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MERCURY (Hg)

Introduction

Mercury is a representative element widely existing in the global environment. Organic forms
of Hg are recognized as highly toxic to human, which would usually prevent production of
therapeutics from using organic Hg. The 7274 meeting of the Joint FAO/WHO Expert Committee on
Food Additives (JECFA) assumed that the predominant form of mercury in foods other than fish
and shellfish is inorganic mercury. Although data on speciation of inorganic mercury in foods are
limited, the Committee decided that the toxicological database for mercury(II) chloride was relevant
for assessing the health risk of foodborne inorganic mercury. Similarly, the working group of Q3D
assumed the predominant form of mercury in medical products present as a contaminant is
inorganic. The assessment here covers inorganic mercury only that may be present in

pharmaceuticals as contaminants.

Dietary intake

As for on the occurrence of mercury in different food commodities, the total mercury levels in
foods other than fish products were generally low range (min-max 0.0001-0.050 mg Hg/kg),
although the total mercury levels in fish samples ranged from 0.001 to 11.4 mg Hg/kg. The
proportion of total mercury contributed by methylmercury generally ranged between 30% and 100%,
depending on species of fish, size, age and diet. Furthermore, in about 80% of these data,
methylmercury accounted for more than 80% of total mercury.

Most of the available dietary exposure assessments for mercury were from national and
published Total Diet Studies (TDS) report. Estimated mean dietary exposure to total mercury
ranged from 0.07 to 5.81 pg/kg bw per week, while the estimated mean dietary exposure to total
mercury from fish and shellfish ranged from 0.07 to 1.75 ng/kg bw per week. The estimated mean
dietary exposure to total mercury from foods other than fish and shellfish ranged from <0.01 to 4.06
pg/kg bw per week. The upper limit of that range corresponds to a subpopulation of children. When
only total population or subpopulations of adults were considered, the estimated mean dietary
exposure to total mercury from foods other than fish and shellfish ranged from <0.01 to 1.01 ng/kg
bw per week.

Based on the above analysis, the 72nd JECFA meeting evaluated that the upper limits of
estimates of average dietary exposure to total mercury from foods other than fish and shellfish were
1 pg/kg bw per week and 4 pg/kg bw per week for adults and children, respectively. Data for dietary

intake of inorganic mercury are not available.

5
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Toxicological data
Kinetics

Absorption via the lungs is low, probably due to deposition of particles in the upper
respiratory system and subsequent clearance by the mucociliary escalator (Friberg & Nordberg,
1973).

Compared with elemental mercury, the amount of inorganic divalent mercury that crosses the
blood—brain and placental barriers is much lower, because of poor lipid solubility (Clarkson, 1989;
Inouye & Kajiwara, 1990). In contrast, the liver and kidneys accumulate inorganic mercury readily
(Yeoh et al., 1986, 1989; Nielsen & Andersen, 1990). Sin et al. (1983) found the kidney to have the
highest mercury levels following repeated oral exposure of mice to mercuric chloride (4—5 mg
mercury/kg body weight) for 2-8 weeks (IPCS 2003).

The available evidence indicates that the metabolism of all forms of inorganic mercury is
similar for humans and laboratory mammals. Once absorbed, elemental and inorganic mercury
enter an oxidation—reduction cycle. Elemental mercury is oxidized to the divalent inorganic cation
in the red blood cells and lungs. Evidence from animal studies suggests the liver as an additional
site of oxidation. Absorbed divalent cation from exposure to mercuric mercury compounds can, in
turn, be reduced to the metallic or monovalent form and released as exhaled elemental mercury
vapour (ATSDR, 1999).

Elimination of mercury occurs primarily through the urine and faeces, with the expired air,
sweat, and saliva contributing to a much lesser extent (IPCS 2003). Available information suggests
that excretory routes for both metallic mercury and inorganic mercury compounds is similar in
humans and experimental animals (ATSDR, 1999). Overall estimates of inorganic mercury half
lives in both experimental animals and humans range from 1-2 months (IPCS 2003; Holmes et al.,
2009).

Acute toxicity

Oral LD50s of inorganic mercury compounds ranged from 25 to 205 mg Hg/kg in rats and from
25 to 180 mg Hg/kg in mice (reviewed in Von Burg 1995). From HgCl2, LD50s in rats were from
25.9 to 77.7 mg Hg/kg (Kostial 1978). Single oral dose of 7.4 or 9.2 mg Hg/kg of HgCl2 caused
various toxic effects including haematopoietic and renal effects in rats (IPCS 2003).

Sub-acute toxicity

HgCl2 was administrated for 12 days at doses of 0, 1.25, 2.5, 5, 10, or 20 mg/kg/day to F344 rats
(five animals/dose/sex) and 0, 5, 10, 20, 40, or 80 mg/kg/day to B6C3F1 mice (five animals/dose/sex)
for 12 days (during the administration period of 16 days for rats and 14 days for mice). Two male
rats in the 20 mg/kg group died in the first week, as did all male and four female mice from the 80
mg/kg group and one male mouse from the 40 mg/kg group. Kidney weights were increased at 2.5
mg/kg or greater doses in rats and all dose groups in mice. The mean mercury concentrations
observed in the rat received 20 mg/kg were respectively 45.5 and 43.4 ppm in male and female

kidney, 5.7 and 4.4 ppm in liver and less than 0.5 ppm in brain tissues. Chemical-related lesions
6
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included renal tubule necrosis, inflammation and necrosis of the forestomach, and necrosis of the
glandular stomach (NTP 1993).

Wistar rats (five animals/dose/sex) were exposed to the diet including mercuric chloride of 0, 75,
150, 300ppm for 4 weeks. The administration doses were corresponding to 0, 3.7, 7.4, 14.8 mg Hg
/kg/day for male and 0, 4.1, 8.2, 16.4 mg Hg/kg/day for female. The increased relative weights,
nephrosis and protein cast in kidney were observed at all dose groups in both sexes. The serum
levels of AST and ALP were increased at dose of 300ppm in both sexes. Nephrose and urinary
protein cast were observed in all the dose groups (Jonker 1993).

Sub-chronic toxicity

B6C3F1 mice (10 animals/sex/group) were administered with HgC12 by gavage at doses of 0.93,
1.9, 3.7, 7.4, 14.8 mg Hg/kg bw/day (adjusted by 5 days / week) for 6 months. In male mice, the body
weights were decreased at dose of 14.8 mg/kg bw/day, and the absolute and relative kidney weights
were increased at dose of more than 3.7 mg Hg/kg bw/day, and more than 7.4 mg Hg/kg bw/day,
respectively. The kidney weight changes corresponded to an increased incidence of cytoplasmic
vacuolation of renal tubule epithelium in male mice administered with at least 3.7 mg Hg/kg bw/day.
In female mice, no histopathologic changes in the kidneys were observed. A NOAEL of this study
was considered to be 1.9 mg Hg/kg bw/day (NTP 1993).

Fischer rats (10 animals/sex/group) were administered with HgClz by gavage at doses of 0.23,
0.46, 0.92, 1.9 or 3.7 mg Hg/kg bw/day (adjusted by 5 days / week) for 6 months. The body weights
were decreased at the dose of 3.7 mg Hg/kg bw/day in male rats, and at the doses of more than 0.46
mg Hg/kg bw/day in female rats. The absolute and relative kidney weights were significantly
increased at dose of more than 0.46 mg Hg/kg bw/day in both sexes. The incidence of nephropathy
(tubular regeneration, thickened tubular basement membrane, diluted tubules with hyaline casts)
was 80% in the control male rats, and 100% in all treated male rats groups. The severities of the
nephropathy were relatively greater at doses of more than 0.92 mg Hg/kg bw/day. In females, the
incidence of nephropathy was increased at only the highest dose group. No treatment-related effects
were observed in the other organs. A NOAEL of this study was considered to be 0.23 mg Hg/kg
‘bw/day (0.20 mg Hg/kg bw/day) (NTP 1993).

Reproductive and developmental toxicity

Male mice received oral exposure to 0.25, 0.5 and 1 mg/kg/day of HgCl: for pre-mating 40 days,
a spermatogenesis cycle, were mated with females gavaged with the same doses for pre-mating 16
days, a oogenesis cycle, and exposure was continued during the mating 21 days. The female mice
were subsequently exposed to the compound to the end of lactation. The exposure caused decrease
in fertility and live birth index in all the dose groups (Khan 2004).

Male mice received 4 ppm HgClz in drinking water (estimated as 0.65 mg/kg/day) for 12 weeks
showed decrease in relative testis weight and epididymal sperm numbers (Orisakwe 2001). When
HgCl2 was administrated to male mice at a dose of 1.25 mg/kg/day for 45 days, sperm motility,

sperm count and viable sperm percentage were significantly decreased and mating ratio with non
7
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treated females was 0 % in the treated mice whereas that of control mice was 92.5 % (Rao and
Sharma 2001).

A single iv injection of 0.5 — 2.5 mg Hg/kg HgClz was given to female mice on the first day of
gestation. Dose of 1.5 mg Hg/kg caused significant increase in abnormal preimplantation embryos
while those in 0.5 and 1.0 mg Hg/kg groups were similar to the control group (Kajiwara and Inouye
1986).

Genotoxicity

HgCl2 was negative in Ames test with four Salmonella typhimurium tester strains, TA98,
TA100, TA1535 and TA1537 both in the presence and absence of rat liver S9 (NTP database). HgCls
induced positive response in mouse lymphoma TK assay without metabolic activation. No
statistically significant increase in mutation frequency was seen at 0.2 ug/mL or lower treatment
concentrations in the TK assay (NTP database). HgCls caused chromosomal aberrations in CHO
cells at 6.03 ug/mL for 20.8 hours and 7.95 ug/mL for 10.7 hours treatments while the assay with
metabolic activation resulted in negative (NTP database). When human lymphocytes were treated
with 2, 5, 10, 20 uM of HgCl2 in vitro, chromosomal aberrations and/or micronuclei were increased
at 10 uM (2.7 ug/mL) and 20 uM (5.4 ug/mL) (Ogura 1996). HgCI2 was also positive in mice bone
marrow chromosomal aberration test with a single oral dose of 3, 6 or 12 mg/kg (Ghosh 1991).

Mercury compounds may involve both direct and indirect mode of genotoxic action such as free
radicals, oxidative stress, microtubule dysfunction and inhibition of DNA repair systems (reviewed
in Crespo-Lopez 2009). Although indirect mechanisms were suggested in biological assays, direct
interaction with DNA was reported under a nonphysiologic condition using isolated DNA only.
Chronic study/Carcinogenicity

The 2-year NTP (1993) bioassays in rats and mice were considered to be relevant and
appropriate for assessing carcinogenic and long-term effects of mercuric chloride at the WHO
evaluation (CICAD, 2003). Mercuric chloride was classified as group 3 (not classifiable as
carcinogenic to humans) by IARC, based on limited evidence in experimental animals.

B6C3F1 mice (60 animals/sex/group) were administered with HgClz by gavage at doses of 0, 3.7
and 7.4 mg bw/day (adjusted by 5 days / week) for 104 weeks. The survival rate in the control, low-
and high-dose groups was, respectively, 72, 72 and 62% for males, and 82, 70 and 62% for females.
Although the incidences of nephropathy in male rats were commonly higher (80-90%) in all groups,
the severity increased as the dosage increased. The incidence of nephropathy in female rats
increased significantly in two treatment groups comparing to the control group. The incidences of
renal tubular hyperplasia were 1/50, 0/50 and 2/49, and the combined incidences of renal tubular
adenomas and adenocarcinomas were 0/50, 0/50 and 3/49 in control, low- and high-dose males,
respectively. These observations were considered to be important and equivocal evidences of
carcinogenic activity in male mice, because renal tubular hyperplasia and tumours in mice are rare.

Fischer 344 rats (60 animals/sex/group) were administered with HgCls by gavage at doses of 0,
1.9 and 3.7 mg bw/day (adjusted by 5 days / week) for 104 weeks. Survival rate in control, low-, and
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high-dose group was respectively, 43, 17, 8% in males, and 58, 47, 50% in females. The nephropathy
was observed at the almost males in all groups including control, and the severities of the
nephropathy in treatment groups were gradually greater in doses dependent manner. The incidence
of renal tubular hyperplasia was significantly increased in male at the high dose group, but no
significant increased incidence of the hyperplasia were observed in female. The incidence of
papillary hyperplasia of the stratified squamous epithelium lining of the forestomach was
significantly increaséd in all treatment males (3/49, 16/50 and 35/50 in control, low and high-dose
males, respectively) and in high-dose females (5/50, 5/49 and 20/50 in control, low- and high-dose
females, respectively). The incidence of forestomach squamous cell papillomas in the control, low-
and high dose groups was respectively 0/50, 3/50 and 12/50 in males , and 0/50, 0/49 and 2/50 in
females. A significant positive trend of the incidence of thyroid follicular cell carcinomas (1/50, 2/50
and 6/50 in control, low- and high-dose groups, respectively) in male was indicated , although the
combined incidence of thyroid follicular cell neoplasms (adenoma and/or carcinoma) was not
significantly increased. The assessment of carcinogenic potential from the results of this study was
considered to be limited, because high mortality in both groups of treated males indicates that the
Maximum Tolerated Dose (MTD) was exceeded in these groups. The forestomach tumours were
considered to be of limited relevance to humans because of structural considerations, and the
relevance of the thyroid carcinomas was also questioned because these neoplasms are usually seen
"in conjunction with increased incidences of hyperplasia and adenomas which were not observed in
this study (IRIS, 1995).
Immunotoxicity

Low level exposure to HgCl2 showed suppressive activities against both T-cell and B-cell
activation in vitro (Shenker 1992, Daum 1993). BALB/c mice were exposed to HgCl2 containing
drinking water of 0.3, 1.5, 7.5 or 37.5 Hg ppm for 14 days. Decrease in T-cell populations in immune
organs and altered inflammatory cytokine production or expression of MHC II were observed in 1.5
Hg ppm (0.31 mg Hg/kg) and higher doses NOEL was indicated as 0.3 Hg ppm (0.06 mg
Hg/kg/day) (Kim 2003).
Neurotoxicity

Rats exposed to HgClz at a dose of 0.74 mg Hg/kg/day for up to 11 weeks showed severe ataxia
and sensory loss. Dietary exposure of rats to 2.2 mg mercury/kg body weight per day as mercuric
chloride for 3 months resulted in inactivity and abnormal gait (CIACD 2003).
Epidemiology in humans

Many reports of acute poisonings in both adults and children after various exposure scenarios
have been published (ATSDR, 1999). Only a limited number of reports that have information on the
dose or exposure levels are available (IPCS 2003). Although the lethal dose is uncertain, the
intentional ingestion cases suggest a range of 10 mg Hg/kg to more than 50 mg Hg/kg. As acute
symptom, corrosive gastroenteritis, oropharyngeal burns, nausea, hematemesis, severe abdominal

pain, anemia, liver enzyme elevations, gingivitis, hematochezia, acute tubular necrosis and
9
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