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(335 used in the caIculation) population controls. Information on exposure was obtained
through questionnaires. For the cases and controls, 5.3 and 3.0%, respectively, exposure to
mercury seed dressings co-varied with exposure to phenoxyacetic acid herbicides, whereas
asbestos and glass fibre exposure co-varied with chlorophenol exposure. Exposure to
phenoxyacetic acid herbicides as well as to chlorophenols appeared to be strong risk factors

for lymphomas, but after exclusion of subjects with exposure to phenoxy herbicides, 128
cases and 311 controls remained, with exposure frequencies to mercury seed dressings of 4.7
and 2.9%, respectively; for DD'l the corresponding figures were 5.5 and 3.5%. (For the
de odds ratio of 1.78 (95% CI, 0.62-5.11) for
mercury seed dressings and 1.6 (95% CI, 0.51-4.6) for DDT)
restricted material, a caIculation results in a cru

populations
of men exposed to organomercury see dressings in Sweden
Table 14. Population-based caseontrol studies of

No. of
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(9)

(1.9)

(0.65-5.3)

Erison et al. (1981)

(1)

(0.52)Q
(O.66)b

(0.01-4.3)
(0.08-5.7)

Hardell & Erisson (1988)

0.89

0.40 1.96

Erison et al. (199)

1.78

(0.62-5.1)

Hardell et al. (1981)

expsed cases
Soft-tissue sarcomas

(10)

Lymplma
(6)
Q Livig controls

b Dead controls

3. Studies of eancer in Experimental Animais
3.1 Metallc mercury

Intraperitoneal administration

Rat: A group of 39 male and female BDlII and BDIV rats, three months old, received
two intraperitoneal injections of 0.05 ml metallc Mercury (purity unspecified) over 14 days
an survval was 580 days in treated rats and 780 days in controls. Only
gross lesions were investigated histopathologically. At 22 months, when 12/39 animaIs were
(total dose, 0.1 ml); me

stil alive, one female rat had a spindle-cell sarcoma in the abdominal cavity. 1\o females and

two males of the Il remaining rats developed simIlar tumours (Druckrey et al., 1957). (The
Working Group noted the incomplete reportng of the study and the possibilty that the
lesions seen were the result of a solid-state effect.)
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3.2 Mercuric chloride
3.2.1 Oral administration

(a) Mouse

A group of 54 male and 54 female Swiss mice (Charles River CD strain), 20 days old,
were given drinking-water containing mercuric chloride (5 ppm (mg/L) mercury) (purity

unspecified) for life. A control group of 54 male and 54 female mice was given the
drinking-water alone. Of the controls, 50% of the males were stil alive at 602 days and 10%
at 789 days, and 50% of females were stil alive at 539 days and 10% at 691 days. Of the
treated mice, 50% of males were stil alive at 540 days and 10% at 697 days, and 50% of
females at 575 days and 10% at 736 days. The numbers of mice autopsied were 38 control
males and 47 control females and 48 male and 41 female treated mice. The authors reported

that 11/41 treated female mice and 3/47 control females developed lymphoma or leukaemia
(p = 0.09, Fisher exact test) (Schroeder & Mitchener, 1975). (The Working Group noted the
incomplete reporting of the study and that only some of the animaIs were autopsied.)
Groups of 60 male and 60 female B6C3Fl mice, six weeks old, received 0, 5 or 10 mg/kg
bw mercuric chloride (purity ~ 99%) in deionized water by gavage (10 ml/kg bw) on fIve

days a week for 103-104 weeks. Ten animaIs from each group were killed at 15 months for

evaluation. Survval at the end of the two-year study was 36/50, 36/50 and 31/50 in the
control, low-dose and high-dose male groups and 41/50, 35/50 and 31/50 in the corresponding female groups. Body weights of both female and male treated mice were simIlar to

those of controls throughout. Of the high-dose male mice, 2/49 developed renal tubular
adenomas and 1/49 a renal tubular adenocarcinoma. No such tumour was seen in either the
control or low-dose groups. No increase in the incidence of tumours was seen in the treated
female mice (US National Toxicology Program, 1993).
(h) Rat

Groups of 60 male and 60 female Fischer 344/N rats, six weeks old, received 0, 2.5 or
5 mglkg bw mercuric chloride (purity, ~ 99%) in deionized water by gavage (5 mllkg bw) on
five days a week for 103-104 weeks. Tenanimals from each group were kiled at 15 months
for evaluation. Body weights of low- and high-dose males and high-dose females were lower

than those of controls. Survval at two years was 26/50 male controls, 10/50 low-dose and
5/50 high-dose rats and 35/50, 28/49 and 30/50 in the females. The decrease in survval in
male rats was due, in part, to an increased incidence of treatment-related renal disease.
High-dose males had a greater incidence of renal tubular hyperplasia than control males
(12/50 versus 3/50; p = 0.005), but the incidence of renal tubular adenomas was similar
(control, 4/50; high-dose, 5/50). ln female rats, renal tubular hyperplasia occurred in 5/50
high-dose rats and 2/50 controls; two high-dose female rats had renal tubular adenomas, but

en in controls. Treated male rats had a dose-related increase in the incidence of
forestomach hyperplasia compared to controls (control, 3/49; low-dose, 16/50; high-dose,
35/50), as did high-dose female rats (control, 5/50; low-dose, 5/49; high-dose, 20/50). ln
addition, there was a dose-related increase in the incidence of squamous-cell papiloma of
none was se

the forestomach in treated males (control, 0/50; low-dose, 3/50; high-dose, 12/50); such

tumours also occurred in 2/50 high-dose female rats. High-dose males also had an Increased
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incidence of thyroid follcular-cell carcinoma (control, 1/50; low-dose, 2/50; high-dose,
6/50), but not of hyperplasia (control, 2/50; low-dose, 4/50; high dose, 2/50) or adenoma
(control, 1/50; low-dose, 4/50; high-dose, 0/50) (US National Toxicology Program, 1993).

(The Working Group noted the low survval rate of male animaIs.)
3.2.2 Administration with known carcinogens

As the purpse of the investigations described below was to study interactions with

known carcinogens, the studies were limited to specific target sites, were often of short
duration and were not intended to address the carcinogenicity of mercury per se.
(a) Mouse

1\enty female Sencar mice (age unspecified) received single topical applications of
0.2 ml of 10 nmol (2.6 lLg) 7,12-dimethylbenz(a)anthracene (DMBA) followed by twce
weekly topical applications of 200 lLg mercuric chloride in 0.2 ml of a 90% acetone solution

for 26 weeks. A positive control group of20 mice, initiated with DMBA, received promotion
with 12-0-tetradecanoylphorbol 13-acetate (dose and dosing regime unspecified). AH mice
in the positive control group developed skin papilomas, and two developed carcinomas. No
skin tumour occurred in the mercuric chloride-treated mice (Kurokawa et al., 1989). (The
Working Group noted the incomplete reporting of the study.)
(b) Rat

A group of 15 male Fischer 344 rats, seven weeks old, was administered N-nitroso-Nhydroxydiethylamine (NHDEA) at 500 ppm (mg/L) in the drinking-water for two weeks
followed by drinking-water containing 40 ppm (mg/L) mercuric chloride (99.5 % pure) for 25
weeks. A further group of 15 rats received only mercuric chloride at 40 ppm for 25 weeks; a
control group of 15 rats received drinking-water for the 27-week experimental period; and a

further group of 15 rats was given NHDEA for two weeks followed by 25 weeks of
drinking-water alone. There was no significant difference in the number of renal-cell
tumours in rats receiving NHDEA and mercuric chloride (5/15) and those receiving NHDEA

alone (2/15), but there was a significant (p -c 0.01, Student's t test) Increase in the mean
number of dysplastic foci/cm2 in the NHDEA- plus mercuric chloride-treated group (1.09)
over that in the group treated with NHDEA alone (0.23). No renal-cell tumour or dysplastic
focus was reported in the group receiving mercuric chloride alone (Kurokawa et al., 1985).
Groups of 20 male Fischer 344 rats (age unspecified) were given drinking-water
coiitaining 50 ppm (mg/L) N-nitrosodiethylamine (NDEA) for four weeks to initiate IIver
carcinogenesis, followed by 30 weeks of treatment with drinking-water containing 40 ppm
(mg/L) mercuric chloride (purity unspecified), water alone or 1000 ppm (1 g/L) phenobarbital (positive control). AIl animais were kiled at week 34. Mercuric chloride treatment

did not increase the number ofhepatocellular carcinomas, adenomas or hyperplastic nodules
one (Kurokawa et aL., 1989). (The Working Group

over that in rats treated with NDEA al

noted the incomplete reporting of the study.)
Groups of 20 male Wistar rats (age unspecified) were given N-methyl-N' -nitro-Nnitrosoguanidine in the drinking-water at 100 ppm (mg/L), together with a diet supplemeted

with 10% sodium chloride for eight weeks to initiate gastroduodenal carcinogenesis,
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followed by 32 weeks of treatment with drinking-water containing 40 ppm (mg/L) mercunc
chlonde and basal diet without the 10% sodium chloride; controls were given the
nitrosamine and basal diet containing sodium chloride for eight weeks then basal diet and
standard drinking-water. The incidences of carcinoma and hyperplasia of the fundic and
pyloric regions of the glandular stomach and of carcinoma of the duodenum were not
increased by treatment with mercuric chloride over those caused by the nitrosamine alone
(Kurokawa et al., 1989). (The Working Group noted the incomplete reporting of the study.)
(c) Hamster

A group of 20 female Syrian golden hamsters (age unspecified) received three weekly
injections (site unspecified) of N-nitrosobis(2-oxopropyl)amine (NBOPA) at a dose of
10 mg/kg bw to initiate pancreatic carcinogenesis, followed by treatment with drinkingwater containing 40 ppm (mg/L) mercunc chlonde for a further period (presumed to be
30 weeks). A further group of 32 hamsters received NBOPA followed by drinking-water
one for 30 weeks. At the end of the study (duration unspecified), there was no difference in
the multiplicity of either pancreatic adenocarcinomas or dysplastic lesions between the two
al

groups (Kurokawa et al., 1989). (The Working Group noted the incomplete reporting of the
study.)
3.3 Methylmercury chlonde
3.3.1 Oral administration

(a) Mouse

Groups of 60 male and 60 female ICR mice, five weeks of age, were fed a diet containing
0, 15 or 30 ppm (mg/kg) methylmercury chlonde (99.3% purity) for 78 weeks. AIl animais
were examined macroscopically, but histopathological examination was carried out only on
ce with renal masses. The fIrst
renal tumour was detected in a male treated with 15 ppm and necropsied at week 58. Most
mice given 30 ppm had severe neurotoxic effects and died or became moribund by week 26;
similar, but less marked toxic effects occurred in the group treated with 15 ppm. At 78 weeks,
kidneys of animais that died after week 53 and on lungs of mi

survval among male mice was 24/60 given 0 ppm, 8/60 given 15 ppm and 0/60 given 30 ppm;

survval among female mice was 33/60 given 0 ppm, 18/60 given 15 ppm and 0/60 given
30 ppm. The numbers of male mice thatdied after 53 weeks with renal tumours were: 1/37

(an adenoma) in the group given 0 ppm, 13/16 (total numbers of tumours: 11 adeno-

carcinomas (p .: 0.001) and fIve adenomas (p .: 0.01)) in the group given 15 ppm and none
in the one survving animal treated with 30 ppm. No renal tumour was reported in the female
mice (Mitsumori et al., 1981). (The Working Group noted the poor survval in the groups

exposed to high doses of methylmercury chloride and the limited number of tissues subjected
to histopathological evaluation.)

Groups of 60 male and 60 female ICR mice, five weeks of age, were administered diets

containing 0, 0.4, 2 or 10 ppm (mglkg) methylmercurychloride (99.3% pure) for 104weeks.
Six males and six females from each group were kiled at 26-week intervals and subjected to
histological examination, as were ail other animais. No neurotoxic effect was observed in the
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treated animaIs, and, although all male mice given 10 ppm were dead byweek 98, there was

no difference in survval rates between the control and treated groups. The first renal tumour
occurred in a male treated with 10 ppm at 58 weeks. Epithelial degeneration of the renal
proximal tubules was seen in both males (40/59) and females (19/60) given 10 ppm, and
similar but milder degeneration was seen in males given 2 ppm (12/58). The incidence of
renal tumours in male mice was 1/58 (an adenoma) at 0 ppm, 0/59 at 0.4 ppm, 0/58 at 2.0 ppm
and 13/59 (10 adenocarcinomas and three adenomas) at 10 ppm. (The effective numbers of
animaIs at risk for renal tumours could not be determined.) No such tumour was seen in
treated female mice (Hirano et al., 1986).

Groups of 60 male and 60 female specific-pathogen-free (SPF) B6C3F1 mice, five weeks
of age, were fed diets containing 0, 0.4, 2.0 or 10 ppm (mglkg) methylmercury chloride
(99.3 % pure) for 104 weeks. AIl animais were subjected to histopathological examination. ln

the group treated with 10 ppm, neurotoxicity was recorded in male mice at week 59 and in

females at week 80; at termination, neurological signs were seen in 33/60 males and 3/60
females. Survval was similar to that of controls (48%) in all groups except males treated with
10 ppm, which had 17% survval. The incidence of chronic nephropathy was increased in
male mice treated with 2 ppm (27/60) or 10 ppm (59/60) and in females given 10 ppm (56/60).

The first renal tumour was seen in a male given 10 ppm and kiled at week 70. Renal epithelial
tumours occurred in 0/60 control males, 0/60 given 0.4 ppm, 1/60 (an adenoma) given 2 ppm
and 16/60 (13 adenocarcinomas and five adenomas) given 10 ppm; among female mice, a
single adenoma (1/60) was found in those given 10 ppm (Mitsumori et aL., 1990). (The

Working Group noted the lower survval of high-dose males after 60 weeks.)
(h) Rat

Groups of 25 male and 25 female weanling SPF Wistar rats were administered diets
containing 0, 0.1, 0.5 or 2.5 ppm (mglkg) methylmercury chloride (100% pure) for two years.
Apart from a slight reduction in growth of females treated with 2.5 ppm, there was no effect
of treatment on growth. No clinical or neurological sign of methylmercury chloride toxicity

was reported during the study; mortality at 104 weeks was: 6/25 female and 7/25 male
controls, 10/25 females and 8/25 males at 0.1 ppm, 9/25 females and 13/25 males at 0.5 ppm
and 11/25 females and 13/25 males at 2.5 ppm. Histopathological examination was carried
out on the control and 2.5 ppm-treated animaIs and on ail animaIs that died. The authors
reported no difference in tumour incidence or latency among the groups (no further detail
reported) (Verschuuren et al., 1976a,b). (The Working Group noted the limited nature of the
study. )

Groups of 56 male and 56 female SPF Sprague-Dawley rats, five weeks of age, were
administered diets containing 0,0.4,2 or 10 ppm (mglkg) methylmercury chloride (99.3%

purity) for 130 weeks. Ten animaIs of either sex were kiled at 13 and 26 weeks and 10 at 52
and 78 weeks. Neurological signs of methylmercury chloride toxicity were apparent in the
10 ppm-treated group from week 22 in males and from week 46 in females. AIl animaIs were

subjected to necropsy and histopathological examination. Survval in the groups given
10 ppm was lower than in controls or in the other two treated groups; the cause of death was
related to nephrotoxicity. The incidence of tumours did not differ significantly among the
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treated and control groups. A single renal adenoma was found in a high-dose female
(Mitsumori et al., 1983, 1984).
3.3.2 Administration with known carcinogens

As the purpose of the investigations described below was to study interactions with

known carcinogens, the studies were limited to specifie target sites, were often of short
duration and were not intended to address the carcinogenicity of mercury per se.
Mouse: Groups of 16-20 female Swiss-cross mice, 21-24 days old, were given 0, 0.2,0.5,

or 2.0 J.g/ml (mg/L) methylmercury chloride (purity unspecified) in deionized drinkingwater for 15 weeks and then kiled. Afer the first three weeks of the exposure, mice received

intraperitoneal injections of 1.5 mg/g (g/kg bw) urethane in normal saline (volume
ce injected with saline was
reported to be less than one tumour per mouse in ail test groups (no further detail reported).
The number ofpulmonary adenomas induced by urethane alone (21.5:: 3.0) was exceeded
only in the group that received the high dose of methylmercury chloride (33.1 :: 3.8) (Blakley,
unspecified) or saline alone. The lung tumour incidence in the mi

1984).

Groups of 20 female W rats were maintained either on basal diet or on basal diet
containing 10 ppm (mg/kg) methylmercury chloride (purity unspecified) dissolved in corn oil,
from weaning until they delivered pups. Theywere also given either 0.159,0.318 or 0.636%

ethylurea in the diet from day 14 of the breeding period to parturition or 50 or 100 mg/kg bw

by gavage on days 17, 18 and 19 of gestation; at the same time, they received 0.5, 1.0 or
2.0 g/L sodium nitrite in drinking-water or 25 or 50 mg/kg bw by gavage. eontrol groups
one or the methylmercury chloride diet alone. AIl dams were
retumed to the basal diet at parturition, and progeny (generally about 25: 13 males and
12 females) were maintained on the basal diet for their lifespan. Survval was poor in sorne
received either the basal diet al

treatment groups. The incidence of neurogenic tumours was nearly 100% in sorne
ethylurea/sodium nitrite-treated groups; there were 0/25 neurogenic tumours in the methylmercury chloride control group. Methylmercury chloride did not increase the incidence of
neurogenic tumours in the groups receiving ethylurea/sodium nitrite, but schwannomas of
the central nervous system tended to appear earlier than in the group given ethylurea/sodium
nitrite alone (Nixon et al., 1979). (The Working Group noted the reduced sensitivity of the
study, due to the very high incidence of neurogenic tumours in ethylurea/sodium

nitrite-treated groups, and the poor survva1.)
3.3.3 Hormonal influences

Mouse: Groups of 50 intact male and 50 intact female SPF 1eR mice, seven weeks of age,
were fed basal diet or basal diet containing 10 ppm (mg/kg) methylmercury chloride (purity,
99.3%) for 80 weeks. Groups of 50 orchiectomized male and 50 ovarectomized female mice,
operated at five weeks of age, were fed basal di

et containing 10 ppm methylmercury chloride

only or also received weekly subcutaneous injectons of 0.2 mg/mouse testosterone
propionate in a 0.2% suspension (w/v) of sesame oH for 80 weeks. AIl groups receiving

methylmercury chloride had nephrotoxic changes and caecal ulceration. No renal tumour
was seen in intact males receiving basal diet alone, but one renal adenoma was seen in an
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intact female mouse; renal adenocarcinomas (14/50) and an adenoma (1/50) were seen in

intact male mice given the basal diet with methylmercury chloride but not in intact female

mice. ln addition, 6/50 intact male mice given methylmercury chloride in the diet had
tubular-cell hyperplasia, a lesion that the authors considered to be preneoplastic. No renal

tumour was seen in orchiectomized or ovarectomized mice receiving methylmercury
chloride only, but two adenocarcinomas occurred in males and three in females that received

methylmercury chloride together with testosterone propionate (Hirano et al., 1988).
4. Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion
The absorption, distribution, metabolism and excretion of inorganic mercury (Nordberg
& Skerfng, 1972; WHO, 1976; Berlin, 1986; Clarkson et aL., 1988a; WHO, 1991; Clarkson,
1992), methylmercury compounds (Nordberg & Skerfng, 1972; WHO, 1976; Berlin, 1986;
Magos, 1987; Clarkson et al., 1988a; WHO, 1990) and phenylmercury acetate (Nordberg &
Skerfng, 1972; WHO, 1976; Berlin, 1986; Clarkson et al., 1988a) have been reviewed.

4.1.1 Humans
(a) Metallc mercury and inorganic mercury compounds

ln five human volunteers who inhaled radioactive metallc mercury-197 or mercury-203
vapour for 14-24 min, an average of 74% was absorbed in the respiratory tract (Hursh et al.,
1976). The half-time for whole-body elimination averaged 58 days; however, elimination
rates varied for different parts of the body: lung, 1.7 days; head, 21 days; kidney region,
64 days; chest, 43 days.

Absorbed metallc mercury is dissolved in the blood. Addition of metallc mercury-203
vapour to blood in vitro resulted in oxidation to mercuric mercury, but rather slowly (Hursh et

aL., 1988). The authors concluded that metallc mercury may pass the blood-brain barrier.
A man who accidentally ingested 135 g of liquid metallc mercury had raised mercury
concentrations in blood, but to an extent indicating only minimal absorption (Suzuki &
Thnaka, 1971). The average ratio of mercury in eryhrocyes:plasma was about 2 during the

first few days after a 14-24-min exposure of five volunteers by inhalation of metallc
mercury-197 and mercury-203 vapour (Cherian et al., 1978).

Studies in five volunteers who exposed their forearms to metallic mercury-203 vapour
for 27-43 min indicated absorption of mercury through the skin of 0.01-0.04 ng/cm2 per min
per ng Hg/cm3 air (Hursh et al., 1989).
ln fIve human volunteers who inhaled metallc mercury-197 vapour for 11-21 min, the
kidney region accumulated the highest levels of mercury (Hursh et aL., 1980). ln autopsy
samples from seven dentists and one dental assistant, partcularly high levels of mercurywere
found in the renal cortex (average, 8.6 Jlol (1.7 mg)/kg wet weight) and pituitary glands
(average, 9.8 lLmol (2 g)lkg wet weight). ln 24 controls, the values were 1.4 lLmol (280 J.g)lkg

wet weight in renal cortex and 0.12 Jlol (24 lLg)lkg wet weight in pituitary (Nylander &
Weiner, 1991). High levels have also been recorded in the thyroid glands of deceased

mercury miners (average, 35 mglkg fresh weight) (Kosta et aL., 1975).

