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1 IDENTIFICATION OF THE SUBSTANCE


INDEX N° 080-001-00-0
EC. N° 231-106-7
CAS n° 7439-97-6
ID N° 


1.1.
EINECS Name
MERCURY, elemental

If not in EINECS


IUPAC Name


1.2.
SYNONYMS
Mercury, colloidal mercury, liquid silver, metallic mercury, quicksilver,

(state ISO name if available)
hydrargyrum


1.3.
MOLECULAR FORMULA
Hg





1.4.
STRUCTURAL FORMULA
Hg





1.5.
PURITY (wt/wt)






1.6.
SIGNIFICANT IMPURITIES  OR


ADDITIVES, THEIR
 

CONCENTRATIONS (wt/st)





1.7.
KNOWN USES
Industrial :  electrical application (alkaline batteries),  pigments in paints,

gold mining, chloro-alkali industry





General public : medical applications (dental restorations)




1.8.
CURRENT CLASSIFICATION
T; R23
 

R33


N; R50-53



1.9.
PROPOSED CLASSIFICATION
T+; R26


T ; R48/23


Repr Cat 2 - R61


N; R50-53


1.10
PROPOSED LABEL
R-PHRASE(S) : R26-R48/23-R50-R53, R-61.


SYMBOL(S) : T+; T; N


S-PHRASE(S) : S1/2-S7-S36/37-S45-S60-S61


PHYSICO-CHEMICAL CHARACTERISTICS


2.1.
Physical form  : heavy, mobile, liquid metal


2.2.
Molecular weight : 200,59



2.3.
Melting point/range (° C) : -38,87


2.4.
Boiling point/range (° C): 356.58


2.5.
Decomposition temperature : 


2.6.
Vapour pressure (Pa(° C))  : 0,17 at 20°C, 0.3 at 25°C, 1.69 at 50°C, 11.84 at 80°


2.7.
Relative density : 13,534 g/ cm3 at 25°C


2.8.
Vapour density (air = 1) :  6.93



2.9. 
Conversion factor

(1011 hPa at 25° C)
1 ppm =  8,18 mg/m3 in air at 25°C


1 mg/ m3 = 0,122 ppm in air at 25°C




2.10.
Solubility : 

Conc. at sat. (g/l)
Solvent 
Temperature (°C)

0.02 mg/L
Water
20°C (It is relatively insoluble in water)

0.6 mg/L
Water
100°C

other solvent : pentane






2.11.
Partition coefficient (log Pow)  
experimental





calculated
Log Kow : 5,95




2.12.
Flammability

Not flammable 



2.13.
Explosivity 

Non-combustible



2.14.
Oxidizing properties  

2 Hg2+ + 2e           Hg22+                E0 = 0v,91

Hg22+ + 2e           2Hg                    E0 = 0v,80



2.15.
Other physico-chemical properties   : formation of amalgams.



OBSERVATIONS ON HUMANS

	Where available, human data are considered to be of more relevance in determining the potential effects of chemical substances on the human population (Annexe V, Directive 67/548/EEC)

The present proposal focuses on the reprotoxic effects of elemental mercury and the review of other toxicological issues is based on the recent ATSDR (1999) and CICADS (2003) documents.
	Ref.

	3.1.
occupational exposure


	

	3.1.1.  Neurotoxicity

The review of neurotoxic effects is based on the recent ATSDR document (1999).

In humans, several chronic-duration exposures to metallic mercury vapor have resulted in tremors (which may be mild or severe depending on the degree of exposure), unsteady walking, irritability, poor concentration, short-term memory deficits, tremulous speech, blurred vision, performance decrements in psychomotor skills (e.g., finger tapping, reduced hand-eye coordination), paresthesias, decreased nerve conduction, and other signs of neurotoxicity (Albers et al. 1988; Bidstrup et al. 1951; Chaffin et al. 1973; Chang et al. 1995; Chapman et al. 1990; Fawer et al. 1983; Langolf et al. 1978; Piikivi et al. 1984; Smith et al. 1970; Sunderman 1978; Uzzell and Oler 1986; Vroom and Greer 1972; Williamson et al. 1982). The majority of studies suggest that motor system disturbances are reversible upon exposure cessation, while cognitive impairments, primarily memory deficits, may be permanent (Chaffin et al. 1973; Hanninen 1982; Miller et al. 1975).

Other studies have noted correlations between exposure level or duration and effects (e.g., memory deficits, psychomotor coordination, motor and sensory nerve conduction velocities, electromyographic abnormalities, evidence of polyneuropathy, tremor, emotional changes, reflex abnormalities, and electroencephalographic changes) (Albers et al. 1982; Iyer et al. 1976; Levine et al. 1982; Smith et al. 1983; Vroom and Greer 1972; Williamson et al. 1982). Early studies suggested that frank neurotoxicity (pronounced tremors, erethism, restriction of visual fields, difficulty seeing) was generally observed at >300 μg mercury in a 24-hour urine (Bidstrup et al. 1951) or at >0.1 mg/m3 (Smith et al. 1970). More recent studies using sensitive tests for psychomotor skills, tremor, and peripheral nerve function suggest that adverse effects may be associated with very low exposures (see below). However, conflicting information exists regarding thresholds for neurotoxic effects.

3.1.2.  Renal toxicity

The results from a number of studies show renal toxicity in workers chronically exposed to mercury vapour (Barregard et al. 1988; Bernard et al. 1987; Buchet et al. 1980; Cardenas et al. 1993; Danziger and Possick 1973; Ehrenberg et al. 1991; Kazantzis et al. 1962; Langworth et al. 1992b; Piikivi and Ruokonen 1989; Roels et al. 1982; Stewart et al. 1977; Stonard et al. 1983; Sunderman 1978; Tubbs et al. 1982). Several of these reports have focused on workers with proteinuria (Danziger and Possick 1973; Kazantzis et al. 1962; Tubbs et al. 1982), while others have examined a variety of urinary parameters in exposed populations. Biopsies in the studies of workers with proteinuria have shown both proximal tubular and glomerular changes. In the report by Kazantzis et al. (1962), heavy albuminuria was reported to be accompanied by both proximal tubular damage and glomerulosclerosis. Examination of tissue samples from two other workers with proteinuria showed changes in the foot processes of cells associated with the glomerular basement membrane and deposition of IgG and C3 (Tubbs et al. 1982).

3.1.3.  Reprotoxicity

Occupational exposure to mercury and its compounds is mainly from elemental mercury occurring in a number of industrial processes (chlorine production, lamp manufacture…) or dentistry.

Most of the epidemiological studies linking occupational exposure to mercury to reproductive outcomes have been conducted more than ten years ago, they concern both male (first table) and female (second table) exposure. Only a few of them include attempts to estimate individual exposure to mercury indirectly (i.e number of dental amalgams prepared per week) or directly using urinary or hair mercury determination. 
	ATSDR (1999)


	3.1.3.1.
Paternal occupational exposure 

	Occupation or Industry
	Population size

Exp/N. Exp
	Exposure measurement
	Effect measurement

(source)
	Results
	Adjustment for other risk factors

Commentaries
	Ref.

	Department of Energy plant
	241 exp

254 non exp
	Cumulative quarter-year mercury level in urine before pregnancy


	Miscarriages

Major malformations

Childhood illnesses
	                                  Rate of miscarriages 
                                  per 100 pregnancies

                                                             (± se)

No exposure :                                 9,3  ± 1,3

Low exposure (2000-3999(g/l) :  10,4  ± 1,3

High exposure (>4000 (g/l) :       15,6  ± 2,2

No results about other effects. 
	Maternal and paternal age at marriage, years of education, maternal smoking and alcohol drinking

Taking into account previous miscarriage made the statistical significance of the relationship disappear
	Alcser et al, 1989

	Dentistry
	N= 21 634
	Number of amalgams (am) restoration per week

(postal questionnaire)
	Spontaneous abortions<20w

Congenital abnormalities


	                                  Rate per 100 pregnancies

                                                     (± se)

Low exposure (0-40 am/w) :   8,3 ±   0,7 

High exposure (> 40 am/w) :  7,3 ±   0,3    ns

                                  Rate per 100 livebirths

Low exposure (0-40 am/w) :   4,0 ±    0,8

High exposure (> 40 am/w) :  4,8  ±   0,3    ns
	Maternal age, maternal cigarette smoking
	Brodsky et al, 1985

	Choralkali plant
	152 exp

374 non exp
	Average mercury level in urine before pregnancy


	Spontaneous abortions < 28 w

(spouse questionnaire)
	                                                  RR     95% CI

Urinary mercury 1-19 (g/l :    1,3    [1,0 - 1,7]

Urinary mercury 20-49 (g/l :  1,7    [1,0 - 3,0] 

Urinary mercury > 49 (g/l :    2,3    [1,0 – 5,2] 
	Maternal age, gravidity, maternal tobacco consumption, time since pregnancy, duration of exposure 
	Cordier et al, 1991

	- Zinc-mercury amalgam

- Chloralkali

- Electrical Eq
	103 exp

101 non exp
	no quantification in the comparison

(average in the urines = 52,4 (g/g creatinine in exposed workers)
	Livebirths

(Questionnaire to male employees)
	                                 Observed      Expected

Before exposure :        93                90,6      ns

During exposure :        59                 65,8     ns
	Paternal age

Number of livebirths is a crude indicator of fertility
	Lauwerys et al, 1985


	3.1.3.2.
Maternal occupational exposure 

	Occupation or Industry
	Population size

Exp/N. Exp
	Exposure measurement
	Effect measurement

(source)
	Results
	Adjustment for other risk factors

Commentaries
	Ref

	Dentistry
	N= 30 272
	Number of amalgams (am) restoration per week

(postal questionnaire)
	Spontaneous abortions<20 w

Congenital abnormalities


	                                 Rate per 100 pregnancies

                                                           (± se)

Low exposure (0-40 am/w) :   10,7  ±   1,2 

High exposure (> 40 am/w) :   9,8  ±   0,5    ns

                                 Rate per 100 livebirths

Low exposure (0-40 am/w) :    3,1 ±    0,7

High exposure (> 40 am/w) :   4,1  ±   0,4    ns
	Maternal age, maternal cigarette smoking
	Brodsky et al, 1985

	Mercury lamp manufacture
	153 exp

193 non exp
	None
	Disturbances of menstrual cycle

Spontaneous abortion

(interview)
	                              Exp              Non Exp

oligomenorrhea     27%              20%                           

                              12%               14%                                                
	Maternal age
	De Rosis et al, 1985

	Dentistry
	8 157 births among dentists
	None

(central health registries)
	Perinatal deaths

Congenital malformations

Low birth weight


	                               RR              95% CI

                               0,6            [0,5 - 0,9]

                               1,0            ns

                               1,2            [1,0 – 1,3]                                 
	Maternal age, parity, year of birth, infant sex
	Ericson et al, 1989

	Dentistry
	728 exp (dental assistants)

914 no exp (employees like physiotherapists, office workers, technical assistants, designers)
	None

(questionnaire

hospital records)
	Spontaneous abortion


	                                       RR       95% CI

exp                                 1,0      [0,6 – 1,5]                

no exp                         1,0      [0,7 – 1,5]                           
	Gravidity, pregnancy order, maternal age 
	Heidam, 1984

	Dentistry
	419 dental assistants
	Number of amalgams per week
	Time to pregnancy

(telephone interview)


	Fecundability Ratio = 0,63; 95% CI [0,42 – 0,96] for more than 30 amalgams per week and five or more poor mercury hygiene factors at work

The fecundability ratio estimates the ratio of per cycle conception rate for the exposed compared to the unexposed subjects adjusted for other covariates included in the model. For example, if the exposed women have a fecundability ratio of 0.5, this would suggest that exposed women are half as likely as unexposed to conceive in any given cycles.
	Recent contraceptive use, age, race, smoking, pelvic inflammatory disease, partners, frequency of intercourse, unscavenged nitrous oxide (Anaesthetic gas), and year  of pregnancy
	Rowland et al, 1994

	Dentistry
	81 exp

34 non exp
	Mercury in hair

 (average= 0,53(g/g)
	Menstrual disorders

Reproductive failure 

(questionnaire)
	                              Exp             Non Exp

                              31,1%         19,0%

                             23,9%          11,1%   p<0,05
	Correlation between the prevalence of  adverse outcomes and hair mercury level among exposed women  
	Sikorski et al, 1987


	3.2.
Exposure of the general public


	

	The studies on exposures to elemental mercury in general population are very few. They are insufficient to conclude about classification of elemental mercury.


	

	Relationships between mercury exposure during pregnancy and neurodevelopment among British child born in 1991-92 were studied. To evaluate their children, over 5000 mothers from the Avon Longitudinal Study of pregnancy and Childhood completed the Denver Developmental Screening test at 6 and 18 months after birth and the Mac Arthur Communicative Development Inventory at 15 months. Reported dental treatment and fish intake during pregnancy served as markers of exposure to mercury vapours and methylmercury respectively. Cord tissue mercury was measured for 1100 children. Total mercury levels were higher among those who had dental work and ate fish but were not associated with developmental test scores. Neither dental work nor fish intake was associated with decreased overall developmental test scores. Most developmental scores increased with fish intake (Mac Arthur : no fish = 123.5, fish < 1/week = 130.3, fish > 1/week = 129.8, trend p < 0.02).
	Daniels et al, 2001


	3.3 
Genotoxicity


	

	Tissue
	Population
	Exposure
	Observations and remarks
	Ref

	No data
	4 workers exposed to metallic mercury and 18 exposed to a mixture of mercuric chloride, methylmercuric chloride and ethylmercuric chloride.
	Mercury concentration in the workplace ranged from 0.15 to 0.44 mg/m3; urinary excretion level was 890 µg/l. 
	Significant increase in the frequency of acentric fragments (chromosome breaks).

No difference on the incidence of aneuploidy.

Control group was not matched for sex, smoking habits or sample size. One of the metallic mercury exposed individuals had a history of benzene poisoning and an unusually high frequency of abnormal chromosome morphology. 


	Popescu 1979

	No data
	No data
	No data
	Association between increased chromosome aberrations and workplace exposure to mercury (as measured by urinary mercury levels). Significant increase in aneuploidy, with a higher incidence in the older exposed workers.

Control group was not matched for sex, smoking habits or sample size.
	Verschaeve 1976

	No data
	28 workers
	Moderate levels of metallic mercury (urinary levels of 50 µg/L)
	No adverse on structure or number of chromosomes.
	Verschaeve 1979

	No data
	22 workers
	Mercury vapors. 

Mean duration of exposure: 4 y

Mean urinary and blood mercury levels: 117 µg/g creatinine and 0.031 µg/ml, respectively.
	No increased frequency of structural aberrations.
	Mabille 1984

	Peripheral lymphocytes
	26 male chloralkali workers

(controls: 26 unexposed subjects)
	Mercury vapors (25-50 µg/m3).

Mean exposure duration: 10 y.


	No significant increase in the frequency or size of micronuclei.

Significant correlation between micronuclei induction in T-lymphocytes only and cumulative exposure.

Groups matched for age and smoking habits.
	Barregard 1991


3.4.
Carcinogenicity

	Description
	Estimation of exposure
	Result
	Ref

	Group of workers of a factory utilising the metal in a lithium isotope separation process
	No data
	No association between mercury exposure and cancer mortality.
	Cragle 1984

	674 Norwegian workers  from 2 chloralkali plants  
	Exposure to mercury vapors for more than 1 year.
	No excess of cancer of the kidney or nervous sytem.
	Ellingsen 1993

	Swedish chloralkali workers
	Long-term, high-level exposure to metallic mercury.
	Excess in lung cancer (type not specified) 10 years after the end of exposure.

Co-exposure to asbestos. No data on smoking status. 
	Barregard 1990


4
TOXICOLOGICAL DATA (indicate conclusions and bibliographical references)

The present proposal focuses on the reprotoxic effects of elemental mercury and the review of other toxicological issues is based on the recent ATSDR (1999) and CICADS (2003) documents.

	4.1
acute toxicity


4.1.1.
inhalation 
	Species
	Dose
	Exposure

time 

(h/day)
	Observations and Remarks
	Ref.



	Rabbit
	28.8 mg/m3 Hg0 vapor
	1 to 30 h (intermittent exposures) with two rabbits by period tested
	For an exposure time of : 

30 h :  1 of 2 rabbits died

≤ 20 h : no deaths occurred in exposed rabbits

Marked cellular degeneration with some necrosis of heart tissue was observed in rabbits following longer intermittent exposures from 4 to 30h. Mild to moderate pathological changes after 1 to 4 h.

Gastrointestinal effects ranged from mild pathological changes to marked cellular degeneration and some necrosis of the colon after 4 to 30 h of exposure.

Moderate pathological changes (unspecified) to severe liver necrosis after 6 to 30 h of exposure.

Marked cellular degeneration to tissue destruction and widespread necrosis: moderate pathological changes were seen after a 1 h exposure; as the duration of exposure increased to 30 h, extensive cell necrosis in the kidney became evident.
	Ashe et al, 1953

	Rat
	27 mg/m3 Hg0 vapor
	2 h
	20 of 32 rats died prior to their scheduled sacrifice.

A variety of respiratory effects were reported, including dyspnoea, lung oedema, necrosis of the alveolar epithelium, hyaline membranes, and occasional lung fibrosis. 
	Livardjani et al, 1991


Data are in favour of a classification T+; R26 (LC50< 0,027 mg/L, after 2h).

No data by oral or dermal route.

	4.2
repeated of prolonged toxicity grouped according to subacute, subchronic and chronic toxicity and carcinogenicity (animal experiments)


4.2.1.
inhalation
	Species
	Conc.

mg/l
	Exposure

time 

(h/day)
	Duration of treatment
	Observations and Remarks
	Ref.



	Rabbits (n = 16)
	6 mg/ m3

	7 h/day for  5 days/week
	11 weeks


	1 to 11 weeks : respiratory effects were described as unspecified mild to moderate pathological changes

1 to 5 weeks : mild to moderate liver pathology

6 to 11 weeks : effects ranging from moderate pathological changes to marked cellular degeneration and some necrosis in the liver occurred

11 weeks : effects that ranged from mild pathological changes to marked cellular degeneration and widespread necrosis in the kidney.
	Ashe et al, 1953

	Rabbits (n = 19)
	0.86 mg/ m3

	7 h/day for  5 days/week
	12 weeks


	Moderate pathological kidney changes that were reversible with termination of exposure (The LOAEL for renal effects was 0,86 mg/m3.)

2 to 12 weeks :  Mild to moderate pathological changes (unspecified) in the heart
	

	Rats, Rabbits, Dogs (Only two dogs were tested in this study)
	0.1 mg/ m3
	7 h/day for  5 days/week
	72 to 83 weeks
	No microscopic evidence of kidney damage in any exposed animal 
	Druckrey et al, 1957

	Rats (n = 6+6)
	1 mg/m3
	100 h continuously per week
	6 weeks (n=6) and 7 weeks (n=6)
	6 weeks (n=6):

Retarded growth (average increase per rat about 10g), reversible tremors, rigidity of tails after 5 weeks.

7 weeks (n=6):

Same clinical effects than above.

In addition, 2 rats died during the seventh week: necropsy and histopathological examination showed pulmonary and liver congestion and degeneration of the cortical tubules in one rat.
	Gage, 1961

	Rats (n = 26)
	3 mg/ m3
	3 h/day for  5 days/week
	12 to 42 weeks
	Dense deposits in tubule cells and lysosomal inclusions in the renal tubular epithelium.

No hepatic changes.
	Kishi et al, 1978


In these studies, the reproductive organs were not observed.

Classification T; R48/23 is warranted (Ashe et al. 1953).

No data by oral or dermal route.

4.3.
genotoxicity

No data

4.4.
carcinogenicity
	Species
	Route 
	Dose
	Duration of treatment
	Observations and Remarks
	Ref.



	Rats (n = 39)
	Intra-peritoneal
	2 injections of unspecified quantity

No control group.
	Lifelong follow-up
	5/39 rats had local sarcomas.
	Druckrey 1957


4.5.
fertility 
	Species
	Route
	Dose
	Exposure

time 

(h/day)
	Number of generations exposed
	Observations and Remarks
	Ref.



	Rat (Adult female) (n=24 : 12 non exp and 12 exp)


	Inhalation


	0 and 2.5 mg/ m3 Hg0 vapor


	6h/day for 21 days period prior to fertilization and during gestation days 7-20


	1


	Maternal weight gain was reduced, but not significantly, in the mercury-exposed group.

During the second and third weeks of exposure, these rats developed signs of mercury poisoning including restlessness, seizures, and trembling of the entire body. 

No significant effects on pregnancy rate.

Significant increase in the length of the oestrous cycle in mercury-exposed rats, from a mean of 4.3 days before exposure to a mean of 6.7 days at the end of exposure. Oestrous cycle duration in control animals increased from 4.5 to 5.1 days during the same period.

The authors speculated that the effects on the estrous cycle were caused by the action of mercury on the central nervous system.
	Baranski et al, 1973

(article in Polish)

Cited in ATSDR 1999

	Female rat (80-90 days of age)

(n = 96)

Sprague-Dawley strain
	Inhalation
	0, 1, 2 and 4 mg/m3 Hg0 vapor
	2 h/day during 11 consecutive days


	
	- Decrease in body weight for the conc. of 4 mg/m3 at days 7 and 11 of exposure (-8 and 12% of the control, respectively).

- No significant changes in relative and absolute weights of brain, kidney, liver and uterus by exposure to 1, 2 and 4 mg/m3 Hg° for 11 days.

- Dose-dependent increase in kidney and brain Hg after 11 days of exposure.

- Dose-related prolonged estrous cycle at 2 and 4 mg/m3.. No effects on ovulation, implantation  or maintenance of first pregnancy

Estrogene:progesterone ratio altered in rats exposed to 4 mg/m3 Hg°: Decrease in estradiol and increase in progesterone.


	Davis et al, 2001


4.6.
developmental toxicology
	Species
	Route
	*dose mg/kg/day

ppm

**Conc.

(mg/l)
	Exposure

time

(h/day)
	Exposure period :

- number of generations or

- number of days during pregnancy
	Observations and remarks
	Ref.

	Rat (Adult female) (n=24 : 12 non exp and 12 exp)
	Inhalation
	0 and 2.5 mg/ m3 Hg0 vapor
	6h/day for 21 days period to fertilization and during gestation days 7-20
	1
	Maternal weight gain was reduced, but not significantly, in the mercury-exposed group

During the second and third weeks of exposure, these rats developed signs of mercury poisoning including restlessness, seizures, and trembling of the entire body. 

Significant increase in the length of the oestrous cycle in mercury-exposed rats, from a mean of 4.3 days before exposure to a mean of 6.7 days at the end of exposure. Oestrous cycle duration in control animals increased from 4.5 to 5.1 days during the same period.

There were no significant effects on pregnancy rate, number of litters born, or on total litter size (i.e. live and dead pups) at birth.

Decrease in the number of living fetuses. Mean live litter size at birth was reduced significantly to 7.6 pups in the mercury-exposed group compared with 9.6 pups in controls.

In the first 4 days of life 96%

of pups from the exposed group died; none survived to weaning.

An unspecified percentage of the deaths was attributed by the authors to a failure of lactation in the dams.
	Baranski et al, 1973 

(article in polish)

(cited in ATSDR 1999)

	Rat (Adult female) (n=41: 18 non exp and 23 exp)
	Inhalation
	0 and 2.5 mg/ m3 Hg0 vapor
	6h/day for 6-8 weeks  before mating 
	1
	Non significant reduction in mean maternal body weight was recorded.

No effect on the mean number of pups/litter or on the number of live pups/litter at birth.

Postnatal mortality significantly increased, particularly during the first 4 days of life: 26% of the pups from the mercury exposed group died compared with 1% in the control group.
	

	Rat (Sprague-Dawley) pregnant
	Oral (MeHg),

Inhalation (Hg0),

And both oral and inhalation
	Oral : 2 mg MeHg/kg of bw/day

Inhalation 1.8 mg Hg0/m3 air for 1.5 h per day (equivalent to 0.1 mg Hg/kg.day)

Combined exposures (MeHg + Hg0)

And control group
	For 1,5 hour per day
	groups (groups with n = 12) of pregnant rats: MeHg, Hg0, MeHg+Hg0 and control
Pregnant rats exposed orally during days 6-9 of gestation

And by inhalation during gestation days 14-19
	No sign of adverse effects in the pregnant rats.

Offsprings were observed up to weaning.

No difference between groups (including control) in clinical observations and developmental markers (body weight, pinna unfolding, surface righting reflex and tooth eruption).

Offsprings of 4-5 months were involved in behavioural tests :

· Those of dams exposed to Hg0 showed hyperactivity in locomotion, rearing and total activity. This effect is potentiated in the (MeHg+Hg0) group

· MeHg group: no significant functional alterations in the brain at the dose used.

· Exposure to MeHg and MeHg + Hg0 vapours induces alterations of both spontaneous and learned behaviour reflected by delayed behavioural responses and deficits in spatial learning, deficit in adaptive behaviour and hyperactivity (ambulation and rearing)

MeHg have capability to potentiate the effects of Hg0
	Fredriksson et al, 1996

	Pregnant rat (Sprague-Dawley) (n = 30)
	Inhalation (Hg0)
	Inhalation 0.05 mg Hg0/m3 air for 1 or 4 h per day
	6 days
	during GD 11-17
	Hyperactivity and significantly impaired spatial learning in the offspring tested at adult ages (LOAEL; no lower doses tested)


	Fredriksson et al, 1992

	Rat

Long Evans
	Inhalation
	0, 1, 2, 4 and 8 mg/m3 Hg0 vapor
	2 h/day during 10 days
	25 animals for each dose.

Exposure during gestation.

from GD 6 through GD15
	Maternal Toxicity

- Maternal toxicity at 4 and 8 mg/m3 : decrease in body weight at both doses (-7% and –17% of body weight gain compared to control), and mild nephrotoxicity and neuromuscular effects at 8 mg/m3. Decrease of body weight attributed to decrease of food intake.

Pregnant rats

- Increased incidence of resorption  at 8 mg/ m3
Offsprings

- Decrease in litter size and neonatal body weight  at PND 1 at 8 mg/m3

- Distribution of Hg to all maternal and foetal tissues and increase of Hg concentration with exposure time and concentration.

- Transfer through the placenta significant

Adverse effects of Hg0 on development outcome only at a concentration causing maternal toxicity


	Morgan et al, 2002

	Monkeys (20 pregnant female squirrel)
	Inhalation
	1 mg/ m3 Hg0 vapour


	1 monkey 24h/day, 5 days / week

4 monkeys 7h/day, 5 days / week

5 monkeys 4h/day, 5 days / week

10 monkeys unexposed
	Beginning at week 3 to week 7 of gestation and continuing to termination of pregnancy
	Incidence of abnormal pregnancies :

60 % in the exposed monkeys compared with 5 % in the unexposed monkeys (abnormalities not specified).

The incidence of abortion and neonatal mortality showed a cumulated dose-related increase (no quantitative data given in the publication).

Decrease in birth weight observed.

Numerous changes showed on the brain of the offspring. The pattern of cerebral sulci of 3 cases was more irregular than normal (immature sulci). In 1 offspring, collections of heterotropic neurons were seen. In the same offspring, increase frequency of disoriented pyramidal neurons in some parts of cerebral cortex was seen. Thus, indications were found that mercury vapour induces growth retardation, sulci abnormalities, and increase in the number of heterotropic neurons in the cerebrum.

Maternal toxicity was not reported.

No quantitative data.
	Berlin et al, 1992

(Abstract)

Warfvinge et al, 1994 (Abstract)

	Monkeys (11 mother squirrel monkeys)
	Inhalation
	0.5 (LOAEL) or 1 mg/m3 Hg0 vapor 

6 exposed

5 unexposed
	4 or 7 h/day for 5 days/week 
	Last 2/3 part or more of the gestation
	Offspring shows instability in lever-press durations and steady-state performance under concurrent schedules of reinforcement, as well as aberrant transitions.

The study does not provide sufficient information about the shape that a dose-response relationship might assume, and it did not identify a no-effect level.

Maternal toxicity was not reported.
	Newland et al, 1996


4.7.
ADDITIONAL DATA: MERCURY FORMS

4.7.1.
Metabolism

Transformation of different forms (ATSDR 1999)

The available evidence indicates that the metabolism of all forms of mercury is similar for humans and animals. Once absorbed, metallic and inorganic mercury enter an oxidation-reduction cycle. Metallic mercury (vapor) is oxidized to the divalent inorganic cation in the red blood cells and lungs of humans and animals (Clarkson 1989). 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 metallic mercury vapor. In the presence of protein sulfhydryl groups, mercurous mercury (Hg+) disproportionates to one divalent cation (Hg+2) and one molecule at the zero oxidation state (Hg0). The conversion of methylmercury or phenylmercury into divalent inorganic mercury can probably occur soon after absorption, also feeding into the oxidation-reduction pathway.
Distribution (ATSDR 1999)

In humans, metallic mercury is distributed throughout the body following inhalation exposure. It can readily cross the blood-brain and placental barriers because of its high lipophilicity (Clarkson 1989). After oxidation to mercuric mercury, it accumulates primarily in the kidneys. Inorganic divalent mercury compounds similarly reach all organs; however, the extent of accumulation in the brain and fetus is lower than metallic mercury because of the lower lipophilicity of inorganic mercury compounds. 
4.7.2.
Mercury in breast milk

Animals

When mothers are exposed to mercury vapour (Hg0), inorganic mercury is excreted in breast milk. It is also the case for the exposure with methyl mercury, which is toxic for the children exposed via maternal milk (in the context of poisonings). In addition, the migration of elemental mercury in breast milk is more efficient than the methyl mercury.

Newborn guinea pigs were exposed to inorganic mercury in breast milk from mothers exposed to mercury vapor (6–9 mg/m3) for 120 minutes after parturition (Yoshida et al. 1992). Mercury concentrations in breast milk were slightly lower than plasma mercury concentrations of the maternal guinea pigs over the observation period. Ratios of milk to plasma were 0.24–0.44 on day 3, 0.45–0.46 on day 5, and 0.46–0.66 on day 10. The decrease in the mercury concentration in breast milk with time was slower than that in maternal plasma. The distribution of mercury to organs in the suckling neonates indicated that they were exposed to the inorganic rather than to elemental mercury.
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	9          Conclusions

9.1. Acute toxicity

Taking into account the results of the acute toxicity studies detailed in chapter 4.1. (Livardjani et al, 1991), it is possible to update the classification of the elemental mercury with the classification T+; R26.

9.2. Repeated toxicity
Taking into account the results of the repeated doses toxicity studies detailed in chapter 4.2.1. , kidney necrosis is observed in rabbits exposed to 6 mg/m3 for 11 weeks and deaths are observed in rats exposed to 1 mg/m3 for 7 weeks. Based on these effects, a classification T; R48/23 is required for elemental mercury. This proposal is consolidated by human data (see chapter 3.1.1. and 3.1.3.)

R33

The rationale that has justified R33 in the existing entry is not specifically known. However, according to the criteria in Annex VI, R33 applies when data are not sufficient to justify a classification R48. Here, R48 is warranted and R33 may therefore be removed.

9.3. Genotoxicity

There is little information concerning the potential genotoxicity of elemental mercury. The overall findings provided no convincing evidence that mercury adversely affects the number or structure of chromosomes in human somatic cells. Studies reporting a positive result were compromised by technical problems, a lack of consideration of confounding factors, or a failure to demonstrate a relationship between elemental mercury exposure and induced aberrations (CICAD 2003). No classification is warranted.

9.4. Carcinogenicity

There is very poor data concerning the carcinogenicity of elemental mercury in animals (one IP study without control group) and humans. Data are therefore not appropriate to evaluate metallic mercury carcinogenicity and no classification is proposed.

9.5. Effects on fertility

Human

The reproductive outcome studied most often is spontaneous abortions in pregnancies started after the beginning of paternal or maternal exposure. Several studies assessed reproductive outcomes from questionnaires and sometimes from the father only.

There is no clear agreement between all the studies conducted after either paternal or maternal exposure, but one should note that the most methodologically sophisticated studies in terms of exposure assessment and statistical analysis (Alcser, 1989; Cordier, 1991; Rowland, 1994) provide suggestions of a link between mercury exposure and reproductive failure at an early stage of intra-uterine development. 

Animal

Two fertility animal studies show an effect of elemental mercury on the rat ovarian cycle, in the absence of general toxicity in Davis 2001 but without effects on fertility parameters.

Classification

No classification is proposed.

9.6. Effects on development

Human

No study presents significant results about developmental effects on human.

Animal

Five of the six developmental animal studies show neurological and behavioural effects of the elemental mercury on rat (3 studies) and on monkey (2 studies) at doses inducing no maternal toxic effects.

Classification

Based on these data, a classification Repr Cat 2 – R61 should be required.

R64

Taking into account the elements presented in chapter 4.7.2 (mercury in breast milk), when mothers are exposed to elemental mercury vapour, inorganic mercury is excreted in breast milk. It is also the case for the exposure with methyl mercury but the migration of elemental mercury in breast milk is more efficient than the methyl mercury. 

The bioavailability of inorganic and elemental mercury in children is very low (<1%) (Bjornberg et al. 2005). However, there is no data about long-term toxicity of low concentrations of mercury in infants exposed via mother’s milk.

In addition, the toxicity is known to alter kidney and central nervous system. These organs or system have a great sensibility in infants.

So, the risk phrase R64 may be discussed.
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