals, 

but the actual duratlon in weeks was. not gl11en. Since the ln11est I gators 

also reported "marked weight reduction" In the h_l.ghes.t dose group one cou.ld 

conclude that the M1D may have been reached. However, in the absence of 

weight data deflnlte conclusions cannot be· made. 

The tumor Incidence among the hamsters ls given In Table V-2. The 

Incidence of hepatomas In males and females was staUstlcally significant 

(p<0.05) In all treated groups. The incldence of ll11er haemangloendothell­

oma in males and females was statistically significant (p<0.05) ln the 
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hlgh-dose groups and ln males tn the mtddle-dose groups. There was a 

slgnlficant dose.,_related trend for both tumor types. Three Instances of 

metastases were found among the animals wlth ltver haemangtoendothelioma. No 

hepatoma metastases 1i1ere found. One of the hepatomas In a female anlmal was 

found at necropsy at 18 weeks; the tnvestlgators did not indicate which 

dosage level this antmal recetved. 

Hamsters tn the control group·s showed no thyroid tumors but thyrotd 

alveolar adenomas were signlftcantly increased ln the high dose males and 

there was a stgnlftcant dose-related trend. Thyrotd tumors occurred ln all 

treated groups of females but were not stattstically slgntftcant. 

Chemical 1nduct1on of thyrotd tumors has not been ldenttfied wlth chem-· 

1ca1ly related compounds except for toxaphene, whtch ts a mixture of chlort­

nated camphene der1vat1ves/ Other chemicals assoctated with Induction of 

thyroid tumors are thloureas, thtouractls, 3-amtno-4-ethoxyacetanl l ide, 

amltrok, o-anlstdtne, 2,4-dlamtnanl sole sulfate, ethlonamlde, 4,4'-methylene 

bls(n,n'-dtmethyl) n,n'-dlmethylbenzenamlne, 1,5-naphthylenediamine, 4,4' -

oxydianaline, pronetalol·HCl, 4,4'-thlodtanaltne, lodoform, dibromomelhane 

and dichloroethane (Kraybtll, 1983; Welsburger, 1_983). Hexachlorobenzene Is 

ln a different chemical class from these agents. 

Induction of thyroid tumors in the animal studles ls of particular 

interest because a very high tnc ldence of enlarged thyrolds was found among 

victims of acc1dental exposure to hexachlorobenzene In Turkey (Peters el 

al., 1983). The Incidence among females, over 25 years after the Incident, 

is 61.4% whereas the background Incidence tn that geographtc area for 
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females ls about 5% (Peters et al., 1983). The data and pathology reports 

have not been made avallable yet, but 1t ls clear that the cohort exposed to 

hexachlorobenzene has an unexpectedly __ h1gh 1nc1dence of enlarged thyro1d. 

It cannot be stated at present what percentage 1f any. of the enlarged 

thyro1ds was the result of tumorlgenes1s. 

Thls hamster study provldes strong posltlve evldence of tumorlgen1c1ty 

and evldence of carc\nogenlclty of hexachlorobenzene, as lndlcated by the 

slgnlflcant lncrease \n nepatomas, significant Increase of thyrold adenomas 

\n males and the occurrence of metastaslzlng llver haemangloendothellomas ln 

treated but not ln control animals. Although not reported 1n deta1l ln thls 

one page publlcatlon, the authors noted an Increase ln adrenal neoplasms as 

well. The data presented show that the tumor lncldence ls posltlvely dose­

dependent ln most Instances and that thls ls true not only of the number of 

animals wlth tumors of all sltes but also for the number of tumors per anl­

mal. The authors also lndlcated that latency period was reduced,· but actual 

supporting data was not presented. Although strong evidence for carclnogen­

lclty was provided ln the hamster study, a cautionary note should be added 

regarding the results of thls study .and possibly other hexachlorobenzene 

studies as well. The hexachlorobenzene used was __ reported to be 99.5% pure. 

However, chlorlnated dlbenzofuran and chlorlnated dlbenzo-p-dloxin, both 

very potent carcinogens, have been reported - 1n the past to be present In 

some samples of hexachlorobenzene. Very small amounts of such contaminants 

could Influence results. 

Lambrecht et al. (19B2a} Hamster Study -- Another study on hamsters, 

carried out ln a dlfferent laboratory, adds further suggestlve evidence for 
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the tumorigenicity of hexachlorobenzene \n hamsters (Lambrecht et al., 

1982a). Th\s study, reported only ln abstract form, was also carried out ln 

the Syrian golden hamster. In this st~dy the animals were exposed for only 

90 days to the hexachlorobenzene. On day 91, half of the ~n1t1al exp~sed 50 

an1mals were sacr\flced. The rema1n1ng an1mals were sacr\flced per1od1cally. 

unt\l the end of the 1-year study. The exposure· levels used were 200 or 400 

ppm hexachlorobenzene \n the diet. Assuming that the hamsters from the 

Cabral et al. (1977) study were c·omparable in welght and d1etary consump­

t1on, these ppm flgures would be approximately equal to and twice those of 

the h\gh dose used ln the llfetime studies of Cabral et al. (1977) .. 

Lambrecht et al. (1982a) reported the lncldence of hepatoma at the 200 ppm 

level to be 7.7% in males and 6.7% ln females; at the 400 ppm level the 

Incidence was 5% In females and 14.3% in males. These f\gures are based on· 

the .numbers of anlmals at risk at the time of the earliest observed tumor. 

The time to first tumor was relatively late In the study, 276 days for males 

and 255 days for females of the lower dose and 153 days for males and 299 

days for females at the higher dose. Slnce the test animals were 

systematically sacr\flced from 3 months onward, the tlme to tun:or figures 

should be reasonably close to actual_ t lme to tumor. Table V-3 shows the 

results reported by Lambrecht et al. (1982a). 

The tumorigenic\ty and carcinogenicity of hexachlorobenzene has been 

demonstrated by one lifetime study In hamsters. AddHlonal suggestive evi­

dence for tumorlgenlcity ls found In a 90-day study In another laboratory. 

In both cases hepatomas resulted. The longer perlod of exposure also 

produced thyrold adenomas and metastatlc llver haemangloendothellomas. 
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TABLE V-3 

Effect of HCB on Hamsters: L1ver Tumors and Other L1ver Leslonsa 

Sex HCB PC+Cb BOHC Day Fl rs t Hepatomas Day Flrst 
(ppm) Incldence Inc1dence Observed Incidence Observed 

0 3/50 0 0 

200 48/49 0 l /13 270 

400 50/50 1/25 101 1120 153 

F 0 10/43 0 0 

200 48/49 lib 340 1/15 255 

400 45/45 2/20 174 1/7 299 

asource: Lambrecht et al., 1982a 

bpreclrrhotlc + cirrhotic 

ca1 l lary duct hyperplasia 

HCB = Hexachlorobenzene 
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Mouse Studies. 

Cabral et al. (1979) -- Cabral et al .. (1979) reported that outbred 

Swiss mice were fed hexachlorobenzene (99.5% purity) In their diets for up 

to 120 weeks. The hexachlorobenzene content of the di~t was monl tored 

periodically during the study and the diet was found to be free of afla­

toxins.. The exposure levels used were 50, 100 and 200 ppm corresponding to 

dosages of o, 12 or 24 mg/kg/day based on body wel ght and food In take 

averages. One other test group war gtven 300 ppm (3o mg/kg/day) for only 15 

weeks and retained on an hexachlorobenzene-free diet for the remainder .of 

the study. 

Growth rates were monHored but not given In detail In the published 

report. The investigators stated that among female mice there was a reduced 

growth rate for all doses e)(cept In the 12 mg/kg/day dose group and among 

males for all doses except In the o mg/kg/day dosage group. 

Survival times were reported ln detail. Survival was essentially 

unaffected In the two lower dosage level groups at 50 weeks, while at that 

time It was down by o0% of the orlglnaJ number In the females and 52% of the 

original number In the males In the highest dos_~ge group. By 70 weeks on 

test the survival was decreased In the two lower dose groups as well, and In 

the highest dose group It was down to 14% in females and 10% In males. At 

90 weeks there were only four surviving males out of the 50 and no surviving 

females in the highest dosage group as compared wfth 9& and 100% survival in 

the female and male controls. 

The yield of tumors in this study is given In Tables V-4 and V-5. In 

Table V-4, the effective number of animals Is the number of animals alive at 
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TABL£ V-4 

l1ver Tumor lnc1dence 1n H1ce fed Hcoa 

Effec Uveb H1ce w1 th LCT Node She (nm} HulU~Hc H:t 
Group No. 

An1mals No. " <8 >8 S1ngle Hult 1p le 

HCB 100 f 12 3 25 2 1 1 2 
M 12 3 25 l 2 2 l 

HCB 200 f 26 14 54 5 9 3 11 

" 29 7 24 4 3 2 5 

HCB 300 F 10 l 10 -- l 1 --
(15 weeks M 3 l 33 -- l -- l 
exposure) 

asource: Cabral et al., 1979 

bsurv1vors at t1me f1rst LCT was observed 1n each group 

LCT = l1ver cell tumors 

HCB = Hexachlorobenzene 

Age at Death (weeks} 

Range Average 

87-104 98 
83-98 89 

47-85 b7 
46-101 73 

101 101 
97 97 
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TABLE V-5 

Tumor Data on "\ce Fed Hcea 

An\mals w\th Tumors .. 
Lxmphonia$ Lung 

ln\t\al Effect tveb TBAC 
Group No. No. Average Age Average Age 

An\ma ls An\ma ls No. " No. " al Death No. " at Death 
(weeks) (weeks) 

Contro 1 F 50 49 39 80 21 43 89.6 14 29 89.0 
" 50 41 22 n 12 26 80.8 13 28 83.8 

HCB 50 F 30 30 21 lD 16 53 69.8 4 13 84.5 
" 30 30 15 50 13 43 13.1 4 13 81.0 

HCB 100 F 30 I 30 13 43 5 11 94.4 6 20 . 83.5 

" 30 29 10 34 1 24 lD.4 0 0 

HCB 200 F 50 41 19 46 5 12 58.2 2 5 66.S 
" so 44 12 21 4 9 53.2 4 9 82.5 

HCB 300 F 30 26 20 11 8 31 91.1 4 IS . 91.2 
(15 weeks) " 30 16 5 31 3 19 68.6 2 13 83.S 

•source: Cabral et al., 1919 

bNW11ber of surv\vors at moment of appearance of,f\rst tumor at any s\le \n each group 

c1n relat\on lo the effect1ve number 

L her-cell 

No. X 

0 0 
0 0 

0 0 
0 0 

3 ' 10 
3 10 

14 . 34 
1 16 

4 
6 

Gonads 

No. X 

3 
0 

2 
0 

1 
0 

3 
0 

6 
0 

1 
0 

3 
0 

2 
2 

12 
0 

dst\n f\brosarcOlla, uter\ne haemang\oendothel\oma, one sk\n haeniang\oendothel\onia, two adrenal adenDlli, two mannary adenOlli 

1 Ur\nary bladder trans\t1on cell carc\noma, one l\ver haernang\oendolhel\llllli, one sk\n haeaang\oendothel\oma, one sk\n f\brosarcOlli 

f~ne uler\ne haemang\oendothel\onia, one sk\n f\brosarconia 

glwo sk\n f\brosarcoma, one sk\n haemang\oendothel\oma 

hone sk \n squamous-ce 11 care \nonia 

lone \nlesl1na1~ le\omyosarcoma 

Other 

No. X 

9d 18 
4e 9 

2' 1 
0 0 

3g 10 
1h 3 

1' 2 
0 0 

:el 31 
0 0 

lone sk\n f\brosarcoma, two lher haemang\oendothel\orna, one r.ecu11 carc\noma, one stomach pap111Dllli, one sk\n haemang\oendothel\orna, one 
_uter\ne adenoma, one manmary adenonia 

HCB ~ He•achlorobenzene 



' 

the earllest time a llver cell tumor was observed in each group whlle in 

Table V-5 the eff"ectlve number of animals Is that number of animals allve at 

the earliest appearing tumor for any slte In the body wlthin that group. 

There was a statlstlcally significant elevation In the i~cidence of liver 

cell tumors at the high dose in females and a marginal increase In high-dose 

males, with a positive dose-related trend in both cases. There was also a 

dose-dependent decrease In latent period and a dose-dependent Increase In 

the size and multlpllclty of liver" c~ll tumors (see Table V-4). The liver 

cell tumors were subsequently defined as hepatomas (Cabral, 1983). 

In this study there was a high incidence of both lymphoma and lung 

tumors In control mice. A dose-related decrease in the incidence of lympho­

mas appears in the treated groups. The investigators attributed this to the 

deer.eased survival time of hexachlorobenzene-treated animals. This seems 

reasonable but does not explain the reduction in lung tumors In the 50 ppm 

(6 mg/kg/day) group when they are compared to controls, since there was not 

an appreciable reduction of llfespan in this low dose group. 

This study ·by Cabral et al. (1979) demonstrates the tumorlgenlclty of 

hexachlorobenzene in Swlss mice by the signlflc~_nt increase In liver cell 

tumors In both sexes and by the demonstraUon of dose-dependency In the 

response with respect to tumor incidence, tumor size, multiplicity and 

latent period duration. Tumorigenlclty was detected as low as 12 mg/kg 

bw/day (100 ppm) for lifetime exposure but not at 6 mg/kg bw/day (50 ppm). 

Lambrecht et al. (1962bl -- Swiss mice exposed to hexachlorobenzene 

for only 90 days at levels of 100 and 200 ppm in the diet showed degenera-

02590 V-30 04/05/91 



tlve changes of l lver and kldneys when exam1ned at var1ous 1ntervalS after 

they were removed from the hexachlorobenzene-contalnlng dlet (Lambrecht et 

al., 1982b). Although llver tumors were not reported, treated anlmals 

showed lymphosarcomas In both dosage groups in both sexes ~t levels slgnlfl­

cantly above those of controls. Exposure to hexachlorobenzene In thls 

1nstance produced leukemogenlc changes. The animals were not permHted to 

llve beyond selected lntermedlate sacrlflce dates, so It was not possible to 

determine whether survlvors would have developed liver or other tumors. The 

method of preparation of ~he hexachlorobenzene-contalning diet may have been 

dHferent ln the Cabral et al. (1979) and Lambrecht et al. (l982b) studles, 

but deta1led informatlon was not presented ln the Lambrecht ·et al. (19B2b) 

abstract . 

. Mice may be somewhat less sensHlve than hamsters to hexachlorobenzene 

as evidenced by the dHference In incldence of hepatoma formatlon at' various 

doses. These animal species may d1 ffer In the d1strlbut Ion of the hexa­

chlorobenzene Into various tissue compartments {Lambrecht et al., 1981), and 

dlffer In rates of metabollsm and absorption. Administration of the same 

levels· of hexachlorobenzene Irr the fe.ed can be expected to glve different 

effectlve dosages. 

Shlral et al. !19781 -- Shlral et al: {1978) admlnistered hexachloro­

benzene to male ICR mice (35 animals/group) at levels of 10 or 50 ppm In the 

dlet for periods of 24 weeks. Polychlorlnated terphenyl was glven alone to 

another group at 250 ppm, and ln comblnat1on wlth 50 ppm hexachlorobenzene 

to a third group. Animals were examined hlstologlcally at 40 weeks. 

02590 V-31 04/05/91 



Flnal body welghts were sllghtly lower In the hexachlorobenzene-treated 

groups while llver welghts were hlgher. Examination of the llvers showed 

that the hexachlorobenzene-treated gri;iups had hyper trophy of the centr l -

lobular area at both doses. No l lver tumors 1o1ere found. ln el ther group. 

The total Intake of hexachlorobenzene was calculated to be 8.4 and 35.3 

mg/mouse over 24 weeks In the 10 ppm and 50 ppm groups, respectively. 

Polychlorlnated terphenyl alone, at 250 ppm (total dose 207.4 mg/mouse) 

gave 3/28 (10.7%) nodular· hyperplasia. When thls same level of polychlorl­

nated terphenyl 1o1as glven along 1o1lth hexachlorobenzene at 50 ppm (total dose 

36.9 mg/ mouse) there 1o1ere 23/26 (88.5%) nodular hyperplasia and 8/26 

(30.8%) hepatocellular carclnoma. This response lndlcates that hexachloro-

benzene can enhance the carclnogenlc potency of polychlorlnated terphenyl. 

The duration of administration, 24 weeks, ln this mouse study and the 

doses used were belo1o1 those used In the Cabral et al. (1979) study on Swlss 

mlce and also below the levels used ln the 13-week study by Lambrecht et al. 

(l982b) on Swiss mlce. Therefore, lt Is not surprlslng that hepatomas were 

not found when hexachlorobenzene 1i1as gl'len alone. The occurrence of liver 

lesions, however, does lndlcate the liver ls a ta~get organ. 

These three studles In mlce demonstrate the tumorlgenlcity of hexa-
• 

ch.lorobenzene wlth respect to the Induction of hepatomas, the leukemogenlc 

effect of subchronlc exposure and the ablllty of hexachlorobenzene to 

enhance the carcinogenic effect of another compound. 
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Rat Studies. 

SmHh and Cabral (1980) -- The carclnogenlc potent.lal of hexachloro-

benzene was tested in several dHferent laboratories In rats. In one study 

(Smlth and Cabral, 1980) small numbers of female Agus rats~ and even smaller 

numbers of female Wistar rats, were used. There were 12 control and 14 

treated Agus rats and 4 control and o treated Wlstar rats. The hexachloro-

benzene was analytical grade (99.5% purlty) dissolved In arachls on and 

mlxed wHh the feed to glve loo· pp_m In the diet. This dletary level 

supplled an average dally-dose of o-8 mg/kg/day to the rats. 

In thls study the Agus rats showed slgns of porphyrla after 3 months 

exposure to hexachlorobenzene, but other toxlc manlfestatlons were not 

found. The Investigators stated that "there was a steady decline In body 

weight to eventually 80% of control anlmals" (Table V-o). Examlnat lon of 

the welght data presented In the publlcatlon lndicates that this interpre-

tatlon ls based upon comparison of "flnal" average .weight ln tontrol 

(286;tl9 g) and treated (225,:16 g) animals (see Table V-6), representing a 

21% difference In weight. This method of comparison can be mlsleadlng since 

the final weights represent accumulaled dlfferences ln growth rates and 

varylng composHlon of the grou.ps because of anlmal deaths. An effect pro-

duced, even trans.lently, at an early age, may persist ln the flgures, even 

though all subsequent growth may be normal. Growth rates, rather lhan 

absolute difference in weights provide a more suitable picture of the animal 

response. Growth rates for the tlme intervals reported were calculated 

based on the data given in the publication and are shown in Table V-7. The 

equation used was: 

02590 

R = w
1

eiqht at end of interval - weight at start of interval x 100 
weight at start of interval 
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TABLE V-6 

Body Welghts of Female Agus Rats Fed Hexachlorobenzene for 90 Weeksa 

Weeks of Olet 

0 

10 

30 

50 

90 

Bod:t. 

co·nvol 

46 .! 6 ( 8) 

191 !. 5 

236 !. 13 

257 !. 17 

286 !. 19 ( 8) 

asource: Smlth and Cabral, 1980 

Wel!lht ! g l 

HCB 

45 !. 24 

l80 !. 17 

212 !. 13b 

221 .! 19c 

225 .! 16 

( 9) 

( 7} c . 

% 01fference 

2 

6 

10 

14 

21 

b51gn1f1cantly d1fferent from controls as assessed by Student's t-test 
p<0.01 

Cp<0.001 

Female Agus rats were fed HCB (100 ppm) ln MRC 418 dlet for 90 weeks and 
then kllled. Welghts are means (no. of animals in parentheses) .! S.D. 

HCB =•Hexachlorobenzene 
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TABLE V-7 

Growth Rates for Female Agus Rats on a D1et Conta1n!ng 100 ppm HCB* 

Interval (on dlet) 

0-10 weeks 

10-30 weeks 

30-50 weeks 

50-90 weeks 

Average 

Control 

31. 5 

1. 2 

0 "45 

0.28 

*Source: Calculated from Smlth and Cabral, 1980 

HCB = Hexachlorobenzene 
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Growth Rate %/week 

Treated 

30.0 

0.89 

0.22 

0.05 

09/15/88 



Accordlng to thls calculat1on both groups of animals grew during each tlme 

Interval. 

The survlval of the treated Agus rats was good; one. test animal was 

sacrlflced at 52 weeks and a second one dled of pneumonla at 70 weeks. Both 

of these animals had llver cell tumors found ·by hlstologlc examlnatlon. 

Another flve treated an1mals were sacrH1ced at 75 weeks and the remaln1ng 

seven treated anlmals llved until. the end of the experiment at 90 weeks. 

Among controls, one was Kllled at b3 weeks and three more at 75 weeks. The 

rema1nlng eight were kllled at 90 weeks. 

No control animals had 11ver pathology. In contrast. 14/14 (100%) of 

the treated Agus rats had l Iver tumors; the earllest of these was detected 

at 52 weeks. The livers of the treated animals were grossly enlarged and 

some of the tumors were 1.5-2 cm In diameter. Although one liver cell tumor 

was described as pedunculated, h1st?pathology deta1l was not glven, except 

to note the absence of metastases ln all cases. Four of the six (b7%) 

Wlstar rats also had llver cell tumors and none of the four .controls showed 

such pathology at 75 weeks. 

In th1s rat study hexachlorobenzene was a potent Inducer of liver 

tumors, causing a 100% incidence wHh the earllest tumor observed at 52 

weeks. It ls Important to determine whether the magnitude of the effect is 

all attributable to the hexachlorobenzene or whether contaminants, unusual 

characteristics of the test animals, or procedural factors were operative In 

this study. In this context the following points are noted. 
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First, historical control data on tumor Incidence for Agus rats were not 

available, but, a-cc.ording to Cabral (1983). th.e Agus rat Is a strain partic­

ularly sensitive to porphyrla and hepatic tumors. In r~gard to the question 

of contaminants, peanut oil is generally believed to be free of aflatoxlns 

[they are destroyed In processing (NAS, 1977)) and the feed was analyzed for 

both aflatoxlns and dlbenzofurans and found to be free of both (Cabral •. 

1983). Absorption Is another factor to consider. The absorption of the 

hexachlorobenzene In these animals.· might be enhanced by dlssolutlon in the 

arachi s on. 

Lambrecht et al. !1983a,b, 1984) -- Another study on rats was carried 

out by Lambrecht et al. (1983a,b, 1984). In this study 94 Sprague-Dawley 

rats of each sex for each dosage and control groups were used. Four animals· 

of each group were sacrificed at each of 10 Intervals: 0, 1, 2, 3, 4, 8, 

16, 32, 48 and 64 weeks. The remaining 54 animals of each group 1o;ere 

allowed to continue until they died, or to the end of the 2 years. lhe 

number of animals at risk was considered to be those that survived at least 

12 months, since this was the earliest time to tumor. This number would be, 

at minimum, 54 plus some animals from the last sacrifice time. 

The hexachlorobenzene was highly purified and the prepared diet moni -

tored for hexachlorobenzene levels periodically. The preparation was also 

analyzed For aflatoxins and found to be· negative. The test diet was 

prepared by mixing the hexachlorobenzene with dextrose and Wayne laboratory 

Feed (l.5 g hexachlorobenzene + 98.5 g dextrose ~ 9.9 kg lab chow to give 

150 ppm hexachlorobenzene). Half the amount of hexachlorobenzene was used 

In the mix for the 75 ppm hexachlorobenzene level. This oll-free vehicle ls 
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different from the veh1cle used by both Sm1th and Cabral (1980) and Arnold 

et al. (1985). The hexachlorobenzene was we11 absorbed as demonstrated by 

progresslve accumulation in fat which was measured in th1s study. 

Based on an average food consumptlon of 22.6 g/rat/day for males and 

16.5 g/rat/day for females, and on an average .adult weight for females of 

265 g and for males of 400 g, the low dose was calculated to be 4-5 mg/kg/ 

day and the high dose, 8-9. S mg/kg/day. In order to compare the results 

obtalned ln thls study wJth those obt-alned in Sprague-Dawley rats by Arnold 

et al. (1985). more detalled calculation of doses at different tlme per1ods 

on test are given 1n Table V-8. 

The admlnlstrat lon of hexachlorobenzene ln the d1et at these doses In 

the Lamb~echt et al. (1983a) chronic feedlng study in rats resulted 1n 11ver 

pathology Just before the appearance of hepatoma or hepatocel lular carc1-

noma. Pathology observed at the early sacrlflce tlme included parenchymal 

degeneration, preneoplasttc foci and adenoma. At 48 and 64 weeks of the 

test females had gross 11ver tumors whlch measured between l and 2 nvn 2 • 

Porphyr1a was also detected. 

Rats that llved 12 months or longer showed a s1gn1f1cant increase ln 

hepatoma lncidence ln both sexes. A staUstlcally slgnlflcant lncrease ln 

the Incidence of hepatocellular carclnoma was found at both doses In the 

females, and In males a slight non-s1gn1flcant Increase was found. None of 

the liver cell tumors metastasized. Table V-9 sunrnarlzes the flndlngs. 
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TABLE V-8 

Dosage Levels in the Chronic Feeding Study of Hexachlorobenzene 
in Sprague-Dawley Ratsa 

(mg/kg/day) 

Mal es 
T1me on Dietb 

(weeks) 75 ppm 150 ppm 75 ppm 

0 19.5 37.0 16. l 

26 3.2 7. l 3.7 

52c 3.3 6.4 3.8 

79 3.4 6.7 3.5 

99 6.2 10. 0 4.3 

asource: Calculations and data prov1ded by Lambrecht, 1984 

bThe anlmals were 3 weeks old when placed on test 

Females 

150 ppm 

32.2 

8.7 

8.0 

8.4 

10.6 

CAt 52 weeks on test the males consumed an average of 24. 7 g of the diet/ 
day and we1ghed an average of 553. 7 g. The females consumed an average of 
16.0 g d1et/day and weighed an average of 311.7 g. 
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TABLE V-9 

Llver and Kidney Tumors 1n Sprague-Dawley Rats G1ven Hexachlorobenzene 
In the 01et !or up to 2 yearsa.b 

Hepatocellular Renal Cell Renal Cell 
Exposure He~atoma Carc1noma Adenoma Carcinoma 
Level 

M F M F M F 
"' 

F 

0 0/54 0/52 0/54 0152 7154 1/52 0/54 1/52 
percentage 0 0 0 0 13 2 0 2 

75 ppm 10/52 26/56 3/52 36/56 41/52 7/56 0/52 2/56 
percentage 19 46 6 64 79 13 0 4 

150 ppm 11/56 35/55 4/56 48/55 42/56 15/54 0/56 2/54 
percentage 20 64 7 87 75 28 0 4 

asource: Lambrecht et al., 1983a,b; Lambrecht, 1983 

brhe d1et was prepared w1thout sol1Jb1l lzat1on of the hexachlorobenzene, 
but by mixing It as a pulverized solld. 
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Renal cell adenoma was found to be s1gnlflcantly elevated ln both sexes 

but wlth greater - frequency In males. In this study the control male group 

had a high incldence of renal cell adenoma whlch was not explained; never­

theless, the increase ln the hexachlorobenzene-treated anjmals was statls­

tlcally slgnlflcant. The lncldence of renal cell carcinoma in treated 

anlmals was not signHlcantly increased over control anlmals in e1ther males_ 

or females. 

In an updated report· from th ls laboratory (Peters et al., 1983) histo­

pathology details were suppl led. These data show that In addition to the 

llver and kidney leslons there was an Increase ln adrenal pheochromocytoma 

In female rats that was stat1stlcally signiflcant at both 75 and 150 ppm. 

Females also had elevated lncldences of adrenal cortical adenoma and· 

hemangloma In the treated groups. Among males the background incide_nce of 

adrenal pheochromocytomas 1s high (76.5%), mak1ng. 1t dHf1cult to determine 

whether the 90.o% incidence found In the 150 ppm group has any biolog1c 

significance. Other adrenal neoplastic and non-neoplastic lesions were 

detailed: hyperemia and/or congestion, cortical hyperplasia, prcneoplaslic 

foci, cysts, lipoma and adenocarclnoma; none of these were elevated in the 

treated animals. The adrenal tumor inc1dences ar~_glven ln Table V-10~ 

One point to con~ider \n the Interpretation of the results, partlcularly 

\n terms of their applicat\on to risk assessment, is the form in which the 

hexachlorobenzene was administered ln the diet. The absorption from a 

partlculate form introduces an additional possible exposure route, namely, 

from the food preparation by 1nhalatlon. This conslderatlon does not· 

invalidate the study, but raises the question of the actual exposure levels 
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TABLE V-10 

Adrenal Tumors ln Sprague-Dawley Rats Glven Hexachlorobenzene 
ln the Dlet for up to 2 Yearsa,b 

Days on dlet 

Exposure ppm 
hexachlorobenzene 

Number of tissues 
examlned 

Cortical adenoma 
(%) 

Pheochromocytoma 
(%) 

Hemangl orna (%) 

Days on dlet 

Exposure ppm 
hexachlorobenzene 

Number of t\ssues 
exam1 ned 

Cort 1cal adenoma 
(%) 

Pheochromocytoma 
(") 

0 

17 

3 

3 
(17.6) 

0 

0 

12 

0 

0 

0 

asource: Peters et al., 1983 

MALES 

400-599 

75 

23 

2 

6 
( 26. 1 ) 

0 

150 

28 

9 
( 32. 1 ) 

0 

FEMALES 

400-599 

75 

5 

3 

0 

0 

150 

13 

2 

2 

2 

0 

34 

6 

26 
(76.5) 

0 

0 

35 

2 
( 5. 7) 

5 
'14.3) 

3 
(8.5) 

f>OO+ 

75 

25 

3 

17 
(68) 

0 

600+ 

75 

47 

11 
(23.4) 

31 
(66) 

8 
( 17) 

150 

23 

4 

21 
(91.3) 

0 

150 

32 

6 
(18.8) 

29 
(90.6) 

5 
(15.f>) 

bThe dlet was prepared wlthout solub111zat1on of the hexachlorobenzene, 
but by mlxlng lt as a pulverlzed solfd. 
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Han additional route of exposure was occurr1ng In the same experiment 

21multaneously w1th oral ingestion. The e f feet of mlx Ing the 

hexachlorobenzene in the diet in an oll free form .may also affect absorption 

and thereby the effect1ve dose. 

Arnold et al. (1985) -- In this study hexachlorobenzehe (993 pure) was 

administered to parental male and female Sprague-Dawley rats for 3 months. 

These an1mals were mated at that time and the females continued to receive 
.. 

hexachlorobenzene-conta1nlng d1ets dur1ng pregnancy and throughout lacta-

tion. At weaning, 50 pups of each sex were separated and fed for the 

remainder of their llfetlme on hexachlorobenzene-containing diets. Controls 

were fed d1ets free of hexachlorobenzene. The range of doses used In this 

study Is considerably lower than those used by either Smith and Cabral 

(1980) or Lambrecht et al. (1983a,b). Table V-11 shows the doses used In 

the Arnold et al. (1985) study at particular points In time since the doses 

were not adjusted throughout the study. These doses represent a greater 

exposure to the test animals from the point of view of exposure durat Ion, 

s1nce the F1 animals were exposed ..!..!l utero and during nursing in addltion 

to their exposure from feeding on an hexachlorobenzene-containing diet. 

Total doses cannot be calculated since the a~tual dose received during 

nursing is not known. 

Arnold et al. (1985) found no differences ln treated F
1 

animals when 

compared to controls wl th respect to growth rates. food consumpt Ion or 

hematology. The only observed difference was a decreased viability Index 

for pups In the 40.0 ppm dose group. 
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TABLE V-11 

Exposure Levels ·in the Chronlc Feeding, 2-Generatlon Study of 
Hexachlorobenzene ln Sprague-Dawley Rats~ 

(mg/kg/day) 

Exposure Level 
Tlme on Dletb 

(weeks) 0.32 ppm 1.6 ppm 8.0 ppm 40.0 ppm 

70 

l 

3oc 

70 

0.04 

0.01 

0.01 

0.04 

0.02 

0.01 

MALES 

0. 1 B 

0.06 

0.05 

FEMALES 

0 .17 

0.08 

0.06 

asource: Calculatlons and data provided by Arnold, 1984 

bThe anlmals were placed on feed at 6 weeks of' age. 

0.93 4.85 

0.29 1. 5 

0.25 1.3 

0.84 4.64 

0.40 1.9 

0.32 1. 6 

cThe mean body weight of male controls was 663 .g and for the highest dose 
group males 653 g. The mean weekly food consumptlon for male controls at 
that time was 178 g and for the hlghest dose group 169 g. Females of the 
same age weighed 351 g for controls and 353 g for the highest dose treated 
group and the mean weekly food consumption was 113 and 118 g, respectively. 
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histopathology showed that F1 females had a s1gnlflcant elevat1on 1n 

neoplastic liver -nodules and In adrenal pheochromocytoma in the high dose 

Fema1es compared to controls (Table V-12). There was also a s1gn1f1cant 

positive dose-related trend 1n the Incidence of these tumors In F1 females. 

Among F1 males, In the highest dose group parathyroid tumors were slg­

nHicantly Increased: 25% (12/48) in the treated groups and 4.2% (2/48) 

among controls. Females also showed a feW' parathyro1d tumors 1n the two 

highest dose groups but none ln controls or in the two lowest dose groups. 

The d1fferences were not s1gn1f1cantly d1fferent from controls. Table V-12 

gives the tumor lncldences. Although kidney tumors were not ·reported to be 

elevated, there was an Increased chronic nephrosls In the F1 treated 

an lma ls. 

Arnold et al. I 1985 l -- In another study by Arnold et al; ( 1985) which 

was related to the 2-generaUon study, the effect of vitamin A, because of 

Its supposed antltumorlgenlc properties, was tested In conjunction with 

hexachlorobenzene. Th.ls was a 1-generat Ion study and the level of 

hexachlorobenzene 1o1as the same as the highest dose of the 2-generation 

study, 40 ppm. There 1o1ere s.lx separate groups ·_of 50 animals each and the· 

experiment ran for 119 weeks. At 29 weeks and at 49 weeks flve animals from 

each group were sacrlficed and evaluated histolog1cally. The six groups are 

shown in Table V-13. The vitamin A did not apparently alter the effects of 

hexachlorobenzene. The number of anlmals with parathyroid tumors and 

adrenal pheochromocytomas was somewhat elevated ln all the cases ln whlch 

hexachlorobenzene was admln1stered .compared with the total cases with the 

three levels of vltamln A and no hexachlorobenzene. The slgnHlcance of 
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<D 
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TABLE V-12 

lumors In Organs lhal Showed Statistical Differences from Control In f1 Sprayue-Dawley Rats Treated with Hexachlorobenzenea 
(Incidence (X)J 

Parathyroid Adenoma Adrenal Pheochromocvtoma Hepatocellular Carcinoma Neoplastic Liver Nodules 
Dose al JO weeks 

(mg/kg bw/day) 

Conlro h 

0.01-0.02 

O.Oli-0.08 

0.2':1-0.40 

~1.5-1.':I .,,. 
0\ 

Other statistical tests 

IARC trend test 

Armitage lime-related 
lrend lest 

f I sher exact 
treated vs. control 

Hales 

.?/48 (4.21 

4/48 (8. ll 

2/48 (4.21 

1/49 (2.01 

12/49 (24.5) 

p~0.01 

p~0.01 

p~0.05 

asource: Arnold el al., 1985; Arnold, 1984 

Females Males 

0/49 (0) I0/48 (20.81 

0/49 (01 12148 (25.0) 

0/50 (0) 1/48 (14.6) 

1/49 (2.0) I l/ 49 ( 26 . 5 ) 

2/49(4.11 , 11/49 I 34. 11 

p~0.05 p~0.01 

p~0.05 : p~0.05 

bolfferent results of two different pathologlsts reading the same slides 

0 .,,. 
....... 
0 
...n 
....... 
o.D 

females Males females Males Females 

2149(4.1) 0/48 (0) 0/49 (DI 2148 (4.2) 0/49 (0) 

4/49 (8.0) 2148 (4.2) 0/'9 (01 0/48 (0) 0/49 (0) 

4/50 (8.0) 1/48(2.1) 0/49 (O)b 
1/49 (2.0)b 

0/48 (01 2/50 (4.0) 

4/49 (10.2) l/49(6.1) 0/50 (0) 2149 (4. l)b 2/49 (4.J)b 
3/49 (6. J )b 3/49 (6. l)b 

11/49 (34.7) 0/49 (0) 0/49 101b 1/49 (2.0) 10/49 (20.4)b 
1/49 (2.0)b 9/49 (18.4)b 

p~0.01 p~0.01 

p~0.01 p~0.01 

p~0.01 p~0.01 



TABLE V-13 

Parathyro1d and Adrenal Pheochromocytomas in Sprague-Dawley Rats 
Maintained on Synthetic Diets of Varying ·Vitamin A Content and 

W1th or Without Hexachlorobenzene* 

Group No. with 
Parathyroid Tumors 

Controls on diet with normal 
vitamin A content 3 

Control diet-+ 40 .ppm HCB 4 

Diet wlt~ 0.1 times normal vitamin A 0 

Diet with 0.1 tlmes normal 0 
vitamin A + 40 ppm HCB 

Diet with lOX vitamin A 1 

Diet with lOX vitamin A + 40 ppm HCB 3 

Total without HCB 4 

Total with HCB 40 ppm 7 

*Source: Arnold et al., 1985 

HCB ; Hexachlorobenzene 

02590 V-47 

No. wlth Adrenal 
Pheochromocytoma 

3 

2 
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these tumor lncldences cannot be determlned by slmple comparlson because lt 

was also found ln the study that vltamln A had an effect on the background 

level of some common tumors and these data have not yet been completely 

analyzed. 

D1scuss1on of Rat Studles. It seems approprlate to compare the flnd~ 

1ngs of Smith and Cabral (1960) ln Agus and W1star rats, Lambrecht et al. 

(l963a,b) and Arnold et al. (1965) ln Sprague-Dawley rats. None of the 

three studles agree preclsely on all iour of the tumor target organs: Smlth 

and Cabral reported llver tumors, Lambrecht reported llver, _adrenal and 

k 1 dney tumors and had some 11 ver care l nomas not found by SmHh and Cabral. 

Arnold found adrenal and parathyrold tumors and neoplastlc llver nodules but 

no lncrease ln kldney tumors. We flnd that, although dlfferences do occur,. 

the results are not contradlctory for the follow1ng reasons: 

1. The dosages used ln the Arnold et al. ( 1965) study were below those used 

by el ther Smlth and Cabral (1960) or Lambrecht et al. (1963a,b). lhe 

range of doses used by Smlth and Cabral was glven as 6-8 mg/kg/day and 

those used by Lambrecht were 3-9 mg/kg bw/day. Those of Arnold were, ai 

most, between 1.5 and 2.0 mg/kg bw/day. 

2. There were notable dlfferences ln the animals used: ln the case of 

Smith and Cabral the 11 ver tumor susceptlble straln of Ag us rat was 

used, although tumors were also found wlth Wlstar rats. We do not have 

Fu 11 data on hlstorlcal tumor lncldences in these animals to a 11 ow for 

more detal led evaluation. 
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3. The conditions of the Smith and Cabral study and those of Lambrecht were 

both dHferen_t from the 2-generat1on study of Arnold. DHferences in 

sens1tlvlty due to prenatal expos~re may occur because of rapid cell 

dlvlslon and/or dHferences ln xenoblotlc metabolism co_mpared wlth older 

anlmals. The dose received transplacentally and from nursing Is also 

uncertaln. 

4. The method of preparation of' the hexachlorobenzene In the diet was 

dHferent In that both Smlth and Cabral and Arnold used arachls on and 

corn ol l as hexachlorobenzene solvents wh1le Lambrecht dld not use an 

ol l vehlcle. Absorption characteristics are known to depend upon the 

vehicles used. 

5 .. The Sprague-Dawley animals used by Arnold may have more fat than those 

used by Lambrecht as they were somewhat larger. Distribution into 

dHferent tissue compartments, especially Into fat where 1t Is llkely 

the hexachlorobenzene ls at least temporarlly stored, is likely to alter 

the effectlve concentration In target tlssues. In this regard the hexa­

ch.lorobenzene ls known to concentr:ate In adrenal tissue; the degree of 

such concentration may well vary wlth strain~! diet of the host anlmals. 

In sunrnary, orally administered hexachlorobenzene has Induced hepato­

cellular carcinoma in male Sprague-Dawley {S-D) rats as well as hepatomas in 

female Agus and WI star rat.s and In S-D rats of both sexes. At the lowest 

dose used In any of the studies (40 ppm In the diet or 1.5 mg/kg/day), neo­

plast le nodules were Induced In S-0 rats, whereas hepatocel lular carcinomas 

occurred in the same strain at a higher dose (4-5 mg/kg/day). Adrenal pheo-
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chromocytoma was signlficantly elevated in two separate studies in female 

S-0 rats. In the same strain one 1nvest1gator reported parathyroid tumors 

and a dHferent lnvestlgator reported kidney. tumors; neither of these 

findlngs has been repeated by other authors. Table V-14 summarlzes thls 

Information. 

Other Studles. In addH Ion to the studles descr1bed on hamsters, mlce 

and rats there are a few studies that cover speclflc kinds of tests other 

than llfetlme exposure and examination of all potenUal target tissues for 

tumorlgenic or carcinogenic response. 

One such study was that of Theiss et al. (1977) In which the experiment· 

was designed to detect only pulmonary tumors following 1.p. Inject Ion of 

organic chemlcals found as contaminants of drinking water. In thls assay 

hexachlorobenzene was one of the chemicals tested. Strain A mice were given 

three dosage levels of hexachlorobenzene wlth the top level as the 1410. A 

total of 24 Injections over a period of 8 weeks were given to 20 mice/group. 

The total doses received were 190, 480 and 960 mg/kg. The lungs were the 

only organ examined and hexachlorobenzene dld not Increase tumor Inc ldence 

.In that organ. The study ran for 32 weeks. Although this assay has proved 

useful In detecting some pulmonary carcinogens, 1t ls not designed to detect 

other tumors. 

In another study on beagle dogs (Gralla et al., 1977) In which 

hexachlorobenzene was given In dally gelatin capsules to 30 animals of each 

sex/dosage group the duration of the study was only l year. Al though thl s 

ls not a long enough period of time for a carclnogenlclty study 1n dogs, 1t 
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TABLE V-14 

Qualitative C0111parlson of TUlllOr Development In Rats Following Hexachlorobenzene Administration In Different Studies 

Strain/Su 

Atius/Female 

Wis tar/female 

Sprague-Dawley/ 
Kale and female 

Sprague-Dawley/ 
Kale and female 
f1 animals of 
2-generatlon study 

Dosage 
llowesl dose lhat 
produced tumor) 

lDD ppm 16-8 mg/kg bw/dar) 

prepared by dissolving In 
oil and mixing oil with food 

lS ppm ll-4 mg/kg bw/day) , 
prepared In feed sans oil 
vehicle 

4D pp111 10.l-l.S mg/kg bw/day) 
prepared In oil and mixing 
oil with food al weaning -­
animals e1posed In ulero and 
during nursing ~-----..-

L Iver 

H ver -c e 11 l U1110r 
IF) 

liver-cell lU1110r 
IF) 

hepalocellular 
care lnoma IK&F) 
hepaloaa l"&F) 

neoplastic liver 
nodules If) 

NA g Jt Is not known wheth~r or not these tissues were e1amlned. 

Kidner Adrenal Parathyroid Reference 

NA NA NA Smith and 
Cabral, 198D 

NA NA NA Smith and 
Cabral, 1980 

renal cell pheochromo:. NA Lalllbrechl 
adenoaa IK&f) crloma IF) et al., ,H8la,b 

cor t lea l 
adenoaa If ) 

not found pheochromo- adenoaa I") Arnold 
cytoma IF) el al., 1985 



ls of 1nterest to note that the doses of 100, 10, l and 0.1 mg/kg bw/day 

produced a number of toxlc man1festat1ons ln the l 1ver lncludlng bl le duct 

hyperplas1a, hepatomegaly and llver n:crosls. This study ls more appro­

priately consldered under chronlc toxlclty. 

Flnally, Pereira et al. (1982) deslgned a ·.study to determine whether 

hexachlorobenzene 1ncreased y-glutamyltranspeptldase-poslt1ve foci ln 

rats. These focl are belleved to be preneoplast le ln the 1 her. The assay 

was deslgned to test ln1t1atlon/promotlon In thls case by employ1ng d1ethyl­

N-nltrosam1ne (DENA) as the 1nH1at1ng agent and hexachlorobenzene as the 

promoter. Unfortunately, there are some errors 1n report Ing ·of the results 

1n the published paper and some Important controls were not lncluded· 

(Perelra, 1983). We have not yet received a corrected manuscript. 

Carclnogenlclty Sunmary. In a llfetlme study of hexachloroben,ene 

admlnlstratlon to hamsters, hepatomas were· lnduced In both males and 

females. The response at a dose of 4-5 mg/kg/day dl ssolved ln corn oi 1 and 

m1xed ln the feed was 47% for both sexes and controls had no hepatomas. In 

addltlon to hepatomas, hamsters responded to hexachlorobenzene treatment 

w1th mallgnant llver haemangloendothellomas and thyroid adenolllds. The 

lncldence of haemangioendothelloma was 20%. ln males (versus O ln controls) 

at 8 mg/kg/day and 12% In fellldles (versus 0 in controls) at lf> mg/kg/day. 

The thyrold adenoma occurred at 14% lncldence ln males treated wlth 16 mg/kg 

hexachlorobenzene (versus O ln controls). 

Liver cell tumors, descrlbed as hepatomas, were also produced ln both 

sexes ln Swiss mlce. At 24 mg/kg/day the lnc1dence was 34% for females and 
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1&% for males and the response showed a dose-dependency not only ln the 

number of tumor-bearing anlmals but also ln the latent perl_od, muH1p1'clty 

and size of tumors. In ICR mlce, hexachlorobenzene administered concur­

rentli wlth polychlor1nated terphenyl induced hepatocellular carcinomas. 

In rats target organs for hexachlorobenzene-lnduced tumors Included 

liver, kldney, adrenal gland and parathyroid gland ln various studles. 

L lver tumors 1i1ere found In ·three· s tudles that lncluded three different 

strains of rat: Agus (a ·11ver tumor sens~Uve straln), WI star and Spr"ague­

Dawley rats. These tumors were Induced wlth doses between 1.5 and B mg/kg/ 

day. The lncldence was as hlgh as 100% ln Agus rats but lower for the other 

strains. Renal cell tumors were found ln one study on Sprague-Dawley rats. 

In two studles on Sprague-Dawley rats, slgnlflcant Increases ln adrenal 

pheochromocytoma ln females were found. In one of these studies the Incl-

. dence of parathyroid tumors ln males was slgnlflcantly Increased as 1i1ell. 

Table V-15 summarizes the tumor data for hamsters, mice and rats for 

hexachlorobenzene experiments. 

The data on hexachlorobenzene provide sufficient evidence of the carcl­

nogenicity and tumorigenicity of hexachlorobenzene since there were in­

crea.sed incidences of mal lgnant tumors of the 1'ver ln two species (haeman­

gioendothel lama ln hamsters and hepatocel lular carcinoma in rats) as well as 

reports of hepatoma ln mlce, rats and hamsters. 

The appearance of thyroid tumors in hamsters and adrenal pheochromocyto­

mas and parathyroid tumors i~ rats as a result of hexachlorobenzene exposure 
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TABLE V-15 
a 
N 

Significantly Increased Incidence of Tumors In Animals Given Hexachlorobenzene In Diel U"I 
<D 
a 

~ Treated/% Control Lowest Dose 
Animal Organ Tumor lo Produce Tumor Reference 

(strain) Hales females (mg/kg bw/day) 

Hamsters liver hepatoma 41/0 41/0 4 Cahra I et a I., 
1911 

llams ler s liver haemangloendolhelloma 20/0 12/0 B In males Cabral et a I . , 
16 In females 1911 

Hice liver hepatoma . 16/0 34/0 24 Cabral et al., 
1979 

Rats I Iver neoplastic nodules NS 20/0 1. 5 Arnold et al., 
(S.D.) 1985 

Rais 1 Iver hepatoma 19/0 46/0 4-5 Lambrecht 
<:: cs. o.) et a I.,, 1983a I ..,, 
-"'" Rais liver hepatocel lular NS 64/0 4-5 Lambrecht 

(S.O. l carcinoma et al., 1983a 

Rais I Iver hepatoma 6110 6-8 Smith and 
IWlslar) Cabral, 1980. 

' 

Rats 1 Iver hepaloma 100/0 6-8 Sml th and 
IAgus) Cabral, 1980 

Rats adrenal pheochromocyloma NS 35/4 1. 5 Arnold, 1984; 
cs. o.) Arnold el al., 

1.9,5 

Rats adrenal pheochromocyloma NS 91/14 4-5 Peters et al., 
( s .o.) . 1983 

Rais kidney renal cell adenoma 19/13 13/2 4-5 Lambrecht 
(S. D.) et al., 1983b 

0 

"'" Rais parathyroid adenoma 2514 NS 1. 5 Arnold et al., ....... 
0 IS. 0.) 1985 
U"I 

' <D ltamslers thyroid adenoma 14/0 16 Cabr a 1 et a 1 . , 
1911 

NS ~ Nol staled 



is partlcularly lnterest1ng because of the cl1n1cal assoclat1on of adrenal 

pheochromocytomas. 1o11 th parathyrold and thyrold tumors ln humans (Fraumen1, 

1974; H1ll, 1974), and because follow-up of lndlvlduals .1n Turkey, who were 

acc1dental ly exposed to hexachlorobenzene over 25 years ag~. sho1o1s a marked 

elevat1on 1n thyrold tumors. Only a few of these subjects have had their 

thyrold tumors examined h1stologlcally and the pathology reports are not yet 

avanable.-

If the !ARC cr1ter1a· for the classlflcat1on cif carc1nogens 1o1ere used, 

this an1mal ev1dence would be cons1dered "suff1c1ent.• In the absence of 

human ev1dence of carcinogen-1c1ty, hexachlorobenzene 1o1ould be classed 1n 

!ARC category 2B, mean1ng that 1t has been demonstrated to be carclnogenic 

In anlmals and 1s probably carctnogen1c ln humans. 

Reproduct1ve and Teratogenic. Effects 

Hexachlorobenzene has been sho1o1n to cross the placenta Into fetal 

tlssues and to be present ln the m1lk of nursing dams (see Chapter III). 

The NOl::L in a 4-generat1on reproduct1on study 1o11th rats 1o1as reported to be 

20 ppm of hexachlorobenzene 1n the d1~t. Pups from treated dams {receiving 

d1ets conta1nlng 80 ppm hexachTorobenzene) recovered From elevated l lver 

welghts when nursed by foster dams. Hepatomegaly and reduced survival \jas 

reported ln k1 ttens From -cats rece1v1ng 263 ppm of hexachlorobenzene ln 

their dlets. Infant rhesus monkeys developed cllnlcal signs of toxlclty, 

but hlstologlc exam1nat1on showed only mlld effects. Fetal mice from dams 

treated with. 100 mg/kg/day during days 7-16 of gestation exhibited terato­

genic abnormal1tles. 

02590 v._55 04/05/91. 



Results from a 4-generation reproduction study wlth Sprague-Dawley rats 

was reported by Grant et al. (1977). Weanling rats, ln groups of 20 females 

and 10 males, were fed diets contalnlng 0, l 0. 20, 40, 80, 100, 320 or 640 

µg hexachlorobenzene/g and at l 00 days of age the F () generation was 

mated to produce the Fla generation. The Fla pups were weaned at 21 

days, and the FO rats . were rested for 14 days ·and again mated to produce 

the second litter, Flb animals. The F1b anlmals were then used to 

produce the next generatlon, and· th ls sequence was followed to the F 4b 

generatlon. The two highest doses (320 and 640 µg/g) were toxlc to the 

mothers and resulted ln 20 and 50% mortallty, respectively, before the flrst 

whelplng and 25% ·In each high dose group before the second· whelping. In 

addltlon, the fertility Index In these rats was greatly reduced ln these two 

dose groups and the average litter size was decreased In the Flb' F2a 

and F2b generations. The pups exhlblted no gross abnormalltles, but there 

was an lncreased number of stlllblrths and all pups born allve dled wllhln 5 

days In the 320 and 640 µg/g diet groups. 

At the lf>O 11g/g level, 55% of the pups survlved to day 5 but survlval 

to day 21 was greatly reduced. The number of llve births and survival was 

normal for the first two generations at the 80 _1;1g/g dietary level, but by 

the thlrd generation there were stillbirths and a low degree of postnatal 

vlabllilty. In additlon, blrth and weanling body weights were consistently 

less than those of the control group. At 40 -.11g/g diet only the liver 

weights of the 21-day-old pups were slgnlflcantly Increased, while the 

kidney, heart and braln welghts were not affected. Tlssue concentrations of 

hexachlorobenzene were dose-related, with body fat having the hlghest 

concentration. Th~ NOEL was reported to be 20 ppm ln the diet. 
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The effect of hexachlorobenzene on rat reproductlon was also reported by 

KHchin et al. -(1982). Female Sprague-Dawley rats (10 an1mals/treatment 

group) were fed dlets conta1ning 0, f>O, 80, 100, 120 and 140 JJ9 · hexa­

chlorobenzene/g of diet. The females were mated wHh untreated males after 

96 days and then bred a second t1me 12 days after weaning of the Fla 

11 tter. Fert 11 lty and fecund Hy of treated females were not affected by 

treatment; however, a dose-related 21-day lncrease In mortallty was observed 

ln both lHters and the L0
50 

value.s were determlned to be 100 and 140 

JJg/g (maternal dietary ·concentration) for the Fla and Flb generation, 

respectlvely. 

· Mendoza et. al. (1978) stud1ed the effects· of hexachloroben~ene on 

preweanllng Wistar rats after a reclprocal transfer between 5 treated and 5 

control dams. A signHicant 1ncrease In the liver welght over that of the 

control ·was observed 1n pups ·nursed by dams· fed dlets containlng 80 µg 

hexachlorobenzene/g for 2 weeks before matlng untn blrth, but thls effect 

did not pers1st after the treated pups were transferred to a control foster 

dam. Similarly, the pups nursed by treated dams had smaller bralns, hearts, 

k ldneys and spleens than the controls, and these organs were larger In 

treated pups nursed by control dams. The authors concluded that hexachloro­

benzene transmission via the mllk had greater effects on the pups than 

transmlsslon via the placenta. 

Mendoza et al. (1979) placed female Wlstar rats on diets contalnlng 80 

µg hexachlorobenzene/g beginning 2 weeks before mating until 35-3& days 

after wean1ng. ·Results Indicated that there were no marked dHferences ln 

the external appearance, body welght, llver welght, gestation, or neonatal 
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survival between the hexachlorobenzene treated and control females. In 

additlon, there w~re no differences in the number of litters, average number 

of pups/litter, average number of pups at b1rth and gestation index. 

Hansen et al. (1979) stud1ed the effects of hexachlorobenzene on repro­

duction in cats fed contaminated pork cakes for. ·142 days. These cakes con:. 

tained 90.tSl µg hexachlorobenzene/g, equlvalent to an intake of 3 mg/day/ 

cat, and were obtained from gllts' fed dietS contalning 100 'Ilg hexachloro­

benzene/g for 6-B week~ before slaughter. The positive and untreated 

control groups recelved pork cakes from g1lts fed diets that did not contain 

hexachlorobenzene, with the positive control group recelvlng.hexachloroben-

zene-spiked cakes (263.tl20 µg/g equivalent to B.7 mg/day/cat). These 

females were mated with untreated males and the resulting klltens did not 

receive hexachlorobenzene-containlng cakes. Effects on survival were noted 

in kl ttens born to only those cats recelvlng hexachlorobenzene-splked cakes 

and was apparently due to the klttens belng too weak to survive the stress 

of weaning. There was a tendency for reduced average litter sizes and 

l increased mortality of nurslng positive control kittens, and stc:itistlcally 

significant hepatomegaly and reduction in positive control kltten survival 

at weaning. Treated posltlve control females e;ic_h1bited a net weight loss 

and increased susceptlbllity to disease but no changes in relatlve organ 

weights, hematologic parameters, or fecal coproporphyr in excret Ion. 

Rush et al. ( 1983) fed adult male and female standard dark minks 

(Mustela vision) dlets containing 0, l or 5 ppm hexachlorobenzene and then 

mated the males to the females ln each of the respective study groups. The 

progeny were fed. their parents respective dlets after weaning from their 
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mothers. The effects of exposures to hexachlorobenzene .ill utero and from 

nursing milk re~ult~d In lncreased mortallty In the hexachlorobenzene­

treated 1o1eanllngs 1o1Hh mortality ln the 0, l and 5 ppm groups being 8.2, 

44. l and 77 .4%, respectively. The survivlng klts from all three groups had 

no observed alterat1ons in whole body, k1dney or liver 1o1'eights and no 

observed damage to the kidneys or livers at 17 weeks of age. Induction of 

hepatic mixed-function oxldases 1o1as observed ln the survlvlng hexachloro­

benzene-exposed kits w1thout any observable frank hepatotoxic1ty. 

Ba1 ley et al. ( 1980) studled the transfer of hexachlorobe.nzene to three 

nursing infant rhesus monkeys from three lactating mothers receiving by 

gavage 64 mg/kg/day of hexachlorobenzene suspended In methyl cellulose for 

60 days. The hexachlorobenzene concentrated 1n the mothers' milk ranged 

from 7 .51-186 ppm during the dosing schedule. One infant, by day 22, had 

developed symptoms of hypoact1vity and lethargy that progressed to ataxia 

and death 1 week later. Necropsy revealed severely congested lungs. A 

second infant died on day 38 and necropsy revealed a subdural hematama and 

bilateral hemorrhagic pneumonia. This Indicated that the risk cf exposure 

to nursing Infants was greater than the risk to their mothers. Blood 

(0.42-49.44 ppm) and tissue levels In the lnfant_s_ were higher than in their 

mothers (0.41-16.16 ppm blood), and the Infants developed clinical symptoms 

of tox1city while the mothers were asymptomatic. 

Stud1es on· the placental transfer of hexachlorobenzene ln WI star rats 

and New Zeal~nd rabbits d1d not reveal any apparent adverse effects on fetal 

development. The female rats were dosed da1ly with 5, 10, 20, 40 or 80 

mg/kg from day 6-16 of gestation, whereas the rabbits were treated wHh 0, 
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0.1, 1.0 or 10 mg/kg from day 1-27 of gestation. The compound was dlssolved 

In corn all and ~dmlnlstered by means of a stomach tube (Villeneuve et al., 

1974; Vllleneuve and Hlerllhy, 1975). 

Khera (1974) conducted a teratogenlc1ty study wlth groups of 7-16 female 

W1star rats g1ven slngle oral doses of 0, 10,- 20, 40, 60, 80 or 120 mg 

hexachlorobenzene/kg suspended ln corn all or 0.25% aqueous gum tragacanth 

during gestatlon days 6-21. Maternal toxlclty and reduction ln fetal 

welghts resulted from the two hlgher doses. Maternal toxlclty was charac­

terized by loss In body weight, hyperesthesia, tremors and convulsions. A 

slgnlflcant lncrease ln the lncldence of unllateral and bllateral 14th rib 

was observed and was related to the duratlon of treatment (days 10-13, 6-lf> 

or 6-21 of gestation) and the dose. Sternal defects were observed ln only l 

of ~ experiments, which lead the authors to conclude that lt was doubtful 

that hexachlorobenzene caused the observed sternal defects. There were no 

hexachlorobenzene-related effects on external morphology. Visceral abnor­

malltles were not observed, and microscopic examinations did not reveal any 

treatment-related change In the histology of the fetuses. Values for 1 ive 

and dead fetuses, resorptlon sites, and fetal weight were wlthln the control 

limits. 

Courtney et al. (1976) studled the effects of lngestlon of 100 mg/kg/day 

hexachlorobenzene on days 7-16 of gestation in 10 pregnant CD-1 mlce. Thls 

study was undertaken to evaluate the possibility that hexachlorobenzene 

could be responslble for fetal malformations seen ln pregnant animals 

exposed to hexach 1 orobenzene-con taml na ted pen ta ch 1 oronltrobenzene. The 

results showed that the hexachlorobenzene-treated mlce had signiflcantly 
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increased maternal 11ver-to-body weight ratios and decreased fetal body 

weights. Also, a. significant increase In the incidence of abnormal fetuses 

per lltter were observed as compared w1th control mice. The abnormalities 

that were observed in these affected fetuses were cl~ft palates, one 

straight leg, small kidneys, one renal agenesis, and enlarged renal pelv1s. 

They concluded from this study that the teratogenic activity of contaminated 

pentachloronitrobenzene was probably due to hexachlorobenzene. 

Surrmary 

The acute oral toxiclty of hexachlorobenzene has been found to be low, 

with Lo
50 

values ranging from 1700-10,000 mg/kg. Subchronfr oral toxictty 

studies with a number of ma11111allan species indicated a significant Increase 

1n liver and k1dney weights 1n hexachlorobenzene-treated animals. Some 

studies have shown increases In other organs as well. The livers from 
-

hexachlorobenzene-exposed animals have shown hlstologic changes such as 

irregular shaped and moderately enlarged liver mitochondria and increases in 

the size of the centrllobular hepatocytes. Chronic oral toxiclty sluaies 

revealed similar effects to those seen in the subchronlc studies plus hexa-

chlorobenzene-assoclated life-shortentng and various hepatic and renal 

pathologies. These subchronic ·and chronic effects were usually dose-

related. Other effects Included multiple alopecla and scabbing, together 

wHh neurologic effects In rats, mice and dogs. A dose-related histopatho-

logic change In the ovaries of monkeys has also been reported. 

Increased porphyr in levels In the liver and In urine have been reported 

for all species studied except the dog, which does not exhibit increased 

porphyrin levels. Hexachlorobenzene was found to cause the accumulation of 
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B-H-stero1ds, whlch lnduce porphyrln b1osynthes1s, and to 1nh1b1t uroporphy­

rlnogen decarboxylases. The 1nh1b1t1on of uroporphyrlnogen decarboxylases 

appears to be due to pentachlorophe~ol, a hexachlorobenzene metabollte. 

Indlcatlons are that females are more susceptlble to 11.exachlorobenzene­

lnduced porphyrla than are males, wh1ch may be related to the female estro­

gen levels and greater hexachlorobenzene metabollsm. Hexachlorobenzene was 

reported to produce a mlxed-type 1nduct1on of cytochromes resembl 1ng that 

produced by a comb1natlon 6f phenobarbltal (P-450) and 3,4-benzpyrene 

(P-448). In addlt1on, tfie actlvltles of several hepat le m1crosomal enzymes 

were found to be Induced by hexachlorobenzene. 

Hexachlorobenzene dld not lnduce dom1nant lethal mutat1ons In lwo 

stud1es but was reported to be mutagen1c 1n a yeast, i:. cerev1slae, assay at 

a concentrat1on of 100 ppm. Hexachlorobenzene possessed no detectable 

levels of mutagenlc actlvlty ln the Salmonella h1sl1d1ne reversion assay. 

The chronlc tox1c1ty stud1es provlde suff1c1ent evldence of the carclno­

gen1c1ty of hexachlorobenzene ln anlmals slnce there was an lncreased lnc1-

dence of mal1gnant lumors of the llver 1n two spec1es, haemang1oendothelloma 

ln hamsters and hepatocellular carcinoma. ln rats as well as conflrmed 

reports of hepatoma ln both of these specles. ]"i_exachlorobenzene was found 

to cause teratogenlc effects ln fetal mlce whose mothers were lngestlng 100 

mg/kg/day of hexachlorobenzene durlng days 7--16 of gestation. 
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VI. HEALTH EFFECTS IN HUMANS 

The effects of hexachlorobenzene on humans as a result of accidental or 

occupational exposure have been revlewed by Courtney (1979) and Currier et 

al. ( 1980). A few reports of data £01 lected on occupat lonal ly- exposed 

workers have been reported wHh studies conducted ln Tu~key and in the 

United States (i.e., Louisiana) on the general population followlng 

accldental exposure to hexachlorobenzene. The exposure of humans to toxico- · 

logically signiftcant levels of hexachlorobenzene in Turkey from 1955-1959 

by lngestion of contamlnated grain, as .reported by Cam (1959, 1960), Cam and 

Nigogosyan (1963) and Peters et al. (1966), caused an epidemic of 

hexachlorobenzene-lnduced porphyria cutanea tarda (PCT), also known as 

porphyrla turcica. 

Epidem1olog1c Studies 

Burns et al. (1974) found 0-310 ppb hexachlorobenzene in blood samples 

from 20 vegetable spraymen. There were no slgns of PCT, and no correlations 

were observed between hexachlorobenzene levels and urinary porphyr ln excre­

t lon, serum glutamic-oxaloacetic transaminase, serum glutamlc-pyruvlc trans­

aminase or lactate dehydrogenase. Increased· levels of urlnary porphy_rlns 

were detected in 1 of 54 men occupaflonally exposed to hexachlorobenzene 

(Morley et al., 1973). 

A medlcal survey was conducted by Dow Chemical Company (Currier et al., 

1980) on 50 employees working at a chlorlnated solvents plant ln Loulslana, 

to determine blood hexachlorobenzene levels and signs suggestlve of PCT or 

other adverse effects, as well as any changes ln hematologic, clinical chem­

lstry and urinalysis parameters. The results from this study are of llmited 
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value because the varlous parameters studled durlng the 4-year perlod 1i1ere 

analyzed by several laboratories using varlous methods and on dHferent 

indlviduals. The(e 1i1as potential exposure to other substances also. During 

various times of the study, the t ime-'lilelghted-average airborne concentra­

tions of hexachlorobenzene ranged from <l-13 ppb, and w~pe samples from 

surfaces 1n the control, laboratory and cler1 cal work areas ranged from 

0.03-1.24 µg/100 cm2. 

The· laboratory analyses and physical examinations performed on the 1977 

study group and on a control group from a polyethylene plant did not reveal 

any signs ind1cat1ve of PCT. Blood levels of hexachlorobenzene, urinary 

porphyrin and coproporphyrin and the average years of exposure are listed In 

Table Vl-1. A statlstlcally slgniflcant (p<0.05) correlatlon was found 

between hexachlorobenzene levels In blood and the number of years 1i1orked .in 

the plant. For the other studled parameters no statistically s1gnlf1cant 

dlfferences were noted bet1i1een the 44 chlorlnated solvents workers and the 

44 control workers for 1977, except for higher protein levels and 101i1er 

hematocrlt values in the former workers, whlch 1i1ere not considered lo be 

b1olog1cally slgniflcant. In addHlon, significantly lower levels of 

urinary coproporphyrins and albumln 1i1ere detected 1n 1i1hHe male workers 1i1ith 

hexachlorobenzene blood levels ~200 ppb than In t~se with hexachlorobenzene 

levels <200 ppb. 

Burns and Miller (1975) studled plasma hexachlorobenzene residues of 8& 

resldents llving and/or 1i1orklng 1n an area exposed to the production, trans­

portation and disposal of "hex" wastes (hexachlorobenzene and other chlori­

nated hydrocarbons) 1n Loulslana. Plasma hexachlorobenzene levels were 
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TABLE Vl-1 

Results of Blood and Ur.1ne Analys1s 1n Men Employed 1n a Chlor1nated Solvents Plant. 1974-1977a 

Parameter 

Blood HCB 
(µg/t) 

Ur1nary 
uroporphyr1ns 

(µg/t) 

Ur1nary 
coproporphyr\ns 

(µgit) 

Age 
(years) 

Plant-years 

1974 
(n=50) 

310.7 + 281.1b 

22.4 + 21.1 

77 .4 + 40.5 

30. 1 + 6.3 

5.5 + 3.9 

Study Group 

1975 
(n=49) 

311.5 + 242.9b 

20. g + 11.0 

67.2 + 36.1 

31.1 + 6.6 

6.3 + 4.0 

1976 
(n=49) 

159. 9 + 142. 7c 

37.4 !. 14.4 

100.6 !. 40.8 

30.8 + 6.7 

5.9 !. 4.5 

1977 
(n .. 44) 

110. 3 + 111. 9c 

26 . 2 !. 14 . 3 

95.2 !:. 48.9 

31.7 !. 7.1 

6.6 !. 4.8 

Compar1son Grou~ 

1977 
(n=44) 

0.1 + 0.6 

NR 

NR 

31.3 + 6.8 

6.6 + 4.4 

asource: Curr1er et al .• 1980; 1974-1975 results conducted by 8\osc\ence Laborator\es; 1976-1977 results 
conducted by Pathology Laborator1es (!.Standard Oev1at1on) 

b1n plasma 

C[n blood 

' N = Sample s1ze 
(7\ 

~ NR = Not reported 
~ 

HCB = Hexachlorobenzene 

r 



measured and correlated wlth demographlc character1st1cs, occupallonal 

hazards, food sample analyses and house dust analyses. Average plasma 

levels of hexachforobenzene ranged from 2.4-3.6 ppb ln exposed subjects as 

compared with 0.5 ppb 1n control~ (p<0.001; Table VI-2). 

Hlgher levels of hexachlorobenzene res1dues, whlch were statlstlcally 

s1gn1f1cant (p<0.05), were found 1n the male subjects (4.71 ppb) than 1n ·the· 

female subjects (2.79 ppb). These were not assoc1ated w1th race or exposure 

to hexachlorobenzene through the con~umptlon of homegrown vegetables and 

an 1ma 1 s. About 68% of the house dust samples con ta 1 ned an average hexa­

ch l orobenzene concentratlon of 380 ppb as compared wHh 20 ppb ln control 

samples. When the hexachlorobenzene levels ln dust were compared wlth the 

mean plasma hexachlorobenzene levels for members of the same household, a 

s1gnlf1cant correlat1on was obtalned (p<0.025). In addlt1on, blood sam~les 

from 11 workers employed for an average of 4.8 years (10 months to 15 years) 

at the chemlcal plant contalned an average of 78.6 (14-233) ppb 

hexachlorobenzene. 

Acc1dental Ingestlon ln Turkey 

The hexachlorobenzene-lnduced PCT ep1dem1c ln Turkey, a result of expo­

sure during 1955-1959 1n 1nd1v1duals who used contamlnated seed wheat for 

• 
food, has been rev1ewed by Courtney (1979). Cam and N1gogosyan (1963) estl-

mated that 0.05-0.2 g of hexachlorobenzene was consumed per day. The method 

of est lmatlon was not descr 1bed. PCT 1s a d1 sease of dl sturbed porphyr ln 

metabolism manlfested by cutaneous leslons and ls co111Donly followed by 

hypertr1chosts (ha1r1ness) and hyperp1gmentat1on. The 1nduct1on of por­

phyrla by hexachlorobenzene has been revlewed (DeMatte1s, 1967; Granlck, 

1965; Tschudy and Bonkowsky, 1972; Courtney, 1979). Porphyrlas are 
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TABLE VI-2 

HCB Plasma Levels 1n Expos.ed Ind1v1duals and Controlsa 

Parameter 

Number of subjects 

Age (years) 

Black/wh1te rat1o 

HCB plasma res1dues 
Range (ppb) 

(ppb) 

Percent posHlve 
Percent >l ppb 

asource: Burns and ii.1ller, 1975 

bvalues are mean !. l SO 

Exposedb Co-~rolsb 

86 43 

39. a !. 19.1 32.3 + 18.6 

1.0 2.3 

2. 4 !. 2. 3c 0.5 
0-23 0-1.8 

99 95 
99 5 

'Level for random sample only, N=63 (3.6 + 4.3 for random and biased 
samples, N:83) 

HCB = Hexaclorobenzene 
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metabollc d1sorders of porphyrln metabollsm that are characterized by 

1ncreased excretlon of porphyr1ns and their precursors. Normally, 

&-amlno1evu11n1c -ac1d synthetase 1s the rale-11m1tlng step 1n porphyrln 

synthesis and heme acts as an end-~roduct 1nhlbltor or an end-product 

repressor of &-am1no1evul1n1c ac1d synthetase. In tiexachlorobenzene-

Induced porphyr1a, &-am1nolevul1n1c acid synthetase 1s Induced but heme 

does not suppress or lnhlbH the enzyme. The activHy of uroporphyrinogen· 

decarboxylase 1s decreased; consequently, porphyr1n and its precursors 

(e.g., uroporphyr1nogen, coproporphyr1nogen and occas1onally series I 

porphyr1ns) are excreted mainly In the urine but also In the feces. 

Increased levels of porphyrlns also can be measured 1n the llver, sldn, 

intest1na1 tract and other tissues (Courtney, 1979). PCT appeared to occur 

more frequently ln children 4-16 years of age, whereas the number of adults 

and chlldren under 5 years of age report1ng PCT was much lower (10-24% of 

cases were Individuals over 15 years of age and <5% were ch1ldren below the 

age of 4). A distinct disease descr1bed as "p1nk sore" was observed In 

ch1ldren under 1 year of age and reached an ep1dem1c scale. The clinical 

symptoms were weakness and convulsions and usually death 1n c"h1ldren whose 

mothers had clln1cal symptoms of PCT or who had 1ngested contam1nated bread 
-

during gestation and/or lactation. The presence of hexachlorobenzene 1n the 

milk of nurs1ng mothers suggested that p1nk sa·re was a man1festat1on of 

hexachlorobenzene toxic Hy. The· reviewer states that there was- a 95% 

mortality In these Infants 1n addition to the very high Incidence of 

st11lb1rths. 

In a follow-up study, Cripps et al. (1981) examined 32 pattents 20 years 

after the onset. Porphyr1ns were determ1ned In ur1ne and stool spec1mens of 
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29 pat1ents and cl1n1cally s1gn1f1cant porphyr1n levels were observed in 5 

pat1ents. Cl1ntcal features such as hyperp1gmentat1on, scarring, pinched 

fac1es, hypertrichosls, enlarged thy~o1d and d1stinctive arthrit1s were 

present 1n about half of the patients. 

A deta1led follow-up study was also conducted with 161 Turklsh pat1ents 

25 years after the 1n1tial hexachlorobenzene 1nc1dent (Peters et al., 1982). 

The patlent group stud1ed 1ncluderf some of the pat1ents prev1ously examlned 

(Peters et al., 1966). Twenty-s1x pat1ents were over 17 years of age at the 

t1me of acute tox1c1ty, whereas the average age of the remalning pat1ents 

was 7.1 years. An evaluatlon of the clinical s1gns and symptoms is sum­

marized in Table VI-3 . 

. The chronlc d1sease state was man1fested by general1zed hyperp1gmenta­

t1on and hypertrlchosis, scarrtng on the cheeks and hands~ and t1ght sclero­

dermold ctianges of the nose w1th per1oral scarr1ng. The most strlklng cnn­

ical features 1n those pat1ents who developed slgns of hexachlorobenzene 

tox1c1ty at an average age of 7 years cons1sted of pa1nles~ arthrl tlc 

changes wHh osteoporosls of carpal,.. metacarpal and phalangeal bones and 

atrophy or fa1lure to develop 1n the term1na.1 phalanges.· In addition, 

neurolog1c symptoms 1nclud1ng weakness, parestheslas, myotonia, cogwheeling 

and pa1nless arthrit1c changes of the hands and feet, were observed in 

50-70% of the patients examined. Since the slgns and symptoms 20-25 years 

later represented a cont1nuum of slgns and symptoms observed personally by 

Peters and Gocmen ( 1959-1963), 1 t was cone luded that the symptoms repre­

sented the effects of both hexachlorobenzene tox1c1ty and changes caused by 

the 1nduced m1xed porphyr1a. Control pat1ents from the v1 l lages 1nhabi ted 
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TABLE VI-3 

Cl1nical Slgns and Symptoms 1n Humans 25 Years After Exposure to 
Low Levels of HCB in Turkey, 1955-1959a 

Clinical Signs/Symptoms 

Porphyria--Neurological 

Weakness 
Parestheslas 
Sensory shading 
Nervousness 
Myotonia 
"Cogwheellng" 
Col 1c 
Const i pa t1 on 
Recent red urlne 
Enlarged llver 

Oermatologlc 

Hyperpigmentation 
Scarrlng 
H1rsutlsm 
Pinched facies 
Fragile skin 

Thyrold enlargement 

Total 
Men 
Women 

Orthopedlc and others 

Arthritis 
Small hands 
Short stature 

asource: Peters et al., 1982 

No. of Patients 
w1th Symptomsb 

117 (161) 
69 ( 161 ) 
75 (125) 
39 ( 60) 
35 (76) 
j4 ( 125) 
64 ( 161 I 
31 (161) 
17 (161) 
10 (161) 

125 (161) 
134 ( 161 ) 

Bl (161) 
69 (161) 
62 (161) 

64 (161) 
2£1 (98) 
36 (63) 

l 08 ( l fl l ) 
107 (161) 

74 (161) 

Percent 

73 
55 
60 
65 
46 
27 
52 
19 
11 

6 

78 
83 
50 
43 
39 

40 
27 
fJO 

6 7 
6 7 
4£1 

bNumber s l n parentheses represent tot a 1 number of patients examl ned for 
this symptom 

HCB = Hexachlorobenzene 
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by these patients included unaffected family members and clearly demon­

strated the uniqueness of thls disorder that allowed for ready ident lf\ca­

tlon of affected patlents. In addition the 60% incldence of large thyroid 

tumors in the females proved a sharp contrast to the 5% lncidence of thyroid 

tumors in the geographical area. No conclusions were drawri as to the inci-

dence of cancer and mortality. Studies on these endpoints are still in 

progress and the length of time that has elapsed from the t \me of exposure· 

may not yet be adequate for drawing concluslons. 

A boy and three women of the exposed lndlvlduals treated ln the early 

l960's with l.v. and/or oral edet1c acid (the metal chelating agent EDTAJ 

showed no active symptoms when examined, and skin pigmentation and scarrlng 

were much less severe than in most of the other patients. Urine and/or 

stool porphyrin studies showed that seven patients had clearly recognizable 

lncreases In porphyr1n levels (Table Vl-4). Clinical chemistry and milk 

residue data are summarized in Table VI-5. Percent o-amlnolevul1nic acid 

values were found to be above the upper normal limit of 4 mg/i in 32/55 

patients. The average residue levels in human milk samples from Turkish 

mothers with porphyria was 0.51:_0.75 ppm; 0.16_t0.23 ppm was found in milk 

samples from nonporphyr ic but hexachlor-obenzene-exposed mothers. 

Sunmary 

A few epidemioloyic studies with occupationally-exposed workers have 

been reported, together with studies and surveys conducted ln Turkey and in 

the United States (i.e., Louisana), on the general population following 

accldental exposure to hexachlorobenzene. These studies qualitatively 

support the toxicity of hexach-lorobenzene but give little dose response 
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TABLE VI-5 

_Laboratory Test Results of Turk1sh Pat1entsa 

Test Normal Range Pat1ent Range 

Ur1ne 

o-Am1nolevullnlc acld, mg/t · <4 0.14-10.l 
Porphob111nogen, mg/l <l 0 .. 11- l . 04 
Copper, ppm 0.01-0.06 0.01-0.046 
Z1nc, ppm 0.1-0.7 0.02-1.22 

Serum 

Copper, 11g/dt 70-155 88-153 
Z1nc, 11g/d1 70-120 57-112 
Creatlne k.1nase, un1ts/l women, <120 65-141 

men, <150 51--318 
Iron, 11g/dt 65-170 69-147 
Thyro1d funct1on tests 5-11 2.2-10.l 
· Thyroxlne, 11g/dl 
Tr11odothyron1ne uptake, 37-59 36-51.l 

percent 
Free thyroxlne lndex 1.85-6. 5 0.9-4.6 

Blood 

Lead, erythrocyte, 11g/dt <35 2-17 
Uroporphyrlnogen synthetasec 
M1lk hexachlorobenzene, ppmd 

>20 12.4-34.B 

Pat1ents w1th porphyrla NA 0.51 (0-3.12) 
Pat1ents w1thout porphyr1a NA 0.·16 (0- l. 26) 

asourcei Peters, et al., 1982 

No. of 
Abnormal 
Resultsb 

32 (55) 
0 ( 56) 
0 ( 31 ) 
7 ( 31 ) 

0 ( 30) 
9 (29) 
l ( B) 
4 ( l l ) 
0 (29) 

women, 
men, 2 
women, 
men, l 
women, 
men, 0 

0 ( 11 ) 

5 

4 

5 ( 30) . 

53 (56) 
16 ( 7 7 ) 

( l 0) 
( 9) 

(10) 
( 9) 

( lO l 
( 9) 

bNumbers ln parentheses represent total number of patlent spec1mens 
analyzed. 

cvalues expressed ln nanomoles formed per m111111ter of R8Cs per hour 

dAllowable 11m1t ln Un1ted States for cow's m1lk. 1s 0.02 ppm 

NA = Not appl1cable 
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lnformat1on. B1ologlc monitoring of plasma levels shows clearly more 

hexachlorobenzene 1n plasma of exposed compared w1th nonexposed 1nd1v1duals, 

although no blologtcally slgntftcant adverse health effects were seen durtng 

the observat1on per1ods. 

The exposure of humans to hexachlcirobenzene 1n Turkey from 1955-1959 

caused an epidemic of hexachlorobenzene-1nduced PCT, also known as porphrya 

turc1ca, which is manlfested. by ~1sturbed porphyr1n metabol1sm, cutaneous 

lesions and hyperplgment_atton. The ·authors est1mated that 0.05-0.2 g/day 

were Ingested. In ch1ldren under l year of age, p1nk sore was observed as 

well as 95% mortal1ty 1n these Infants. 

Follow-up studies conducted with pat1ents 20-25 years after the onset of 

porphyr1a showed that a few pat1ents st111 had active porphyrla, whereas 

>50% exh1btted hyperplgmentat Ion scarring as well as other dermato1og1c, 

neurolog1c and skeletal features of hexachlorobenzene toxlc1ty. Hexachloro­

benzene res1dues were also found In the blood, fat or breast milk of some 

pat1ents. 

A correlation was found between hexachlorobenzene levels In blood and 

the number of years worked In a chlor lnated solvents plant. The concentra­

t Ion of urinary uroporphyrlns and coproporphyrins ln work~rs ranged from 

21-37 and &7-101 iig/l, respect1vely, for the perlod between 1974 and 

1977. An eptdemlologlc survey conducted wtth 86 residents In the vie lnlty 

of this chlorinated solvents plant showed elevated hexachlorobenzene 

restdues tn plasma. Htgher levels of hexachlorobenzene res1dues were found 

tn males than tn females, but these were not assoclated wtth race or food 

consumption. 
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VII. MECHANISMS OF TOXICITY 

The exposure· of humans to toxicologically signHicant levels of hexa­

chlorobenzene occurred in Turkey from 1955-1959 by lngestlon of contaminated 

grain, as reported by Cam (1959, 1960), Cam and Nigogosyan (1963). and 

Peters et al. (1966), and caused an epldemtc of hexachlorobenzene-induced 

porphyri~ cutanea tarda (PCT), also known as porphyrla turcicia. This· 

disease is characterfzed by a marked elevation 1n the levels. of uropor­

phyrins ·In the urine. Also seen, but. to a lesser degree, are increases In 

coproporphyrins (Thiers, 1981). Photosensltiv1ty is associated wHh PCT 

(Ellefson, 1982) and may be involved in the manlfestatlon of cutaneous 

lesions and hyperpigmentation (Tonnuki et al., 1981; Cripps et al., 1981) .. 

Although it is clear that exposure to hexachlorobenzene adversely 

affects the heme biosynthetic pathway, the exact mechanism of action by 

which hexachlorabenzene induces hepatic parphyria remains unknown. In addi­

tion, only a small proportion of those people exposed to hexachlorobenzene 

developed porphyria (Dogramaci, 1964), but such adverse effects appear to be 

long-term ln both humans (Cripps et al., 1984) and experimental animals 

(Koss et al, 1983). As such, the toxicl ty of hexachlorobenzene poses a very 

1nterest1n{ problem whose solut\on will likely p-rovlde an Increased under-

. standing of human porphyrla, heme biosynthesis and the influence of xeno­

biotics on each. 

Mechanism of Porphyria 

The induction of porphyria by hexachlorobenzene has been extensively 

reviewed (Granlck, 1965; DeMatte!s, 1967; Tschudy and Bonkowsky, 1972; 
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Courtney, 1979), and experlmental models of hexachlorobenzene-lnduced 

hepat le porphyrla now ex 1st In· several animal species (rev\ewed by E Ider, 

1978; Smlth and De Mattels, 1980). 

It 1 s clear that exposure to hexachlorobenzene adver:sely affects the 

heme biosynthetlc pathway, but the exact target(s) of lts toxlc insult 1s 

st111 unknown. Numerous studies have demonstrated that exposure to hexa-· 

chlorobenzene Impairs metabolism of uroporphyrlnogen III by.decreasing the 

enzymatic activity of uroporphyr1nogen decarboxylase (Elder et al., 1976, 

1978; Kushner et al., 197&; Strlk et al., 1980; San Martin de Viale et al.~ 

1977; Koss et al., 1983). This loss of enzyme function Is associated 11ith 

decreased catalytic function and not w1th the concentration of uroporphyrin­

ogen decarboxylase (Elder and Sheppard, 1982; Elder and Urquhart, 1986). As 

such, th\~ decreased act1vity may be attributed to either the presence of· an 

1nhib1tor or to modification of the enzyme Itself. Two hypotheses have been 

presented to explain this decrease of uroporphyrinogen decarboxylase 

(OeMattels, 198&). The first proposes that hexachlorobenzene is metabolized 

to a reactive intermediate capable of impairing enzyme function. As such, 

inducers of drug metabolizing enzymes, including hexachlorobenzene Itself, 

can affect Its toxicity. The second suggests a more generalized effect of 

hexachlorobenzene involving oxidative damage to -membranes and proteins via 

the formation of peroxides and free radicals~ This mechanism could directly 

involve hexachlorobenzene, or alternallvely, · hexachlorobenzene could act lo 

induce liver concentrations of other enzymes capable of general Ing such 

reactive species (DeMattels, 1986). 
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Metabol1sm 

Just as metabollsm .. ls lmportant to the conv.erslon of hexachlorobenzene 
-

to more polar compounds, hence to lts ellminat1on and subsequent decreased 

body burden (Sundlof et al., 1982), 1t also appears to be equally .Important 

for the induct1on of the toxic effects attributed to th1s chemical (Koss et 

al., 1980a; Oebets et al., l980a; Wainstok de Calmanovlcl et al., 1984). 

The metabo1'sm of hexachlorobe_nzene has been reviewed (Renner, 1981; 

Renner and Nguyen, 1984) and Is belleved to have slm1lar routes ln rats and 

humans (Stanard, 1974). Primary metabolites, including pentachlorophenol 

and tetrachlorohydroqulnone, are found in human urine, but pe.ntachlorothlo-

phenol, a major rat metabollte, is not (Edgerton et al., 1981). 

Bil 11 and coworkers have shown that certa ln of these metabolites can 

inhlblt uroporphyrlnogen decarboxylase l!l vltro (Billi et al., l986a,b) and 

also are associated wlth Increased liver porphyrln concentrations l!l vivo 

(Billi et al., l986b). Te\rachlorohydroqulnone and pentachlorophenol 

decreased uroporphyrlnogen decarboxylase activity 64 and 25%, respectively. 

Hexachlorobenzene produced no effect (Billi et al. 1986a). However, as 

noted (Bil 1 i et al., 1986b), the effective Inhibitory concentration of these 
• 

metabol I tes was much greater than the concentration of these metabol ltes 

found In the livers of rats treated with hexachlorobenzene (Koss et al., 

l97Bb). Others have shown that hexachlorobenzene Is porphyrlnogenic '.lhen 

added to primary chick embryo llver cells grown in culture. In this study 

the parent compound was more effective than certain metabolites Including 

pentachlorophenol, and was dependent upon the cytochrome P-450 content of 

the cells (Debets et al., 1981). 
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Using [l4JC-labeled hexachlorobenzene 1t 1o1as shown that the blnd1ng of 

i•c to protelns 1s dependent upon cytochrome P-450 (Debets et al., 1981). 

However, hexachlorobenzene Is a poor substrate for cytochrome P-450 (Van 

Olllllen et al., 1986), but It does bind to cytochrome P-450 wlth hlgh·affinlty 

and does produce the type I spectrum characteristic of ~ytochrome P-450 

substrates (Takazawa and Strobel, 1986). These studies suggest that metabo-

11sm of hexachlorobenzene 1s prerequ1s1te to 1ts toxic effects, but the· 

d1 screpancy between the effect Ive concentrations .1.!!. v1vo and the product 1on 

of reactive 1ntermedlates .1.!!. vitro 1s not yet understood. 

Ox1dat1ve Damage 

An alternate mechanism has been proposed suggestlng that exposure to 

hexachlorobenzene results 1n ox1dat1ve damage and perturbation of 11pld -

membranes Including Increased permeability of 11posomal membranes (Koszo .et 

al.,.1974) and direct membrane-fluidizing effects (Koszo et al., 1982). 

In the latter study, chronic dosing at 0.2% hexachlorobenzene In the 

diet resulted In a significant decrease of the spin labeling order parameter 

Indicative of Increased membrane fluidity. Since both 5-amlnolevullnic acid 

and porphyrln must cross the ml tochondf1al membrane, 1t ls conceivable that 

• 
alterations of membrane flu1d1ty could alter the-·heme blosynthetlc pathway 

(Koszo et al., 1982). 

Observat1ons supporting th1s theory have been reported (Neilson et al., 

1979, 1980), but 1 t was also noted that both ethanol and hexachlorobenzene 

ex1b1t membrane-fluldlz1ng effects, while only the latter results In 

s1gn1flcant Increases In porphyrln excretion (Neilson et al., 1980). 
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Ho.wever, ethanol has been shown to potent late certa ln effects of 

hexachlorobenzene lncludlng ones assoclated wlth damage to the plasma 

membrane (Nlkolaev et al., 1986). 

. 
Other studles have shown that exposure to hexachlorobe-nzene cau.ses no 

lrreverslble damage to mltochondrlal membranes (Maslnl et al., 1984a,b, 

1985) and suggest that the hexachlorobenzene metabolite, pentachlorophenol, 

acts to uncouple m1tochondrlal oxldat1ve phosphorylatlon. However, no clear 

correlatlon exists between the .concenlratlon. of pentachlorophenol and the 

1ncrease of urlnary and hepatlc porphyrlns (Mas1n1 et al., 1985). Again lt 

1 s unclear whether or not· the metabol 1sm of hexachlorobenzene s lgnl flcant ly 

contrlbutes to lts toxlclty l.!l vlvo. 

The role of glutath1one has also been lnvestlgated. Repeated exposure 

of rats to hexachlorobenzene was shown to decrease the actlvlty of 

gTutath1one-S-transferase (Koss et al . , 1980a). In addltlon, 

dlethylmaleate, a compound known to deplete glutathlone concentratlons, 

potentlates the actlon of porphyrlnogenlc drugs (Puzynska et al., 1978). 

WHh decreased glutathlone or transferase actlv\ty~ reactive, electrophlllc 

metabolites or oxygen-free radlcals and peroxides have lncreased opportunity 

to react wlth sulfur-containing molecules ln~~ud1ng prote1ns such as 

uroporphyrlnogenlc decarboxylase. 

As recently rev1ewed (DeMatteis, 1986), 1t ls posslble that chemicals 

lne hexachlorobenzene affect porphyrin synthesis Indirectly by stlmulat ing 

the production of these oxygen-free radlcals and peroxides, and that lron 
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synerg1st1cally enhances this effect by 1ts ab111ty to catalyze these 

react Ions. Hcxachlorol.Jcnzcne may el ther st lmulatc the product Ion of these 

reactlve specles dlrectly, or alternatlvely, may lnducc enzymes that can 

produce such react1ve lntermedlates (OeMattels and Stonard, 1977). With 

respect to the latter hypothesls, 1t ls of interest that hexachlorobenzene 

has been shown to lnduce act1v1ties of NADPH-cytochrome P-450 reductase 

(Goldstein et al .• 1982; Oebets et al., 1980a). Th ls enzyme Is known to be 

directly lnvolved ln l1p1d peroxldatlon and superoxlde formatlon (Morehouse 

et al., 1984; Pederson a-nd Aust, 1972) by NADPH and Iron-dependent (Ernster 

and Nordenbrand, 1967) and hydroperox1de-dependent (O'Brien and Rahlmtula, 

1975) mechanlsms. These can result In total destructlon of m1crosomal P-450 

and mltochondrlal hemoprotelns (Hrycry and O'Brien, 1971 ), and also ln the 

Indirect lnactivation of other enzymes and the alteration of membrane 

structure (Tappel, 1973). 

It ls known that uroporphyrlnogen decarboxylase contains many sulfhydryl 

groups, at least one of whlch Is essential for catalytlc actlvlty (Sass.:: et 

al., 1984). Recent studies have demonstrated that the effects of 

hexachlorobenzene on uroporphyrlnoge~ decarboxylase ls to decrease Its 

cnzymatlc act1v1ty, but the concentration of lnrnunoreactlve proteln ls not 

altered (Elder and Sheppard, 1982; Elder et al., 1976). It has been 

suggested that reactive oxygen specles could be responsible for the 

alteration of uroporphyrlnogen decarboxylase (fer1ol1 et al., 1984; Elder 

and Urquhart, 1986). However, the spec1f1c mechan·1sm(s) of this effect are 

not yet understood, and this rema1ns an Important and 1nterestlng example of 

chemlcally-lnduced pathology. 
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Contr1but1ng Factors 

Several factors can contr1bute to the porphyr1nogen1c act1on of 

hexachlorobenzene. These 1nclude the liver concentration of nonheme iron, 

as well as the sex (hormonal status) .ind the genetlc background (strain) of 

the an1ma.ls used. Nonheme 1ron has been shown to enhance the tox1c1ty of 

hexachlorobenzene, and as d1scussed above, th1s may be due to Hs 

contr1but1on to oxygen-free rad1cal formation (r~v:1ewed by Sm1th et al.; 

1986) . 

Female rats are much more sens1t1ve to the porphyr1nogenlc action of 

hexachlorobenzene, and an Increase In senstt1v1ty Is seen _ln males glven 

estrogens (Rizzardlni and Smith,. 1982). It 1s especially s1gnlflcant t"hat 

In add1t1on to the development of porphyrla, female rats also show a h1gher 

tnc1dence of 11ver tumors (Smith et al., 1~86). 

Finally, some strains of mlce are more sensitive to the porphyrlnogenlc 

effect of hexacltlorobenzene. Thls difference may be associated with 

d1 fferences of the Ah locus, a regulatory gene. 1nvolved ln the 1nduct1on of 

several enzymes by polycyclic aromatic hydrocarbons. Nonetheless, 1t 1s not 

yet clear that a correlation exists between Ah responsiveness and. the toxic 

effects of hexachlorobenzene (Sml th et al., 198£i; Linko et al., 1986; Hahn 

et al., 1986). 

T1me Course of Tox1cfty 

Despite th1s understand1ng of hexachlorobenzene-induced hepat1c 

porphyria, lt ls stlll d1ff1cult to explain the latency period between 

exposure and onset of overt porphyria (rev1ewed by Koss et al., 1986). 
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Moreover, 1t ls not known why this porphyr1a, once 1nduced, w111 persist 

long after the _exposure has stopped, but thl~ ls true for both humans 

(Crlpps et al., 1984) and experimental animals (Koss et al., 1983). 

As such, the study by Koss et al. (1983) provides an Important 

understanding of the progress1on of hepat1c porphyrla. These researcher's 

admln1stered 100 mg/kg hexachlorobenzene d1ssolved In oll.ve oil every other 

day for 6 w<?eks, through stomach tube, to female W1star rats and then 

observed the rats for an addH lonal 18 months. The rats were evaluated 

during both the exposure per1od and the 18-month holding per1od for llver 

hexachlorobenzene levels, levels of 11ver porphyr1ns, and [he activity of 

11ver uroporphyrlnogen decarboxylase. The results revealed a rapld Increase 

In hexachlorobenzene 11ver levels, which reached a plateau after 10 days of. 

treatment and rema1ned constant until exp·osure was terminated at 6 weeks. 

The levels of liver hexachlorobenzene then decreased over time wlth no valid 

b1ologlc half-llfe determinable. The llver porphyrln levels, however, 

started to rlse slightly after 3 weeks of hexachlorobenzene exposure and 

reached a maximum 11ver porphyrln concentration -7 months after the 

exposures had ceased (Table VII-1 ). T_he llver porphyrln levels decreased to 

a constant level -14 months after ceasing hexachlorobenzene exposures. At 

· 18 months, after ceasing exposures, the treated rat's llver porphyrln levels 

were stlll substantially hlgher than the levels ln control rats. The 

dlstrlbutlon pattern of the llver porphyrlns was observed to be changed as 

early as after the second hexachlorobenzene adm1n1strat1on. The observed 

changes were Increases ln 11ver uroporphyrln levels and decreases 1n liver 

protoporphyrln and coproporphyrln levels. The change In porphyrln patterns 

was traced to the decreased activity of uroporphyr1nogen decarboxylase 
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TABLE VII-1 

Porphyrln Content and Uroporphyrinogen Decarboxylase Actlv1ty 
ln the Liver Cytosol of Female Rats Pretreated with 100 mg/kg HCB 

Every Other Day for 6 Weeksa 

Time After the 
End of Treatment 

day 

7 months 

14 months 

18 months 

Controls 

Porphyrln ·content 
(nmol/6 mt cyt6sol)b 

14 .t 3d 

133 .t 15 

9 .!. 6 

B .!. 5 

0.06 .t 0.04 

asource: Koss et al., 1983 

b6 mt cytosol correspond wlth 1 g .llver tlssue 

Enzyme ActlvHy 
(pmol • mg-1 • mln- 1 1c 

ND 

ND 

o.3 .t o.2d 

0.5.tO.l 

Cpmol capraporphyrlnogen I (determlned as .coproporphyrin) formed Fram uro­
porphyrlnogen I in 1 mln by 1 mg cytosol proteln 

dMean (.!, SD) of three or Four anlmals 

eND = Not detectable. The lower detection lim_1.t was determined at 0.02 
pmol • mg- 1 • min- 1 coproporphyrln 

HCB = Hexachlorobenzene 
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act Iv Hy, which was found to be not detectable· at the end of the 6-week 

exposure perlod and the actlv1ty d1d not become detectable agaln untll 18 

months postexpos-ure (see Table VII-1). These data led the lnvestlgators 

(Koss et al., 1983) to propose that there are four phases of hexachloro-

benzene-Induced porphyrla: 

Durlng the f1rst phase an almost constant content of hexa­
chlorobenzene and a gradual decrease of uroporphyrlnogen decarboxy­
lase activity ls achieved. In the second phase a noticeable accu­
mulation of porphyrlns and a. pract1cally complete 1nhlb1tlon of 
decarboxylase act1vlty are consp1cuous. In the thlrd phase, which 
occurs after hexach.lorobenzene .admlnlstratlon has been discon­
tinued, a further accumulation of porphyrlns and a continuing lnhl­
bltlon of uroporphyrlnogen decarboxylase actlvlty can be seen, even 
after extensive el1m1natlon of hexachlorobenzene. Durlng the 
fourth phase a decrease In porphyr!n content and a ·return of 

- decarboxylase actlvlty are clearly observable. 

A possible reason for the continued 1nhlb1tlon of uroporphyrlnogen decar-­

boxylase activity, even after substanUal ellmlnatlon of hexachlorobenzene 

has occurred, was also d1scussed ln this report. Koss et al. (1983) pre­

sented the scenarlo that once hexachlorebenzene had caused an lnhlbltlon of 

uroporphyrlnogen decarboxylase actlvlty and lncreased liver porphyrln levels 

that the accumulatlon of porphyrlns could themselves malntaln the lnhlb1t1on 

of the enzyme actlvlty. 

Interactions 

Certa1n chemlcals have been shown to alter the toxlclty and pharmaco-

kinetics of hexachlorobenzene In marmials. Pentachlorophenol and lron 

Increased the porphyrlnogenlc effect of hexachlorobenzene, whereas 

decachloroblphenyl had no effect. Hexachlorobenzene pretreatment resulted 

ln 1ncreased CC1 4 tox1clty and altered 1nmune responses ln hexachloro­

benzene-treated anlmals. In add1t1on, hexachlorobenzene has been shown to 
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1nduce hepatlc xenoblotlc metabol1sm and thus has the potent1al to alter the 

rate and extent of metabol1sm of other chemicals. 

Debets et al. (l980bl studied the effect of pentachloroohenol (PCPl on 

hexachlorobenzene tox1c1tv. Grouos of female rats 1o1ere fed:d1ets conta1n1nq 

1000 uQ hexachlorobenzene/q, 500 uQ oentachlorophenol/q, or both chem1-

cals 1n the same amounts. and a fourth arouo served as the control. Penta- -

c:hlornphenol .;c:c:eleri!t.ed the onset of hexilc:hlorobenzene-1nduced porphyr la, 

as 1ndlcated by an 1ncrease In urinary excret1on of uroporphyrln and a 

decrt!ase of porphyrins wHh two and three carboxyllc groups. Th1s increase 

occurred -3 weeks earl1er 1n the hexachlorobenzene plus pent_achlorophenol­

treated animals than In hexachlorobenzene•treated animals. 

Rlzzardlnl and Smith (1982) Investigated d1ethylst1lboestrol (DES) pre­

treatment on hexachlorobenzene metabolite excret1on In young male and female 

F344/N rats. The rats were 1njected 1.p. w1th four doses of DES dlproplo­

nate 20 µmoles/kg d1ssolved 1n arachls all over a 24-day period and then 

given 14 mg/kg hexachlorobenzene by oral Intubation for 7 days. The results 

indicated that the DES pretreatment stimulated the .excretion of hexachloro­

benzene metabolites, via urine and feces, ln both males and females 

(Table VII-2). 

Blekkenhorst et al. (1980) reported that the simultaneous i .m. adminls­

tratlon of lron and hexach}orobenzene caused a marked potent1at1on of hexa­

chlorobenzene porphyrlnogen1c effect ln rats. This was shown by a decrease 

ln hepatic uroporphyrlnogen decarboxylase Jctlvlty and 1ncreased urinary and 
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Sex and Treatment 

Ur\ne 
Male • o\l 
Male t DES 
Female • oil 
Female • DES 

Feces 
Male • oil 
Male t DES 
Female • oil 
Female • DES 

TADLf VI 1-2 

Analys's of the Excreta from Rats Adm'n'stered Hexachlorobenzene 
After an ln't'al Treatment w'th D'ethylst,lboestro1a.b 

Pentachlorophenol 

151 t 19 
190 t 22 
174 .. 11 
4SJ -; 10sf 

OS t lS 
160 -; 23f 
116 f: JS. 
279 t 80 

Tetrachlorobenzene-l,4-d1ol 
(nmole/24 hours/kg bw) 

3 t l 
17 -; 2c 
16 • 2d 
35. 9 

Trace 
Trace 
Trace 
Trace 

aSource: R'zzard\n\ and Sm,th, 1982 

Pentachloroth,ophenol 

23 t 3 
lSO -; 9c 
142 --; l2e 
176 ... 7f 

74 • 23 
166 ... 33 

6S ... 4 
149 -; l3C 

bMale and female rats (52-54 arid 71-73 days old. respectively) were gtven 20 tJmole of DES dlprop\o­
nate/kg dissolved \n arachls oil (10 mg/ml) or oil alone by 1.p. lnJectlon on days l. 4. 14 and 24. 
From day 2S all rats were g'ven 14 mg of hexachlorobenzene/kg by oral Intubation da,ly for 1 days. After 
the last dose 24-hour samples of ur,ne and feces were collected~ hydrolyzed and analyzed. Results are 
means~ S.E.M. (n=4/group). 

c S\gn,flcance of d'fferences from rats not g\ven DES. p<0.001 
d S'gnlf lcance of d'fferences from males. p<0.005 

eS,gnlflcance of differences from males. p<0.001 

~ fstgn'f 'cance of d'fferences from rats not g'ven DES, p<0.05 
' -' 

~ Total excretions of these metabolHes were: male. 336•57; male • DES. 69lt70 (p<0.01.); female. 513•62; 
~ female • DES. 1092•175 (p<0.025) nmole/24 hours/kg - - -



fecal porphyrln excretton. Conversely, stmultaneous bleedlng of hexachloro­

benzene-treated rats d1m1n1shed the porphyr1nogenic effect of hexachloro­

benzene. 

The role of lron ln 1ncreas1ng the porphyrlnogen1c1ty of 

hexachlorobenzene was noted ln female Sprague-Dawley rats fed 0 or 400 ppm 

of hexachlorobenzene ln thelr dlets for up to 118 days (Lambrecht et al., 

1986). Ethylened1aminetetracet1c a~ld {EDTA) was added to the study dlets 

at a concentration of 0, 0.5 or 1.0%, resulting ln six study groups. 

Dramatic lncreases ln the urlnary excretion of uroporphyrln and 

coproporphyr ln were seen ln the rats exposed to hexachlorob.enzene for 81 

days or longer. EDTA ln the dlet slgnlflcantly decreased the amounts of 

porphyrins excreted ln the urlne. Hexachlorobenzene-lnduced liver porphyrln 

fluorescence was also decreased ln the EDTA groups. EDTA slgnHlcantly 

reduced the 1 lver levels of 1ron, zlnc and copper, whlch were greatly 

lncreased 1n the. hexachlorobenzene-exposed rats. EDTA had no effect on the 

hexachlorobenzene-lnduced llver and kldney pathology observed. The authors 

concluded that the llver metal levels may play an lmportant role ln 

hexachlorobenzene-lnduced porphyrla but not the hexachlorobenzene-lnduced 

pathology. 

Goldstein et al. (1978) stud led the comparative tox1c1ty of pure hexa­

chlorobenzene {purity >99%) and technical hexachlorobenzene (purity 92%), 

whlch was known to contaln 200 ppm of decachlorobiphenyl and 4 ppm of octa­

chlorodibenzafuran, ln female CD rats fed diets containing 0, 30, 100, 300 

or l 000 µg hexac h 1 orobenzene/g for up to 15 weeks. Ne Hher grade con­

ta l ned other chlorlnated dlbenzofurans or dlbenzo-p-dloxlns. Both grades 
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resulted \n comparable effects (porphyrla, cutaneous lesions, hyperexcH­

ab111ty, changes In 11ver enzymes and morphologic liver changes) In treated 

rats, although th1! technical grade appeared to be sl1ghtly more potent than 

pure hexachlorobenzene In Its effects·· on the pulmonary endothelium. The 

Impurities did not appear to have a synergistic effect. 
I 

Kluwe et al. ( 1982) reported that pretreatment of male Sprague-Dawley-

rats wHh hexachlorobenzene result~d In Increased CC1 4 tox1c1ty. The rats 

received seven doses of hexachlorobenzene at 30 mg/kg In corn oil once every 

72 hours followed by an i.p. Injection of CC1
4 

at 0.0, 0.03, 0.05, Q,25, 

1.0 or 2 .0 ml/kg In 4 ml/kg corn oil 24 hours after the last hexachloro-

benzene treatment. Hexachlorobenzene pretreatment Increased the CC1 4 ~ 

Induced acute growth retardation, renal tubular functional Impairment, 

hepatocel)ular necrosis and further reduced the survival of the anlma.ls. 

Varfable results were reported In a study on the effect of hexachlorobenzene 

pretreatment of male albino Sprague-Dawley rats on the ln vivo blotransfor­

mation, residue depos1t1on, and el1mlnatlon of 1 'C-aldrin, 1-naphlhol, 

DOT, hexachlorobenzene or m1rex (Clark et al., 198la). There was no evl-

dence of qualHatlve changes In the blotransformatlon of any test compound 

that could be attributed to hexachlorobenzene pretreatment. Analysis of 

residue deposition gave. m1xed results: less i-cc residues were found In 

rats fed diets containing hexachlorobenzene and then treated with 

14C-aldrln, more 14C residues were found after 14 C-DDT or 14C-mirex 

treatment, and no difference was evident after 14C-hexachlorobenzene or 

l.4C- l-naphthol treatment. Hexachlorobenzene also potentlates the effects 

of stress on male Sprague-Dawley rats (Clark. et al., 198lb). Rats fed 250 

ppm hexachlorobenzene resulted In an 1ncreased severe loss of body weight 
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when placed 1nto crowded cages and compared wlth the we1ght loss of crowded 

control rats. Crowded rats fed hexachlorobenzene had hlgher tlssue resldues 

of hexachlorobcnzene and higher mortal 1 ty than the noncrowded hexachloro­

benzene-treated rats or the control rats. 

Suitmary 

Hexachlorobenzene (HCBJ affects the heme blosynthesls pathway and this 

ls the mechanism by whlch porp~yr1a ls lnduced. Although many anlmal 

studies have been perfo~med, the exact target ls unclear. From lD. v1tro 

experlments lt Is known that metabolltes of HCB, such as pentachlorophenol, 

!nhlblt uroporphyrlnogen d1carboxylase but HCB ltself ~oes not. An 

alternate mechanism that has be.en proposed ls that HCB and Hs metabolHes 

cause ox1datlve damage to cellular lipid membranes. Despite extens1ve 

lnvestlgatlon of these two separate mechan1sms of actlon the lssue has ·not 

been resolved; In fact, other mechanlsms have been proposed and are also 

being explored. 
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VIII. QUANTIFICATION OF TOXICOLOGIC EFFECTS 

Intr.Dduct1on 

The quantification of toxicologic ... effects of a chemical consists of 

separate assessments of noncarcinogenic and carcinogenic- hea.lth effects. 

Chemicals that do not produce carcinogenic effects are bel leved to have a 

threshold dose below which no adverse, noncarc inogenic health effects occur,. 

while carcinogens are assumed to act w1thout a threshold. 

In the quantification of noncarcinogenlc effects, .a Reference Dose 

(RFD), [formerly termed the Acceptable Daily Intake (ADI)] is calculated. 

The RFD ls an estimate (wlth uncertainty spanning perhaps an order magn)­

tude) of a daily exposure to the human population (including sensitive 

subgroups) that is likely to be wlthout an appreciable risk of deleterious 

health effects during a 11.fetlme. The RfD is derived from a no-observed-

adverse-effect level (NOAELJ, or lowest-observed-adverse-effect level 

(LOAEL), identified from a subchronic or chronic study, and di.vided by an 

uncertainty factor(s) times a mod1fylng factor. The RfD is calculated as 

follows: 

(NOAH or LOAELl RfD = _____ _.>.;c;..:.;.:.:..::._;;;.:--=c=..:.:.=-=--"----"'--- = __ mg/kg bw/day 
[Uncertainly Factor(s) x Modtfying Factor] 

Selection. of the uncertainty factor to be employed in the calculation of 

the RfD is based upon professional judgment, while considering the entire 

data base of toxicologlc effects For the chemical. In order to ensure that 

uncertainty factors ·are selected and applied In a consistent manner, 
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the U.S. EPA (1991) employs a mod1flcat1on to the gu1delines proposed by the 

Natlonal Academy of Sc1ences (NAS, 1977, 1980) as follows: 

Standard Uncertainty Factors (UFs) 

Use a 10-fold factor when extrapolating from valid experimental 
results from studies using prolonged exposure to average healthy 
humans. Thls factor ls intended to account for the varlatlon 
In sensltlvlty among the members of the human population. [lOHJ 

• Use an addHional 10-fold factor when extrapolating from valld 
results of long-term studies on experimental animals when 
results of studies of human exposure are not available or are 
Inadequate. This factor ls 1ntended to account for the uncer­
talnty in extrapolat Ing animal data to the case of humans. 
[ l DA] 

Use an add1 t ional 10-fold factor when extrapolating from less 
than chronic results on experimental animals when there Is no 
useful long-term human data. This factor Is 1ntended to 
account for the uncertainty in extrapolating from less than 
chronic NOAELs to chronic NOAELs. [lOSJ 

Use an additional 10-fold factor when deriving an RfO from a 
LOAEL Instead of a NOAEL. This factor ls intended to account 
for the uncertainty In extrapolating from LOAELs to NOAELs. 
[ l OL] 

Modifying Factor (MF) 

Use professional judgment to determine another uncertainty 
factor (MF) that is greater than zero and less than or equal to 
10. The magnitude of the MF depends upon the professional 
assessment of scient Hie uncertaint les of the study and data 
base not explicitly treated above, e.g., the completeness of 
the overall data base and the number of species tested. The 
default value for the MF is l. · 

The uncertainty factor used for a spec1fic risk assessment is based 

principally upon scientific judgment rather than scientific fact and 

accounts for possible Intra- and Interspecies differences. Additional 

considerations not Incorporated in the NAS/OOW guidellnes for select Ion of 

an uncertainty factor Include the use of a less than lifetime study for-

deriving an RfD, the significance of the adverse health effects and the 

counterbalancing of beneficial effects. 
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From the RfD, a Dr1nklng Water Equ1valent Level (DWEL) can be calcu-

lated. The DWEL represents a medium specific (i.e., drinking water) 

l 1fet ime exposure at wh1ch adverse, noncarcinogenic health effects are not 

anticipated to occur. The DWEL assumes 100% exposure from drinking water. 

The DWEL prov1des the noncardnogenic health effects bas1s-for establ1shing 

a drink1ng water standard. For 1ngest1on data, the DWEL is derived as 

follows: 

where: 

DWEL = (RfDJ x (Body weight 1n kg) 
Drinking Water Volume in l/day 

= __ mg/l 

Body weight = assumed to be 70 kg for an adult 
Drinking water volume = assumed to be 2 l/day for an adult 

In addition to the RfD and the DWEL, Health Advisories (HAs) for expo-

sures of shorter duration (1-day, 10-day and longer-term) are determined. 

The HA values are used as informal guidance to municlpal1t1es and other 

organizations when emergency spills or cont'aminatlon. situations occur. The 

HAs are calculated us lng an equation s lmi lar to the RfD and DWEL; however. 

the NOAELs or LOAELs are identified from acute or subchronic studies. The 

HAs are derived as follows: 

HA = (NOAEL or LOAELl x lbw) = __ mg/l 
(Uf) x (_ l/day) 

Using the above .equation, the following drinking water HAs are developed 

for noncarclnogenic effects: 

1. 1-day HA For a 10 kg child Ingesting l l water per day. 
2. 10-day HA For a 10 kg child inge~ting l l water per day. 
3. Longer-term HA for a 10 kg child ingesting l l water per day. 
4. Longer~term HA for a 70 kg adult ingesting 2 l water per day. 
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The 1-day HA calculated for a 10 leg child assumes a single acute 

exposure to the chemical and ls generally derived from a study of <7 days 

duration. The 10-day HA assumes a l lmlted exposure period of 1-2 weeks and 

is generally derived from a study of <30 days duration. The longer-term HA 

ls derived for both the 10 leg child and a 70 kg adul~ and assumes an 

exposure period of -7 years (or 10% of an 1ndiv1dual's lifetime). The 

longer-term HA Is generally derived from a study of subchronic durat·1on- · 

(exposure for 10% of animal's lifetime). 

The U.S. EPA categorizes the carc1nogen1c potential of a chemical, based 

on the overall weight-of-evidence, according to the following scheme: 

Group A: Human Carcinogen. Suff1c1ent evidence exists from 
epidemiology studies to support a causal assoc1at\on between 
exposure to the chemical and human cancer. 

Group B: Probable Human Carclnogen. Sufficient evldence of 
carcinogenlclty 1n animals with limited (Group BlJ or Inade­
quate (Group 82) evidence in humans. 

Group C: Possible Human Carcinogen. Limited evidence of 
carcinogenicity in animals in the absence of human data. 

Group D: Not Classified as to Human Carcinogenicity. Inade­
quate human and animal evidence of carcinogenicity or for which 
no data are available. 

Group E: Evidence of Noncarclnogenlc1ty for Humans. No 
evidence of carclnogeniclty in at least two adequate animal 
tests In different species or In both -adequate epldemiologic 
and animal. studies. 

If toxicologic evidence leads to the class i Fi cat ion of the contaminant 

as a known, probable or possible human carcinogen, mathematical models are 

used to calculate the estimated excess cancer risk associated with the 

ingest ion of the contaminant In drinking water. The data used In these 
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estimates usually come from lifetime exposure studies using anlmalS; In 

order to predict the rlsk for humans from animal data, animal doses must be 

converted to equivalent human doses. Th ls convers Ion includes correct ion 

for noncontinuous exposure, less than '"lifetime studies and for dtfferences 

ln size. The factor that compensates for the size differ'.ence ls the cube 

root of the ratlo of the animal and human body weights. It ls assumed that 

the average adult human body welght ls 70 kg and that the average water· 

consumption of an adult human ls 2 i of water per day. 

For contaminants wlth a carcinogenic potential, chemical levels are 

correlated with a carcinogenic risk estimate by employing a cancer potency 

(unit risk) value together wlth the assumption for lifetime exposure fr.om 

lngestlon of water. The cancer unit rlsk ls usually derived from a linear­

ized multistage model with a 95% upper confidence limit providing a low dose 

estimate; that Is, the true risk to humans, wh1le not identifiable, ls not 

likely to exceed the upper limit estimate and, In fact;. may be lower. 

Excess cancer risk estimates may ·also be calculated using other models such 

as the one-hlt, Weibull, logH and probit. There ls little basis In the 

current understanding of the biologic mechanisms involved in cancer lo 

suggest that any one of these models Is able to predict risk mor~ accurately 

than any other. Because each model is based upori-dlfferilig assumptions, the 

estimates derived for each model can differ by several orders of magnitude. 

The scientific data base used to calculate and support the setting of 

cancer risk rate levels has an inherent uncertainty that ls due to the 

systematic and random errors in scientific measurement. In most cases, only 

studies using experimental animals have been performed. Thus, there is 
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uncertainty when the data are extrapolated to humans. When developing 

cancer risk rate levels, several other areas of uncertainty exist, such as 

the Incomplete knowledge concerning the health effects of contaminants ln 

drinking water, the 1mpact of the experlmental animal's age, sex and 

species, the nature of the target organ system( s) examine~ and the actual 

rate of exposure of the 1nternal targets in experlmental animals or humans. 

Dose-response data usually are available only for high levels of exposure - -

and not for the lower levels of exposure closer to where a standard may be 

set. When there ls exposure to more than one contaminant, additional 

uncertalnty results from a lack of Information about possible synergistic or 

antagon1st1c effects. 

Noncarclnogenlc Effects 

The tpxlclty of long-term dietary exposure of humans to hexachloro­

benzene was demonstrated by the epldemlc of porphyrla cutanea tarda (PCT) In 

Turkish citizens who acc1dentally consumed bread made from grain treated 

with hexachlorobenzene (Cam and Nigogosyan, 1963; Peters et al., 1966, 

1982). The authors estimated that 0.05-0.2 g/day were ingested. In 

children less than 1 year of age, pink sore was observed as well as 95% 

mortality. In addition to the PCT-a-ssociated symptoms of skin lesions, 

hypertrichosis and hyperplgmentation, the exposun~ caused neurotoxicity and 

liver damage. Fol low-up stud1es reported PCT symptoms, reduced growth and 

arthritic changes 1n the appendages of children who were directly or 

Indirectly (l.e., through breast milk) exposed. Studies In rats have 

demonstrated hexachlorobenzene's ability to Increase the Incidence of 

stillblrths, decrease fetal growth and decrease postnatal surv1val (Grant et 

al.. 1977; Khera, 1974). A study ln rats reported that admlnlstrat1on of 
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hexachlorobenzene during gestat1on Increased s1gn1flcantly the number of 

fetuses with extra ribs. A study 1n mice found that hexachlorobenzene given 

on days 7-16 of gestatlon resulted in an increased Incidence of fetal 

abnormalities when compared with controls (Courtney et al., 1976). 

The acute or a 1 tox1c Hy of hexach 1 or obenzene has been found to be 1 ow. 

with L0 50 values ranging from 1700-10,000 mg/kg (NAS, 1977; !ARC, 1979; 

Sax, 1979). Subchronic oral tox1c_ity studies with a number of manrnalian 

species ind1cated statlst_ically sign1f'lcant increases in 11ver and kidney 

weights 1n hexachlorobenzene-treated animals (Kuiper,.Goodman et al., 1977; 

Boger et al., 1979; Koss et al., 1978b; Sundlof et al., 1981; .Sh1ra1 et al., 

1978). Studies have shown increases in other organs as well (El1ssalde and 

Clark, 1979; Koss et a.l., 1978b). The 1 ivers from hexachlorobenzene-exposed 

an1mals have shown h1stologlc changes such as irregularly shaped and mode-

rately enlarged liver mitochondria and increases in the size of centrllo~u-

lar hepatocytes (Kuiper-Goodman et al., 1977; Boger et al., 1979; Lambrecht 

et al., 1982a,b). Chronic oral toxicity studies revealed the same type of 

effects seen In the subchronic studies plus hexachlorobenzene-associated 

life-shortening and various hepatic and renal pathologies (Cabral et al., 

1977, 1979; Smith and Cabral, 1980; Lambrecht et al., 1983a,b; Arnold et , 
--

al., 1985). These subchronic and chronic effects were u_sually dose-related. 

Multiple alopec1a and scabbing, together. with neurologic effects, have also 

been observed in rats, mice and dogs (Headley et al., 1981; Sundlof et al., 

19Bl). A dose-related histopathologic change in the ovaries of monkeys has 

also been reported (Iatropoulos et al., 1976; Knauf and Hobson, 1979). 
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Increased porphyrln levels In the liver and ln urlne have been reported 

for all specles stud1ed (Kulper-Goodman et al., 1977; Koss et al., 1978a, 

1983; Smlth et al., 1980; Gralla et al., 1977; Rlzzardlnl and Smlth, 1982) 

except For the dog, which does not exhlbit Increased .porphyrln levels 

(Gr al la et al., 1977). Hexachlorobenzene was found to cause the accumula­

tlon of 56-H-sterolds that lnduce porphyrln blosynthesls (Graef et al., 

1979), and to lnhlblt uroporphyrlnogen decarboxylases (Graef et al., 1979; 

Koss et al., 1983). The tnhlbttlon of ·uroporphyrlnogen decarboxylases 

appears to be due to pentachlorophenor, a hexachlorobenzene metabollte (Rios 

de Molina et al., 1980). There ls evidence that females are more susceptl~ 

ble to hexachlorobenzene-lnduced porphyr la than are males,· which may be 

related to the Female estrogen levels and greater hexachlorobenzene metabo-· 

llsm (Rlzzardlnl and Smith, 1982). Hexachlorobenzene was reported to 

produce a mixed-type Induction of cytochromes resembling that produced by a 

comblnat Ion of phenobarbl tal (P-450) and 3,4-benzpyrene (P-448) (Goldstein 

et al., 1982; Oebets et al., 1980a). In addHlon, the actlvltles of hepatic 

microsomal enzymes were found to be Induced by hexachlorobenzene (Arlyushl 

et al., 1974; Mehendale et al., 1975; Carlson and Tard Hf, 1976; '=hadwlck et 

al., 1977; Carlson, 1978, 1980; Carlson et al., 1979) . 

• 
Hexachlorobenzene has been shown to produce various types of tumors In 

animals. L\fetlme dietary admlnl.stration of hexachlorobenzene to hamsters, 

rats and mice Increased the Incidence of thyroid tumors In hamsters (Cabral 

et al., 1977), liver tumors In hamsters (Cabral et al .. 1977). mice (Cabral 

et al., 1979) and rats (Smith and Cabral, 1980; Lambrecht, 1983; Arnold et 

al., 1985), kidney tumors In rats (Lambrecht, 1983) and adrenal tumors ln 

rats (Arnold et al., 1985; Peters et al., 1983). 
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Quantification of Noncarcinogenic Effects 

Table VIII-1 presents a summary of the toxklty studies on hexachloro­

benzene that were considered for calculation of the 1-, 10-day and longer­

term Health Advisories (HAs) and the 11fetime Drinking Water Equivalent 

Level (DWEL). 

Der1vatlon of 1-Day Health Advisory. Currently available evidence for· 

the acute toxicity of hexachlorobenzene ls considered to be Insufficient for 

calculation of a 1-day HA for a 10 .kg child. There are acute oral LD 50 

studies wt th hexachlorobenzene that· Indicate low acute toxicity, as LD 50 

values are ~1700 mg/k.g, for this material in rats, rabbHs, cats and mice. 

However, these studies do not provide an assessment of systemic .toxiciiy 

which can be applied to a. l-day HA calculation. Conversely, the Kuiper­

Goodman et al. (1977) study, whkh is the basls for the longer-term HA 

herein, gives a dose-response with effect and no-effect levels for .systemlc 

toxicity in male and female rats given hexachlorobenzene In the diet. The 

subchronic dosing pattern is a limitation in using the Kuiper-Goodman el al. 

(1977) study specifically for a l-day HA calculation. Nonetheless, adminis­

tration of hexachlorobenzene in the diet would more closely approximate 

exposure patterns with drink.ing water- than bolus treatment via gavage or 

capsules, which was the method of treatment in the acute as well as several 

subchronic toxicity studies with hexachlorobenzene. 1herefore, the longer­

term HA for a 10 k.g child of O .05 mg/l is a lsu recommended for use as a 

l-day HA. 

Derivation of 10-0ay Health Advisory. Currently available oral exposure 

toxicity data are considered insufficient for calculation of a 10-day HA for 

02620 V Ir I -9 04/12/91 



0 
I'\.) 
O' 
I'\.) 
0 

< ---I 
~ 

0 

0 
o.D ...... 
~ 

1.1'1 ...... 
Ci:) 
CD 

Species 

Rat 
I fe111a les) 

Rat 

Rat 
!females) 

Rats 
( fe111a les) 

Rat 
(females) 

Roule 

oral 

oral 
(diet) 

oral 
( gavage I 

oral 
(gavage) 

oral 
(diet) 

Due 

100 mg/kg everr other 
dar 

o.s mg/kg/dar 

2.0 mg/kg/dar 

8.o 1119/kg/dar 

32.0 11g/kg/dar 

SO 11g/kg everr other 
dar 

0. S mg/kg twice 
week Ir 

2. 0 mg/kg twice 
week Ir 

8.0 mg/kg twice 
weeklw 

32.0 mg/kg twice 
week Ir 

100 mg/kg diet 

TABLE VII I -1 

Sunmarr of Toxlcttr Studies on Hexachlorobenzene 

Dural Ion 

up lo 43 dars 

lS weeks exposed and 
held lo 4B weeks 

lS weeks exposed and 
held lo 48 weeks 

lS weeks exposed and 
held to 48 weeks 

15 weeks exposed and 
held to 48 weeks 

lS weeks 

29 weeks 

29 weeks 

29 weeks 

29 weeks 

98 dars 

Effects 

Suggested covalent binding of hexachlorobenzene 
melabollles lo crlosollc proteins 

Transient Increases In liver porphrrtn levels 
In females after ler11tnatton of exposure 

Increases In liver porphrrtn levels In females 
after ler11lnallon of exposure, Increased size 
of centrllobular hepatocrtes 

Increased liver weights, tncreased liver, 
kldner and spleen porphrrtn levels In fe111ales 
jporphrrla), centrllobular liver lesions espe­
clallr In females at 48 weeks 

Increased 110rlalltr In females, Intension 
lre110rs In males and females an~ ataxia In a 
few females, Increased liver, kldner and 
spleen weights, Increased liver, kldner and 
spleen porphrrln levels In females jporphrrta), 
cenlrllobular liver lesions and splenomegalr 

Increase~ liver, kldner, spleen and adrenal 
weights, porphrrta !Increased liver porphrrtn 
levels and Increased excretion of porphrrlns 
and precursors), tremors, hair loss and skin 
lesions 

Increase In relative liver weight 

Increase In relative liver weight, 1111deralelr 
enlarged hepalocrtes 

Porphrrla, markedlr enlarged hepatocrtes, 
Increase In relative liver welghl 

Porphrrta, markedlr enlarged hepatocytes, 
Increase In liver weights 

Porphrrta (lncreased liver lo~! porphrrtns), 
decreased actlvttr of uroporphyrlnogen 
decarboxylase 

Reference 

KoH el al., 
19BOa 

Kuiper-Goodman 
et al .. 1911 

Koss el al., 
191Bb 

Biiger el al., 
1919 

Saith el al., 
1980 
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Species 

Rdt 

Rdt 

Rdt 

Rat 

Rat 
(ma le) 

Rat 
(female I 

Rat 
(female I 

Rdt 

Rat 
(femdlesl 

Rat 
(fcm.ileq 

Route 

ora 1 
(diet and 
nurs lnyl 

ora I 
(diet and 
nurs Ing I 

oral 
(diet I 

or a I 
(diet I 

ordl 
(diet) 

oral 
Id let I 

ora 1 
(gavage) 

oral 
(gavagel 

ora 1 
( gavage I 

ura 1 
(diet I 

Dose 

50 mg/kg diet 

150 mg/kg diet 

4, 20 or 100 mg/kg 
diet 

500, 1000 or 2000 
mg/kg diet 

2000 mg/kg diet 

2000 mg/kg diet 

30.00 mg/kg diet 

50, 100 or 200 mg/kg 

14 mg/kg every other 
day 

100 mg/kg every 
other day 

6-8 mg/kg/day 

lAUll VIII-I (cont.I 

Duration 

gestation until 
5 weeks of age 

ges ta lion unt 11 
5 weeks of age 

gestation until 
S weeks of age 

3 weeks 

10 weeks 

100 days 

11 weeks 

120 ddyS 

103 days 

6 weeks exposed and 
held for additional 
18 months 

75c':l0 weeks 

E ff ec ls 

Depressed res ls lance lo .l· monocytogenes and 
!· splralls, enhanced thymus-dependent antibody 
response 

Increased serum lgH and lgG, depressed resis­
tance lo l· monocylogenes an~ !- splralls, 
enhanced thymus-dependent antibody response, 
Increased liver and adrenal weights 

Increased lgH and lgG responses to telanous 
toxlod, delayed-type hypersenslllvlly reactlo.ns 
lo ovalbumln, noted accumulation of alveolar 
macrophages;. no change In!. splralls resistance 

Dose-related Increases In relative spleen, 
lymph nodes, lher, adrenals, thyroid, testes 
and kidney weights, dose-related Increase In 
serum lgH levels, no change In serum lgG 
levels, dose-related pathological changes In 
liver, lymph nodes and spleen 

· Porphyrla found microscopically at 5 weeks and 
grossly al 10 weeks using fluorescence 

Elevated hepat le enzymes by 1 week ·and Increased 
urinary porphyrln and ALA levels (porphyrla) as 
early as 40 days 

Decreased uroporphyrlnogen decarboxylase 
activity and porphyrla after 4 weeks 

Dose- and lime-dependent Increase tn liver and 
urine porphyrlns (porphyrla) 

Porphyrla In treated females, susceptibility of 
females to porphyrla may be related to estrogen 
levels 

Porphyrla (liver uroporphyrln levels peaked 1 
months poslexposure and levels had not returned 
to normal by 18 months), decreased liver proto­
porphyrln and coproporphyrln levels, Inhibition 
of uroporphyrlnogen decarboxylase activity 
until 18 monlhs,postexposure 

Dec11ne In body weights, porphyrla, enlarge·d 
livers and llver tumors 

Reference 

Vos el a 1., 
197':lb 

Vos el al., 
l':l83a,b 

Vos el al., 
l':ll':la 

Gralla el al., 
1':111 

L lssner 
el al., 1':175 

Elder et al., 
1':176 

Carlson, 1':117 

0

Riuardlnl and 
Smith, 1':182 

ICoss el al., 
1':183 

Sml lh and 
Cabral, 1':180 
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Spec\es 

Rat 

Rat 

Rat 

Rat 

Rat 

Roule 

oral 
(d\el) 

oral 
(diet) 

oral 
(diet) 

oral 
(d\el) 

ora I 
(d\et and 
nurs\ng) 

ora I 
(diet) 

Dose 

15 mg/kg diet 
(4-5 mg/kg/day) 

HO mg/kg d'lel 
(8-9.5 mg/kg/day) 

15 or 150 mg/kg diet 

800 mg/kg diet 

0.32, 1.6, 8.0 or 
40 mg/kg diet 

0.32 or 1.6 mg/kg 
diet 

8.D mg/kg d\et 

40 mg/kg diet 

10 or 20 mg/kg diet 

4D mg/kg diet 

80 mg/kg diet 

160 mg/kg diet 

320 and 640 mg/kg 
d lt'I 

TABLE VIII-I (cont.) 

Dural Ion 

up to 2 years 

up to 2 years 

20 weeks 

-130 days 

gestation through 
llfetlme (130 weeks) 

gestation through 
llfetlme (130 weeks) 

gestation through 
lifetime (130 weeks) 

fo to f4 generations 

fo to f4 generations 

fo to f4 generations 

fo lo r4 generations 

lo lo f4 generations 

(f fee ts 

Porphyrla, time-related appearance of severe 
hepatic and renal patholog\es, after l year In­
creases In hepatomas, hepalocarclnomas, blle duel 
adenomas, renal adenomas and renal carc\nomas 

Decreased nerve conduction velocities 8 and 
31% In 15 and 15D ppm groups, respectively; 
muscles showed signs of denervatlon, 
flbrlllatlons and pseudomyotonla 

Reduced nerve conduction. velocities, no muscle 
abnormallt ies as observed in 2-year study 

Hematologic changes at all dose levels In 
males, increases in liver and ·heart weights In 
males at 8.0 and 40 ppm diets, no treatment­
related effects observed In bred females 

Glycogen depletion In 1.6 mg/kg males; no 
effects reported at 0.32'mg/kg 

Increase rn liver patholog\es 

Increased mortality as pups, increase in liver 
and kidney pathologles, Increase In adrenal 
pheochromocytomas In females and parathyro\d 
tumors In males 

No effects reported 

Increases in llver weights and aniline 
hydroxylase activity 

Decreased body weights, f3 and f 4 generations had 
decreased lactallon Index and postnatal viability 
and Increased stlllblrlhs 

Increased mortality and decreased lactatlon 
Index start\ng \n f1 generation 

20 and 50% mortal\ly In fo 320 and 640 mg/kg 
grnups, 're~pecl\vely, greatly rcduccd'ferllllly 
Index dnd 1111 er s I le and lncrcc1se In ~ l 111-
blr ths, viability Index zero In I 1 

Reference 

Lambrecht el 
al., 1983<1,b 

Suf It ·el a 1., 
1986 

Sufll el al., 
1986 

Arnold el al., 
1985 

Grant el a I., 
nn 
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Spectes 

Rat 

Rat 

Rat 

Rat 

"ouse 

"ouse 
(male) 

"ouse 
(ma le) 

"ouse 

"ouse 

Ha111s ler 

Roule 

oral 
(dtet) 

oral 
(diet) 

oral 
(diet) 

oral 
(gavage ). 

oral 
(diet) 

oral 
(diet) 

oral 
(diet) 

oral 
(diet) 

oral 
(gavage) 

oral 
(diet) 

Dose 

60, DO, lOD, 120 or 
140 mg/kg diet 

0 or 80 mg/kg diet 

80 mg/kg diet 

10~ 20, 40, 60, 80 
or 120 11g/kg 

2.5, 25 or 250 
11g/kg diet 

10 mg/kg diet (8.4 
(mg/mouse/24 weeks) 

or 50 mg/kg diet 
(35.3 mg/mouse/ 

24 weeks) · 

167 mg/kg diet 

6, 12, 24 and 36' 
mg/kg/day 

100 mg/kg/day lo 
pregnant 111lce 

200 or 400 mg/kg 
diet 

lADLE VJll-1 (cont.) 

Duration 

Fo to F1a and F1b 
generations 

gestation and 
nursing or cross 
nursed with controls 

2 weeks prior lo 
mating lo 35-36 days 
after weaning 

days 6-21 of gesta­
tion 

21 days 

24 weeks 

3-6 weeks 

101-120 weeks 
'(15 weeks exposed 

held untll 120 
weeks) 

days 7-16 of 
gestation 

90 days 

lffects 

Increased mortal tty In all groups al 21 days, 
21-day LD50 values for pups were 100 and 140 
ay/kg for F1a and F1b generations, respectively 

Nursing exposure produced greater effects than 
did gestational exposure, effects noted were: 
smaller brains, hearts, kidneys and spleens, 
Increased liver weights 

Increased porphyrtn levels and decreased liver 
esterase activity In dams, no changes In 
gestation Indices or neonatal survival 

"aternal toxicity (weight loss, tremors and 
convulsions) and reduced fetal weights at 120 
and DO mg/kg maternal doses, d~se-related In­
crease In Incidence of unilateral and bilateral 
14th rib, sternal defects were also noted In 
one exper lment -

Dose-related Increase In ltver and decrease tn 
prostate and seminal vestcle wetghts, dose­
related alterations tn testosterone metabolism, 
altered hepattc en1rme levels 

Dose-related reduction tn weight gain, no tumor 
pathology observed 

Impairment In host resistance as measured by 
Increased sensitivity to~· typhosa and~. 
beryhe!, and decrease In lgA levels 

Reduced growth rate at all dose levels, short­
ened lifespan associated with tremors and con­
vulsions In 24 and 36 mg/kg/day groups, dose­
dependenl Increase In liver-cell tumors In the 
12, 24 and 36 mg/kg/day dose groups 

Increased maternal livers and decreased _fetal 
body weights, Increased Incidence of abnormal 
fetuses per litter observed 

Preclrrhollc and cirrhotic hepatic lesions, 
blle-_ducl hyperplaslas and hepatomas 

Reference 

Kitchin 
et al., 1982 

"endoia 
et al., 1978 

"endoia 
el al., 1919 

Khera, 1914 

E 11 ssa lde and 
CljJrk, 1919 

Shirai et al., 
1918 

Loose el al., 
1918a,b 

Cabral el al., 
1919 

Courtney 
et a 1., 1916 

Lambrecht 
el a 1., 1CJ82a 
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Species 

Hamster 

Cats 
Cbreedlng 
females) 

"Inks 

Dog 
Cfemale) 

Dog 

"onker 
I female) 

"onker 

Roule 

oral 
Cdlel) 

oral 
Cdlel) 

oral 
Cdlel) 

oral 
(capsule) 

oral 
(capsule) 

oral 
(gavage) 

oral 
Cnurs Ing) 

Dose 

4, B or 16 mg/kg/dar 

3 or 8.l llllJ/dar/cal 

1 or 5 119/kg diet 

50 or 150 lllJ/kg/dar 

l, 10, 100 or 1000 
mg/dar/dog 

8, 32, 64 or 128 
llfJ/kg/dar 

l.51-186 ppm milk 

lABLE Vlll-1 Cconl.) 

Dural Ion 

lifespan 

142 dars 

during gestation 
until ll weeks of 
age 

21 dars 

1 rear 

60 dars 

60 dars 

lffects 

Shortened lifespan In 16 lllfJ/kg/dar group, In­
crease In hepalomas al all dose levels, Increase 
in liver haemangloendolhelloma In males and 
females and an Increase In lhrrold alveolar 
adenomas In males In 16 119/kg/dar group 

Weight loss and Increased disease suscepllbllllr 
In bred females, dose-related decrease In llller 
size and survival of offspring, hepalomegalr In 
offspr Ing 

Dose-related Increase In offspring morlalltr, 
Induction of hepatic "FO enzrmes In e•posed 
offspr Ing 

Liver and hepalocrte enlargement, dose-Induced 
electroencephalogram drsrhrlhllllas 

Increase In 1111rtalltr, neutrop~llla, and 
anorexia In lhe 100 and 1000 1119 dose groups, 
dose-related nodular hrperplasla of gastric 
lrmphold tissue In all treated animals 

Dose-related palhologr In liver, kldner, ovaries 
and lhJllUS 

2 of 3 Infants died as a result of exposures 

Reference 

Cahra l el a 1., 
1911 

Hansen el al., 
1979 

Rush el al., 
1983 

Sundlof 
et al., 1981 

Gra lla el a 1., 
1911 

lalropoulus 
el al.. 1916 

Baller el al., 
1980 



a' 10 kg ch1ld. Therefore, the longer-term HA for a 10 kg ch1ld of 0.05 

mg/1 1s recommended for use as a 10-day HA. 

Oer1vat1on of Longer-Term Health- Adv1sory. The 15-week subchronlc 

feeding study by Kuiper-Goodman et al. (1977) is selected f:or the derivation 

of the longer-term HA. The doses used in this study are on a mg hexachloro-

benzene/kg bw basis, which 1s a preferred dose un1t for HA calculations, ~n& 

the data g1ven 1n the report show dose responses wlth effect and no-effect 

levels for the effects observed. In ~he· study by Arnold et al. (1985), Fa 

males i.ised as breeders for the F1 generation had statlstlcally sign! ficant 

1ncreases In liver-to-body weight ratios and heart weights after exposure to 

8 and 4a ppm hexachlorobenzene in the diet for 130 days. The study _by 

Arnold et al. (1985) using the Fa 'males could also be proposed for calcu­

lation of a longer-term HA, but the organ weight and body weight data were 

not repor led to show the strength of the effects and the dose response, and 

the selection of the exposure levels on a ppm dietary basis could result in 

a less precise est1mate of dose on a mg/kg bw basis. 

I 

Rush et al. (1983) observed a substantial reduct1on In the survival of 

mink offspring from mothers exposed to dtetary levels of 1 and 5 ppm hexa­

chlorobenzene from about 6 weeks before mating antil weaning of offspring. 

Assuming a daily food consumption of 155 g and a body weight of 0.87 kg for 

female minks (Bleavins and Aulerich, 1981 ), and 5 ppm dose levels of hexa-

chlorobenzene would be equivalent to 0.155 and 0.775 mg/kg/day, respec-

tively. Thus, the mink Is quite sensHive to hexachlorobenzene effects on 

reproduction. However, this study is not proposed for use in the longer-

term HA or OWEL calculations In that the mink is a species that has not been 
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extens1vely invest1gated as an an1mal model for tox1c1ty testing. Further­

more, the gastro1ntest1nal phys1ology of m1nks ls d1fferent from that of 

humans. 

In the Kulper-Goodman et al. ( 1977) study, groups at 70 male and 70 

female Charles R1ver (COBS) rats were fed d1ets providlng 0, 0.5, 2.0, 8.0 

or 32.0 mg/kg bw/day of hexachlorobenzene, d1ssolved 1n corn oll, for as· 

long as 15 weeks. Female rats were found to be more susceptible to 

hexachlorobenzene, as 1nd1cated by all parameters studled, and an "apparent" 

NOEL of 0.5 mg/kg/day was concluded by the authors. Increased liver 

porphyrln levels in females and Increases In the slze of centrllobular 

hepatocytes along wHh the depletion of hepatocellular marker enzymes were 

noted w1th h1gher doses. WHh the two highest doses, there were increased 

llver-to-body weight ratios in males and females and Increased porphyrin 

levels 1n the k1dney and spleen. Exposure to the h1ghest dose resulted 1n 

decreased survival In females, splenomegaly in females. increases In 

spleen-to-body weight and kidney-to-body weight ratios in males and females, 

intension tremors 1 n males and f.ema les, a tax I a in females, and deer eased 

body weight in males. Similar effects 1n 11ver were reported by Boger et 

al. (1979) after treating groups of 36 female W1star rats twice weekly for 

29 weeks with oral doses of 0.5, 2.0, 8.0 and. :n.o mg hexachlorobenzene/kg 

bw 1n olive oil. 

The longer-term HA For a 10 kg child and a 70 kg adult are calculated 

using the NOEL of 0.5 mg/kg bw/day reported by Kuiper-Goodman et al. (1977) 

as follows: 

02620 V!Il-1& 04/12/91 



For 10 kg child: 

Longer-Term HA " 
~(0~-~5"'-""m~g/~k~gi......::.b~w/~d~a~v~l_._(l~O:.......;.;k.....,_q) = 0.05 mg/l 

(lOOJ (l 11./day) 

where: 

0.5 mg/kg bw/day 

10 kg 

100 

l 11./day 

For a 70 kg adult: 

" NOEL ident Hied in the· Kuiper-Goodman et al. 
(1977) study 

" assumed weight of a child 

,. uncertainty · factor, in accordance with 
·NAS/ODW and Agency guidelines to account for 
use of an animal study. 

,. assumed water consumption by a child 

L T HA 
(0.5 mg/kg bw/dayl (70 kg) 

onger- erm " = 0.175 mg/II. 

1o1here: 

0.5 mg/kg bw/day 

70 kg 

100 

2 11./day 

(100) (2 11./day) 
(rounded to 0.2 mg/11.) 

" NOEL identHled in the Kuiper-Goodman et al. 
(1977) study 

" assumed weight of an adult 

~uncertainty factor, in accordance with 
NAS/ODW and Agency guidelines to account for 
use of an animal study.·· 

~assumed 1o1ater consumption of a 70 kg adult 

Assessment of Ufetime Exposure and. Der1vat1on of DWEL. The deriva-

tion of the lHetime DWEL Is based on a 130-week study of Arnold et al. 

(1985). This study involved feeding male and female Sprague-Dawley rats. 

the F
0 

generation, diets containing 0, 0.32. 1.6, 8.0 or 40 ppm of hexa­

chlorobenzene (analytical grade) for 90 days prior to mating and until 21 

days after parturition (at weaning). 
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The number of offspring (F 1 generation) from these matings was reduced 

to 50 males and 50 females per dose group al 28 days of age and fed lheir 

respectlve parenls' diets. Thus, lhe. F
1 

anlmals were exposed to hexa­

chlorobenzene and metabolites ~ !!!_~. from maternal nurslng and from thelr 

diets for the remainder of their lifetime (130 weeks). No hexachlorobenzene­

lnduced adverse effects ·were reported In the 0:32 and 1.6 ppm hexachloro­

benzene F
1 

groups, lndlcatlng that these levels are NOAELs. Although 

slgniflcant (p<0.05) lncrease·s In· the 1nc1dences of perlportal glycogen 

depletlon (l.6 ppm). perlblllary lymp.hocytosls (0.32, 1.6 and 40 ppm), and 

perlb111ary fibrosis (0.32 and 40 ppm) were observed In the F
1 

male rat 

groups, these effects are not being considered as hexachlorobenzene lnduced 

adverse effects because they were observed ln a large number of F
1 

control 

males as well. The 8.0 ppm hexachlorobenzene F1 groups were repor led. to. 

have an 1ncrease (p<0.05) ln hepatic centr1lobular basoph1llc chromogenesls. 

The 40 ppm hexachlorobenzene F1 groups were reporled w1lh increases 

(p<0.05) in pup mortality, hepatlc centr1lobular basophlllc chromogenesis, 

severe chronic nephrosls ln males, adrenal pheochromocytomas -in females and 

parathyroid tumors ln males. 

A lifetime DWEL for hexachlorobenzene ls cp.lculated using a 100-fold 

uncertainty factor, which represenls lwo 10-fold factors to account for both 

lhe Intra- and Interspecies varlablllty to the toxlclty of the chemical when 

specific data are lacking. It ls difficult to estimate lifetime doses on a 

mg hexachlorobeniene/kg bw basls In this study because of lhe Initial 

exposure of the anlmals to hexachlorobenzene and lts metabolites in utero 

and during lactation. However, In an attempt to estimate the llfetlme 

hexachlorobenzene doses on a mg/kg bw basis, the 1.6 mg/kg hexachlorobenzene 
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d1et level, Interpreted from this study as the hlghest NOAEL level, was con­

verted to a daity intake dose of 0.08 mg/kg bw/day by averaging the dosage 

data provided by Arnold (1984) .. Using _0.08 mg/kg bw/day as a NOAEL from the 

Arnold et al. (1985) study the RFD and DWEL for a 70 kg adult ls calculated 

as follows: 

Step l - RFD Derivation 

(0.08 mg/kg bw/day) RfO = ................... _..__..._....,...._ ..... = 0.0008 mg/kg bw/day 
(100) 

where: 

0.08 mg/kg bw/day = NOAEL ldent1fled In the Arnold et al. (1985) 
study 

100 =uncertainty factor, In accordance wlth 
NAS/ODW and Agency gu1del lnes to account for 
use of an anlmal study. 

Step 2 - OWEL Oer1vation 

DWEL 

where: 

{0.0008 mg/kg bw/dayl (70 kg) 
(2 2./day) 

= 0.028 mg/9. 

(rounded to 0.03 mg/i) 

· 0.0008 mg/kg bw/day = RFD 

70 kg =assumed weight of an adult 

2 llday = assumed water consumpt1on by an adult· 
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Carc1nogen1c Effects 

Thls quant1t9tlve sectlon deals wHh est1mat1on of the unH risk for 

hexachlorobeniene as a potent1al carcl.nogen ln water, and w1th the potency 

of hexachlorobenzene relative to other carcinogens that haye been evaluated 

by the U.S. EPA Human Health Assessment Group (HHAG). The unlt r1sk for a 

water pollutant 1s def1ned as the 11fet1me cancer risk to humans from dally_ 

exposure to a concentration of l 11g/i. 1n water by 1ngest1on. The U.S. 

EPA HHAG has prepared the rat1onaie and the calculation for the unH rlsk 

estimate presented hereln· for the U.S. EPA (1985) Health Assessment Document 

for Chlorinated Benzenes. The HHAG has also classlfled hexachlorobenzene as 

a 82, probable human carcinogen. 

The unit r1sk est1mate for hexachlorobenzene represents an extrapolation· 

below the dose range of exper1mental data. There 1s currently no solid 

sc1entlf1c basls for any mathematical extrapolatlon model that relates 

exposure to. cancer rlsk at the extremely low concentrations, lncludlng the 

unit concentration given above, that must be consldered when evaluating 

environmental hazards. For practltal reasons, the correspondingly low 

levels of risk cannot be measured directly elther by anlmal experiments or 

by epldemlolog1c study. Therefore, low dose extr_apolat1on must be based on 

current understand1ng of the mechanlsms of carclnogenes,is. At the present 

time the domlnant view of the carclnogen1c process lnvolves the concept that 

most cancer-causing agents also cause irrevers1ble damage to DNA. This 

pos1tlon 1s based In part on the fact that a very large proportion of agents 

that cause cancer are also mutagenlc. There ls reason to expect that the 

quantal response that 1s characterlstlc of mutagenesls ls assoc1ated with a 

l lnear (at low doses) non-threshold dose-response relat1onsh1p. Indeed, 

there 1s substantlal ev1dence from mutagen1c1ty studles with both lon1zing 
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radlat1on and a 1o1ide variety of chemlcals that thls type of dose-response 

model ~s the appr.opriate one to use. Thls is partlcularly true at the lower 

end of the dose-response curve; al h1g!) do.ses there can be an up1o1ard curva-

ture, probably reflectlng the effects of mult \stage processes on the mu ta-

genie response. The llnear non-threshold dose-response relationshlp ls also 

conslstent wlth the relatively fe1o1 epldemlologlc.sludles of cancer respon~es. 

to specHic agents that contaln enough lnformatlon to make the evaluation 

possible (e.g., radlation-induced ieukemla, breast and thyroid cancer, skin 

cancer Induced by arserilc ln drlnklng water, llver cancer induced by 

aflatoxins ln the dlet). Some supporting evidence also exists from animal 

experiments (e.g., the inHiatlon stage of the two-stage carclnogenesls 

model in rat liver and mou~e skln). 

Because Its sclentlflc basis, although llmlted, ls the best of any of 

the current mathematical extrapolation models, the nonthreshold model, which 

ls linear at low doses, has been adopted as the primary basis for risk 

extrapolation to 101o1 levels of the dose-response relat1onsh1p. The risk 

estimates made wlth such a model should be regarded as conservative, repre-

sentlng the most plausible upper limit- for the risk (i.e., the true risk is 

not llkely to be higher than the estlmate, but it_could be lower). 

For several reasons, the unit rlsk estimate based on animal bloassays is 

only an approxlmate lndication of lhe absolute risk 1n populations exposed 

to known carcinogen concentrations. First, there are lmportant species 

dlfferences in uptake, metabollsm and organ dlstrlbulion of carcinogens, as 
' . ' 

well as species differences in target site susceptlbility, lnrnunologic · 

responses, hormone function, dietary factors and disease. Second, the con-
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cept of equlvalent doses for humans compared w1th an1mals on a mg/surface 

area basis Is virtually without experimental ver1fication in regard to 

carcinogenic response. Third and flna.lly, human populations are variable 

liith respect to genetic const1tutlon and diet, living envl_ronment, activity 

patterns and other cultural Factors. 

The unit risk estimate can give a rough 1ndlcatlon of the relative 

potency of a given agent as compared w1th other carcinogens. Such estimates 

are, of course, more rel1able when th'e comparisons are based on studies in 

which the•test species, strain, sex and routes of exposure are similar. 

The quant I tat l ve aspect of care lnogen r 1 sk assessment ls addressed here· 

because of Its possible value In the regulatory decis1on-mak1ng process, 

e.g .. , In setting regulatory priorities, evaluating the adequacy of technol­

ogy-based controls, etc. However, the Imprecision of presently available 

technology for est lmat ing C3ncer risks to humans at low levels of exposure 

should be recognized. Al best, the linear extrapolation model used here 

provldes a rough but plausible estimate of the upper limit of risk -- that 

is, with this model it ts not llkely that the true risk would be much more 

than the estimated risk, but it could be conslder_ably .lower. The risk esti­

mates presented in subsequent sections should not be regarded, therefore, as 

accurate representations of the true cancer risks even when the exposures 

Involved are accurately defined. The estimates presented may, however, be 

factored Into regulatory decisions to the extent that the concept of 

upper-risk limits is found to be useful. 
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Procedures for the Determ1natlon of Unit R1sk. 

Low Dose Extrapolation Model -- The mathematical formulat1on chosen to 

describe the linear non-threshold dose-response relationship at low doses Is 

the linear1zed mult1stage model (Crump and Watson, 1979). This model 

employs enough arbHrary constants to be able to flt almost any monolon1c­

ally 1ncreas1ng dose-response data, and 1t ln<:orporates a procedure for 

est1mat1ng the largest possible linear slope (in the 95% confidence limit 

sense) at low extrapolated doses that ls consistent with the data at all 

dose levels of the experiment. 

Let P(d) represent the lifetime risk (probability) of cancer at dose d. 

The multistage model has the form: 

P(d) 

where • 

q1 :::,o, and I =0, l, 2, ... , k 

Equivalently, 

where 

P (d) = P(~) - P(O) 
t 1-P(O) 

is the extra risk over background· rate at dose d. 

The point esUmate of the coefficients qi • i = o. l • 2. ••• t k. and 

consequently, the extra risk function. _Pt(d), at any given dose d, is 

calculated by maximizing the llkellhood function of the data. 
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The point estimate and the 95% upper confidence limit of the extra risk, 

Pt ( d), are calculated by us 1ng the GLOBAL 79 computer program developed by 

·Crump and Watson (1979). At low doses .• upper 95% confidence 11mHs on the 

extra risk and lower 95% confidence l \mils on the dose producing a given 

risk are determined from a 95% upper confidence limit, q1*, on parameter 

q
1 

. Whenever q
1 

mately the form 

> 0, at low doses the extra risk 

Therefore, q * x d 1 

has approxi-

is a 9 5% upper 

confidence limit on the extra r\Sk and R/q
1 
* ls a 95% lower confidence 

1 iml t on the dose, producing an ext r.a risk of R. Let LO be the maximum 

value of the log-likelihood function. The upper-limit q * l 
is calculated 

by Increasing ql to a value q .. 
l such that when the log-likelthood Is 

rernaxlm1zed subject to this fixed value q
1
* for the linear coefflcient,. 

the resulting maximum value of the log-likelihood L1 satisfies the equation 

2 (L
0 

- L1 ) = 2.70554 

where 2.70554 ls the cumulatlve 90% point of the chi-square distribution 

with one degree of freedom, which corresponds to a 95% upper-limit (one-

sided). This approach of computing the upper confidence limit for the extra 

risk Pt(d) is an improvement on previous models. The upper confidence 

llmit for the extra risk calculated at low doses is always linear. This is 

conceptually consistent with the linear non-threshold concept discussed 

earlier. The s.lope, q
1

*, Is taken as an upper-bound of the potency of the 

chemical in Inducing cancer at low doses. [In the sectlon calculating the 

risk estimates, Pt(d) will be abbreviated as P.] 

In fitting the dose-response model, the number of terms in the poly­

nomial ls chosen equal to (h-lJ, where h ls the number of dose groups In the 

experiment, including the control group. 
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Whenever the multistage model does not flt the data sufficlently, data 

at the highest dose is deleted and the model is refltted to the rest of the 

data. Thls is continued untll an acceptable flt to the data is obtained. 

To determlne whether or not a flt is acceptable, the chl-square statistic: 

x2 = 

h 
(Xi - NiPi }2 

~ NiPi (1-Pi)· 
i = 1 

is calculated where Ni is the number of animals In the ,th dose group, 

x1 Is the number of animals in the ,th dose group with a tumor response, 

Pi is the probability of a response In the ith dose group estlmated by 

flt ting the mult !stage model to the data, and h ls the number of remaining 

groups. The flt is determined to be unacceptable 1o1henever X2 Is larger. 

than the cumulative 99% point of .the chi-square distrlbutlon with f degrees. 

of freedom, where f equals the number of dose groups minus the number· of 

non-zero multlstage coefficients. 

Selection of Data -- For some chemicals, several studies In different 

animal species, strains and sexes, each r.un at several doses and different 

routes of exposure, are avallable. A choice must be made as to which of the 

data sets from several studies to use In the model. It may also be appro-

pr late to correct for metabolism d1fferences betw"een specles and for absorp-

lion factors via different routes of administration. The procedures used ln 

evaluating these data are consistent w1th the approach of making a maximum­

likely risk estimate. They are as follows: 

1. The tumor incidence data are separated according to organ sites or tumor 

types. The set of data (Le., dose and tumor Incidence) used in the 

model is the set where the incidence rs statistically significantly 
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2. 

higher than the control for at l_east one test dose level and/or where 

the tumor Incidence rate shows a stat1stlcally slgnlflcanl trend with 

respect to dose level. The data set that gives the highest est !mate of 

the lifetime carcinogenic risk, q1*, ls selected In most cases. 

However, efforts are made to exclude data sets that produce spuriously 

high risk est1mates because of a small number of animals. That ls, 1f 

two sets of data show a similar dose-response relationship, and one has 

a very small sample size, the 'set of data having the larger sample size 

ls selected for calculating the carcinogenic potency. 

If there are two or more data sets of comparable size that are identical 

with respect to species, strain, sex and tumor sHes, the geometric mean 

of ql *' estimated from each of these data sets, is used for risk 

.assessment. The geometric mean of numbers Al' A2' .... A 1 s 
m 

defined as 

3. If two or more s1gn1f1cant tumor sites are observed in the $ame study, 

and 1f the data are available, the number of animals with at least one 

of the speclflc tumor sites under consideration ts used as Incidence 

data In the model. 

Calculation of Human Equivalent Dosages -- Following the suggestion of 

Mantel and Schneiderman (1975), I l Is assumed that mg/surface area/day ls an 

equivalent dose between species. Since, lo a close approxlmat1on, the 

surface area ls proportional to the two-thirds power of the 1o1elght, the 

exposure In mg/day 213 of the weight ls also considered to be equivalent 
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exposure. In an an1mal exper1ment, th1s equ1valent dose ls computed in the 

follow1ng manner. 

Let 

Le = duration of experiment 

le = duration of exposure 

m = average dose per day ln mg dur1ng adminlstrat ion 
(1.e., during leJ. and. 

w = average weight of the experimental anlmal 

Then, the llfetlme exposure ls. 

d = 
le x m 

Le x w2/3 

of the agent 

Oral. Often exposures are not given ln units of mg/day, and it 

becomes necessary to convert the given exposures into mg/day. Slm1larly, ln 

drinking water studies, exposure. l.s expressed as ppm in the water. For 

example, in most feeding studies exposure ls given 1n terms of ppm in the 

diet. In these cases, the exposure in mg/day ls 

m = ppm-x F x r 

where ppm is par ts per mi 11 ion of the care lnogenlc agent in the di el. or 

water, F is the weight of the food or waler consumed per day in kg, and r ls 

the absorption fract1on. In the absence of any data to the contrary, r ls 

assumed lo be equal to one. For a uniform diet, the weight of the food 

consumed ls proporl lonal lo the calories required, which ln turn ls propor-

tional lo the surface area, or two-thirds power of the weight. Water 

demands are also assumed to be proport lonal to the surface area, so that 
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m a ppm x w213 x r 

or 

m 
-- a ppm. 
rw2/3 

As a result, ppm ln the dlet or water Is often ·assumed to be an equivalent 

exposure between specles. However, thls ls not justlfled In dose extrapola­

tion of laboratory animals to humans slnce the ratlo of calorles to food 

welght ls very dlfferent- In the dlel of man as compared wlth laboratory 

anlmals, prlmarlly due to dlfferences ln the molsture content of the foods 

eaten. For the same reason, the amount of drlnklng water required by each 

specles also dlffers. It ls, therefore, necessary to use an emplrlcally--

derived factor, f = F/W, 1o1hlch ls the fraction of an organism's body weight 

that ls consumed per day as food, expressed as follows: 

Fract !on of Bod:t Weight Consumed as 

Species w Ffood fwater 

Man 70 0.028 0.029 
Rats 0.35 0.05 0.078 
Mlce 0.03 0. 13 0. 17 

• 

Thus, when the exposure Is given as a certain dletary or 1o1ater concentration 

In ppm, the exposure In mg/w213 ls 

_m_ = ppm x F = 
rw213 w2/3 

ppm x f x W = 
w2/3 

ppm x f x wl/3 

When exposure ls gl ven In terms of mg/kg/day = m/Wr = s, the conver s l on is 

s Imply 
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_m_ = s x wl/3 . 
. rw213 

Calculat1on of the UnHed R1sk from Anlmal Stud1es -- The rlsk associ­

ated with d mg/kg 2131day ls obtained from GLOBAL79 and, for most cases of 

interest to risk assessment, can be adequately approx1mafed by P(d) = l -

exp (-q
1

*d). A "unlt r1sk" in un1ts X is slmply the r1sk corresponding to 

an exposure of X = L This value ls estimated slmply by flndlng the number 

of mg/kg213!day that corresponds lo one unH of X, and substltutlng this 

value lnto the above rela~lonship. Nole that an equivalent method of calcu-

lat1ng unit rlsk would be to use mg/kg for the anlmal exposures, and then to 

th 1ncrease the J polynomial coeff1clent by an amount 

and to use mg/kg equ1valents for the un1t r1sk values. 

Adjustments for Less Than Llfespan Duration of Experlment. If the 

duration of experiment L is less than the natural lifespan of the lest 
e 

animal L, the slope q
1

'!', or more generally the exponent g(d), is increased 

by multiplying a factor (L/L ) 3 • We assume that lf the average dosed 
e 

ls continued, the age-spec1f1c rate of cancer w1ll continue lo increase as a 

constant function of the background rate. The age-speclf1c rates for humans 

lncrease al least by the thlrd power of the age and often by a considerably 

higher power, as demonstrated by Doll (1971). Thus, 1t is expected that the 

cumulative tumor rate. would 1ncrease by at least the thlrd power of age. 

Using this fact, lt is assumed that the slope q
1 

*, or more generally .the 

exponent g(d), would also increase by at least the thlrd power of age. As a 
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result, 1f the slope q1• [or g(d)] Is calculated at age Le' 1t ls 

expected that lf the exper1ment had been continued for the full llfespan L 

at the g1ven average exposure, the slope q
1
* [or g(d)] would have been 

1ncreased by at least (Lil )3 • e 

This adjustment ls conceptually consistent with the proport1onal hazard 

model proposed by Cox (1972) and the time-to-tumor model cons1dered by 

· Oaffer et al. (1960), where the prabab111ty of cancer by age t ~nd at dose d 

1s g1ven by 

P(d,t) = l - exp [-f(t) x g(d)]. 

Un1t R1sk Estimates --

Data Ava1lable for Potency Calculat1on. Hexachlorobenzene has been 

shown to Induce tumors in hamsters, m1ce and rats. The primary target organ 

appears to be the liver In all three of these species. Liver haemang1oendo­

thellomas in hamsters and hepatocellular carcinomas In rats were s1gnifl-

cantly Increased ln the hexachlorobenzene-treated animals. The potency 

estimate calculated on the bas1s of hepatocellular carcinomas in female rats 

is used to derive unlt risk esl1mates for hexachlorobenzene In water. This 

particular tumor site Is selected for calculating unH risks because 1l is a 

mal1gnant tumor In the primary target organ and results in the highest 

potency estimate. 

Increased 1ncldences of thyroid, parathyro1d, adrenal and kidney tumors 

were also observed among these spec1es. Fourteen data sets show1ng signifi­

cant tumor Incidences have been used herein to calculate the carc1nogenlc 
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potency of hexachlorobenzene. These calculatlons provlde a range of 

est1mates that, in part, reflect the uncertalntles 1nherent In the rlsk 

assessment process. Tables VIII-2 through VIII-5 summarlze the data used to 

calculate the potency of hexachlorobenzene. 

Cholc~ of Low-Dose Extrapolatlon -- In addlt1on to the multlstage 

model currently used by the U.S. EPA HHAG for low-dose extrapolation, HHAG 

also uses three other models, the problt, the Welbull and lhe one-hlt 

models, to estimate the rlsks from exposure to hexachlorobenzene uslng the 

data for hepatocellular carclnoma 1n female rats. These models cover almost 

the entlre spectrum of rlsk estlmates that could be generated. from lhe 

ex1stlng mathemat1cal extrapolat1on models. These models are general)y 

statistical 1n character, and are not derlved from b1ologlc arguments,. 

except fo·r the mult1stage model wh1ch has been used to support the somatic 

mutatlon hypothesis of carclnogenes1s (Armitage and Doll, 1954; Wh1ttemore, 

1978; Whittemore and Keller, 1978). The main d1fferences among these models 

is the rale at which the response functlon, P(d), approaches zero or P(O) as 

dose, d, decreases. For instance, the probit model would usually predict a 

smaller risk at low doses than the mult1stage model because of the 

dlfference of the decreas1ng rate 1n the low-dose region. Ho1o1ever, it 

should be noted that one could always Jrt1f1clally give the multistage model 
• 

the same (or even greater) rate of decrease as the pr obit model by making 

some dose transformation and/or by assum1ng that some of the parameters in 

the mult1stage model are zero. This, of course, ls not reasonable without 

knowing, a priori, what the carc1nogenic process for the agent ls. Although 

the multlstage model appears to be the most reasonable or at least the most 

general model to use, the polnt estimate generated from thls model is of 
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Doseb 
(mg/kg/day) 

0 

4 

9 

16 

TABLE VIII-2 

Tumor Inc1dences ln Male and Female Hamsters G1ven 
Hexachlorobenzene ln 01eta 

Thyro1d Hepatoma Liver Hemang1oendothel1oma 

Male Male Female Male Female 

0/40 0/40 0/30 0/40 0/39 

0/30 14/30 14/30 1/30 0/30 

1/30 26/30 17/30 6/30 2130 

8/57 49/57 51/60 20/57 7/60 

asource: Cabral et a 1., 1977 

bif mg/surface area/day ls assumed to be equ1valent between humans and 
animals, the dose in mg/kg/day 1s mult1pl1ed by a factor (0.1170)113, 
where 70 and 0.1 kg are, respectively, the average body weights of humans 
and hamsters. 
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TABLE VIII-3 

Incidence of Liver Cell Tumors in Male and Female Swiss Mice 
Given Hexachlorobenzene Oieta 

Ooseb. 
(mg/kg/day) 

0 

& 

12 

24 

Malec 

0/47 

0/30 

3/12 

7129 

Femalec 

0/49 

0/30 

3/12 

14/2& 

asource: Cabral et al., 1979 

bif the equlvalent dose between humans and mice ls assumed to be on the 
basis of body surface area, the dose In mg/kg/day ls multiplied by a factor 
(0.035170)113, where 0.035 kg and 70 kg are, respectively, the average 
body weights of mice and humans. 

'The number of animals that survived at the first observed 1 iver eel I 
tumor Is used as the denominator. 
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Sex 

Male 

Female 

TABLE VIII-4 

Llver and Kldney Tumor Incldence Rates 1n Male and Female 
Sprague-Dawley Rats G1ven Hexachlorobenzene ln Oleta 

Ooseb 
(mg/kg/day) 

0 
4.24 
8.48 

0 
4.67 
9.34 

Hepatocellular 
Carclnoma 

0/54 
3/52 
4/56 

0/52 
36/56 
48/55 

Hepatoma 

0/54 
10/52 
ll/56 

0/52 
26/56 
35/55 

Renal Ce 11 
Adenoma 

7/54 
41/52 
42/56 

l /52-
7 /56 

15/54 

asource: Lambrecht et al., 19B3a,b. Addlt lonal data from this study on 
adrenal pheochromocytoma has recently become a~ailable (Peters et al., 1983) 
but was not available when quantltatlve estimates were made. 

bThe dosages are calculated by the lnvestlgator based on the average food 
consumpt1on of 22.6 g/rat/day and an average body weight of 400 g for·male 
rats. For female rats, the average food consumption is 16.5 g/rat/day and 
the average body weight ls 265 g. If the equivalent dose between humans and 
mice 1s assumed to be on the basis of body surface area, the dose presented 
ln the table ls mult1pl1ed by a factor (Wa/70)113, where Wa ls the 
body we1ght of male or female rats, and 70 kg ls the human body weight. 
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TABLE VIII-5 

Incidence Rate of Adrenal Pheochromocytoma in Female Sprague-Dawley 
Rats (F 1 generation) in a 2-Generat1on Feedlng Study 

Dosed -
(mg/kg/day) 

0 

0.02 

0.08 

0.40 

1. 90 

Incidence Rateb 
(used in calc~latlons) 

2148 

4/50 

4/50 

5/49 

17/49 

. Revised Incidence RateC 

2149 

4/49 

.4/49 

alf the equivalent dose bet1o1een humans and rats Is assumed to be on the 
basis of body surface, the dose In thls table ls multiplied by a factor 
(0.35/70)1/3, 1o1here 70 kg and 0.35 kg are, respectively, assumed to be 
the body weight of humans and rats. 

bsource: Arnold et al., 1985 

csource: Arnold, 1984. The amended 1984 data-· 1o1ere not available 1o1hen 
quanlltatlve estimates were made. 
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l lml led value because It does not help to determine the shape of the 

dose-response curve beyond experimental exposure levels. Furthermore, polnt 

estimates at low doses extrapolated beyond experlmental doses could be 

extremely unstable and could differ drastlcally, depending on lhe amount of 

the lowest experlmental dose. Since upper-bound estimates from the 

multistage model at low doses are relatively more stable than point 

estimates, 1t ls suggested that the upper-bound estimate for the rlsk {or 

the lower-bound estimate for the dose} be used In evaluating lhe 

care I nogen l.c potency of a suspect care: l nogen. The upper -bound est lma te can 

be taken as a plausible estimate lf the true dose-response curve ls actually 

linear at low doses. The upper-bound estimate means that the risks are not 

likely to be hlgher, but could be lower If the compound has a concave upward· 

dose-response curve or a threshold at low doses. Another reason one can, at 

best, obraln an upper-bound estimate of the risk when animal data are used 

ls that the estlmated rlsk is a probability condltlonal to the assumption 

that an anlmal carcinogen is also a human carclnogen. Therefore, in 

reality, the actual rlsk could range from a value near zero to an 

upper-bound estimate. 

Quantlflcatlon of Carclnogenlc Effects 

Four teen sets of tumor lnc ldences which show s lgnl fl cant lncreases (see 

Tables VIII-2 through VIII-5) are used herein lo calculate the carcinogenic 

potency of hexachlorobenzene. Since preparlng these calculations additional 

data From the Lambrecht et al. (1983a,b) study (adrenal pheochromocytoma) 

and from the Arnold et al. (1985) study (neoplastic llver nodules) have 

become available. Quant1tat\\1e estimates have not been made uslng this 

data. Using the multistage model For low-dose extrapolat1on, as shown In 
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Table VIII-6, the potency estlmates calculated on the basis of these data 

sets are approx1mately wHhin an order of magnitude from each other, with 

the except lon of the thyroid tumor. These potenc1es prov1de a range of 

estimates that reflects the uncertalnt1es stenvning from trye d1fferences In 

species, tumor sltes, solvent vehicles and composH ion of diet. 

does not reflect uncertainty resulting from the use of 

extrapolation models. 

The range 

different 

To calculate the unit r1sks of hexachlorobenzene ln water, HHAG used an 

estimate of carclnogenlc potency based upon the data for hepatocellular 

car c l n oma i n f ema l e rats , wh i ch l s the h l g hes t potency among the car c l n oma 

responses. Th ls particular data set was preferred over the hepatoma only 

response. A combinlng of hepatomas and carclnomas was not possible because 

of a lack of indlvidual animal data. 

Risk Assoclated w1th 1 µg/l of Hexachlorobenzene in Drinking 

Water -- Under the assumption that daily water consumption For a 70 kg~ 

person is 2 l, the hexachlorobenzene lntake In terms of mg/kg/day ls 

d = 2 l x l µg/l x 10- 3 mg/t/70 kg = 2.8_6 x 10-s mg/kg/day. 

(rounded to 2.9xlo-s mg/kg/day) 

Therefore, the risk from drinking water containing l µg/l of hexachloro­

benzene is estimated to be 

P = 1.7 x 2.86 x lo-s = 4.9 x lo-s. 
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TABLE Vlll-6 

The Carc1nogen1c Potencya of Hexachlorobenzene. Calculated on the Bas1s of 14 Data Sets.b 
Us1ng the L1near1zed Hult1stage Hodel 

Dose 1s Assumed lo be 
Egu1valent on the 8as1s of 

Dale Base Reference 
Body We1ght Surface Area 

Thyro1d (ma le) 9.3 )( 10-· 8.3 )( 10- 2 Cabral 
Hepaloma: et al .• 1971 

Hale 1.9 )( 10- 1 1.1 
female 1.5 )( 10- 1 l. 3. 

Hemang1oendothel1oma: 

Hale 3. 2 )( 10- 2 2.8 )( 10- 1 

Female 1.1 )( 10- 2 l.Oxl0- 1 . 
Uver cell: Cabral 

Hale 1.7 )( 10- 2 2 .1 x 10- 1 et al .• 1979 
female 1.4 x 10- 2 1.8 x 10- 1 
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TABLE Vlll-6 (cont.) 

Date Dase 

Rena 1 ce 11: 

Male 
female 

Hepatocellular carc\noma: 

Male 
female 

Hepaloma: 

Male 
female 

Adrenal 
Pheochromocytoma 
(female) 

Dose \s Assumed to be 
Eqti\valent on the Oas\s of. 

Dody We\ght 

2.5 x 10- 1 

4.2 x 10- 2 

1.ex10- 2 

2.7 x 10- 1 

4.7 x 10- 2 

1.sx10- 1 

2.8 x 10- 1 

Surface Area 

1. 4 
2.6 x 10-1 

1.0xlo- 1 

1.1 

2.6 x 10- 1 

9.0 x 10- 1 

1.6 

Reference . 

Lambrecht et 

al .• 1983a,b 

Arnold 
et al .• 1985 

aq 1• (mg/kg/day)- 1 \s the 95% upper conf\dence l\m\t of the 1\near component \n the mult\stage model. 

bstnce prepar\ng these calculat\ons, add\l\onal data from Lambrecht et al. (1983a,b) study (adrenal 
pheochromocyloma) and from Arnold el aL (1985) study (neoplasl\c 1\ver nodules) have become ava\lable. 
These data have not been evaluated. 



This calculatlon uses the carcinogenic potency q1* = 1.7/(mg/kg/day), 

based on the data on hepatoce11ular carclnomas In female rats, assumlnq that 

dose per surface area Is equivalent between rats and humans. If the equiva­

lent dose Is assumed to be on the basis of body weight, the unit risk, P, 

would be reduced to 7.6xl0- 6 • 

Sunmary of Quant1tatlve EstlmaUon. Data on hepatocellular carcinomas 

ln female rats after oral Ingestion h_ave been used lo estimate the carcino­

genic potency of hexachlorobenzene and the risks associated with one unit of 

the compound In drinking water. The upper bound cancer risks associated 

with 1 i.ig/i. of hexachlorobenzene ln drlnklng water Is estimated lo be 

4.9xl0-'. Accordingly, upper bound cancer risks of 10-•, 10-, and 

10- 4 would be associated with 0.02, 0.2 and 2 µg/i., respectively, of 

hexachlorobenzene In drlnklng water. This estimate Is calculated on the 

basis of the assumption that dose per surface area ls equivalent among 

species.· If the dose ls assumed to be equivalent on the basis of body 

weight, the correspondlng risk would be reduced approximately by a factor of 

6. The carclnogenic potencies of hexachlorobenzene are also estimated on 

the basis of 13 other data sets, encompassing different tumor sites and 

anlmal species. Except for the case of thyroid -~umors, these potency esti­

mates differ from each other within a single order of magn~lude. The range 

of the estimates reflects the uncertainties ·due to differences In species, 

tumor sltes, solvent vehicles, composition of diet, etc. 

Existing Guidelines, Reconrnendatlons and Standards 

Occupational. Workplace standards have not been established ln the 

United States. The USSR has established a TLV of 0.08 ppm (0.9 mg/m 3 ) 
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(Verschueren, 1977}. In 1978, NIOSH class1f1ed. hexachlorobenzene (HCB) as a 

Group 11 pest1c1de and r.ecommended crHer\a for standards for occupat1ons ln 

pest1c1de manuFactur1ng and Formulat1ng. These standards rel.y on eng1neer-

1ng controls, work practlces and .medlcal surve1llance programs, rather than 

workplace air 11mHs, to protect workers from the adverse -effects of pestl­

c1de exposure In manufactur\ng and formulallng. NIOSH spec1f1cally chose 

not to establ1sh sclent\flcally val1d env\ronmental (workplace a1r) llmHs 

for pesticides (except those- already promulgated). because exposure vfa 

other routes, espec \a 11 y ~erma l, had proven to be of er HI ca 1 \mpor lance for 

many pest1cldes and be.cause NIOSH bel\eved that "lmmedlate actlon• was 

needed to protect workers ln pestlclde manufacturing and formulatlng plants 

(N10SH, 1978) . 

. Food. USDA regulates the use of hexachlorobenzene ,as a seed treatment 

for the control of wheat bunt (smut) under the Federal Seed Act (7 CFR 201). 

The U.S. EPA (1991) verHled a .reference dose (RFD} ln May 1988 for 

hexachlorobenzene. The RFD Is BE .4 mg/kg/day. A carclnogenlclty reference 

dose has been verlfled through CRAVE and this value ls a slope factor of l.b 

per mg/kg/day. 

Water. The U.S. EPA (1980). in an Ambient Water Quality Crlterta 

Document For Chlor lnated Benzenes, determ1ned that hexachlorobenzene \ s a 
/ 

suspected human carc\nogen and since there Is no recognized safe concentra-

lion for a human carcinogen, the recommended concentratlon of hexachloro-

benzene \n water for maximum protection of human health ls zero. However, a 

zero level was thought to be unfeas 1ble 1n some cases; therefore, water 
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levels that may result in incremental increases ln cancer risk of lHet ime 

exposure were es_t imated at 10-s (one add1t ional case of cancer for every 

100,000 people exposed), 10- 6 and 10- 7 • The corresponding reconvnended 

criteria were 7.2, 0.72 and 0.072 ng/l, respectively,_ assuming humans 

consume 2 l of water and 6.5 g of fish and shellfish per day. The 

criteria were calculated by using the hepatoma data on male hamsters in the 

Cabral et al. (1977) carcinogenicity study and the multistage model. 

Uslng the tumor data lrom the Cabral et al. (1979) carcinogenlclty study 

wlth Swiss nTlce and the multlstage model, the NAS (1983) averaged cancer 

risks based on the male and female mouse data to obtain a 95% upper llmlt of 

cancer risk of l.85xl0-• with llfetime dally consumption of l l of water 

containing 1 11g of hexachlorobenzene. Earller, the NAS (1980) used this 

method and the tumor data in the Cabral et al. (1977) carcinogenicity study 

wlth male and female hamsters to calculate a 95% upper limit of cancer risk 

of 2.9xl0- 5 • The NAS (1980) also calculated a 7-day suggested no adverse 

response level (SNARL) of 0.03 mg/l for hexachlorobenzene. 

Special Groups at Risk 

Infants and ch11dren (4-lli years of age) app~ar to be the most suscep­

tible lo exposure to hexachlorobenzene. This suscept ibi l lty was observed 

after the accidental ingestion of hexachlorobenzene-contaminated grain 

occurred in Turkey during 1955-1959 (Peters et al., 1982). A distinct 

disease described as "Pink Sore", which reached an epidemic scale, was 

observed in Infants under l year of age. These infants• mothers had con­

sumed the hexachlorobenzene-treated grain during gestation and/or lactation. 

This exposure has also been associated with the observed 95% 1-year-old 
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Infant mortality and the h1gh 1nc1dence of st1llblrths. During the same 

Turkish acc1dent~ children (4-16 years of age) were found to be more 

susceptible to porphyr1a cutanea tarda than the adults. 

There are strong lndlcat1ons that adult females may be more susceptible 

to hexachlorobenzene-lnduced porphyrla than aduit males, whlch ls the case. 

ln the rodent stud1es (R1zzard1n1 and Sm1th, 1982). According to these 

researchers, thls .lncreased susceptlb1llty In adult females 1s related to 

their estrogen levels and· faster metabolism of hexachlorobenzene. 

Sunrnary 

Health adv1sorles based on noncarc\nogenlc toxlclty data and the 

carcinogenic rlsk assessment are given ln Table VIII-7. Ava1lable data are 

concluded to be lnsufflclent for calculat Ion of 1-day and 10-day HAs. The 

longer-term HA, of 0.2 mg/l for a 70 kg adult and 0.05 mg/2. for a 10 kg 

child, which 1s also being proposed as the 1-day and 10-day HA for 10 kg 

chlld, Is based on the study by Kuiper-Goodman et al. (1977) In 1o1h1ch male 

.and female Charles R1ver rats were fed hexachlorobenzene ln the u1et for as 

long as 15 weeks. An RFD of 0.0008 mg/kg bw/day and a DWEL of 0.03 mg/t 

for a 70 kg adult Is based on noncarclnogenlc _effects In male and female 

Sprague-Dawley rats exposed to hexachlorobenzene ~ utero, during lactation, 

and In the d1et for the rema \nder of their l lfet1mes. Howe11er, there ls 

sufficient ev1dence for the carcinogenicity of hexachlorobenzene In 

ex per \mental an lma 1 s. Based on a 1o1elght-of-evtdence classification 

hexachlorobenzene Is rated as a 82, probable human corclnogen. By using the 

95% upper limit with the mult1stage model and the hepatocellular carcinoma 

data In female rats from the Lambrecht et al. (1983a,b) hexachlorobenzene 
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carclnogenklty study, 1 lfetlme exposures to hexachlorobenzene ln dr lnklng 

water at levels of 2xl0- 5 , 2xlo-· and 2xl0- 3 mg/i. are assoclated 

wllh 10- 6 , 10-5 and 10-· cancer rlsks, respectlvely. 
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TABLE VII 1-1 

. Sunmary of the Data for Hexachlorobenzene Used lo Derive HAs and DWEL 

Hea llh Species/Route Dose Duration Basis 
Advisory (mg/kg bw/day) 

I-Day and Insufficient data 
ID-Day lnsuf flclent dat~ 

Longer-term HA rat/oral 0.5 15 weeks NOAEL, higher doses cause 
an Increase In liver, kidney 
and spleen porphyrln levels 
and centrllobular llver 
lesions 

DWEL rat/oral 0.08 130 weeks NOAEL, higher doses cause 
an Increase In llver and 
kidney lesions 

Cancer unit rat/oral "linear lzed" lifetime Hepatocellular carcinomas 
risk estimate mull !stage 

model 

aHexachlorobenzene water solubility Is referenfed as 0.005 mg/t f 25"C 

bror a 10 kg child 

cror a 70 kg adult 

Uncertainly 
Factors 

100 . 

100 

NA 

Valuea Reference 
( 1119/t) 

o.osb Kuiper-Goodman 
o.2c et al., 1911 

O.OJC Arnold et al., 
1905 

2.ox10-•c,d Lambrecht et 
al., 1963a,b 

dwater concentration associated with an upper level excess lifetime cancer risk of 10-•. Values of 2x10- 4 and 2•10-• mg/t are asso~ 
elated with upper level excess lifetime cancer risks of lo-~ and 10-4 , respecllvely. 

NA 5 Nol applicable 
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