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Elemental mercury and inorganic mercury compounds: human health aspects

FOREWORD

Concise International Chemical Assessment
Documents (CICADs) are thelatest in afamily of
publications from the International Programme on
Chemical Safety (IPCS) — a cooperative programme of
the World Health Organization (WHO), the International
Labour Organization (ILO), and the United Nations
Environment Programme (UNEP). CICADs join the
Environmental Health Criteria documents (EHCs) as
authoritative documents on the risk assessment of
chemicals.

International Chemical Safety Cards on the
relevant chemical(s) are attached at the end of the
CICAD, to provide the reader with concise information
on the protection of human health and on emergency
action. They are produced in a separate peer-reviewed
procedure at IPCS. They may be complemented by
information from IPCS Poison Information Monographs
(PIM), similarly produced separately from the CICAD
process.

CICADs are concise documents that provide sum-
maries of the relevant scientific information concerning
the potential effects of chemicals upon human health
and/or the environment. They are based on selected
national or regional eval uation documents or on existing
EHCs. Before acceptance for publication as CICADs by
IPCS, these documents undergo extensive peer review
by internationally selected expertsto ensure their com-
pleteness, accuracy in the way in which the original data
are represented, and the validity of the conclusions
drawn.

The primary objective of CICADs s characteri-
zation of hazard and dose-response from exposure to a
chemical. CICADs are not asummary of all available
dataon aparticular chemical; rather, they include only
that information considered critical for characterization
of the risk posed by the chemical. The critical studies
are, however, presented in sufficient detail to support the
conclusions drawn. For additional information, the
reader should consult the identified source documents
upon which the CICAD has been based.

Risks to human health and the environment will
vary considerably depending upon the type and extent of
exposure. Responsible authorities are strongly encour-
aged to characterize risk on the basis of locally measured
or predicted exposure scenarios. To assist the reader,
examples of exposure estimation and risk characteriza-
tion are provided in CICADs, whenever possible. These
examples cannot be considered as representing all

possible exposure situations, but are provided as
guidance only. The reader is referred to EHC 170.*

While every effort is made to ensure that CICADs
represent the current status of knowledge, new informa-
tion is being developed constantly. Unless otherwise
stated, CICADs are based on a search of the scientific
literature to the date shown in the executive summary. In
the event that a reader becomes aware of new informa-
tion that would change the conclusionsdrawnin a
CICAD, thereader isrequested to contact IPCSto
inform it of the new information.

Procedures

The flow chart on page 2 shows the procedures
followed to produce a CICAD. These procedures are
designed to take advantage of the expertise that exists
around the world — expertise that is required to produce
the high-quality evaluations of toxicological, exposure,
and other data that are necessary for assessing risksto
human health and/or the environment. The |PCS Risk
Assessment Steering Group advises the Coordinator,
IPCS, on the selection of chemicalsfor an IPCS risk
assessment based on the following criteria:

there isthe probability of exposure; and/or
there is significant toxicity/ecotoxicity.

Thus, itistypical of apriority chemical that

itisof transboundary concern;

itisof concern to arange of countries (developed,
developing, and those with economiesin transition)
for possible risk management;

thereis significant international trade;

it has high production volume;

it has dispersive use.

The Steering Group will also advise IPCS on the appro-
priate form of the document (i.e., EHC or CICAD) and
which institution bears the responsibility of the docu-
ment production, as well as on the type and extent of the
international peer review.

Thefirst draft is based on an existing national,
regional, or international review. Authors of the first
draft are usually, but not necessarily, from the institution
that developed the original review. A standard outline
has been devel oped to encourage consistency in form.
Thefirst draft undergoes primary review by IPCS to
ensure that it meets the specified criteriafor CICADs.

! International Programme on Chemical Safety (1994)
Assessing human health risks of chemicals: derivation of
guidance values for health-based exposure limits. Geneva,
World Health Organization (Environmental Health Criteria
170) (also available at http://www.who.int/pcs/).
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CICAD PREPARATION FLOW CHART

Selection of priority
chemical, author
institution, and agreement
on CICAD format

9

Preparation of first draft

9

Primary acceptance
review by IPCS and
revisions as necessary

9

Selection of review
process

9

Peer review

9

Review of the comments
and revision of the
document

9

Final Review Board:
Verification of revisions
dueto peer review
comments, revision, and
approval of the document

9

Editing
Approval by Coordinator,
IPCS

9

Publication of CICAD on
web and as printed text

Advice from Risk Assessment
Steering Group

Criteriaof priority:

$ there isthe probability of exposure;
and/or
$ there is significant toxicity/ecotoxicity.

Thus, it istypical of apriority chemical that

$ itis of transboundary concern;

$ itisof concern to arange of countries
(devel oped, devel oping, and those with
economies in transition) for possible risk
management;

$ there is significant international trade;

$ the production volume is high;

$  theuseisdispersive.

Special emphasisis placed on avoiding
duplication of effort by WHO and other
international organizations.

A prerequisite of the production of aCICAD is
the availability of arecent high-quality national/
regional risk assessment document = source
document. The source document and the
CICAD may be produced in parallel. If the
source document does not contain an environ-
mental section, this may be produced de novo,
provided it is not controversial. If no source
document is available, IPCS may produce a de
novo risk assessment document if the cost is
justified.

Depending on the complexity and extent of
controversy of the issuesinvolved, the steering
group may advise on different levels of peer
review:

$  standard IPCS Contact Points
$  above+ specialized experts
$  above + consultative group
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The second stage involves international peer review
by scientists known for their particular expertise and by
scientists selected from an international roster compiled
by IPCS through recommendations from IPCS national
Contact Points and from IPCS Participating I nstitutions.
Adequate timeis allowed for the selected expertsto
undertake athorough review. Authors are required to
take reviewers' commentsinto account and revise their
draft, if necessary. The resulting second draft is
submitted to a Final Review Board together with the
reviewers comments. At any stage in the international
review process, a consultative group may be necessary
to address specific areas of the science.

The CICAD Final Review Board has several
important functions:

to ensure that each CICAD has been subjected to an
appropriate and thorough peer review;

to verify that the peer reviewers' comments have
been addressed appropriately;

to provide guidance to those responsible for the
preparation of CICADs on how to resolve any
remaining issuesif, in the opinion of the Board, the
author has not adequately addressed all comments
of thereviewers; and

to approve CICADs as international assessments.

Board members serve in their personal capacity, not as
representatives of any organization, government, or
industry. They are selected because of their expertisein
human and environmental toxicology or because of their
experience in the regulation of chemicals. Boards are
chosen according to the range of expertise required for a
meeting and the need for balanced geographic repre-
sentation.

Board members, authors, reviewers, consultants,
and advisers who participate in the preparation of a
CICAD are required to declare any real or potential
conflict of interest in relation to the subjects under
discussion at any stage of the process. Representatives
of nongovernmental organizations may be invited to
observe the proceedings of the Final Review Board.
Observers may participate in Board discussions only at
theinvitation of the Chairperson, and they may not
participate in the final decision-making process.
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1. EXECUTIVE SUMMARY

The source document upon which this CICAD is
based is the Toxicological profile for mercury (update),
published by the Agency for Toxic Substances and
Disease Registry of the US Department of Health and
Human Services (ATSDR, 1999). Dataidentified as of
January 1999 were considered in the source document.
Dataidentified as of November 1999 were considered in
the preparation of this CICAD. Information on the avail-
ability and the peer review of the source document is
presented in Appendix 1. Information on the peer review
of this CICAD is presented in Appendix 2. This CICAD
was considered at a meeting of the Final Review Board,
held in Helsinki, Finland, on 26-29 June 2000 and
approved as an international assessment by mail ballot of
the Final Review Board members on 27 September
2002. Participants at the Final Review Board meeting
are presented in Appendix 3. The International Chemical
Safety Cards for elemental mercury and six inorganic
mercury compounds, produced by the International
Programme on Chemical Safety, have also been repro-
duced in this document.

Mercury is ametallic element that occurs naturally
in the environment. There are three primary categories
of mercury and its compounds: elemental mercury,
which may occur in both liquid and gaseous states;
inorganic mercury compounds, including mercurous
chloride, mercuric chloride, mercuric acetate, and
mercuric sulfide; and organic mercury compounds.
Organic mercury compounds are outside the scope of
this document.

Elemental mercury isthe main form of mercury
released into the air as a vapour by natural processes.

Exposure to elemental mercury by the general
population and in occupational settingsis primarily
through inhaling mercury vapours/fumes. The average
level of atmospheric mercury is now approximately 3—
6 times higher than the level estimated for preindustrial
ambient air.

Dental amalgam constitutes a potentially significant
source of exposure to elemental mercury, with estimates
of daily intake from amalgam restorations ranging from
1to 27 pg/day, the majority of dental amalgam holders
being exposed to less than 5 pg mercury/day. Mercuric
chloride, mercuric oxide, mercurous acetate, and mer-
curous chloride are, or have been, used for their anti-
septic, bactericidal, fungicidal, diuretic, and/or cathartic
properties. A less well documented use of elemental
mercury among the general populationisitsusein
ethnic or folk medical practices. These usesinclude the
sprinkling of elemental mercury around the home and

automobile. No reliable data are currently available to
determine the extent of such exposure.

Analytical methods exist for the specific assessment
of organic and inorganic mercury compounds; however,
most available information on mercury concentrationsin
environmental samples and biological specimensrefers
to total mercury.

Intestinal absorption varies greatly among the vari-
ous forms of mercury, with elemental mercury being the
least absorbed form (<0.01%) and only about 10% of
inorganic mercury compounds being absorbed. For
elemental mercury, the main route of exposure is by
inhalation, and 80% of inhaled mercury is retained.
Inorganic mercury compounds may be absorbed through
the skin in toxicologically relevant quantities.

Elemental mercury islipid soluble and easily pene-
trates biological membranes, including the blood—brain
barrier. Metabolism of mercury compounds to other
forms of mercury can occur within the tissues of the
body. Elemental mercury can be oxidized by the hydro-
gen peroxide—catal ase pathway in the body to itsinor-
ganic divalent form. After exposure to elemental mer-
cury or inorganic mercury compounds, the main route of
excretion is viathe urine. Determination of concentra-
tionsin urine and blood has been extensively used in the
biological monitoring of exposure to inorganic forms of
mercury; hair mercury levels do not reliably reflect
exposure to elemental mercury or inorganic mercury
compounds.

Neurological and behavioural disordersin humans
have been observed following inhalation of elemental
mercury vapour, ingestion or dermal application of
inorganic mercury-containing medicinal products, such
asteething powders, ointments, and laxatives, and inges-
tion of contaminated food. A broad range of symptoms
has been reported, and these symptoms are qualitatively
similar, irrespective of the mercury compound to which
one is exposed. Specific neurotoxic symptoms include
tremors, emotional lability, insomnia, memory loss,
neuromuscular changes, headaches, polyneuropathy, and
performance deficitsin tests of cognitive and motor
function. Although improvement in most neurol ogical
dysfunctions has been observed upon removal of persons
from the source of exposure, some changes may beirre-
versible. Acrodynia and photophobia have been reported
in children exposed to excessive levels of metallic mer-
cury vapours and/or inorganic mercury compounds. As
with many effects, there is great variability in the sus-
ceptibility of humansto the neurotoxic effects of mer-
cury.

The primary effect of long-term oral exposure to
low amounts of inorganic mercury compounds is renal
damage. Inorganic forms of mercury have also been
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associated with immunological effectsin both humans
and susceptible strains of laboratory rodents, and an
antibody-mediated nephrotic syndrome has been demon-
strated through a variety of exposure scenarios. How-
ever, conflicting data from occupational studies preclude
adefinitive interpretation of the immunotoxic potential
of inorganic forms of mercury.

Mercuric chloride has been shown to demonstrate
some carcinogenic activity in malerats, but the data for
female rats and for mice have been equivocal or nega-
tive. Thereis no credible evidence that exposure of
humans to either elemental mercury or inorganic mer-
cury compounds results in cancer.

Thereis convincing evidence that inorganic mer-
cury compounds can interact with and damage DNA in
vitro. Datafrom in vitro studiesindicate that inorganic
mercury compounds may induce clastogenic effectsin
somatic cells, and some positive results have also been
reported inin vivo studies. The combined results from
these studies do not suggest that metallic mercury isa
mutagen.

Parenteral administration of inorganic mercury
compounds is embryotoxic and teratogenic in rodents
at sufficiently high doses. Animal datafrom studiesin
which the exposure pattern was similar to human expo-
sure patterns and limited human data do not indicate that
elemental mercury or inorganic mercury compounds are
developmental toxicants at dose levelsthat are not
matemally toxic.

Several studies are in agreement that mild sub-
clinical signs of central nervous system toxicity can be
observed among people who have been exposed
occupationally to elemental mercury at a concentration
of 20 pg/n? or above for several years. Extrapolating
thisto continuous exposure and applying an overall
uncertainty factor of 30 (10 for interindividual variation
and 3 for extrapolation from alowest-observed-adverse-
effect level, or LOAEL, with slight effectsto ano-
observed-adverse-effect level, or NOAEL), atolerable
concentration of 0.2 pg/n? was derived. In a 26-week
study, a NOAEL for the critical effect, nephrotoxicity, of
0.23 mg/kg body weight was identified for oral exposure
to mercuric chloride. Adjusting to continuous dosage
and applying an uncertainty factor of 100 (10 for inter-
specific extrapolation and 10 for interindividual varia-
tion), atolerable intake of 2 pg/kg body weight per day
was derived. Use of aLOAEL of 1.9 mg/kg body weight
in a2-year study as astarting point yields asimilar
tolerable intake.

2. IDENTITY AND PHYSICAL/CHEMICAL
PROPERTIES

The chemical and physical propertiesvary with the
form of mercury. Physical/chemical properties additional
to those given below may be found in the International
Chemical Safety Cards reproduced in this document
(IPCS, 2000a—g): mercury (ICSC 0056); mercuric
acetate (ICSC 0978); mercuric chloride (ICSC 0979);
mercurous chloride (ICSC 0984); mercuric nitrate (ICSC
0980); mercuric oxide (ICSC 0981); and mercuric
sulfate (ICSC 0982).

2.1 Elemental mercury

Elemental mercury (Hg®) (CAS No. 7439-97-6) is
also known as colloidal mercury, liquid silver, quick-
silver, and hydrargyrum. It has arelative molecular mass
of 200.59, a melting point of - 38.87 °C, a boiling point
of 356.72 °C, and adensity of 13.534 g/cm® at 25 °C.

Elemental mercury is the most volatile form of mer-
cury. It has avapour pressure of 0.3 Paat 25 °C and
transformsinto the vapour phase at typical room temper-
atures. It isrelatively insoluble in water (56 pg/litre at
25 °C). Elemental mercury is solublein lipids and nitric
acid, soluble in pentane (2.7 mg/litre), insolublein
hydrochloric acid, and soluble in sulfuric acid upon
boiling.

2.2 Inorganic mercury compounds

Inorganic mercury occurs as salts of its divalent and
monovalent cationic forms. Of the large number of exist-
ing inorganic mercury compounds, those that have been
extensively used in toxicology testing or that arein
widespread use are briefly described below.

Mercuric chloride (HgCly; CAS No. 7487-94-7) is
also known as mercury bichloride, mercury chloride,
mercury dichloride, mercury perchloride, dichloro-
mercury, corrosive sublimate, and corrosive mercury
chloride. It has arelative molecular mass of 271.52, a
melting point of 277 °C, and a boiling point of 302 °C. It
occurs as white crystals, granules, or powder; rhombic
crystals; or acrystalline solid. Mercuric chloride hasa
vapour pressure of 0.1 kPa at 136.2 °C and a water solu-
bility of 28.6 g/litre, which increasesto 476 g/litrein
boiling water; it has a solubility in alcohol of 263 g/litre.

Mercurous chloride (Hg2Cl,; CAS No. 10112-91-1)
is also known as calomel, mild mercury chloride, mer-
cury monochloride, mercury protochloride, mercury
subchloride, calogreen, cyclosan, and mercury chloride.
It has arelative molecular mass of 472.09 and a boiling
point of 384 °C, and it sublimes at 400-500 °C without
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melting. It occurs as awhite heavy powder, rhombic
crystals, or acrystalline powder. The solubility of
mercurous chloride is 2 mg/litre at 25 °C. It isinsoluble
in alcohol and ether.

Mercuric sulfide (HgS; CAS No. 1344-48-5) has a
relative molecular mass of 232.68. Mercuric sulfide
occurs as a heavy amorphous powder, as black cubic
crystals (mercuric sulfide, black) or a powder, as lumps,
or as hexagonal crystals (mercuric sulfide, red). Mer-
curic sulfide transitions from red to black at 386 °C.
Black mercuric sulfide sublimes at 446 °C, and red
mercuric sulfide at 583 °C. Black mercuric sulfideis
insoluble in water, alcohol, and dilute mineral acids. Red
mercuric sulfide isinsoluble in water, but dissolvesin
aqua regia (with separation of sulfur) and warm hydri-
odic acid (with the evolution of hydrogen sulfide). Black
mercuric sulfide is aso known as etiops mineral. Red
mercuric sulfide is also known as vermilion, Chinese
red, Pigment Red 106, C.1.77766, quicksilver vermilion,
Chinese vermilion, artificial cinnabar, and red mercury
sulfuret.

Mercuric acetate (HgC4HgO4; CAS No. 1600-27-7)
has a relative molecular mass of 318.70. It iswhitein
colour, and it occurs either as crystalsor asacrystalline
powder. It is soluble in water (250 g/litre at 10 °C;

1000 g/litre at 100 °C) and in acohol or acetic acid.
Mercuric acetate is also known as acetic acid, mercury
(2+) salt, bis(acetyloxy) mercury, diacetoxymercury,
mercury diacetate, mercuriacetate, mercury(l1) acetate,
mercury (2+) acetate, and mercury acetate.

3. ANALYTICAL METHODS

The concentration of mercury can be accurately
determined in air, water, soil, and biological samples
(blood, urine, tissue, hair, breast milk, and breath) by a
variety of analytical methods. Most of these methods are
total mercury (inorganic plus organic mercury com-
pounds) methods based on wet oxidation followed by a
reduction step, but methods al so exist for the separate
quantification of inorganic mercury compounds and
organic mercury compounds. Some analytical methods
also require the predigestion of the sample prior to the
reduction to elemental mercury. Since mercury isrela-
tively volatile, care must be taken to avoid itsloss during
sample preparation and analysis. Labware should be
thoroughly cleaned and acid-leached prior to use for
trace-level analysis of mercury and its compounds, and
due care should be taken to preclude the possibility of
contamination by naturally occurring environmental
mercury. Mercury readily forms amalgams with other
metals (e.g., silver, zinc, tin), which can possibly
contribute to mercury loss during analysis.

3.1 Biological samples

Mercury concentrations in humans and other
mammal s have been determined in blood, urine, body
tissues, hair, breast milk, and umbilical cord blood. Most
methods use atomic absorption spectrometry (AAS),
atomic fluorescence spectrometry (AFS), or neutron
activation analysis (NAA), although mass spectrometry
(MS), spectrophotometry, and anodic stripping voltam-
metry (ASV) have also been employed. The most com-
monly used method is cold vapour (CV) AAS (ATSDR,
1999). Through CVAAS, mercury concentrations below
the microgram per litre or microgram per kilogram level
can bereliably (>76% recovery) measured through
either direct reduction of the sample or reduction subse-
quent to predigestion. Electrothermal AAShas also been
demonstrated to be highly sensitive and to produce
excellent accuracy (ATSDR, 1999). Sub-microgram per
litre or microgram per kilogram range sensitivity and
excellent accuracy have also been demonstrated with gas
chromatography (GC)/microwave-induced plasma
atomic emission detection (Bulska et al., 1992). Recov-
ery of >90% and high precision have also been obtained
with AFS when the samples were predigested in a closed
container in amicrowave oven (Vermeir et a., 1991a,b).
ASV and isotope-dilution spark source M S, which also
require predigestion of the sample, have also produced
high precision and accuracy (recoveries >90%). Induc-
tively coupled plasma—atomic emission spectroscopy
(ICP-AES) and ICP-M S can al so be used to accurately
(>90% recovery) determine total mercury in blood and
urine with sub-microgram per litre sensitivity, but with
less precision. In the case of blood mercury analysis,
methods exist for the separation of organic and inorganic
mercury (ATSDR, 1999). For analysis of urine mercury
levels, expression of urinary mercury in units of micro-
grams of mercury per gram of creatinineis useful in
adjusting for the variability in urine output or urine
concentration.

3.2 Environmental samples

Aswith the biological samples, anumber of
analytical methods can be used to determine mercury
levelsin air, water, soils, sediments, pharmaceuticals,
and fish and other foods. In the case of complex
samples, decomposition of the matrix and reduction of
the mercury to its elemental form are required.

CVAAS and CVAFS have been shown to be sensi-
tive (detection at low- to mid-nanogram-per-cubic-metre
levels), accurate, and precise methods for monitoring
mercury in air in the form of both vapours and sus-
pended particulates (ATSDR, 1999). AFS, partially due
to its low-nanogram-per-cubic-metre sensitivity and high
accuracy and precision, is gaining in popularity (Horvat,
1996). The combination of AFS, AAS, and GC has been
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shown to be effective in speciating different organic and
inorganic forms of mercury (Bloom & Fitzgerald, 1988).

Detection and quantification of mercury in aqueous
media can be accomplished through a number of
analytical methods. CVAAS, ASV, ICP-MS, ICP-AES,
microwave-induced plasma AES, NAA, GC/AFS, high-
performance liquid chromatography (HPLC) with ultra-
violet detection, HPL C with electron capture detection,
and spectrophotometry have all been successfully
employed to quantify mercury in drinking-water, surface
water, groundwater, snow, seawater, and wastewater
effluents (ATSDR, 1999). CVAAS, because of its high
sensitivity (sub-nanogram per litre) for mercury and high
reliability, isthe method preferred by the US Environ-
mental Protection Agency (US EPA, 1994a,b) and the
Association of Official Analytical Chemists (AOAC,
1984). While water samples generally do not require
predigestion, mercury is usually reduced to the elemental
state and preconcentrated prior to the actual analysis. As
with samples from other media, a colorimetric method
based on the formation of a coloured complex in the
presence of mercury (Cherian & Gupta, 1990) may be
used as aquick and simple field screen to detect mercury
at mid-microgram-per-litre concentrations; however,
without a predigestion method, organically bound
mercury might not be fully measurable.

CVAAS, asensitive and reliable technique that
requires little sample preparation beyond matrix diges-
tion and the reduction of mercury to its elemental form,
isthe most commonly used method of quantifying
mercury in sediment, soils, and sludge (ATSDR, 1999).
CVAFS with flow injection analysis, following micro-
wave digestion, has been shown to have good precision
and sensitivity in the mid-nanogram-per-kilogram range
(Morales-Rubio et al., 1995). CVAAS and d.c. ASV
(Lexa & Stulik, 1989) have been successfully used for
testing organic and total mercury levels, respectively, in
soil and/or sediment. For on-site screening, portable
field X-ray fluorescence has been used to monitor soil
contamination at low-milligram-per-kilogram levels
(Grupp et ., 1989).

CVAAS, with its consistent high sensitivity and
reliability, isone of the most common methods used to
quantify mercury in fish, shellfish, other foods, and
pharmaceuticals. Other methods successfully used
include flameless AAS for mercury in fish, wine, and
other food (ATSDR, 1999).

4. SOURCES OF HUMAN EXPOSURE

Mercury isanaturally occurring element (around
80 ug/kg) in the Earth’s crust. Over geological time, it
has been distributed throughout the environment by
natural processes, such as volcanic activity; fires; move-
ment of rivers, lakes, and streams; oceanic upwelling;
and biological processes. Since the advent of humans,
and particularly since the industrial revolution of the late
18th and 19th centuries, anthropogenic sources have
become a significant contributor to the environmental
distribution of mercury and its compounds.

Aswith other components of the lithosphere, natural
global cycling has always been a primary contributor to
the presence of chemical elementsin water, air, soils,
and sediments. This processinvolves off-gassing of
mercury from the lithosphere and hydrosphere to the
atmosphere, where it is transported and deposited onto
land, surface water, and soil. Mgjor anthropogenic
sources of mercury in the environment have been mining
operations, industrial processes, combustion of fossil
fuels (especially charcoal), production of cement, and
incineration of municipal, chemical, and medical wastes.
Point sources of anthropogenic mercury release, revola-
tilization from environmental media, sorption to soil and
sediment particles, and bioaccumulation in the food
webs contribute to further distribution and subsequent
human exposure. The use of elemental mercury to cap-
ture gold particles as an amalgam has al so contributed to
the environmental burden of mercury and its compounds
(Brito & Guimaraes, 1999; Grandjean et al., 1999).
Dental amalgam fillings are the primary source of
mercury exposure for the general population (Skare,
1995; Health Canada, 1997).

5. ENVIRONMENTAL TRANSPORT,
DISTRIBUTION, AND TRANSFORMATION

Mercury istransported in the environment by air
and water, aswell as by biological organisms through
the food-chain. Off-gassed mercury vapour from the soil
and water entersthe air, where it may be transported and
redistributed over the Earth’ s surface. Upwelling along
the continental shelves helpsto bring mineralsto the
surface, where mercury can enter the air as a vapour,
settle to the bottom sediment, be absorbed by phyto-
plankton, or be ingested by zooplankton, other micro-
organisms, or fish. Over geologic time, volcanic activity
may bring mercury from below the Earth’s crust to the
surface, where it may either enter the atmosphere as a
vapour or be redistributed to soil or bodies of water.
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In the environment, elemental mercury can combine
with chlorine, sulfur, and other elementsto form inor-
ganic compounds. The most common naturally occur-
ring forms of mercury found in the abiotic environment
are metallic (elemental) mercury, mercuric sulfide, and
the salts mercuric chloride and mercurous chloride.

Biotransformation of inorganic mercury to methyl-
mercury by agueous microorganismsis very important,
as methylmercury bioaccumul ates.

5.1 Environmental transport and
distribution

Over 90% of atmospheric mercury is elemental
mercury vapour. Glass et al. (1991) indicated that
mercury may travel as far as 2500 kmin just 72 h.
Estimates of airborne residence time range from 6 days
(Andren & Nriagu, 1979) to 6 years (US EPA, 1984),
before the mercury is redeposited in air or water by
rainfall or other climatological conditions. Wet deposi-
tion is believed to be the primary means (accounting for
approximately 66%) of removal of mercury from the
atmosphere (Fitzgerald et al., 1991; Lindqvist, 1991a,b),
although dry deposition may account for around 70% of
total atmospheric deposition during the summer months
(Lindberg et al., 1991). In remote areas in which thereis
no point source deposition of mercury from industrial
sources, mercury in lake water is believed to be attrib-
utabl e to direct deposition from rainfall and/or leaching
from bedrock by acid rain/snow (Hurley et al., 1991,
Swain et al., 1992). Mercury vapour may also be
removed from the atmosphere directly by binding to soil
or water surfaces (US EPA, 1984).

Most of the mercury in groundwater is derived from
atmospheric sources. Of the gaseous mercury that is
dissolved in water, over 97% is elemental mercury
(Vandal et a., 1991). However, elemental mercury will
not remain as such in water for long; it will either com-
bine to form some compound or rather rapidly re-enter
the atmosphere and be redistributed in the environment.

In soil and in water, mercury can exist in either the
monovalent or divalent forms as inorganic compounds.
The particular valence state in which mercury existsin
the environment (Hg®, Hg*, Hg?") is dependent upon
multiple factors, including the pH and redox potential of
the particular medium and the strength of the ligands
present. Mercury binds strongly to humic materials and
sesquioxides, even at soil pH values greater than 4
(Blume & Brummer, 1991), although mercury sorption
to soils generally decreases with increasing pH and/or
chloride ion concentration (Schuster, 1991). Vaporiza-
tion of mercury from soil has been associated with
decreasing soil pH, with volatilization of soil mercury
demonstrated at soil pH <3 (Warren & Dudas, 1992).

Most Hg?* found in precipitation is bound to par-
ticulate matter (Meili et a., 1991), but its environmental
transport and partitioning in surface waters and soils,
once deposited, depend upon the specific mercury
compound.

While in the soil or sediment, inorganic mercury
may be adsorbed onto soil particles, whereit islikely to
remain bound unless consumed by organisms. Intake of
elemental or inorganic mercury by aquatic micro-
organisms results in the biotransformation of those
inorganic forms into methylmercury, which may be
bioconcentrated in aguatic/marine animalsin the food
web from both water and food. Bioaccumulation in
aquatic speciesisinfluenced by the pH (Ponce & Bloom,
1991) and the dissolved oxygen content (Wren, 1992).

The sorption of mercury to soil is dependent upon
the organic content of the particular soil or sediment
(Blume & Brummer, 1991), and mercury has been
shown to bind tightly to the surface layer of peat
(Lodenius & Autio, 1989). In water, both inorganic
mercury and methylmercury bind tightly to organic
particulates and may be distributed to other bodies of
water or onto soilsin such abound form. The mobiliza-
tion of mercury from soil or sediment particlesto which
it is sorbed may occur by either chemical or biological
reduction to elemental mercury or microbial conversion
to dimethylmercury (Andersson, 1979; Callahan et &l .,
1979; US EPA, 1984). Elemental mercury has been
shown to be able to move through the top 3—4 cm of dry
soil at atmospheric pressure (Eichholz et al., 1988).

A variety of mushroom species have been shown to
contain elevated levels of mercury (Bressaet al., 1988;
Kalac et a., 1991). The extent of bioaccumulation of
mercury appears to be species-dependent (Kalac et al.,
1991); the edible mushroom Pleurotus ostreatus has
been found to bioaccumulate up to 140 times the
concentration in the soil (Bressaet al., 1988). While
mercury in the soil has been shown not to enter the
shoots of peas, mercury does accumulate in the rootsto a
level comparableto that in the soil in which the plant is
grown (Lindgvist, 1991a,b). Earthworms of the genus
Lumbricushave been found to bioaccumul ate mercury
under both field and laboratory conditions in amounts
dependent upon soil mercury concentration and duration
of exposure (Cocking et al., 1994).

5.2 Environmental transformation

521 Air

Atmospheric oxidation or reduction of elemental
mercury vapour, the principal form of mercury intheair,
may occur in the presence of dissolved ozone, hydrogen
peroxide, hypochlorite, or organoperoxy compounds. In
rainwater, mercury undergoes oxidation by ozoneto
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Hg?* and other forms. While mercury vapour may
remain in the atmosphere for aslong as 2 years, arapid
oxidation reaction may occur in clouds in the presence
of ozonein just hours. By comparison, some inorganic
forms of mercury, such as mercuric sulfide, which bind
with atmospheric particlesin the aerosol phase, are very
stable. Some inorganic mercury compounds, such as
mercuric hydroxide [Hg(OH),], undergo rapid reduction
to monovalent mercury by sunlight (Munthe & McElroy,
1992).

5.2.2 Water

The primary processinvolved in the transformation
of mercury in agueous environmentsis biological con-
version to organomercury compounds by avariety of
microorganisms, mainly sulfur-reducing forms of anaer-
obic bacteria (Gilmour & Henry, 1991; Regnell &
Tunlid, 1991).

The formation of methylmercury is enhanced at low
pH and higher mercury concentrations in the sediment
(Gilmore & Henry, 1991). Some yeast species (e.g.,
Candida albicans and Saccharomyces cerevisiae) are
also capable of methylating mercury at lower pH and
can reduce ionic mercury species to elemental mercury
aswell. Lakesthat have been acidified by acid rain or
industrial runoff favour the methylation of mercury,
although such conditions also decrease the abundance of
fish species, which biomagnify mercury in the food-
chain. Anaerobic conditions (Regnell & Tunlid, 1991)
and increasing dissolved organic carbon levels (Gilmour
& Henry, 1991) both tend to substantially increase the
methylation of mercury.

Photolysis of organic forms of mercury has also
been shown to occur in water (Callahan et al., 1979), and
the abiotic reduction of inorganic to elemental mercury
has likewise been shown to occur, especially in the pres-
ence of soluble humic substances (Allard & Arsenie,
1991).

5.2.3 Soil and sediment

The transformation processes for the various forms
of mercury that apply in water also occur in soil and
sediment. Formation and breakdown of organic mercury
compounds appear to be dependent upon the same
microbial and abiotic processes as in water (Andersson,
1979), and the methylation of mercury is decreased by
increasing chloride ion concentration (Olson et al.,
1991), although the presence of chloride ions has been
suggested to increase the rate of mercury release from
sediments (Wang et al ., 1991). In soil, the complexing of
elemental mercury with chloride ion and hydroxide ion
to form various mercury compounds is dependent upon
pH, salt content, and soil composition.

6. ENVIRONMENTAL LEVELS AND HUMAN
EXPOSURE

6.1 Environmental levels

6.1.1  Air

The concentration of mercury in ambient air in the
USA has been reported to range from 10 to 20 ng/nf,
with higher concentrations being found in industrialized
areas (US EPA, 1980). In Sweden, the concentration of
elemental mercury in atmospheric air is lower, ranging
from 2 to 6 ng/nt (Brosset & Lord, 1991). Substantially
higher levels (10-15 pug/nt) have been detected in
ambient air near mercury mines, refineries, and agricul-
tural fields treated with fungicides containing mercury.

Primarily due to anthropogenic sources, current
average mercury levelsin the atmosphere are about 3—
6 times higher than the estimated levelsin the pre-
industrial atmosphere (Mason et al., 1995), and con-
tinental mercury deposition in North America has
increased 3.7-fold (an approximate annual increase of
2%) over the past 140 years (Swain et al., 1992).

6.1.2 Water

Groundwater measured near the surface in remote
areas of Wisconsin, USA, had total mercury concentra-
tions of 2—4 ng/litre (Krabbenhoft & Babiarz, 1992).
Total mercury concentrationsin lakes and riversin
Cdlifornia, USA, ranged from 0.5 to 104 ng/litre (Gill &
Bruland, 1990). Storm (1994) analysed 6856 samples of
drinking-water collected from groundwater sourcesin
the state of Californiaand found that 27 of 225 positive
detections from that sampling exceeded 2 pg/litre (mean
mercury concentration of 225 positives was 6.5 pg/litre;
range 0.21-300 pg/litre). The concentration of mercury
in unpolluted marine waters has been estimated to be
less than 2 ng/litre, in sharp contrast to an inshore
coastal area near theindustrial areas of New Y ork
Harbor, USA, where dissolved mercury concentrations
up to 90 ng/litre have been measured (Fowler, 1990). In
the United Kingdom, monitoring of drinking-water
indicates that exceedences of 1 pg/litre are exceedingly
rare.

6.2 Human exposure

Estimates of average daily intake of inorganic
mercury (both mercury vapour and inorganic mercury
compounds) by various routes in humans are sum-
marized in Table 1.
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Table 1: Estimated average daily intake (retention) of inorganic mercury.

Intake (retention) (ug)?

Medium Mercury vapour Inorganic mercury compounds Reference
Atmosphere 0.04-0.2 (0.03-0.16)° 0° IPCS, 1991
Food: Fish 0 0.6%(0.06) IPCS, 1991
Food: Non-fish 0 3.6 (0.36) IPCS, 1991
Drinking-water 0 0.05 (0.005) IPCS, 1991
Dental amalgam 1.2-27 (1-21.6) 0 ATSDR, 1999
Total 1.2-27 (1-22) 4.3 (0.43)

a

10% of inorganic mercury are retained.
b
Cc

4 negligible.

Figures in parentheses are the amounts retained that were estimated from the pharmacokinetic parameters; i.e., 80% of inhaled vapour and

Assumes an air concentration of 2-10 ng/mgand a daily respiratory volume of 20 m?.
For the purposes of comparison, it is assumed that the atmospheric concentrations of species of mercury other than mercury vapour are

It is assumed that 20% of the total mercury in edible fish tissues is in the form of inorganic mercury compounds. It should be noted that fish

intake may vary considerably between individuals and across populations. Certain communities whose major source of protein is fish may
exceed this estimated inorganic mercury intake by an order of magnitude or more.

6.2.1 Elemental mercury and inorganic mercury

compounds

There are anumber of possible pathways for non-
occupational exposure to inorganic forms of mercury.
Theseinclude (1) eating fish or wild game near the top
of the food-chain (i.e., larger fish, larger mammals) that
have accumulated mercury (primarily methylmercury,
but some inorganic mercury as well) in their tissues; (2)
playing on or in contaminated surface soils; (3) playing
with liquid mercury from broken electrical switches,
thermometers, barometers, blood pressure monitors, etc.;
or (4) bringing any liquid mercury or broken mercury
deviceinto the home, where vapours might build up in
indoor air. Exposure from ambient air and drinking-
water is usually minor.

Most human exposure to biologically significant
amounts of elemental mercury occurs in the workplace.
Workersin the chloralkali, electrical light bulb manu-
facturing, thermometer, and other industries where
elemental mercury is utilized are exposed to levels much
higher than the general population. Occupational
mercury exposures generally occur when workers inhale
elemental mercury vapours. Some dermal absorption
may occur from skin contact with contaminated air, but
the extent islow (less than 3% of the inhaled dose). Gold
mining operations in Peru, Brazil, the Philippines, and
lessindustrialized nations result in exposure for both
miners and their families alike. Once mercury is used to
amalgamate gold, the mercury is subsequently heated to
melting in order to free the gold, resulting in high
airborne levels of mercury. In some areas, this heating
and separation process is conducted in the family home
in order to ensure safeguarding of the gold product.
Another exposure scenario for elemental mercury
involvesits use by children for play/entertainment pur-
poses. Mercury available in school science |aboratories
or left over from industrial usesis occasionally taken by
children and handled excessively. It is easily tracked
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fromitsinitial location on shoes or clothing, and
contamination may be spread to the home, automobile,
or public buildings or transportation sources, creating a
potential public health problem. The US Agency for
Toxic Substances and Disease Registry has reported an
increasing number of such cases reported to its
Emergency Response Section of the Division of
Toxicology in recent years (ATSDR, 1999; Nickle,
1999), with measured residential indoor air mercury
concentrations of up to 2 mg/n? (and subsequent expo-
sures requiring medical intervention) resulting from
child play activities with metallic mercury.

Elemental mercury has the ability to readily cross
the placental barrier (see section 7). Thus, the devel op-
ing fetus can be exposed to mercury from the pregnant
woman’ s body through the placenta. Infants may also be
exposed to mercury from a nursing mother’s milk.
Inorganic mercury — and to alesser extent elemental
mercury — will move into breast milk (Pitkin et al.,
1976; Grandjean et al., 1995a,b). The mean concen-
tration in breast milk, based upon review of existing data
from avariety of countries, was reported by WHO
(IPCS, 1990, 1991) to be 8 pg/litre; however, thisvalue
was based upon total mercury from all exposures and
includes mercury resulting from ingestion of methyl-
mercury in fish and other marine animals. A background
level in milk attributable only to inorganic forms of
mercury is not available.

Fish, aguatic mammals, and waterfowl used as food
sources are important sources of mercury in some popu-
lations. In aquatic mammals, mercury concentrationsin
the tissues of predator species increase as one ascends
the food-chain. Weihe et al. (1996) reported that muscle
tissue of pilot whales (Globicephala melaena) caught in
the Faroe Islands contains an average mercury concen-
tration of 3.3 mg/kg, about half of which isinorganic
mercury. Although May et al. (1987) reported that
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almost all of the mercury in fish is methylated, a more
recent estimate is that approximately 20% of the total
mercury in fish isin the inorganic form (IPCS, 1990).
Among terrestrial mammalss, those that consume fish or
other mammalstypically have higher body burdens of
mercury than do vegetarian species. The highest con-
centrations of mercury are found in the liver and kidney,
with successively smaller amounts being sequestered in
the muscle and brain.

6.2.2 Elemental mercury in dental amalgam
fillings

For more than a century and a half, silver/mercury
amalgam fillings have been used in dental practice asthe
preferred tooth filling material. Such amalgams contain
approximately 50% elemental mercury. Human studies
and experiments in laboratory animals indicate that
dental amalgam contributes significantly to mercury
body burden in humans who have amalgam fillings
(IPCS, 1991; US DHHS, 1993; Weiner & Nylander,
1995; Health Canada, 1997). Levels of mercury release
for various dental procedures have been reported by Eley
(1997).

Mercury released from amalgam fillings can take
several forms: elemental mercury vapour, metallic ions,
and/or fine particles (IPCS, 1991). Of the mercury
vapour, someis exhaled, some isinhaled into the lungs
and absorbed into the blood, someisretained in the
vapour form in the salivaand swallowed together with
amalgam particles, and someis oxidized to an ionic form
and spit from the mouth or swallowed. Of that portion
swallowed, only asmall fraction would be expected to
be absorbed through the gastrointestinal tract.

Barregard et al. (1995) investigated the relationship
between amalgam fillings and mercury uptake and found
that mercury uptake from dental amalgamsislow. How-
ever, thereis considerable variation between individuals,
due primarily to gum chewing habits and bruxism, a
rhythmic or spasmodic grinding of the teeth other than
chewing and typically occurring during sleep.

Bjorkman et al. (1997) examined the mercury con-
centrationsin saliva after removal of dental amalgam
fillings in 10 human subjects. In saliva, there was an
exponential decline in the mercury concentration during
the first 2 weeks after amalgam removal (half-life of
1.8days). Of 108 patients (all with amalgam dental fill-
ings) presenting to an environmental toxicology service,
the average salivary mercury level was 11 pg/litre (range
<1-19 ug/litre) before chewing and 38 pg/litre (range 6—
500 pg/litre) after chewing. Six of the 108 patients had
salivary mercury concentrations above 100 pg/litre.
Nonetheless, the gastrointestinal uptake of mercury seen
in conjunction with removal of amalgam fillings appears
to below.
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Higher levels of mercury exposure can occur in
individuals who chew gum or show bruxism (Barregard
et al., 1995; Enestrom & Hultman, 1995). Richardson
(1995) reported atransient 5.3-fold increase in levels of
mercury upon stimulation by chewing, eating, or tooth
brushing. Sallsten et al. (1996) also reported over a’5-
fold increase in plasma and urinary mercury levels (27
and 6.5 nmol/mmol creatinine versus 4.9 and 1.2 nmol/
mmol creatinine, respectively) in a sample of 18 people
who regularly chewed nicotine chewing gum (median
values of 10 sticks per day for 27 months), compared
with acontrol group. Higher-level short-term exposure
has al so been demonstrated in conjunction with restora-
tive work on amalgam fillings (Taskinen et al., 1989).

Berdouses et al. (1995) studied mercury release
from dental amalgams using an artificial mouth under
controlled conditions of brushing and chewing and
found that although the release of mercury during initial
non-steady-state conditions was influenced by both the
age of the amalgam and the amalgam type, the steady-
state value of the mercury dose released by the amalgam
was only 0.03 pg/day.

The contribution of dental amalgam fillingsto daily
intake of mercury has been estimated in a number of
reports. Values generally in the range of 1-5 pg/day
were estimated in the US population, although
Sandborgh-Englund et al. (1998) estimated the daily
dose of mercury from amalgam fillingsto be from 5 to
9 ug/day in subjects with an average number of amal-
gams. Skare & Engqvist (1994) estimated the systemic
uptake of mercury from amalgam in Swedish middle-
aged individuals with a moderate amalgam load (30 sur-
faces) to be, on the average, 12 pg/day.

Halbach (1994) examined the data from 14 inde-
pendent studies and concluded that the probable mercury
dose from amalgam is less than 10 ug/day. When com-
bined with the 2.6 ug/day background intake estimated
by WHO (IPCS, 1990) for persons without amalgam
fillings, the total daily intake from dental amalgam
fillings and environmental sourcesislessthan 12.6 ug.

Richardson et a. (1995) estimated total mercury
exposure for Canadian populations of different agesto
be 3.3 pg/day in toddlers (34 years old), 5.6 pug/day in
children (5-11 years old), 6.7 pg/day in teens (12—

19 yearsold), 9.4 pg/day in adults (20-59 years old),
and 6.8 ug/day in seniors (aged 60+ years). Of this
exposure, amalgam was estimated to contribute 50% to
the total mercury in adults and 32—42% for other age
groups. Estimates based on two independent model s of
exposure from amalgam alone were 1.1-1.7 pg/day in
children, 1.9-2.5 pug/day in teens, 3.4-3.7 ug/day in
adults, and 2.1-2.8 pg/day in seniors (Richardson,
1995).
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The use of amalgam has been steadily declining and
is expected to continue to decline due to improvements
in dental hygiene and preventive care. In the 1970s, the
use of amalgam restorationsin the USA was 38% higher
than it wasin 1990 (96 million in 1990) (US DHHS,
1993). The use of dental amalgam has been on the
declinein the United Kingdom as well. The annual
replacement rate in National Health Service patientsin
England and Wales was 30 million amalgam restorations
per year in 1986, compared with an estimated 12—

13 million restorationsin 1996.

6.2.3  Other uses of inorganic forms of mercury

A less well documented source of exposure to
inorganic mercury among the general population isits
usein ethnic religious, magical, and ritualistic practices
and in herbal remedies. Mercury has long been used for
medicinal purposesin Chinese herbal preparationsandis
also used in some Hispanic practices for medical and/or
religious reasons, as well asin some Indian ethnic
remedies (Kew et al., 1993). Espinoza et al. (1996)
analysed 12 types of commercially produced herbal ball
preparations used in traditional Chinese medicine.
Mercury levels were found to range from 7.8 to
621.3mg per ball. Since the minimum recommended
adult dosageistwo such balls daily, intake levels of up
to 1.2 g of mercury (presumed to be mercury sulfide)
might be a daily dosage.

Some religions have practices that may include the
use of elemental mercury. Examples of these religions
include Santeria (a Cuban-based religion that worships
both African deities and Catholic saints), Voodoo (a
Haitian-based set of beliefs and rituals), Palo Mayombe
(asecret form of ancestor worship practised mainly in
the Caribbean), and Espiritismo (a spiritual belief system
native to Puerto Rico). Not all people who observe these
religions use mercury, but when mercury isused in
religious, folk, or ritualistic practices, exposure to
mercury may occur both at the time of the practice and
afterwards from breathing contaminated indoor air.
Elemental mercury is sold in North America under the
name “azogue” in stores called “ botanicas.” Botanicas
are common in Hispanic and Haitian communities,
where azogue may be sold as a herbal remedy or for
spiritual practices. The elemental mercury is often sold
in capsules or in glass containers. It may be placed in a
sealed pouch to be worn on anecklace or carried in a
pocket, or it may be sprinkled in the home or car. Some
store owners may also suggest mixing azogue in bath
water or perfume, and some people place azoguein
devotional candles. The use of elemental mercury ina
home or apartment not only threatens the health of the
current residents, but also poses health risksto future
residents who may unknowingly be exposed to further
release of mercury vapours from contaminated floors,
carpeting, or walls.

Mercuric chloride, mercuric oxide, mercuric iodide,
mercurous acetate, and mercurous chloride are, or have
been, used for their antiseptic, bactericidal, fungicidal,
diuretic, and/or cathartic propertiesin Europe, North
America, Australia, and elsewhere. Inorganic mercury
compounds are also widely used in skin-lightening soaps
and creams, due to the ability of the mercury cation to
block the production of melanin pigment in the skin.
Such uses have resulted in reports of toxicity ina
number of cases (Millar, 1916; Warkany & Hubbard,
1953; Williams & Bridge, 1958; Barr et al., 1972;
Tunnessen et al., 1987; Dyall-Smith & Scurry, 1990;
Kang-Yum & Oransky, 1992). Al-Saleh & Al-Doush
(1997) examined 38 different skin-lightening creams and
found that 45% contained mercury levels abovethe US
Food and Drug Administration limit of 1 mg/kg; two of
the products had mercury concentrations over 900
mg/kg.

Forms of inorganic mercury have been used topic-
ally on arather widespread basis for avariety of thera-
peutic uses. Cutaneous applicationsinclude treatment of
infected eczema or impetigo (various mercury salts),
treatment of syphilis (calomel), treatment of psoriasis
(mercuric oxide or ammoniated mercury), and topical
use of metallic mercury ointments (Bowman & Rand,
1980; Goodman Gilman et al., 1985; Bourgeois et al.,
1986; O’ Shea, 1990).

Previous uses of inorganic mercurialsinclude laxa-
tives (Wands et al., 1974). Such use has been abandoned
in most industrialized nations due to the known toxicity
of inorganic mercury compounds and the availability of
equally or more effective, and lesstoxic, alternatives.

7. COMPARATIVE KINETICS AND
METABOLISM IN LABORATORY ANIMALS
AND HUMANS

7.1 Absorption

Inhalation is the primary route of entry into the
body for elemental mercury, while oral exposureisthe
primary route for inorganic mercury salts. Dermal pene-
tration is usually not a significant route of exposure to
inorganic mercury.

7.11 Elemental mercury

Approximately 80% of inhaled elemental mercury is
absorbed through the lungs by rapid diffusion. In con-
trast, only 0.01% of elemental mercury is absorbed
through the gastrointestinal tract, possibly because of its
enterogastric conversion to divalent mercury and subse-
quent binding to sulfhydryl groups. Dermal absorption
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of elemental mercury islimited. Hursh et al. (1989)
estimated that dermal absorption contributes approx-
imately 2.6% of the absorbed mercury following
exposure to elemental mercury vapour in the air; the
other 97.4% occurs through inhalation. Absorption of
mercury vapour viaolfactory nerves has also been
proposed; however, Maas et al. (1996) has demonstrated
that there is no relationship between mercury concen-
trationsin lower parts of the brain and the amount of
amalgam fillings in the mouth.

Sandborgh-Englund et al. (1998) evaluated the
absorption, blood levels, and excretion of mercury in
nine healthy volunteers (two males, seven females)
exposed to mercury vapour in air at 400 pg/nt for
15 min. This exposure corresponded to a dose of
5.5 nmol mercury/kg body weight. Samples of exhaled
air, blood, and urine were collected for 30 days after
exposure. The median retention of elemental mercury
after 30 days was 69% of theinhaled dose. This corre-
sponds to the estimated half-life of approximately
60 daysfor elemental mercury.

7.1.2 Inorganic mercury compounds

For inorganic mercuric compounds, absorption via
thelungsislow, probably due to deposition of particles
in the upper respiratory system and subsequent clearance
by the mucociliary escalator (Friberg & Nordberg,
1973).

The extent of transport of inorganic mercury across
theintestinal tract may depend on its solubility (Friberg
& Nordberg, 1973) and/or how easily the compound
dissociatesin the lumen to become available for absorp-
tion (Endo et al., 1990). Absorption of mercurous com-
poundsislesslikely than absorption of mercuric forms,
probably because of solubility (Friberg & Nordberg,
1973).

Using whole-body retention data, estimated mer-
curic chloride absorptions of 3-4%, 8.5%, and 6.5%
were calculated for single oral doses of 0.2—12.5 mg/kg
body weight, 17.5 mg/kg body weight, and 20 mg/kg
body weight, respectively, in rats (Piotrowski et al.,
1992). However, also using whole-body retention datato
indicate absorption, an estimated absorption of 20-25%
was calculated from single oral doses of 0.2—20.0 mg
mercury/kg body weight as mercuric chloride in mice by
comparing retention data after oral and intraperitoneal
dosing and taking excretion and intestinal reabsorption
into account (Nielsen & Andersen, 1990).

Therate of oral absorption of mercuric mercury
compoundsin laboratory rodents has been shown to be
dependent on intestinal pH (Endo et al., 1990), age, and
diet (Kostial et al., 1978). One-week-old suckling mice
absorbed 38% of the orally administered mercuric
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chloride, whereas adult mice absorbed only 1% of the
dose on standard diets. Nutritional status might also
contribute to the intestinal absorption of Hg®*, through
competition with nutritionally essential divalent cations
(eg., Cu?*, Zn?") that might have insufficient body
stores.

Mercurous and mercuric salts have also been
reported to be absorbed through the skin of animals
(Schamberg et a., 1918; Silberberg et al., 1969), but no
quantitative data are available. Indirect evidence of
dermal absorption in humansis provided by clinical
case-studies in which mercury intoxication was reported
inindividualsfollowing dermal application of ointments
that contained inorganic mercury salts (Bourgeoiset al.,
1986; De Bont et al., 1986; Kang-Yum & Oransky,
1992). Urine samples from young women using skin-
lightening creams containing 5-10% mercuric ammon-
ium chloride had a mean mercury concentration of
109 pg/litre, compared with 6 pg/litre for urine samples
from women who had discontinued use and 2 pg/litre for
women who had never used the creams (Barr et a.,
1973).

Mercurous chloride laxative (calomel) ingested over
along period may produce toxic effects on the kidneys,
gastrointestinal tract, and central nervous system (Wands
et al., 1974). While insoluble mercurous chloride is not
normally that readily absorbed, small amounts may be
converted to mercuric ion, which is more likely to be
absorbed, in the lumen of the intestine. In addition, the
mercurousion that is absorbed is subsequently oxidized
to mercuric ion, which may induce cellular toxicity by
binding to intracellular sulfhydryl groups.

7.2 Distribution

721 Elemental mercury

The lipophilic nature of elemental mercury resultsin
its distribution throughout the body. Elemental mercury
dissolvesin the blood upon inhal ation, and some
remains unchanged (Magos, 1967). Elemental mercury
in the blood is oxidized to itsdivalent form in thered
blood cells (Halbach & Clarkson, 1978). The divalent
cation exists as a diffusible or non-diffusible form. The
non-diffusible form exists as mercuric ions that bind to
protein and are held in high-molecular-weight
complexes, existing in equilibrium with the diffusible
form. In the plasma, the mercuric ion is predominantly
non-diffusible and binds to albumin and globulins
(Clarkson et al., 1961; Berlin & Gibson, 1963; Cember
et al., 1968).

The high lipophilicity of elemental mercury in
solution in the body allowsit to readily cross the blood—
brain and placental barriers (Clarkson, 1989). In mice,
the uptake of mercury across the placenta appears to
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increase as gestation progresses (Dencker et al., 1983).
Levels of mercury in the fetus are approximately 4 times
higher after exposure to elemental mercury vapour than
after mercuric chloride administration for mice and 10—
40 times higher for rats (Clarkson et a., 1972). The
transport of mercuric ion islimited at the placental
barrier by the presence of high-affinity binding sites
(Dencker et al., 1983).

Mercury distributesto al tissues and reaches peak
levels within 24 h, except in the brain, where peak levels
are achieved within 23 days (Hursh et al., 1976). The
longest retention of mercury after inhalation of mercury
vapour occursin the brain (Takahataet al., 1970).
Japanese workers who died 10 years after their last
exposure to elemental mercury vapours still had high
residual levels of mercury in their brains (Takahata et
a., 1970). Villegas et a. (1999) found accumulation of
mercury within neuronal perykaria of the supraoptic and
paraventricular nuclei, aswell as depositsin neuro-
secretory neurons and axon terminals of the neuro-
hypophysis, in rats administered mercuric chloridein
drinking-water.

I'n human volunteers who inhaled atracer dose of
elemental mercury vapour for 20 min, approximately 2%
of the absorbed dose was found per litre of whole blood
after theinitial distribution was completed (Cherian et
al., 1978). Distribution to the red blood cells was
complete after 2 h, but plasma distribution was not
complete until after 24 h. The mercury concentration in
red blood cells was twice that measured in the plasma.
Thisratio persisted for at |east 6 days after exposure.

While the primary organs of mercury deposition
following inhal ation exposure to elemental mercury
vapours are the brain and kidney, the extent of depo-
sition is dependent upon the duration of exposure and, to
agreater extent, the concentration to which the organism
isexposed. In rats exposed to mercury vapour concen-
trations of 10-100 pg/n? 6 h/day, 5 days/week, from the
4th through 11th weeks of life, measurable amounts of
mercury were found in the blood, hair, teeth, kidney,
brain, lung, liver, spleen, and tongue, with the kidney
cortex having the highest mercury concentration (Eide &
Wesenberg, 1993). Rothstein & Hayes (1964) al so
reported the kidney to be a major organ for mercury
deposition following inhal ation exposure to elemental
mercury vapour. Exposure to mercury stimulates the
production of metallothionein in the kidney, which in
turn increases the amount of mercuric ion binding
(Piotrowski et al., 1973; Cherian & Clarkson, 1976).

In contrast, in another study, a 4-h exposure of mice
to elemental mercury vapour produced the highest
mercury retention in the brain compared with other
organs (Berlin et al., 1966). Exposure of ratsto 1 mg/n?
elemental mercury vapour for 24 h/iday every day for
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5weeks or 6 h/day, 3 days/week, for 5 weeks resulted

in mean mercury brain concentrations of 5.03 and

0.71 pg/g, respectively (Warfvinge et al., 1992). Mer-
cury was found primarily in the neocortex, basal nuclei,
and cerebellar Purkinje cells. In mice exposed to ele-
mental mercury vapour at a concentration of 8 mg/m°’ for
6 h/day for 10 days, higher mercury levelswere found in
the grey than in the white brain matter (Cassano et al.,
1966, 1969). Mercury also accumulates in several cell
types (ganglion cells, satellite cells, fibroblasts, and
macrophages) popul ating the dorsal root ganglia
(Schionning et al., 1991) and has been detected in dorsal
root neurons and satellite cells of primates exposed for
1year to mercury through amalgam in dental fillings or
maxillary bone (Danscher et al., 1990).

7.2.2 Inorganic mercury compounds

Compared with elemental mercury, the amount of
inorganic divalent mercury that crosses the blood—brain
and placental barriersis much lower, because of poor
lipid solubility (Clarkson, 1989; Inouye & Kajiwara,
1990). In contrast, the liver and kidneys accumulate
inorganic mercury readily (Y eoh et al., 1986, 1989;
Nielsen & Andersen, 1990). Sin et a. (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.

7.3 Metabolism

The available evidence indicates that the metabo-
lism of al 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 suggeststhe 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
rel eased as exhaled elemental mercury vapour (ATSDR,
1999).

Once inhaled into the lungs, elemental mercury
vapours rapidly enter the bloodstream. The dissolved
vapour can undergo rapid oxidation, primarily in the red
blood cells, to itsinorganic divalent form by the hydro-
gen peroxide—catal ase pathway (Halbach & Clarkson,
1978; Clarkson, 1989). It is believed that the rate of
oxidation is dependent on (1) concentration of catalase
in the tissue; (2) endogenous production of hydrogen
peroxide; and (3) availability of mercury vapour at the
oxidation site (Magos et al., 1978). Nielsen-Kudsk
(1973) found that stimulation of hydrogen peroxide
production in red blood cellsincreased the uptake of
mercury vapoursin red blood cells. The mercury content
in the blood is proportionately higher after alow dose
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than after a high dose, indicating that a higher proportion
of the lower dose isoxidized (Magos et al., 1989). The
hydrogen peroxide—catalase pathway in red blood cells
may become saturated at higher dose levels (Magos et
al., 1989). This oxidation pathway of elemental mercury
can beinhibited by ethanol, since ethanol is a competi-
tive substrate for the hydrogen peroxide catal ase and
thus can block mercury uptake by red blood cells
(Nielsen-Kudsk, 1973). However, two different variants
of acatalasaemia/hypocatal asaemia exist that lead to
deficient activity of this enzyme, quite possibly resulting
in aparticularly susceptible human subpopulation (Paul
& Engstedt, 1958; Aebi, 1967).

The oxidation of elemental mercury may also occur
in the brain, liver (adult and fetal) (Magos et al., 1978),
lungs (Hursh et al., 1980), and probably all other tissues
to some degree (Clarkson, 1989). In the brain, unoxi-
dized elemental mercury can be oxidized and become
trapped in the brain, because it is more difficult for the
divalent form to exit the brain viathe blood-brain
barrier. Autoradiographic studies suggest that mercury
oxidation also occursin the placenta and fetus (Dencker
et al., 1983), although the extent of oxidation is not
known.

7.4 Elimination and excretion

Elimination of mercury occurs primarily through the
urine and faeces, with the expired air, sweat, and saliva
contributing to a much lesser extent.

The urine and faeces are the main excretory path-
ways of elemental mercury and inorganic mercury
compounds in humans, with an absorbed dose half-life
of approximately 1-2 months (Clarkson, 1989). After a
short-term high-level mercury exposure in humans,
urinary excretion accounts for 13% of the total body
burden. After long-term exposure, urinary excretion
increases to 58%. Exhalation through the lungs and
secretion in saliva, bile, and sweat may also contribute a
small portion to the excretion process (Joselow et al .,
1968; Lovejoy et a., 1974). Humans inhaling mercury
vapour for less than an hour expired approximately 7%
of the retained dose of mercury (Hursh et al., 1976;
Cherian et a., 1978). Inorganic mercury is also excreted
in breast milk (Yoshidaet a., 1992). The overal rate of
elimination of inorganic mercury from the body isthe
same asthe rate of elimination from the kidney, where
most of the body burden islocalized. In a sample of
1107 individuals from 15 countries around the world,
Goldwater (1972) reported the following urinary
mercury levels for subjects who had no known
occupational, medicinal, or other exposure to mercury:
<0.5 pg/litre — 78%; <5 pg/litre — 86%; <10 pg/litre
— 89%; <15 pgllitre — 94%; <20 pg/litre — 95%.
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Elimination from the blood and the brain is thought
to be abiphasic process, with aninitial rapid phasein
which the decline in the body burden is associated with
high levels of mercury being cleared from tissues,
followed by a slower phase with mercury clearance from
the same tissues (Takahata et al., 1970). An even longer
terminal elimination phase is also possible because of
accumul ation or persistence of mercury, primarily in the
brain (Takahataet a., 1970). Following asingle oral
dose of divalent mercury in 10 volunteers, 85% of the
2BHg activity was excreted within 4-5 days, predomi-
nantly in the faeces (Raholaet al., 1973), consistent with
the low intestinal absorption of the divalent cation.

In astudy of former chloralkali workers exposed
to elemental mercury vapour for 2-18 years (median
Syears), Sallsten et al. (1993) foundthat the elimination
of mercury in urine was well characterized by aone-
compartment model, with an estimated half-life of
55 days. For high-level exposureto inorganic divalent
mercury, the urineis probably the major elimination
route (Inouye & Kajiwara, 1990), with ahalf-life similar
to that of elemental mercury (Clarkson, 1989).

Suzuki et al. (1992) estimated the elimination half-
life from urine to be 25.9 daysfollowing a short-term
exposure to a high level of mercuric chloride (13.8
mg/kg body weight) (Suzuki et al., 1992). Using atwo-
compartment model, elimination half-livesin urine of
workers exposed for 2045 h to >0.1 mg/n? of elemental
mercury vapour were estimated to be 28 and 41 daysfor
afast and slow phase, respectively (Barregard et al.,
1992).

Ageisafactor in the elimination of mercury in rats
following inorganic mercury exposure, with younger rats
demonstrating significantly higher retention than older
rats. This age-dependent difference in the rate of mer-
cury excretion may reflect differences in the sites of
mercury deposition (i.e., hair, red blood cells, skin)
(Yoshidaet al., 1992).

7.5 Biomarkers of exposure

Urine samples are considered to be the best deter-
minant of body burden of mercury from long-term
exposure to elemental and inorganic mercury. Blood
samples are useful primarily in cases of short-term,
higher-level exposuresto these forms, but are not as
reliable as an indicator of total body burden in longer-
term exposures. Most analytical methods do not
differentiate between inorganic and organic mercury;
thus, total mercury concentrationsin blood reflect body
burden of total mercury. Inorganic forms of mercury are
not excreted to any significant amount in scalp hair,
making hair an inappropriate biomarker of inorganic
mercury exposure.
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Occupational studies show that recent mercury
exposureisreflected in blood and urine (IPCS, 1991,
Naleway et al., 1991). However, at low exposure levels
(<0.05 mg mercury/n?), correlation with blood or urine
mercury levelsislow (Lindstedt et al., 1979). Blood
levels of mercury peak sharply during and soon after
short-term exposures, indicating that measurements of
blood mercury levels should be made soon after expo-
sure (Cherian et al., 1978). The half-life of mercury in
the blood isonly 3 days, attesting to the importance of
taking blood samples as soon after exposure as possible.
In the case of low-level long-term exposure, urine
samples provide the best indicator of body burden.

Urinary mercury measurement is reliable and simple
and providesrapid identification of individualswith
elevated mercury levels (Naleway et a., 1991). Itisa
more appropriate marker of exposure to inorganic
mercury, since organic mercury represents only asmall
fraction of urinary mercury. Urinary mercury levels have
been found to correl ate better with exposure than blood
inorganic mercury concentrations following long-term,
low-level occupational exposure to elemental mercury
vapour (Y oshida, 1985). There may be marked diurnal
variation in the urinary concentration of mercury
(Schaller, 1996).

Based on a systematic review of high-quality stud-
ies, the International Commission on Occupational
Health and the International Union of Pure and Applied
Chemistry Commission on Toxicology estimated that a
mean value of 2 pg/litre was the background blood level
of mercury in persons who do not eat fish (Nordberg et
al., 1992). These levels are “background” in the sense
that they represent the average levelsin blood in the
general population and are not associated with a par-
ticular source of mercury exposure. However, the intra-
and interindividual differencesin these biomarkers are
substantial, possibly due to dental amalgam (urine) and
ingestion of contaminated fish (blood) (Verschoor et al .,
1988; IPCS, 1991).

Several studies have reported a correlation between
airborne mercury and mercury in blood and urine;
however, resultsvary, and it is not known whether the
ratio between concentrationsin urine and blood is
constant at different exposure levels (Smith et al., 1970;
Lindstedt et al., 1979; Roels et a., 1987). Limiting the
analysisto studiesin which the exposure had been
assessed using personal breathing zone mercury mea-
surements, it was estimated that in continuous 8 h/day
occupational exposure, an airborne mercury concen-
tration of 1 mg/n? leads to an average urinary mercury
concentration of 1.4 mg (7 umol)/litre (variation
between individual studies, 0.7-2.3 mg [3.5—

11.5 umol]/litre; seven studies) and to an average
blood mercury concentration of 0.48 mg (2.4 umol)/litre
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(0.17-0.81 mg [0.85-4.0 pmol]/litre; six studies) (Cross
et al., 1995).

Relationships of urinary and blood mercury concen-
trations with signs and symptoms of exposure are less
clear. Exposure to elemental and/or other inorganic
forms of mercury can be verified by examining the
urinary mercury concentration. Urinary mercury
concentrations normally expected in an asymptomatic
population would be <10 ug/litre (Goldwater, 1972;
ATSDR, 1999). Background levels of urinary mercury,
adjusted for creatinine, in an unexposed population are
generally expected to be 5 g mercury/g creatinine
(Gerhardsson & Brune, 1989; IPCS 1991; Schaller,
1996).

8. EFFECTS ON LABORATORY MAMMALS
AND IN VITRO TEST SYSTEMS

8.1 Elemental mercury

8.1.1  Single and short-term exposure

Exposure of rats for 2 h to an elemental mercury
vapour concentration of 27 mg/n? resulted in substantial
mortality (20 of 32 rats died prior to their scheduled
sacrifice) (Livardjani et al., 1991). A variety of respira-
tory effects were reported, including dyspnoea, lung
oedema, necrosis of the alveolar epithelium, hyaline
membranes, and occasional lung fibrosis.

Asheet al. (1953) exposed rabbitsintermittently to
elemental mercury vapour at 28.8 mg/n? for periods of
up to 30 h. One of two rabbits exposed to this mercury
vapour concentration for 30 h died, while no deaths
occurred in rabbits exposed to the same concentration
for 20 h or less. Marked cellular degeneration with some
necrosis of heart tissue was observed in rabbits follow-
ing longer intermittent exposures, while only mild to
moderate pathological changes were seenin 1- to 4-h
exposures. Gastrointestinal effects ranged from mild
pathological changesto marked cellular degeneration,
and some necrosis of the colon was observed following
exposure for 4-30 h. Hepatic effects after exposure for
6—-30 h ranged from moderate pathological changes
(unspecified) to severe liver necrosis. Renal effects
ranged from marked cellular degeneration to tissue
destruction and widespread necrosis: moderate pathol og-
ical changes were seen after a 1-h exposure; as the dura-
tion of exposure increased to 30 h, extensive cell
necrosisin the kidney became evident (Asheet al.,
1953).
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8.1.2 Medium-term exposure

Pulmonary congestion was observed in rats exposed
to an elemental mercury vapour concentration of
1 mg/n? for 100 h continuously per week for 6 weeks
(Gage, 1961).

Effectsin different organs were reported in a study
in which rabbits were exposed to elemental mercury
vapour at 6 mg/nt for 7 h/day, 5 days/week, for 1—

11 weeks (Asheet al., 1953). Respiratory effects were
described as unspecified mild to moderate pathological
changes. Exposures to 0.86—6 mg/nt of mercury vapour
for periods ranging from 2 to 12 weeks also resulted in
mild to moderate pathological changes (unspecified) in
the hearts of rabbits. Exposure to 6 mg/nt for 1-5 weeks
resulted in mild to moderate liver pathology, while
effects ranging from moderate pathol ogical changesto
marked cellular degeneration and some necrosisin the
liver occurred with exposure to 6 mg/n? for 6-11 weeks.

Exposure to 0.86 mg/n? for 12 weeks induced
moderate pathological kidney changes that were
reversible with termination of exposure. Exposure to
6 mg/nt for up to 11 weeks produced effects that ranged
from mild pathological changesto marked cellular
degeneration and widespread necrosis (Asheet al.,
1953). (The LOAEL for renal effects was 0.86 mg/nt.)
Dense depositsin tubule cells and lysosomal inclusions
in the renal tubular epithelium were evident following
exposure of ratsto mercury vapour at 3 mg/nt for
3 h/day, 5 days/week, for 12-42 weeks (Kishi et al.,
1978).

8.1.3 Long-term exposure and carcinogenicity

Exposure of rats, rabbits, and dogs to metallic
mercury vapour concentrations of 0.1 mg/n? for 7 h/day,
5 days/week, for 72—83 weeks resulted in no micro-
scopic evidence of kidney damage in any exposed
animal. (Only two dogs were tested in this study.) In
astudy with limited reporting and no control group
(Druckrey et al., 1957), local sarcomas were reported
in 5 out of 39 BDIII and BDIV rats after two intraperi-
toneal injections of metallic mercury with lifelong
follow-up.

8.14 Genotoxicity and related end-points

The only data concerning the potential genotoxicity
of elemental mercury are on humans and are presented
in section 9.10.

8.15 Reproductive and developmental toxicity
Adult female rats exposed to an elemental mercury

vapour concentration of 2.5 mg/n? for 3 weeks prior to
fertilization and during gestational days 7—20 had a
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decrease in the number of living fetuses relative to
controls (Baranski & Szymczyk, 1973). Although all
pups born to the exposed dams died by the 6th day after
birth, no difference in the occurrence of developmental
abnormalities was observed between exposed and
control groups.

Exposure of pregnant Sprague-Dawley ratsto an
elemental mercury vapour concentration of 1.8 mg/n?
for 1.5 h/day during gestation days 14—19 caused
aterationsin both spontaneous and learned behaviours
in the offspring (Fredriksson et a., 1996), manifested as
hyperactivity, significantly impaired spatial learning,
and deficitsin adaptive behaviour. There were no lower
dosages tested in this study. Hyperactivity and signifi-
cantly impaired spatial learning were also seen in the
offspring of female Sprague-Dawley rats exposed to
0.05 mg/nt (LOAEL; no lower doses tested) for 1 or
4 h/day during gestation days 11-17 (Fredriksson et al .,
1992).

In neurobehavioural tests conducted on the off-
spring of mother squirrel monkeys that had been
exposed during the last two-thirds or more of gestation
to mercury vapour concentrations of 0.5 (LOAEL) or
1.0mg/n? for 4 or 7 h/iday, 5 days/week, long-term
effectsincluded instability in lever-press durations and
steady-state performance under concurrent schedul es of
reinforcement, as well as aberrant transitions (Newland
et a., 1996). No other exposure levels were examined in
this study.

8.1.6 Immunological and neurological effects

Exposure of genetically susceptible mice to mercury
vapour for a period of 10 weeks resulted in an auto-
immune response manifested as a general stimulation of
the immune system, with hyperimmunoglobulinaemia,
antinucleolar-fibrillarin autoantibodies, and glomerular
disease, accompanied by vascular immune complex
deposits (Warfvinge et al., 1995).

Marked cellular degeneration and widespread
necrosis were observed in the brains of rabbits following
exposures to elemental mercury vapour at 28.8 mg/nt
for durations ranging from 2 to 30 h, whereas exposure
of rabbits to mercury vapour at 6 mg/n? for periods
ranging from 1 to 11 weeks produced effects ranging
from mild, unspecified pathological changesto marked
cellular degeneration and some necrosisin the brain.

M ore serious degenerative changes were observed at
longer exposure durations (i.e., 8 and 11 weeks). Mild to
moderate pathological changes were observed in the
brains after exposure to 0.86 mg/n? for 12 weeks (Ashe
etal., 1953). Fukuda (1971) observed slight tremors and
clonusin two of six rabbits exposed for 13 weeksto an
elemental mercury vapour concentration of 4 mg/n¥.
(Neurobehavioural deficits observed in the offspring of
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mother monkeys and rats that were exposed to mercury
vapours during gestation were previously described in
section 8.1.5.)

Exposure of neonatal rats to elemental mercury
vapour at 0.05 mg/n? for 1 or 4 h/day for 1 week during
aperiod of rapid brain growth (postpartum days 11-17)
resulted in subtle behavioural changes when the rats
were tested at 4 and 6 months of age (Fredriksson et al.,
1992). The severity of effect was directly related to the
duration of individual exposures.

8.2 Inorganic mercury compounds

8.2.1 Single exposure

Oral LDsggs for rats exposed to mercuric chloride
ranged from 25.9 to 77.7 mg mercury/kg body weight
(Kostial et al., 1978). Haematological, hepatic, and renal
effects were reported in rats and/or mice administered
sublethal single doses of mercuric chloride (Nielsen et
a., 1991; Lecavalier et al., 1994).

Groups of 10 female Sprague-Dawley rats adminis-
tered a single gavage dose of mercuric chloride at 7.4 or
9.2 mg mercury/kg body weight in water showed signifi-
cant decreases in haemoglobin, erythrocytes, and haema-
tocrit at autopsy. A significant decrease in serum protein
and calcium was also reported for the low-dose mercury
group only (Lecavalier et al., 1994).

L actate dehydrogenase activity was significantly
decreased in femal e Sprague-Dawley rats (10 animals
per dosage group) given single gavage (in water)
mercuric chloride doses of either 7.4 or 9.2 mg/kg body
weight (Lecavalier et al., 1994). Renal effectsseenin
this study included mild to moderate morphological
changes consisting of protein casts, cellular casts, and
interstitial sclerosisin both treatment groups. Female
Bom:NMRI mice given a single gavage dose of mercuric
chloride at 10 mg mercury/kg body weight showed
minor renal tubular damage and rapid regeneration of the
tubular epithelium (Nielsen et al., 1991), while proximal
tubular necrosis was seen at 20 mg/kg body weight. No
renal effects were seen at 5 mg/kg body weight in the
same study.

8.2.2 Short- and medium-term exposure

Male rats given gavage doses of mercuric chloride
at 14.8 mg mercury/kg body weight, 5 days/week for
2 weeks, appeared to be slightly more sensitive to the
lethal effects of mercuric chloride than female rats, with
two of five male rats (but no females) dying. Mice were
slightly less sensitive, with no deaths at 14.8 mg
mercury/kg body weight, death in one of five males at
29 mg mercury/kg body weight, and deathsin five of
five males and four of five females at 59 mg mercury/kg
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body weight when administered by gavage over the
same period (NTP, 1993).

Forceful and laboured breathing, bleeding from the
nose, and other unspecified respiratory difficulties were
seen in rats after dietary exposure to 2.2 mg mercury/kg
body weight per day as mercuric chloride for 3 months
(Goldman & Blackburn, 1979).

Oral exposure of mice to 59 mg mercury/kg body
weight per day as mercuric chloride, 5 days/week for
2 weeks, resulted in inflammation and necrosis of the
glandular stomach (NTP, 1993).

Increasesin hepatic lipid peroxidation and decreases
in glutathione peroxidase were observed in rats orally
exposed to an unspecified dose of mercuric chloride for
30 days (Rana & Boora, 1992), and absolute liver weight
decreases were seen in animals receiving doses equiva-
lent to 10 mg/kg body weight per day in the diet for
4 weeks (Jonker et al., 1993). The LOAEL for hepatic
effects was 10 mg/kg body weight per day.

Malerats exposed for 14 days to gavage doses of
0.93, 1.9, 3.7, 7.4, or 14.8 mg mercury/kg body weight
per day as mercuric chloride showed a significant
increase in the absolute and relative kidney weights of
mal es beginning at the 1.9 mg/kg body weight per day
dose level. Anincreased incidence of tubular necrosis
was observed in rats exposed to at least 3.7 mg/kg body
weight per day, with severity increasing with increasing
dosages. Increasesin urinary levels of alkaline phospha-
tase, aspartate aminotransferase, and lactate dehydroge-
nase were also observed at 3.7 mg mercury/kg body
weight per day; at 7.4 mg mercury/kg body weight per
day, increased urinary ?-glutamyltransferase activity was
also observed (NTP, 1993).

Increased absolute and relative kidney weights were
seen in female Wistar rats exposed to a dietary intake
level of mercuric chloride at 1.1 mg/kg body weight per
day (the lowest exposure level studied) for 4 weeks
(Jonker et al., 1993). The NOAEL for males in this study
was 1 mg/kg body weight per day; the LOAEL was
8 mg/kg body weight per day for increased liver weights
and slight histopathological changesto therenal cortex.
For females, the LOAEL for renal effects from these
studies was 1.1 mg/kg body weight per day; areliable
NOAEL could not be determined.

In a26-week study in which groups of 10 Fischer-
344 rats of each sex received 0, 0.312, 0.625, 1.25, 2.5,
or 5 mg mercuric chloride/kg body weight (0, 0.23, 0.46,
0.93, 1.9, or 3.7 mg mercury/kg body weight per day) in
deionized water by gavage, asignificant increasein the
severity of nephropathy (i.e., dilated tubules with hyaline
casts, foci of tubular regeneration, and thickened tubular
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basement membrane) was observed in male rats given
the dose of 0.93 mg/kg body weight per day. The
nephropathy was minimal in the two low-dose groups
(NTP, 1993). In females, kidney effects, which were
mild, were observed at the highest dose only. The
absolute and relative kidney weights wereincreased in
treated males and in females at doses of =0.46 mg/kg
body weight per day. A NOAEL from this study was
identified at 0.23 mg/kg body weight per day.

Mice given gavage doses of mercuric chloride
5 days/week for 2 weeks showed an increase in absolute
and relative kidney weights at 3.7 mg mercury/kg body
weight per day and acute renal necrosis at 59 mg
mercury/kg body weight per day (NTP, 1993). Male
mice receiving mercuric chloride in their drinking-water
for 7 weeks showed slight degeneration of the tubular
epithelial cells (nuclear swelling) at 2.9 mg mercury/kg
body weight per day and minimal renal nephropathy
(dilated tubules with either flattened eosinophilic
epithelial cells or large cytomegalic cells with foamy
cytoplasm) at 14.3 mg/kg body weight per day (Dieter et
al., 1992).

When groups of 10 B6C3F1 mice of each sex
received 0, 1.25, 2.5, 5, 10, or 20 mg mercuric chlor-
ide/kg body weight per day (0, 0.93, 1.9, 3.7, 7.4, or
14.8 mg mercury/kg body weight per day) in deionized
water by gavage for 26 weeks (males) or 27 weeks
(females), the incidence and severity of cytoplasmic
vacuol ation of renal tubular epithelium increased in
mal es exposed to at least 3.7 mg/kg body weight per day
(NTP, 1993).

Increased relative adrenal weights were observed in
male rats fed diets containing mercuric chloride equiva-
lent to 20 mg mercury/kg body weight per day for
4 weeks. Femal es had decreased absol ute adrenal
weights at 22.2 mg/kg body weight per day (Jonker et
al., 1993). Several other studies have observed effects on
the thyroid after medium-term exposure to divalent
mercuric salts (Goldman & Blackburn, 1979; Agrawal &
Chansouria, 1989; Sin et a., 1990; Sin & Teh, 1992).
The LOAEL for adrenal effects was 20 mg/kg body
weight per day.

A number of animal studies have reported decreases
in body weight or body weight gain after ingestion of
mercuric chloride (Chang & Hartmann, 1972a; Dieter et
a., 1992; NTP, 1993). Jonker et al. (1993) reported
decreased body weightsin male and female Wistar rats
of 21% and 27%, respectively, after 4 weeks of mercuric
chloride inthe feed at 10 mg mercury/kg body weight
per day in males and 22.2 mg mercury/kg body weight
per day in females. No significant |oss was observed at
the next lower dose groups of 5 mg/kg body weight per
day and 11.1 mg/kg body weight per day in males and
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females, respectively. This effect was not seen in a study
by Lecavalier et a. (1994).

8.2.3 Long-term exposure and carcinogenicity

Exposure of Fischer-344 rats by gavage to mercuric
chloride for 2 years resulted in increased mortality in
malerats at 1.9 mg mercury/kg body weight per day, but
no increase in mortality in femalerats at up to 3.7 mg
mercury/kg body weight per day. No increase in mor-
tality was observed in either male or female B6C3F1
mice at up to 7.4 mg mercury/kg body weight per day
(NTP, 1993).

Exposure of Wistar rats to 28 mg mercury/kg body
weight per day as mercuric chloride for 180 daysin
drinking-water resulted in an increase in blood pressure
and adecrease in cardiac contractility, but had no effect
on heart rate (Carmignani et al., 1992). In contrast, in a
study of Sprague-Dawley rats exposed to mercuric
chloride at 7 mg/kg body weight per day in drinking-
water for 350 days, a positive inotropic response,
increased blood pressure, and decreased baroreceptor
reflex sensitivity were observed (Boscolo et al., 1989;
Carmignani et al., 1989).

In a2-year gavage study, 12—14% of the exposed
mal e rats showed inflammation of the caecum at 1.9 and
3.7 mg mercury/kg body weight per day (NTP, 1993).

An increased incidence of acute hepatic necrosis
was also observed in male Fischer-344 rats administered
mercuric chloride by gavage for 2 years (11/50 versus
4/50 in controls) (NTP, 1993).

Carmignani et al. (1989) observed hydropic degen-
eration and desquamation of tubule cellsin Sprague-
Dawley rats given 7 mg mercury/kg body weight per day
as mercuric chloride in drinking-water (Carmignani et
al., 1989). Electron microscopy showed lysosomal
aterationsin the proximal tubules and thickening of the
basal membrane of the glomeruli.

A 2-year study of rats given mercuric acetate in the
feed reported increasing severity of renal damage at
mercury doses as low as 2 mg/kg body weight per day
(Fitzhugh et al., 1950). Rats initially showed hyper-
trophy and dilation of the proximal convoluted tubules,
with eosinophilia, rounding, and granular degeneration
of the epithelial cells, along with occasional basophilic
cytoplasm and sloughing of cells. Asthelesion pro-
gressed, tubular dilation increased and hyaline casts
appeared within the tubules; fibrosis and inflammation
were observed. Ultimately, tubules appeared as cysts,
and extensive fibrosis and glomerular changes were
observed.
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Male Fischer-344 rats given gavage doses (in water)
of mercuric chloride at 1.9 mg/kg body weight per day
for 2 years showed marked thickening of glomerular and
tubular basement membranes and degeneration and
atrophy of the tubular epithelium. The incidence of renal
tubule hyperplasiawas also increased in the high-dose
malerats (NTP, 1993). There was also a 24% decrease
in body weight gain in male rats and a 16% decrease in
body weight gain in female rats at this dosage. Mice
(B6C3F1) dosed on the same schedule, but at adaily
dosage rate of 3.7 mg/kg body weight, showed focal
thickening of the tubular basement membrane. The
LOAEL for renal effectsresulting from long-termoral
exposure is 1.9 mg/kg body weight per day.

Male Fischer-344 rats receiving 3.7 mg mercury/kg
body weight per day as mercuric chloride by gavage for
2 years showed an increased incidence of forestomach
squamous cell papillomas (12/50 versus 0/50 in control s)
and thyroid follicular cell carcinomas (6/50 versus 1/50
in controls) (NTP, 1993). A statistically significant
increase in the incidence of forestomach hyperplasiawas
observed in male rats exposed to 1.9 (16/50) or 3.7
(35/50) mg mercury/kg body weight per day as mercuric
chloride, compared with the control group (3/49).
Increases in the incidences of forestomach hyperplasia
and tumours in females at the highest dose were not
statistically significant. Of B6C3F1 mice exposed to 0,
3.7, or 7.4 mg mercury/kg body weight per day as
mercuric chloride, renal tubule tumours were evident in
3 of 49 high-dose males, but the incidence of these
tumours was not significantly increased. NTP (1993)
concluded that under the conditions of those 2-year
gavage studies, there was some evidence of carcinogenic
activity of mercuric chloride in the male F344 rats, based
on theincreased incidences of squamous cell papillomas
of the forestomach. Further, the marginally increased
incidences of thyroid follicular cell adenomas and
carcinomas may have been related to mercuric chloride
exposure.

8.2.4  Genotoxicity and related end-points

8.2.4.1 Invitro studies

No data are available on point mutationsin bacteria
after exposure to inorganic mercury compounds.

Information on other genotoxicity isavailable
mostly on mercuric chloride. Mercuric chloride binds to
the chromatin of rat fibroblasts (Rozalski & Wierzbicki
1983) and Chinese hamster ovary cells (Cantoni et a.,
1984a,b). Mercuric chloride can damage DNA in rat and
mouse embryo fibroblasts (Zasukhinaet al., 1983), and
several studies using Chinese hamster ovary cells have
demonstrated that mercuric chloride induces single-
strand breaksin DNA (Cantoni et al., 1982, 19844,b;
Cantoni & Costa, 1983; Christie et a., 1984, 1986).

Strand breaks have also been observed in rat and mouse
embryo fibroblasts (Zasukhina et al., 1983). Howard et
al. (1991) observed an increase in chromosomal aberra-
tions and sister chromatid exchange in Chinese hamster
ovary cells treated with mercuric chloride. Oberly et al.
(1982) reported that doses of mercuric chloride (4.4 and
5.9 ug mercury/ml) approaching severely cytotoxic
levelsinduced aweak mutagenic response in mouse
lymphoma L5178Y cellsin the presence of auxiliary
metabolic activation. Mercuric chloride also induced
spindle disturbances in Indian muntjak fibroblasts and
human lymphocytesin vitro, cell transformationin
Syrian hamster cellsin vitro (Casto et a., 1979;
Verschaeve et al., 1984), and sister chromatid exchanges
and chromosomal aberrations in human lymphocytesin
vitro (Morimoto et al., 1982; Verschaeve et al., 1985).
Mercuric chloride was positive in the Bacillus subtilis
rec-assay (Kanematsu et al. 1980), but failed to enhance
lethality in a DNA repair-deficient strain of Escherichia
coli (Brandi et al., 1990).

Mercurous chloride was also positive in the Bacillus
subtilisrec-assay (Kanematsu et al., 1980).

Mercuric acetate induced chromosomal aberra-
tions in mouse oocytesin vitro at a concentration of
35 mg/litre (Jagiello & Lin, 1973), but failed to induce
anchorage-independent growth in human foreskin
fibroblastsin vitro (Biedermann & Landolph, 1987).

8.2.4.2 Invivo studies

A dose-related increase in chromosomal aberrations
was observed in the bone marrow of mice administered a
single oral dose of mercuric chloride at levels of at least
4.4 mg mercury/kg body weight (Ghosh et al., 1991).
Chromatid breaks were the most common aberration. In
contrast, no increase in chromosomal aberrations was
observed in spermatogonia of mice or oocytes of Syrian
hamsters after an equally large or larger parenteral dose
(Pomaet al., 1981; Watanabe et al., 1982).

Mercuric chloride administered orally for 12 months
(0.18-1.8 mg mercury/kg body weight per day) induced
aweak but dose-related increase in dominant |ethal
mutations (Zasukhina et al., 1983). A weakly positive
result in adominant lethal assay was also reported in an
early study in mice after asingle intraperitoneal dose
(Suter, 1975).

Mercuric acetate failed to induce chromosomal
aberrations in mouse oocytesin vivo after subcutaneous
or intravenous administration (Jagiello & Lin, 1973).

8.25 Reproductive toxicity

Several older studies suggest that inorganic mercury
may be embryotoxic and even teratogenic. Because of
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limited reporting, high doses, and parenteral administra-
tion, the relevance of these results to humans cannot be
assessed.

Pregnant hamsters receiving single oral gavage
doses of =22 mg mercury/kg body weight as mercuric
acetate on gestational day 8 showed an increasein the
incidence of resorptions and small and oedematous
embryosin the presence of histological damagein the
liver and kidney in the dams (Gale, 1974). The incidence
of resorptions was 35% at 22 mg/kg body weight, 53%
at 32 mg/kg body weight, 68% at 47 mg/kg body weight,
and 99% at 63 mg/kg body weight.

Subcutaneous injections of 9.5 mg mercury/kg body
weight administered as mercuric acetate to dams pro-
duced avariety of malformations, including cleft palate,
hydrocephalus, and heart defectsin mice (Gale & Ferm,
1971). Gale & Ferm (1971) also found that administra-
tion of single intravenous doses of 1.3, 1.9, or 2.5 mg
mercury/kg body weight to hamsters on gestation day 8
produced growth retardation and oedema of the fetuses
at all dose levels, while an increasein the number of
abnormalities was detected at the two higher doses.
Intravenous injection of 1.5 mg mercury/kg body weight
per day as mercuric chloride also resulted in asignificant
increase in the number of abnormal preimplantation
mouse embryos (Kajiwara& Inouye, 1986).

Intraperitoneal administration of mercuric chloride
(1.48 mg mercury/kg body weight) to female mice
resulted in decreasesin litter size and number of litters
per female and an increase in dead implants in some
strains of mice (Suter, 1975). In female mice adminis-
tered asingle intraperitoneal dose of 1 mg mercury/kg
body weight as mercuric chloride, a decrease in mean
implantation sites was observed (Kajiwara & Inouye,
1992). Subcutaneous injection of female hamsters with
6.2-8.2 mg mercury/kg body weight as mercuric
chloride for 1-4 daysresulted in adisruption of estrus
(Lamperti & Printz, 1973). Inhibition of follicular
maturation and normal uterine hypertrophy, morpholog-
ical prolongation of the corpora lutea, and alteration of
progesterone levels were observed.

A singleintraperitoneal dose of mercuric chloride
(1 mg mercury/kg body weight) in male rats resulted in
decreased conceptions in females (Lee & Dixon, 1975),
and 0.74 mg mercury/kg body weight as mercuric
chloride resulted in seminiferous tubular degeneration
(Premet al., 1992).

8.2.6 Immunological and neurological effects

Administration of 14.8 mg mercury/kg body weight
per day as mercuric chloride to B6C3F1 mice 5 days/
week for 2 weeks resulted in a decrease in thymus
weight (NTP, 1993). A 2-week exposureto 0.7 mg
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mercury/kg body weight per day as mercuric chloridein
the drinking-water resulted in an increase in the lympho-
proliferative response after stimulation with T-cell
mitogensin astrain of mice particularly sensitive to the
autoimmune effects of mercury (SJL/N) (Hultman &
Johansson, 1991). In contrast, asimilar exposure of a
strain of micethat is not predisposed to the autoimmune
effects of mercury (DBA/2) showed no increasein
lymphocyte proliferation.

A significant decrease in the weight of the thymus
and spleen and a decrease in antibody response were
also exhibited at 14.3 mg mercury/kg body weight per
day, whereas an increase in B-cell-mediated lympho-
proliferation was observed at both 2.9 and 14.3 mg
mercury/kg body weight per day (Hultman & Enestrom,
1992). Immune deposits have been observed in the
basement membrane of the intestine and kidney of rats
following twice weekly gavage exposure to 2.2 mg
mercury/kg body weight per day as mercuric chloride for
2 months, although no functional changes were evident
in these tissues (Andres, 1984).

Chang & Hartmann (1972b) reported that adminis-
tration of 0.74 mg mercury/kg body weight per day as
mercuric chloride to rats for up to 11 weeksresulted in
neurological disturbances consisting of severe ataxiaand
sensory loss, but the authors did not indicate which of
the observed results were due specifically to each of two
dosing methods used (i.e., oral or subcutaneous). Dietary
exposure of ratsto 2.2 mg mercury/kg body weight per
day as mercuric chloride for 3 months resulted in inac-
tivity and abnormal gait (Goldman & Blackburn, 1979).
Evidence of disruption of the blood—brain barrier was
observed 12 h after a single gavage doseof 0.74 mg
mercury/kg body weight as mercuric chloride in rats
(Chang & Hartmann, 1972b).

9. EFFECTS ON HUMANS

9.1 Symptoms and signs in acute
intoxications

Many reports of acute poisoningsin both adults and
children after various exposure scenarios have been, and
continue to be, published (ATSDR, 1999). Only a
limited number of reports that have information on the
dose or exposure levels are available.

A case of mercury poisoning in afamily of four
followed an in-home smelting operation by one of the
family members (Kanluen & Gottlieb, 1991; Rowens et
al., 1991). Two of the victims exhibited shortness of
breath, malaise, nausea, vomiting, and diarrhoeawithin
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24 h of exposure. Three days after exposure, the patients
(one male, one female) showed signs of adult respiratory
distress syndrome. On day 5, chelation therapy was
begun. One of the patients died on day 7 and one on day
9 from cerebral oedema. The other victims, awoman
and aman, died from cardiac arrest after 21 and 23 days,
respectively. The serum and urinary mercury levels prior
to chelation therapy for the woman were 3.2 and

34 nmol/litre, respectively. The blood and urinary levels
of mercury for the man prior to chelation were 4.0 and
105 nmol/litre, respectively.

In-home smelting operations have resulted in mer-
cury poisoningsin anumber of other instances. Four
persons exposed to mercury vapour when dental amal-
gam had been smelted in a casting furnace in the base-
ment of their home all died as aresult of respiratory
failure (Taueg et a., 1992). Measurement of mercury
vapours 11-18 days after exposure revealed mercury
levels of 0.8 mg/nt on thefirst floor.

Four men were occupationally exposed to mercury
vapoursin aconfined cylindrical tank (Milneet al.,
1970). A short time after leaving the tank, three
experienced cough, gasping respirations, and chest
tightness. These symptoms became markedly worse,
with acute respiratory distress. Gastrointestinal
symptoms included abdominal painsin two men and
vomiting in one of the men. Fever also developed in the
men. All four recovered. Urinary mercury levels were
increased (0.10-0.17 mg mercury/litre) 10-14 days after
exposure.

Yang et al. (1994) reported the case of a 29-year-old
male employed for 5 yearsin alamp socket manufac-
turing facility in Taiwan. His pretreatment urinary and
blood mercury concentrations were 610 pg/litre and
23.7 ng/dl, respectively. The man displayed a variety of
symptoms, including blurred vision, dysarthria, promi-
nent gingivitis, tremor (usually postural and intentional),
unsteady gait, and slow mental response. The time-
weighted average (TWA) concentration of mercury in
the air in the room where thisindividual spent most of
his working time during his employment was
0.945mg/nt. A 27-year-old female who had been on the
job in the same Taiwanese lamp socket manufacturing
facility for 1.5 years also showed avariety of symptoms,
including gum pain, dizziness, poor attention, bad
temper, some numbness, hypersalivation, hyperhidrosis,
and fatigue. Thisindividual, whose work had been
primarily in aroom having a TWA mercury air
concentration of 0.709 mg/n?, had initial urinary and
blood mercury levels of 408 pg/litre and 10.5 pg/dl,
respectively, but did not require chelation. Her
symptoms abated fully approximately 2 months
following discontinuation of exposure (Yang et al.,
1994).

Anorexiawas reported for a child who had been
treated with an ammoniated mercury-containing
ointment (Warkany & Hubbard, 1953). De Bont et al.
(1986) reported hemiparesis, generalized muscle
stiffness, muscular tremors, signs of acrodynia, and
comain a4-month-old boy 12 days after he was treated
with yellow mercuric oxide ointment for eczema.
Children who were treated with an ointment containing
ammoniated mercury or who were exposed to diapers
that had been rinsed in a mercuric chloride-containing
solution experienced irritability, fretfulness, and
sleeplessness (Warkany & Hubbard, 1953).

Two case studies reported fatalities resulting from
atypical dermal contact with inorganic mercury com-
pounds. In one case, a 27-year-old woman died 4 days
after inserting an 8.75-g tablet of mercuric chloride into
her vagina (Millar, 1916). In the other case, abdominal
pain, nausea, vomiting, and black stoolswere seenina
man who had been receiving treatment for awound with
daily applications for about 2 months with a Chinese
medicine containing mercurous chloride (Kang-Yum &
Oransky, 1992). This patient was reported to have died
from renal failure. In another report (Dyall-Smith &
Scurry, 1990), mild tremors, anxiety, depression, and
paranoid delusions were seen in a 42-year-old woman
following topical application of adepigmenting cream
containing 17.5% mercuric ammonium chloride for
18years.

9.2 Neurotoxicity

The central nervous system is probably the most
sensitive target for elemental mercury vapour exposure.
Similar effects are seen after all durations of exposure;
however, the symptoms may intensify and/or become
irreversible as exposure duration and/or concentration
increase. A wide variety of cognitive, personality,
sensory, and motor disturbances have been reported.
Prominent symptomsinclude tremors (initially affecting
the hands and sometimes spreading to other parts of the
body), emotional lability (characterized by irritability,
excessive shyness, confidence loss, and nervousness),
insomnia, memory loss, neuromuscular changes (weak-
ness, muscle atrophy, muscle twitching, electromyo-
graphic abnormalities), headaches, polyneuropathy
(paraesthesia, stocking-glove sensory loss, hyperactive
tendon reflexes, slowed sensory and motor nerve
conduction velocities), and performance deficitsin tests
of cognitive function. Some long-term exposures to
elemental mercury vapour have resulted in unsteady
walking, poor concentration, tremul ous speech, blurred
vision, performance decrementsin psychomotor skills
(e.0., finger tapping, reduced hand—eye coordination),
decreased nerve conduction, and other signs of neuro-
toxicity. Recent studies using sensitive tests for psycho-
motor skills, tremor, and peripheral nerve function sug-
gest that adverse effects may be associated with very
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low exposures. A recent study of 75 formerly exposed
workers examined using an extensive neuropsychol og-
ical test battery found that deficits in motor function,
attention, and possibly the visual system may persist for
years after termination of occupational exposure, but
previous exposure did not appear to affect the workers'
general intellectual level or ability to reason logically.

Several reports of neurotoxicity in humansinvolve
the ingestion of therapeutic agents contai ning mercurous
chloride (e.g., teething powders, ointments, and laxa-
tives). Several children treated with tablets or powders
containing mercurous chloride exhibited irritability,
fretfulness, sleepl essness, weakness, photophobia,
muscl e twitching, hyperactive or hypoactive tendon
reflexes, and/or confusion (Warkany & Hubbard, 1953).
A 4-year-old boy who had been given a Chinese medi-
cine containing mercurous chloride for 3 months devel-
oped drooling, dysphagia, irregular arm movements, and
impaired gait (Kang-Yum & Oransky, 1992). Another
case study (Davis et al., 1974) reported dementia and
irritability in two women due to the chronic ingestion of
atablet laxative that contained 120 mg of mercurous
chloride. One woman had taken two tablets daily for
25 years, and the other woman two tablets daily for
6 years. Both patients died from inorganic mercury
poisoning.

9.2.1 Occupational exposure

Fawer et a. (1983) measured hand tremorsin
26 male workers exposed to elemental mercury and
25 control males working in the same facilities, but not
exposed to mercury. Workers had been exposed to
mercury through the manufacture of fluorescent tubes,
chloralkali, or acetaldehyde. Mercury-exposed workers
had an mean duration of exposure of 15.3 (standard error
[SE] 2.6) years (range 1-41 years). At the time of the
study, the average blood mercury concentration was
41.3 (SE 3.5) nmol/litre,* and the average urinary
mercury concentration was 11.3 (SE 1.2) umol
mercury/mol creatinine (20 pg/g creatinine). The mean
mercury level (TWA) measured using personal air
monitors was 0.026 (SE 0.004) mg/n¥ (three subjects
were exposed to >0.05 mg/nt). Hand tremors were
measured in the subjects using an accel erometer attached
to the dorsum of the hand both at rest and while holding
1250 g. The highest peak frequency of the acceleration
(i.e., the frequency corresponding to the highest
acceleration) was determined. The highest peak fre-
quency of the tremor was greater in exposed men than in
controls (P < 0.001) and was significantly related to
duration of exposure and age. Comparison of tremors
using an index of the entire spectrum of the tremor

! The Fawer et dl. (1983) paper gives the blood mercury con-
centration as 41.3 umol/litre, but thisisin error (Berode et al.,
1980; M. Guillemin, personal communication, 2002).
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showed no differences between exposed men and
controls at rest, but the changes observed between rest
and load were higher in the exposed men. These changes
correlated with the duration of exposure and biological
indices of exposure (blood and urinary mercury levels),
but not with age. Using the relationship developed in
section 7.5, the blood mercury concentration of

41.3 nmol/litre would correspond to an air mercury
concentration of 17 pg/nt.

Several studies have reported significant effectson
tremor or cognitive skillsor other central nervous system
effects among groups exposed occupationally to similar
or slightly higher levels. Tremor, abnormal Romberg
test, dysdiadochokinesis, and difficulty with heel-to-toe
gait were observed in thermometer plant workers sub-
jected to mean personal breathing zone air concentra-
tions of 0.076 mg/n? (range of 0.026-0.27 mg/nT)
(Ehrenberg et al., 1991).

In across-sectional study of 36 workers with no less
than 10 years of exposure (average 16.9 years) to mer-
cury vapour in achloralkali plant, disturbancesin tests
on verbal intelligence and memory were more frequent
among the exposed group members having blood
mercury levels above 75 nmol/litre and urinary mercury
above 280 nmol/litre (the median values for the exposed
group) (Piikivi et a., 1984). Using the relationship
developed in section 7.5, these would correspond to an
air mercury concentration of 31-40 pg/n?.

In another study of 41 male chloralkali workers
(Piikivi & Tolonen, 1989), electroencephal ograms
(EEGSs) were compared with those of 41 age-matched
referents from mechanical wood processing plants. The
exposure was assessed as the TWA blood mercury
concentrations (59 [standard deviation (SD) 12.6]
nmol/litre), based on an average of 22 (SD 5.7) mea-
surements during an average 15.6 (SD 8.9) years of
exposure. Using the relationship developed in section
7.5, thiswould correspond to an air mercury concen-
tration of 25 pg/nt. The exposed workers had signi-
ficantly slower and more attenuated EEGs than the
referents; this difference was most prominent in the
occipital region.

In astudy (Piikivi & Hanninen, 1989) in which the
population studied largely overlapped with that in the
study of Piikivi & Tolonen (1989), subjective symptoms
and psychological performance of 60 male workersin a
chloralkali facility were compared with those among
60 age-matched referents from the mechanical wood
industry. The average length of exposure was 14 years,
and all test subjects had been exposed for at least
Syears. The TWA blood mercury concentration among
the exposed averaged 51.3 (SD 15.6) nmol/litre, with a
range of 24.7-90 nmol/litre. While no exposure-related
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perceptual motor, memory, or learning ability distur-
bances were observed, the exposed workers reported an
increase in memory disturbances, sleep disorders, anger,
fatigue, and confusion, compared with the controls. The
authors considered that the three-shift work of the
mercury-exposed was a possible cofactor behind the
increased symptoms, with the exception of memory
disturbances. Using the relationship developed in section
7.5, the average blood mercury concentration in the
exposed group would correspond to an air mercury
concentration of 21 pg/nt.

Arm-hand steadiness showed a decrement of
borderline statistical significance among 43 workers
exposed (exposure duration 5.3 [SD 3.9] years) to
mercury vapour, compared with non-exposed referents
(Roelset a., 1982), in the lowest exposure group, whose
blood mercury concentration at the time of the study was
10-20 pg/litre; using the relationship developed in
section 7.5, this blood mercury concentration would
correspond to an air mercury concentration of 21—

42 pg/nt.

In afurther study in Belgium, Roels et al. (1985)
compared subjective symptoms and psychometric test
results of 131 male workers exposed to mercury for an
average of 4.8 years and 54 females in different indus-
tries with those from sex-, age-, weight-, and height-
matched referents. Subjective symptoms were more
prevalent among the mercury-exposed, but not related to
level or duration of exposure, and were considered to be
exposure-related by the author. Of the large number of
psychometric test results, only hand tremor was related
to mercury exposure, and in males only. The average
blood mercury concentration at the time of the study was
14 pg/litre (95th percentile, 37 pg/litre) in males and
9 ug/litre (95th percentile, 14 pg/litre) in females. Using
the relationship developed in section 7.5, the average
blood mercury concentration in males and females
would correspond to air mercury concentrations of 29
and 19 pg/nt, respectively.

Abnormal nerve conduction velocities have also
been observed in workers from achloralkali plant having
amean urinary mercury concentration of 450 pg/litre
(Levineet al., 1982). These workers also experienced
weakness, paraesthesia, and muscle cramps. Prolonga-
tion of brainstem auditory-evoked potentials was
observed in workers with urinary mercury levels of
325 ug/g creatinine (Discalzi et a., 1993), and pro-
longed somatosensory-evoked potentials were found in
28 subjects exposed to 20-96 g mercury/nt (Langauer-
Lewowicka & Kazibutowska, 1989).

Ngim et al. (1992) reported that dentists with an
average of 5.5 years of exposureto low levels of
elemental mercury demonstrated impaired performance
on several neurobehavioural tests. Exposure levels
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measured at the time of the study ranged from 0.0007 to
0.042 mg/n?, with an average of 0.014 mg/n?. Mean
blood mercury levels among the dentists ranged from 0.6
to 57 pg/litre, with a geometric mean of 9.8 pg/litre. The
performance of the dentists on finger tapping (motor
speed measure), trail making (visual scanning measure),
digit symbol (measure of visuomotor coordination and
concentration), digit span, logical memory delayed recall
(measure of visual memory), and Bender-Gestalt time
(measure of visuomotor coordination) was significantly
poorer than that of controls. The exposed dentists also
showed higher aggression than did controls. Further-
more, within the group of exposed dentists, significant
differences were reported to have been observed
between a subgroup with high mercury exposure com-
pared with a subgroup with lower exposure. These
exposure severity subgroups were not compared with
controls, and average exposure levels for the subgroups
were not reported. Using the relationship developed in
section 7.5, the geometric mean blood mercury concen-
tration of 9.8 ug/litre would correspond to an air mer-
cury concentration of 20 pg/nt.

Echeverriaet al. (1995) evaluated the behavioural
effects of low-level exposure to mercury among dentists.
The exposed group was defined as those dentists with
urinary mercury levels greater than 19 pg/litre; those
with lower urinary mercury concentrations comprised
the so-called unexposed group. Exposure thresholds for
health effects associated with elemental mercury expo-
sure were examined by comparing behavioural test
scores of 19 exposed dentists (17 males, 2 females) with
those of 20 unexposed dentists (14 males, 6 females).
The mean urinary mercury concentration was 36.4 pg/li-
tre for exposed dentists and below the level of detection
for unexposed dentistsin this study. Significant urinary
mercury dose—effects were found for poor mental con-
centration, emotional lability, somatosensory irritation,
and mood scores (tension, fatigue, confusion). Using the
relationship developed in section 7.5, the mean urinary
mercury concentration of 36.4 pg/litre would correspond
to an air mercury concentration of 26 pg/nt.

9.2.2 Exposure from dental amalgam

Although several studies have demonstrated that
some mercury from amalgam fillings is absorbed (see
section 6.2.2), no relationship was observed between the
mercury release from amalgam fillings and the mercury
concentration in basal brain (Maas et al., 1996) or brain
more generally (Saxe et al., 1999).

In across-sectional study, Saxe et al. (1995)
reported that cognitive function among 129 Catholic
nuns, 75-102 years of age, was not related to the number
or surface area of occlusal dental amalgams.
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Bagedahl-Strindlund et al. (1997) evaluated
Swedish patients with illnesses thought to be causally
related to mercury release during dental restorations and
mapped the psychol ogical/psychiatric, odontological,
and medical aspects of 67 such patients and 64 controls
through questionnaires and alimited psychiatric inter-
view. The most striking result was the high prevalence
of psychiatric disorders (predominantly somatoform
disorders) in the patients (89%) compared with the
controls (6%). The personality traits differentiating the
patients were somatic anxiety, muscular tension,
psychasthenia, and low socialization. More patients than
controls showed alexithymic traits. The prevalence of
diagnosed somatic diseases was higher, but not suffi-
ciently so to explain the large difference in perceived
health. The multiple symptoms and signs of distress
displayed by the patients could not be explained either
by the odontological data or by the medical examination.
The number of amalgam-filled surfaces did not differ
significantly between patients and controls; 19% of the
patients lacked amalgam fillings.

Malt et al. (1997) evaluated the physical and mental
symptomatology of 99 self-referred adult patients com-
plaining of multiple somatic and mental symptoms that
they attributed to their dental amalgam fillings. No
correlation was found between number of dental fillings
and symptomatology. In addition, the dental amalgam
group reported higher mean neuroticism than two
comparison groups. The authors concluded that self-
referred patients with health complaints attributed to
dental amalgam are a heterogeneous group of patients
who suffer multiple symptoms and frequently have
mental disorders. Similarly, Berglund & Molin (1996)
measured urinary and blood mercury concentrations and
estimated the amount of mercury release from dental
amalgam among patients who had symptoms that they
themsel ves thought were caused by amalgam. When
compared with subjectively healthy referents, no differ-
ence was observed between the mercury status of the
patients and referents.

Grandjean et a. (1997) evaluated the effects of
chelation therapy versus a placebo on improvement for
patients who attribute their illness to mercury from
amalgam fillings. Of the symptom dimensions studied
among the 50 patients examined, overall distress,
somatization, obsessive—compulsive, depression,
anxiety, and emotional lability were found to be
increased. Following administration of succimer (meso-
2,3-dimercaptosuccinic acid) at 30 mg/kg body weight
for 5 daysin a double-blind, randomized, placebo-
controlled trial, urinary excretion of mercury and lead
was considerably increased in the patients who received
the chelator. Immediately after the treatment and 5—

6 weeks later, most distress dimensions had improved
considerably, but there was no difference between the
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succimer and placebo groups. The findings did not
support the idea that mercury had caused the subjective
symptoms of the patients.

In a case—referent study of 68 patientswith
Alzheimer disease and 34 referents, Saxe et al. (1999)
observed no relationship between the disease and
mercury exposure from amalgam fillings or concen-
tration of mercury in the brain.

Altmann et a. (1998) compared visual functionsin
6-year-old children exposed to mercury in a cohort of
384 children (mean age 6.2 years) living in three differ-
ent areas of East and West Germany. After adjusting for
confounding effects, some of the contrast sensitivity
values were significantly reduced with increasing mer-
cury concentrations. The authors concluded that even at
very low urinary mercury levels, subtle changesin visual
system functions can be measured. The geometric means
of urinary mercury concentrations were 0.161, 0.203,
and 0.075 pg mercury/24 h for subjects of the three
study areas (0.157 ug mercury/24 h for the total study);
the average numbers of amalgam fillings were 0.76,

1.10, and 1.88, respectively (1.15 amalgam fillings for
the total study).

Siblerud & Kienholz (1997) investigated whether
mercury from silver dental fillings (amalgam) may be an
etiological factor in multiple sclerosis (MS). Blood
findings were compared between M S subjects who had
their amalgams removed (n = 50) and M S subjects with
amalgams (n = 47). M S subjects with amalgams were
found to have significantly lower levels of red blood
cells, haemoglobin, and haematocrit compared with MS
subjects with amalgam removal. Thyroxine (T,) levels
were also significantly lower in the MS amalgam group,
which had significantly lower levels of total T-lympho-
cytesand T-8 (CD8) suppressor cells. The MS amalgam
group had significantly higher blood urea nitrogen
(BUN) and BUN/creatinine ratio and lower serum
immunoglobulin G. Hair mercury was significantly
higher in the M S subjects compared with the non-MS
control group (2.08 versus 1.32 mg/kg), suggesting an
exposure to organic forms of mercury.

9.3 Respiratory effects

Respiratory symptoms are a prominent effect of
short-term, high-level exposure to elemental mercury
vapours. The most commonly reported symptoms
include cough, dyspnoea, and chest tightness or burning
painsin the chest. Chronic cough has been reported in
subjects exposed to elemental mercury vapour for
several weeks (ATSDR, 1999). Workers accidentally
exposed to mercury vapours at an estimated concentra-
tion of up to 44.3 mg/n? for 4-8 h exhibited chest pains,
dyspnoea, cough, haemoptysis, impairment of
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pulmonary function (i.e., reduced vital capacity), diffuse
pulmonary infiltrates, and evidence of interstitial
pneumonitis (McFarland & Reigel, 1978). X-ray
analyses of the lungs have primarily shown diffuse
infiltrates or pneumonitis. Pulmonary function may also
beimpaired. Airway obstruction, restriction, and
hyperinflation, as well as decreased vital capacity, have
been reported. Decreased vital capacity has been
reported to persist for 11 months after termination of
exposure. In the more severe cases, respiratory distress,
pulmonary oedema (alveolar and interstitial), lobar
pneumonia, fibrosis, and desquamation of the bron-
chiolar epithelium have been observed (ATSDR, 1999).

Inorganic mercury compounds can also cause
respiratory effects. Murphy et al. (1979) reported the
case of a 35-year-old man who swallowed an unknown
amount of mercuric chloride, which resulted in severe
pulmonary oedema and required artificial ventilation
(Murphy et al., 1979). In another case, fine rales were
detected in a 19-month-old boy who swallowed pow-
dered mercuric chloride (Samuels et a., 1982). In
another report (Kang-Yum & Oransky, 1992), shortness
of breath was experienced by a 50-year-old female who
ingested five tablets of a Chinese medicine containing an
unspecified amount of mercurous chloride.

9.4 Cardiovascular effects

Short-term inhalation exposure to high concentra-
tions of elemental mercury vapour from the heating of
elemental/inorganic mercury resulted in increased blood
pressure and palpitations. Exposures of longer durations
dueto spills or occupational exposures have also been
reported to result in increased blood pressure and
increased heart rate (ATSDR, 1999).

Cardiovascular toxicity in humans has also been
observed following ingestion of mercuric chloride and
mercurous chloride. In areport of a suicide attempt
through ingestion of approximately 20 mg mercury/kg
body weight as mercuric chloride (Chugh et al., 1978),
the electrocardiogram of the 22-year-old male revealed
no P wave, prolongation of the QRS segment, and a high
T wave. Warkany & Hubbard (1953) described multiple
cases in which tachycardia and elevated blood pressure
were observed in children treated with mercurous
chloride tablets for worms or mercurous chloride-
contai ning powders for teething discomfort. A number
of children whose diapers had been rinsed in amercuric
chloride solution also experienced tachycardia and
elevated blood pressure (Warkany & Hubbard, 1953).

Statistically significant increases of approximately
5mmHg (0.7 kPa) in both systolic and diastolic blood
pressure were found in 50 volunteers with dental
amalgam when compared with an age- and sex-matched
control group (average age approximately 22 years)
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without mercury amalgam fillings. Potentially con-
founding differences between the two groups, such as
lifestyle and body mass, were not discussed. Signifi-
cantly decreased haemoglobin and haematocrit and
increased mean corpuscular haemoglobin concentration
were also found, compared with controls without dental
amalgams in this study (Siblerud, 1990).

9.5 Gastrointestinal effects

A variety of gastrointestinal effects have been
reported in humans following short-term inhalation
exposure to high concentrations of elemental mercury
vapour. A number of case studies have reported stoma-
titis (inflammation of the oral mucosa) following short-
term exposure to high concentrations of elemental
mercury vapours, occasionally accompanied by exces-
sive salivation or difficulty swallowing. Stomatitis has
also been observed in occupational settingsin which
workers were exposed to elemental mercury vapours for
prolonged periods. Short-term exposure to high levels of
mercury can also produce abdominal pain, nausea, and
diarrhoea. Drooling, sore gums, ulcerations of the oral
mucosa, and/or diarrhoea were observed in five of nine
workersin athermometer manufacturing plant (ATSDR,
1999).

Ingestion of mercuric chloride is highly irritating to
the tissues of the gastrointestinal tract. Blisters and
ulcerson the lips and tongue, as well asvomiting, were
reported in the case of a 19-month-old boy who ingested
an unknown amount of mercuric chloride powder
(Samuelset al., 1982). Vomiting, diarrhoea, severe
abdominal pain, oropharyngeal pain, and ulceration and
haemorrhages throughout the length of the gastrointes-
tinal tract have been reported in adults ingesting near-
lethal doses (20-30 mg/kg body weight) of mercuric
chloride (Afonso & deAlvarez, 1960; Chugh et a., 1978;
Murphy et a., 1979).

Ingestion of mercurous chloride has generally not
been reported to cause the magnitude of gastrointestinal
effects attributed to mercuric chloride. However, a 50-
year-old woman who ingested an unspecified amount of
mercurous chloride in a Chinese medicine did experi-
ence nausea and vomiting (Kang-Yum & Oransky,
1992). In another case, several children treated with
mercurous chloride for constipation, worms, or teething
discomfort had swollen red gums, excessive salivation,
anorexia, diarrhoea, and/or abdominal pain (Warkany &
Hubbard, 1953).

Patients who were hypersensitive to mercury (indi-
cated by positive patch tests) developed stomatitis at the
sites of contact with amalgam fillings (Veien, 1990).
The contact stomatitis faded when amalgam fillings
were removed, but persisted in one patient who chose to
leave them in place.
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Bratel et al. (1996) investigated (1) healing of oral
lichenoid reactions (OLR) following the selective
replacement of restorations of dental amalgam, (2)
whether there were differencesin healing between
contact lesions (CL) and oral lichen planus (OLP), and
(3) whether there was a difference in healing potential
when different materials were selected as a substitute for
dental amalgam. Patients included in the study presented
with OLR confined to areas of the oral mucosain close
contact with amalgam restorations (CL; n = 142) or with
OLR that involved other parts of the oral mucosa as well
(OLP; n=19). After examination, restorations of dental
amalgam that were in contact with OLR in both patient
groups were replaced. The effect of replacement was
evaluated at afollow-up after 6-12 months. In the CL
group, the lesions showed a considerable improvement
or had totally disappeared in 95% of the patients after
replacement of the restorations of dental amalgam (n =
474). This effect was paralleled by a disappearance of
symptoms, in contrast to patients with persisting CL
(5%), who did not report any significant improvement.
The healing response was not found to correlate with
age, gender, smoking habits, subjective dryness of the
mouth, or current medication. However, the healing
effect in patients who received gold crowns was superior
to that in patients treated with metal-ceramic crowns
(P < 0.05). Inthe OLP group (n = 19), 63% of the
patients with amal gam-associated erosive and atrophic
lesions showed an improvement following selective
replacement. OLP lesionsin sites not in contact with
amalgams were not affected. Most of the patients (53%)
with OLP reported symptoms al so after replacement.
From these data, the authors concluded that in the vast
majority of cases, CL resolves following selective
replacement of restorations of dental amalgam, provided
that a correct clinical diagnosisis established. The
authors note that metal-ceramic crowns did not facilitate
healing of CL to the same extent as gold crowns.

9.6 Hepatic effects

Inhalation of mercury vapours produced by the
heating of an unknown quantity of liquid mercury
resulted in acute poisoning in ayoung child, which
included hepatocellular effects (Jaffe et al., 1983). In
another case, a man who died following short-term,
high-level exposure to elemental mercury vapours was
found to have hepatomegaly and central lobular
vacuolation at autopsy (Kanluen & Gottlieb, 1991,
Rowens et al., 1991).

A 35-year-old man who ingested alethal dose of
mercuric chloride became jaundiced and exhibited
elevated liver enzymes (Murphy et al., 1979). Autopsy
revealed an enlarged and softened liver. Hepatic
enlargement was also observed in a 19-month-old boy
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who ingested an unknown amount of powdered mercuric
chloride (Samuels et al., 1982).

9.7 Renal effects

Incidentsinvolving short-term exposure to high
concentrations of mercury vapour have resulted in a
range of effects, from mild transient proteinuriaor slight
changesin urinary acid excretion to frank proteinuria,
haematuria, and/or oliguriato acute renal failure, with
degeneration or necrosis of the proximal convoluted
tubules. Acuterenal failure has been observedin a
number of case-studies in which mercuric chloride was
ingested. Acuterenal failure that persisted for 10 days
was observed in a 19-month-old child who ingested an
unknown amount of powdered mercuric chloride
(ATSDR, 1999).

Kang-Yum & Oransky (1992) reported decreased
urinary output and oedemain a 60-year-old woman who
ingested an unspecified, but lethal, amount of mercurous
chloride in a Chinese medicine. Renal failure was a
contributing factor in the death of thiswoman. Renal
failure also occurred in two female patients who
chronically ingested a mercurous chloride-containing
laxative (Davis et al., 1974).

Decreased renal output and renal failure were
reported in a man who had been receiving daily appli-
cations of a Chinese medicine containing mercurous
chloride for 2 months (Kang-Yum & Oransky, 1992).
Use of a depigmenting cream containing mercuric
ammonium chloride by awoman for approximately
18 yearsresulted in impaired renal function (Dyall-
Smith & Scurry, 1990). Similarly, a man who used an
ointment containing anmoniated mercury for psoriasis
for over 10 years devel oped a nephrotic syndrome with
severe oedema (Williams & Bridge, 1958). A study of
young African women who used skin-lightening creams
containing ammoniated mercuric chloride for 1—

36 months (average 13 months) showed a nephrotic
syndrome among alarge proportion of the women (Barr
et al., 1972). Remission was observed in 77% of those
who discontinued use of the creams.

Several studies haveindicated that occupational
exposure to elemental mercury causes increased urinary
excretion of several proteins, such as 3-galactosidase, N-
acetyl-R-glucosaminidase (NAG), transferrin, [32-micro-
globulin, or even albumin. Buchet et al. (1980) reported
such effectsin chloralkali workers with urinary mercury
levelsin excess of 50 pg/g creatinine ([3-gal actosidase,
even among workers with urinary mercury >20 pg/g
creatinine), and Roels et al. (1982) among two groups
of workers exposed to elemental mercury with median
urinary mercury levels above 71 pug/g creatinine. No sign
of renal dysfunction was observed among 62 workers of
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achlorakali or zinc-mercury amalgam factory, where
the mean urinary mercury concentration was 56 pg/g
creatinine (Lauweryset a., 1983). Slight changes,
mostly linked to tubular dysfunction, were observed in
the study of Roels et al. (1985) (described in section
9.2.1) at amean urinary mercury concentration of

30 ug/g creatinine. In astudy in which several markers
of renal changes were measured in a cohort of 50 work-
ers exposed to elemental mercury and in 50 control
workers, the exposed workers excreted an average of
22 g mercury/g creatinine (31.9 pg/litre); their mean
duration of exposure was 11 years. The main renal
changes associated with exposure to mercury were
indicative of tubular cytotoxicity (increased | eakage of
tubular antigens and enzymes into urine) and biochem-
ical aterations (decreased urinary excretion of some

ei cosanoids and glycosaminoglycans, and lowering of
urinary pH). The concentrations of anti-DNA antibodies
and total immunoglobulin E in serum were also posi-
tively associated with the concentration of mercury in
urine and blood, respectively. Therenal effectswere
mainly found in workers excreting more than 50 g
mercury/g creatinine (Cardenas et al., 1993).

Eti et al. (1995) examined the urinary mercury con-
centration and NAG excretion in 100 volunteers (18—
44 years old) divided into two groups, with (66) or
without (34) amalgam fillings. The authors concluded
that, although there was avery small differencein
urinary NAG, which probably indicates an apparent
renal effect from metal absorbed from amalgam fillings,
thisisinsufficient to be a public health hazard for renal
injury. A similar study by Herrstrom et al. (1995) used
several proteins, including NAG, as markers of renal
damage in 48 Swedish volunteers. These authors also
failed to detect any significant indication of renal dys-
function or damage from amalgam.

9.8 Irritation and sensitization

Inhalation, oral, or dermal exposure to elemental
mercury vapours or inorganic mercury hasresulted in
erythematous and pruritic skin rashes. Other dermal
reactions to mercury exposure include heavy perspira-
tion and reddened and/or peeling skin on the palms of
the hands and sol es of the feet, typically associated with
acrodynia (ATSDR, 1999).

Red and burning eyes and conjunctivitis have been
observed in persons exposed to high concentrations of
elemental mercury vapours (Sexton et al., 1978; Foulds
et a., 1987; Karpathios et al., 1991; Bluhm et al., 1992;
Schwartz et ., 1992).

Contact dermatitis may develop as aresult of expo-
sure to inorganic mercury. Patch tests conducted in
many of the cases show some cross-reactivity between
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various inorganic and organic forms of mercury (Pambor
& Timmel, 1989; Veien 1990; Faria & Freitas, 1992).
9.9 Reproductive effects

Several studiesfound no effect on fertility following
long-term inhalation exposure to elemental mercury in
humans. Alcser et al. (1989) reported no effect on fer-
tility in aretrospective cohort study of male workers
exposed for at least 4 monthsin a US Department of
Energy plant. Urinary mercury concentrations among the
workers ranged from 2144 to 8572 ug/litre. Lauwerys et
al. (1985) used questionnaires to assess the fertility of
mal e workers exposed to mercury vapour from various
industries (i.e., zinc-mercury amalgam, chloralkali, or
electrical equipment product plants) and found no statis-
tically significant difference in the number of children
born to the exposed group compared with a matched
control group. The concentration of mercury in the urine
of these exposed workers ranged from 5.1 to 272.1 pg/g
creatinine. Erfurth et al. (1990) and McGregor & Mason
(1991) found no correlation between mercury exposure
and prolactin, testosterone, luteinizing hormone, and
follicle stimulating hormone levels and blood or urinary
mercury levelsin male workers occupationally exposed
to mercury vapours.

An older study of 349 women exposed to elemental
mercury vapour in the workplace reported that complica-
tions of parturition (toxicosis, abortions, prolonged
parturition, haemorrhagic parturition) were increased
compared with 215 unexposed controls (Mishonova et
al., 1980). This study, however, had limited reporting
and detail concerning the methods used. In contrast, no
increase in spontaneous abortions was observed among
dental assistants (potentially exposed to mercury vapour)
in ahistorical prospective study of pregnancy outcomes
among women in 12 occupations (Heidam, 1984). Simi-
larly, no relationship between the amalgam fillings pre-
pared per week and rate of spontaneous abortions or
congenital abnormalities was observed in apostal survey
in California, USA (Brodsky et al., 1985). No excessin
the rate of stillbirths or congenital malformations was
observed among 8157 infants born to dentists, dental
assistants, or technicians, nor were the rates of sponta-
neous abortions different from the expected values
(Ericsson & Kallén, 1989). Rowland et al. (1994),
however, reported that the fecundity of female dental
assistants who prepared more than 30 amalgam fillings
per week was only 63% (95% confidence interval 42—
96%) of that of unexposed controls, although dental
assistants with lower mercury exposure were more
fertile than the referents (Rowland et al., 1994).

Menstrual cycle disorders were more frequent
among women working in a mercury vapour lamp
factory (exposures to mercury had been >50 pg/nt, but
had decreased to <10 pg/n? at the time of the study)
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than among referents (De Rosis et al., 1985). Among
the married females in the factory, there was a higher
prevalence of primary subfecundity and of dislocations
of the hip in the newborns. The authors noted that the
frequency of this anomaly varies between different
regionsin Italy. No excess was observed in the rate

of spontaneous abortions.

9.10 Genotoxic effects

Thereislittle information concerning the potential
genotoxicity of elemental mercury. The overall findings
from cytogenetic monitoring studies of workers occu-
pationally exposed to mercury compounds by inhalation
(Verschaeve et al., 1976, 1979; Popescu et a., 1979;
Mabille et a., 1984; Anwar & Gabal, 1991; Barregard et
al., 1991) or accidentally exposed through ingestion
(WuIf et al., 1986) provided no convincing evidence that
mercury adversely affects the number or structure of
chromosomes in human somatic cells. Studies reporting
apositiveresult (Verschaeve et a., 1976; Popescu et .,
1979; WuIf et al., 1986; Anwar & Gabal, 1991; Barre-
gard et al., 1991) were compromised by technical prob-
lems, alack of consideration of confounding factors, or a
failure to demonstrate a rel ationship between mercury
exposure dose and induced aberrations.

9.11 Cancer

Thereisno sound evidence from epidemiological
studies indicating that inhalation of elemental mercury
produces cancer in humans (Kazantzis, 1981; Cragle et
a., 1984). Although Cragle et al. (1984) found an
increased incidence of lung, brain, and kidney cancers
within an exposed cohort when compared with the
general population, these incidences were not elevated in
comparison with the referent cohort. Further, Kazantzis
(1981) examined the incidence of cancers among work-
ers exposed to a variety of metals, including mercury,
and found no increases. No excess of cancer of the
kidney or nervous system was found among a cohort of
674 Norwegian men exposed to mercury vapour for
more than 1 year in two chloralkali plants (Ellingsen et
al., 1993). An excess of lung cancer (type not specified)
was found in Swedish chloralkali workers, but these
workers had also been exposed to asbestos (Barregard et
al., 1990). An excess of brain cancer was observed
among Swedish dentists and dental nurses (Ahlbom et
al., 1986; McLaughlin et al., 1987), while no excess risk
of overall cancer mortality or of brain cancer was
observed among dentists who were US Armed Forces
veterans (Hrubec et al., 1992).

9.12 Other effects

Elevated white blood cell count was observedin a
12-year-old girl with a 6-month exposure to mercury

vapour resulting from a spill of elemental mercury in her
home (Fagala & Wigg, 1992). In another case-study
report, thrombocytopenia and frequent nosebleeds were
reported in two of four family members exposed to
mercury vapour in their home as aresult of an elemental
mercury spill (Schwartz et al., 1992).

Murphy et al. (1979) reported anaemia (probably
secondary to massive gastrointestinal haemorrhaging)
and thrombocytopeniain a 35-year-old man who
ingested a lethal amount of mercuric chloride.

Increases in tremors, muscle fasciculations, myo-
clonus, or muscle pains have been reported following
short-term, medium-term, or long-term exposure to
elemental mercury vapour (ATSDR, 1999).

Evidence of skeletal muscle degeneration was found
in a 22-year-old man who ingested 2 g of mercuric
chloride in an attempt to commit suicide. In another
report, several children treated with mercurous chloride
for constipation, worms, or teething discomfort experi-
enced muscle twitching or cramping in the legs and/or
arms (Warkany & Hubbard, 1953).

Some, but not all, studies have reported changesin
autoimmune response (Tubbs et al., 1982; Langworth et
al., 1992; Cardenas et al., 1993). Some studies have also
suggested that mercury can lead to increased suscepti-
bility to infections, autoimmune diseases, and allergic
manifestations (Moszczynski et al., 1995; Perlingeiro &
Queiroz, 1995).

10. EFFECTS EVALUATION

10.1 Hazard identification and dose—
response assessment

10.1.1 Elemental mercury

Elemental mercury is highly volatile and easily
absorbed viathe lungs. Inhalation is the major route of
entry into the body; dermal and oral exposure are
unlikely to cause adverse health effects.

At high levels of exposure, elemental mercury
induces adverse effects in most organ systemsin the
body. Respiratory failure, cardiac arrest, and cerebral
oedema are the causes of death in fatal cases.

The central nervous system is the most sensitive
target for elemental mercury vapour exposure. Similar
effects are seen following all durations of exposure, but
their severity increases as exposure duration and/or
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concentration increase. Prominent symptoms include
tremors, emotional lability, insomnia, memory loss,
neuromuscular changes, headaches, polyneuropathy, and
performance deficitsin tests of cognitive or motor
function.

Long-term exposure to elemental mercury may lead
to changesin renal function; clinically significant renal
damage, however, has not been reported at exposure
levels normally encountered in the workplace.

Metallic mercury may also lead to contact derma-
titis. Upon inhalation exposure, elemental mercury
vapours may lead to a syndrome known as acrodynia, or
pink disease, in some people (primarily children).

No data are available on the genotoxicity of elemen-
tal mercury in experimental systems, and the limited
information available on people exposed at work does
not indicate mutagenic potential.

Several studies have been conducted on the effect of
occupational exposure to mercury vapour on spontane-
ous abortions, and they are consistently negative. For
other end-pointsin reproductive toxicity, no valid data
areavailable.

Studies of one population of dental workers have
suggested an increase in the incidence of brain cancer
after exposure to mercury vapour; thisfinding has not
been corroborated in other studies of dental workers or
in studies of populations where the exposureis higher.

Several studies consistently demonstrate subtle
effects on the central nervous system in long-term
occupational exposures to mercury vapour at exposure
levels of approximately 20 pg/nt. Renal changes have
been observed at somewhat higher exposure levels. For
adverse effectsin other organs, the exposure—response
relationships are less well characterized, but effects
apparently occur at exposure levels higher than those
affecting the central nervous system and kidneys.

10.1.2 Inorganic mercury compounds

Divalent mercury compounds are absorbed through
the gastrointestinal tract and have also caused intoxica-
tions after dermal application. Their volatility islow, but
they can beinhaled in toxicologically significant quan-
tities from dusts. Monovalent mercury compounds have
very limited solubility and are less toxic than divalent
forms.

Deaths resulting from oral exposure to inorganic
mercury have been attributed to renal failure, cardio-
vascular collapse, and severe gastrointestinal damage.
Reports of lethal doses of mercuric chloride have ranged
from 10 to >50 mg mercury/kg body weight. The most

common findings in these cases were gastrointestinal
lesions and renal failure. Exposure to inorganic mercury
may |ead to nephrotic syndrome in humans.

In long-term exposure in animals, mercuric chloride
has also caused liver damage.

There are no data on possible carcinogenic effects
of inorganic mercury in humans. Carcinogenicity studies
in experimental animals are available on mercuric
chloride only: no carcinogenic effect was observed in
mice or female rats, while marginal increasesin the
incidence of thyroid follicular adenomas and carcinomas
and forestomach papillomas were observed in male rats
exposed orally. Mercuric chloride bindsto DNA and
induces clastogenic effectsin vitro; in vivo, both positive
and negative results have been reported, without a clear-
cut explanation of the discrepancy. Mercury compounds
have not been demonstrated to cause point mutations.

Large doses of inorganic mercury compounds
administered parenterally have caused embryotoxicity
and teratogenicity. These effects have not been demon-
strated after physiological dosing regimens or at dose
levels not toxic to the mothers. No valid information is
available on the reproductive toxicity of inorganic
mercury compounds in humans.

In 26-week studiesin rats, the NOAEL for renal
effects was 0.23 mg/kg body weight per day; in a 2-year
study, a NOAEL could not be identified, asrenal effects
were observed at the lowest exposure studied, 1.9 mg/kg
body weight.

10.2  Criteria for setting tolerable
concentrations and tolerable intakes for
elemental mercury and inorganic
mercury compounds

Several studies concur that average exposure to
elemental mercury at a concentration of 20 pg/n? led to
slight, but not clinically observable, central nervous
system effects among exposed workers. Extrapolation
from an 8-h day, 40-h workweek exposure to a con-
tinuous 24 h/day, 7 day/week exposure (8/24 and 5/7)
yields an equivalent of 4.8 pug/nt. Use of uncertainty
factors of 10 for interindividual variation in sensitivity to
mercury within the human population and 3 for use of a
LOAEL (subclinical effects) rather than a NOAEL
yields atolerable concentration of 0.2 ug/nt for long-
term inhal ation exposure to elemental mercury vapour.

Using the NOAEL for renal effects of 0.23 mg/kg
body weight per day as the starting point, adjusting the
5 days/week dosing pattern to daily exposure, and apply-
ing an uncertainty factor of 100 (10 for extrapolation
from animals to humans and 10 for human variability), a
tolerable intake of 2 pg/kg body weight per day can be
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derived. Using the LOAEL of 1.9 mg/kg body weight
per day from the 2-year study and applying an additional
uncertainty factor of 10 for adjustment from a LOAEL
(serious effects) to aNOAEL, avery similar tolerable
intake would be obtained.

10.3 Sample risk characterization

In the absence of point sources of mercury, the
concentration of mercury vapour in the air has been
estimated to be 2—10 ng/n¥. Thisis less than 1/20th of
the tolerable concentration derived above.

Continuous exposure to the tol erable concentration
of 0.2 pg mercury/nt in the air would lead to an inhaled
amount of approximately 4 pg/day (respiratory volume
of 20 nt'/day). For most peoplein the USA and Canada,
the estimated exposure from dental amalgam is
<5 ug/day.

Dietary exposure to inorganic mercury is estimated
to be approximately 4.3 pg/day, i.e., 0.067 pg/kg body
weight per day for a64-kg adult (IPCS, 1994). Thisis
3% of the estimated tolerable intake.

10.4 Uncertainties in the evaluation of health
risks

10.4.1 Elemental mercury

The assessment of risks due to elemental mercury is
based mainly on investigations among exposed humans;
thus, the uncertainty of interspecific extrapolation is
mostly avoided.

The database is extensive on the central nervous
system effects of elemental mercury. However, much
lessis known, from either humans or experimental
animals, of its reproductive toxicity, genotoxicity, or
carcinogenicity; the limited information that is available
would tend to indicate that such effects are unlikely at
exposure levels that do not cause central nervous system
effects.

Several studiesyield very similar estimates of the
lowest exposure levels at which effects may be expected.
However, in most studies, these levels are also the
lowest exposure levels studied, and thus they are not
informative of any effects at even lower exposure levels.

Most of the studies rely on assessment of exposure
at the time of study, which may not be fully informative,
as mercury has along half-lifein the body and thus
accumulates in continuous exposure. Furthermore, it is
possible that the exposure has decreased over time, and
thus the exposure measured at the time of the study may
represent an underestimate. However, the few studies
that have measured data on exposure over long periods
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of timeyield very similar results, despite having only a
single point estimate of the exposure.

In most studies, the parameter of exposure measured
is either the blood or urinary mercury concentration.
Thus, thelevel inthe air hasto be extrapolated, and the
uncertainty in this extrapolation is, irrespective of the
several studies on the matter, quite large. Furthermore,
there is no constant relationship between the urinary
mercury concentrations expressed in different ways
(nmol/litre or pmol/mol creatinine).

10.4.2 Inorganic mercury compounds

Quantitative information on long-term effects of
inorganic mercury compounds on humansis essentially
non-existent. However, the pattern of acute toxicity in
humans and in short- and long-term toxicity studiesin
experimental animalsisvery similar, thus giving con-
fidence to the extrapolation from experimental animals.

After high-dose parenteral administration, inorganic
mercury compounds are embryotoxic and can even
causeterata. Valid data on reproductive toxicity in
humans are limited to spontaneous abortions (being
negative). Even information from experimental animals
using routes of exposure similar to those for humans and
dose levelsthat are not overtly toxic to the mother is
very limited.

Inorganic mercury compounds react with DNA (and
other macromolecules) and are clastogenic in vitro, and
in some studies evenin vivo. Because of the unknown
mechanisms of these reactions, possibly related to the
chemical reactivity of mercury, reliable extrapolation of
thisinformation to the human situation is not possible.

Most information on the toxicity of inorganic com-
pounds comes from studies of mercuric chloride. Asthe
water solubility and bioavailability of many inorganic
compounds, notably mercurous compounds, are much
less than those of mercuric chloride, such compounds
arelikely to be clearly lesstoxic, and the tolerable intake
thusislikely to err on the conservative side.

12. PREVIOUS EVALUATIONS BY
INTERNATIONAL BODIES

IARC (1993) concluded that there is inadequate
evidence in humans for the carcinogenicity of mercury
and mercury compounds; that thereislimited evidence
in experimental animalsfor the carcinogenicity of
mercuric chloride; and, as an overall evaluation, that
elemental mercury and inorganic mercury compounds
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are not classifiable as to their carcinogenicity to humans
(Group 3). The WHO air quality guideline for mercury is
1 pg/nt (annual average) (WHO, 2000).* The Joint
FAO/WHO Expert Committee on Food Additives
provisional tolerable weekly intake for total mercury is
5 po/kg body weight, with maximally two-thirds coming
from methylmercury (JECFA, 2000).

Y This guideline value is based on a LOAEL for renal toxicity
(Cardenaset al., 1993) of 15-30 : g/nT and uncertainty factors
of 10 for interindividual variation and 2 for LOAEL to
NOAEL extrapolation, without applying a multiplier for the

8 h/day, 5 days/week exposure pattern.
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APPENDIX 1 — SOURCE DOCUMENT

ATSDR (1999): Toxicological profile for mercury
(update)

The Toxicological profile for mercury (update) was prepared by
the Agency for Toxic Substances and Disease Registry through a
contract with the Research Triangle Institute. The updated profile
was published as a draft for public comment in February 1999.
Copies of the profile can be obtained from:

Division of Toxicology

Agency for Toxic Substances and Disease Registry
Public Health Service

US Department of Health and Human Services
1600 Clifton Road NE, Mailstop E-29

Atlanta, Georgia 30333, USA

Dr John Risher, PhD, Division of Toxicology, ATSDR, and Dr
Rob deWoskin, Research Triangle Institute, contributed to the
development of the toxicological profile as chemical manager and
authors. The profile has undergone three ATSDR internal reviews,
including a Health Effects Review, a Minimal Risk Level Review, and
a Data Needs Review. An external peer review panel was
assembled for the update profile for mercury. The panel consisted of
the following members: Mr Harvey Clewell, ICF Kaiser International,
Inc.; Dr Ingeborg Harding-Barlow, private consultant in environ-
mental and occupational toxicology; Dr Thomas Hinesly, Professor
(Emeritus), University of Illinois; Dr Loren D. Koller, Professor,
Oregon State University; and Dr Kenneth Reuhl, Professor, Rutgers
University. These experts collectively have knowledge of mercury’s
physical and chemical properties, toxicokinetics, key health end-
points, mechanisms of action, human and animal exposure, and
quantification of risk to humans. All reviewers were selected in
conformity with the conditions for peer review specified in Section
104(i)(13) of the US Comprehensive Environmental Response,
Compensation, and Liability Act, as amended.

Scientists from ATSDR reviewed the peer reviewers’ comments
and determined which comments were to be included in the profile.
A listing of the peer reviewers’ comments not incorporated in the
profile, with a brief explanation of the rationale for their exclusion,
exists as part of the administrative record for this compound. A list of
databases reviewed and a list of unpublished documents cited are
also included in the administrative record.

The citation of the peer review panel should not be understood
to imply its approval of the profile’s final content.

4?2

APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on elemental mercury and inorganic mercury
compounds was sent for review to institutions and organizations
identified by IPCS after contact with IPCS national Contact Points
and Participating Institutions, as well as to identified experts.
Comments were received from:

A. Aitio, International Programme on Chemical Safety, World
Health Organization, Switzerland

M. Baril, Institut de Recherche en Santé et en Sécurité du
Travail du Québec (IRSST), Canada

R. Benson, Drinking Water Program, US Environmental
Protection Agency, USA

M. Cikrt, Centre of Industrial Hygiene and Occupational
Diseases, Czech Republic

H. Conacher, Bureau of Chemical Safety, Health Canada,
Canada

S. Dobson, Institute of Terrestrial Ecology, United Kingdom
L. Dock, National Institute of Environmental Medicine, Sweden
P. Edwards, Department of Health, United Kingdom

R. Friberg, National Institute of Environmental Medicine,
Sweden

J.B. Nielsen, Odense University, Denmark

E. Ohanian, Office of Water, US Environmental Protection
Agency, USA

|. Skare, National Institute for Working Life, Sweden

M. Vahter, National Institute of Environmental Medicine,
Sweden
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APPENDIX 3 — CICAD FINAL REVIEW
BOARD

Helsinki, Finland, 26-29 June 2000

Members

Mr H. Ahlers, Education and Information Division, National Institute
for Occupational Safety and Health, Cincinnati, OH, USA

Dr T. Berzins, National Chemicals Inspectorate (KEMI), Solna,
Sweden

Dr R.M. Bruce, Office of Research and Development, National
Center for Environmental Assessment, US Environmental Protection
Agency, Cincinnati, OH, USA

Mr R. Cary, Health and Safety Executive, Liverpool, United Kingdom
(Rapporteur)

Dr R.S. Chhabra, General Toxicology Group, National Institute of
Environmental Health Sciences, Research Triangle Park, NC, USA

Dr H. Choudhury, National Center for Environmental Assessment,
US Environmental Protection Agency, Cincinnati, OH, USA

Dr S. Dobson, Centre for Ecology and Hydrology, Monks Wood,
Abbots Ripton, United Kingdom (Chairman)

Dr H. Gibb, National Center for Environmental Assessment, US
Environmental Protection Agency, Washington, DC, USA

Dr R.F. Hertel, Federal Institute for Health Protection of Consumers
and Veterinary Medicine, Berlin, Germany

Ms K. Hughes, Priority Substances Section, Environmental Health
Directorate, Health Canada, Ottawa, Ontario, Canada

Dr G. Koennecker, Chemical Risk Assessment, Fraunhofer Institute
for Toxicology and Aerosol Research, Hanover, Germany

Ms M. Meek, Existing Substances Division, Environmental Health
Directorate, Health Canada, Ottawa, Ontario, Canada

Dr A. Nishikawa, Division of Pathology, Biological Safety Research
Centre, National Institute of Health Sciences, Tokyo, Japan

Dr V. Riihimaki, Finnish Institute of Occupational Health, Helsinki,
Finland

Dr J. Risher, Agency for Toxic Substances and Disease Registry,
Division of Toxicology, US Department of Health and Human
Services, Atlanta, GA, USA

Professor K. Savolainen, Finnish Institute of Occupational Health,
Helsinki, Finland (Vice-Chairman)

Dr J. Sekizawa, Division of Chem-Bio Informatics, National Institute
of Health Sciences, Tokyo, Japan

Dr S. Soliman, Department of Pesticide Chemistry, Faculty of
Agriculture, Alexandria University, Alexandria, Egypt

Ms D. Willcocks, National Industrial Chemicals Notification and
Assessment Scheme, Sydney, NSW, Australia

Observer

Dr R.J. Lewis (representative of European Centre for Ecotoxicology
and Toxicology of Chemicals), Epidemiology and Health
Surveillance, ExxonMobil Biomedical Sciences, Inc., Annandale, NJ,
USA

Secretariat

Dr A. Aitio, International Programme on Chemical Safety, World
Health Organization, Geneva, Switzerland (Secretary)

Dr P.G. Jenkins, International Programme on Chemical Safety,
World Health Organization, Geneva, Switzerland

Dr M. Younes, International Programme on Chemical Safety, World
Health Organization, Geneva, Switzerland
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CAS No: 7439-97-6
RTECS No: OV4550000

UN No: 2809

EC No: 080-001-00-0

Hg

Quicksilver
Liquid silver

Atomic mass: 200.6

TYPES OF

HAZARD/ ACUTE HAZARDS/SYMPTOMS PREVENTION FIRST AID/FIRE FIGHTING

EXPOSURE

FIRE Not combustible. Gives off irritating In case of fire in the surroundings:

or toxic fumes (or gases) in a fire. all extinguishing agents allowed.

EXPLOSION Risk of fire and explosion. In case of fire: keep drums, etc.,

cool by spraying with water.

EXPOSURE STRICT HYGIENE! AVOID IN ALL CASES CONSULT A
EXPOSURE OF (PREGNANT) DOCTOR!

WOMEN! AVOID EXPOSURE OF
ADOLESCENTS AND CHILDREN!
Inhalation Abdominal pain. Cough. Local exhaust or breathing Fresh air, rest. Artificial respiration if
Diarrhoea. Shortness of breath. protection. indicated. Refer for medical
Vomiting. Fever or elevated body attention.
temperature.

Skin MAY BE ABSORBED! Redness. Protective gloves. Protective Remove contaminated clothes.

clothing. Rinse and then wash skin with
water and soap. Refer for medical
attention.

Eyes Face shield, or eye protection in First rinse with plenty of water for
combination with breathing several minutes (remove contact
protection. lenses if easily possible), then take

to a doctor.

Ingestion Do not eat, drink, or smoke during Refer for medical attention.

work. Wash hands before eating.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Evacuate danger area in case of a large spill!
Consult an expert! Ventilation. Collect leaking and
spilled liquid in sealable non-metallic containers as
far as possible. Do NOT wash away into sewer. Do
NOT let this chemical enter the environment.
Chemical protection suit including self-contained
breathing apparatus.

T Symbol

N Symbol

R: 23-33-50/53

S: (1/2-)7-45-60-61
UN Hazard Class: 8
UN Pack Group: lll

Special material. Do not transport
with food and feedstuffs.

EMERGENCY RESPONSE

STORAGE

Transport Emergency Card: TEC (R)-80G20c

Provision to contain effluent from fire extinguishing. Separated from food

and feedstuffs. Well closed.

IPCS

International
Programme on

Chemical Safety

- & N p£<<\‘-\*
Ny don (&)
Sy y oy
WY ey =5

Prepared in the context of cooperation between the International

* Programme on Chemical Safety and the European Commission
*

© IPCS 2000

SEE IMPORTANT INFORMATION ON THE BACK.
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MERCURY

IMPORTANT DATA

Physical State; Appearance
ODOURLESS, HEAVY AND MOBILE SILVERY LIQUID
METAL.

Chemical dangers

Upon heating, toxic fumes are formed. Reacts violently with
ammonia and halogens causing fire and explosion hazard.
Attacks aluminium and many other metals forming amalgams.

Occupational exposure limits
TLV: 0.025 mg/m? (as TWA) (skin, A4) (ACGIH 2000).
MAK: 0.01 ppm; 0.1 mg/m?; (1992).

Routes of exposure
The substance can be absorbed into the body by inhalation of
its vapour and through the skin, also as a vapour!

Inhalation risk
A harmful contamination of the air can be reached very quickly
on evaporation of this substance at 20°C.

Effects of short-term exposure

The substance irritates the skin. Inhalation of the vapours may
cause pneumonitis. The substance may cause effects on the
central nervous system

and kidneys. The effects may be delayed. Medical observation
is indicated.

Effects of long-term or repeated exposure

The substance may have effects on the central nervous system
and kidneys, resulting in irritability, emotional instability, tremor,
mental and memory disturbances, speech disorders. May
cause inflammation and discoloration of the gums. Danger of
cumulative effects. Animal tests show that this substance
possibly causes toxic effects upon human reproduction.

PHYSICAL PROPERTIES

Boiling point: 357°C

Melting point: -39°C

Relative density (water = 1): 13.5
Solubility in water: none

Vapour pressure, Pa at 20°C: 0.26
Relative vapour density (air = 1): 6.93
Relative density of the vapour/air-mixture at 20°C (air = 1): 1.009

ENVIRONMENTAL DATA

The substance is very toxic to aquatic organisms. In the food chain important to humans, bioaccumulation takes place, specifically

in fish.

NOTES

Depending on the degree of exposure, periodic medical examination is indicated. No odour warning if toxic concentrations are

present. Do NOT take working clothes home.

ADDITIONAL INFORMATION

LEGAL NOTICE

Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible
for the use which might be made of this information

©IPCS 2000




MERCURIC ACETATE

0978
April 2000

CAS No: 1600-27-7
RTECS No: AI8575000

UN No: 1629

EC No: 080-004-00-7

Acetic acid, mercury(2+) salt
Mercury di(acetate)

C,H:O,Hg / Hg(CH,COO0),

Molecular mass: 318.70

TYPES OF
HAZARD/ ACUTE HAZARDS/SYMPTOMS PREVENTION FIRST AID/FIRE FIGHTING
EXPOSURE
FIRE Not combustible. Gives off irritating In case of fire in the surroundings:
or toxic fumes (or gases) in a fire. all extinguishing agents allowed.
EXPLOSION
EXPOSURE AVOID ALL CONTACT! IN ALL CASES CONSULT A
DOCTOR!
Inhalation Sore throat. Cough. Headache. Local exhaust or breathing Fresh air, rest. Half-upright position.
Laboured breathing. Shortness of protection. Refer for medical attention.
breath.
Skin MAY BE ABSORBED! Skin burns. Protective gloves. Protective Remove contaminated clothes.
Pain. clothing. Rinse skin with plenty of water or
shower. Refer for medical attention.
Eyes Redness. Pain. Severe deep Face shield, or eye protection in First rinse with plenty of water for
burns. combination with breathing several minutes (remove contact
protection. lenses if easily possible), then take
to a doctor.
Ingestion Abdominal pain. Burning Do not eat, drink, or smoke during Rinse mouth. Induce vomiting

sensation. Diarrhoea. Vomiting.
Metallic taste.

work. Wash hands before eating.

(ONLY IN CONSCIOUS
PERSONS!). Refer for medical
attention.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Sweep spilled substance into containers. Carefully
collect remainder, then remove to safe place. Do
NOT let this chemical enter the environment. (Extra
personal protection: complete protective clothing
including self-contained breathing apparatus).

T+ Symbol

N Symbol

R: 26/27/28-33-50/53

S: (1/2-)13-28-36-45-60-61
Note: A

UN Hazard Class: 6.1

UN Pack Group: Il

Unbreakable packaging; put
breakable packaging into closed
unbreakable container. Do not
transport with food and feedstuffs.
Severe marine pollutant.

EMERGENCY RESPONSE

STORAGE

Transport Emergency Card: TEC (R)-61G64b

Separated from food and feedstuffs. Keep in the dark.

IPCS

International
Programme on
Chemical Safety

UNEF

Prepared in the context of cooperation between the International
Programme on Chemical Safety and the European Commission

© IPCS 2000

SEE IMPORTANT INFORMATION ON THE BACK.
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MERCURIC ACETATE

IMPORTANT DATA

Physical State; Appearance
WHITE CRYSTALS, OR WHITE CRYSTALLINE POWDER.

Chemical dangers
The substance decomposes on heating and under influence of
light. Attacks many metals.

Occupational exposure limits

TLV (as Hg): 0.025 mg/m? (skin) A4 (ACGIH 1999).

MAK as Hg: 0.01 mg/m?®, BAT 25 mg/l in blood, 100 Ag/l in urine
(1999)

MAK as Hg STEL: 1 mg/m?; (1999)

MAK: class Sh (1999)

Routes of exposure
The substance can be absorbed into the body by inhalation of
its aerosol, through the skin and by ingestion.

Inhalation risk

Evaporation at 20°C is negligible; a harmful concentration of
airborne particles can, however, be reached quickly when
dispersed.

Effects of short-term exposure

The substance is corrosive to the eyes, the skin and the
respiratory tract. Corrosive on ingestion. The substance may
cause effects on the kidneys.

Effects of long-term or repeated exposure

Repeated or prolonged contact may cause skin sensitization.
The substance may have effects on the central nervous system
peripheral nervous system and kidneys, resulting in ataxia,
sensory and memory disturbances, tremors, muscle weakness
and kidney impairment.

PHYSICAL PROPERTIES

Melting point (decomposes): 178°C
Density: 3.28 g/cm®

Solubility in water, g/100 ml at 20°C: 40

ENVIRONMENTAL DATA

The substance is very toxic to aquatic organisms. In the food chain important to humans, bioaccumulation takes place, specifically
in aquatic organism. It is strongly advised not to let the chemical enter into the environment because it persists in the environment.

NOTES

Depending on the degree of exposure, periodic medical examination is indicated.

Do NOT take working clothes home.

ADDITIONAL INFORMATION

LEGAL NOTICE

Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible
for the use which might be made of this information

©IPCS 2000




MERCURIC CHLORIDE

0979
October 1999

CAS No: 7487-94-7
RTECS No: OV9100000

UN No: 1624

EC No: 080-010-00-X

Hg Cl,

Mercury dichloride
Mercury (1) chloride

Molecular mass: 271.5

TYPES OF
HAZARD/ ACUTE HAZARDS/SYMPTOMS PREVENTION FIRST AID/FIRE FIGHTING
EXPOSURE
FIRE Not combustible. Gives off irritating In case of fire in the surroundings:
or toxic fumes (or gases) in a fire. all extinguishing agents allowed.
EXPLOSION
EXPOSURE AVOID ALL CONTACT! IN ALL CASES CONSULT A
DOCTOR!
Inhalation Cough. Sore throat. Burning Local exhaust or breathing Fresh air, rest. Half-upright position.
sensation. Shortness of breath. protection. Refer for medical attention.
Skin MAY BE ABSORBED! Redness. Protective gloves. Protective Remove contaminated clothes.
Pain. Blisters. Skin burns. clothing. Rinse skin with plenty of water or
shower. Refer for medical attention.
Eyes Pain. Redness. Blurred vision. Face shield, or eye protection in First rinse with plenty of water for
Severe deep burns. combination with breathing several minutes (remove contact
protection. lenses if easily possible), then take
to a doctor.
Ingestion Abdominal cramps. Abdominal Do not eat, drink, or smoke during Rinse mouth. Give a slurry of

pain. Burning sensation. Metallic
taste. Diarrhoea. Nausea. Sore
throat. Vomiting. Shock or
collapse.

work. Wash hands before eating.

activated charcoal in water to drink.
Refer for medical attention.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Do NOT wash away into sewer. Sweep spilled
substance into containers. Carefully collect
remainder, then remove to safe place. Do NOT let
this chemical enter the environment. (Extra personal
protection: ) chemical protection suit including
self-contained breathing apparatus.

T+ Symbol

N Symbol

R: 28-34-48/24/25-50/53
S: (1/2-)36/37/39-45-60-61
Note: A

UN Hazard Class: 6.1

UN Pack Group: Il

Do not transport with food and
feedstuffs. Severe marine pollutant.

EMERGENCY RESPONSE

STORAGE

Transport Emergency Card: TEC (R)-61G4b

Separated from food and feedstuffs, light metals.

IPCS

International
Programme on
Chemical Safety

UNEF

Prepared in the context of cooperation between the International
Programme on Chemical Safety and the European Commission

© IPCS 2000

SEE IMPORTANT INFORMATION ON THE BACK.




0979

MERCURIC CHLORIDE

IMPORTANT DATA

Physical State; Appearance
WHITE CRYSTALS OR POWDER.

Chemical dangers
The substance decomposes due to heating producing toxic
fumes of mercury and chlorine fumes. Reacts with light metals.

Occupational exposure limits
TLV (as Hg): 0.025 mg/m? (skin, A4) (ACGIH 1999).

Routes of exposure
The substance can be absorbed into the body by inhalation of
its aerosol, through the skin and by ingestion.

Inhalation risk

Evaporation at 20°C is negligible; a harmful concentration of
airborne particles can, however, be reached quickly on
dispersion.

Effects of short-term exposure

The substance irritates the respiratory tract and is corrosive to
the eyes and the skin. Corrosive on ingestion. The substance
may cause effects on the gastrointestinal tract and kidneys,
resulting in tissue lesions, kidney failure, collapse and death.
Medical observation is indicated.

Effects of long-term or repeated exposure

Repeated or prolonged contact may cause skin sensitization.
The substance may have effects on the central nervous system
peripheral nervous system and kidneys, resulting in ataxia,
sensory and memory disturbances, fatigue, muscle weakness
and kidney impairment.

PHYSICAL PROPERTIES

Boiling point: 302°C
Melting point: 276°C
Density: 6.5 g/cm?®

Solubility in water, g/100 ml at 20°C: 7.4
Vapour pressure, Pa at 20°C: 0.1
Octanol/water partition coefficient as log Pow: 0.1

ENVIRONMENTAL DATA

The substance is very toxic to agquatic organisms. In the food chain important to humans, bioaccumulation takes place, specifically
in aquatic organisms. The substance may cause long-term effects in the aquatic environment.

NOTES

Depending on the degree of exposure, periodic medical examination is indicated.

Do NOT take working clothes home.

ADDITIONAL INFORMATION

LEGAL NOTICE

Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible
for the use which might be made of this information

©IPCS 2000




MERCURIC NITRATE

0980
April 2000

CAS No: 10045-94-0
RTECS No: OW8225000
UN No: 1625

EC No: 080-002-00-6

Mercury (I1) nitrate
Mercury dinitrate
HgN,O; / HY(NO;),
Molecular mass: 324.7

TYPES OF

HAZARD/ ACUTE HAZARDS/SYMPTOMS PREVENTION FIRST AID/FIRE FIGHTING

EXPOSURE

FIRE Not combustible but enhances In case of fire in the surroundings:
combustion of other substances. all extinguishing agents allowed.
Gives off irritating or toxic fumes
(or gases) in a fire.

EXPLOSION

EXPOSURE AVOID ALL CONTACT! IN ALL CASES CONSULT A

DOCTOR!

Inhalation Cough. Sore throat. Burning Local exhaust or breathing Fresh air, rest. Half-upright position.
sensation. Headache. Laboured protection. Refer for medical attention.
breathing. Shortness of breath.

Skin MAY BE ABSORBED! Redness. Protective gloves. Protective First rinse with plenty of water, then
Pain. Skin burns. Blisters. clothing. remove contaminated clothes and

rinse again. Refer for medical
attention.

Eyes Redness. Pain. Blurred vision. Face shield or eye protection in First rinse with plenty of water for
Severe deep burns. combination with breathing several minutes (remove contact

protection. lenses if easily possible), then take
to a doctor.

Ingestion Burning sensation. Abdominal Do not eat, drink, or smoke during Rinse mouth. Give a slurry of
pain. Diarrhoea. Nausea. Vomiting. | work. Wash hands before eating. activated charcoal in water to drink.
Metallic taste. Induce vomiting (ONLY IN

CONSCIOUS PERSONS!). Refer
for medical attention.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Sweep spilled substance into containers. Carefully
collect remainder, then remove to safe place. Do
NOT absorb in saw-dust or other combustible
absorbents. Do NOT let this chemical enter the
environment. (Extra personal protection: complete
protective clothing including self-contained
breathing apparatus).

T+ Symbol

N Symbol

R: 26/27/28-33-50/53
S: (1/2-)13-28-45-60-61
Note: A

UN Hazard Class: 6.1
UN Pack Group: Il

Unbreakable packaging; put
breakable packaging into closed
unbreakable container. Do not
transport with food and feedstuffs.
Severe marine pollutant.

EMERGENCY RESPONSE

STORAGE

Transport Emergency Card: TEC (R)-61G64b

Separated from combustible and reducing substances, food and feedstuffs.

Keep in the dark.

IPCS

International
Programme on
Chemical Safety

UNEF

Prepared in the context of cooperation between the International
Programme on Chemical Safety and the European Commission

© IPCS 2000

SEE IMPORTANT INFORMATION ON THE BACK.




0980

MERCURIC NITRATE

IMPORTANT DATA

Physical State; Appearance
COLOURLESS CRYSTALS OR WHITE, HYGROSCOPIC
POWDER.

Chemical dangers

Shock-sensitive compounds are formed with phosphinic acid,
ethanol and acetylene. The substance is a strong oxidant and
reacts violently with combustible and reducing materials. The
substance decomposes under influence of light.

Occupational exposure limits

TLV (as Hg): 0.025 mg/m?® (skin) A4 (ACGIH 1999).

MAK as Hg: 0.1 mg/m®; BAT 25 Ag/l in blood; 100 Ag/l in urine
(1999)

MAK as Hg STEL: 1 mg/m?; (1999)

MAK: class Sh (1999)

Routes of exposure
The substance can be absorbed into the body by inhalation,
through the skin and by ingestion.

Inhalation risk

Evaporation at 20°C is negligible; a harmful concentration of
airborne particles can, however, be reached quickly when
dispersed.

Effects of short-term exposure

The substance is corrosive to the eyes the skin and the
respiratory tract. Corrosive on ingestion. The substance may
cause effects on the kidneys.

Effects of long-term or repeated exposure

Repeated or prolonged contact may cause skin sensitization.
The substance may have effects on the central nervous
system, kidneys and peripheral nervous system, resulting in
ataxia, sensory and memory disturbances, fatigue, muscle
weakness and kidney impairment.

PHYSICAL PROPERTIES

Melting point; 79°C
Density: 4.4 glcm?®

Solubility in water: good

ENVIRONMENTAL DATA

The substance is very toxic to aquatic organisms. In the food chain important to humans, bioaccumulation takes place, specifically
in aquatic organisms. It is strongly advised not to let the chemical enter into the environment because it persists in the environment.

NOTES

Depending on the degree of exposure, periodic medical examination is indicated.

Do NOT take working clothes home.

ADDITIONAL INFORMATION

LEGAL NOTICE

Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible
for the use which might be made of this information

©IPCS 2000




MERCURIC OXIDE

0981
March 2001

CAS No: 21908-53-2
RTECS No: OW8750000
UN No: 1641

EC No: 080-002-00-6

Mercury (Il) oxide
HgO
Molecular mass: 216.6

TYPES OF
HAZARD/ ACUTE HAZARDS/SYMPTOMS PREVENTION FIRST AID/FIRE FIGHTING
EXPOSURE
FIRE Not combustible but enhances NO contact with reducing agents. In case of fire in the surroundings:
combustion of other substances. all extinguishing agents allowed.
Gives off irritating or toxic fumes
(or gases) in a fire.
EXPLOSION
EXPOSURE PREVENT DISPERSION OF DUST! | IN ALL CASES CONSULT A
AVOID ALL CONTACT! DOCTOR!
Inhalation Cough. Avoid inhalation of fine dust and Fresh air, rest. Refer for medical
mist. Local exhaust or breathing attention.
protection.
Skin MAY BE ABSORBED! Redness. Protective gloves. Protective Remove contaminated clothes.
clothing. Rinse skin with plenty of water or
shower. Refer for medical attention.
Eyes Redness. Safety goggles, or eye protection in First rinse with plenty of water for
combination with breathing several minutes (remove contact
protection. lenses if easily possible), then take
to a doctor.
Ingestion Abdominal pain. Diarrhoea. Do not eat, drink, or smoke during Rinse mouth. Give plenty of water
Nausea. Vomiting. work. Wash hands before eating. to drink. Rest. Refer for medical
attention.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Sweep spilled substance into containers; if
appropriate, moisten first to prevent dusting.
Carefully collect remainder, then remove to safe
place. Do NOT let this chemical enter the
environment. (Extra personal protection: P3 filter
respirator for toxic particles.)

T+ Symbol

N Symbol

R: 26/27/28-33-50/53
S: (1/2-)13-28-45-60-61
Note: A

UN Hazard Class: 6.1
UN Pack Group: I

Unbreakable packaging; put
breakable packaging into closed
unbreakable container. Do not
transport with food and feedstuffs.
Severe marine pollutant.

EMERGENCY RESPONSE

STORAGE

Transport Emergency Card: TEC (R)-61G64b

Separated from food and feedstuffs, reducing agents, chlorine and other
reactive substances. See Chemical Dangers. Keep in the dark.

NN
PCS g gy ey
International W l\// \/‘ l\j YWew,
Programme on XX I3 A N\l i

Chemical Safety

Prepared in the context of cooperation between the International
* Programme on Chemical Safety and the European Commission
i © IPCS 2000

SEE IMPORTANT INFORMATION ON THE BACK.




0981

MERCURIC OXIDE

IMPORTANT DATA

Physical State; Appearance
YELLOW OR ORANGE-YELLOW OR RED HEAVY
CRYSTALLINE POWDER.

Chemical dangers

The substance decomposes on exposure to light, on heating
above 500°C producing highly toxic fumes including mercury
and oxygen, which increases fire hazard. Reacts violently with
reducing agents, chlorine, hydrogen peroxide, magnesium
(when heated), disulfur dichloride and hydrogen trisulfide.
Shock-sensitive compounds are formed with metals and
elements such as sulfur and phosphorus.

Occupational exposure limits
TLV (as Hg): 0.025 mg/m? A4 (skin) (ACGIH 2000).

Routes of exposure
The substance can be absorbed into the body by inhalation of
its aerosol, through the skin and by ingestion.

Inhalation risk

Evaporation at 20°C is negligible; a harmful concentration of
airborne particles can, however, be reached quickly when
dispersed.

Effects of short-term exposure
The substance is irritating to the eyes, the skin and the
respiratory tract.

Effects of long-term or repeated exposure
The substance may have effects on the kidneys, resulting in
kidney impairment.

PHYSICAL PROPERTIES

Melting point (decomposes): 500°C
Density: 11.1 g/cm?®

Solubility in water: none

ENVIRONMENTAL DATA

In the food chain important to humans, bioaccumulation takes place, specifically in aquatic organisms. It is strongly advised not to

let the chemical enter into the environment.

NOTES

Depending on the degree of exposure, periodic medical examination is indicated. Do NOT take working clothes home. Red and

Yellow mercuric oxide are common names.

ADDITIONAL INFORMATION

LEGAL NOTICE

Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible
for the use which might be made of this information

©IPCS 2000




MERCURIC SULFATE

0982
October 1999

CAS No: 7783-35-9
RTECS No: OX0500000

UN No: 1645

EC No: 080-002-00-6

Mercury(ll) sulfate
Mercuric bisulfate
HgSO,

Molecular mass: 296.7

TYPES OF

HAZARD/ ACUTE HAZARDS/SYMPTOMS PREVENTION FIRST AID/FIRE FIGHTING

EXPOSURE

FIRE Not combustible. Gives off irritating In case of fire in the surroundings:
or toxic fumes (or gases) in a fire. all extinguishing agents allowed.

EXPLOSION

EXPOSURE AVOID ALL CONTACT! IN ALL CASES CONSULT A

DOCTOR!

Inhalation Sore throat. Cough. Burning Local exhaust or breathing Fresh air, rest. Half-upright position.
sensation. Shortness of breath. protection. Refer for medical attention.
Laboured breathing. Weakness.

Skin MAY BE ABSORBED! Redness. Protective gloves. Protective Remove contaminated clothes.
Pain. Burning sensation. Skin clothing. Rinse skin with plenty of water or
burns. Blisters. shower. Refer for medical attention.

Eyes Redness. Pain. Blurred vision. Face shield, or eye protection in First rinse with plenty of water for
Severe deep burns. combination with breathing several minutes (remove contact

protection. lenses if easily possible), then take
to a doctor.

Ingestion Abdominal pain. Nausea. Do not eat, drink, or smoke during Rinse mouth. Give a slurry of

Vomiting. Diarrhoea. Metallic taste.
Burning sensation. Shock or
collapse.

work. Wash hands before eating.

activated charcoal in water to drink.
Refer for medical attention.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Sweep spilled substance into containers. Carefully
collect remainder, then remove to safe place. Do
NOT let this chemical enter the environment. (Extra
personal protection: chemical protection suit
including self-contained breathing apparatus).

T+ Symbol

N Symbol

R: 26/27/28-33-50/53
S: (1/2-)13-28-45-60-61
Note: A

UN Hazard Class: 6.1
UN Pack Group: Il

Unbreakable packaging; put
breakable packaging into closed
unbreakable container. Do not
transport with food and feedstuffs.
Severe marine pollutant.

EMERGENCY RESPONSE

STORAGE

Transport Emergency Card: TEC (R)-61G64b

Separated from food and feedstuffs. Dry. Keep in the dark.

IPCS

International
Programme on
Chemical Safety

UNEF

Prepared in the context of cooperation between the International
Programme on Chemical Safety and the European Commission

© IPCS 2000

SEE IMPORTANT INFORMATION ON THE BACK.




0982

MERCURIC SULFATE

IMPORTANT DATA

Physical State; Appearance
WHITE CRYSTALLINE POWDER.

Chemical dangers

The substance decomposes under the influence of light and on
heating to 450°C producing very toxic fumes of mercury and
sulfur oxides. The solution in water is a medium strong acid.
Reacts with hydrogen halides.

Occupational exposure limits
TLV (as Hg): 0.025 mg/m? (skin, A4) (ACGIH 1999).

Routes of exposure
The substance can be absorbed into the body by inhalation of
its aerosol, through the skin and by ingestion.

Inhalation risk

Evaporation at 20°C is negligible; a harmful concentration of
airborne particles can, however, be reached quickly when
dispersed.

Effects of short-term exposure

The substance is corrosive to the eyes, the skin and the
respiratory tract. Corrosive on ingestion. The substance may
cause effects on the gastrointestinal tract and kidneys, resulting
in tissue lesions and kidney damage. Medical observation is
indicated.

Effects of long-term or repeated exposure

The substance may have effects on the kidneys, central
nervous system and peripheral nervous system, resulting in
ataxia, sensory and memory disturbances, tremors, muscle
weakness and kidney impairment.

PHYSICAL PROPERTIES

Decomposes below melting point at 450°C
Density: 6.5 g/cm?®

Solubility in water: reaction
Auto-ignition temperature: >450°C

ENVIRONMENTAL DATA

The substance is very toxic to agquatic organisms. In the food chain important to humans, bioaccumulation takes place, specifically
in aquatic organisms. The substance may cause long-term effects in the aquatic environment.

NOTES

Depending on the degree of exposure, periodic medical examination is indicated.

Do NOT take working clothes home.

ADDITIONAL INFORMATION

LEGAL NOTICE

Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible
for the use which might be made of this information

©IPCS 2000




MERCUROUS CHLORIDE

0984
April 2000

CAS No: 10112-91-1
RTECS No: OV8740000

UN No: 3077

EC No: 080-003-00-1

CIZHQZ

Dimercury dichloride
Calomel

Molecular mass: 472.09

TYPES OF
HAZARD/ ACUTE HAZARDS/SYMPTOMS PREVENTION FIRST AID/FIRE FIGHTING
EXPOSURE
FIRE Not combustible. In case of fire in the surroundings:
all extinguishing agents allowed.
EXPLOSION
EXPOSURE AVOID ALL CONTACT! IN ALL CASES CONSULT A
DOCTOR!
Inhalation Cough. Sore throat. Local exhaust or breathing Fresh air, rest. Refer for medical
protection. attention.
Skin MAY BE ABSORBED! Redness. Protective gloves. Protective Remove contaminated clothes.
clothing. Rinse skin with plenty of water or
shower. Refer for medical attention.
Eyes Redness. Safety goggles. First rinse with plenty of water for
several minutes (remove contact
lenses if easily possible), then take
to a doctor.
Ingestion Abdominal pain. Diarrhoea. Do not eat, drink, or smoke during Rinse mouth. Induce vomiting

Vomiting. Metallic taste.

work. Wash hands before eating.

(ONLY IN CONSCIOUS
PERSONS!). Refer for medical
attention.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Sweep spilled substance into containers; if
appropriate, moisten first to prevent dusting.
Carefully collect remainder, then remove to safe
place. (Extra personal protection: P3 filter respirator
for toxic particles). Do NOT wash away into sewer.

Xn Symbol

N Symbol

R: 22-36/37/38-50/53

S: (2-)13-24/25-46-60-61
UN Hazard Class: 9

UN Pack Group: IlI

Unbreakable packaging; put
breakable packaging into closed
unbreakable container. Do not
transport with food and feedstuffs.
Severe marine pollutant.

EMERGENCY RESPONSE

STORAGE

Transport Emergency Card: TEC (R)-90G02

Separated from food and feedstuffs. Keep in the dark.

IPCS

International
Programme on
Chemical Safety

UNEF

Prepared in the context of cooperation between the International
Programme on Chemical Safety and the European Commission

© IPCS 2000

SEE IMPORTANT INFORMATION ON THE BACK.




0984 MERCUROUS CHLORIDE

IMPORTANT DATA

Physical State; Appearance Routes of exposure
WHITE CRYSTALLINE POWDER. The substance can be absorbed into the body by inhalation of
its aerosol, through the skin and by ingestion.

Chemical dangers

The substance decomposes slowly under influence of light Inhalation risk

producing mercuric chloride and mercury. Evaporation at 20°C is negligible; a harmful concentration of
airborne particles can, however, be reached quickly when

Occupational exposure limits dispersed.

TLV (as Hg): 0.025 mg/m? (skin) A4 (ACGIH 1999).
MAK as Hg: 0.1 mg/m®, BAT 25 Ag/l in blood; 100 Ag/l in urine Effects of short-term exposure

(1999) The substance irritates the eyes, the skin and the respiratory
MAK as Hg STEL: 1 mg/m?; (1999) tract.

MAK: class Sh (1999)
Effects of long-term or repeated exposure

The substance may have effects on the central nervous
system, kidneys and peripheral nervous system, resulting in
ataxia, sensory and memory disturbances, fatigue, muscle
weakness and kidney impairment.

PHYSICAL PROPERTIES

Sublimation point: 400-500°C Solubility in water, g/100 ml at 25°C: none
Density: 7.15 g/cm?®

ENVIRONMENTAL DATA

The substance is very toxic to aquatic organisms. It is strongly advised not to let the chemical enter into the environment because it
persists in the environment. Avoid release to the environment in circumstances different to normal use.

NOTES

Do NOT take working clothes home.
Cyclosan, M-C Turf fungicide are trade names.
Depending on the degree of exposure, periodic medical examination is indicated.

ADDITIONAL INFORMATION

Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible
LEGAL NOTICE for the use which might be made of this information

©IPCS 2000




Concise International Chemical Assessment Document 50

RESUME D'ORIENTATION

L e document dease a partir duquel |e présent
CICAD aété établi repose sur le Profil toxicologique du
mercure (mise a jour) préparé par I’ Agence pour les
produits toxiques et le Registre des maladies du
Département de la Santé et des services humains des
Etats-Unis (Agency for Toxic Substances and Disease
Registry of the US Department of Health and Human
Services) (ATSDR, 1999). L es données prises en compte
dans le document en question vont jusqu’ ajanvier 1999.
Celles qui ont été utilisées pour la préparation de ce
CICAD vont jusgu’ a novembre 1999. Des renseigne-
ments sur la disponibilité du document de base et son
examen par des pairs sont donnés al’ appendice 1.

L’ appendice 2 donne des indications sur I’ examen par
des pairs du présent CICAD. Ce CICAD a été examiné
lors delaréunion du Comité d’ évaluation finale, qui

s est tenue a Helsinki (Finlande) du 26 au 29 juin 2000
et il a été approuvé en tant qu’ évaluation internationale
le 27 septembre 2002 lors d’ un vote par correspondance
des membres de ce Comité. Laliste des participants a
cette réunion figure al’ appendice 3. Les Fiches
international es sur la sécurité chimique du mercure
élémentaire et de six de ses dérivés minéraux établies
par le Programme international sur la sécurité chimique
sont également reproduites dans ce document.

Le mercure est un élément métallique naturellement
présent dans|’ environnement. On peut classer le
mercure et ses composés en trois catégories principales :
le mercure éémentaire, qui peut étre présent al’ état
liquide ou gazeux, les dérivés minéraux du mercure
comme le chlorure mercureux, le chlorure mercurique,
|" acétate mercurique et le sulfure mercurique et enfin, les
dérivés organomercuriels. Les dérivés organomercuriels
n’ entrent pas dans le cadre du présent document.

C’ est principalement sous forme élémentaire et a
I état gazeux que le mercure est libéré dans I’ atmosphere
par les processus naturels.

L’ exposition de la population générale et I’ exposi-
tion professionnelle au mercure élémentaire est essen-
tiellement due al’inhalation de vapeurs ou de fumées.
Lateneur en mercure de I’ atmosphére est actuellement
environ 3 a6 fois supérieure a savaleur estimative
pendant I’ ére préindustrielle.

L es amalgames dentaires constituent une source
potentiellement importante d’ exposition au mercure
élémentaire, avec une dose journaliére absorbée du fait
des obturations qui vade 1 a 27 ug de métal, la mgjorité
des personnes porteuses d’ obturations al’ amalgame
étant exposées amoins de 5 ug par jour. L'oxyde et le
chlorure mercuriques, |’ acétate et le chlorure mercureux
sont ou ont été utilisés en raison de leurs propriétés

bactéricides, fongicides, diurétiques ou cathartiques. 11
existe une utilisation moins bien documentée du mercure
dans la population générale, liée a diverses pratiques
médi cal es traditionnelles ou propres a certaines ethnies.
Au nombre de ces pratiques figure notamment |’ asper-
sion avec du mercure de la zone entourant la maison ou
I automobile. On ne dispose actuellement d’ aucune
donnéefiable qui permette d' évaluer I’ ampleur de

I’ exposition due a detelles pratiques.

On dispose de méthodes d’ analyse pour rechercher
et doser tel ou tel dérivé minéral ou organique particulier
du mercure, mais la plupart desinformations relatives a
la concentration du mercure dans des échantillons
environnementaux ou biologiques se rapportent au
mercuretotal.

Larésorption intestinale varie beaucoup selon la
forme sous laquelle se trouve le mercure, le mercure
élémentaire étant la forme la moins résorbée (< 0,01 %).
Dans le cas des dérivés minéraux du mercure, le taux de
résorption n’ est que d’ environ 10 %. Laprincipale voie
d’ exposition au mercure élémentaire est lavoie respira-
toire et le mercure absorbé par cette voie est retenu a
80 %. Des composés minéraux du mercure peuvent étre
résorbés par voie transcutanée en quantités toxicol o-
giquement significatives.

Le mercure élémentaire étant soluble dansles
lipides, il pénétre facilement les membranes biologiques
et traverse notamment barriére hémato-encéphalique.

L es composés du mercure peuvent étre métabolisés dans
lestissus de |’ organisme pour donner d’ autres dérivés
mercuriels. Le mercure élémentaire peut également y
subir une oxydation en mercure (11) par la voie peroxyde
d’ hydrogéne - catalase. Apres exposition au mercure
élémentaire ou a ses dérivés minéraux, laprincipale voie
d’excrétion est lavoie urinaire. Le dosage du mercure
dansle sang et les urines est trés utilisé pour la
surveillance biologique de I’ exposition aux composés
mercuriels minéraux. Lateneur des cheveux en mercure
ne constitue pas un indicateur fiable de |’ exposition au
mercure €lémentaire et & ses dériveés minéraux.

Chez I’Homme, on observe des troubles neurol o-
giques et comportementaux apres inhal ation de vapeur
de mercure, ingestion ou application cutanée de produits
médicinauix contenant des composés mercuriels
minéraux tels que les poudres pour calmer les poussées
dentaires, les pommades et les |axatifs, ou encore aprés
ingestion d' aliments contaminés. On observe des
symptdmes trés divers, qui sont de nature similaire quel
gue soit le composé auquel le sujet a été exposé. Parmi
les symptémes neurologiques particuliers qui ont été
rapportés, on peut citer des tremblements, une instabilité
émotionnelle, desinsomnies, des pertes de mémoire, des
anomalies neuromusculaires, des céphal ées, une poly-
névrite et une baisse des performances dans les tests
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relatifs aux fonctions cognitive et motrice. Lorsgue les
victimes d’ une intoxication mercurielle sont soustraites a
lasource de |’ exposition, on observe une atténuation de
la plupart des troubles neurol ogiques, mais certaines
anomalies peuvent néanmoins étre irréversibles. Des cas
d’ acrodynie et de photophobie ont été signal és chez des
enfants exposés a des quantités excessives de vapeur de
mercure ou de composés mercuriels minéraux. Comme
cela se produit pour de nombreux effets, il existe

d’ importantes variations interindividuelles en ce qui
concerne lasensibilité aux effets neurotoxiques du
mercure.

Leslésionsrénales sont le principal effet d’ une
exposition de longue durée par voie orale a de petites
quantités de dérivés mercuriels minéraux. On attribue
également a ces produits des effetsimmunol ogiques tant
chez I’Homme que chez certai nes souches sensibles de
rongeurs de laboratoire et un syndrome néphrotique a
meédi ation immunol ogique a été mis en évidence dans
divers cas d exposition. Toutefois, comme les données
fournies par les études sur |’ exposition professionnelle
sont contradictoires, il n’est pas possible de se prononcer
de fagon définitive au sujet del’immunotoxicité des
dérivés minéraux du mercure.

On amontré gue le chlorure mercurique posséde
une certaine activité cancérogéene chez le rat male, mais
les données relatives aux rattes et aux souris sont
ambigués ou négatives. Rien ne prouve de fagon crédible
que |’ exposition humaine au mercure élémentaire ou a
ses dérivés minéraux puisse provoquer des cancers.

On est apar contre tout lieu de penser que les
dérivés minéraux du mercure peuvent interagir in vitro
avec I’ ADN et I’endommager. Les données tirées
d’étudesin vitro indiquent que les composés minéraux
du mercure peuvent provoquer des effets clastogénes
dans les cellules somatiques et des résultats positifs ont
également été obtenusin vivo. Au vu del’ ensemble de
cesrésultats, il ne semble pas que le mercure métallique
ait des propriétés mutagenes.

Administrés par lavoie parentérale, |es composés
minéraux du mercure se révelent embryotoxiques et
tératogenes chez les rongeurs lorsgque la dose est
suffisamment élevée. Il ressort des données obtenues sur
I"animal dans des conditions d’ exposition analogues a
cellesdel’Homme ainsi que de données limitéestirées
de cas humains, que le mercure, ni sous forme élémen-
taire, ni sous forme de dérivés minéraux, ne produit
d’ effetsindésirables sur le développement aux doses qui
sont ne sont pas toxiques pour lamere.

Selon un certain nombre d’ études concordantes, de

|égers signes infracliniques de toxicité pour e systéme
nerveux central peuvent s’ observer chez des sujets
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professionnellement exposés pendant plusieurs années a
des concentrations de mercure élémentaire égales ou
supérieures & 20 pg/nt. En extrapolant ces résultats au
cas d' une exposition continue et en appliquant un facteur
d’incertitude de 30 (10 pour les variations inter-
individuelles et 3 pour I’ extrapolation de la dose
minimale produisant un effet nocif observable, ou
LOAEL (effetslégers), aladose sans effet nocif
observable, ou NOAEL), on obtient une concentration
tolérable de 0,2 ug/nt. Lors d’ une étude de 26 semaines
avec administration de chlorure mercurique par voie
orale, on a obtenu une NOAEL égale a0,23 mg/kg de
poids corporel, I' effet critique considéré étant la
néphrotoxicité. En corrigeant cette valeur pour le cas

d’ une exposition continue et en appliquant un facteur
d’incertitude de 100 (10 pour I’ extrapolation inter-
espéces et 10 pour tenir compte des variations inter-
individuelles), on obtient une dose tolérable journaliére
par ingestion de 2 pg/kg de poids corporel. En partant
d’une LOAEL de 1,9 mg/kg de poids corporel obtenue a
lasuite d’ une étude de 2 ans, on parvient a un résultat
anal ogue pour la dose tolérable par ingestion.
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RESUMEN DE ORIENTACION

El documento original que sirvié de base al presente
CICAD esel Perfil toxicol 6gico para el mercurio
(actualizacion), publicado por laAgenciaparael
Registro de Sustancias Téxicasy Enfermedades del
Departamento de Salud y Servicios Sociales de los
Estados Unidos (ATSDR, 1999). En el documento
original se examinaron |los datos identificados hasta
enero de 1999. En la preparacién de este CICAD se
tuvieron en cuentalos datos determinados hasta
noviembre de 1999. La informacion sobre la disponibili-
dad del documento original y su examen colegiado
figuraen el apéndice 1. Lainformacion acerca del
examen colegiado de este CICAD se presentaen €l
apéndice 2. Este CICAD se examind en unareunién de
la Junta de Evaluacion Final, celebrada en Helsinki
(Finlandia) del 26 al 29 de junio de 2000, y fue aprobado
por sus miembros como evaluacion internacional en una
votacion por correo efectuada el 27 de septiembre de
2002. Lalistade participantes en esta reunion figuraen
el apéndice 3. Las Fichasinternacionales de seguridad
quimica para el mercurio elemental y |os seis compues-
tos inorgénicos de mercurio, preparadas por €l Programa
Internacional de Seguridad de las Sustancias Quimicas,
también se reproducen en el presente documento.

El mercurio es un elemento metalico que se encuen-
tra de formanatural en el medio ambiente. Hay tres
categorias principal es de mercurio y sus conmpuestos:
mercurio elemental, que se puede encontrar en estado
tanto liquido como gaseoso; compuestos inorganicos de
mercurio, entre ellos el cloruro mercurioso, el cloruro
mercurico, el acetato mercuricoy el sulfuro mercurico; y
compuestos organicos de mercurio. Los compuestos
organicos de mercurio quedan fuera del ambito de este
documento.

El mercurio elemental es laforma mas importante
del queseliberaen el aire en los procesos naturales
COMo vapor.

La exposicion de la poblacion general a mercurio
elemental y en los entornos profesionales se produce
fundamental mente por inhalacion de vapores/humos. El
nivel medio de mercurio atmosférico es ahora alrededor
detresaseisvecessuperior a nivel estimado parael aire
ambiente preindustrial.

Laamalgama dental representa una fuente poten-
cialmente importante de exposicion al mercurio elemen-
tal, con estimaciones de unaingestadiariaa partir de
reparaciones con amalgama que oscilan entre 1y
27 pgl/dia, estando la mayor parte de los usuarios
expuestos a concentraciones inferiores a5 g de
mercurio/dia. El cloruro mercurico, € 6xido mercurico,
€l acetato mercurioso y €l cloruro mercurioso se utilizan
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0 se han utilizado por sus propiedades antisépticas,
bactericidas, fungicidas, diuréticasy/o catarticas. Una
utilizacion mucho menos documentada del mercurio
elemental por la poblacion general es su uso en précticas
meédicas étnicas o tradicionales. Estos usos incluyen la
aspersion de mercurio elemental alrededor de lavivienda
y el automdvil. No se dispone actualmente de datos
fidedignos para determinar la amplitud de dicha
exposicion.

Hay métodos analiticos parala evaluacion
especifica de los compuestos de mercurio organicos e
inorganicos; sin embargo, lamayor parte de lainfor-
macién disponible sobre las concentraci ones de mercurio
en muestras del medio ambiente y gjemplares biol gicos
serefiere a mercurio total.

Laabsorcion intestinal varia enormemente de unas
formas de mercurio a otras, con una absorcion minima
parael mercurio elemental (<0,01%) y de sélo alrededor
del 10% paralos compuestos inorganicos de mercurio.
Laviaprincipal de exposicion al mercurio elemental es
lainhalacion y seretiene el 80% del mercurio inhalado.
L os compuestos inorganicos de mercurio se pueden
absorber atravésdelapiel en cantidades toxicol 6gica-
mente importantes.

El mercurio elemental esliposolubley atraviesa
facilmente las membranas biol6gicas, incluso la barrera
hematoencefélica. Sus compuestos se pueden metabo-
lizar en los tejidos del organismo aotras formas de
mercurio. El mercurio elemental se puede oxidar en €l
organismo a su forma inorgénica divalente mediante la
via de la catalasa-perdxido de hidrégeno. Tras|a expo-
sicién al mercurio elemental 0 a compuestos inorganicos
demercurio, laviaprincipal de excrecion eslaurinaria.
En lavigilancia biol6gica de la exposicion alas formas
inorgani cas de mercurio se ha utilizado ampliamente la
determinacién de las concentracionesen laorinay la
sangre; los niveles de mercurio en el pelo no reflejan de
manerafidedignalaexposicién a mercurio elemental o
alos compuestos inorgénicos de mercurio.

Se han observado trastornos neurol égicosy de
comportamiento en las personastras lainhalacién de
vapor de mercurio elemental, laingestion o laaplicacion
cuténea de medi camentos que contenian mercurio
inorganico, por ejemplo polvos dentales, pomadas y
laxantes, y laingestion de alimentos contaminados. Se
han notificado una gran variedad de sintomas, que son
cualitativamente semejantes, con independencia del
compuesto de mercurio a gque se haya estado expuesto.
Entre los sintomas neurotéxicos especificos cabe
mencionar temblores, inestabilidad emocional, insom-
nio, pérdida de memoria, cambios neuromusculares,
dolor de cabeza, polineuropatiay déficit de rendimiento
en las pruebas de la funcion cognoscitivay motora.
Aungue se han observado mejoras en lamayor parte de
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los trastornos neurol dgicos a separar las personas de las
fuentes de exposicién, algunos cambios pueden ser
irreversibles. Se han notificado acrodiniay fotofobiaen
nifios expuestos a niveles excesivos de vapores de
mercurio metélico y/o compuestos i norganicos de
mercurio. Al igual que en el caso de numerosos efectos,
hay una gran variabilidad en la susceptibilidad de las
personas a los efectos neurotéxicos del mercurio.

El efecto primordial de laexposicién oral
prolongada a cantidades pequefias de compuestos
inorganicos de mercurio son las lesiones renales. Se han
relacionado asimismo las formas de mercurio inorgénico
con efectos inmunitarios tanto en personas como en
razas susceptibles de roedores de laboratorio, y
utilizando diversos model os de exposicion se ha puesto
de manifiesto un sindrome nefrético mediado por
anticuerpos. Sin embargo, |os datos contradictorios
obtenidos en estudios ocupacionalesimpiden la
interpretacion definitiva del potencial inmunotéxico de
las formas inorganicas de mercurio.

Se hacomprobado que el cloruro mercirico muestra
alguna actividad carcinogénica en ratas macho, pero los
datos paralas ratas hembray los ratones han sido
equivocos o negativos. No hay pruebas creibles de que la
exposicion de las personas al mercurio elemental o alos
compuestos inorgani cos de mercurio produzca cancer.

Hay pruebas convincentes de que puede haber
interaccionin vitro delos compuestos inorganicos de
mercurio con €l ADN y provocar dafios en él. Los datos
obtenidos de estudiosin vitro ponen de manifiesto que
|os compuestos inorgani cos de mercurio pueden inducir
efectos clastogénicos en células somaticas, y también se
han notificado algunos resultados positivos en estudios
in vivo. Los resultados combinados de estos estudios no
parecen indicar que el mercurio metélico sea muta-
génico.

Laadministracion parenteral aroedores de dosis
suficientemente altas de compuestos inorganicos de
mercurio es embriotdxicay teratogénica. Los datos
procedentes de estudios con animal es cuya pauta de
exposicion fue semejante alahumanay los limitados
datos humanos no indican que el mercurio elemental o
|os compuestos inorgéni cos de mercurio sean toxicos
parael desarrollo en dosis que no tienen toxicidad
materna.

V arios estudios coinciden en que se pueden
observar signos subclinicos leves en personas expuestas
en el trabajo amercurio elemental en concentraciones de
20 pg/nt o superiores durante varios afios. Extrapolando
esto aunaexposicion continuay aplicando un factor de
incertidumbre general de 30 (10 paralavariacion
interindividual y tres parala extrapolacion de la
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concentracién més baja con efectos adversos observados
0 LOAEL, que son ligeros, a unaconcentracién sin
efectos adversos observados 0 NOAEL), se obtuvo una
concentracion tolerable de 0,2 pg/n¥. En un estudio de
26 semanas de exposicion oral a cloruro mercdrico se
identifico unaNOAEL parael efecto critico de nefro-
toxicidad de 0,23 mg/kg de peso corporal. Mediante su
ajuste aunadosificacion continuay la aplicacion de un
factor de incertidumbre de 100 (10 parala extrapolacion
interespecificay 10 paralavariacion interindividual) se
obtuvo unaingestatolerable de 2 pg/kg de peso corporal
al dia. El uso como punto de partida de unaLOAEL de
1,9 mg/kg de peso corporal en un estudio de dos afios
dio unaingestatolerable similar.
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