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Overview

The problem of mercury contamination in fish first came to public attention because of the poisoning of people in Minamata, Japan. This was the first major incident of poisoning through the marine food chain and involved difficult scientific investigations and new realizations about environmental processes. In the first of a series of two lectures, we address the problem as perceived in the 1970s which eventually resulted in the control of discharges from the chloralkali industry, the banning of canned tuna from various sources and the clean-up of contaminated areas such as the Mersey Estuary and Irish Sea.

The problem of Hg in the marine food chain remains a question of public health rather than an ecological problem.

The second lecture will consider recent developments in understanding the problem of dispersal of mercury on a global scale.

Mercury 

(Hg Atomic No 80, Atomic wt 200.59)

Mercury is an example of a heavy metal which causes severe environmental problems. It is involved in neurological, teratogenic and mutagenic changes in higher animals. It is organic forms of mercury (principally Methyl Mercury) which are normally the major environmental health risk, rather than inorganic salts or the pure metal and its vapour.

It is a problem on a global scale, but one mainly of aquatic systems. It caused particular, severe problems (such as in Minamata Bay in Japan) earlier in this century (mainly in the 1960s-70s). These problems have been mainly controlled but Hg can still cause difficulties in unexpected ways

Human Exposure Risks from Hg

The extent of exposure of the general population to methyl mercury appears to derive chiefly from the consumption of fish and not from exposure to contaminated water or air.

Approximately 10% of the total body burden of methyl mercury in man is found in the head, most of it presumably in the brain.

Data from rats and man indicate that >90% of the methyl mercury in food is absorbed.

Background to the Behaviour of Hg in the Environment

Unpolluted air contains ca. 1-10 ng m-3
The Residence time of Hg in the atmosphere is 5.5-90 days

As a result of human activity there are 2-5 times higher Hg concs. in recent sediments from lakes and estuaries compared to pre-historical times

Sources

A large part of the mercury released into the wider environment comes from natural sources:

c 3,500 tonnes from weathering

c25-150,000 tonnes per year from volcanic areas

In comparison the peak world production from human activities is approximately 10,000 tonnes. However, a substantial proportion of the latter mercury eventually finds its way into the general environment. About half the industrial mercury entering the environment was lost from the chlor-alkali industry, (Clarke 1986) even though there has been considerable tightening up of discharges since the Minamata incident referred to below.

Industrial Sources:

Chlor-alkali Industry

Paper and Pulp

Paper industry slimicides

Mining and Metal Refining

Fossil fuels

Coal

Oil

Cement manufacture

Catalysts

Electrical industries

Incinerators

Agriculture:  Mercury containing pesticides

Most of the remaining anthropogenic Mercury entering the environment  during the late 20th century came from dispersive uses such as the slimicides used in the paper pulp industry to prevent fungal growth. anti-fouling, pesticides, seed dressings and pharmaceuticals. The losses have been estimated to be as much as 7,000 tonnes per year with a further 3,000 tonnes derived from burning fossil fuels. Many countries have followed Sweden in banning mercurial slimicides (but substitute materials such as pentachlorophenol still cause problems of their own). 

Chemistry

Metallic mercury and inorganic salts

Organic mercury compounds

Methyl mercury – formation in the environment

Other alkyl mercury compounds

Methyl Mercury

Biotransformation

Methylation

Methylation rate: 5-15% per gram per annum (Spangler et al 1973)

Microbial methylation progresses either by

1
Enzymatic methylation

2
Non-enzymatic transfer of methyl groups by methylcobalamin to Hg2+.

The bacterial- mediated synthesis of methyl mercury is cyclic and methyl mercury synthesis may be a mechanism for detoxification in bacteria exposed to mercury in sediments (Hamdy et al, 1977)

Dissipation of Mercury around the Globe

Atmospheric transport

Particulate mercury

Rain-wash

Snow and Ice

Soil

Water

Sediments

Fossil fuel burning

Uptake and Excretion of Mercury

The net rate of uptake by fish varies enormously depending whether the metal is methylated or in its inorganic form

In the experimental contamination of rainbow trout (Salmo gairdnerii), Boudou et al, 1991 found that the gills represent both a compartment for the accumulation of the metal and a more or less permeable structure for its absorption.

The main excretion route in man is via the faeces (described by a monophasal exponential function). the mean half-life is 70 days. because of the low elimination rate in man, the steady state between exposure and elimination is reached approximately one year after exposure has started.

Minamata

This is the only case of a proven linkage between marine pollution by persistent pollutants and a significant number of human deaths

Outbreaks of Minamata disease occurred in Japan in the 1950s and 1960s 

The problem was linked to the chloralkali industry, particularly the manufacture of Vinyl chloride and acetaldehyde   -  mercury catalyst

2000 cases recognised
43 died of initial effects

700 permanently injured

Fishing banned in 1957

No proven link until 1959 / 1960

Concentrations of Hg in fish were 10 – 55 ppm, mostly methylated

Toxicology

The toxic effects of methylmercury and its homologs are quite different to those resulting from the ingestion of other mercury compounds. The primary signs of poisoning result from damage to the nervous system. Severe poisoning can cause blindness, coma and death. 

Although the conditions of patients may improve somewhat over time, the damage to the nervous system is irreversible.

Methylmercury can affect genetic material causing disturbances in cell division and chromosome breakage in experimental animals. There are grounds for assuming that that the factors acting upon the genetic material in man are the same as in the lower animals so that exposure to methylmercury involves certain genetic risks (Berglund et al 1971) but on the basis of presently available data it is not possible to estimate what those risks are (Mitra 1986). 

Pre-natal exposure to methyl mercury, due to efficient trans-placental transfer, can result in neurotoxic effects in the infant (WHO, 1976). Methylmercury concentrates in the foetus, possibly leading to damage to the newborn child even when there are non clinical signs of damage to the mother. It readily crosses the placental membrane, tending to cause higher levels in the foetus than the mother. In the Minimata incident, 5.8% of the children born between 1955 and 1958 had cerebral palsy compared to the expected frequency of 0.1-0.6% (Berglund et al 1971)

Estimated total body burden in the cases of fatal poisoning to be about 80 mg of mercury

This is reached after prolonged exposure to about 0.8 mg of mercury per day.

Sensitive adults - 0.3 mg of mercury per day

“A safety factor must be applied between the lowest mercury level and the exposure that can be assumed to cause clinically manifested intoxication with neurological symptoms in adults and an acceptable mercury level and exposure for the population.” (Berglund et al 1971)

Thus acceptable levels of mercury would be as follows:

Whole blood - 0.02µg/g  Red blood cells 0.04 µg/g and hair - 6 µg/g

Acceptable daily intake - 0.03 mg of mercury or approx. 0.4 µg/kg body wt (Berglund et al 1971)

If the average Fish Finger @ approx. 25g of fish muscle were to contain 0.3 ppm Hg, the max. permitted dose would be four fish fingers per day.

Public health Standards

Total mercury concentrations of between 0.3 to 1.0 µg g-1 wet wt of fish are widely used by authorities as maximum permissible levels for human consumption (Weiner et al., 1990). 

WHO Standard

0.2 mg of MeHg per week or 0.3 mg of total per week

EEC EQO

0.3µg/g wet

Sweden

0.5µg/g until it was realised that much of the fish in the Baltic and inland lakes was higher so 1.0µg/g was set with the recommendation that not more than two fish meals per week be consumed

Case Histories

Examples of Particular environmental problems with mercury:

Minamata and Niigata (1954)

Methyl mercury used as a seed dressing on grain incorporated into bread in Iraq

Mercurial fungicide poisoning, New Mexico

Brazil 1994

Recently, pollution in the River Madeira (Brazil) has been demonstrated to have resulted in the bioaccumulation of mercury in fish to levels unsafe for human consumption (Nriagu et al, 1992) with local people already poisoned.

Scandinavia

In 1964 various bodies began to study mercury in Swedish fish samples.

Three sources supplied mercury to Swedish waters.

1.
Paper mills used phenyl mercury in order to limit the formation of mucus in the paper machines

2
The wood-pulp industry used phenyl mercury to protect wet, mechanical wood pulp from the attacks of mould fungi.

3.
The chlor-alkali  industry (regulated in 1969).

Indirect source - agriculture - mercury based pesticides banned in 1966

Role in seed eating birds - predators cycle

The low rate of excretion of mercury by fish and the continuing supply of mercury from bottom sediments to the water give little hope of lowering mercury levels in fish.

In Sweden even after the imposition of a ban on mercury compounds as long ago as 1966 the mercury concentration in most pike has remained constant - only in three lakes did it decrease. Rivers are better because of the constant flushing action with mercury in salmon in cages below former sources show considerable improvement within three years.(Study group on Mercury Hazards 1970)

Jernelov(1969) has calculated that about 10 - 100 years would be required to remove mercury from the bottom of lakes by the process of methylation.

The Swedes on two occasions dredged the sediments from affected waterways and subsequently found that the mercury concentration in fish became higher than before. the reason proposed was that when anaerobic sediments in which the mercury was bound up as the sulphide were released to the air, the mercury was converted to the ionic form and then biomethylated.

Further Information

See our information site on mercury for extensive linkages on many different aspects of mercury in the environment:

http://pcwww.liv.ac.uk/aquabiol/mercury/
HgContamFishNotesv2
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