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I. INTRODUCTINH

Purpose of Report

At its second meeting in October 1971, the Sector Group on Unintended
Occurrence of Chemicals in the Environment decided to investigate
the problem of mercury emissions. A Working Party on Mercury was
formed with representation from Canada, Japan, Sweden and the United
States, the countries with experience in mercury control methods;
Representatives from each country were requested to prepare a report
on the environmental problems of mercury emissions in their country.
From these submissions the lWorking Party is to prepare a single
naper on the nature of the mercury problem and the consequence of
present or anticipated actions to control mercury emissions. This
report is the United States' Working Party member's contribution.

The Problem

Over the years mercury and its compounds have become useful to society in
a host of applications. They have also developed a notorious reputation
as .toxic substances in the workplace, the home and the environment, with a
long record of disabling sickness and fatality.

Mercury metal is a liquid at ordinary temperatures which expands uniformly,
is a good electrical conductor, amalgamates readily with most other metals,
and is quite volatile. It combines with many other elements to form a larce
vaiety of inorganic and organic compounds with a wide range of useful
properties.

Metallic mercury is used in a variety of electrical and mechanical devices
such as switches, light bulbs, batteries, flow meters, thermometers, and
barometers. It is extensively used as an electrode in the manufacture of
chlorine and caustic soda and as a catalyst in the nroduction of vinyl
chloride. An amalgam of mercury with tin/silver is widely used in the
filling of teeth. HMercury compounds are usad as biocides and preservatives
in many industrial and agricultural applications. Mercury is also used in
a variety of pharmaceuticals and cosmetics. In 1963 almost 39,000 flasks
(a flask is 76 pounds) of mercury were consumed in the United States in all
applications.

The primary source of mercury for industrial use is from the red sulfide
ore, cinnabar. The ratio of domestic production to annual consumption is
hignly variable. U. S. producers have virtually no control over the price
of mercury, and mines open and close frequently as the price changes. The



price of mercury is presently below $279 per flask and the number of
operating mines has decreased from 109 in 1969 to less than 19 today.

As an environmental contaminant mercury comes from many types of man-made
and natural sources and enters the environment through direct discharges to
the air, water and soil. The principal man-made discharges are tirough the
various applications of pesticides, chlor-alkali production, fuel burning,
catalytic processes, ore refining, sewage treatment waste incineration,
phosphate rock processing, paint manufacture and use, and breakage of
mercury-containing devices. Recent concern has focused on pesticides
applications and water discharges from chlor-alkali plants since these
sources have been closely associated with contamination of the food chain.
A limited aniount of mercury may be emitted from natural ore bodies, thus
causing contamination of the local air and aaquatic environment.

Because mercury can be introduced into the environment in many forms--
some volatile, some water soluble, some stable, some unstable--it is
readily transported throughout the environment. 1In addition it is
easily transformed from one physical or chemical state to another de-
pending on the environmental conditions. It also has a strong tendency
to accumulate in sediments and in organisms, depending on its fom.

In the air rercury may fall out or be rained out and be entrained ‘in
soil and water. It may also be transported great.distances in the
atmosphere. In soil and water, it may be transformed to a volatile or
soluble form, taken up by organisms, deposited in bottom sediinents or
released to the air. The cycle is dynamic, but once mercury enters
the environment its removal becomes a complex long-term problem.

Long before the present concern over methylmercury contamination in fish
and poisonings due to treated seed, there were many documented cases of
mercurialism, both acute and chronic, from a variety of industrial and
domestic exposures. The mercury problem is not new, only society's
awareness of it is. The forms of mercury vary in their relative toxicity
to man and animals. The alkyl (methyl and ethyl) compounds are believed
to be the most toxic followed by metal mercury vapor, which is rmore toxic
than the inorganic salts and organic comnounds other than alkyl. The
affinity of the mercury alkyl compounds and metal vapor for nervous tissue,
especially the brain, explains the rather bizarre neurological svmiptoms
seen in man and other mammals suffering severe mercury intoxication.
Although effects at these high levels are striking, the United States is
just as concerned about the more subtle phychological effects at low
levels. e are also very concerned over the likely terctogenic and
mutagenic effects which may impact on future generations of ren and
animals.



Although »resent emphasis is on protecting the human ncnulaticn fronm
ingesting excessive levels of methylmercury in diet, the concentrations
of mercurv recently observed in the air and water convince us that there
rust now be an effort to drastically reduce the human intake of nercury
from all routes of entry.

The problem of mercury in the environment boils down %o these saliant
features:

1. There arc diverse and widaspread man-made sources enitting
mercury into the environment.

2. The many physical and ciemical forms of mercury are such that
it moves readily fror one envircnmental mediun to another, it is easily
transformed pihiysically and chemically, it tends to accuaulate in sadi-
ment, soil and living organisiis, and once in the enviromient, it may be
iapossible to remove.

3. Although methlylmercury in the diet is believed to oresent
the greataest envirommental hazard to human health at oresent, due
consideration rwst be given to the potential hazarcd now and to future
generations froin the iantake of other forms of mercury through other
routes such as metallic vapor from air. 2ur concern for the future
reflects the as yet unknown, but likely teratogenic or mutagenic effects
of mercury compounds

4. Even if all discharges to the environment were suddenly (and
miraculously) stopped, the residual already. produced by past activities,
(e.g. the current accumulation in fish and the aquatic sedinent), if not
reroved or permanently stabilized, will present a mercury problen for
years to coie.



II. PRODUCTION, USES AIID COiiSUMPTIOH QF MERCURY

The chief source of mercury is the red sulfide ore, cinnabar. Commercial
deposits of cinnabar are located in the U.S., China, Italy, Mexico, the
Phillipines, Peru, Spain, the U.S.S.R. and Yugoslovia. During 1969, there
were 109 operating mercury mines in the U.S. which produced 29,360 flasks
of mercury (kest, 1970). An additional 31,924 flasks were imported into
the United States (est, 1970). The ratio of domestic to annual consunp-
tion is higly variable. U. S. producers nave virtually no control over
the price of mercury, and mines open and close frequently as the price
changes. The price of mercury is presently below $270 per flask and the
number of operating mines has decreased from 109 in 1969 to less than 10
today. World production of mercury during 1969 amounted to 285,343 flasks
(West, 1970). '

Mercury is used in a variety of ways, including electrolytic preparation
of chlorine and caustic soda, paints, industrial and control instruments,
pharmaceuticals and agriculture.

The mercury cell electrolytic method of producing chlorine and caustic

soda and/or caustic potash requires large quantities of mercury for startun
and to replace what is lost during operation. Mercury cells in the United
States accounted for 27.9 percent of the total installed chlorine capacity
in 1969 (lest, 1970). The diaphragm-tyne cell electrolytic method, which
utilizes no mercury, accounted for the rest of the installed capacity.
Approximately 0.5 1b. of mercury is lost for each ton of chlorine produced
(Hational Materials Advisory Board, 1970). The iational Materials Advisory
Board (1970) predicted tnat by 1975 the average loss of mercury per ton of
chlorine produced would be reduced to about 1/4 1b.

There are a number of reasons wny the use of mercury cells has become
increasingly popular. The ilational Materials Advisory Board (1972)

states that purity of products from these cells is superior to that
available from diaphragm cells, an important consideration for certain
markets. Mercury cells have higher power consumntion than diapnragm

types; nowever, mercury cell derived caustic requires no steam for evapo-
ration, a necessity for diaphragm liquor (iational Materials Advisory
Board, 1970). Although economics have historically favored diaphragm cells,
this increment has gradually narrowed and may be incidental within the near
future (iational Materials Advisory Board, 1970). A new dimensionably
stable anode made of specially coated titanium has been devised that may
incr?ase the attractiveness of the use of the diaphragm-type cells (est,
1970).

A1l metals except iron can be amalgamated with mercury. Before the
development of the cyanide process for gold and silver, mercury was widely
used in the "patio" process to form amalgams for recovering silver and
gold. Potassium, sodium and zinc amalgams are used as reducing agents.
Sodium amalgam has been used in production of tetraethyl and tetramethyl



lead; however, a continuous electrolytic process suitable for their
production threatens to curtail the use of sodium amalgam (iational
Materials Advisory Board, 1970).

One of the more important uses of mercury as a catalyst is in the production
of vinyl chloride. However, the trend has been toward the use of ethvlene,
a less expensive feedstock than acetylene (idational Materials Advisory
Board, 1979). Approximately 0.074 1b. of mercury is lost per 1000 1bs. of
vinyl chloride monomer in the acetylene process (ilational Materials
Advisory Board, 1970). tercury in the form of a mercuric oxide catalyst is
used with sulfonated anthraquinone products as raw materials to make vat
dyes and is expected to retain its place in the industry without rivalry
from any replacement catalyst (Hational Materials Advisory Board, 1270).
Organic mercurial salts are used in urethane elastomers for casting,
sneeting and sealant applications. The iational Materials Advisory Board,
(1970) estimated that there would be an increase in the use of mercury for
this purpose from 600 flasks in 1963 to 1,570 flasks in 1975. Mercury
based catalysts in the production of vinyl acetate monomer and acetaldehvde
?ave)been replaced by other catalysts (liational Materials Advisory Board,
973).

During World War Il considerable quantities of mercury were used in
fulminate for munitions and blasting caps (including mercuric chioride

for tracers as rwunitions other than fulminate). An average of 4,400 flasks
was used annually for this purpose during Yorld iar II; however, this
decreased to 420 flasks in the postwar period (Pennington, 19593).

An amalgam of mercury with a silver/tin alloy is used extensively for the
filling of dental cavities. Under normal economic conditions there are no
substitutes for the mercury amalgam; but if mercury were in short supply

its use in dental amalygams could be sharply curtailed to practically zero
(ilational Materials Advisory Board, 1970). Current substitutes would produce
satisfactory restorations even though they would not be as permanent (iiational
Materials Advisory Board, 1970).

Considerable amounts of mercury are used in electrical apparatus, instruments
and for laboratories. Such uses include batteries, lamns, electron tubes,
pressure sensory devices, thermometers, guages, barometers, valves, pump
seals, meters, electrical switches and relays.

An unusual use for mercury was the utilization of 290 flasks for a pool
of the metal to provide a frictionless support for floating the ontical
assanbly of a telescone (iest, 1979).



Mercury is used in a variety of pharmaceuticals including diuretics, anti-
senptics, skin preparations and preservatives for cosmetics and soap.
Substitutes are available in each of these areas of mercury use (ilational
Materials Advisory Board, 1972).

A relatively unique application for mercury is its use for frozen mercury
precision castings. Owing to its smooth surface and low uniform expansion,
mercury is superior to wax or plastic pattern materials.

Possible new industrial uses of mercury include a technique for purifying
aluminum. Mercury is added to form aluminum mercury crystals which are
melted in a molten salt bath, the mercury vaporized and condensed and the
purified aluminum separated from the bath (West, 1970). An electrolytic
process for recovery of zinc from drosses or other by-products involves
precipitation of elemental zinc at the cathode and alloving with mercury.
Zinc)of high purity can be recovered (ilational Materials Advisorv Board,
1970).

Mercury is used as ballast as part of the emergency flotation syvstem in
some research and rescue submersibles. One such vehicle would jettison
aporoximately 2500 1bs. of mercury into the water in case of an eiiergency
in order to provide flotation or trirming canability.

Hercury based pesticides have been used in naints, paner and pulp manu-
facture, and agriculture. -During 1970 there were. 380 mercury based
pesticides registered under the Federal Insecticide, Fungicide and
Rodenticide Act (Table I).

The use of mercury based slimicides fell sharoly in 1965 consequent to

a U.S. Food and Drug Administration ruling that paner or cartons which came
in contact with food must be free of mercury. In order to conform with

the Food, Drug and Cosmetic Act of the United States where a large per-
centage of the Canadian pulp and paner products are being sold mest of

the Canadian companies have discontinued the use of mercury slimicides in
the last 10 years (Filreite 1970). Fimreite (1970) found only 9 mills in
Canada recently using phenylmercury slimicides. Regardless, there was,

at least until recently, some use of mercury based slimicides in the

United States.

HMercury based pesticides are used in the paint industry for three general
purposes: (1) preservation of interior paint formulations in tne can

(2) mildewproofing both o0il and water based exterior paints and (3) as

an antifouling agent in marine paints. Mercury based corpounds have been
or are beinyg used as biocides in laundry products, industrial water systems,
cooling towers, air conditioner filters, adhesives, starches, glues, floor
waxes, sanitizing or disinfecting rinses, fabrics, textiles, fibers, logs,
lumber, paper, broom corn, cellulose sponges, etc.



Table }  Number of mercury based pesticides registered under the Federal Insecticide,

Fungicide and Rodenticide Act during 1970.

Other Mercury ~ Other

Phenyl  Alkyl Organo- as Mercurous Mercuric Inorganic
USE Mercury Mercury Mercury Elemental Chloride Chloride Salts Total
Trees 6 1 - - - - - 7
Flowers 1 3 - - - - - y
Ornamentals and -39 16 2 - 25 23 - 105
Turf
Humans 1 - - 13 - - 3 17
Home 21 3 - - - - 2 26
‘Wood 20. 3 - 1 - - 1 25
preservatives
Antifouling 13 1 - 2 3 2 39 60
paints
Hospital 36 1 - - - - 2 39
Industrial 59 2 - - - - - 61
maintenance
Crop 14 6 1 - - - - 21
Restaurants 6 - - - - - - 6
Others 10 1 - - - 2 - 13
Total 226 37 3 lo 28 27 47 384

#
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The primary agricultural use of mercury based pesticides is for the
fungicidal treatment of cereal grains. Secondary agricultural uses are
for the treatment of diseases of turf, fruits and trees.

U. S. consumption of mercury steadily increased from aporoximately 30,700
flasks per year from 1930 to 1939 to almost 80,000 flasks in 1969 (Table
2). -However, the U. S. consumption of mercury decreased to approximately
60,000 flasks in 1970. 1In 1969 the primary consumers of mercury in order
of importance were the electrolytic preparation of chlorine, electrical
apparatus, paint, industrial and control instruments, dental preparations,
and catalysts (Table 3). In 1970, the primary consumers in order of
importance were electrical apparatus, electrolytic preparation of chlorine,
paint, industrial and control instruments, catalysts, and agriculture.

The chlorine industry consumed approximately 4,200 flasks of mercury
annually during the period 1955-59. Consumption increased steadily until
1969 when 20,720 flasks were consumed. However, in 1379, consumntion
decreased to 14,977 flasks. The consumption of mercury by the paper and
pulp industry decreased from approximately 3900 flasks annually in the
period 1960-64 to 316 flasks in 1970 (Table 3).

The iational Materials Advisory Board (1970) estiinated that there would
be an increasing trend in the United States consumption of mercury from
73,855 flasks in 1968 to 84,544 flasks in 1975 (Table 4). The Board also
estimated trends in consumption by uses (Table 4). These estimates were
made before attention was called to environmental problems associated
with mercury in the United States during 1970.



Table 2 Mercury consumed in United States.éz

Flasks i/
1928 _ 34,482
1933-37 29,900
1938-42 32,400
1943-47 45400
1948-52 46,900
1953-57 51,900
1955-59 54,346
1960-64 66,564
1965 73,560
1966 71,509
1967 - 69,517
1968 75,422
1969 79,104
1970 61,490 2/

1/ Represents total consumption for indicated year or average yearly
consumption for indicated years.

2/ Preliminary estimates.

§/ Source US Bureau of Mines,



Table 3  Mercury consumed in the United

(Flaska)

States by uses, /4

1955-59 1960-64 4
(average) (average) 1965 1966 1967 1968 <1969 1970 —/
Agriculture (includes fungicides and bactericides

for industrial purposes) 7,500 3,096 3,116 2,374 3,732 3,430 2,689 1,812
Amalgamation-mecee- —————— 243 © 361 268 248 219 267 195 216
CatalystSe~mmavanamnan ———— 848 773 924 1,932 2,489 1,914 2,958 2,64)
Dental preparations 1/ ——————— 1,489 2,186 1,619 1,334 1,359 2,089 3,053 1,799
Electrical apparotus 1/--- —eaa 9,285 10,540 16,097 16,257 14,610 17,484 18,650 15,789
Electrolytic preparation of chlorine and caustic

80dQ==e=me= B ————— 4,172 7,430 8,753 11,541 14,306 17,451. 20,720 14,977
General laboratory use:

Commercialemeenennanan 986 1,459 1,119 1,563 1,133 1,246 2,041 1,513
Industrial and control instruments 1l/-eweacaccaaa 5,998 5,450 4,628 4,097 3,865 3,935 . 6,981 4,035
Paint:

Antifouling=~=-- - -n 1,213 639 255 140 152 392 244 193

Mildew proofinge-e=~-- 5/ 4,772 8,211 8,280 7,026 10,174 9,486 8,771
Paper and pulp manufacturess-a=ececmacace ~————— - [94 2,831 619 612 446 417 558 316
Pharmaceuticalsevemcrcrmamacacnreccnraccencan-- - 1,615 3,350 418 232 283 424 724 571
Redistilled 1/ ————— 9,509 9,662 12,13} 7,267 7,334 8,252 2/ 2/
Other 3/-emcmcccucacorccaaa © 11,488 9,807 15,402 15,632 12,563 7,945 9,689 6,521

Total known useSeeme-aca= 54,346 66,564 73,560 71,509 69,517 75,422 77,988 59,154

Total uses unknown- e - ——— - - —~— -—- 1,116 1,100

Grand Totale-eeaa- mmmemseerrcnn e e ————— ~—— 54,346 66,564 73,560 71,509 69,517 75,422 79,104 61,490
l/ A breakdown of the '"redistilled" classification showed averages of 47 perxcent for instruments, 13 percent for dental preparations,

23 percent for electriczal apparatus, 10 percent for general laboratory, and 7 percent for all other usea in 1965-68.

2/ In 1969-70 "redistilled" mercury is broken down and included in the categories for which it is used.
3/ Includes mercury used for installation and expansion of chlorine caustic soda,plants.

3

4/ Preliminary estimates

S/ unavailable

6/ Included with agriculture
7/ Source U. S. Bureau of Mines

< b



Table 4 Estimates of trends in consumption of mercury made

by the National Materials Advisory Board (1970).

43

Estimated Mercury
Consumption flasks

Use 1968 1974-75
Agriculture 3,480 2,650
Analgams 259 250
Catalysts:

Urethanes 800 1,580
Vinyl Chloride Monomer 500 250
Anthraquinone Derivatives 175 220
Miscellaneous 230 340
Dental Applications 3,500%* 3,800%
Electrical Apparatus 17,200 22,700
Electrolytic Preparation of Chlo-
rine & Soda 17,424 22,884
General Laboratory Use 2,075% 2,075%
Industrial & Control Instruments:
Switches & Relays 2,500 2,650
Other Instruments 6,400%* 6,000%
Paints ' 10,588 10,725
Paper & Pulp 375 250
Pharmaceuticals 600 650
Othexs** 7,815 5,960
Total 73,855 84,544

* Includes some redistilled mercury.
*% Includes mercury requirements for start-up of new chlorine cells.
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LIT. HAZARDS OF MERCLRY

Hazards to Han

General

Mercury in many forms is toxic to man and other living things. In terus
of toxicity mercury and its compounds may be divided into three categories:
(1) alkyl (methyl and ethyl) mercury salts; (2) elemental mercury vavoor;
and (3) inorganic mercury salts and phenyl and methoxyethyl mercury
compounds (Report of an International Committee, 1969).

Alkyl forms of mercury are generally considered to be the most toxic

of the three categories, probably because of their relatively slow excre-
tion rate and their tendency to concentrate in the brain and other central
nervous system tissues. Elemental mercury vapor ranks second in toxicity.
It concentrates in nervous tissue to a greater extent than the inorganic
salts and non-alkyl organic compounds although it is excreted more rapidly
than alkyl mercury.

It should be pointed out that no definitive studies have been conducted
to compare the relative toxicities of the various forms of mercury during
chronic exposure. During acute exposures there does not appear to be any
great difference among the various forms (Berglund, et al., 1971).

In non-occupational exposures to mercury, the routes of entry into the
human system are quite different for the different forms. The organic
forms are more likely to be taken in from food and water (an exception
is dimethylmercury which may occur as vapor in the air) while elemental
mercury is mostly absorbed through inhalation of the vapmor. The inorganic
salts of mercury may be inhaled or ingested in environmental exposures.

Methylmercury

Mercury in many different forms can be toxic; however, methylmercury is

one of the most hazardous to man. It is easily transported and persists

in the natural environment. It is formed by the methylation process

from any type of mercury in the aquatic habitat and is accumulated by
organisms common in the human diet. It has a long retention time within
the human body, has serious effects on the human nervous system and damages
developing human tissue.

The extent of exposure of the general population to methylmercury apnears
to be chiefly through fish and possibly other foods and not directly
through water or air (Study Group on HMercury Hazards, 1979). Methyliercury
may be absorbed through the skin, respiratory tract and the alimentary



canal (Berglund et al., 1971). Data from rats and man indicate that more
than 90 percent of the meuhy11ercurv in food is absorbed (Berglund and
Berlin, 1962). Berglund and Berlin (1969) state that methylmercury salts
if applied on the skin, e.g. dissolved in an ointment, may give rise to
clinical toxicity in man. There is considerable risk of absorption of
methylmercury in the respiratory tract in connection with the occunational
handling of seed dressings.

Approx1nate1y 10 percent of the total body burden of methylmercury in man
is found in the head, presumably most of it in the brain (Berglund, et al.
1971). Also, oart1cu1ar1y high levels of methylmercury are found in 11ver
‘and kidneys (Berglund et al., 1971). Methylmercury accumulates in red blood
ce]]s, and in man these cETWs contain over 90 percent of the methylmercury
in the blood stream (Report of an International Committee, 1969). A direct
relationship between levels of mercury in blood and hair was found

for Swedish individuals who were considered to have reached an equilibrium
state between dietary intake and body burden of mercury (Study Group on
Mercury Hazards, 1970). In fatal cases of "inimata Disease, the ratio

of mercury in brain, liver and kidney was of the order of 10:40:50

(Study Group on Hercury Hazards, 1971).

According to uerglund et al. (1971) the fo]]owing can be stated relative

to methyluercury poisoning. Metnv]ner'cur_y in organisms is relatively stable.
etny]nercury administered to animals is present almost enu1re1y as methyl-
mercury in the brain and blood. The main route of excretion in man is by
the feces, which is about ten times higher than the urine. Elimination

from the body can be described as a monophased exponential course. The

half 1ife of methylmercury in man ranges from 70 to 90 days for the whole
body; however, linited data indicate that it is scmewhat shorter in the
blood and somewhat longer in the brain than in the body as a whole. Because
of the slow elimination rate in man the steady state between untake and
elimination is reached approximately one year after exposure has started.
The organ which first shows injurious functional disorders from exposure

to methylmercury is the nervous system. Postnatal poisoning has a symptom
free latent period of about one month from the time of exposure to the

onset of syuntoms. Symptoms are sensory disorders, ataxia and concentric
constrictions of the visual fields. The diagnosis is difficult to establish
in the case of only mild or atypical symotoms. Besides raised mercury
levels in blood and hair, no clinical laboratory investigations have given
any clear and common positive finding. Elood levels in Jananese cases of
methyImercury poisoning at i{jigata were estimated to be in excess of 0.2 ug/g
whole blood at the onset of the disease. Hair levels in all cases except
one was about or exceeded 290 ug/a. The Japanese cases at Minamata vho

died all had levels of methylmercury in the brain equal to or more than

5 ug/g.
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Methy]mercury can effect genetic material. Hethy]mercury added to a medium
in which plant cells are growing causes disturbances in the mechanisms of
cells division and chromosome breakage (Berglund et al., 1971). It also
causes disturbances in the mechanism of cell division - 1n fruit flies and

in tissue culture of mice and man (Uerglund et al., 1271). In persons who
have been exposed to methylmercury from the consumntion of fish, a correla-
tion has been found between the mercury levels of blood cells with the
frequency of chrouosome breakage in circulating lymphocytes cultured in
vitro (Berglund et al., 1971; Larsson, 1970) There are grounds for assum-
ing that the effects ¢ on genet1c mater1a1 in man are of the same character

as those in lower animals. Berglund et al. (1971) states it must be assuried
that exposure to methylnercury involves certain genetic risks; however, it
is not possible with presently available data to estimate the extent of such
risks and the re]at1onsh1p to different exposures of methylmercury.

In experiments with animals, methylmercury has been shown to cause
teratogenic effects. There is also a risk that methylmercury accumulations
in the fetus could cause disturbances in chromosome segregation during

fetal development (Ramel, 1969). According to the Report of an International
Committee (1969) data from the Minamato cases presented by Murakami indicate
teratogenic effects occurring at an earlier stage of development than would
be the case of central nervous system damage from methylimercury intoxication.
This report states "Because of the experimental evidence of strong effects

of methylmercury compounds on cell division and chromosorne segregation it

is conceivable that this early effect may have resulted fron 1ndaced
chromosomial alterations of humans". ~

Methylmercury readily crosses the placental barrier. Tejning (1979) found

a 30 percent higher concentration in fetal red blood cells than in maternal
red blood cells; however, the fetal plasma had a lower concentration than

did the maternal plasma. The Report of an International Committee (1969)
states "Studies in animals and man indicated that methylmercury easily
penetrates to the fetus via the placenta. The concentration of mercury in
the fetal blood is about 20 percent higher than in the mother and the sarie
statement should apply to the brain of the fetus as well." In the iiinimata
Japan incident, 22 children (5.8 percent) born between 1955-5C had cerebral
palsy. The expected frequency of cerebral palsy was 0.1-3.6 percent (3erylund
et al., 1971). tone of the mothers had clinical symntoms of methylmercury
poisoning. However, an examination of 15 of the mothers several years after
their pregnancy revealed that 11 of the 15 had neurological abnormalities
consistent with methylmercury poisoning. The Study Group on Mercury Hazards
(1970) states that the affected children did not eat contaminated fish or
shellfish and the mothers apparently were not affected. They further state
that the clinical symptoms were more difficult to elicit and more varied than
in the case of methylmercury poisoning in adults and children without fetal
exposure. Also, the disease in prenatally exposed children varied in
severity; some children having mild to moderate snasticity and ataxia, and,
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others. having severe intellectual retardation, seizures, and evicence of
more generalized brain damage. Prenatal methylmercury poisoning cannot be
distinguished from other types of cerebral palsy and diagnosis would have
to be done epidemiologically with the supnort of mercury levels in blocd
and hair (Berglund et al., 1971).

Berglund et al. (1971) concluded that of 230 cases of known neth/1nercury
poisoning slightly over 20 were prenatal. A total of 20 cases were due to
occupational exposures, three cases were from skin preparations containing
methyimercury, and the rest were due to consumption of food containing
methyImercury of which 150 were from eating fish and shellfish, while the-
rest were from eating seed treated with methvlmercury or meat from animals
that had been fed such seed. In the Japanese methylmercury poisoning in-
cident at n111mata, one- th1rd of the cases were lethal (Berglund et al.
1971). 1In serious cases of methylmercury poisoning a degree of d1sao111ty
persists for a considerable period of time. Hunter (1955) reoorted a
sixteen year old boy exposed for only a few months to methylmercury compounds
was unable to work after 20 years because of persistent ataxia tremors and
inability to recognize objects by touch. In Minimata Japan, brain dawage
was largely accomplished by the time methylmercury poisoning diagnosis had
been made and although chelating agents increased the rate of excretion of
mercury in the urine they were clinically ineffectual (Study Group on
Mercury Hazards, 1970). The Study Group on Mercury Hazards (1970) states
that because of the delay in recognition of these outbreaks in Japan, it is
likely that the number of persons who were truly effected was apnreciably
greater than reported. Furthermore, relatively early cases with less neurologic
deterioration were recognized in iliigata, Japan suggesting that many mild
cases were missed in Minimata. It appears that compensatory rechanisms

of the nervous system can delay clinical recognition of ietayvimercury
poisoning, even though the patient has partial brain damage (Study Group

of Mercury Hazards, 1970).

Forty families in Minimata Japan affected with methvimercury poisoning had
61 cats of which 50 percent were affected with methylmercury poisoning
(Kurland, 1960). A cormonly observed syndrosie in cats from the affected
households included unsteadiness, frequent falls, circling movements and
convulsions. The sensitivity of human beings to methylmercury is presumably
higher than in the case of cats which is higher than in the case of rats
(Takeuchi, 1979).

The mercury blood levels of a few individuals in Swecen who consumed high
- levels of methylmercury contaminated fish exceeded the low levels of the
toxic cases reported in Japan. The Study Group on Mercury Hazards (12377)
believes this is due to individual variation and sensitivity to methylisercury.
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derglund et al. (1971) made calculations of the degree of exposure which
may cause intoxication in adults with the aid of data on radioactive trace
doses of methylmercury in man. The lowest reported level in the brain of
persons who had died of rethylmercury poisoning was estimated to be about
Sug Hg/g at onset of the disease. ©Based on these data, they estimated the
total body burden in cases of fatal noisoning to be about &) mg mercury.
Using a daily elimination rate of one percent of the total body burcen,
they calculated that the vody burden of 30 mq is reached after prolonged
exposure corresponding to 0.3 mg mercury per day. Berglund et al. (1271)
state that uncertain trace doses data indicate that about one percent of
the total body burden is found in 1,000 ml of whole blood and for a body
burden of &) mg this would correspond to about 0.8 ug/g mercury in whole
blood. They further state that on the basis of available material it
would appear justifiable to assume that clinically manifest poisoning of
adults sensitive to methylmercury may occur for a level in whole blood of
9.2 ug/g mercury, which is reached on exposure to about 0.3 rg mercury per
day or about 4 ug/kg body weight per day.

According to Berglund et al. (1971): "A safety factor must be apnlied
between the lowest mercury level and the exposure that may be assumed to
cause clinically manifest intoxication with neurologic syrimtoms in adults
and an acceptable mercury level and exposure for the population." They
were of the opinion that a factor of 19 gives a sufficient safety margin.
Thus, acceptable levels of mercury would be as follows:

(1)- whole bloed - 9.02 ug/3,
(2) red blood - 0.04 ug/g, and
(3) hair - 6 ug/g.

Based on the above levels, the acceptable daily intake of methvimercury
would correspond to 0.03 mg mercury or approximately 0.4 ug/kg body weight
(Berglund et al. 1971).

In view of the large nunber of persons exposed to a varying extent in the
Japanese instances of methylmercury poisoning, it seems likely there was

an overrepresentation of individuals esnecially sensitive among those who
fell i11 (Berglund et al., 1971). Levels of mercury have been found in
Sweden and Finland nigher than 0.2 ug/g in blood cells in some 2) persons
and levels exceeding 3.4 ug/g in 4 persons; while levels have been found

in hair of at least 130 persons in Japan exceeding 50 ug/g without clinical
symptorns of methylmercury poisoning (Serglund et al., 1971).
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The diagnosis of methylmercury poisoning is based on neurologic symptoms

and theoretically it is conceivable that brain lesions may occur at lower
exposures and levels than which cause neurologic symptoms and which could
not be diagnosed by available methods (Berglund et al., 1971). Lofrotn
(1969) noted that: "One of the observable effects of methylmercury
poisoning in man is the impairment of the coordination of muscle rovement,
etc., resulting from damage to certain brain cells. Thus, Lofroth raises
the question: "whether these effects are brought about only at and above
some threshold value of methylmercury intake." He further states: "as to
the gross clinical symptoms one can state that a threshold mechanism is
operating. This threshold mechanisi is, however, not due to a methylmercury
threshold, but to a threshold in the number of damaged brain cells. After
damage of one or a few cells, other cells may take over the net result
showing up as no effect in the clinical investigation. !then too many cells
have been damaged during a short time, the clinical results do show up early.
This type of mechanism can erroneously be classified as a methylmercury
threshold mechanism." He also states: "however, even a low frequency of
brain cell damage, above the natural inactivation rate of these cells, during
a long tine has an effect on the organism as the number of available cells
for each brain function is limited. Such a damage may then, have serious
effects in later stages of life."

The possible synergistic effects of methylmercury in combination with other
neurotoxic chemicals, e.g. DOT, PC3s, lead, which are also found in food
are not known. Chernoff and Courtney (1973) found that a combination of
HTA and methylmercury resulted in a sligat ennanced fetal toxicity and
teratogencity of methylilercury in rats.

i{o known drugs are effective for tne treatment of methylmercury poisoning;
however, the work of Dr. Clarkson of the University of Rochester School of
edicine and Dentistry, using non-absorbable pclyrer sulfaydryl-containing
resins possessing a high affinity for nethylinercury to increase fecal
excretion offers pronise.

Organic MHercury Compounds Other Than Alkyl

Organic mercury compounds may enter the body by inhalation, skin absorption
or oral ingestion (Report of an International Committee, 1769). Goldwater
(1964) states that in studying occupational exposure to mercurials it is
virtually imnpossible to evaluate the role of skin absorntion, since inhala-
tion and possibly ingestion also occurs when skin absorption is taking place.
The Report of an International Committee (1969) states that the efficiency
of absorption by the respiratory tract is unknown but should be nigh. The
Committee notes that when mercury is as aerosols, it is likely to dissolve
quickly in body fluids and be distributed to the blond. Furthermore, the



Commi ttee notes that exposure to mercury vapor is more dangerous than dust.
Phenylmercurials are readily absorbed through the intact skin and measurable
quantities of ohenylimercurials can be absorbed through the skin from clothes
(Goldwater 1964).

Phenylnercury and methoxyethylmercury show a distribution pattern in the
body similar to inorganic mercury comoounds, except that a higher concentra-
tion may be present in the liver, alimentary tract and red blood cells and

a lower concentration in the renal cortex (Report of an International

Commi ttee, 1969).

Phenylmercury and rethoxyethylmercury are degraded in the body to inorganic
mercury (Report of an International Committee, 1969). Excretion is through
the urine and as inorganic mercury in feces. Goldwater (1964) states that
absorbed pnenylmercury compounds leaves the blood in a matter of hours

and mucih is excreted in the urine.

PhenylImercury has been shown to affect genetic material in a manner similar
to methylmercury; however, since it is excreted more rapidly and is degraded
in the body to inorganic rercury the genetic risk to man would seem to be
much less than in the case of methylmercury. Comnared to methylmercury,
relatively little phenylmercury crosses the placental barrier (Serlin and
Ulberg, 1963).

The toxicity of organic mercury compbounds (including phenvl-and methoxyethyi-
mercury) wnicnh degrade to inorganic mercury is similar to that of mercuric
salts (Report of an International Committee, 1969). o conclusive evidence
of toxic effects have been shown from lony-term exnosure to phenylmercury
salts (Peport of an International Committee, 1969). The Report of an
International Coumittee (1969) recommended a limit at which the average
concentration in air should not ge exceeded during the working day on a
continuing basis of 9.10 mg Hg/m? for inorganic mercury salts and pheny]

and methoxyethylmercury salts.

Inorganic Mercury

Absorotion of inorganic mercury is mainly through inhalation of elemental
mercury vapor or aerosols of mercury salts. Mercury also enters the body
via the skin; nowever, the rate of penetration is slow (Renort of an
International Committee, 1969). Contamination of skin or workclothes with
mercury could cause heavy exposure to mercury vapor by inhalation (Revort
of an International Cormittee, 1969). Furthermore, mercuric salts are
absorbed in the gastrointestinal tract, so that either by direct absorption
in the lungs or by clearance of the alimentary tract, aerosols or mercuric
salts can be taken into the body. Man will absorb via the respiratory



tract 75 to 25 nercent of the mercury vapor at concentrations ranging from
50 ug to 350 ug/m3 (Renort of an International Committee, 1963). Magos

(1967) exposed mice to different concentrations of elemental mercurv vaocrs
and found that the percent uptake of inhaled mercury was ingerse]y related

to the air concentration. At concentrations below 120 ug/m” untake exceeded
98 nercent.

After acute administration of inorganic salts to animals and man, the highest
levels of inorganic mercury are found in the kidneys and the second nighest
in the liver (Report of an International Committee, 1269). The brain
accumulates mercury to a greater extent when man is exposed to vanor than
when he is exposed to inorganic mercury salts (Holmstedt, 1267; Renort of

an International Committee, 1969).

Elemental mercury vapor nroduces its toxic effect after being oxidized to
mercuric ions in the body and this oxidation occurs partly in the blood and
tissues, but mainly in the erythrocytes (Report of an International

Conmittee, 1969). After being inhaled, mercury occurs in blood, partly
unchanged and partly oxidized. In man the placenta constitutes a barrier

to the absorption of inorganic mercury by the fetus (Berlin and Ullberg, 1963).

In man excretion of inorganic mercury is by the kidney, by the liver in

the bile, by the intestinal mucosa, by the sweat glands, and by the salivary
glands; however, urinary and fecal routes of excretion are the most imoportant
(Report of an International Committee, 1962). Elimination from the brain,
thyroid and testes is slow; thus, accurwulation of mercury in these organs

is possible (Report of an International Committee, 1263).

Intoxication from mercury vapor or from the absorntion of mercuric salts is
due to the action of mercuric jons {Report of an International Conmittee,
1959). The kidney is the critical organ after acute exposure to inorganic
mercury salts; however, the central nervous system is the critical organ

in long-term exposure to mercury vapor (Pepor:i of an International Cormittee,
1969). 1In the case of chronic exposure to mercury vanor it is not clear
wnether mercury levels in the brain or testes reach toxic concentrations
pefore severe renal damage occurs (Renort of an International Cormittee,
1962).

Symptoms of acute poisoning from incrganic salts or nercury vanor are acuie
gastroenteritis, with abdominal pains, nausca, VCﬂ1t1qg, and sonetines bloody
diarrhea and severe kidney injury leading to anuria with uramia {Peprort of

an International Committee, 1969). In cases of chrenic exnesure to mercury
vanor, symptoms involving the central nervous systai are most conro"1v se:ﬁ,
the nrincinal features being tremor an:d psvcnolo iicel disturbances (Penort

of an International Committee, 1962).



The Report of an International Coiwittee (1959) states that evidence fron
USSR indicates that increased excitability of the cantral and autononic
nervous system, together with increased frequency of sligat anemia and |
hGynerthyroidism occurred among workers expesed to 9.21 to 9.93 ra per =°
of mercury vapor. There is a positive correlaticn between the degree of
exposure to inorganic mercury and mercury concentration in urine; however,
this conclusion is valid only on a group basis and does not consistently
apply to individual cases {Goldwater, 1263). Furthermore, there is a
marked variation in urinary excretion of mercury in urine among similarly
exposad persons and a lack of correlation between mercury in urine and
clinical manifestations of poisoning. Egidence indicates that on a groun
basis nercury concentrations of 9.1 mg/m” in air will corresnond to 129

to 300 ug/1 of urine and a decrease in exposure to 3.295 mg/m” should result
in a decrease of the concentration of mercury in the urine to about 5J
percent of these levels (Report of an International Comnittee, 1967).

The Threshold Limit Value (TL!) for non-alkyl foriis of mercury, including
metal vapor has been 0.1 mg/m? for an 8-hour occumaticnal expcsure over a
5-day work week. In 1970 the American Conference of Governmental Industrial
Hygienists issued a notice of intended changes to reduce the TLV to 3.05
mg/m3 (AGGIH, 1970) in conformance with the recommendations of the Neport
of an International Committee (1969). It should be understood that %hese
limits are for occupational exposures only and do not apply to environmental
or general population exposures which would require much lower limits to
protect the public health. The Environmental Protection Agency, in develon-
ing its Mational Emission Standards for mercury under Section 112 of the
Clean Air Agt, is using an allowable ambient concentration of 1.0 ug/m3
(0.911 mg/m3) for a 30 dav average exposure as a working number for
calculating emission standards for sources emitting mercury to the air.

This number includes an allowance for continuous as onpnsed to occunational
exposure and an ample margin of safety as required by law.

The Report of an International Committee (1969) recommended a limit for
mercury vapor in which the average concentration in air should not,be

exceeded during the working day on a continuing basis of 2.05 mg/m“. The
FAQ/:HO gquidelines for permissible concentration of mercury in foodstuffs

other than fish is 2.05 ppm. A study of 642 workers from 21 chloralkali
nlants in the United States and Canada showed a strong correlation between
mercury vapor concentrations in the workplace and nervous system svmptoms
such as loss of appetite, weignt loss, tremors, and insomnia (Smith, et al.,
1970). Tineweighted exposure concentrations ranged from near zero to 370
¥g/m3 with approximately 85 percent of the workers exposed to 197 ug/m~ Or
ess.
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Hazards to Wildlife and Domestic Animals

Wildlife and domestic animals can absorb toxic doses of mercury from their
food. The acute toxicity of rmetnylmercury to birds is in the sare order as
that for laboratory animals, i.e., 12 to 20 mg/kg (Study Group on Mercury
Hazards, 1970). According to the Study Group on Mercury Hazards (1979)
mercury residues in liver-kidney composites of birds experinientally

killed from eating methylmercury treated seeds ranged from 32 to 137 pon
for pheasants, 70 to 115 ppm for jdckdaws and 50 to 290 ppm for magpies.
They conclude that liver-kidney residues of 30 npm in birds indicate
critical exposure and that normal levels are Tess than 1 pnm mercury.
However, Fimreite and Karstad (1971) found that the tolerance level to
mercury may be lower in hawks than in pheasants and chickens. They

found that hawks which died after exoverimental exposure to methylmercury
had rnercury residues in their livers of 17 to 20 pom. Furthermore, they
found that a steady diet of chicks containing 7 to 10 ppm in their liver
was fatal to hawks. The signs of poisoning prior to death of the hawks
were essentially neurological, consisting of weakness in the extremities,
difficulty in walking and standing, and inability to control rwuscle
niovements.

Hens with mercury liver levels of 3 - 13 ppm were found to lay eygs with
significantly lowered hatchability than controls (Fimerite, 1973). 3irds
excrete considerable amounts of mercurvy through nolting and egg laying.
Cats which had been fed fish and shellfisn naturally contaminated with

5.7 port mercury were killed (Study Group on Mercury Hazards, 1270). A
variety of wild and domestic animals are susceptible to methylmercury
poisoning from eating seafood. Takeucni (1970) reports that in the Japanese
methylImercury poisoning of humans at Minamata caused by consumption of sea
food; cats, crows and sea birds also fell i11 presenting such symptoms as
unsteadiness, frequent falling down to the ground and abnormal moverent.
Takeuchi also states that dogs and pigs were affected.

Hazards to Aquatic Life

McKee and Wolf (1963) have summarized the effects of mercuric chloride,
mercuric cyanide, mercuric nitrate, mercurial - organic compounds and
mercury on aquatic 1ife and it will not be repeated here.

In natural waters it is methylmercury which is of primary concern from an
environmental standpoint. It appears, that in most cases, levels of methyl-
mercury in water, which will not result in unacceptable Tevel of residues

of mercury in fish froin a human health standpoint, will protect aquatic life
from acute toxic affects. For example, fish are believed to be able to
concentrate mercury from water by a factor of 3090 or more. Thus, at a
concentration factor of 3000, a level of mercury in water of 0.17 ppb would
correspond to a residue level of 0.5 pom in fish, while a level in water of
0.07 npb would correspond to a residue level of 9.2 pom mercury in fish.



The more subtle effects of mercury on fish e.q., effects upon reproduction
and behavior have not been adequately evaluated. The Study Group on !'iercury
Hazards (1970) reports, that they were informed by Swedish investigators
that when pike were rearad for a season in water containing 2.1 pob of
nethylmercury and then placed in clean water they underwent continuing
mortality. Such low rates of mortality undoubtedly would not be detected
in nature. They also reported that Swedish workers said that a population
of fish from below a source of mercury pollution definitely weighed less

at each age than those taken upstrean from the source. They further
reported that a Swedish worker had snown them data which showed behavior
inadequacy of fish exposed to methylmercury, and that this effect increased
with treatment level and with length of exposure.

Mercury conpounds have been shown to interfere with primary nroduction and

to be toxic to phyto and zooplankton. ilarris, 4Yhite, and MacFarlane (1372)
reported a significant reduction in photosyntiesis and growth in marine

and fresh water phytoplankton exposed to 1 ppb methylmercury compounds. At
levels of 50 ppb photosynthesis was stopped. Ekeles (1962) found that methyl-

mercury phosphate was lethal to species of marine phytonlankton at levels
of 60 ppb. '



IV. SOURCES OF MERCURY TO THE ENVIROIMIENT

+lan-Made Sources

General

ilo complete list of man-nade sources of mercury to the environment exists.
This is especially true for sources to the atnosphere. For examnle,
emissions from cement plants have been detected by the Environmental Pro-
tection Agency source sampling teams. All extractive metallurgy may be
suspected of emitting mercury to the atmosoiere. Emission inventories
published up to this time do not list all sources of mercury, thus the
weight of mercury emitted to the atmosphere is substantially higher than
tested in these inventories.

Chlorine Incdustry

The electrolytic preparation of chlorine and caustic soda and/or caustic
potash utilizing the mercury cell process consumed during 126C aporoxinately
0.5 of mercury per ton of chlorine produced (ilational !faterials Advisory
Board, 1970). In 1967 the discharge from the mercury cell process in Swecen
amounted to 51 to &5 g per ton of chlorine produced resulting in a discharge
of 30 to 40 g to water; 5 to 10 g to hvdrogen gas; 1 to 10 g to the caustic
and 15 to 25 g to ventilation (Study Group on *lercury Hazards, 1979). In
1970 it was technically possible for the Swedish industry &G reduce their
total discharge of mercury to about 2.53 to 1.11 g per ton of chlorine pro-
duced consisting of a discharge of 9.01 to 9.1 g to water; 92.01 g to
hydrogen gas; 0.01 to 0.5 g to caustic; and 9.5 g to ventilation (Study Groi
on Hercury Hazards, 1970). Fimrite (1970) reported a loss of 9.5 1b. per ton
of cilorine produced in Canada by the mercury cell process. There has been

a drastic reduction by the U. S. chlorine industry in the quantity of mercury
discharged to the environment as evidenced by a reduction in the consumption
of mercury by the industry from 20,770 flasks in 1963 to 14,377 flasks in
1979.

Caustic soda and potash produced by the mercury cell process may contain
from 4 to 5 ppm mercury (Study Group on Mercury Hazards, 1972) and since it
is used extensively in other industrial processes and products it is a
potential source of mercury to the environment. Likewise, chlorine produced
by the mercury cell process is a potential source of mercury to the environ-
rment. Also, the hydrogen gas produced during the prenaration of chlorine

by the mercury cell process contains mercury. ‘ithout controls, as uch as
50 1bs. of mercury per 100 tons of chlorine produced would be emitted to tne
atmosphere. End box and cell room ventilation air could emit an additicnal
5 to 25 lbs. of mercury per 100 tons of chlorine nroduced. Controls are
being applied which drastically reduce these emissions.

Pulp and Paper

Prior to 1965, organic mercury compounds (mainly phenylmercury) were usad
extensively in the pulp and paper industry for irmpregnating mechanical
pulp and for slime control. At the present, the use of mercury coripounds
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by the pulp and paper industry is at a minimum. Registrations of wmercury
cormpounds under the Federal Insecticide, Fungicide and Rodenticide Act
for pulp and paper were cancelled in 127). Doureng (12G7) found that
apnroximataly S to 20 percent of the mercury used is discharqged to water-
ways, the rest remaining in the product. However, the mercury contained
in the product would eventually be discharged to the environmment e.j., by
incineration of paper in trash.

The pulp and paper industry is a major consumer of caustic soda. Caustic
soda produced by the mercury cell nrocess riay contain sicnificant quantities
of mercury which may result in contamination of paper products and/cr

result in wastewater discharges.

Laboratories, Hospitals, and Sental Clinics

Hercury is used in commercial labcratories, nospitals, and dental clinics
for variety of purposes, including drugs, reagents and dental preparations,
disinfectants and sterilizing solutions. These uses undoubtedly result in
discharges to municipal sewage treatment plants; nowever, no accurate
astimates of tne total contribution of mercury from these sources are
available.

The Bureau of Foods, Food and Drug Adninistration, Departrment of lHealth
tducation and !lelfare has estimated that 25 percent of an approxirate
209,000 pounds of mercury per year used in dental preparations or 53,799
pounds is lost in particles of amalgam which are scraned off .the tooth

or fall into the mouth and which are then spit out into dental bowls and
hence to sewers (Mercurical Pesticides Registration Review Panel, 1971).

The Bureau of Foods estimated that approximately 390 percent or 109,000
pounds of the total annual use of mercury in dental nreparations is

actually put into teeth. The Dureau of Foods states that this is not
available for absorption to the blood stream until decay sets in and, as

a rule, by this time the amalgam has been subject to leaching and has
reached a state of disintegration. They further state that a substantial
part of such a filling is inevitably swallowed and thus contributes incrganic
mercury to the body load. Some of this mercury in fillings would eventually
reach sewage treatment plants after being excreted by the body.

Paint

Mercury may be discharged to the environment from the manufacture and use
of paints containing mercury by: (1) wastewater discharges from manu-
facturing, (2) volatilization of mercury from painted surfaces, (3) dis-
charges to sewers or drains from the washing of naint brushes, rollers,
containers, etc., used to apply paint, mainly latex, water-thinned paints,
(4) the slow release to water of mercury in anti-fouling paints on ship
bottoms and (5) the discharge *to waterways of anti-fouling paints reimoved
from ships. Data are not available to accurately estimate the amount of
mercury discharge to the environment from these sources; however, essen-
tially all mercury used in paint could enter the environment.
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The slow release of mercury from anti-fouling paints to tha water can be

of significance in localized areas as evident by fish stored in cages in
small boat harbors showing increased mercury levels (Hanson, 1271). In-
creased concentrations of mercury have been found in sediments in the
vicinity of shipyards reconditioning ships previously painted with mercury
based anti-fouling paints. For exarple, in the vicinity of a Ory Dock in
Hampton Harbor, James River, Virginia, the Environmantal Protection Agency
has measured up to 5.2 ppm mercury, dry weight, in bottom sediments. The
Massachusetts Department of Public Health (1971) found mercury levels up

to 83 and 17 ppn in the sediments of Quisset Harbor, Falrmouth and Sinpican
Harbor, iMarin, Massachusetts, respectively. Their investigations indicated
that the most probable source of contamination was the mercurial anti-fouling
paint used in boatyards and marinas.

Catalysts

Industrial use of mercury catalysts can result in significant discharges of
mercury to the environment, e.g., the source of mercury to the environment
resulting in the Japanese instances of methylmercury naisoning was ¥rom the
uses of mercury catalyst in the production of v1ﬂj1cn1or1de (Kur]and et al.,
1960). The Study Group on “ercury Hazards (1971) reported a Swedisnh vinyl-
chloride plant discharged 300 kg per year. Hanson (1971) reports that

prior to 1964, several tons of spent mercury catalysts were uJPD°d in the

sea off the Swedish East Coast. Kurland et al. (1980) found 12.5 ppn mercury
in muds o. Galveston Day adjacent to a hoTding basin where soenu catalyst
used in the production vinylchloride had been dumned. They also reported

tne mercury lost from the reactors in the Texas vinylchloride plant was
flared or incinerated and dissipated into the atinosphere. The EnvironmentaT
Protection hgean has found a considerable number of discharges of mercury

to waterways fror manufactures using mercuric oxide catalysts with sulfonated
anthraquinone products as raw materials to rake vat dyes.

Adining and Refining ;

Considerable quantities of mercury were used in the early days of geld and
silver mining to recover free gold and silver from placer and lode ores.
Undoubtedly, large quantities were introduced into waterways which may still
be present in some instances. The discharge of tailings from the mining

of cinnabar and other metals sulfide ores, are a potenu1a1 source of mercury
to waterways. Johnasson (1970) reported that base metal deposits around the
Great Lakes contain as ruch as several hundred ppn rmercury.

Refining of sulfide ores where the ores are heated in retorts or furnaces
can result in significant discharges of mercury to the air. Stanl (1269)
states that in refining of mercury ores, stack losses of Hercury should not
exceed 2 or 3 percent, although mucn higher losses have recurred. e
estimated that with a stack loss of only 3 percent in the United States
mercury srmelting would emit 50,000 1bs. of mercury into the atmosphere
annually. Furthernore, Stahl points out that the refining of other sulfide
ores emit mercury vapor into the atniospnere.
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Fossil Fuels

The Environment Hagazine (1371) reported that nine power plants in I1linois
and the St. Louis area discharge large quantities of mercury into the
atmosphere, presumably resulting from the burning of fossil fuels. A
Soringfield, I1linois power plant was cited as discharging 5,370 pounds

of mercury into the air annually.

Petroleum, natural gas, and oil field brines all have been reportad to
contain significant quantities of mercury. !nhite et al., (1979) reporis
that crude oils from the Cymric 0il Field, California contain fronm 1,900
to 21,000 ppb mercury and that the natural gases from the field are
saturated with mercury vapor. iercury vapor during transport of these
gases in pipelines conbines with hydrogen sulfide from “"sour" gases of
other oil fields and is precipitated in the pipelines (‘hite et al., 1270).

According to hite et al., (1979) mercury separates from tie crude oil at
the local pumping station in the Cymric Nil1 Field and the yield may be in
the order of hundreds of tons. They renort that light petroleum of the
Abbott Mine California contain 100,009 ppb mercury and tarry petroleum from
the mine contain 500,000 ppb. Tar from a Wilbur Spring District, California
oil test was reported to contain 1,000 opb mercury (‘hite et a]., 973).

0il1 field brines from the Cymric 011 Field contain up to 290 npb uercurv
(White et al., 1970). llanson (1970) reports that Swedish fuel oil may
contain 2-4 ppm mercury while gasoline may contain 2-17 pom mercury.
According to Larson (1970) Swedish fuel oils have an average contant of 3
ppm mercury. There are insufficient data to evaluate the aimount discharged
into the environment from the mining and use of netroleurt and natural gas;
however, discharges to waterways of o0il, oil field brines, the flaring of
viaste gas, and the use of natural gas, fuel oil and gasoline as a source

of power and heat, may be emitting large quantities of :iercury to the
environnuent.

he Study Group on ilercury ilazards (1“71) states that base:d on nraseatly
available information, coa]s in the United States may contain frem a few
ppb to several ppm mercury and that it is reascnable to estimate that the
average concentration is at least 1 ppm. The Study Group further states t
based on an annual consumption of 503 nillicn tons of coal per vear, one
rmillicn pounds of mercury per year would be released to the environment.
However, this estimate may be high, as Ruch et al. (1271) found that 55 raw
coal samples from 19 coal seams in I1linois had a mean mercury concentration
of 9.18 ppm and eleven coal samples from states other tnan Il1linois had
mercury concentrations within the range or sligntly lower than I1linois
coals. The United States Geolozical Survey renort "ercury in the
Environment" (1979) states that typical samples of bituminous coal from the
United States contain from 1 to 25 ppb and many anthracite coals contain
from 1,290 to 2,700 pob. Pit coals in Sweden have a mercury content ranging
from 60 ppb to 400 ppb (Larsson, 1972). Presumably, when coal is burned,
the mercury which it contains would be distilled off into the atmospnere.

H s
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Sewage Treatment Plants

The mercury content of sludge from sawage treatrent nlants aqive a good
picture of mercury emission froi urban areas. Larsson (1972) found

that sludge from some 30 towns in Sweden had mercury concentrations rang-

ing from 0.8 teo 40 mg/ig dry weight. The high levels were found in strongly
urbanized areas with richly differentiated industry. Larsson (1079) states
that purification of the sewage water may lead to a reduction of mercury up
to 97 percent. One treatment plant in Stockholm, serving 500,700 inhabitants
discharged to the receiving water about 350 kgs per year of mercury (Hanscn,
1971). The Environmental Protection Agency measured mercury beinu discharged
at the rate of approximately 2,700 1bs per year in the effluent of the 'hites
Point District, Los Angeles Sanitation Sewage Treatment Plant outfall based
on a 24 hour composite sample taken during the fall of 1670. Also, mercury
was measured being discharged at the rate of anproximately 2,709 pounds per
year from the Hyperion, Los Angeles City Sewage Treatment Plant outfall basec
on a 24 hour composite sample. The sludge produced by this plant, which is
deposited at sea, was estimated to contzin during a yvears tine approximately
1100 pounds of mercury. The incinaration of sewage sludge containing mercury
can result in discharges of mercury to the atrosphere, e.g., the Environment
Magazine (1971) reported 570 lbs. of mercury per year baing emitted from
Chicago's Stickney Sludge Oryer Incinerator.

Uses of mercury at woste water treatment nlants wnich may result in mercury
being released to the system are: (1) mechanical shredders (comminutor)
utilizing mercury seals, (2) flow meters and rate of flow controllers and
(3) rotary sewage flow distributors utilizing mercury seals. The Environ-
mental Protection Agency estimated that during 1271 anoroxirately 2.5 tons
of mercury were lost to the environient from rotary sewage flow distributors
at runicipal sewage treatment plants.

Mercury contained in the effluents of wasiewater treatment plants, as well

as the common practice in same nlaces of disposing of sewage sludge at sea,
will result in discharge of mercury to the aquatic environment. Incineration
of sewage sludge will result in discharges of mercury to the atmosphere.

Incineration

Incineration of materials containing mercury, such as wood, paper, trash,
batteries and used containers, will result in discharges of wmercury to th
atmosphere. During 1270 the Environmental Protection Agency measured an
average of 2.4 pom mercury in 11 samples of refuse cellacted frow § different
incinerators. The Environment Hagazine (1971) reoorts that 5,499 nounds of
mercury per year is being discharged to the air from Chicago's Calunmet
Incinerator.
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Phosphate Rock Industry

The United States Geological Surveys' unpublisied preliminary analysis of
natural phosphate deposits reveals that llyoming ohosphate deposits contain
from 93 to 2700 ppb mercury while Florida deposits range frem 12 to 119 pnd
mercury. Phospnate rock is utilized for the production of phosphorous and
fertilizers. In the production of phosphorous by electrolytic furnaces, it
is assumed that mercury contained in the phosphate rock would be volatilized
and emitted to the atmosphere. In the production of fertilizers, waste
water discnarges could be a source of mercury to the water environment.
Hanson (1970) found that in Sweden a fertilizer factory with a production
rate of 50,000 tons of phosphorous pentoxide resulted in a loss of 229 kgs
of mercury per year to the water.

Raw Materials and Basic Chemicals

As mercury is found as a trace element in rocks, sands, etc. it is possivle
that significant amounts of riercury are entering the air and watar environ-
ment from the processing of raw materials. Hanson (1972) found significant
amounts entering the environment from such sources in Sweden; however, sucn
data are not available from the United States. He also found significant
amounts, up to and exceeding 0.5 ppim in the basic chemical, sulphuric acid.

Agricul tural Use of Pesticides

Agricultural use of mercury based pesticides can be a significant source of
mercury to environment. The use of mercury based fungicides to treat seed
grain flooded after planting (e.g. rice) can be a direct source of mercury
to the water environment. The tnvironmental Protection Agency estimated
that 9,530 pounds of mercury were applied to the rice growing area in
Louisiana during 1969, including 1,563 pounds in the Calcasieu River water-
shed. Seed grain treated with mercury based fungicides can be a significant
source of mercury to wildlife feeding on such grain. The drainage of vats
used for the dipping of bulbs, corms, broom corn, logs and lunber in mercury
based pesticides, is a potential source o7 mercury to soil and watervays.

Considerable quantities of mercury based fungicides are used on turf, in-
cluding golf greens and tees fairways, parks, cemeteries and house lawn

[t is expected that runoff from such areas under some conditions could result
in the discharge of mercury to waterways; however, little data are available
to determine how significant of a source this is. Frequent use of turf
fungicides may lead to significant accumulation of mercury in soils, since

as much as 15 1lbs. of mercury is added to each acre in a single anplication
(Coer, 1944). Considerable quantities of raw logs and lumber are treated
with mercury based pesticides. After treatment, lumber is dressed prior to
use and the shavings may be used in the manufacture of paper, wallboard, or
as fuel which when burned would be a direct source of mercury to the atsioshhere.
The use of a mercury based preservative to treat downed timber after a
hurricane has been reported as a possible source of inercury contamination of
remote Hew England lakes and poncs. '



Use of Pesticides in “ater Systeus

The use of mercury basec biocides in water systeams, with the subsequent
drainage or spillage of such water can result in significant discharges
of mercury to the water environment. !lercury based biocides have been
used extensively in swinming pools, industrial water svystess, cooling
towers, heat exchangers, air conditioners, laundry systens, etc. Billings
(1979) reported that discharges from a Taundry using annroxinately 5 1bs.
of PHMAS-39 (phenylmercuric acetate) per day as a mildaw inhibitor was
sufficient to cause serious rercury contamination of fish in the Irecn
River, Michigan.

Containers

The disposal of empty containers previously usad for the holding of mercury
products are a potential source of rnercury to the environnent. iUsed
phenylmercuric acetate drumis were a source of nercury o Soon2 Neservoir,
Tennessee, resulting in fish kills. During the neriod July 2-13, 1937,
over 530,000 fish were killed, while during tae neriod lMay 2-13, 1732, over
2,309,000 fish were killed (F#PCA, 19G2). The drums were used as flotation
devices at boat docks or were floating derelictts.

Miscellaneous Sources

The manufacture and fornulation of mercury commounds ( nesticides),
sercury reclaiiing, broxen clinical thernometers, disnosal of electrical
apparatus containing mercury, etc., all are potential scurces of mercury
to the environuent; howevar, data are not available as to how significant
these sources are.

ilatural Sources

Soine geological formations contain significant quantities of mercury.
Hercury Troin such sources can be enitted to the environment by leaching and
volatilization, and this may account for high concentration of wmercury ia
bodies of waters with no known man-rade sources of mercury nollution (Study
Group on Mercury Hazards, 1973). According to Jonasson {1972) it is highly
orobable that lake areas overlying mineralized clay sediments, or black
shales which may contain up to 2 ppm of mercury will contain considerable
mercury in their waters.

Areas naturally high in mercury are believed to be associate
of volcanic activity. Klein and Goldberg (1972) reports tha
Fisher (1969) found between 1-2 and 429 ppb mercury in pelagic sadiments

(on a calcium carbonate-free basis) on a traverse across the Fast Pacific
Rise. The highest values occurred on the crest of the ridge in a zone of
high heat flow and it was suggested that a cegasing of the mantle through
volcanic activity governs the mercury distribution pattern. !'hite et al.,
(1979) reports water condensed from volcanic funaroles have been found to

with areas
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contain 0.3 to 6 ppb mercury. They also reported mercury content of
thermal and mineral waters from the northern California coast range up
to about 5 ppb and 20 ppb mercury. In the Aqua deilley Soring of Siskiyou
County, California, the mercury content of precinitates of themal
springs range up to 500,000 ppb (ihite et al., 1979). Shacklette (1972)
points out that anomalous concentrations of mercury gre found in_air
over mercury rock mineral deposits (up to 1,592 ng/m” at cround Jevel
and 55 ng/m~ at 400 feet above ground) and that srall amounts are found
in air over nonmineralized arecas.
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V., ENVIRONMENTAL DATA FRO' HORTH AMERICA
Poisonings
Han

Curley et al., (1971) has described the Alamogordo, ilew Mexico tragedy
where a family was poisoned from eating meat from a hog fed mercury
treated seed. In August of 1969, “ir. Huckleby and five of his neian-
bors obtained waste seed from a local granary which they used for hog
feed. The grain had been treated with an alkylmercury fungicide, either
Panogen or Ceresan. !Mr. Huckleby began feeding his hogs the grain in
late August or early September. After 2 to 3 weeks, one hog was
slaughtered and the family ate the meat for the next 3 to 5 months.
Three of the feeder pigs developed blindness, lack of coordination,
and posterior paralysis by mid October and 12 of the 14 nigs died in
the next three weeks.

During December three of *r. Huckleby's children becare seriocusly i1l

and mercury poisoning was suspected. They showed symptomns of ataxia,
incoordination, blindness, and loss of consciqQusness. A level of 29.4 pom
mercury was measured in the nuscle of the hoa which fir. ilucklehy fed his
fanily, while 32.8 ppm mercury was found in the grain feed to tae hoj.
Jrine saimples obtained from 'lr. iuckleby's children on January 2, 1270 had
levels of wercury of 2.16, 0.21,0.23 and 2.25 pnin. At the time the children
pacamie 111, Hrs. Huckleby was pregnant and three montas later the baby was
born. 0On January 3, firs. Huckleby's urine contained 7.95 »ra #ercury and
on February 11, it contained 0.18 ppx. Concentrations of rercury in the
newborn baby's urine ranced from 2.70 ppm at delivery to 1.56 ppm several

- days later, indicating placental transfer to the fetus.

Curley et al., (1971) states; "these data clearly show that wercury accu-
rwlated in animal tissues and human bedy fluids and confirir that conpounds
containing organic mercury were, in fact, the causative acents in the
poiscning incident." Curley et al. (1971) states that zetails of the
epicemiology, symptomatology and diagnoses, and the clinical history and
treatment of the patients for mercury poisoning will be reported by the
Center for Disease Control in a report which is ncw in nreparation.

Recently, at a Congressional hearing, Or. Roger Herdman, Denuty Comrissioner
of tne Hiew York State Department of Health testified that a dieting woman
who ate swordfish twice a day for more than a year had been diagnosed as a
victim of mercury poisoning.

Domestic Animals

There are a few reported instances of poisoning of livestock from ine
misuse of mercury-treated seed. *ost of a herd of 44 aduli swine and

5 litters of pigs fed several weeks on a diat, one half of wnich consisted
of seed grain treated with a melthywercuric comnound, died within a three
month period (Kahrs, 195%).
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In June of 1979, a resident of the Yashington, J. C. area, reported to

the Federal idater Quality Administration, U.S5. Jepartment of Interior

(now part of the Environmental Protection Agency) that his cat was showing
syriptoias of mercury poisoning. His description of the symptoims were
almost identical to those which Xurland (1963) reported for nethvimercury
poisoned cats fron {linimata, Japan, i. e., unsteaciness, frequent falls,
circling movements and convulsions. This was of interest, as Pakeuchi
(1970) has pointed out, the sensitivity of human beings to methylaercury
is presumed to be higher than in the case of cats. The owner of the cat
reported that he had been feeding the aninal an. alriost exclusive diet of
snielt, which he purchased from a local food store and stored in his home
freezer. The packages of smelt which he currently had on hand were narked
as being from the town of Erie, iichigan which is in the vicinity of tne
Jdetroit River, Lake St. Clair and St. Clair River, all known to have
mercury pollution problems.

The cat subsequently died and kidney and liver tissue samples were

analysed for mercury by the United State Air Force Environmental iiealth
Laboratory, Kelly Air Force Sase, Texas. Tne lab renort contained the
notation that the samples were treated in a low temperature asher and a
nossibility exists that at one tine during the process the temnerature
might have gone higher causing a loss of mercury and, that if error exists,
the renorted results are Tow. The mercury residues measured in liver and
kidney tissue sawples were 63 ppn and 7 pom, respectively. Takeuchi (1272)
reported that cats affected with imethylmercury noiscning froni Hlinamata,
Japan nad mercury levels in liver samples ranging froii 37.0 to 145.5

nom for 15 cats, while mercury levels in kidney samnles ranged from 12.2
to 36.1 ppm for 7 cats. He also reported those cats not affectec with
methylmercury poisoning nad mercury levels in liver samnles rzanging from
3.6 ppm to 6.6 ppi for 13 cats wiile mercury levels in kidney samnles
ranged from 0.1 to 0.8 ppn for 10 cats. Based on these -data, the cat is
definitely suspect of being a victin of methyluercury poisoning.

11§1d17 fe

According to the United States Fish and %ildlife Service (1977) tro bald
2agles found dead in !linnesota during 1277 had lethal amounts of nercury
in their kidneys. Residues levels in their 4idneys wera renoriad to be
139 and 117 poa mercury. The Study Group on '‘ercury iazards (1779) con-
cluded that liver-kidney residues of 30 pnrr in birds indicate critical
exposure. The Fish and 4Yi1d1ife Sewrvice (1977) stated that they belisvad
the eagles were picking up the mercury througa ingestion o7 fisn.

Fisn

Fish kills due to mercury, even though not coriion, are not unknown. In
3oone Reservoir, Tennessea over 500,733 fish were killad Juring the paricd
from July 9-13, 1968, wihile over 2,370,200 {ish were killed curing che
period from {lay 9-13, 1962 by phenyluercuric acetate (FIPCA, 12£)D).
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Environmental Levels

Air

Very little is known about the quantitive or qualitative aspects of mercury
in the atmosphere. The Study Group on !lercury ilazards (1972) points out
that mercury may occur in the atmesphere as a vapor or as an aerosol or
both, and niay be present as organic or inorganic aercury. Since inethyl-
mercury is volatile it is likely that some of the atwmosnheric nmercury is

in that form.

4illiston (1963) found that ia the San Francisco Bay area (Los Altos)
concentrations of mercury in the atmospnere gange from cver 9.5 To 25 ng/n¥
uuring the winter and from over 1 to 52 ng/m¥ during the sumer. He

found that concentrations depended upon wind direction, wind sneed, and
seasonal temperature variations. Hign levels ware found always to cecin-
cide with high smog levels. Accogl1n to Fleiscaer (1273) ‘“DO]]J»G-

air conta11s 1 to_perhaps 10 ng/m~ 1mercury while in the case o- "hatyral

pollution" over mineralized areas the air will contain up fo 62 ng/m?
mercury. “c-artn/ et al. (1972) concluded that the natura 11v occirring
mercury content of air is h1Jnest over areas %1ﬂre ithe rocks are richest
in nmercury,,ranging from 2,209 to 22,709 _ng/m” av the s”rfACQ and fron 20
to 103 nc/n“ at 400 feet above cround, Tnn/ state that the naximum
content of mercury in air is found near miduay; lesser anounts in the
morning and evening; and minimum amounts near ri*ni\ﬁt. netartay et

ID(‘

al.

(1979) found that the background concentrations of mercury in air :t':_
209 feet above ground in the SOUL'”ESLer1 4.5, ranme fron 3 te 2 na/mv.
A recent study of airhorna marcury concentrations by Ihe Envivonuiental
Protection Agency in seven JP ag araas shoved naxinun 24-hour levals
ranging ‘row 1ess than 309 ng /'J the mininun Jetectable valuz) in Altoeona,
Pnnn5j1van1a, to G190 ng/m~ in iew York City. The rencrt of this stuzy
has not yet been published, but saculd be in nriat in the near Ffuture.
The State of ‘lisconsin conducted % study near a chlor-zliali nlant anu
f-'an ]e\/e]s as nicih as 3300 n"l/" neer ..-10 scuyrca (PubHc Int2rvenor's
Report on :iercury Kir Po]]utlon State of Uisconsin, 1971). The Sta £g
of liew York has teasured 1rborne concentrations as-high as 2370 ng/nv

for 24 nours in a non-industrial urban area (Perscnal commun1cat e8NS,
siewr York Department of Environsiental Conservation, 19071).

Dr. 0. J. Sibbet of Geomet, Inc. ran a test of mercury levels in a rco
ufu-r nainting with an 1nter1or latax paint. The rnoi had nnt beon
painted for over & years prior to th tast. Mith <oors and wiadows
closed, ne found a level of 9.3 ng/mY before anglicatinn of naint. After
painting the initial readings were about 4 ng/x° tar 270 hours readings
ranged from 1.3 to 1.7 ng/m3. The readings u-cr_uscd rapidly the first
few nours. Readings were decreasing very slowly the time the test
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Table 5 Summary of total mercury measured in water samples from U.S.]
rivers and lakes obtained during October and Hovember, 1970,/

Number of samples with ug/l

- 77
State <.5~ .5-.9 1.0-1.9 2.0-2.9 3.0-3.9 4.0-4.9 5.0-5.9 6.0-6.9
Alabzma 18 - - - - - - -
Alaska 8 - 1 - - - - -
Arizona 10 - - 1 - - - -
Arkansas 10 3 - - - - - -
California 6 n 10 3 - 1 - 1
Colorado 17 2 - - - - - -
Connecticut 24 1 - - - - - -
Delaware 3 - - - - - - -
District of Columbia 1 - - - - - - -
Florida 8 4 3 1 - - - -
Georgia 17 - - - - - - -
Hewaii 4 2 2 - - - - -
Idaho 5 1 1 - - - - 1
11linois 13 2 ] - - - - -
Indiana 19 2 - - - - - -
Iowa 8 1 2 - - - - -
Kansas - 4 4 2. 1 ] - -
Kentucky - -3 3 1 - - - - -
Louisiana 11 1 21 - - - - -
Maine 6 1 - - - - - -
Maryland 13 . - - - - - - -
Massachusetts 8 6 . - - - - - -
Michigan 15 4 - - - - - -
Minnesota 12 1 - - - - - -
Mississippi 8 - - 1- 1 - - -
Missouri 9 - 2 1 ] - - -
Hontana 8 - - - - - - -
Nebraska 7 2 1 - - - - -

" Nevada 3 4 1 - - - - -
New Hampshire .3 1 - - - - - -
New Jersey 18 - - - - - - -
New Kexico 15 - - - - - - -
New York 27 6 - - - - - -
North Carolina 21 - - - - - - -

" North Dakota 5 1 - ] - - - -
Ohio 9 8. 7 - - - - -
Oklahoma 9 2 1. - - - - -
Oregon 13 - - - - - - -
Pennsylvania 42 | - - - - - -
Rhode }sland 4 - - - - - - -
South Carolina 16 - - - - - - -
South Dakota 5 1 - - - - - -
Tennessee 10 2 - - - - - -
Texas 27 - 3 - - - - -
Utah 8 2 1 - - - - -
Vermont 3 - - - - - - -
Virginia " - - - - - - -
Waskington 13 - 1 - - - - -
West Yirginia 12 - - - - - - -
Wisconsin 15 - 1 - - - - -
Wyozing 9 - - - - - - - -
Puerto Rico 10 - - - - - - -
Total 579 79 44 10 3 2 0 2

Y/ Summarized from Durum et al, (1970),

2/ Below detection limit.
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was discontinued after 200 hours. The rogm was osccasionally ventilated!
and the readings dropned to about .2 ng/m3. ‘'Men the roont was again clcse:
the reading approached the before ventilation readings after 1onr0‘1'ate1y

three hours.
Hater

The United States Geological Survey, Departnent of Interior analyzed weter
samples obtained during Jctoder and iloveawber 1279 fron U.S. rivers and lakes
for both dissolved and total : ercary (Curum et al., 1971). Samnling sites
vere: (1) surface water sources of nublic water supplies for cities of mora
than 109,900 popu]au1on, or for sore States, the largest city in the State,
(2) water sources dov nstrcam from major municinal and/or industrial couinlexes
in each State, and (3) U.S. Geological Survey bench rnerk stations established
for measuring long-tern natural trends in stream f]o: and water quality.
Dissolved mercury was found to range fror belou the lower linit of detection
of 3.1 to 4.3 ug/1 and was found in 7 percent of the sarples. Concentration
of total mercury above the detection limit of 7.5 ug/1 were measured in 149
out of 719 saniples (Table 5). Concentrations of 'erCJrj ranging from 2.5 to
O 9 ug/1 were measured in 79 samnles waile concentrations frou 7.0-1.0 ua/l;
2.0- 2 9 ug/1; 3.9-3.9 ug/1; 4.9-4.9 ug/1; 5.@-5.9 ug/1; ahd 6.0 ¢ °c
were measured in 44, 10, 3, 2, 0, and 2 samples, resnectivaly (Table 5).

lZ'J\

un
“o

dershaw (1972) renorted that 73 samples from “riuﬁ” States waters analyzed
for dissolved “ercury Jdr1ﬂg iy - uuly 1879, ranged in concentration fron
less tinan 0.1 to 17 poo. Of the total, 34 wera bnlo” the detaction lirit
of 0.1 ppb while of the remainder, 27 wera from 9.1 to 1.7 nob; 19 were frr
1.0 to 5.2 ppb and two were over 5.2 pnh. ile concluded that the mercury
content in unpolluted rivers or where mercury deposits are not known are
less than 0.1 ppb. Jenne (1971) also concluded that nercury concentrations
in major U.S. streanms are cormonly less than 2.1 pob but may reach 2.5 nnb
or more below sources of contamination. Pierce et al., (1273) tabulated
statistics on the mercury content of stream sediments. Fron these Jdata he
concluded that any stream sediment containing rere than 1 npat mercury is
possibly from mercury :ineralization cor surface contamination by ercury-
bearing wastes. Klein and Goldberg (1972) renorted that concentrations of
mercury in dried sediments off the cecast of Zalifornia variad fron .92 to
1.0 ppin with the highest Tevels closez to sewar outfalls.,

Hammond (1979), states that measurements of the oceans made 3G years acoe
indicate a range in rercury content of 9.73 to 2.2 pph, but recent
measurenants with nodern tachniques scem to averas? close te 2.1 nnb.
The form in which mercury is found in the oce2ans is unknowm.

Land

Sreen (195%) estimates that the averace abundance of ercury in the earth's



38

crust is 63 npL. iHercury content of rocks in tha 2arth's crust range froo

12 npb to 20,290 ppb (U.S. Geological Survey, 187)). Igncous rocls i.e.,
those formed by melting and cccling, are the basic source of percury and
these contain less than 200 ppo mercury and average 122 onu (.S, Geological
Survey, 1979). The United States Geclogical Survey (1277) reports that soil
averages 190 pob mercury and varies within reletively narrow limits; while
sedimentary rocks average less than 199 pnb mercury and seldon cxceed 250

ppb except for certain organic-rock shales which may contain 17,992 npb

or more mercury (U.S. Geological Survey, 1272). X more recent United States
Geological Survey report (Shacklette et al., 1271) reported that the average
concentration of mercury in soils thrcougnout the United States is 71 npb,
with the average in the wesiern States being 55 ppo and the average in the
eastern States being 9C¢ ppb. The maximum concentration found was 4,509 pnb.
leiss et al. (1971) measured the mercury content of glacial ice fron Antartica
and GreenTand. Samples of ice deposited prior to 1952 had an average nercury
concentration of 60 ng/kg ranginc Ffrom 32 to 75 nz/kg while samples of jca
deposited between 1552 and 13565 had an average nercury concentraticn of 125
ng/kg ranging fron 27 to 233 ng/kqg.

Residue Levels

Goldwater (1964) reported ranges of riercury concentration in blood for £
~States in the United States. he reported that mercury in &ll of 17 samnles
from California were below the detectable limits of .095 onii, wiile 34 out
of 40 blood samples fror: dhic, 5 out of 14 blood saiples from 'iissouri, and

38 out of G5 dlood samples froia ilew York were bDelow detectable limits.
flercury concentration in the blood samples from Dhic ranced un to 0.29% pnm,

foo |

wnile blood samples from 'lissouri and Hew York ranged up to 3.77 and 9.240
npri, respectively. Thus, at least some of the blood levels were above the

7.92 ug/g (approximately 9.02 ppm) considered as an accenta:le lavel in
wnale blood by Berglund et al. (1971). Goldwater (1944) docs not present
data as to what form of mercury was present in the blood sauinles; however,
he did state the few high values strongly suggest some unreceosnized unusual
exposure G inercury.

Jervis et al. (1970) analysed hair samnles from rasilents of the lenora-
Dryden District and the Lake St. Clair area in Canade whicn had a Xncwm
nistory on tie frequency of fish consumption froa contaminated water. Thay
state that nearly 75 percent of the persons tested nad abnormal lovels
in their hair and several had concentrations of 52 to 122 ppri corresnending
to their practice of having one to five meals per week of fish durina the
nrevious 10 nonths, while those wiho had less than 1 real per two weeks
2]

during this period had essentially normal concentrations of mercury in &

iy
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nair. An examination of the data they presented in their rencrt showed
that 20 out of 37 hair neasurements exceeded the 5§ ua/g level of mercury
in hair considered as acceptable by Berglund et al. (1971).

Martz et al. (1971) renorted on the mercury content of hair from residents
of Angwin, california. They found that concentration of wmercury in hair
of approxinately nclf of the local elementary school students was hich,
Serial analjses of the hair establisihed that mercury concaentration in the
hair of the high scnoo] subjects reflected an exposure dating back approxi-
mate1/ eig 1Leen rionths earlier. They subsequantly traced the exposure of
tihe cH11hren with nigh mercury 1eve1s to swirming in an institutional nool
treated with a phenylmercuric acetate algicide. n January 11, 1971, they
measured 273 pnd of mercury in the peool, after a regular scne:dule of treat-
ent with the algicide for 10 waeks. An av“ragﬁ of 37.5 npnoEercury wWas
found in the hair of 22 children wihich had been expesed tc percury in the
pool. Since some of the hair in the "n1lur"n naJ growin since tie ciildran
werg axposed te mercury from swinming, the hair was nnt sutjectzd directly
to the mercury in the water. Since such hair still containol qrcury, the
auchors conc]-ueL that 1t must raeflect an internal axnnsurs o arcury.

Agquatic Lifa

For all practical purpcsés nn measurégrenis of =ercury resiiues in Unilad
as fish existed nrior to -pr11 .‘ 1“7?. “a ovarall co ation aas

been nmage of mercury rasicuss found in cqumuic 1iTe by varicus Siaze,

Feueral, public and private investiseaters; however, thz occurance of suga

rasidues has ba2en widespread.

suhler et 'g_ (]971, found that the rercury content of nuscle tissue
exceeded the 0.5 ppii paxinum gui e11n=s sat b/ we fcon and Jrug Aduinis-
tration for approxiriately 05 percent of ths brown bullazad rro. yaricus
rivers, lakes, and bays in Californinia, Idzhc, Tragon, and: 511nJ,3n.
The guideline was exceeced in 74 percent of the northern squawvish, 37
nercent of the channel catfisa, 47 percent of the 1argeaou,. uass, anc
11 percent of the white sturgeon. Duhler at al. (1071) 2150 reparted o
crayfish from the Columbia River downstrean from _orfv1c., Jashington cos
tained an avarage nercury concentration of 2.132 pou.  febhards (1371)
found that of the 160 fish saiples graljzef for sercury content from [d2ho
waters, 12.3 percent were at or-excesdes the 2.5 por: Feed and Drug Adrinis-
tration guideline. He also reportec that the mercury content of 45 nercent

hhi I
I or

of the channel catfish and 39 percent of the yellow perch exceedsc the 2.3
poin cuideline. Henderson and Shanks (1571) found r2rcury concantr aticns
above a detectable limit of 2.25 ppmy in 15 of 143 corposiic sarnles of fisa
collected by the Bureau of Sport Fisheries and Hildlife in the fill of

1969 as part of the :lational Pasticide ilonitoring Proaran. Yalues rangzad

frowr 9.26 ppm to 1.25 ppui percury net weight whole fish.

Anas (1971) seasured mercury in fur seals collected on the Pribilof Island,
Alaska and oif iashington in 1270 and found all szainlas contained .ercury.
He found miean mercury values for liver tissu2 fo be 0.23 npii Tor 15 pudns,
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10.2 npii for 29 two and three year old males and 57.2 nmn fnr 22 females
in ages 5-19. The nighest value obtained wes 172 pni: wercury in the
liver of a 19-year- -old female.

In August of 1970, tha Federal Hater Quality Administration (1277) nade

a survey of State Sirectors of Fish, Game an< Consarvaticn Sepertiant

for information on the mercury problem as it is related to the natural
resources under their jurisdiction Eighteen out of the 4f states respond-
ing reported that residues of mercury in excess cf 3.5 nnn were present in
fisn in their States; however, a considerable numbor of the States reperted
that they were only getting started in a mercury testing prograii. Texas
also reported that in Lavaca Bay oysters they found up to 5 nom mercury in
an oyster bed balow an industrial discharge of mercury containing wastes.
Low mercury levels were found in oysters from beds in the outer estuary.

Aquatic Birds

Following the Canadian discovery of high mercury levels in the fish of Lake
St. Clair, the Bureau of Sport Fisheries and YWildlife, U.S. Senartnent of
Interior undertook a prelinminary assessient of mercurv residues in birds

and their eggs collected on the St. Clair Flats Public itunting Grounids
during the per1od of !lay 21 to 23, 1970 (Dustman n» al., 1273). llercury
residues were found in liver of great blue herons up to 175 pon while 23 pnu
were found in their carcasses. Thev also found mercury residuss in liver of
common terns up to 39 ppr1 while 75 pnom were found in their carcesses.
Dustman et al. (1973) pointed out that these residuass are comparadble to
those in birds frou Sue*en that died under experimental desages with mathyl-
mercury and in birds that died under field conditions in several °raﬁc1nav1an
countries.

Dustman et al. (1979) also reported that mercury residues in *the egos of 2 of
5 terns, a grebe and a malla vl ranced from 1.3 te 2.9 porm. Mercury in breast
nuscle of 4 out of & ﬂallarc;, one out of 4 31”n-w1nf°' +°a1 and in all of
four lesser scaup exceeded 9.5 D“’. Alse mercury in une orzast muscle of one
bird of each species excesced 1.7 pnn. Tﬁe man T rRrcury ”ou;:1,r3L1c1 in
che liver of each species was to G oo, mail e* Ml. (1272) concluued
that many birds wnichh uepended upon water ar;a; in The Lake St. £lair region
nave hig h residues of wercury in their tissue and eggs, "WOhSurJ’1lf e
extension of the water pellution problen intc the arshland enviromicnt.

1.7
5

Daskett (1970) reportad that mercury residues in fulvous tree duchs and

mottled cucks col]ncteﬂ in 1257 61J 19873 from the rice fizlds of the Texas
Gulf Coast exceeded 0.5 ppa in 2 of 2 adults as did whola-body readings for
2 duck]inys. Inly one of the eijh; adult or yearli; g nintails collected

auring the breeding season in fiorth Dakota had more than 2.5 po mercury
in breast ruscle and rangad from 0.032 to 2.2 pnn (laskett, 1370). Five
of eigat shovelers collected from the same location had nore than 3.5 ppi
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in their breast nwuscle ranging From 3.17 Lo 2.26 ppii. Basikett (1“‘“) also
atad that 39 scaup taken at Lake St. Clair in the winter by the lichigen
Department of iiatural Rasourcas averaged 0.& pnmi in breast nusc]e.

ermeer (1971) reported on a survey of uercury residues 1n cornosite 239
samp]es of aquatic bird species collected from Alberta, Saswatchawan and
Hanitoba, Canada. Hercury residues were reporied for California qull
ranging from 9.1 to 9.4 ppir while ring-billed gull ransec fron 2.1 to O.E
ppri; Franklin's gull ranged from 2.13 tc 9.13 npri, ilerring qull ranged 0.3
to 1.0 ppin; comwmon tern ranged from 0.1 to 0.72 pom; double-crested cor-
morant ranged from 0.3 to 9.7 pom; white pelican ranced from 3.1 to 2.4 pom;
great olue heron rangeu frory 9.2 to 8.4 pom; Mlestern gr:Je ran;-u from 5,03
to 9.17 pRId; American avocet ranced from 2.15 to 0..,, Canada goosa ranged
from 0.23 to J.05 ppu; mallard ranged freom 0.72 to 2.76 pnor; gadwall ranged
from 2.1 to 9.3 pom; and lesser scaup ranged from 9.33 to 9.2 nopri. The
nighest mercury levels were tound in herring gulls which 2y se relatac to
iuS fish eating habits. Ilercury resicues in 11v;rs of Zalifornia gull

females were reported to average 5.5 times higher than in their aqggs.

Otner Birds

Dale (1979) reported that pneasant tissues collected in 196& at five loca-
tions in California had rmercury levels ranging up to 5.50 pmii. O the
23 nheasanc tissue samples analyzec 10 were above 0.13 pom. In 17372, 13

1

]
npneasant tissue samples collected in the Tule Lake arza, ,‘11.0r“1a ranged
from 1.6 to 6.76 ppm, wnile ! onuana pheasant and hHuagarian pa ":r1dg h
mercury resicues in tissue rangi wg from 9.05 to 92.32 pon and frow: 2,37 o
2.3 ppit, resnecL1ve]/ Buhler et al. (1“71 ) reported on nercury residue
of 137 ring-necked pheasants coTT'ecLeu fron afrwcultura] arcas of Jregen
during 1970. They found mercury residues exceeding 7.5 ppm in birzasc

@

ruscle in 2 out of 59 birds from Umatilla County, 5 out of ’4 oirds fron
Jillamette Yalley and 7 out of G4 birds from Malaeur Zount A omajority

of mercury present iin the tissue was in the forn of ;9*1/1 cxrv Alsa,
they found that the concentration of mercury in pheasant liver was
normally about 2 1/2 times as great as that found in muscle. Griffith
(1971) reported that laboratory findings revealed that virtually all of
the mercury in California pheasants was in the feorm of wmethyliercury.

The August 1970 survey of State Jirectors of Fish, %ame and Conservation,
Departments conductec by the Fede

deral Yater Quality Acministrztion reveaiad:
(1) that California had found up to 4.7 pom morcury in pheasant flesh,
(2) Colorado had found from 9.24 to 0.5 rercury in nheasanis, 5.4 to 2 ppu
in pheusant 23gs, 9.04 to 15 ppm in sage greuse and 3.75 o J.4 npa in bang
tailed pigeons, (3) ldeho had found from O %o 7 oo mercury in nheasants,
and (r) Oreqgon had found that J of 34 oheasants : na]-zef containad GErcury

avels 1in breast tissuye in excess of 7.5 ppr.
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The Alberta Interdenartiental Cormittee on Pasticides (1277) roported
that pheasants and Hungerian partridge collected fros sauthern Alhzria in
1952 contained an average concantraticn of ercury in the Tlash oFf 2.75
noi:, ranging from 3.24 To 2.72 np. The Tommiitze stated JACKIroU
levels in diological matarial appears fo be Trow 3.705 o 2.732 nprosercury
and, persunablv higher concantirations in Tissua samnles are from some Xind
0‘ contamination. Fimraite et al. {1572) reportzd on mercury residuas in
birds collected from southern Alberta and Southern Sashaichesran iurin;

~

96C and 1969. They found elevated wcrcur/ rasidues levais in tha livars
of ring-neckes pheasgnt ang gray nartri: ige. The ring-pecied paeasant
livers had a wean of 2.0 ppia riercury randing from 2.4 o 5.9 noit wnile
the gray »ariridge livers n1u a mean of 1.1 D E‘fCu“ anj ;ine fron 0.4
to 2.7 ppri. Tnese were tie two specias cf resiuent u?1 nd Go me birds most

fraqaenblj associate with far1 /qrus, roadsides and cultivated fields where
arcury treated seed grain could be found. Lower levels wera found in
other speciaes of birds except for the ilorned Lari which had a neah of 1.5
noii in their livers ranging from 9.92 to 12.2 ppn.  clevated mercury rssidue
levels were found in the egg contents of the najority of the prci:tOﬁ/ birds
saiaples and were most pronounced in the eag53s of the great hornad owl and
red-tailed nawk. The eggs of the Great :orned 2wl aJ a nean percury con-
centration of 1.2 npnt while the mean 1n the e:ﬂs of the red-tui}ﬁd havid

A~ o

had a mean mercury concentration of 2.3 poil, ranging Tron 2.32 to 1.5 nprl,
o J
Food

There are only limited data on mercury rasidues in food. The Food and orug
Aamiinistration conducted a limited study of we.cur/ rasidues in foods as
nart of their Pesticide Total Diet Stqu anc this indicatad uQcktroal,
levels of mercury in crder of 0.702 to 7.795 opmi.  Jervis 2t al. (1773)
reperted on the nercury content of selacted Zanadian foous—( ab1° 5). Thay
found levels of wmercury averaging 254 pno in wheat; 250 onb in flour; % onh
in milk powder, 118 pob in beef-ruscle, 172 nny in beef liver, Z3£ ppb i
perch, 275 ppb in pike, and 415 ppb in wallaye. However, tha Mercur rial
Pasticide Registration Peview Panel (1271) points ou+ that at the Inter-
national Confarence on “ercury, held in Ann Arbor, ichigan, Sexterher 29

to October 2, 1273, questions vere raisa2d as to the vg11m1H/ of the results.
The ! 1ercur1ca1 Pe,t1c1_e Pegistration Reviaw Panel (1271) states that studies
should be repeated to confirm their potential significance frorm a huma:

health 1azard.

The misuse of riercury treated seed is a potential mechenisn by which
grain containing excessive levels of residues of rercury could show un
in the human food suoply. The Food and Drug Adninistration reported that
143 cars of grain at 139,900 1bs. each and cone hundr2d fifty thousand pounds
ot potatoes were saized during 1970 beacause of mercury contanyination
(Mercurial Pesticide Registraticn Review Pane], 1271). Also, during the
period July 1267 through February 19772, tiae Food and Zrug Adninistration
obtained 12 judgments frr vo]unt:r/ dverucL1on of mercury contaminated!
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Table 6 Summary of mercury content of selected food products in Canada.

Commodity No. of Samples Range, ppb Average

Wheat 5 79-400 254
Flour 6 140-380 260
Milk Powder 5 60-180 95
Tea 8 10-110 64
Beef - Muscle 3 10-310 118
- liver 5 14-220 102
-kidney 3 22-130 _ 70
Pork 3 18-170 96
Turkey - muscle 3 12- 33 22
Chicken - muscle 14 25- 61 37
- liver 4 22- 59 46
Salmon 2 8- 32 20
Halibut 2 14- 31 23
Cod 4 27- 80 54
Flounder 2 62-170 116
Scallops 3 9- 68 30
Pickerel 3 150-420 152
Perch 6 200-260 236
Pike 6 62-630 275
Whitefish 5 11-400 189
Walleye 26 80-1540 415
Sucker : 3 50- 50
Hungarian Partridge 18 20- 75 33
Pheasant - muscle 38 6-460 43
- liver 5 5-220 55

Y Erom Jervis et al. (1970).
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grain. An additional party voluntarily followed suit bring the quanity of
destroyed grain to about 14 willion 1bs. (Mlercurial Pesticids Reqistration
Review Panel, 1971). :

Fishing and Hunting Zestrictions

Fishing

A survey of State Fish and Game Uepartments cencucted by the niied States
Bureau of Sport Fisheries and #ildlife revealed that 17 st t°s nad irnesed
state fishing restrictions or warning of some tyne because of 2xcassive
levels of mercury in aquatic life as of Sentemher 1, 1277 (Table 7). The
August 1979 survey of State Directors of Fish, Gare an< Conservation Jepart-
ments conducted by the Federal Hater Quality Adninistration listed one
additional State which had irmosad fishing restrictions 1. ., ievr Mexico.
Since these surveys thare have been additional States 1an ing fishing
rastrictions or wa rn1n;s of sonc tvna e, u-, California issucd 3 warning

that large striped bass and catfish from the Sacrarmento-San Jo

and San Francisco Bay area siould not be =aten more than once a weak and
precnant women should not eat ther at all (Griffith, 1271). Zurreat lata
on State fishning restrictions or warning currently in =7fect arz a0t

available.

Thera has been no consisctency in the tynz2 of fishing restiriction or warning
issuad by tne various states or for that wmatter the criteriec on wﬁivh the
restrictions cr warnings are basec. Fer exarmple, actions have varie
froui a warning by california for paopie not to =2at fish .ora than owc; 3
vieek and pregnant women not to eat the au all, to coizplete closurss of
certein commercial anu sport fisheries by 'lichiigdan (F'A, ]”"“). Sther
examples of the types of actions taken by >+aue4 arz: (1) ‘jssissippi:
warnings to sport fisiherman to release fish ceugit from certain waters,
(2) llew Hampshire: advise to fishermen not to eat large quantitics of
yellow perch, cihain pickerel, and smallmcutn bass, (3) .iew exico:
advise to fisherman not to eat more than twe pounds per weehk of brown
trout or black bullhead frowm & particular reservoir, (4) Uisconsin:
warnings to fisheruien not to eat more than 1 meal per weck from the
lisconsin River, and (5) Tennessee: a public statement by a Task Force
that citizens wanting to take a very conservative F?UVO&C] to the con-
umption of bass species from certain arzas niant temporarily linit then-
selves ©0 no more than 3 meals of bass per week.

runting
In Canada all adult nheasants and Hungarian ngrur1urn celle c.s_ in Souther
Alberta in June and Jaly of 1969 siowed levels of rercu vy in Lheir tissues

above the 9.1 pom tolerance level established by tha Canadian chcr=1 Food
and Srug oSirectorate for food products. Tharefore, the 1289 aunting season
in Alberta on these twc snecies was closea by Alberta authoriiies with fhe



Yable 7 State fishing restrictions because of mercury -~ September 1, 1970,

Closure of

Closure of wWarning or catch and Emdargo cr warning
State sport fiskery ¢emcercial fishery release for sport fishery to commercial fishery
Texas Oysters, 19,900 acres
Lavaca Bay
So. L. Huroo, West L. Erie |Detreit R.,L. St. Clair, {Datroit R., L. St. Clair, |Erbargo on species Gther
Michigan take no walleye, drus, St. Clair R. closed St. Clair R. catch and than walleye, drum,
white bass So. L. Huron, West L. release only white bass
Erie closed to walleye,
drun, vhite bass
Wisconsin ¥isconsin R., catch and
release recorrienced; no
more than 1 meal per week
Ohio L. frie, close? to Lake Eriec - varning Embargo on whtie tass
walleye releaced via news
New York L. Onondzgo L. Champlain, Erie, Ontario

Osweqo R., Nfagara R.,
St. Lawrence R., danger
warninas

New Hazpshire

Merrimac R., Cornecticut R.
danger warninas for
pickerel, yellow perch,
srallmouth bass

Vermont

i. Champlain, L. Mempnre-
magog, danger warning

L. Chempliain, L.
Vemphremagoy, embargo
on sales

Pennsylvania

L. Eric, danger warning
for walleye, ¢rum, small-
mouth bass, white bass

West Yirginia

Ohio R,, danger warning

Chio R., request to ston

.cperations
Alabama Tombigbee R. closed. Tombigbee R. up to Jacksor,
Fobile R., Tensaw R., Dam, warning
Mobile-Tensaw system, Mobile R., Tensaw R.,
Tennessee R, and tiobile-Tensaw system,
impoundments, closed Tennessee B, and
impoundments, warnina
Georgia Savannan R., Kew Savannah |Brunswick Estuary, closed
Dam to Hichway 12 closed
Brunswick Estuary, closed
Louisiana Calcasieu R., warnin§
Hississippi Pickwick L., closed

Pickwick L., warning

North Carolina

Danger warning (general)

South Carolina

Savannah R., Augusta tc
coast, closed

Savannah R., Augusta to
coast, closed

Tennessee Tennessee R., Pickwick L.{ Tennessee R., Piclwick L.,
closed warning, catch and release
Yirginia . Fork Holstan R. belew

Sativiile,

varning
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statenient that the closure would remain in effect until Jata indicates
mercury residues have dropped to a safe level in the birds (Alberte Inter-
departmental Cormittee on Pesticides, 1972).

On Senternber 23, 1970, the Idaho Fish and Same Separtment (1970) announced
that about one fourth of 300 wild piheasants tasted containad over 1 pni
mercury and recommendad that: (1) persons not eat more than one =meal ner
week of pheasant, (2) pregnant women avoid fcod with a known or susnectad
mercury content and (3) the backs and all giblets of mheasant be discarded.
The announcement further stated that the hunting saason woulc 3o on as
sciheduled.

Rerioval of Fish frowm the Hariet

The Food and drug Adninistration found that cduring the period from
December 1979 through February 1971 almest 4 percant of the canned tuna

on the wholesale market contained resiiues of rercury over tie Fooc and
Orug Administration guideline of 0.5 pmr, ranging un to anproxicately

1 npm. Species of tuna primarily involvac were y2llow¥in, alhacora,
bigeye and bluefin. Approximately 12,590,300 cans of dJonestic tuna wers
voluntarily removed from the United States market. 9n “lay 6, 1971, the
Food and Drug Administration announced that a three-imonth study showad
that all but 42 of 3253 samples of swordfish contained :ercury at or above
their gquideline of 0.5 ppiz. The announcenent also stated hat the average
“level was double the guideline and sone saunles were 2 timas the accept-
able levels. The Food and Sruag Adninistration advised the puiblic to ston
eating swordfisn. Previous to this, annroximately £,727,M1 1lhs. of sword-
fish had been seized by Feod and Ddrug Administration or voluntarily
withheld from the merket because of excessive levals of rercury.
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VI MQVEE!

. or ' . !-l-l -
OF MERCURY LN THE EiVIRONNENT

Ajr

Sianificant quantities of nercury are enittea to the atiwspierz from the
manufacture of chlorine, industrial use of 5, 11ining and burning
of fossil fuels, mining and refining of ores, incineraticn of scwage sludga,
incineration of trash (includinc naner, weod, contai c.), and the

2

etc.),

processing of phosphate rock (Sse Chapter IY, Scurcas of “ercury in tha
Environrment). l!ercury is alse aaitiad into tha saoshiers Tron sail

and wineralized land areas and by volcanic activity {See Ihapter IV,
Sourcas of 'iercury %o the Invirenment). The for of mercury ia anissicns
-ro industrial SOuPCLS nas not been quantitied to any exiznt; however,

ouo*°“1/ such of it is in the elementzl forsy, as a vanor or 22v0sol

(o»U’” Group on =°FCUF/ razards, 197,,. Soue of Thie atiiosnhiric nercury
is probebly in the forn of veporized dimethvlmercury which reacaes ths

r (Study Group on
at iiost CEPCUTY COii-
0 of suniight.

air priuar11y through evaporation frow soil or w2t
Hercury Hazards, 1970‘. Jdonasson (1272) states t
dounds will degrade Lo rercury netal under the ac

The vaporization rate of MrCer will apnroxinately Jounla for avery 17°0
increase in teﬂperature (S.d. , 1942)., Likawise, fh2 saturstion .cvcl or

ercury in air in equilibrium w1~n matallic mercury, increases lozarithiica
with increasing tenperatura {Yaughn, 1257). Thase characieristics ay expl
the correlation of iercury atmosoineric levals with seasan and tine of day.
For example, during 126% and 1979 tha o rtn]y concentra

in precipitation sghples at Stromserdt in Central Sweden showed szascnal
c1an ges relating to evaporation during warn sumner onths (Study Troup on

HNarcury Hazarus, 1973). A Tow of 3.203 ug/1 rmarcury was rzasarad in the
sann]es during odecenber w111e 3 higa of 1.45 ua/1 was o ¢
i1liston (193°) founa that atuiesnneric mercury concent
nighast in the San Francisco Bay Area in the sumer. H
prolonged cool wet weatier vou1g lTower the average readings wh
warm dry tenperature would increase the minimum readings.

-
tions of total nerc
n
3\

fD‘S(D

Hilliston (1368) states that becausa of the ability of =ercury e adsorh

on any anda all surfaces, dust narticles in air will normally carrv rore than
the expected amount of mercury and that nercury avaporated into the aii wi]]
tend to coincenirate on dust particles. He fcund that high a
mercury levels always coincidec with nigh sheg ]“vcls in the
Say area. Hilliston (1253) states that it is .arely sooc 1A
the high mercury content of s=og is merely co1uc1ien al or whe u1=r murcury
vapor's catalytic effects under tha 1nr1u=nce of ultra-vielet 1ight ray b2
contributory tc the siog.
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Air currents will transport mercury in the atmosnhere as evidenced by the
fact that Williston (1953) found that e mercury content over the Sen
Francisce area was denendent primarily on wind direction ané sread. In
still air, inasmwch as mectallic mercury varor is anproxinace1/ S to 9 tines
heavier than air, mercury will tend to collect near tie surface nf tha
ground (Stahl, 19562).

Mercury is removec fron the atmosphere oy dry falleut as well as Ly nrecini-
tation. Jeqne (1276) states that nore rercury ray nnassibly be denosited by
dry fallout than bv rainfall during dry seasons. In an industrial area of
Chicago, 4.8 ng/md or two and 1/2 times as rch narticulate mevrcury vas
found as was found in a rural area where the concentratiecn was 1.7 11/1“
(Jenne, 1979).

\a1nfa11 may remove most if not all of tha mercury in the af
icCarthy et al.(1972) measured 29 ng/n of nercury in the ai
the day oefore a rain-storm winile several nours after tae ra
was detected in the air. Snow also reiloves JLFCuP/ from o atnnsnncre
as evident by thia rEuSJremenu of mercury in tae perianant saow ficlds
¢f Greenland by ‘leiss gt al. (1371).

Lana

Siynificant quantities of mercury can enter soils frou the disposal of
sawage sludge; ayricultural use of mercury based nesticides; dry fallout
Froim tile atmosoncre; and rainfall (see Chapter IY, Sources of 'ercury to
the covironment). Jeonasscn (1270) states that a considerabls atieunt of
mercury in soils is nresent as elemental vapor, nrouebly adsoried.

Jdarran (1Jou) found that seil norizons with either a high clay cenient or
a high organic content carried a significantly gireater quantity of mercury
than Jdid the soil profile as a waole. Jonasson (1277) quotes Anderson
(1967) as finding udau a nign aunus content is necded in scils for the REIrCUrY
content to exceed 152 pnb, assuning no previcus peliution, say Frou seeud
dressing. The affinity of certain scils for r Rercury is illuscrated by r’russ
and Stawart (1962) finding that phenyloercuric acetate aprplicd as an orchard
spray failed to migrate below the surface 2 incihes which containad 223 o
1,730 ppb wmercury, depending on tie nuuder of sorays annlied. Accoraing 0
Jonasson (1979), clays can play a key role in the collecticn ard retention
of mercury ions and at a pii of 5 the adsorption of mercury by the clays
tested was at a maxinun.

Leaching or soil erosion can move mercury from soils e waterways. The
ability of certain scils to retain mercury clese to their surfaces siould
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facilitate the movement of mercury frou such seils by ereosinn,  "arcury

is more easily uashed free from mineral seils then frou soils containing
awus matter (Jonasson, 1971}, iumates contain sulpiur sitfes unon wiich
nercury may absorb very strvoncly {Jonassoen, 1271).

A slow breakdown of nhenylmercuric acetate, ethylnercuric conipounds and
netiyImercuric compounds to mercury ica and mercury vaner ia scils has
deen demonstrated (iirura and 'ti1ler, 1354). Jonasscn (1277) states that
mos% nercury conipounds will cegrade to nercury netal under the action of
sunlignt.

Tonoiiura, llakagani, et al. (1963) have isclated a bacterial strain of
Pseudoiionas froii soil heavily contanminated with phenylrnercuric acetate,
wnicn was found to be very resistant tc nercury commeunds. Its growih vas
innibited only at concentrations of mercury 19732 times that innibitiang the
growth of Eschericiia coli and P. aeroginosa. The organisriwas also found

to be capable of splitting the linkage bewween mercury and carzon in organic
mercurials, including naenyluercuric acetate, ethvlasrcuric nhospnate and
methylimnecuric ciloride, to form metallic rmercury (Furukawa et a2l., 1732).
Furthermore, tihe organisii was able to stinmulaie vaporizaticn of nmhenylnercuric
acetate and mercuric chloride from the media in which it was culture! and the
evidence suggested that the vaporized coripounds were different frou: the
original coipound (Toncaura, “taeda et al., 1223; Toncrwura, "aeda, and

Futai, 1962).

#hat significance such organisms play in the movenient of mercury coinounds
from scil to air is not kiown. BRegardless, significant quantitias of rercu

are emitted from soil to the atmosphere as is indicated by the nresence of
i11gh mercury concentrations in tihe air over rmercury enricied scils.

eiss et al. (1971) states that permanent snow fields record tie
introduction of matter into tnat atuiosphere. They were able to saow an
increase in the content of glacial ice from Antartica and Greenland.
Samples of ice deposited prior to 1252 had an average uiercury concen-
tration of 60 ng/kg ranging froi 30 to 75 ng/kg while sainles of ice
deposited bebween 1952 and 1965 had an average rercury concentration of

125 ng/kg ranging from 87 to 232 ng/kg. They concluded that the increased
fluxes of mercury to the atmosphere was duz to the activities of man
causing greater exposure of terrestrial surfaces wiich allowed mere mercury
vanpor and gaseous coilpounds to enter the atuiosphere.

Biota

Soiie mercury is translocated to fruits, tubers or seeds in nlants following
the foliar apnlications of mercury fungicides (Smart, 19£7). Foliar
applications of phenylmercuric acetate to rice resulted in the transloca-
tion of mercury to the graia {Lindberg, 1251). There is sone translocaticn
of mercury fromn treated seed to the plant and harvesied seed; however, the
amou?t is relatively srmall (Mercurial Pesticide Pegistration Revizy Panel,
1971).
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Terrestrial aninals accumulate mercury mainly from their food (Johnels and
destermark, 1269). Man is also occ¢nationa11y ex posed to mercury. Sirds
accunulate mercury imainly fror: eating mercury treated seeu or “EPCJT/ con-
taminated fish {Johnels and iestersark, 1232).

As a rule, mercury compounds are not methvlated in higner arimals (Larson,
1972); however, :lestoo (1959) reported that there was a very small con-
version of mercury compounds to metaylrercury in hens. The ejos of hans
fed methylmercury contained only methylmercury in their egcs ('cs: o, 1953)
Buhler, Claeys and Rayner (1971) reported that the majority of nercurv pre-
sent in wild Jregon pheasant tissue was rethylmercury and Griffith (1971)
reported that the same was true for California pheasants.

The tendency for mercury to be denosited in gro 1ing feathers, claws, and
beaks of birds is so strong that feathers ang other keratinous structures

will eventually contain all the whole body load of mercury {Stuy Group on
Hdercury ilazards, 1972). Since birds nolt once or twice a vyear, large arount
of mercury will be excreted. !ild phaasants shocw rapid s2ascnal changes

in mercury level, depending on the availability of mercury treated seed;
aowever, the fish eating osprey losas methvImercury ruch slouer. The half
life of ﬂctn/1mercurv in the osprey is ia the arder of 2 tn 3 months {Study
Sroup on 'lercury Hazards, 1271).

L) S
atar

latervays

SigniTicant qualtitizs. of mercury are uischarged to walertavs from venufaciive
of cilarine, nanufacture of nulp and paner, leboratorizs, ianspitals, <Jencal
c]inics, manufacture and use of nuiut, industrial usa of catalysis, rining

and refining or ores, u1sposa1 of used mergury containars, seu2ge tireadhient
plants, processing of phosphate roci, industrial utilizetion of raw matarials

&l nasic chcnica]s, and the use of mercury based nesticides (see Chanter IV
Sourcas of ercury to the Znvironnent). In soe arszas, natural waticrs over-
lying geological foruations haturally enriched in mercury 3y pick un mercury
by leachings or volatilization (See Chanuer IV, Sourcas of ‘lercury to the
Cavironmient). ‘lercury enters waterways v1rect1" fron dry fallcout and
pracinitation. Soils, especially those rich in erganic natter, absorc nucn
of the .sercury contained in rainfall. llowever, in urban areas whare rwch

of land surface consists of roofs, pavetrient and other nonsoil surfaces,

there is a likelihood that a considerable norticon of the mercury conteine

in precipitation would enter wate nl{jS J1r=c;1v or indirectly hrouch

sevage treatiient plants. Erosion of mercury enricihed scils would con-
trivute mercury to waterways.

gecausa nerCJrj is strongly sorbed on particulate natter and forns
coxplexes with narticulate organic matter, mercury entering into streass



will quickly be reidoved from the water iiself. Hannerz (1232) found that
susbended solids in pond watar act as scavengers of mercury carrying the
absorbed nercury to tie bottaon. The ability of mercury to beconie absorsed
is shown by the fact that water solutions at a nil of 5 to & and containing
less than 500 ppb mercury, lose nercury to walls of glass or nolyethylene
containers to tne extent of about 70 percent after 5 to 17 days (Jonasson,
1979). According to Jonasson (1270), marcury will probably be very tizntly
bound and concentrated by sediments containing high concentrations of metel
oxides. Jenne (1972) states that the available evilence indicate that strean
sadiients and related fine grained materials reiove a high percentace of any
slugs of mercury introduced into streams, witnin a distance of few to several
miles. The water movement of botton sedinents would transnort any mercury

in association with such sediients.

Transtoraations

It is necessary to understand the -transformation reactions batween the

di fferent compounds of mercury in nature if the ecological effects of tae

di fferent kinds of Jischarges and risk involved are to be evaluzted {(Jernelov,
196%). HMercury is usually discnargeu to the water environment in cne of the
following forms:

(1) As inorganic dJivalent mercury, g2t

(2) As metallic mercury, ilg

(3) As oienyluercury, CgiigHg?*

(4) As metnylmercury, Cilgigt and

(5) As alkoxivalkymercury, CH33-CHZ-CHZ-HQ+

Jernelov (19€9) nresented the following diagram showing somne of the steps
by which mercury and its compounds are converted to methylnercury:

(Cipneny lmercury) ' WdﬁhHg (CHylpHg (Zinethylmarcury)
A I A
Csnlng
!
Hg®
CH 3O —CHp —CHp—Hg™ -—== Hg™ == CHyHg® (Honomethylnercury)

f1i1dly reducing conditions, which occur in many lek2 and sirean szditients,
can cause nmercury to precipitate as the sulfide cinnabar whica nas an
extreniely low solubility; howevar, very strong reducing conditions may in-
crease the solubility somewhat by converting the sercuric ion to free metal
(Hem, 1972). <Cinnabar can be slowly oxidized in ferric ion charged watar
derived fron pyrite freeing the mercury into solution (lenasson, 1277).
dxygen deficient bottoms are often rich in hvdrogen sulfida. Under such
conditions hydrogen suifide will react with inorganic mercury ions tc for:
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marcury sulfide (Study Group on 'lercury Hazards, 1“77f Jerneloy (1269)
found that when rmercury was auded to rud as a sulfide it was net nethylated
under permanent anaerobic conditicns. liowever, ne found that mercury bound
to organic substances and subseaquently subjected to anernbic ronu1g1ons ceiilz
be methylated in the nresence of hydrogen sulfide and the nrocess under such
conditions could be very fast.

If the water bottoms becore aerobic the mercury sulfide can be oxidized to
the sulfate and the methylation process can praceed (Jernclov, 1°ﬁ°)

Thus, if waters which have anoxic bottons are oxygenatad threuga uecreased
supnly of nutrients, i.e., by decreasing the 390 load from nellution,

or by other efforts at reversing eutromiication, the rmethylatinn nrocess

can nroceed and rEuJV1nercur/ can be released to tha watar (La r5S0N,

1970; Study Group on 'lercury Hazards, 1272; Mercurial Pesticide Reuistraticn
Review Panel, 1271).

Hetallic riercury can be oxidized readily to divalant nmercury ions under
conditions nresent at the bottoms of lakes and rivers, and this has
been shown to occur uxweriwentu11j as well (Jernelov, 1233). The divalent
1norgan1c rercdry produced has an eerelelv strong aff1r1gy for organic
muds and experimentally it has been sioun that it can bz 3101og1c=11y
methy]ated in the bottom sediuients both naturally and in aquarium (Jensan
and Jernnlov, 1959). Jernelov (1959) states that in Sweden investicaticns
have been made of sediments from a larje nuniber of lakes and rivers
ragarding the occurrence and rate of ﬁe:hylnu1on n¥ nercury and 1n all
casas, microorganisrms capable of methvlating-rercury were found to be
presented in the sediments. ‘'lood et a]., (lﬁ’”) showad methvl- nrr:rv
could be produced from divalent “GTCJPV by enzymatic and non-enzymatic
reactions of methanogenic bacter The mathvlation by 5101n~1ca1 activity
nrocuces both nionc and J1"e-q"1nercqrv (“ood et al., 17%7; Jensen and
Jarneloy, IQCQ, Jernelov, 1362). 'onnnn‘Hv ;ercury has a strong tendency
to remain in water solution while c1.u~."1wer»Jrv Has a sirong tzadency
t0 evaporate iato the atmiosphere (Larssci, 1,,7).

Tae nil of water will effect the metuylation procass. A fdigh ol will Faver
a nigner production of the imore volatile diliethyl ncrcury and a nwch fascer
q1scnargg of tie nercury into the atuos~here (Larrson, 1277). Tais effect
may ve due to a high nil favering organis:is which ﬂrOAuLm nore Jdiretayl-

nercury or tae trananorna:10n of wononethynercury inte dinetiyilercury
(Larsson, 1373). A nore acid pd will result in *he production of a high
proportion of thie less volatile monochhvl.ercur/ (Study Group on Mercury
Hazards, 1970). Also, dimethvliercury deconposss to ronoiictiviuercury at
a low pil. Thus, under acid conditicns, the total anount of rercury, 2as
monomethyImercury, dissolved ia water siould be greater (Larsson, 1277,
Study Groun on liercury ilazards, 1279).
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Altaough methylation will occur aneerobically, the nrocsss annears to be
riore efficient in aerobic systeus (Study Group on “ercury :lazards, 1279).
Jernelov (1969) states that the speed of the rethylation is higaer when ¢
bottom sedinents contain more organic matter and coaversion rataes can be
nigh in sewage treatment nlants.

Jernelov (1973) found that the mwcus on pike is able to convert inorjanic
Jivalent mercury almost completely into methylrmercury within a short neriod
of time of 2 to 4 hours. iiowever, in later tests ne &id not Ffind the nethyl-
ation rates to be as fast. At the International Zanfarence on ELnvironaental
Hlercury Contaimination at Aan Arbor, 'ltichigan, Sentember 3)-JOctooer 2, 1377,
Jernelov indicated that subsequent tests shewed that there was a seasonal
trend in the methnylation rate by rucus and that this trand was associated
with microorganisns occuring in the fish nucus during the winter.

Jernelov (1962) raised the question as o whether or not the metivlation

of mercury would be faster for certain concentraticns of inorzanic mercury.
de found that in aquarium experisents that there was a steep increase in the
anount of monomethylmercury observed as the concentraticn of adled
inorganic rercury in rud reached 1 to 12 oma. ilovever, Jernzlev neints

out that in tne experiments conducted there are scveral otier nossibilitics
otaer than a threshold value to explain the observed relationsiin.

Jernelov (1969) states that the conversica of nhenyliercury to rethvl-
mercury nas opeen studied and showm to occur in nature. e furtaer staies
tnat it seeas plausible *hat tie formation of niono and JimethvInmercury Trou
paeny lmercury proceeds along more than one syntietic nathway. Jbsarvations
in nature repeatedly indicate that discharge of phenylnercury has a sironger
and faster effect on the mercury concentration in fisa than the discharge

of a similar amount of inorganic mercury (Jernelov, 1233).

Jonasson (19277) states that uiost rercury compounds will degrade to niercury
metal under the action of sunlicht whether in soil or water surfaces or in
the atmosphere. According to Jernelov (1227), the conversion of alkoxi-
alkylmercury to iinorganic divalent mercury is well known te occur.

In swmiary, it apnears that no matter wiat forn mercury is introducad inte
the aquatic environment, it eventually can be convertad to ratiyvhiesrcury.

Accurulation by Fish

Fish accurmlate rercury directly from the water as wall as their food.
iloviever, available data indicates that nrabably they obtain rest of it
directly from the water. Jernelov (1271) found %hat by comraring —ercury

concentration in predatory fish and foed fish that tha nradotory fish coull

1"
absort no more than 29 percent of the mercury present in the Tood fisn.
Johnels et al. (1367) demonstrated that the concentration factor frou
watar tc nike is in the order of 3,777 or more. A linsar rolation hatircen
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ple ar we'ﬂnt of nike ae reivsury content ia axial musculature or
A X

il
s -lemonstrated by Jdohnzls and 'lestermark (133?). For lov
HG)CJPV in fish \bu]ﬂ' 2.2 o) no increass or a ey Sarace
increas; in mercury content wis founl to occur with 1ncrp*s1|. wh1ﬂ'
of the fish. As Lhe mean Tevel of nercury increasc ay founc inat the
ercury level in relation to weighb increased wn*ice:;ly. For Gl"“:1€1j
Aigh levels of mercury, caused by :ianifest cuuun“1ug.1on, ey Fouild ne |
relation to age or uci;ht. Wallare at al. {1271) internrets tais to
indicate that there is a tireshold level of nerCJ"y in the eavironient,
avove which Tish cannot eliminate wercury from their huscu1¢n tissues
faster tian it is incornorated and avove wihich accuzulation thus occurs.
Lofroth (133;) states that this re?a‘ionswin is an indication that fish
are acdapted to a mercury concentration of le chan 1.2 npm. Accerding
to Lofroti (1369) all data which davp acLu.u1;Led regarding the natural
concentration of ‘erCJFj in fisn indicate that the maxiwus natural con-
cantration is 2.2 ppi fresh weight or lass.

< .

_r.,

Larsson {1270) states because of tie relation between size and mercury
level in fisn, conclusions of the mer ury content of ti "stancard nine"
saould only be drawn fromi fish with a wc1Jnu lying betwesn 7N3-1327 1.
Swiecen, when cormparing residues of marcury in fish sainles For FQStFTCu1W
fishing, adjusts the level of mercury neasured in pike to

r--m 5 —

fit a sizo fisn
weigning 1 kg or about 2.2 lbs. (Study Groun on ercury liazards, 1“7?).

Hannerz (1988) found that in brackish water untalke of :n*'v11; dry by

pike is less’'than in fresh water; Howévor, he found that in ,‘1»'3*ur cod TS
concentrate netnylmercury faster than in drackisih water. According to
Larsson (1979), cod in s=2awater accumulate rercury to hichor levels than

in brackish water, presumably because cod in 127 percent scawacer swallew
Jore water than they do in brackish water,

Hlannerz (1,uu) found that in exposing nike to methylmercury for 70 to 27
days, that the concentration factors wera the greatest in kidneys followed
oy liver, spleen, stomach, heart, gills, brain, fins, gonals, muscles,
scales, ayes and bone. Salion retained in cages in rivars for un o tuo
nmonths first showed an increase in the nercury content of the dloodd cor-
nuscles followed by the Tiver, while the increase in rwuscular tissue nro-
gressed consicerably more slowly (Hasselrot, 175 ”). Jarnelov (1277) states
that according to experiments tha ratio between the maercury contont of liver

and body ruscles varies between aporoxizately 7.1 to 57 and tﬁd. with a ratioe
greater than 1 (liver congent/Juscle content) the centent in the fish musclc
will rise; wnile if on the other hand the ratio is clearly ]ower than 1(2.2)
then the content in the fisnh muscles can be e (rected to dacreass or at least

remain constant.

vy, Halsinki

fettinen and his associates of the Institute of Nadiochonistry, lle
University, Finland, have shown in a series of unnublishec naners, that the



loss of methylmercury from fishas has twe cormponents, fast and slouw (Stud
Group on ‘lercury Hazarus, 1"70) The fast loss occurs 2arly and lasts only

a few vieeks while nercury is being redistributed through the bodv., The sub-
sequent loss fron established binding sites follmws s1n~1/- incecd, th
half life estimated from this comnonent is in hundrads of days--on the order
of 2 years. They also have shown extrenely 1o rates of Inss fro aquatic
mollusks and crayfish, and they have noted distinct snecies differences.

Mercury is present in Swedish fish almecst entirely as methylrercury (Zerglund
et al., 1971). This is further substantiated by Lofroth (1”’“) v in his
reviey of the health hazards and side effects assnciated with the enission
of mercury coripounds states that mercury is P1vnst 171 mercent in the formn
of methylmercury in all tynes of fish investigated- fresh water, Baltic,
and Atlantic. The fact that practically all mercury in fish is —=thyl-
marcury is also substantiated by Horen and 'lestco ”“7“); Jonnals and

Ll :
esternark (1953); and “estoo (1932). Furineriore unnudlisie.t anilysis
of a variety of sa]t and fresh water fisii by the United Slates Focd and
Jrug Administration aave showed taat n"ch1cu11y all "ercury in fish fron
wie United States is pethylaercury. This is not surnrisiag in Haat of

the Tact that a]] forns of rercury iantroduced into the aquatic environant
can be converted into metuylnercury.

Tillander et al. (1973) found that excreiiecn rates of methvia

L S . o N
a species of seal (Pusa hispida) was slower than any otaer rali
avout like fish.

Secoatanination

The continuiang supnly of nercury from betton sedirients to the water an

the slow rates of aexcretion of mercury by fish give 1ittle hope for quich
jwproveient in levels of mercury residue in fisa. The Swedish exneriance

-
confirns this. In Sweden mercury in nike in nest lakes has drenped
little if at all since Hercury bans became effective in early 1256, Ties2
lakas where the fisn residues have not dronned tend to be biologically poer
anc¢ acid. 9Inly about three lakas apnarently have had nercury levels in
pike drop to a demonstrable extent. ZRivers nave a bectter ciance uue ©0
continual flushing action (Study Group on ”ercurv Hazards, 1277).

Jernelov (1”53) calculated that it would taks fron 17 to 170 years for

the metaylation pnrocess to rewove tiae mercury from the betton of lakes.
These calculations were based on the yield over a period lasting fron .

1 week to 2 months of mono and Jdimethyluercury frow Hotton sedi rents

takan froi contaminated lakes and rivers an: 'np- qwcer natural conditions.
In 'inamata cay, Japan, cnce the cause of the ncll L1q: WES uwEcarmined

ana eliminated, mercury levels in siallfisn drennel from 35 nnil o 17

npin over a o year period and renainea constant Fﬂr at least a five
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year period (Irukayana, 1266). Rivars should have a better chance of
heing decontaminated because of the flushing actien of currents moving
seciuients Jownstreau. Ilercury levels of salnon nlaced in cages below
former sources of rﬂrcu ry in some Sweuish rivers sacued considerabile
improveient withia 3 years (Study Group on lercury Jagards, 1772).

wedisih workers have considered the following anproachzs te tie decontan-
i. ation of mercury conta.inated waterways: (1) dintroduce oxygen-consurying

waterials to create continuous anasrpbic conditicns in the sediments,
thereby reducing methylation, {2) dincrease the pH of tie sedinents ©o
favor dimethvlation and increased volatilization, (3) cover the sediments
with fresh Tinely divided materials with nigh adserative affinity (e.q.,
quartz and silicates), (4) cover the sedinents with inor¢anic inert
materials of any H/pe, i.e., bury then, and (5) renove ercury-bearing
sadinients by dredging or punning (Study Groun on ‘lercury Hazards, 1771).
The first two approaches apnear to be iupractical, hcirevzr Sweuen is
evaluating the other approaches (Study Groun on ‘lercury ilazards, 1773).

Experinents have been conducted in Sweden to evaluate L“ver.n“ 5
by layers of inorganic sediuent of varying thicknesses (2-27 cui), with

]
and without Tubificidae (oligjochaete worns) and Anndonta (h hivalve) (Stuuy
Groun on :lercury iHazards, 1972). These studies have revealed that: (1) in
tha absence of Tubificildae, nethvliercuiry accurwlated in fish only when

the sediinents were uncovered, (2) in the presence of larce nonulations of
these werns, fisa accunulated nethy]mercur/ wen tha covar1.h laver w2
less than 2 ¢, and (3) in the nresence of Anodonta, which stirs the
seciments, leakage of methylmercury occurre J3F the covering laver was
less than 2 ci.

Swedish werkers have conducted tests to evaluate *1e effectiveness of
groun” silicate, on the untake of mercury oy Tish Ffron szuiiionts contani-
;aug- with metallic mercury, ionic rercury, and ohanvinzrcury {Ztuly Groun
on ‘larcury nazards, 1977). These testis have rovoaled “has shore was ne

. ~
reducticn ia uptulq whan the 20llutaont uns nhenyinarcury; Nowevev, 2
Jogrease in uptene vy 3 facter of ©us occurrad wizn 13 COTEYCUrY uas

il
thie pollutanc.

Tha reioval of HErCUry contarinated selionts by Jreusing annzavs oo aave
50.i€ s;rious siigricomings.  For one tiing, e c\st L0 Jrodjc any axiensivz
area niay be excessive. “The Jre Lr1ng of 2 r1 Mish nort iacreasad wic
solusle mercury concanivation in the water frou a Tavel of 1.2 to anproxi-
mately 19 ug/1 (Stepnan, 1271). This incrzase ook “some weeis" }0 reach
"four ninra 5" (Stenhan

a peax; aowever, it returned to baczgroul; in

1971). Swedish workers were of the oninion that AEYS WaEs 2
considarable risk of increasing the rate of i cdry ia fha
sedinents (Ste n\an, 1271). ‘leasurerents Etaran imod fron
ercury sludge banks in Sweden indicated ii e; rcent of e
suspenued solids can be ratained in the slud cent nf th2




marcury will remain in the sl

udge, the reiaining A7-15 aercent being dis-
chargad with the supernatant ( 1271

(%) C..

civironiental Cudget

In order to fully evaluate the ecological ceonsequences of ~ercury in

e total environment and to insure the identification of all :lischarces
of mercury to the environmient, thers sheuld be available a total buleet
for the enviromuental distritution of rercury, 1“c1JJ1.b snurc,a,
transfer, transportation, depositiion and fate. Sufficient .ata are

- not presently available tc produce a model of the flow of marcury fron
origin to disposal.



VII. FORMULATION OF POLICIES AiD STAHDARDS

General

In the formulation of policies and standards to control the introduction

of mercury into the environment, the United States Environmental Protection
Agency is using a total environmental apnroach. Historically monitoring
and research has been inadequate in tracing the environmental dangers

of ultra-deleterious elements in small quantities. Moreover, normally
abatement has been sought only after the pollutant has gotten into the
environment, damage has occurred, and can be conclusively shown. Typically,
only one source or effect of a pollutant has been traced, rather than
considering the effects on the total environment. !le believe that
regulatory actions should be focused upon prohibiting, restricting,

and preventing the introduction of toxic substances before damages to

human health and welfare have occurred. :

The United States Environmental Protection Agency in determining the
need to control the introduction of all toxic substances into the
environment weighs the following general considerations: (1) the nature
and magnitude of the foreseeable hazards associated with use of a
particular substance and (2) concurrently, the nature of the benefit
conferred by the direct and indirect use of a given substance.

In aporoaching the problem of taking regulatory action to abate pollution
for toxic substances, such as mercury, the United States Environmental
Protection Agency proceeds in as far as is practical, by:

1. Identifying all significant sources and applying equitable
reduction requirements to them,

2. Bringing in other State and Federal agencies and utilizing
all information available to them,

3. Keeping the public informed, and

4. Giving the dischargers a reasonable ooportunity to state
their point-of-view and being sure of the most current infor-
mation relating to each discharge and the sources program for
abatement before regulatory action is commenced.

However, it must be recognized that because of statuatory limitations,
some sources of pollution are not controllable, while others may not at
this particular time be identifiable. Therefore, the United States
Environmental Proection Agency does not permit the facts that it is

not possible for us to abate all sources of pollution or that it has
not identified every significant source of a nollutant to be used as
justification for not taking requlatory action against known and
controllable sources. It is obvious, that where the total amount of



a toxic substance being introduced into the environment must be reduced,
first consideration must be given to restricting the most significant
and controllable sources when taking regulatory actions.

Residues in Aquatic Life

Standards for allowable quantities of mercury in aquatic life are
primarily for the protection of human health. A1l residues of
mercury in fish must be considered to be methylmercury (See Chapter
VI, Movement of Mercury in the Environment). Furthermore, as

‘lestoo (1969) has pointed out, broiling, boiling or frying fish

does not remove methylmercury. In fact, since fish lose water by
these processes, a corresponding increase in the concentration of
methylmercury in fish is observed ('estoo, 1969). Also, for the most
part, concentrations of mercury in the aquatic habitat, which will
result in acceptable residue levels of mercury in fish, will also be
acceptable for the protection of aquatic 1ife (See Chanter III, Hazards
of Mercury). Thus, in formulating standards for allowable quantities
of mercury in fish, the orime consideration is the toxicity of
methylinercury to man.

The following salient points relative to the toxicity of methylnercury
to man are summarized from Chapter III, Hazards of ilercury:

1. Han absorbs from ingested food practically all of the
methylmercury present,

[N
L]

HethyImercury in man is relatively stable, j.e.,
it remains in man as methylmercury,

3. The half life of methylmercury in man is from 79 to
90 days;

4. Because of the slow elimination rate in man the steady
state between untake and elimination is reached aporoxi-
mately one year after exposure has started,

5. Methylmercury has a propensity for tne human nervous
system and about 10 percent of the total body burden
is in the head, presumably most of it in the brain,

6. Methylmercury is neurotoxic,
7. Postnatal methylmercury poisoning is not easy to

diagnose, especially in the case of only mild or
atypical synptomns,

ay,
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10.

11.

12.

13.
14,

15.
16.

17.

18.

19.

Besides raised rercury levels in blood and hair, no
clinical laboratory investigations have given any clear
and common positive findings for methylmercury poisoning,

Diagnosis of metnylmercury poisoning is based on neurological
symptoms and it is conceivable that brain lesions may occur
at lower exposures and levels than those which cause neuro-
logic symptoms and which could not be diagnosed by available
methods,

It is not possible, with presently available data, to
estimate what the long term effects of subclinical methyl-
mercury poisoning are on man,

In non-fatal cases of methylmercury poisoning disability
can persist for an extended period of time,

Compensatory mechanisms of the nervous system can delay
clinical recognition of methylmercury poisoning, even
though brain damage has already occurred,

There are presently no known drugs effective for the
treatment of methylmercury poisoning,

There probably are individual variations in sensitivity to
mnethylmercury,

Methylmercury is teratogenic,

Prenatal methylmercury noisoning cannot be distinguished
from other types of cerebral palsy and diagnosis would
nave to be done epidemiologically with the sunport of
mercury levels in blood and hair,

In man, concentrations of methylmercury in fetal blood
are about 20 percent higher than in the mothers blood,

There is a greater risk of methylmercury poisoning

to the fetus than to the mother and affected children
can be born to mothers showing no clinical symptoms of
methylmercury poisoning,

Methylmercury has been shown to be mutagenic to test
organisms,

A correlation in man between the frequency of chromosone
breakage in lymphocytes and mercury level in blood cells
has been shown,



21. It rust be assumed that exposure to methvimercury by man
involves certain genetic risks; however, it is not
possible with presently available data to estimate the
extent of such risks,

22. An intake by man of 0.8 mg per day of mercury (as methyl-
mercury) corresponding to a level of 0.8 ug/g of mercury
(as methylmercury) in whole blood may be fatal,

23. Clinically manifest poisoning of adults sensitive to
methylmercury may occur at a level in whole blood of
0.2 ug/g mercury (as methylmercury) which can be reached
on exposure to about 0.3 mg mercury (as methylmercury) per
day,

24, Based on item 23 and using a safety factor of 10, accep-
table levels of mercury (as methylmercury) would be 2.02 ug/g
in whole blood and 6 ug/g in hair, and

25. Based on item 24, an acceptable daily intake of mercury
(as methylmercury) would be 0.93 mg per day.

The conclusion that an accentable level of mercury (as methylmercury) in
human blood is 0.02 ug/g, corresponding to a daily intake of mercury (as
methylmercury) of 0.03 mg, was reached by a prestigious Expert Groun
appointed by the Swedish Board of the MHational Institute of Public Health,
in consultation with the Swedish lational Board of Health and Welfare and
the Swedish llational Veterinary Board to make a toxicologic-enidemiologic
evaluation of the risks involved in the presence of mercury in fish intended
for consumption (Berglund et al., 1971). The United States has no basis at
present to disagree with their conclusion. However, in light of the
susceptibility of the human fetus to methylmercury and our inability

to fully evaluate possible unmeasured effects of exposure to methylmercury,
we are of the opinion that it is desirable to minimize the intake of
methyImercury by man to as low a level as possible.

The Study Group on Mercury Hazards (1970) asserts that the human intake
of mercury appears to be mainly through fish. If all drinking water
contained the maximum recommended allowable concentration of 5 pnb and
with an average daily intake of 2 liters of water, a person would ingest
0.01 mg of mercury per day. However, it appears that mercury in water
supplies for the most part are much below this level. Also, present
indications are that mercury in most other foods, with the exception

of contaminated wildlife, grain, etc., are at a relatively low level.
Thus, in formulating an acceptable level of mercury in fish, the assumntion
has been made that fish is the only significant source of human intake of
mercury. However, recant measurements of mercury in amoient air suggest
that intake of mercury from inhalation may be significant.



In order to evaluate the risks of mercury in fish, it is necessary

to know how much fish people eat. If all fish contained 2.5 pnm mercury,
the daily limit of 0.03 mg mercury intake could be reached by eating 59 gnm
of fish per day. If all fish contained 1.9 pmm, the daily limit could

be reached by eating 30 gm of fish. Kolbye (1970) states that the average
daily intake of fish in the United States is 40 gm per day. However,
according to a survey of household food consumption by the Agriculture
Research Service, United States Department of Agriculture (1965), the
average daily intake of fish is approximately 24 gms. The Food and Drug
Administration, United States Department of Healtn, Ecucation and ielfare
has established a "0.5 ppm mercury interim guideline for fish" (Kolbye,
1973). Based on the United States average daily consumption of fish,

the daily intake of methylmercury by persons in this country should

be below 0.03 mg.

According to Berglund (1971), the average consumption of fish in Sweden

is about 30 g of fish flesh per day; however, consumption varies con-
siderably, with a few percent of the ponulation never eating fish, whereas
some individuals may consume up to 500 g per day. Likewise, fish consurip-
tion in the United States varies according to personal preferences, as
well as regional, ethnic and cultural patterns.

Sweden has adopted a limit of 1 ppm mercury in fish; however, this is
combined with the recormendation that fish from non-banned waters be
eaten only once a week (Lofroth, 1962). Berglund et al. (1970) states
relative to the Swedish situation that a level of 1 pnm in fish might
result in some high consumers reaching the lowest level assumed to be
present in persons sensitive to methylmercury noisoning, with clinically
manifest poisoning and neurologic symptoms. They further state that with
this level in fish, one third of the ponulation could reach levels above
the acceptable level; with a level in fish corresponding to 0.5 pom some
persons with extremely high fish-consumption might reach the lowest toxic
level, and about one tenth of the pooulation might reach the hignest
acceptable level; with a level of 0.2 ppm with free consumption, or 1 ppmn
in combination with a restriction of the consumption of contaminated fish
to one meal a week, exposure would be within the accentable level.

Tejning (1967) estimates that the average meal of fish in Sweden consists

of 150 gm, ranging from 100 to 200 gm. 1t is believed that in the United
States very few people on the average eat more than 2 or 3 meals of fish per
week. Assuming, that the average meal of fish in the United States is

150 gm containing 0.5 ppm of mercury, then an average weekly intake of

N.22 mg would be reached by eating 453 gm of fish per week. Taken on a
daily basis, this would mean an average daily intake of 0.032 mg of mercury.
dowever, all fish eaten would not necessarily contain residues of mercury
at or near the 0.5 ppm level. Therefore, assuming no other intake of
mercury the Food and Drug Administration interim guideline of 9.5 pom
mercury in fish is a reasonable basis for the protection of public health.
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Hovwiever, it is recognized that as recommended by the Study Groupn on Mercury
Hazards (1970), the normal and extreme patterns of fish consumption
in this country need better documentation.

A Food and Drug Administration Ad Hoc Committee of Scientific and fedical
Experts from this country and Canada expressed consensus supnort

for the 0.5 guideline (Food and Drug Administration, 1971). Likewise, the
-Study Group on Mercury Hazards (1970) concluded "on the basis of their
examination of their experience in Sweden and Finland that the interim
Food and Drug Administration guideline of 9.5 ppm in fish is, for the
present, a sound basis for the protection of public health. ilowever, the
margin of safety may not be large, and residual uncertainties remain in
regard to pnossible hazards where large amounts of contaminated fish are
eaten."

The purpose of the Food and Drug Administration guidelines of 0.5 pmi
for the maximum level of mercury in fish is to remove from the narket
or prevent fish from reaching the market with excessive levels of
mercury. However, we are also faced with another problen, j.e.,
levels of mercury in fish which are indicative of pollution. ‘le
consider that when a range of fish species in an inland or estuarine
body of water have residue levels of mercury equal to or greater than 3.5
ppm that there is an indication of gross mercury nollution. Background
levels of mercury in fish would normally be below 9.2 ppi. Therefore,
when a range of fish species in an inland or estuarine body of water
contain between 0.2 and 0.5 ppr: mercury, while consumntion might not
represent a hazard, it is indicative of mercury pollution, and should
lead to investigative activities to find the mercury source.

Drinking blater

The Bureau of llater Hygiene of the United States Public Health Service
(now part of the United States Environmental Protection Agency) has
proposed a standard of 0.005 ppm for mercury in drinking water (Sureau
of Yater Hygiene, 1970).

Residues in Bottom Sediments of ‘Yaterways

The presently available data indicate under many conditions, a total

mercury content of at least 1 ppm dry weight in bottom sediments of waterways
can result in gross contamination of aquatic life (See Chapter VI-ilovement
of Mercury in the Environment).

Discharges to the Total Environment

As mercury rmoves from soil to both the atmosphere and water, as it also
moves from the atmosphere to both land and water; and since all forms of



mercury in the aquatic environment can be converted to methylmercury, it
is the policy of the United States Environmental Protection Agency that
the discharge of mercury to all environmental media should be reduced

to the lowest levels possible.

Discharges to the Atmosphere

Emissions of mercury to the atmosphere, and the effects of this mercury,
are not well documented. Ileither the sources of mercury emissions, nor
the effects of these emissions on human health or welfare, has been
studied in sufficient detail to form final conclusions as to their
hazard to man's environment. It is believed that annual emissions to

the United States atmosphere approach 1000 tons, and without control
will increase at least 5 percent a year.

Much of the earth's mercury is in the sulfide form and buried in the earth.
Very little of this mercury can enter the environment through natural
processes. Man, by removing fossil fuels and metallic ores from under-
ground, and burning or heating them breaks down the sulfide compound and
introduces elemental mercury to the environment. Relatively little is
known about the movement of mercury through the environment. However,

it is certain that mercury once released to the environment may move
between air, water, land and living organisms. Emissions of mercury to
the atmosphere contr1bute to methjlmercury contamination of the aquatic
env1ronment . : ,

Recent limited measurements by the United States Environmental Protection
Agency of mercury levels in the ambient air of a few large cities

showed 24 hour average mercury levels of 110 to 810 ng/m3. The Department
of Environmental Conservation in New York found mercury concentrations

in non-industrial urban areas ambient air as high as 2390 ng/m3.

Techniques and devices to control emissions of mercury into the atmosphere
are not available at the present tine for most sources. An immediate
attempt to control all sources of mercury emissions to the United States
atmosphere could have a severe impact on our way of life. A comprehensive
program to identify sources of mercury emissions to the atmosphere,
mercury's movement through the environment once emited, and means to
control these emissions if necessary, is essential. As knowledge of
sources and control technology becomes available it is beliesved that all
man-made emissions of mercury should be controlled.

aste Yater Discharges to Public Uaters

It is the policy of the United States Environmental Protection Agency

that all man made discharges of mercury to public waters should be proaibited.
This policy is based on the facts that: (1) all forms of nercury in

the aquatic environment can be converted to methylmercury, (2) fish
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and other aquatic life concentrate methylmercury from the aquatic environment,
(3) the health of man is adversely affected by eating mercury contaminated
aquatic 1ife, (4) mercury contaminated waterways may remain contaminated

for a period of possibly up to 100 years, (5) there are no proven methods

of decontaminating mercury polluted waterways, (6) there are many mercury
polluted waterways in this country, and, (7) the imposition of fishing
restrictions, because of mercury pollution, has had a significant economic
impact on recreational and commercial fishing industries.
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VIIT. ACTINHS TAREN

Pesticides

Under authority of the United States Federal Insscticide, Fungicide, and
Rodenticide Act (FIFRA) all pesticides used in interstate commerce must
be registered with the Adninistrator of the Envirommental Protection
Agency. Under FIFRA two procedures are available for withdrawing regis-
tration, cancellation and suspension.

Cancellation is the milder of the two procedures and is usecd when there
is substantial question as to safety of the product. Cancellation is
effective thirty days from receipt of official notice unless challenged
by the registrant. If the cancellation is challenged then either a
statutory scientific aadvisory cormittee is convenad or a public h2aring
is held, or both, in order to decide whether or not to affirm the cancel-
lation. Meanwhile the registrant is allowed to market the product in
interstate commerce until a decision is reached.

Suspension is a more drastic procedure and is warranted whenever the
Adnministrator Jdetermines that continued use of the product nresents an
“imminent hazard to the public." Irmediately upon notice of suspension
of registration the registrant must cease all interstate saipments of
the product.

During the period 1969-1970 four notices of cancellation were issued:

1. February 1, 1969 - Cancellation of phenylmercuric rionoethanc]
ammonium acetate compounds for use on anples, and straw-
berries; phenylmercury nitrate compounds for use on
almonds and prunes; and phenylmercury urea compounds
for use on barley, corn, cottonseed, flax, oats, peas,
rice, rye, sorghum, and wheat,

2. February 26, 1970 - Cancellation of phenylmercuric
acetate or phenylmercuric ammonium acetate compounds
for use on millet, rye, and sugarcane, and

3. HMarch 12, 1971 - Cancellation of hydroxyniercurichlorophenol
compounds for use on snap beans, sweet corn, cowpeas, flax,
peanuts, peas, potatoes, seedlings (transplant bed),
soybeans, sweet potatoes, and velvet beans; hvdroxy-
mercurinitrophenol-hydroxymercurichlorophenol compounds
for use on potatoes and sweet potatoes; methylmercury
8-quinolinolate compounds for use on apples; and phenyl-
mercuric acetate or phenylmercuric ammonium acetate com-
pounds for use on appnles, cherries, peaches, strawberries and
sugarcane.

4, On August 8, 1970, all mercury products bearing claims and/or
directions for use as slimicides or algicides, and for use



in laundering were cancelled. Tnis action was taken because
the use of mercury compound which results in water contamination
is potentially injurious to man and his environment.

On March 9, 1970 all pesticide products containing alkyl mercury for use
as seed treatments were suspended, while on October 7, 1971, algicides
for use in swimming and wading pools and for industrial uses were

suspended.

Hater

Background

On April 2, 1970, the American Embassy at Ottawa, Canada transmitted to

the Secretary of State a telegram which contained the text of a note

drawing attention to mercury contamination in certain boundary waters,
princinally Lake Saint Clair. The Federal later Quality Administration,

Great Lakes Regional Office, U. S. Cepartment of the Interior (now part of the
Environmental Protection Agency) immediately initiated an investigation

of mercury contamination in the Saint Clair River, Lake Saint Clair,

Detroit River, and western Lake Erie.

Dduring April of 1970, it became evident that the mercury pollution problem
was not limited to the Great Lakes area, but was of national scope.
Therefore, on May 1, 1970, the Regional Directors of the Federal Water
Quality Administration were directed to identify and measure the existing
and potential threat from mercury contamination on a tob priority basis.
dork was irmediately initiated and concentrations of mercury in effluents
sediments and biological materials were measured. XKnown users of mercury
were systematically checked to ascertain if they discharged mercury to the
aquatic environment. Also natural waters, where suspect, were checked to
determine if they were contaminated with mercury. Priority was given to
the determination of (1) the extent and intensity of the contamination,
(2) whether unacceptable residues in fish might be present, and (3)
whether water supplies might be endangered.

Water Supplies

During the period, May 1970 through June 1971, the Division of llater
Hygiene of the Environmental Protection Agency, analyzed 698

samples of raw and finished waters collected from the sources and/or
treated waters of 273 community, recreational area, and Faderal
installation water supplies in 31 States, the Virgin Islands, and
Puerto Rico. Over ninety percent of the water supplies analyzed
were surface or combined surface and ground water supplies.



Table 8 Summary of findings of mercury discharges to waters as of April 26, 1971.

!Il

111.

Number of Dischargers or Users

discharge of mercury.

billion.

Effective Date Sept. 3 Sept. 17  Oct. 1 Oct. {6 Oct. 29 Nov. 12 Nov. 25 pec 18 70 ,Anr 24

Known Mercury Dischargers « o ¢ o o ¢ o o o o o ofo o 451 e.o52)..53) ...83} .. .58}, . .60}, . .62, ..64)... .73
Analysis Positive Discharges greater than . ]
sampled For which most rccent 1.0 Ib/day « « f1b. o o] e o o (LTS L P I L P LT AT I | PR | P R
analysis indicates the pres- 0.5-1.0 1b/day .| 9. . . 9. « & 9. . 9. « 9. « « 10 .« | B |7 . 9. . .
ence of mercury. Most recent 0.25-0.5 1b/day.|[ 2. . . 2. . . 2. . 2. 0 o] 3- 0 |5l 5. jb0 . 7- « .
data showm as well as compar- less than ) )
ative findings where there - 0.25 1b/day. . .[26. . | 27. .. 28. . 28. .. }28. . .pBo .. .]38. .. (38. .. |47...
have heen reductions in the
Mercury Users - 0ischarge o« o ¢ o o o o o o o o sfo o .36 o« o o 36 e 036 v 036} . W36 .. M3, . L 4Bl . .57, . .64
Analysis ileqalive Discharges
samples Far which most recent
anilysis did not detect the -
presence of mercury above the
concentration of | part per
Mercury Users - No Discharge o o o « o o o o o ofo o B3] o« «86) o 004} o 183 4. o173 ). .183]. . (183}, , 192 |. . .647
Mercury users (or potential : ’
users) determined notl to be
discharging mercury on the
basis of an on-site inspection.

Tawal Analyzed (1 & 1) g7 832 £9 39 50 703 T 72T 57

Tozal investiqated (1, 11 & 111) 130 7% 203 252 263 200 245 313 884

cS.
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Of the 273 community, recreational area, and Federal installation
water supplies examined, 261 showed either no detectable quantities
of mercury present or concentrations of less than 0.091 ppm in the
raw and finished waters. In 11 of the water sunplies examined, the
mercury concentration ranged from 0.0010 ppm to 0.0048 ppm. One
of several samples collected from a large community water supply
exceeded the tentative drinking water standard of 0.095 ppm.

-

Industrial Discharges

In previous programs of the Federal ‘later Quality Administration of the
United States Department of Interior top priority on compiling a list

of potential mercury uses and systematically checking them to ascertain

if they were discharging mercury into public waters. Investigations and
sampling of the potentially serious discharges were initiated in early

May of 1970, and by the end of June and in early July, sound evidence had
been developed to support regulatory actions. On July 14, 1270, the
Secretary of the Interior acting under authorities of the Federal 'later
Pollution Act forwarded telegrams to the Governors of 17 States in which
mercury pollution was suspected and urged the Governors to act vigorously

in eliminating known discharges of the metal. The Secretary also announced
that he would notify all industries across the nation which are shown by
investigations and data to be responsible for mercury pollution and that
court action will be sought in any confirmed cases of mercury nollution

if corrected measures are not taken swiftly on local levels. on July 22, 1972
the Secretary of the Interior announced that he was submitting the names

of United States industrial firms to the Justice Department for nossible
prosecution on the charge of discharging mercury into the ilation's waterways
in sufficient quantitites to constitute a serious hazard tc public health.

On July 24, 1970, it was announced that the Justice Department was filing
charges against 10 United States industrial plants which are discharging
mercury into the ilation's waterways. Subsequently, stioulations tc reduce
mercury discharces to less than 1/2 1bs per day and requiring plans for
further reductions by December 1, 1970 were entered in the courts in

9 cases.

In August of 1970, the Federal Water Quality Administration, Departuent
of the Interior, {now part of the Environmental Protection Agency)
initiated a series of administrative meetings with mercury discnarges at
both the Headquarters and Regional level to establish abatement programs.
HMost of these meetings have producad agreements at least equivalent

to those achieved by the Justice Department in.the courts. High intensity
investigation of newly discovered potential discharges and a continuing
process of resurvey of known discharges have continued to the present.

As of April 26, 1971 the Environmental Protection Agency has investigated
834 potential mercury discharges (Table 8). The most recent analyses



available indicates that 73 sources were discharging mercury to the

aquatic environment while 64 sources the presence of mercury above the
concentration of 1 pob were not detected (Table 8). On the basis of an
on-site inspection, 647 potential mercury discharges were determined not

to be discharging mercury to the aquatic environment. These investigations
clearly show that one of the major sources of mercury to the aquatic
environment is the chlorine industry. Of the 73 sources presently discharging
mercury to waterways, 31 are from chlorine manufacture (Table 9). ther
major sources of mercury to the aquatic environinent are chemical and

pesticide manufacture, dye manufacture, and mercury reclaming (Table 9).

Yastewater Treatment Plants

Because it was determined that mercury seals on rotary-type trickling
filters could be a source of mercury to wastewater treatment plants,

the United States Environmental Protection Agency initiated a nrogram

on October 29, 1970, in cooperation witn State water pollution control
agencies to achieve the total renlacement of such seals in municipal

and industrial sewage plants. The Federal Agency also notified state water
pollution control agencies that the use of mercury seals in trickling
filters was no longer considered acceptable for any reason. In order

to eliminate this hazard at Federal installations, the United States
Environmental Protection Agency requested on February 26, 1971 that

each Federal agency conduct a survey.of its sewage treatment plants

to identify rotary distributor trickling filters equipped with wmercury
seals and develop a schedule for early elimination of these seals in
both Federal and State agencies.

Air

Pursuant to the authority contained in the Clean Air Act, the United
States Environmental Protection Agency on March 31, 1971, designated
mercury as a hazardous pollutant for which hazardous emissions standards
will be promulgated. Proposed emission standards for chlorine production
and primary processing of mercury - bearing materials were published

on December 7, 1971 and are scheduled for promulgation within 139 days
thereafter. The proposed regulations would limit mercury emissions

to 5 1bs. per days.

In order to intelligently reduce the emissions of mercury to air

under the United States Clean Air Act the Environmental Protection Agency
will take the following actions; 1) conduct a more thorough and detailed
jdentification of emission sources; 2) develop accurate emission factors
for each source category based on actual source sampling measurenents;

and 3) adapt or develop control systems adequate to reduce emissions
below a level which would be hazardous.
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Table 9 Types of industrial discharges to the agquatic environment
for which the most recent analyses indicates the presence
of mercury as of April 26, 1971.

Source of discharge Number

Chlorine manufacture 3
Chemical & pesticide manufacture
Dye manufacture

Mercury reclaiming

Pulp and paper manufacture
Instrument manufacture
Laboratories

Aluminum industry

Lamp &.1ight bulb manufacture
Plastic manufacture

Paint manufacture

Gold mining

Manufacture of switches
Manufacture of meters & pumps
Pulp and paperboard manufacture
Manufacture of catalysts
Manufacture of batteries
Manufacture of ammunition
Manufacture of magnets

Plastic fabrication

Sugar mill

Total 73
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