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ABSTRACT

The Canadian consumption of mercury has increased sharply in the
last decade. The major proportion of this increase can be accounted
for by the chlor-alkali industry from which nearly 200,000 lbs. of
mercury are released into the environment each year. The use of mer-
cury compounds for slime control in the pulp industry is decreasing.
Also decreasing, but still considerable, is the use of mercurials for
control of soil and seed-borne diseases in cereals.

Alkyl mercury derivatives, especially those containing methyl
mercury, are most common in seed-dressings. There is also evidence
that inorganic mercury, which is the form of mercury that is released
from the chlor-alkali industry, is changed to methyl mercury under
anaerobic conditions.

An experiment conducted on ring-necked pheasants indicated that
dietary methyl mercury has a strong adverse effect on reproduction,
and increases the frequency of shell-less eggs. In another experiment
red-tailed hawks were fed chickens raised on a diet containing methyl
mercury, the mercury levels in the liver of the chickens varying

between 3.9 and 10 ppm. Mortality or severe damage to the nervous

system such as extensive demyelination was observed in the hawks,
except for those on the least contaminated diet, after an exposure
period of one month or more.

Elevated mercury levels were found frequently in seed-eating birds,
rodents, and predators collected in Alberta and Saskatchewan. The source

of contamination must be mercury-containing seed-dressings as seed-
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eaters shot on treated fields had significantly higher mercury levels

‘than those shot on,untreated fields. Furthermore, it was found that

both seed-eaters and predators from Alberta, a province with widespread
use of mercury seed-dressings, had significantly higher residues when
compared with those from Saskatchewan, where seed-treatment is less
common.

Almost 100% of the fish collected in the Great Lakes, Baie de
Chaleur, OttawavRiver, and from Pinchi Lake in north-central British
Columbia showed elevated mercury levels, Of these, the highest levels
were recorded in those from Pinchi Lake, the St. Clair River, and Lake
St. Clair with maximum concentrations in the muscle of 10.5, 7.09 and
5.01 ppm respectively. Fish-eating birds from Baie de Chaleur and
Pinchi Lake carried similarily high mercury residues both in eggs and
liver tissue. The high mercury concentrations in the fish and fish-
eating birds are prégably a result of contamination from chlor-alkali
plants and pulp mills and in one case (Pinchi Lake) mercury mining,

The significance of mercury concentrations is discussed and it
is concluded that reproduction may be affected in birds such as prairie
falcons, merlins, and fish-eating birds as eggs of these species
carried mercury levels that experimentally were shown to reduce hatcha-
bility in pheasants. Consumption of heavily contaminated fish may re-

present a health hazard to humans.
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GENERAL INTRODUCTION

Mercury is a heavy metal which occurs in trace amounts everywhere in
nature, and according to King (1957) was one of the first to be discovered
by the human race; The knowledge of the toxic properties of mercury
and its compounds also has a long history. Both the toxic and therapeu-
tic effects of the metal were known by the earliest medical authors and
mercury compounds are said to have been used as drugs in Greece by
Hippocrates in about 400 B.C. Some mercury.preparations are used exten-
sively in modern medicine and have become important for treatment of
several diseases such as congestive heart failure and syphilis. Others
have played an important role as diuretics, but because of the narrow
margin between the effective therapeutic and toxic doses these have been
replaced by other less toxic therapeutic agents (Bidstrup 1964). Much
attention has further been paid to mercury as an occupational hazard in
certain industries and mining operations. Mercury or its compounds
are estimated to be used in at least 80 different industries and in
more than 3,000 different ways, many of these acting as serious sources
of exposure to factory workers and miners and thus giving rise to
poisoning (King 195;).

However, it is less than two decades ago since it was realized that
certain uses of mercury or mercury compounds may lead to general contam-

ination of our biosphere with most serious consequences not only for

man but also for wildlife.,




The effects of mercury contamination on wildlife have been fairly
well investigated in the Scandinavian countries, especially in Sweden
where mercury contamination has produced more wildlife problems than
has, for example, organo-chlorine pesticides. This contamination is
ascribed to the industrial and agricultural use of mercury and mercury
compounds.

Canada uses mercury compounds as does Sweden, for the same purposes,
and frequently in larger quantities. In addition, Canada still uses
alkyl mercury compounds which for some years have been banned in
Scandinavia because of their hazards to man and animal life.

A comprehensive report on the high mercury content in wildlife in
Sweden was published some five years ago (Borg et al. 1965, 1969), This
report was based on the analysis of 1,500 specimens and was conducted
at the State Veterinary Institute in Stockholm. In addition to animals
shot, or trapped, a large number of specimens found dead on the country-
side were investigated. A very high proportion of these were shown to
be mercury poisoned, especially seed-eating and predatory birds.

Mercury poisoning occurred also in red fox (Vulpes vulpes), marten

(Martes martes), and polecat (Mustela putorius), but not in roe deer

(Capreolus capreolus) and hares (Lepus spp). High level residues were

most frequent in the predatory birds. In some localities, a low rate
of reproduction was reported in the white-tailed eagle (Haliaeetus
albicilla) and their eggs carried 3.5 ppm to 11 ppm of mercury. Exper-
imentally, these levels were shown to effect reproduction in pheasants

(Borg et al. 1965, 1969 and Tejning 1967a).

The mercury in wildlife was mainly ascribed to seed-dressings,



because of their widespread use in Sweden at that time, and also
because the highest levels of mercury were found during and shortly
after the seeding season. However, the mercury in the white-tailed
eagle must have originated from another source, since it is a fish-
eating bird and it is suggested that industry was a major source of
mercury contamination in wildlife.

Elevated mercury levels in seed-eating birds in Sweden, especially
pheasants, are also reported by Ulfvarson (1965) and Tejning (1967).
Wanntorp et al. (1967) investigated the mercury levels in wood pigean

(Columba palumbus) before and after alkyl mercury compounds were

banned as seed-dressings in Sweden, 1964 and 1966 respectively, and
found that the mercury levels in this species had dropped considerably
after the ban was carried through. Lihnell and Stenmark (1967) inves-
tigated mercury residues in rodents and found in these much lower levels
than in seed-eating birds.

Berg et al. (1966) investigated the mercury content in the feathers
of museum specimens of eleven different bird species collected over the
last 100 years. Included were both seed-eating birds and predators.
They found that for all species the mercury level was roughly constant
in specimens from the period 1840 to 1940. In the 1840's concentration
increased 10 to 20 times above the previous levels, At that time
mercury seed-dressings and mercurial slimicides in the pulp and paper
industry were introduced in Sweden, and the chlor-alkali industry
began using mercury cathodes in their electrolytical processes, The
highest mercury levels were found in white-tailed eagle and the lowest

in pheasants and partridges.



Hasselrot (1967) kept young salmons in net cages upstream and
downstream from pulp mills and chlor-alkali factories, and found up
to 20 times‘as much mercury in the liver of fish kept downstream as
compared with those kept upstream.

Hannerz (1967) conducted experimental investigations of the accu-~
mulation of different mercury compounds in water organisms. He found
the accumulation rate in fish was fast, while the elimination rate was
slow, especially for methyl mercury, for which concentration factors
of 2,000 and 9,000 were found for water to muscles and water to kidneys
respectively. When phenylmercury acetate is used Hannerz concluded
that the biological half-life of mercury in muscles of fish (pike) is
in order of 65 to 70 days.

Mercury occurrences in fish have also been studied by Johnels et al,
(1967), Westdo (1967), Noren and Westd6 (1967), Westd8 and Noren (1967),
and Westod and Rydalv (1969). In many cases their findings could be
connected with the sources of contamination; for example, pulp and
paper mills and/or chlor-alkali factories, The reported concentrations
were for the most part in the range of 0.2 to 1.0 ppm (in muscle tissue).
About 1% of the total Swedish water areas is inhabited by fish with more
than 1 ppm (L3froth 1969). However, all waters have not yet been sur-
veyed. It is now prohibited to sell or give away fish from waters
where more than 1 ppm has been found. This limit has been widely
criticized as being too high and the FAO/WHO suggests a tolerance
level of 0.05 ppm in food.

Almost 100% of the mercury in Sweden's fish seems to be in the

form of methyl mercury, even in cases where other forms of mercury have



been released into the water (West&5 1967, Noren and Westdd 1967),
Jensen and Jerneldf (1967) were able to show that unidentified micro-~
organisms can methylate inorganic mercury. These findings were later
verified by Wood et al., (1968) who also isolated a methanorganic bacter-

ium (Methanobacterium omelianskii) capable of methylating mercury and

found that methylation of inorganic mercury is a normal biological pro-
cess which can occur in anaerobic ecosystems. This is important from
an ecological viewpoint since methyl mercury is known to be highly toxic
and stable in the body (Brown and Kulkarni 1965, Friberg 1959), and
anaerobic or nearly anaerobic ecosystems frequently are found in heavily
industrialized areas where mercury contamination most likely occurs.
Only few reports from outside Sweden on mercury levels in wild-
life are available, Henriksson et al. (1966) found higﬂ levels of
mercury in six white-tailed eagles from Finland (in liver from 12.2 to.
27.1 ppm). These were brought in dead and the authors assumed that
mercury had caused their death. They also connected the recent decline
in the white-tailed eagle population with mercury contamination. There
are also reports from Finland on high mercury levels in several species

of fish (Hasanen and Sjoblom 1967) and in ringed seal (Pusa hispida)

(Helminen 1968). The seals from Lake Saimen contained extremely high
mercury levels of up to 200 ppm in the kidney. The contamination
probably originates from Finland's considerable pulp and paper industry.
Ash (1962) investigated seed-dressing residues in pheasant eggs from
Britain, but only traces of mercury were found. Recent studies by
Warren and Delavault (1969) revealed unexpectedly high concentrations

of mercury of up to 5 and even 15 ppm in British garden soils; the



authors however, concluded that these must be of geological origin.

Perhaps the most serious consequences of mercury contamination
have been reported from Japan (Kurland'éz;gi: 1960, Irukayama 1966).
Releases of mercury from a factory using methyl mercury chloride as
a catalyst in the production of acetaldehyde led to high amounts of
mercury in fish and shell-fish, which after being eaten caused the
death of 41 persons in the city of Minamata. Even congenital
neurological injuries were described indicating that mercury penetrates
the placenta barrier, later confirmed by Tejning (1968). A similar
case was later reported from Niigafa in Japan (Irukayama 1966). Not
only human beings but also cats and rats feeding on shell-fish devel-
oped symptoms of mercury poisoning.

Westd6 and Ryddlv (1969) analyzed fish and crustaceans exported
from several countries in Europe, South and North America, and Asia,
to Sweden. Among these were three specimens of crayfish from Canada
which had levels as high as those in crayfish from Sweden's "black-
listed" lakes, about 0.5 ppm. This was not the case with crayfish or
fish from other countries outside Sweden. Unfortunately, the location
in Canada was not given.

With regard to mercury poisoning in man as a result of occupa-
tional exposure or therapeutic uses, the literature is reviewed by
Bidstrup (1964). An excellent review of the metabolism of mercury and
its compounds 1is further given by Brown et al. (1967).

The aim of the present study was to inveséigate the mercury levels
in Canada's wildlife from selected areas where mercury contamination was

expected and by experiments contribute to the understanding of the bio-



logical effects of mercury. The possible sources of contaminafion
should be investigated.

The study includes a survey on mercury uses and releases into
the environment. This survey was undertaken to provide information
necessary to select relevant study areas and to decide which species
should be investigated.

Experiments were conducted on ring-necked pheasants to study the
effects of mercury seed-dressings on reproduction. Another experiment
was conducted on red-tailed hawks to evaluate the-effects of mercury
found in raptorial birds.

On the basis of our knowledge on the distribution of mercury con-
tamination wildlife specimens likely to be contaminated were collected,
and aﬁalyzed for mercﬁry. A small number of specimens from presumably
uncontaminated areas were also investigated for comparison. As mercury
seed-dresings and releases of mercury into streams and lakes from
certain industries were shown to be the chief contaminators, attention
was especially given to seed-eating birds and their predators, in addi-
tion to fish and bird species, which are known to prey on fish or other
Qater living animals.

Parts of the thesis have been accepted for publication in various
journals while other parts have been submitted for that purpose. The
thesis has been prepared by presenting the various :ctions as they

were submitted.



COMMENTS ON THE PROCEDURE

The study was financed by a contract with the Canadian Wildlife
Service. According to this contract the wildlife specimens should be
analyzed at Gulf General Atomic Incorporated, San Diego, California,
by the neutron activation technique (see page 111).

It was unfortunate that due to financial limitations only 400
wildlife specimens from my collection of 630 could be analyzed, and
so some sacrifice of the depth in the final results was unavoidable.
Also it was not alway;fpossible to collect the desired number of
specimens of selected species because of restrictions on the collecting
permit, especially for some birds of prey.

In the experiment with pheasants and red-tailed hawks it was
desirable to analyze tissue samples and eggs for mercury. I had
the choice of either analyzing a restricted number of samples (about
50) by the neutron activation technique or five times as many by a
dithizone technique (Oliver and Funnell 1958). The last alternative
was chosen because this method had been successfully applied for deter-
minination of total mercury in animal tissue and its sensivity (0.2 ppm)
was satisfactory for the purpose. The recovery of mercury added to
liver tissue (2 - 50 mg/gram) was 97.5 - 99.0 percent (Appendix III).
With the neutron activation technique no losses can occur since the
sample is sealed in q;artz (page 111). For animal tissues therefore

these two methods should be agreeable for levels above 0.2 ppm.



MERCURY USES IN CANADA AND THEIR POSSIBLE HAZARDS

AS SOURCES OF MERCURY CONTAMINATION



INTRODUCTION

Mercury has been known as a toxic agent since the time of the
earliest medical authors, and as an occupational hazard, in certain
industries, it has received much attention. On the other hand, the
general contamination of the biosphere has only recently been recog-
nized by ecologists.

The consumption of mercury and its compounds has since the last
world war shown a strong upward trend, especially in such uses that
empirically lead to considerable losses of mercury to the environment.
A large percentage of these losses include highly toxic and persistent
mercury compounds.

Mercury contamination has been fairly well investigated in the
Scandinavian countries where mercury has produced more wildlife
problems than have DDT and other organo-chlorine pesticides.

This study reviews the mercury uses in Canada for the purpose of
evaluating their possible hazards as sources of environmental contamin-

ation, with special reference to effect on wildlife.
METHODS AND MATERIALS
Most of the information included in this report was gathered by

mail surveys during 1968. Questionnaires were sent to industries likely

to use mercury or mercury compounds in their processing including all pulp

10
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and paper mills and chlor-alkali factories in Canada. .Questionnaires
were sent also to all importers of mercury-containing pesticides and
to the Provincial Agricultural departments. The information obtained
together with the statistics compiled b& the Dominion Bureau of
Statistics (DBS) and other available literature, provided the basic
data for this study.

Answers were received from 80% of the pulp mills and 100% of the
chlor-alkali plants and the Agricultural departments. About 80% of the
importers were willing to give only limited information as to the
quantities of mercurial pesticides imported. However, regarding
mercury pesticides, the DBS pesticide statistics are informative and
comprehensive as they are based upon reports from firms that are
estimated to account for at least 95% of the total sales (D.B.S. Cat.

4e - 212).
CANADIAN CONSUMPTION OF MERCURY

Canadian imports of mercury for the years 1959 - 1967 are shown
in Fig. 1. The imports during these years showed a strong upward trend
with 1965 being a boom year. That year more than one million pounds
(450,000 kg) were imported largely to meet inventory requirements of
new or expanded chlor-alkali plants (Anonymous 1968).

The consumption of mercury for the aforesaid period probably
corresponds to the quantities imported as Canada had practically no
mercury production of her own and only negligible quantities were re-
exported, according to DBS mineral statistics.

The increase in mercury consumption in Canada has been considerable
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Fig. 1,

Mercury imported by Canada, 1959 - 1967, Each column

represents the average for the period indicated.

Source: DBS import statistics,



13

6% GNVSNOHL

r300
L250
200
L 150
100
L 50
0

1965-67

1962-64

1959-61

Y
@)
O
<

SANNOd ANVSNOHL

600,
5004
300.
2004
100 4



14

when compared with the free world's corresponding growth which had

averaged only 3% annually during the last decade (Anonymous 1968a).
In 1968 only 168,600 pounds (76,700 kg) of mercury were imported

but in September of that year Cominco's old mercury mine at Pinchi

Lake in the north-central part of British Columbia was brought back

into operation. The prospective annual production at this mine is

1 -1 1/2 million pounds (450,000 -~ 700,000 kg) of mercury when in

full operation (Anonymous 1968).

Chlor-alkali industry

The most important consumer of mercury in Canada is undoubtedly T
the chlor-alkali industry. Production of chlorine and caustic soda is
an electrolytical process, and until recently most plants used the so-
called diaphragm cells which require no mercury. However, changing
economics has favoured mercury cells, which employ a flowing cathode
requiring large inventories of mercury; from 75,000 - 150,000 lbs.
(35,000 - 70,000 kg) for a plant with a capacity of 100 tons of chlorine
a day. The exact amounts depend upon cell design and operating condi-
tions (Sommers 1968). Theoretically, no mercury is consumed in the pro-
duction, but in any plant there are some losses, usually 0.5 1b.
(0.2 kg) per ton of chlorine prod;ced (Anonymous 1966, Murozumi 1967).

At the present time Canadian chlor-alkali plants probably hold almost
two million pounds (900,000 kg) of inventory mercury and require about
200,000 1bs.(90,000 kg) annually as make-up; e.g.,to replace mercury los-

ses (Anonymous 1968). Most of the lost mercury finds its way to streams and

lakes. Traces of mercury are also carried to the atmosphere with hydrogen

gas and ventilation system (20-40 mg/ton chlorine), while some mercury is
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retained by the caustic soda usually less than 5 ppm (Bouveng ¢ Ullman

1969 and Henry 1968).

Chlorine production has increased sharply in Canada in the 1960's
and mercury cells have had a steadily increasing share of new capacity.
More than 50% of the chlorine and caustic soda is now produced in
mercury cell plants (Anonymous 1968), most of which started up .during
the last decade .

The price of mercury has increased sharply. For example, in the
period 1964 - 1967 it rose from $250 ~ $510 per flask (34.5 kg). Due
to the high cost of mercury; some chlorine producers have hesitated
in building mercury cell plants. However, now that Cominco has up-~
dated their old mercury mine at Pinchi Lake, Canada need no longer
depend upon European suppliers. This may result in a continued growth,
perhaps at an accelerating tempo, of mercury-dependent plants. The
switch to mercury cells is also encouraged by éxperts, the advantage
being production of high quality caustic soda without costly additional

equipment (Anonymous 1966).

On the maps (Figs. 2 - 3) one can see the d&istribution of chlor-alkali

Plants using mercury cells, and accordingly, we must expect mercury conta-

mination to be more prevalent in the St. Lawrence River system. The

abundant quantities of water will of course have a high diluting effect

and only analysis of aquatic organisms and their predators can tell us to

what extent we already have a serious mercury pollution problem. However,

investigation by Hasselrot (1967) in Sweden revealed significantly
increased mercury content in fish exposed downstream from a chlor-alkali
plant, which had an estimated loss of 1,400 kg mercury into the water

annually.

-



l6a

Fig. 2. Distribution of important sources of mercury

contamination of water in Canada's eastern pProvinces.
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Only metallic mercury is used in mercury cells, but in waste
waters mercury also occurs as chlorides; Metallic mercury can also be
changed to the'inorganic form under the influence of the electric ten-
stion difference that exists between the oxygen-rich surface water and
the oxygen-poor layer near the bottom in the lakes. Interesting in
this connection are the findings of Jensen and Jerneldf (1967), who
showed that micro-organisms in the bottom mud are able to change inor-
ganic mercury to methyl mercury. These findings have been verified by
Wood et al. (1968) who also isolated a methanogenic bact;rium capable of
methylating mercury and found that methylation of inorganic mercury is a
normal biological process which can occur in anaerobic ecosystems. This
is important from an ecological viewpoint since methyl mercury is known
to be highly toxic and stable in biological systems (Brown et al. 1967,
Friberg 1959) and anaerobic or nearly anaerobic ecosystems frequently are

found in heavily industrialized areas where mercury contamination most

likely occurs.

Electrical instruments and apparatus

Mercury is considered important in the production of electrical
instruments and apparatus, and in the U.S., for example, this industry
was the largest consumer of mercury until recently (Anonymous 1966). Iu
Canada, however, this industry has a more restricted capacity and the
annual use of mercury for the purpose did not exceed 25,000 1lbs. (11,000
kg) in the 1960's, according to DBS mineral statistics. We must also
expect that only a minor percentage of this mercury would be released
into the environment and thus, hardly be a serious source of contamina-

tion; although occasionally, it happens that this industrial use of

mercury also causes problems (Landell 1968).
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Pulp and paper industry

Organic mercury compounds; particularly phenyl mercury acetate, have
for a long time; been the predominating slimicides in the manufacture
of pulp and paper. However, in order to conform with the Food and Drug
Act of the U. S., where a large percentage of the Canadian pulp and
paper products are being sold, most of the Canadian companies have dis-
continued the use of mercury-containing slimicides during the past ten
years. Our mail survey indicated that only niné mills are now (1969)
using slimicides, the active ingredient being phenyl mercury acetate,
(Figs. 2 - 3). According to their information, a total of less than
30,000 1bs. (13,500 kg) of slimicides containing 10% phenyl mercury ace-
tate are used by these companies annually. Only a minor part of the mer-
cury (5% - 20% depending on mill operation) would reach the watercourse
with the waste water. The rest will remain in the products (Bouveng 1967).

Since the pulp and paper industry is the chief consumer of caustic
soda, which may contain as much as 5 ppm of mercury if produced in a chlor-
alkali plant with mercury cells (Henry 1968), it might well be a signifi-
cant contaminator even though no mercury slimicides are used. Further
investigations, however, are needed before anything definite can be said.

There are several reports from Sweden of occurrences of high con-
centrations of mercury in fish and other aquatic organisms due to
contamination from the pulp and paper industry. Hasselrot (1967) kept
young slamon in net cages in a stream receiving discharge from pulp
factories and found up to twenty times as much mercury in the liver of
fish kept downstream as in those kept upstream after one month of ex-

posure. High mercury concentrations were found in fish from many lakes

and streams in the southern and central parts of Sweden (Johnels et al.
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1967). Values as high as 9 mg/kg in the muscles were reported in cases
where the chief source of contamination appeared to be mercury in waste
water from pulp factories.

Since phenyl mercury acetate is the active ingredient in these.slimi-
cides, it is of interest to note that recent investigations in Sweden
indicate that a change from phenyl mercury to methyl mercury takes place
in water (Noren & WestdG 1967, WestdS & Noren 1967). High concentra-
tions of methyl mercury in fish were reported where no methyl mercury had
been released into the water, but where industrial wastes containing
phenyl mercury were known to have been discharged. These changed are

probably associated with micro-biological activities.

Seed protection

Seed treatment with organic mercury compounds for the control of
soil and seed-borne diseases is widespread in Canada. Both cereals and
flax seed are treated. Edgington (1967) listed the following diseases to
be controlled by organic mercurialsj common bunt in wheat, loose and
covered smut in oats, covered smut in barley, and seed rot, and seedling
blights in wheat, oats, barley and flax.

Mercury seed dressings are either used separately or in combination
with an insecticide, usually aldrin or heptachlor, for the additional
control of wireworms. They are formulated as liquids or powders, and
recently drillboxes have come into use.

DBS compiles statistics of the annual sales of seed treatments. The
sales figures for the period 1963 - 1968, given in TABLE ‘1, are based
upon reports from firms that are estimated to account for at least 95% of

the total sales.
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There is a considerable variation in the concentration for mercury
in the seed dressings (Smart 1968) and fig. 4, which shows the calcu-
lated amounts of mercury equivalent in seed dressings, may therefore give
a better picture of the trend in mercur} uses for this purpose. The
calculations are based upon the percentage of mercury in the most
common product within each formulation group and therefore are not
exact, but since we do not know the quantities of all products sold,
this may be the best way to determine the total mercury used in seed
dressings.

Fig. U4 shows that use of mercury in seed treatments have had a
downward trend, but the quantities used are still considerable. On
the basis of the abovementioned sales figures, seeding rates, and recom-
mended rates of treatment, the author has estimated that nearly 70% of
all grain seed in Canada was treated with mercury compounds in 1967.
This is equivalent to 30 million seeded acres.

Since wet or humid conditions favour growth of seed disease organ-
isms, seed treatment seems to be more common in areas where we have
such conditions. In Ontario it is estimated that almost 100% of the
grain seed was treated in 1967 - 19868 (Fallis 1968), while in
Saskatchewan, 40%, and in Alberta, 75% (Gurba 1968). The 1968 - 1969
figures for the Prairie Provinces indicate that the amount of seed
treatment was 20% less than in the previous year (Vaartnou 1969).
Irrigation is far more widespread in Alberta than in Saskatchewan, which
may explain the difference between the two Prairie Provinces in this
regard. Our mail survey conducted with the Provincial Departments of

Agriculture, indicates that the most frequently used mercurial treat-



Fig, y, Canadian consumption of mercury in seed—dressings, 1963 -
1968, estimated on the basis of DBg pesticide sale statis-

ties and the concentration of mercury in commonly used

seed-dressings.



25

F20

L 15

6% ANVSNOHL
(@]

—

. O

40 _

304

SAONNOd ANVSNOHL

T
O

0.

1964 1965 1966 1967 1968

1963




26

ments contain alkyl mercury; €.g., methyl mercury dicyandiamide {(MMD)

in Panogen. From a wildlife viewpoint this is an undesirable situation.
Students in this field have shown that alkyl mercury; in addition to
being more acutely poisonous than other organo mercury COmpounds;

also are more slowly eliminated from the animal body (Bidstrup'lgﬁu;
Friberg 1959). Kimura and Miller (1964) who studied degradation of dif-
ferent organo mercury fungicides in soils, found MMD to be the most
persistent.

Alkyl mercury compounds are now banned as seed dressings in the
Scandinavian countries, and in their place, the less persistent alkoxy-
alkyl mercury compounds have come into use. Wanntorp et al. (1967)
investigated the mercury levels in wood pigeons before and after alkyl
mercury compounds were banned as seed dressings in Sweden, 1964 and
1966 respectively, and found that the mercury levels in this species had
dropped considerably after the ban was carried through. High amounts
of mercury in seed-eating birds in Sweden before 1966 were also reported
by Borg et al. (1965), Tejning (1967), and Ulfvarson (1965). There was
a considerable variation in concentration of mercury with the time of
year. Mercury was found more frequently and in higher concentrations
during and after the seeding period.

Tejning (1967) maintains that the mercury in seed-eating birds
such as pheasants originates from uncovered seeds picked up by the
birds. Moller (1965) studied the sowing on 44 randomly chosen farms
in Sweden with respect to the quantities of seed grain left on the
surface, and found an average of 1.3 kg/hectare or 3.3 kernels/m

On the headlands, which were generally 10 - 15 m broad, he found
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0.65 kg or uncovered grain per 100m, with the total quantity of uncov-
ered grain seed averaging 0,9% of that seeded, I have seen no similar
investigations from Canada, but because of minimal precipitation in the
Prairie Provinces during the seeding season, the seed would probably be
sown deeper here than in Sweden, resulting in a smaller quantity of un-
covered seed. Another factor which draws in the same direction is that
Canadian fields are larger and thus, the headlands form a smaller percen-
tage of the total area. This, together with comparatively small seed
rates and about 50% of the land on fallow eachvyear, are all factors which
should contribute to a smaller intake of treated grain seed by seed-eating
animals. On the other hand, the author detected considerable amounts of
spilled treated seed on many farms in Western Canada duriﬁg the summer

of 1968. This spillage was usually seen in or near the farmyards.

Horticulture

Mercury compounds are used both as foliar sprays and as aerosols in
greenhouses. Examples of fungicidal diseases controlled by mercurials are
scab in apples and pears, late blight in potatoes, and leaf mould in to-
matoes. An excellent survey regarding the different mercury compounds
used for the control of various plant diseases is given by Smart (1968).
Our mail surveys directed to the Provincial Departments of Agriculture
and the suppliers of pesticides, revealed that the quantities of mercury
containing fungicides used for this purpose are rather limited in Canada.
The use is almost entirely restricted to fruit growing districts in

Ontario, British Columbia, and the Atlantic Provinces. Canadian studies (Ross

and Stewart 1962, 1964, Stewart and Ross 1967) indicate that consider-
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able residues of mercury accumulate in"leaves,_fruits, potato tubers
and soils following application of this type of mercurial fungicide,

A review of the residues of mercury in fruits, vegetables, and
other foodstuffs is given by Smart (1968). It appears that use of
mercurial sprays frequently leads to residues that exceed the WHO/FAO

proposed maximum acceptable residue level of 0.05 ppm.

Turf fungicides

DBS pesticide statistics do not give any information regarding
mercurial turf fungicides, but in our mail survey pesticide suppliers
indicated that the consumption is considerable. Thus, two firms in
Ontario and Quebec reported selling 102,179 1lbs. (46,000 kg) of mercury
turf fungicides in 1967, containing a calculated amount of more than
6,000 1bs. (2,800 kg) of mercury (Hg). Golf courses are the predom-
inant consumers of these fungicides, bowling greens and home lawns are
others. The active ingredients are mercurous chloride, mercuric chlor-
ide, or phenyl mercury acetate. The mercury content varies between
6% and 73% in these highly concentrated products.

Frequent use of these turf fungicides may lead to considerable
accumulation of mercury in soils since as much as 15 1bs. of mercury

may be added to each acre following an application (Booer i9uy),

Paints
Mercury compounds are widely used as anti-fouling and mildew-
proofing additives in paints, and smaller quantities are often added

as preservatives against bacterial attack during storage. The mercury-
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containing paints are sold for both industrial and domestic purposes,
although no statistics are available to show the quantities used for
this purpose in Canada. However, in the U. S. the quantity exceeds
the amount of mercury used in mercurial fungicides in agriculture

(U. S. Bureau of Mines Statistics 1967). The mercury content of a
commercial paint is about 0.05% and the compounds are more or less
volatile and may cause air pollution (Taylor 1965). Several cases of
poisoning in man due to this use of mercury compounds have been

reported (Brown and Kulkarni 1967).

Other possible sources of contamination

The use of mercurials in the production of pharmaceuticals and
dental preparations is important even though the consumption of mercury
for this purpose in Canada comes to only a few thousand pounds annually.

The quantity of mercury used in amalgamation for the recovery of
gold and silver is eéfimated by DBS to be about 3,000 lbs. (1,400 kg)
annually.

Mercury is further known as an excellent catalyst in many chemical
reactions; e.g., in the production of acetaldehyde and vinylchloride.
The aquatic mercury contamination that caused the death of 41 persons in
the Japanese city of Minamata was due to this use of mercury (Kurland
et al. 1960). Because of the rapid growth of the plastics industry
the use of mercury for this purpose should be surveyed and steps taken
to restrict possible contamination. Minor quantities of mercury are
vital for general léboratory use, in the manufacture of thermometers,

in atomic reactors, and many other uses too numerous to mention here.
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Mercury may also be set free and enter the biosphere by the burning
of coal and other fueld known to contain traces of mercury (Stock and
Cucuel 1934). Even sewage sludge may contain considerable amounts of
mercury (Andgrson 1967a), and if repeatedly applied as fertilizers or
otherwise spread into the environment it may well lead to enrichment

of mercury in soils and fauna.
THE NATURAL OCCURRENCE OF MERCURY IN CANADA

In an attempt to study the man-made mercury contamination, the
natural occurrence or background level of mercury in the biosphere
should be considered. Canadiag studies have revealed high concentrations
of mercury in soils and plants in British Columbia (Stevenson is40,
Warren et al. 1966). Soil containing 0.1 ppm of mercury may be consid-
ered normal (Erikson 1967, Stock and Cucuel 1934) but as much as 1 - 10 ppm
has frequently been found in soils around the cinnabar deposits in
British Columbia (Warren et al. 1966) where mercury occurs as sulphide,
HgS (cinnabar). Considerable cinnabar deposits are found at Pinchi
Lake, Kamloops Lake, Yalakon River, Bridge River, and Alberni Canal
(Stevenson 1940). In the vicinity of gold,molybdenum, and base-metal
deposits, examined by Warren et al. (1966), soils were found to contain
0.05 - 0.25 ppm and in a few instances as much as 2 ppm.

The amount of mercury in plants was related to that found in
soils, although much variation was shown both between species and be-
tween different organs of the plants. Few, if any, similar analyses

have been conducted on soils and plants in other provinces in Canada.
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But, smaller amounts of mercury have been produced at some gold and
molybdenum mines in Ontario. Many kinds of ores besides simple mercury
ores may be highly enriched with mercury. Mercury may occur in many
minerals of geochemically related metals (Goldsmith 1954). Of these,
the highest concentrations are reported from argentiferous lead-zinc
deposits (Hawkes & Williston 1962). There are several lead and zinc
mining districts in Canada, with south-eastern British Columbia being
the most important; others are found in Manitoba, Ontario, Quebec,
New Brunswick, and Newfoundland. The limited information available
thus indicates that the natural background levels of mercury in rocks
and soils is subject to much variation. However, to what extent this
variation is reflected in wildlife still remains to be investigated.
The probable occurrence of mercury contamination in air and water
in the surroundings of Cominco's mercury mine at Pinchi Lake (Fig. 3)
warrants analysis of fish and other organisms regularly, as this is a
popular lake for sport-fishing and heavy contamination of the water

may therefore have serious consequences.

CONCLUSION

It is evident that by far the largest quantities of mercury and
mercury compounds are used for industrial purposes. The industrial
and urban areas in Ontario and Quebec must account for at least two-
thirds of all mercury used in Canada. In this area we must anticipate
mercury contamination. The aquatic ecosystems are most likely to be

contaminated, with the highest amounts of mercury appearing at the tops
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of foodchains, in animals suqh as large predaceous fish, fish-eating
birds and mammals. In the St. Lawrence River drainage we must also
consider the releases of mercury from the U. S. side, which may be con-
siderable because of highly industrialized and urbanized localities
bordering the Great Lakes.

Lesser, but still considerable amounts of mercury are used in seed
dressings. On the other hand, the mercury in these products occurs
primarily in its most toxic and stable form, alkyl mercury. If suffi-
cient quantities of the treated seeds are picked up by seed-eaters, a
considerable wildlife hazard may develop. The accumulation of mercury
in soils caused by the use of seed dressings is slow, with less than one
gram of mercury being added to each acre of wheat field annually. This
is comparable to the amount of mercury added to soils in precipitation
(Anderson 1967) while the natural occurrence of mercury amounts to ap-
proximately 0.5 kg (1.1 1bs.) per acre (Erikson 1967). The accumulation
of mercury following industrial uses may be more serious not only
because of the higher amounts of mercury and mercury compounds being
used and released but also because these relatively large amoﬁnts of
mercury will enter a more distinct part of the biosphere. The resulting
total mercury concentration will therefore be pronounced where such
contamination occurs. The aquatic ecosystems exposed include multistep
foodchains through which mercury accumulates (Hannerz 1967) and often
reaches hazardous levels.

As pointed out earlier in this report, some mercury uses will lead

to air pollution and through the air, mercury-containing gases may be

spread even to remote areas.



SUMMARY

During the past ten years mercury consumption has shown a strong
upward trend in Canada. The major proportion of this increase can be
accounted for by the chlor-alkali industry, from which nearly 200,000 1bs.
(90,000 kg) of mercury are released into the environment each year.

Most of this mercury finds its way to watercourses exposing aquatic
ecosystems where mercury is known to accumulate. The use of mercury
compounds for slime control in the Canadian pulp industry, formerly

an important consumer of mercury, is decreasing. Also decreasing is

the use of seed-dressings containing mercury, although this use of mer-
curials is still considerable, and in lieu of findings in other countries
elevated mercury lewvels in seed-eating birds and their predators, from
districts with intensive grain farming, must be expected. The significance
of other potential sources of mercury contamination including natural

occurrences of mercury in soils and rocks is discussed.
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INTRODUCTION

Organic mercury derivatives are commonly used as seed treatments
for the control of seed-borne cereal diseases such as smut and bunt in
wheat, barley, and oats. Since these compounds appeared on the market
about 50 years ago variations have been introduced (Sharvelle 1962),
Among these are alkyl mercury derivatives which combine a strong,
all-round effect against various types of seed-borne pathogens with a
comparatively low phytotoxicity. Due to these advantages, the alkyl-
mercury compounds primarily those containing the methyl homologue, have
become extensivély used for seed-treatment during the last two decades.
From a wildlife viewpoint this is an undesireable development as these
mercury compounds have shown to be highly toxic (Grolleau 1965), and
stable in the body (Friberg 1959). Seed-eating birds and mammals pick
up mercury from uncovered treated grain seed, and in turn, pass the
mercury on to their predators. Borg et al. (1969) reported several
cases of hazardous mercury levels in Sweden's wildlife ascribed to the
use of seed-dressings containing alkyl mercury. High levels of mercury
have recently been found in pheasants and partridges collected in the
grain growing districts of Alberta. These findings will be reported
in another paper (Fimreite et al. 1970).

In order to evaluate the significance of the residues of mercury

found in wildlife, basic information, obtained in controlled experiments

35
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is needed to understand the biological effects of mercury contamination,
One important aspect, in which little research has been done; is
the effect of mercury on reproduction. Borg ‘et 'al. (1969), using only
one level of mercury treated grain, reported reduced hatchability in
pheasant eggs after the hens received treated grain for only nine days.
They also reported that in pheasant eggs collected from typical agricul-
tural districts where there was widespread use of mercury seed-dressings,
low hatchability occurred when incubated artificially. In chickens a

more comprehensive study has been conducted by Tejning (1967a).

The ring-necked pheasant -(Phasianus colchicus) was chosen for this

study for several reasons: (i) it is a typical seed-eating species
widely common to grain growing districts, (ii) a large percentage of
its diet consists of grain, (iii) elevated mercury levels are frequently
found in wild specimens, and (iv) it is an important game bird,

The aim of this study was to investigate the effects on reproduc-
tion of methyl mercury treated grain, added to the diet at specific
rates and at certain intervals in the egg-laying season. The influence
on egg production, shell formation, hatchability, embryonic and chick
mortality will be discussed. General health observations and effects
on food consumption are alsc reported, as such effects indirectly may

have an influence on reproduction.

MATERIALS AND METHODS

Test Birds

The pheasants tested in this experiment were obtained as yearlings
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(hatched in June 1968) from Al Straibs Pheasantry, Aylmer, Ontario and
taken to Niska Waterfowl Research Station, Guelph, Ontario, in January
1969, where the study was conducfed. The pheasants were confined to
two large pens, each 1,000 sq. ft., until they were grouped and put
into their respective experimental pens. Until two weeks prior to the
experiment the food consisted of 1/2 grain mixture (wheat and barley)
and 1/2 CO-OP duck breeder ration (17% protein). During the final two
weeks they were fed pure breeder ration. Both feed and water were
given to the pheasants ad libitum until the experiment commenced.

The birds were weighed three times; shortly before the experiment,
four weeks from the start, and at the time they were killed, 10 or 12
weeks from the start. Birds that died during the experiment were exam-

ined at the Department of Pathology, University of Guelph,

Design of the experiment

The experiment was designed as shown in Fig. 5. The variables
involved were: (a) three different mercury levels; 100%, 50%, and 25%
mercury treated grain in diet and, (b) three experimental feeding per-
iods; 2, 4, and 12 weeks. Each of the nine experimental groups as well
as the three control groups consisted of two sub-groups (pens) bringing
the number of pens to 24, To each pen there were seven hens and one
cock. In future reference the groups will be identified by proportion
of treated grain in the diet (per cent) and the length of the period
(weeks) fed treated grain. For example, the group that was fed 100%
treated grain throughout the experiment {pen nos, 4 & 16) will be

referred to as 100/12,
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Fig., 5,

Plan of experiment to show effects of dietary methyl mercury
on ring-necked Pheasants, Each group consisted of two sub-
groups (pens, housing seven hens and one cock) one from ny

and one frop N2- Mercury leyels in diet (% treat_ed grain)




days

3

n2

i

Yo ol

75
/4

—

17 18 19 20 21

15 16

13 4

7777777777777}~
/774~
/42

9

—-_7—
6

[
3

]
2

1

e

pen no

._ 100 % treated grain

Py

0%

71. 259
[l

39



40

The experiment lasted 12 weeks, April 4 to June 27, .coyering most
of the egg-laying period.

The groups were weighed, and banded and placed in their assigned
pens about two weeks before the experiment started in order to give
them time to adapt to the new environment, and avoid disturbances when
egg-laying commenced, Unfortunately, pens 21 - 24 could not be ready
until 3 to 4 days prior to start of the experiment.

Each pen was 22 m2 (2.2 x 10 or 3.3 x 6.6 m) divided by wire net-
ting and roofed at one end to provide shelter,

Pens no. 1 - 15 had been used for pheasants prior to the exper-
iment. Red-tailed hawks had been kept in pens no. 16 - 21, and pens
no. 22 -~ 24 were new. All of the used pens were cleaned out before

the experiment started.

Diet and feeding regime

The diet consisted of one-third pelleted pheasant breeder ration
(18% protein) formulated by United CO-OPerative of Ontario, and two-
thirds grain mixture (equal parts of wheat and barley). Fig., 5 shows
the percentage and duration of treated grain in the diet. The daily
ration per bird was 90 grams, weighed and portioned out each day.
Every third day the feed left over was collected, and weighed in order
to determine the food consumption. The feed was given in relatively
deep, open feeders placed on trays (24" x 36"), enabling spilled feed
to be picked up easily. Grit, oyster-shells and water were freely

available.
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The mercury compound

The seed-dressing was Panogen 15 containing 2.5% methyl mercury
dicyandiamide, as the active ingredient (structural formula given in
Fig, 6). It is a liquid treatment, applied to the seed by a machine
process and probably the most commonly used in Canada. The recommended
rate of treatment is three-quarters of an ounce per bushel; this corres-
ponds to 12 mg mercury per kg of wheat and 15 mg mercury per kg of bar-
ley. The seed is usually treated in the late winter season, and because
of the volatile characteristics of Panogen some mercury may be lost prior
to seeding. The machine treated seed used in this experiment was bought
from a grain elevator on March 25, and kept in sealed glass containers

throughout the experimental period.

Collection and incubation of eggs

Eggs were collected at a fixed time (7 p.m.) each day, except on
sunny, hot days when collection was done more frequently to avoid dam-
age to the eggs. Frequent collection of eggs was also done in pens
where egg-eating was observed. One average size egg from each pen was
taken weekly for analysis. All other eggs, except the shell-less and
broken ones, were incubated, weighed soon after collection, and stored
at 15° to 18° C until incubation.

Two Jamesway 2940 incubators were used for both incubation, and
hatching. The eggs were turned four times a day and the temperature
was maintained between 37.1° and 37.4° C. Eggs were set every second or

third day.
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The structural formula of methyl mercury dic-

yandiamide, the active ingredient in Panogen.
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Chicks and unhatched eggs

The chicks were tagged with small numbered wing-tags shortly after

hatching. One day after hatching the chicks were removed from the incu-

bators and placed in brooders where the temperature was maintained be-
tween 27° and 30° C. All unhatched eggs were opened and the age of the
dead embryos determined, according to Labisky and Opsahl (1958). Chick

mortality was recorded for the first two weeks after hatching.

Determination of mercury

The mercury content in samples of eggs and liver was determined by
Dr. N. Platonow at the Laboratory ot Toxiéology; University of Guelph

according to a method developed by Oliver and Funnell (1958) (Appendix III).

Statistical procedures

The variance analysis were performed according to Bone (1965). All
percentages were arc sine transformed before being used as the basis for

analysis. The significance of difference observed in egg weight was

determined by t-tests.

RESULTS

General health observations

The mortality of the test birds is shown in TABLE 2. The results
indicate that the mercury levels used in this experiment cause no in-
crease in adult mortality. On the contrary no mortality was observed

in groups that received 100% to 50% treated grain throughout the exper-



Ly

iment, In only one case could the diagnosis be mercury poisoning, a
hen which had been fed 100% treéted grain for four weeks. Egg periton-
itis was registered in several cases. Other significant mortality
factors were staphylococcal infections and pneumonia. Some of the birds
that had been fed contaminated diet had extensive demyelination of the
spinal cord,

The birds were infected by lice (Menacanthus stramineus), and in

one case three pairs of gape worms (Syngamus trachea) were found. In

all but two cases signs of sickness were observed only a few days prior
to death. The exceptions were a hen from pen 1 and a hen from pen 22,
in which weakness of the extremities, progressing slowly into ataxia,
was observed for many weeks,

All of the cocks survived and remained healthy during the experiment
with no apparent reduction in their capacity to copulate.

Most birds lost weight during the experiment (TABLE 2) with the
average weight loss being less than 10%. In general, weight losses were
most pronounced in the birds which were the heaviest at the start of
the experiment. Some of the lightest birds gained weight during the
experiment. There seemed to be no relationship between weight losses

or gains and amount of mercury ingested.

Food consumption and intake of mercury

Although the statistical variance analysis (TABLE 7) revealed
highly significant differences in food consumption, both with regard to
dietary mercury levels and time of exposure, they are rather small in

magnitude as indicated in TABLE 3 and Fig. 7. Group 100/12 was the
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Weekly food consumption of pheasants receiving diets in

which 100%, 50%, or 25%

of the grain portion had been
treated with MMD,
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only one that differed significantly (P < 0.0l1) from controls (TABLE 8),
The other groups consumed practically all the daily ration of 90 grams/
bird, except during weeks 4 and 5 when food consumption declined in all
groups, including controls,

0f the feed that remained in the feeders, there was more barley
than wheat and usually very little of the breeder pellets. There was
no detectable difference in consumption of treated versus untreated grain.

The total consumption of mercury of each group of pheasants is
given in TABLE 3, based on the consumption of treated grain assuming
that untreated grain, treated grain, and pellets were consumed in the
same proportion as in the diet. As already indicated, this is not com-
pletely true, but since in most cases only a negligible amount of feed
was not consumed, the figures should be accurate., It was impractical to

select out the pellets and weigh grain and pellets separately.

Mercury residues in eggs and birds

Five hens from each group were killed ten weeks from the start of
the experiment and the mercury level in the liver determined (TABLE 3).
The levels although showing much variation, correlated well with the
estimated mercury consumption.

The mercury levels in the eggs showed a great deal of variation
and were relatively low. Even in the groups that received the largest
amounts of mercury the mercury content in the eggs did not exceed 1.5 ppm.
The mercury levels in the eggs from samples with a significantly decreased
hatchability ranged from 0.5 to 1.5 ppm. The mercury levels in eggs

seemed to reach a maximum after a feeding period of 4 - 7 weeks with
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treated grain; the shorter the time period, the higher the dietary lev-
els. After 4 - 7 weeks the levels decreased even though mercury feeding
was continued. The hens that received treated grain only during the
first two weeks of the experiment seldom showed detectable levels of
mercury in the eggs during the last 2 or 3 weeks. The mercury levels
in the eggs largely reflected those in the diet, although this relation-

ship was not always clear.

Egg production

The total number of eggs laid in the different pens and groups is
given in TABLE 6, and the weekly egg production during the experimental
period in Fig. 8. The results are expressed as eggs per hen and eggs
per hen per day respectively.

The over-all analysis of variance (TABLE 7) shows that there were
statistical, significant (P < 0.01) differences in egg production due
to the length of periods given contaminated grain, but not to mercury
levels in the diet. However, there is a significant interaction (P <
0.05) between these factors. The length of time mercury was fed, and
the weeks into the experiment showed significant (P < 0.05) interaction,
but there are no significant second-order interactions. Comparisons with
the controls (TABLE 8) indicate that only groups 100/12 and 50/12
are significantly different from the control groups (P < 0.01). Group
100/4 had a temporary decline in egg production, lasting for about four
weeks (Fig. 8). After this time it gradually recovered and during the
last two weeks even exceeded in egg production when compared to the con-

trol group. The observed decline in egg production was most pronounced
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Fig. 8,

Weekly egg production of Pheasants receiving diets in which
100%, 50%, or 25% of the grain portion has been treated
with MMD,
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one to two weeks after feedings with mercury contaminated grain were
discontinued, When considering the low egg production in pen 22 it
should be taken into account the factors mentioned previously; one hen
remained sick for a long time until it died, and this together with pens
21, 23, and 24, were not ready until three days before the experiment
started. All of these had a lower egg production than the other pens
within the respective groups (pens 9, 10, 11, and 12),

In cases where egg breaking and subsequent egg eating were observed,
collection of eggs was carried out more frequently. However, it was
still impossible to prevent some eggs from being broken. The remaining
shells made it possible to record these eggs, and they, together with
the ones broken accidentally, are listed as broken eggs in TABLE 6.

Egg eating was observed most frequently in pens 4, 18, and 24, and oc-
casionally in pens 12, 20, and 23. Shell-less eggs had probably been
eaten in pens 4 and 24 and very few shell-less eggs and a lower egg
production were found in these pens when compared with pens 16 and

12 respectively. As.there was no way to record the number of shell-less
eggs eaten, this may account for lower recorded production of eggs within

these groups.

Group 100/2 produced 11.4% more eggs than did the control group
indicating that this level of dietary methyl mercury for a short period

of time may stimulate egg production.

Egg weight and egg abnormalities

a. Weight

The mean egg weight of all except shell-less and broken eggs is
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shown in TABLE 4, Student's t-test analysis detected highly significant
differences between the most contaminated groups and their controls
from week five and thereafter.

The influence of mercury was more pronounced in the groups receiv-
ing 100% treated grain, but during the last three to four weeks a
significant reduction was quite common for the lower levels. The effect
was shown after a latent period for the groups that received a contamin-
ated diet during the first two or four weeks, producing eggs with re-

duced egg weight late in the experimental period.

b. Colour

Abnormal colour was found in a large proportion of the eggs from
group 100/12, and to a lesser degree in groups 100/4 and 50/12. The
colour appeared lighter (usually light-greenish or almost white) than
a normal pheasant egg which is olive-buff. This phenomenon occurred
after week 4. Fig. 9 shows eggs from pen 4 (most heavily contaminated
group, 100/4) and pen (control) collected on May 7, compared to illus-

trate the differences in colour and size.

c. Shell-less eggs

A significantly increased number of shell-less eggs were laid by
several groups on contaminated diet (TABLE 8) but, as shown in Fig. 10,
groups 100/12, 50/12, and to some extent 25/12 were different from the
others by producing an abnormally high number of shell-less eggs during
the last four weeks of the experimental period. This indicates, and 1is

confirmed by variance analysis (TABLE 7) that the duration of the exper-
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Effects of dietary methyl mercury on the size and colour of
pheasants' eggs. The eggs marked 4 were laid by a group
fed 100% treated grain through four weeks, whereas, those

marked 5 were laid by control hens.
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Fig., 10,

Frequency of shell-lessigggs laid by pheasants re-

ceiving diets in which 100%, 50%, or 25% of the

~ grain portion had been treated with MMD.
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imental feeding period is the most important in order to introduce this
effect,

It was deduced that shell-less eggs were eaten in pens 4 and 24 on
a comparatively large scale and according to this the production of shell-
less eggs would be more pronounced than the results given in TABLE 5,

and Fig. 10 indicate.

Hatchability

Analysis of variance (TABLE 7) of the data presented in TABLE 6 and
Fig. 11 indicated a difference in hatchability both among mercury levels
and duration of time fed mercury treated grain (P < 0.01), and as shown
in TABLE 8 all groups fed mercury throughout the experiment plus group
100/4, differed significantly from the control (P < 0,05). Group 100/4
had a very pronounced, temporary decline in hatchability, maximized 1 -

2 weeks after mercury feeding had been discor.tinued, Temporary decline
in hatchability was also seen in groups 100/2 and 50/4, but this decline
was not significant at the 5% probability level.

The over-all hatching percentages in the control groups vary be-
tween 52 and 55, which may seem to be low; however, in this study hatcha-
bility is expressed as per cent of incubated eggs, not of fertilized
eggs, as is common in commercial practices and all small eggs were
incubated.

The incubation period averaged 24 days, with a variation of 23 - 25
days. There was no difference between the control groups and the mercury

groups, with respect to the length of the incubation period.
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Fig. 11.

Hatchability (per cent of incubated.eggs) in groups re-

ceiving diets in which 100%, 50%, or 25% of the grain

portion had been treated with MMD,
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Chick production

e

Chick production, as expressed as the number of chicks hatched per
hen is affected by egg production, hatchability and proportion of shell-
less eggs. Of these, the effects on hatchability appeared to be the
most important (TABLE 5). But the other factors also largely draw in
the same direction and the analysis of variance (TABLE 7) indicated
highly significant effects both with regard to mercury levels and dura-
tion of mercury feeding periods (P < 0.01). All groups on contaminated
diets except 100/2, 50/2, and 25/4 produced significantly fewer chicks
than the control groups (TABLE 8).

The results as they appear in TABLE 6 and Fig. 12 have been adjusted
for broken eggs and eggs taken for analysis, assuming that the hatchabil-
ity would be the same for these eggs as for the other eggs in the res-

pective groups.

Embryonic mortality

All unhatched eggs were opened and the stage of development at death
was recorded. The following classification was used: (1) 0 - 8th day,
(2) 9th - 16th day and, (3) 17th - 2u4th day. The over-all results are
given in TABLE 6, whereas Fig. 13 shows the variation in embryonic mort-
ality during the experiment.

The statistical analysis (TABLE 7) indicates that an increased em-
bryonic mortality during the first stage of the incubation pericd is
highly significant and correlated both with the dietary mercury level
and the length of the feeding period. Since unfertilized eggs are also

included and only few eggs had detectable embryos, it may be concluded
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TABLE 5. Comparisons between the influence of dietary methyl mercury
on egg production and hatchability in pheasants fed methyl

mercury treated grain.

Per cent reduction (-) or increase (+) in:

Comparisons 1 Egg production Hatchability 2
100/2 wvs control +11.37 -10.37
100/4 wvs control - 3.96 -36.00
100/12 vs control -24.82 -46.11
50/2 vs control + 1.52 -1.27
50/4 vs control - 6.94 -16.52
50/12 wvs control -38.81 -28.49
25/2 vs control - 4.88 -16.79
25/4 vs control + 0.02 -13.5k4
25/12 wvs control - 5.93 -17.33
1

The groups on contaminated diets are referred to according to per cent
(100,50,25) treated grain of total grain ration and weeks (2,4,12) fed
treated grain. -

Calculated as:

Per cent hatched of comparing groups - per cent hatched of control

per cent hatched of control
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Fig, 12,

Chick production in groups receiving diets in which
100%

50%, or 25% of the grain portion had been
treated with MMD,
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Fig. 13, Embryonic mortality (per cent of incubated eggs) in

groups receiving diets in which 100%, 50%, or 25% of

the grain portion had been treated with MMD,
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that the effect on fertilization was highly significant, The compar-
ati;ély high mortality in group 50/2 could not be interpreted.

Striking points from Fig. 13 are that virtually no embryonic mort-
ality occurred between days 9 and 16, and that with low rate of mortality,
mortality was evenly divided between early and late periods. With high
high rate of mortality, the mortality was concentrated in the early
period, and as confirmed by the statistical analysis this was most pro-

nounced in .the groups on the heaviest contaminated diets.

Chick mortality

The total chick mortality the first two weeks after hatching is
given in TABLE 6. The over-all analysis of variance (TABLE 9) detected
no significant difference either between mercury levels or between
feeding periods, and paired comparison with the controls indicated
only one-group had significantly higher mortality than the controls
(TABLE 10).

The mortality was particularly high in the beginning of the exper-
iment. At least part of this was caused accidently. Later, on two
occasions, a heat lamp in the incubator blew out during the night with
a resulting increase in death rate. A number of chicks became crippled
the first week because brooders with perforated bottoms were used in-
stead of wire. This was of qoprse changed as soon as the cause was

detected.

Most of the chicks that died did so one to three days after hatching,

and there seemed to be no difference between the groups in this regard.
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TABLE 9. Analysis of variance for mortality in
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chicks hatched from eggs laid by pheasants fed methyl mercury treated grain.

Source of variation

A (Hg levels)

B (Length of period fed Hg
treated grain)

A X B (Interaction)
Error

Total

af

MS

1.369

14.863

5.u439

13.077

<1 ns

1.136 ns

< 1 ns

ns - Not significant
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TABLE 10. Comparisons of groups of pheasants
fed mehtyl mercury treated grain with the appropriate controls

as to mortality of their chicks. All comparisons were F-tests with 1,2 d.f.

Comparisons® Chich production
chicks/hen/day
F
100/2 vs control 0.38
100/4 vs control 0;41
100/12 vs control 37 .32%%
50/2 vs control 0.05
50/4 vs control 0.16
50/12 vs control 0.03
25/2 vs control 0.42
25/4 vs control 1.12
25/12 vs control 0.4l

Highly significantly different from controls (P < 0.01)
The groups are referred to according to per cent (100, 50, 25) treated

grain ration and weeks (2, 4, 12) fed treated grain.
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DISCUSSION

As pointed out by Romanoff and Romanoff (1949) reproduction in
birds is influenced by a number of environmental, physiological and
inherent factors. In the present study this was manifested by a rela-
tively high variance within the groups in spite of the efforts that
were made to keep the error down to a minimum. Aware that these phe-
nomena could occur, the experiment was designed with three control
groups each with two replications (sub-groups) as was the case also
for the groups on contaminated diets, With such a design the natural
variations under the test conditions could be established, which in
turn would increase the significance of the valuation of the effects

due to the factor concerned; dietary methyl mercury.

Health and Weight

The condition of the hens was apparently little affected by the
mercury. The over-all mortality rate was low and no hens died in the
group that received the heaviest treated diet throughout the experiment.
It seems obvious that the mercury levels in no case reached the mortal-
ity level. The highest level found in the liver was 13.7 ppm while
30 ppm has been reported as a significant mortality level in adult
pheasants (Borg et al. 1969). The relatively low mercury levels in
the pheasants reflect similar content found in the treated grain (5.5 ppm).
Surprisingly as it may seem, no hens died in the groups that received
the largest amounts of mercury (100/12 and 50/12). In these groups,

however, egg production was significantly reduced and as losses are
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more likely to occur in high egg production flocks (Romanoff and
Romanoff 1948), the sub-lethal mercury levels might well have reduced
this stress or even served as a curative agent to the pathogens con-
cerned. The therapeutic properties of mercury compounds are well known
(Bidstrup 1964). According to Mellanby (1967) mercury treated grain
has in fact, been suggested as advantageous to health. This suggestion
coincides with the findings in this experiment but has proved not to be
the case with more elevated mercury levels in the diet (Borg 1969).
Also Tejning (1967 I) in an experiment with Panogen-treated grain to
chickens found that hens on a diet of 18.4 ppm of mercury displayed
typical signs of neurological disturbances with difficulties in stand-
ing and walking. However, he did not report any effects of this type
for hens given 9.2 or 4.4 ppm. The latter coincides fairly well with
the highest mercury levels in the present experiment, For those hens
that received the largest amounts of mercury, histological examinations
revealed pathological changes to the nervous system, particularily
demyelination. This is probably a result of the affinity of alkyl mer-
cury to the nervous system (Friberg 1967) and confirms the experimental
findings of Borg et al. (1969).

Most birds lost weight during the experiment and the contaminated
groups did not differ from the controls. This was the case even for
group 100/12 that had a significantly lower food consumption than the
other groups. Why a much lower food consumption or calorie intake is
not reflected in body weight changes can only be ascribed to the fact
that this group also had a highly significant reduced egg production.

These results are not surprising as it has been found that even more

elevated dietary alkyl mercury levels have had no decided effects on
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body weight in adult chickens (Heuser 1956, Tejning 1967al). Again we
must turn to the already mentioned therapeutic properties of mercury for
an explanation. The pheasants, as is the case with most gallinaceous
birds, commonly suffer from a number of parasites and diseases. Within
certain levels the therapeutic properties of mercury make up for its
possible toxic effects on growth and health. 1In order to prove such a
hypothesis, healthy control birds completely free of parasites are
needed which would be hard to obtain without introducing another thera-

peutic agent.

Reproduction

Egg production was only moderately affected by the mercury in the
present experiment. The total production was reduced significantly
only in those groups that received 100% or 50% treated grain throughout
the experiment. For group 100/12 this effect could be ascribed to a
lower calorie intake, but as no significant effect on food consumption
was observed in group 50/12 the effect of mercury is more likely direct
than indirect by way of reduced food intake.

These findings can best be compared y;th those of Smart and Lloid
(1963). They fed grain treated with methyl mercury dicyandiamide
(6 ppm of Hg) to chickens for eight weeks and found no effects in
either direction on egg production in spite of a somewhat higher mercury
consumption. This may indicate that there could be a species difference
between pheasants and chickens in tolerance to mercury. Borg et al.
(1969) fed heavily treated grain (21 ppm) to pheasants for three, six,

and nine days with no significant effect on egg production. Because



of much shorter feeding periods their results can not be compared with
those from the present experiment,

It is interesting to note that group 100/4 had a strong temporary
decline in egg production but recovered completely three weeks after
feeding of treated grain was discontinued. This probably indicates that
the decreasing egg production is not due to the degenerative effects of
methyl mercury, such as heavy demyelination and cell degeneration in
the central nervous system, which the histopathological examinations
revealed, and which also appeared in group 100/4.

Egg weight was strongly reduced in the heaviest contaminated
groups. This effect, not as pronounced but still significant, was
further extended to most of the contaminated groups thg last weeks of
the experimental period, even in those groups that had been on mercury
free diet for several weeks. The relatively long latent period possibly
indicates that a metabolite rather than the mercury compound itself is
acting. Previous writers did not discuss the effect of mercury on egg
weight in their experiments, possibly because such an effect was not
expected and therefore not looked for.

In the present experiment a large percentage of eggs with abnormal
colour was produced but only by hens on the most heavily contaminated
diets. This effect was very conspicuous and it is surprising that it is
not reported by other students who have been investigating the reproductive
effect of methyl mercury in pheasants. However, it might be that these
experiments have not covered a period long enough to have this effect
introduced.

The frequency of shell-less eggs was comparatively high in those
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groups that received treated grain throughout the experiment, The
effect was not significant until about eight weeks after the experiment
commenced, but then the frequency of shell-less eggs rose sharply and
reached about 70% in groups 100/12 and 50/12 during the last experimental
week. These findings indicate that a relatively long experimental feed-
ing period is needed in order to produce a significant number of shell-
less eggs and they also indicate that in this regard the length of the
feeding period is even more important than the dietary mercury levels,
There is a coincidence between these findings and those of Tejning
(1967aII). The percentage of shell-less eggs in Tejnings experiment
were somewhat higher, but here we have to take into account that the
number of shell-less eggs in the present experiment may be under-
estimated because of possible egg eating.

Tejning (1967al) suggested that probable causes are accelerated
passage of the egg through the shell-forming portion of the oviduct or
inhibition of some enzyme necessary for shell formation.

Hatchability was strongly affected by the mercury compound as all
contaminated groups showed a lower hatching frequency than their con-
trol, though not significant in all cases. These findings, apparently
do not coincide with those of Borg et al. (1969) in their previously
mentioned experiment with pheasants. They found that the shortest
experimental feeding periods, three and six days, significantly increased
the hatching per cent, whereas nine days feeding has significant effect
in the opposite direction. The amount of mercury ingested by the hens
in the experiment of Borg et al. was in all cases well above the smallest

doses in the present study. The apparent discrepancies between the
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results of these studies may show that the length of the experimental
feeding period is of as much importance as the amounts of mercury
ingested, so that a certain amount of dietary mercury may have one
effect when ingested over six days or less, and another when ingested
for 14 days or more., The mercury levels in eggs from groups where
significant reduction in hatchability was found, varied between 0.5 -
1.5 ppm. Although these levels to a certain degree reflect those in the
diet, no clear relationship between mercury levels in eggs and hatcha-
bility could be found. Similar findings are reported by Tejning (1967a
VIII). His explanation is that the hatching prospects may depend upon
the duration of mercury feeding as well as upon the mercury amounts in
the eggs, which in his case, far exceeded those found in the present
study.

Increased embryonic mortality in the contaminated groups was
caused primarily by an increase in the number of unfertilized eggs, in-
cluding eggs with no detectable embryos. Tejning (1967aIVv, V) and
Bickstrdm (1969) reported a very pronounced accumulation of mercury in
the albumen secreting part of the oviduct and in the albumen and
Tejning (1967aVIII) concluded that possible damage to the spermatozoa
by the mercural secretion could occur. It is possible that the findings
in the present experiment could be explained on this basis. The sperma-
tozoa could also be damaged before leaving the cock, as the cock had
access to treated grain as well as the hens, but this is unlikely as
mercury accumulates to a much lesser extent in the testes than in the
oviduct (Tejning 1967aXII, Bickstrdm 1969). No difference in the

copulation rate was observed between the control groups and any of those
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that received treated grain,

The mercury compound seems to have had comparatively little effect
on the chick survival which in the present study was recorded the first
two weeks after hatching. Only the chicks from the most heavily contam-
inated group had a significantly higher mortality than the control.
According to Tejning (1967alI, III), about fifty per cent of the mercury
is found in the yolk sac at the time of hatching. In the present exper-
iment only in group 100/12 has mercury accumulated to such levels that

it counts as a mortality factor.

CONCLUSION

The present study indicates that methyl mercury treated grain may
have gross adverse effects on reproduction in pheasants even in cases
where no symtoms of mercury poisoning can be observed in the laying hens.

A reduced hatchability was the most important single factor with
reduced egg production and effect on shell formation being others of
high significance. Chick mortality on the other hand seems to be of
minor importance.

An important question is how and to what extent can these findings
be related to wild bird populations.

Studies from Sweden have shown that mercury levels similar to those
found in the most contaminated groups in the present experiment fre-
quently occur in pheasants and other seed-eating birds and their predators
(Borg et al. 1969). Elevated mercury levels in seed-eating birds and pre-

dators are also reported from Canada (Fimreite et al. 1970).
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Since the highest levels were found during and shortly after the
seeding season the source of contamination is believed to be seed-dressings.
This suspicion was further confirmed by Wanntorp et al. (1967) who found
a considerable drop in the mercury levels of wood pigeons after the ban
on alkyl mercury seed-dressings was carried through in Sweden in 1966.

Thus we must believe that at least hatchability can be affected
among wild birds where they have access to treated grain, either occur-
ring as uncovered seeded grain or as spillage.

We can not draw any conclusion about egg production, because the
large number of eggs laid by penned pheasant hardly occur under wild
conditions. The same could probably be said about the effect on shell
formation as this effect was significant first after about eight weeks
of mercury feeding. Decolouration of the eggs as it occurred in the
present experiment could be a significant factor of ecological importance
if such eggs would be easier to detect by predators. However, as this
phenomenon was observed only in eggs from the most contaminated groups,
they would probably not hatch in any case. Finally, it should be men-
tioned that nesting behaviour, an important aspect of reproduction,

could not be studied in the present experiment.
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SUMMARY

The effects of methyl mercury treated grain (methyl mercury dicyan-

diamide) on penned pheasants (Phasianus colchicus) were studied in a

two-way factorial experiment, the factors involved being; mercury levels
(100%, 50%, and 25% treated grain of the grain ration) and the length

of the experimental feeding period (2, 4, and 12 weeks). An additional
three groups served as controls.

Apparently no weight reduction in the adult birds could be ascribed
to the mercury compound. - Compared to the controls, mortality was lower
than average in the gorups that received mercury contaminated diet through-
out the experiment, suggesting a possible therapeutic effect of mercury.
Food consumption was affected only in the group that received the
largest amounts of mercury.

Strong adverse effects on reproduction were found, the most impor-
tant indication being reduced hatchability, followed by a reduced egg
production, and lastly, a large number of shell-less eggs. Chick sur-
vival was comparatively less affected. Egg weight was reduced signifi—
cantly in most of the experimental groups, especially during the last
weeks of the experiment, and the highest mercury levels produced 1
large number of eggs with an abnormal colour.

The relevance of these findings to mercury poisoning among wild
bird populations is discussed, and it is concluded that at least
hatchability might be adversely affected to an extent that is signi-

ficant where mercury seed-dressings are used extensively.
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INTRODUCTION

The highly toxic and persistent alkyl mercury compounds are widely
used in seed-dressing to protect grain seed against seed-borne diseases
such as smut and bunt. Dangerous levels of mercury often concentrate in
predators when preying on seed-eating birds and rodents that pick up un-
covered treated seed during the seeding season. This was demonstrated
in Sweden (Borg et al. 1969) where, in 1966, alkyl mercury compounds
were banned for use in seed-dressings.

In Canada, however, these alkyl mercury compounds are still used
in seed-dressing and the quantities of mercury utilized for this pur-
pose are considerable (Fimreite 1970). It has been further demonstrated

that seed-eating birds such as horned larks (Eremophila alpestris),

partridges (Perdix perdix), pheasants (Phasianus colchicus), and preda-

tors such as prairie falcon (Falco mexicanus), collected in the grain

growing districts of Alberta and Saskatchewan, carry elevated levels of
mercury {Fimreite et al. 1970).

The present study was undertaken to evaluate possible hazards of

mercury contaminated birds as food for predators. This was & :xcomplished

by raising chicks on a mercury contaminated diet, establishing in them

levels similar to those found in wild birds. These chicks were then

used as experimental food for red-tailed hawks.

8y
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MATERIALS AND METHODS

The test birds were 24 healthy red-tailed hawks (Buteo jamaicensis)

obtained as nestlings in June, 1968 and kept at Niska Waterfowl Research
Station, Guelph, Ontario, where the experiment was conducted in 1969.
The birds were fed chickens, freely available throughout the pre-
experimental period.

The groups of cockerels serving as experimental food had been
raised on diets with added Panogen 15, a commercial seed-treatment con-
taining 2.5% of its active ingredient, methyl mercury dicyandiamide
(MMD).

The cockerels were killed at five weeks old, after being fed MMD
contaminated diet during their last three weeks at rates of 6, 12, and
18 ppm of MMD respectively. A fourth group of cockerels, raised on
untreated diet, served as food for the controls.

The hawks were divided into eight groups of three birds each and
housed in wire pens (6 x 3 x 3 m) roofed in the middle to provide
shelter. Two of the groups served as controls and two as testbirds
for each of the mercury levels. One group within each level, however,
was put on a mercury free diet after four weeks to study possible
recovery from poisoning (TABLE 11). The hawks were offered one chick
(weighed to the nearest gram) each per day. Residues that were left
over were collected at intervals of 3 — 4 days in order to determine

food consumption.

All hawks were banded, weighed on the day the experiment started

(April 20), when it was completed (July 14), or when they died.
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Table 11. Plan of an experiment to show effects of dietary methyl

mercury on red-tailed hawks.

a . .
Group— Hg in Livers of Length of Experi-
Chicks Fed to Hawksl mental Feeding
Period
(mg/kg) (weeks)
I 3.9 4
I 3.9 12
I1T 7.2 L
Iv 7.2 12
\ 10.0 4
VI 10.0 12
Control 1 0.03 -
Control 2 0.03 -

There were three hawks in each group.

|

o

Mercury residues in the chicks were determined by the neutron

activation technique by the Gulf General Atomic Inc., San Diego,

California. Two average chicks within each group were analyzed.
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Daily observations were made in an attempt to detect abnormal be-
haviour or any other effects that might be ascribed to the mercury
compound. Hawks that died were brought immediately éo the pathology
laboratory for necropsy. Pieces of the following organs were fixed in
buffered formalin, embedded in paraffin, sectioned and stained with
hemotoxylin and eosin and, in nervous tissues, also with luxol fast
blue for myelin: lung, heart, liver, spleen, kidney, brain, cervical
spinal cord. The histopathologic investigations were conducted by
Dr. L. Karstad, Department of Pathology, University of Guelph.

Determination of mercury content in liver, breast muscle, and
brain was conducted at the Laboratory of Toxicology, University of
Guelph, by Dr. N. Platonow according to a method described by Oliver
and Funnell (1958) (Appendix III).

The average daily intake of mercury for the chicks used as experi-
mental food was, based on their food consumption and the amounts of mer-
cury added to their diet, calculated to be approximately 0.08, 0.16,
and 0.24 mg per chick per day for the three groups respectively.

The amount of mercury retained in their bodies at the end of the
21 day period was calculated using the following formula developed
by Ulfvarson (1962, 1965):

X=6(-e tHmn
where; t = length of the period fed methyl mercury
X = concentration of mercury in organism at time net
h = relationship between the elimated mercury per unit
of time and the total amount of mercury in the organism

§ = the amount of mercury added per unit of time divided by

the body weight.
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Ulfvarson (1962, 1965) has calculated "h" to be approximately 3% per
day for methyl mercury. The mercury intake by hawks (TABLE 12) was
calculated on the basis of their consumption of chicks, and the amount
of mercury found to be retained in the chicks according to fh; above
formula.

According to Tejning (1967aXII) a considerable amount of ingested
mercury may be transported to the plumage during its development.
Since feathers are undigestable this mercury has probably no biological
effects when ingested. This must be taken into account when consider-
ing the calculated data on mercury intake as it appears in TABLE 12.
Furthermore, there may be several sources of error involved in the
method applied for calculation of mercury retained in the chicks, as

pointed out by its developer (Ulfvarson 1962, 1965).
RESULTS

Food consumption

From TABLE 12 it appears that the mercury compound has only a
slight effect on food consumption except for the groups on the most
heavily contaminated diets, where mortality occurred. Birds that
showed symptoms of being poisoned seemed to maintain their appetite,
at least until a very advanced stagg_of poisoning had been reached, but
they obviously had difficulties in dismembering the chicks, which may
partly account for a reduced food intake and feather impaction in one

case.,
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Mercury residues

The mercury residues found in liver, breast muscle, and brain are
presented in TABLE 13. Unfortunately; because of an accident a great
number of the samples could not be analyzed, which of course reduced
the significance of the comparison between levels of different tissues.
However, in cases where we are able to make such comparisons, the
highest levels were found in the liver. Hawks that died had 17 - 20 ppm
in the liver, indicating that the lethal levels in these hawks are close
to 20 ppm. The lowest level (17 ppm) was found in a hawk that had
been on mercury free diet for about five weeks prior to death, and
we must assume that some mercury had been lost through this period.

The mercury residues in tissues are largely in accordance with
those found in the diet. The residues are low in hawks from the groups
in which feeding with mercury contaminated diet was discoﬁtinued eight
weeks prior to analysis, and in group I, fed chicks with the lowest
level of mercury for only four weeks, practically no detectable residues
were found.

Furthermore, the results in TABLE 13 indicate that there are
smaller differences between the mercury levels in brain and liver in
five hawks fed on the lowest amount of mercury (groups I and II) than

there were in two hawks fed higher amount of mercury (groups III and Iv).

Body weight

The effect on weight was not uniform, but in general the control
birds, as well as those on the lowest mercury level, gained weight

during the experiment (TABLE 13). Most birds on the two most heavily
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Weight changes and mercury residues in red-tailed havks fed methyl mercury contaminated diet,

W

Group Hawk # Weight in grams Weight gained (+) Mercury residues (ppm)*®
20 April 14 July or lost (=) Liver Breast Muscle Brain
or at death per cent
I 2861 1010 1200 +18.8 0.90 - -
2869 1260 1kko +14.3 - - -
2894 900 950 + 5.6 - — -
11 2862 1220 1420 +16.4 1.36 0.91 1.52
2874 1240 1290 + 4.0 2.19 0.k1 1.32
2876 1160 1kio0 +21.6 N.A. 1.43 1.33
111 2858 1180 1200 + 1.7 3.00 - 1.16
2870 930 920 -1 0.66 - -
2879 830 880 + 6.0 N.A. 0.80 1.17
v 2867 1170 1290 +10.2 N.A. N.A. 2.63
2895 890 710(died June 19) -20.2 18.76 10.50 N.A.
2899 1370 1320 - 3.6 N.A. N.A. 2.10
v 2871 1330 1285 - 3.4 3.89 0.83 0.93
2878 970 1000 + 3.1 K.A. N.A. 0.91
2098 950 625(died June 23)-3k4.2 16.74 k.30 N.A.
VI 2859 1160 1250 + 7.7 N.A. N.A. 3.11
2866 980 750(died June 4) -23.5 N.A. N.A. N.A.
2893 1120 715(died June 30)~36.2 19.98 11.36 N.A
Control 1 2872 1250 1350 + 8.0 N.A. N.A. -
2875 1150 1080 - 6.7 N.A. == -
2877 1260 1320 +L.8 -- N.A. -
Control 2 2863 1110 1190 + 7.2 N.A. N.A. -
2868 1100 1210 +10.0 N.A. N.A. -
2873 1230 1410 +14.6 - - -
* N.A. = Not analyzed
A dash indicates less than 0.2 ppm
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contaminated diets lost weight or showed only minor changes in body
weight.

Birds that died during the experiment had body weights reduced by

20% to 36%.

Mortality and clinical manifestations

Mortality occurred only in the most heavily contaminated groups
(TABLE 13). The four hawks that died were also the only ones that
showed obvious signs of being poisoned. The first hawk to display such
signs was no. 2098 from group V, observed first May 15, or less than
four weeks from start of experiment. The signs were obviously neuro-
logical, consisting in the beginning of weakness in extremities, which
rapidly increased. Within 3 - 4 days it lost all ability to co-ordinate
its muscle movements, and attempts to fly or walk only resulted in un-
controlled motions. The hawk seemed to retain an appetite but had
difficulty eating. Three days after the first signs of poisoning had
been observed the hawk was put on a mercury free diet, but without
recovery; on the contrary its condition gradually weakened and it died
on June 23.

Hawks no. 2866 and no. 2893 from group VI died on June 4 and June 30
respectively. The clinical signs resembled those described for hawk
no. 2098 but the period of time between the first signs of poisoning

and occurrence of death was shorter, 2 - 3 weeks versus 5 weeks, pro-

bably due to the hawks being fed contaminated chicks continously.

Hawk no. 2895 from group IV which died on June 19 displayed similar

neurological disturbance prior to death, but the signs developed more
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gradually, A reduced spontaneous activity was observed from June 6.
However, it was still able to eat, apparently without difficulties
and by supporting itself with its tail, it was able to continue to
move around the cage for about a week, The final signs however,
could not be distinguished from those of the other affected hawks,
and the slower development of the toxicological manifestatiom could
be ascribed to the lower mercury levels in the chicks consumed.
The hawks that died were among the lightest in weight within their

groups (TABLE 13).

Pathological findings

Gross lesions were minimal and limited to emaciation in the hawks
on the higher levels of mercury, as indicated by the body weights given
in TABLE 13. 1In addition, at the time of death, hawk mno. 2098 had a
large bolus of feathers which was packed into the lower half of the eso-
phagus and extended into the proventriculus and the gizzard. Another
hawk which died had ascites (no. 2893).

The most consistent microscopic changes were swelling of axons
of myelinated nerves in the spinal cord with dilatation of myelin
sheaths and loss of myelin. These changes were most pronounced in
the dopsal funiculi but were seen also in lateral and ventral funiculi
of the cord (Fig. 14). In the most severe cases, similar lesions were
found in some axons in the brain stem, mid brain, cerebellum, and
cerebrum. In individual birds, lesions were most pronounced im the
cord and were progressively reduced cerebrally. The most severely

affected axons were swollen, fragmented, sometimes contracted or
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Fig. 1u,

Fig. 15,

Ventral funiculus of spinal cord, hawk no. 2871, There
is swelling and disintegration of axons and dilatation
of myelin sheaths. All figures are from hematoxylin

and eosin stained sections X 600,

Fig, 14, Note irregularly swollen axons and myelin

sheaths; also focal Proliferation of supporting cells

X 600.
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curled and undergoing lysis in digestion chambers (Fig.l5). Gitter
cells were not abundant but there were increased numbers of other
glial cells. Lesions of axons and myelin sheaths were seen in all
of the hawks in groups V and VI (10 mgHg/kg), in all of the hawks in
group IV (7.2 mg/kg for 12 weeks) and in two of the three hawks in
group III (7.2 mg/kg for 4 weeks). Such lesions were not seen in
hawks given lesser amounts of mercury nor in the controls.

A second type of nerve lesion was seen in spinal nerve roots in
all nine of the hawks in which sections of spinal cord included nerve
roots. This consisted of infiltration of the nerve root and dorsal
root ganglion with heterophils (Fig.16). These heterophil infiltra-
tions were found in hawks with the axon lesions described above; also
in two of three hawks in group I which received the lowest dose of
mercury and in two of the six control hawks. The significance of this
lesion is unknown.

With exception of the spinal nerve lesions, inflammatory changes
were minimal in the brains and spinal cords of the hawks. Perivascular
infiltration with lymphocytes and histiocyticmononuclear cells were
seen in only two birds, hawks no. 2859 and 2871 in the optic lobes (Fig.17).
Glial proliferation was seen in some cases. “

Some hawks on the highest doses of mercury had degenerative
changes in Purkinje cells, in spinal ganglion cells and in some

neurons in the ventral horns of the spinal -cord. These consisted of

central chromatolysis, vacuolation, and nuclear swelling.

Hawks which died and one of the others on the highest doses of

mercury, had granular changes in the cytoplasm of myofibres in the
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Fig., 16,

Fig, 17,

Dorsal root ganglion, hawk no. 2878, Nerve fibres

are separated by infiltrating leukocytes, mostly

heterophils X 600,

Optic lobe of hawk no. 2871. Note perivascular
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heart (Fig.18), in smooth muscle cells of some blood vessels and in
parenchymal cells of the liver and kidneys. The liver of hawk no. 2878
had some dilatation of bile ducts and peribiliary infiltration with
lymphocytes and heterophiles.

Striated muscles were examined in only one case, hawk no. 2893,
which died during the tenth week of feeding mercury at the highest
level. Since this bird had shown leg weakness, the femoral muscles
were sectioned. There was swelling and necrosis of individual muscle
fibres, with mineralization of some of the necrotic fibres (Fig.1i9).
There was proliferation of sarcolemma cells and fibrous connective
tissue cells between muscle bundles. The femoral nerve was edematous

but otherwise normal in appearance.

DISCUSSION

The present study indicates that a steady diet of chicks contain-
ing 7 - 10 ppm of mercury in the liver may have lethal effects on
hawks, the signs of poisoning prior to death being essentially neuro-
logical, consisting of weakness in the extremities, difficulty in walk-
ing and standing, and inability in controlling muscle movements. One
of the hawks that died of mercury poisoning was put on a mercury free
diet three days after the symptoms developed but did not recover.

The hawks that survived did not display signs of being poisoned, but a

reduced weight was observed in birds on the heaviest contaminated diet,

in contrast to the birds on the lowest mercury level in which no effect

on food consumption was observed. These findings can be explained on
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Fig. 18.

Fig. 19,

Myocardium, hawk no. 2893. Note degenerative changes
consisting of nuclear Pyknosis and granular swelling

of sarcoplasm X 600.

Femoral muscle, hawk no. 2893, Myofibrils are irregu-~
larly swollen ang Some are transformed to a homogeneous
€0sinophilic mass. There is some proliferation of

sarcolemma ang fibrous Connective tissue X 600.
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the basis of the affinity of alkyl mercury to the nervous system.

In rats, Friberg (1959) found concentrations of mercury to be ten

times higher in the brain after injection of methyl mercury, when
compared with mercuric chloride. Our findings are largely consistent
with those of Borg et al. (1969) who experimentally studied the effects
of a methyl mercury contaminated diet on pheasants, and also those of
Tejning (1967a) who conducted similar experiments with chickens.

Borg et al. (1969) found axon swelling and demyelination in the
cerebellum, the pons and in peripheral nerves but no lesions in the
spinal cords of experimentally poisoned pheasants. In our hawks, lesions
were most pronounced in the spinal cord. It is unfortunate that we did
not examine peripheral nerves. Borg et al. (1969) listed fatty changes
in liver and kidneys and muscular atrophy among the changes most con-=
sistently found in naturally poisoned birds and in experimentally
poisoned pheasants. In our experimentally poisoned hawks, fatty
changes were not comsistent finding but granular cytoplasmic degener-
ation was seen in cardiac and smooth muscles and in at least one case,
pronounced degenerative changes occurred in skeletal muscles of the
legs. It is possible that these latter lesions were caused, at least
in part, by paralysis referable to nerve jesions, rather than direct
effects of mercury on striated muscle.

There is, however, a discrepancy with respect to what was found

to be lethal levels of mercury. In the present study 17 - 20 ppm Were

found in the livers of hawks that died, while in the aforementioned

studies, 30 ppm or more were reported as jethal levels. These findings

therefore indicate that the tolerance level to mercury could be lower
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in hawks than in pheasants and chickens.

From the present study we can deduce that chicks containing less
than 50 mg of mercury (orginating from ingested methyl mercury) may
kill a hawk when ingested over a period of four weeks, while on the
other hand a hawk survived after being fed 124 mg of mercury through
a 12 week period. This indicates a considerable variance of tolerance
to mercury, the smallest individuals, however, being those that first
succumbed. The sex of the hawks was not recorded, but the smallest in-
dividuals were likely males as male red-tailed hawks are markedly
lighter than females (Craighead and Craighead 1956). Other sex-
associated differences in response to experimental conditions were
probably minimal as only yearling hawks were used. Backstrom (1969)

reported that hen quail (Coturnix coturnix) excreted methyl mercury

more rapidly than cocks, but this pehnomenon was apparently due to the
affinity of methyl mercury to the oviduct and albumen which resulted in
accumulation of mercury in the eggs.-

The sudgen appearance and rapid development of the above mentioned
signs in the affected hawks, together 4ith the fact that they did not re-
cover after being put on a mercury free diet, supports LSfroth's (1969)
theory +hat as to the gross clinical symptoms, & threshold mechanism
operates; the clinical effects do not show up until a certain number of
brain cells have been damaged.

An important question is how 2nd to what extent can these findings
be related to wild bird populations. Fimreite et al. (1970) reported
up to 10 ppm of mercury in livers of seed-eating birds from Alberta.

Thus we must anticipate that predators that largely prey upon seed-eating
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birds may be subject to mercury poisoning where mercury seed-dressings are

used on a large scale.
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SUMMARY

Six groups of one year old red-tailed hawks (Buteo jamaicensis)

of three birds each were fed chicks contaminated with methyl mercury

at three different levels (3.9, 7.2, and 10.0 ppm of mercury were found
in their livers respectively). The experimental feeding periods were

4 or 12 weeks. An additional two groups served as controls. Mortality
occurred in the groups on the most contaminated diets after an exposure
period of one month or more, the signs of poisoning prior to death
being essentially neurological. The mercury levels in the liver of
hawks that succumbed by mercury poisoning were about 20 ppm. These
hawks as well as those that survived on the two heaviest contaminated
diets showed pathological changes of which the most consistent were
swelling of axons of myelinated nerves in the spinal cord with dilata-

tion of myelin sheaths and loss of myelin.
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INTRODUCTION

Alkyl mercury derivatives have successively become the predominant
disinfectants for control of seed-borne diseases in cereals and flax.
This is due to their strong fungicidal effect, comparatively low
phytotoxity and, frdm an agricultural point of view, favourable physical
properties. Unfortunately, however, the alkyl homologues are also the
most toxic and persistent form of mercury. By entering the food chain
through seed-eating birds that pick up uncovered treated grain, alkyl
mercury may have the most serious consequences for wildlife. This has
been demonstrated in Sweden by Borg et al. (1965, 1969) who reported
hazardous levels of mercury both in seed-eating birds and their predators.
As a result the use of alkyl mercury-containing seed-dressings was banned
in Sweden in 1966 and replaced by the less persistent alkoxy-alkyl
mercury compounds. This change, together with a general reduction in
the use of seed-dressings, has apparently eliminated the use of mercury
seed-dressings as a hazard to wildlife in Sweden (Wanntorp et al. 1967).

In Canada, however, alkyl mercury derivatives are the predominant
fungicides used in seed-dresings, and are used extensively (Fimreite 1970).
The present study was undertaken with the aim of finding out whether
Canadian seed-eating animals and their predators were contaminated by

mercury from seed-treatment of prairie grain.
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STUDY AREAS, METHODS, AND MATERIALS

Following research into the current uses of mercury in Canada
(Fimreite 1970), and based on the Swedish experience (Borg et al. 1969),
samples were collected of those forms of wildlife believed most likely
to be contaminated.

The material for this study was collected in the spring and early
summer of 1968 and 1969, and the major qollection areas were southern
Alberta and southern Saskatchewan (Fig. 20). In southern Alberta,
irrigation is widespread and mercury seed-dressings are used extensively
while in contrast, southern Saskatchewan is an entirely dry-farming
district where seed-treatment is less common. A comparison between these
areas was judged valuable in order to test the significance of seed-
dressings as a source of mercury contamination of terrestrial wildlife.

The sample material included seed-eating birds and rodents, preda-
tory birds, and a few predatory mammals. Among seed-eating birds, the
emphasis was laid on important upland game birds (pheasants and partridges)
and certain small seed-eating passerine birds known to be importaﬁt as .|
food for bird-eating birds of prey. In 1968, attention was also paid to
collecting seed-eating species specifically from areas where grain seed
was known to have been treated as well as from areas where treated seed
was not readily available.

In sharp contrast to the Swedish studies, which included many
samples found dead (Borg et al. 1969), practically all of my samples of

birds and mammals were shot in the wild. Raptor egg samples were collected

at every opportunity and include fresh, partly incubated, and addled eggs.
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Fig. 20. Outline of map of Alberta and Saskatchewan showing

sampling locations.
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Liver was chosen as the most suitable tissue to work with for
residue comparisons in samples showing a wide range in size. This or-
gan was chosen because it is known to concentrate and hold mercury enter-
ing the body, is readily accessable through dissection, and is suf-
ficiently large that enough tissue is available from even the smaller
birds and mammals.

For birds of prey, eggs were sampled instead of livers, since

mercury has been shown experimentally to have-strong adverse effects
on reproduction (Fimreite 1970a), and becauée it was undersirable to
collect a large number of adults. Egg samples were analyzed for both
mercury and organochlorine residues. Prior to sending the egg contents
for analysis, the outer dimensions of the intact eggs were measured and
recorded. The contents were then removed and the shells were washed
and allowed to dry at room temperatures. Once dry the shells were
weighed to 0.01 gm. and Ratcliffe's (1967) shell-thickness index cal-
culated (Weight/Length x Width).

All samples were freeze—dried.by L. M. Reynolds, Ontario Research
Foundation, and analyzed for mercury using the neutron activation
technique by Gulf General Atomic Incorporated, San Diego, California
with the following analytical procedure:

"Weighed portions of each sample, and a comparator
mercury standard, were sealed in clean guartz am-

poules, numbered, weighed, and then irradiated for

67 hours in a nuclear reactor at a thermal-neutron

2 2
flux of 2 x® lOl n/cm -sec.
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"~ After allowing the samples to decay for two days,
in order to reduce the amount of 24Na activity
present, the samples were subjected to radiochem-
ical separation by the prodecure of Sjdstrand
(Anal. Chem, 36 (1964) 814). In this procedure,
the irradiated sample is dissolved, ip a nitric
and sulfuric acid mixture (containing 20 mg of
non-radioactive mercury carrier) under reflux
conditions. After the sample is dissolved,
mercury is distilled and finally electroplated
onto a preweighed gold foil. The gold foil is
weighed, to obtain the net weight of recovered
mercury carrier, and the sample is counted with
a 2-inch by 2-inch well-type NaI(Tl) detector,
coupled to a multichannel pulse-height analyzer.
Comparison of the integrated x-ray/y -ray photo-

97 in the

peaks at 68-77 keV from 65-hour Hgl
samples with that of the standard, followed by
correction for the carrier recovery, provides
for the quantitation of Hg."

Mercury residue values are given in parts per million (ppm) on

a wet (fresh) weight basis.

>

A number of eggs of predators were also analyzed for organochlorine
pesticides by Ontario Research Foundation. The analytical procedure is

described in Appendix IV.
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RESULTS

All samples analyzed contained mercury residues, however, consider-
able variation was found between species and within samples of the same
species. The mercury levels for each species sampled are summarized by
province in TABLES 14, 15, and 16.

Among seed-eating birds (TABLE 14), the most elevated mean residue

levels were found in ring-necked pheasant (Phasianus colchicus) and

gray partridge (Perdix perdix) the two species of resident upland game

birds most frequently associated with farmyards, roadsides and cultivated

fields, while in sharp-tailed grouse (Pedioecetes phasianellus) which

prefers habitats such as wild grasslands, only moderate or low levels

occurred. Horned lark (Eremophila alpestris) an early spring migrant

that also frequents roadsides and cultivated fields feeding on weed
seeds and grain carried mercury levels much similar to those found in .

pheasants and partridges. Slightly lower levels were found in later

migrants including red-winged blackbirds (Agelaius phoeniceus), Brewers

blackbirds (Euphagus cyanocephalus) and western meadowlarks (Sturnella

neglecta) all collected near farm buildings or in cultivated fields.

The lowest residues were in vesper sparrows (Pooecetes gramineus) and

chestnut-collared longspurs (Calcarius ornatus) which were collected in

areas of open grassland.

In 1968, 55 samples of seed-eating birds and rodents were specifically

collected from treated and untreated areas to demonstrate any possible

relationship between tissue mercury levels and the use of mercurial .

fungicides for seed-treatment. A comparison of the mean residue levels
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(TABLE 17) shows considerably higher mercury content in each group of
samples from treated areas than in the groups from untreated areas.
The difference between the total sample of seed-eating animals from
treated and untreated areas is significant (P < 0.01).

A similar comparison of residue levels in seed-eating species from
Alberta, where mercurial fungicides are used extensively, with those
from Saskatchewan, where mercurial seed-treatment is much less extensive,
is shown in TABLE 18, The difference in mercury residue levels in the
samples from the two areas is also significant (P < 0.05),

Only a limited number of adult predators was examined for mercury
residues in liver. Among these were three short horned owls (Asio
flammeus) of which two showed high mercury levels, the highest (11.3 ppm)
being recorded in a specimen found dead (TABLE 15).

Elevated mercury levels were found in the egg contents of the
majority of the predatory birds sampled (TABLE 16). However, as with
the seed-eaters, and with the exception of those forms most specific
in their food preferences, a wide variability in the mercury content was
evident in the eggs of each species. The range between residue levels

was most pronounced in the eggs of the great horned owl (Bubo virginianus)

and red-tailed hawk (Buteo jamaicensis) two species which frequently “‘

utilize a wide variety of both birds and mammals as prey (Rusch et al.

1970, Luttich et al. 1970).

The eggs collected in Alberta contained significantly (P < 0.05)

higher mercury levels than those from Saskatchewan (TABLE 18).

The highest mean levels with the least variability were found 1n

the egg contents of the Richardson's merlin (Falco columbarius
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richardsonii), which feeds primarily on small birds, and the prairie

falcon (Falco mexicanus) which primarily, though not exclusively, feeds

on passerine birds, Similarily uniform and equally elevated mercury
residues (0.315 - 0.568 ppm) were present in four eggs of peregrine

falcon (Falco peregrinus) from North West Territories. The peregrine

falcon is also known to prey heavily on small birds throughout the year.
In contrast to the high residue levels found in the predominately

bird-eating falcons, there are low mercury levels in the eggs of the

most specific mammalian feeders. Consistent low levels are most evident

in the eggs of the ferruginous hawk (Buteo regalis), which in Western

Canada feeds almost exclusively on Richardson's ground squirrels

(Spermophilus richardsonii); the golden eagle (Aquila chrysaetos),

which in this study area feed primarily on the white-tailed jackrabbit

(Lepus townsendii); and the marsh hawk (Circus cyaneus), which preys

heavily on Microtus and Peromyscus spp.

A comparison of the mercury residues in the eggs of the bird-eating
falcons and accipiters with those in the eggs of the mammal-eating
buteos, harriers, and eaglesv(TABLE 19) shows a differerence which is

significant (P < 0.05).

DISCUSSION

Seed-eaters

Elevated mercury levels were found in the majority of the seed-

> s . 3 . - 2 n
eating birds. However, there was a significant difference betwee

birds collected from treated areas and those from untreated areas, the
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former having the highest mercury levels. This suggests that mercury
seed-dressing is the primary source of contamination, an indication that
is also supported by the fact that the mercury levels in the Alberta
specimens significantly exceeded those from Saskatchewan where seed-
treatment is far less common.

However, since there may be inter-specific differences and the
proportion of specimens from treated and untreated fields and from
Alberta and Saskatchewan are not the same for all species included, the
data are not exactly comparable.

Within seed-eating birds the highest mean mercury levels were
found in the two uplans game bird species, pheasants and partridges.
This is not surprising as grain figures prominently in the diet of
these birds (Trippensee 1948), in contrast to sharp-tailed grouse, a
typical grassland species, which carried only low or moderate mercury
levels. Among songbirds there seems to be more variation, the horned
lark being the best represented and showing a range of 0.02 ppm to 10 ppm.
The variation between the mercury levels from treated versus non-treated
fields was also more pronounced for small seed-eating birds and rodents
than for game birds. This is in part explained by the fact that large
birds such as pheasants and partridges have a larger feeding territory
than do smaller birds and rodents (Schoener 1968) and thus the chance for
having their feeding territory restricted to a specific field would be

much less.

Our findings can be best compared with those of Borg et al. (1969)

who found that of 298 seed-eating birds shot for investigation in Sweden

o . .
before alkyl mercury compounds were banned there, 41% carried liver
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mercury levels of above 2 ppm. The percentages of seed-eating birds in
our investigation carrying similarly high levels were 23% and 4% for
Alberta and Saskatchewan respectively. This suggests that mercury con-
tamination of Canadian game and other seed-eating birds is less pronounced
than was the case in Sweden where Borg et al. (1969) reported that a

large number of birds found dead obviously had been poisoned by mercury,
and that lethal effects in pheasants were associated with liver levels

on the order of 30 ppm or more. My specimens did not reveal mercury
concentration approaching such levels, suggesting that direct mortality

of seed-eating birds may not have been associated with mercury seed-

treatment on the Canadian prairies.

In experiments involving 192 penned pheasants Fimreite (1970b)
found that hens with mercury liver levels of 3 - 13 ppm laid eggs with
concentrations of 0.5 to 1.5 ppm which had significantly lowered hat-
chability than the controls. Five of 10 wild pheasants taken in Alberta
had liver levels above 3 ppm so that some reduced hatchability of Alberta
pheasants due to mercury is a distinct possibility. The penned pheasants
as well as their eggs were analyzed by another method (Oliver and Funnell

1958) than the neutron activation technique applied in the present study,

and reservations must therefore be taken as to possible discrepencies

between these two analytical techniques.

For popular game birds we also have to take into account the pos-

sibility of human hazard. Although the levels in muscles would be lower

by a factor of 2 to 4 than those found in liver (Westermark 1967) it is

obvious that that the levels in the Alberta pheasant and partr;dge

muscle samples would be expected to exceed the FAO/WHO Codex Alimentarius
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proposed concentration in foodstuff of 0.05 ppm.

It is probable that the most serious wildlife problem will arise
at higher trophic levels. As food for raptors, the contaminated seed-
eating birds can cause ecological problems since alkyl mercury is per-
sistent in the animal body and concentrates in food chains. This
suggestion has been supported experimentally by a demonstration of
increased mortality or severe damage of the nervous system in red-tailed
hawks fed a diet of chicks containing 7 to 10 ppm of mercury in the liver
(Fimreite and Karstad 1970). These concentrations are comparable to the

highest levels found in seed-eating birds in our samples.

Predators

It should be noted that since liver tissue was analyzed from the
seed-eating bird samples no direct comparison of levels can be made
with the residues in the egg contents of the predatory birds. However,
experimental data on residues in livers of hen pheasants and their eggs
(Fimreite 1970a) and the residue levels in the liver of one adult prairie
falcon and her egg suggest mercury residues in the livers of female birds
to be 5 to 9 times those in the eggs.

Because of the large hunting territories of the birds of prey it was
not possible to determine with centainty whether the prey of a specific

pair was restricted to either treated or untreated areas. However, since
raptor egg samples collected in southern Alberta (where mercurial seed-

dressings are used extensively) are widely separated geographically

from those collected in southern Saskatchewan (where these seed-dressings

are used infrequently) the comparison of residues found in samples from
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these areas is essentially a comparison of samples from a treated and
an untreated area.

The differences by area shown in these comparisons is significant
and points to seed-dressings as the primary source of mercury contamin-
ation in these species. These results also strongly suggest seed-eating
prey as the major source of mercury contamination of these predatory
birds.

The wide variation in the mercury content of the eggs of those
species frequently utilizing both birds and mammals for food suggests a
correspondingly wide variation in the levels of contamination of their
prey. Similarly it is apparent that the uniformly low residue levels
in the eggs of those species feeding mainly on mammals show a wide
separation from the relatively high yet equally uniform levels in the
eggs of species preying primarily on birds. A comparison of the mer-
cury residues found in the predominately bird-eating falcons and
accipiters with the residues in the predominately mammal eating buteos,
harriers and eagles shows the difference between the two groups to be
significant, and these findings closely parrallel those reported by (Borg
et al. 1962). These data clearly point to the seed-eating birds as the
major carrier of mercury contamination and at the same time indicate
mammals are much less of a mercury hazard to predatory birds.

Unfortunately the sample of small mammals is not representative
and is too small to provide any indication of general levels, however,
the comprehensive study of Lihnell and Stenmark (1967) shows Swedish

small mammals were carrying much lower levels of mercury than were the

seed-eating birds. On the other hand, my mammal sample does indicate

q
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that we cannot entirely ignore contamination in these prey since the
ground squirrels collected in treated areas did show elevated mercury
levels.

The potential ecological mercury hazard created by the presence of
high residues in seed-eating birds is demonstrated by the occurrence
of high levels in the horned lark and in the eggs of both the
Richardson's merlin and the prairie falcon which both prey heavily on
the horned lark (Enderson 1964, Fox 1964).v A similar relationship
appears in our finding pheasant remains at the nest site of the pair of
prairie falcons whose eggs showed the highest mercury content for this
species. In 1968 only one of five eggs in the nest hatched, the re-
maining four eggs contained mercury levels ranging from .9 to 1.7 ppm.
In 1969 only the female of the pair was observed at the site, and no
nesting occurred.

As already indicated experiments with pheasants indicate that
alkyl mercury may have strong adverse effects on reproduction (Fimreite
1970a). Since the mercury concentrations in the eggs of falcons fre-
quently are in the same range, effects must be expected in wild falcons
unless falcons should be much less sensitive to mercury than pheasants
This coincides also with the recently documented declines in prairie
falcon (Fyfe et al. 1969) and Richardson's merlin (Fyfe 1970) popula-

tions in Western Canada and is reinforeced by the fact that several of

the eggs collected for this study were addled and contained high mercury

concentrations. Reproductive failures in the white-tailed eagle 1in

Finland and Sweden have been caused by mercury contamination according

to Henriksson et al. (1966) and Borg et al. (1969). The source in this




127

case, however, was mercury-containing slimicides in the pulp industry.

Samples of seed-eating birds in western Canada have also shown re-
latively high DDE residues in their tissues (Fyfe 1970); therefore it is
not surprising that we found a positive correlation between mercury and
DDE levels in eggs of prairie falcons which in some areas feed heavily
on passerine birds. However, comparison between eggshell thickness
(using the Ratcliffe index) and DDE content in prairie falcon eggs
showed a highly significant inverse correlation (P < 0.01) while a
similar comparison of mercury contant and shell thickness in 59 prairie
falcon eggs failed to show any correlation.

It has been shown that mercury may interfere with detoxification
enzyme chains in the vertebrate liver (Arrhenius 1967). Possible
synergism between mercury and DDE and between mercury and heptachlor
should therefore be taken into account as considerable DDE and heptachlor
concentrations were found in many of the eggs and were positively corre-
lated with those of mercury. Such a synergism would also in all proba-
bility be most serious for the bird-eating falcons which are most
exposed to both organochlorine pesticides and mercury contamination

through seed-eating birds.

SUMMARY

The investigation revealed that mercury contamination is rather

widespread in Canadian prairie wildlife. Seed-eaters, showed a difference

in the mercury levels in specimens shot on field seeded with treated

grains as compared with those collected from untreated fields thereby
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indicating mercury seed-dressings as the most probable source of contam-
ination. Corroborating evidence is further provided in the fact that the
mercury concentrations both with regard to seed-eaters and their preda-
tors were significantly higher in specimens from Alberta, a province

with widespread use of mercury seed-dressings as compared with Saskatchewan
where seed-treatment is less common.

There was a considerable variance in the mercury levels both between
and within species. Among seed-eating birds the highest residue levels
(average 2.8 ppm in liver) were found in pheasants. Lesser, but still
considerable mercury concentrations were shown to be present in partridges
and small seed-eating passerine birds such és horned larks. Among the
rodents ground squirrels were shown to have high mercury levels when
inhabited treated fields.

In eggs of falcons as well as of accipiters (birds-eating birds
of prey) were frequently found with elevated mercury levels while the
levels in eggs of those eagles, buteos and harriers which prey largely
on rodents were low. It appears that this difference can be explained
satisfactorily on the basis of their food habits alone as birds were

shown to carry higher mercury levels than rodents.

As to the significance of the reported mercury levels it is concluded
that falcons and accipiters may be adversly affected as eggs of these
species frequently carried mercury levels which experimentally have been
The current findings

shown to reduce hatchability in pheasant eggs.

coinside with the recent declines reported in prairie falcon, merlin

and peregrine falcon.
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INTRODUCTION

Elevated mercury levels in freshwater fish in Sweden and Finland
have been reporteq by several authors (Johnels et al. 1967, Noren and
West6s 1967, Westdd 1967a, WestdS and Noren 1967, Hdsdnen and Sjoblom
1968, and WestdS3 and Ryddlv 1969). According to L&froth (1969) about
one per cent of the total Swedish water areas are inhabited by fish
with more than 1 ppm in muscle tissue.

Borg et al. (1969), in a comprehensive study on the occurrence of
mercury in Swedish wildlife, found elevated mercury levels in tissues
of a number of fish-eating birds such as gulls (Larus sp), crane (Grus

grus), and white-tailed eagle (Haliaeetus albicilla). They reported

mercury residues of 3.5 to 11 ppm in six white-tailed eagles' eggs from
five different nests and suggested that the decrease in the reproduction
of this species could be ascribed to mercury poisoning. A corresponding
decline in the white-tailed eagle population in Finland is likewise

associated with mercury contamination (Henriksson et al. 1966).

The loss of mercurials used for slime control in the pulp industry was

considered the major source of contamination, but other industrial releases

of mercury, primarily the chlor-alkali industry, are also important. Young

salmon kept in cages downstream from pulp mills and chlor-alkali plants

showed elevated mercury levels after one to two months exposure

(Hasselrot 1967).
130
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In Japan, water contaminated by mercury in effluent from plastic
factories resulted in high mercury levels in fish; and consumption of
the contaminated fish caused either death or severe neurologic disorders
in humans (Kurland et al. 1960 and Irukayama 1966).

Fimreite (1970) has shown that Canadian pulp mills; chlor-alkali
plants, and other industries also use considerable quantities of mercury,
and therefore mercury contamination of Canadian wildlife species was
expected.

This paper reports the data collected on the mercury content of
selected fish and wildlife species from ecosystems where mercury contam-
ination was anticipated, and discusses the results in relation to the

effects of mercury on fish, wildlife and humans.
MATERIALS AND METHODS

Specimens analyzed included 113 fish, 30 birds and 6 bird eggs

collected specifically for this study. Walleye (§}izostedion vitreum)

was chosen as the chief test species from the Great Lakes as it is a
tvpical predaceous fish, and because of the accumulating properties of
mercury walleye were likely to have high concentrations where contamina-
tion occurs. Elsewhere when possible, other species also likely to be
near the top of the food chain, were selected. In most cases samples

were taken in the vicinity of chlor-alkali plants or pulp mills from

1"
which mercury was known to have been released. '"Control" samples were

taken where possible; e, g., upstream from pulp mills situated on a

river. The specimens from Pinchi Lake, B.C., were taken within a mile
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from Cominco's old mercury mine, partly before and partly after the
mine was reopened in 1968. Most of the avian material consisted of
adult or immature fish-eating birds. The eggs included were of red-

breasted merganser (Mergus serrator) and common tern (Sterna hirundo).

The specimens from the Great Lakes, the St. Maurice River, Quebec,
;aie de Chaleur, N.B., and some from Pinchi Lake were collected in
the autumn of 1969 and all others during the summer of 1968.

Both the fish and bird specimens were frozen immediately after
being collected. Samples taken from the lateral muscle of fish, liver
of birds and the homogenized content of eggs were freeze-dried by L.M.
Reynolds, Ontario Research Foundation and analyzed for mercury mercury
using the neutron activation method by Gulf General Atomic Incorporated,
San Diego, California, analytical procedure is quoted on page 1ll.

Mercury residue values are given in parts per million (ppm) on a
wet (fresh) weight basis.

Five fish specimens from the Great Lékes were also analyzed for
methyl mercury by the National Institute of Public Health, Stockholm,

Sweden, using a combined gaschromatographic and thin-layer chromatographic

technique described by Westdd (1966, 1967).

RESULTS

Elevated mercury concentrations were found in all freshwater fish

(TABLE 20), the levels being highest in fish from Pinchi Lake, the

St. Clair River, and Lake St. Clair, where the maximum concentrations

in muscles were 10.5, 7.09, and 5.01 ppm respectively. The lowest

levels were found in fish taken upstream from the town of Shawinigan Falls

and the chlor-alkali plant on St.Maurice River. This was the only sample of
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freshwater fish that did not exceed the Canadian maximum acceptable level
of 0.5 ppm of mercury as set by the Food and Drug Directorate for human con-
sumption. Fish from coastal waters showed moderate or low levels of mercury

(TABLE 21). The lowest were recorded in the Atlantic herring (Clupea harengus)

(less than 0.6 ppm). Levels were also low in alewife (Alosa pseudoharengus)

and in Atlantic tomcod (Microgadus tomcod). The American eel (Aquilla rostrata)

had a somewhat higher mean level, 0.32 ppm, while in a single specimen of cop-~

per rockfish (Sebastodes caurinus), was found as much as 0.88 ppm. The statis-

tical analysis revealed that the freshwater species had significantly (P <
0.01) higher mercury concentrations than the marine species.

ﬁést samples showed a positive correlation between mercury levels and
weight of the fish specimens, indicating that larger fish contain relatively
more mercury per weight unit than smaller fish (Fig.21). The exceptional
samples, which showed a negative correlation between weight and mercury
level had only three specimens in each sample.

The mercury levels in birds (TABLE 22) were highest in red-necked

greb (Podiceps grisegena) from Pinchi Lake where one specimen contained 17.4

ppm in the liver. Lower, but still considerable were the mercury levels -

found in the pelagic cormorant (Phalacrocorax pelagicus) from the Nanaimo

aréa, and the double-creasted cormorant (Phalacrocorax auritus), great blue

heron (Ardea herodias), and common tern from the Baje de Chaleur. Eggs of

common tern and red-breasted merganser from the Baie de Chaleur contained

an average of 0.582 and 0.812 ppm of mercury respectively. The bird speci-

mens from the Ottawa River, shot about 20 miles downstream from the city of

Ottawa, represent four species with different feeding habits, the percentage

of animal food in their diet ranging from 10 to 100. As indicated in TABLE 23,

. 2 ' 1
there seems to be a close relationship between the species' mercury residue

levels and proportion of animal matter in their d%et.
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Possible sources of mercury water pollution are shown in Fig. 2 and
3. A chlor-alkali plant in Sarnia is thought to be largely responsible
for the high levels in the Lake St. Clair and the St. Clair River as
the levels in fish there are significantly higher (P < 0.1) than in
those from above this plant in Lake Huron. The fish taken downstream from
the chlor-alkali plant in Shawinigan Falls (Maurice River) had also
significantly (P < 0.1) higher mercury levels than those upstream from

the plant. Even more obviously, the high levels in saugers (Stizostedion

canadense) downstream from a pulp mill in Ottawa result from that mill's

use of mercury slimicides. The latter carried significantly (P < 0.01)

higher mercury concentrations than those upstream from the mill. Herrings

and eels from Baie de Chaleur were taken close to a pulp mill that used

mercury slimicides. The Bay also received the effluent from a chlor-alkali
plant, but the small number of specimens made it difficult to compare

levels in birds shot in the vicinity of Bathurst (Pulp mill) with those S

from the Dalhousie (Chlor-alakli plant) area.

Mercury slimicides may also be responsible for the elevated mercury

levels in copper rockfish and pelagic cormorant from British Columbia

specimens taken in the vicinity of pulp mills that discontinued use of

mercury slimicides less than 10 years ago (Fig. 3, TABLE 21). The highest

mercury level in the fish from Pinchi Lake was in a specimen collected

after the mercury mine reopened mining operations inl 1968, whereas 1n

contrast the most elevated level in birds occurred in specimens collected

before the mine was updated.

Five specimens of walleye from the Great Lakes were analyze?Z for the

form in which mercury occurred. Ninety-six (range: 88 - 100) per cent
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TABLE 2 o.Mercury residues in lateral muscle of fish from Canadian inland waters

where mercury contamination was suspected.

Correlation (r) between

Body weight (grams) Mercury residues body weight and Hg
locality/Species n X Range X Range residues in muscle tissue
PINCHI LAKE, B.C.

Salvelinus namaycush 2 1700 1700 - 1700 5.78 1.07 ~ 10,5
Hybopsis plumbea 1 50 0.841
Prosopium williamsoni u 307 230 - 429 0.654 0.295- 1.S50 0.96%
Salmo gairdneri 4 2u3 161 - 322 0.381 0.2u8~ 0.681 0.86
LAKE HURON, SOUTH END
Stizostedion vitreum 8 807 725 - 984 1,08 0.58l- 2.7u4 0.40
ST. CLAIR RIVER
Ambloplites rupestris 6 6u6 55 - 368 2.30 0.548- 4.64 0.29
Lepomis gibbosus 3 64 u6 - 95 2.64 0.255- 7.09 -0.56
Roccus chrysops 1 75 1.62
Stizostedion vitreum 6 646 370 - 1018 1.60 0.887- 2,43 0,90%
Esox lucius 1 2265 1.00
LAKE ST. CLAIR
Stizostedion vitreum B 819 363 - 1928 2.88 1.29 - 5,01 0.37
LAXE ERIE, WEST END
Stizostedion vitreum 8 595 462 - 907 0.709 0.580- 0.901 0.32
OTTAWA RIVER, Downstream
from pulp mill
- .7 0.90%#
Stizostedion canadense 10 1luy 23 - 389 1.u48 0.471-  2.73
OTTAWA RIVER, Upstream
from pulp mill
- 1,00 0.18
Stizostedion canadense 10 165 117 - 217 0.719 0.423
ST. MAURICE RIVER, Que.
Sownstream from chlorine plant
.519- 0.912 -0.38 —-
Catostomus commersonii 3 5.7 3.8 - 9.2 0.66 Y
0.260- 0.714 -0.99
Perca flavescens 3 2.2 2.0 - 2.4 0.53
ST. MAURICE RIVER, Que.
upstream from chlorine plant
.195 0.194- 0.196
Perca flavescens 2 1.6 1.4 - 1.8 0.19
1.0 1.0 - 1.0 0.192 0.185- 0.199

Culaea inconstans 2
~4-aeda inconstans

*  Significant correlation (P < 0.05)
%% Significant correlation (P < 0.01)



136

‘ysi4 4noj jo ajdwes pajood & jo sisAjeue duO - poOdWOI

et e

W
*ysi} J4noj Bujuiejuod yoea sa|dwes pajond om3 jJO sasA|eue om} - snbuateyopnasd 'y pue snuedjiawe i

68°0 88¢ - 98l 9€2 [S0°0 - S20°0  €%0°0 & snbusley eadn|)
"@°N ‘@isnoyleg) ¥NITYHI 30 31vE
18 #01°0 - 960°0 00L'0 & snbualeyopnasd esoly
00t 081°'0 Bl poowo3 snpeboddily
%0 HZe - 621 S0? 78€°0 - €820 qle"0 4 e3B4]504 EB||Inbuy
q1e €e°l - 298°0 o1l BC snueos|Joue
$9322U0J4Nd |dopnasd
(*g'N ‘3sdnyieg) ¥N3TVYHI 30 31vE
131 9L1'0 | Snu1Jnes s9315eqas
*3°8 ‘AvE 30HSISYOH
9901 gly'0 1 snujJned sa3Seqos
*3°8 ‘OWIVNVYN
0.8 9(8°0 | snujined $335eqas

"3°8 “INY3I8IV 1HO0d

anss|3 a|osnw

uy sanpisat DY pue

jybi1am Apoq usamiaq
(4) uoile|aluod

abuey X abuey X

(swedbB) 3ybiom Apog (wdd) senpisal Aundday U

— 3 3 ——4

*s.931eM |BISEOD uB|pRUR) WOJ4 YS|4 JO 2|2snw (edaje| ul sanpisad Adnoday Z 378vL



137

Fig.21,

Relationship between body weight and mercury concentra-

tions in lateral muscle of Sauger (Stizostedion

canadense) from the Ottawa River, collected upstream
—_=-°hse

and downstream from @ pulp mill which used mercury-

containing slimicides.

**  Correlation significant (P < 0.01)
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TABLE 2 2. Mercury residues in birds collected where mercury

contamination was suspected.

Mercury residues (ppm)

Locality/Species Age Class n Tissue X Range
INLAND WATERS
Pinchi Lake, B.C.
Podiceps grisegena Adult 3 Liver 10.32 o.uu8 - 17.4
Ottawa River (Baie Noire)
Megaceryle alcyon Adult 1 Liver 0.935
Bucephala clangula Adult 1 Liver 0.632
Anas rubripes Adult 5 Liver 0.381 0.021 - 0.771
Aix spomsa Adult 3 Liver 0.158 0.101 - 0.212
COASTAL WATERS
Nanaimo, B.C.
Phalacrocorax pelagicus ’ . Adult 5 Liver 2.086 1.22 - 3.68
Larus occidentalis Adult 3 Liver 0.250 0.120 - 0.369
Baie de Chaleur (Bathurst, N.B.)
Phalacrocorax auritus Adult 1 Liver 11.3
Ardea herodias Immature 1 Liver 4.53
Sterna hirundo Adult Yy Liver 2.50 2.28 - 2.70
Mergus serrator 2 Eggs 0.812 0.u53 - 1.17
Sterna hirundo 4 Eggs 0.582 0.182 - 1.42
Baje de Chaleur (Dalhousie, N.B.)
Phalacrocorax auritus Immature 3 Liver 3.51 3.08 - 4.01
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TABLE 23. Relationship between mercury levels in liver of four species
of birds and the percentage of animal food in their diet. The speci-
mens were all collected from the same site, on the Ottawa River about

20 miles downstream from the city of Ottawa.

Species n Percentage animal Mean mercury
food in their diet@ residues in liver
ppm
Megaceryle alcyon 1 100 , 0.935
Bucephala clangula 1 74 0.632
Anas rubripes 5 24 0.381
Aix sponsa 3 10 0.158

a8 The duck animal food proportions are averages of a great many birds,

and are taken from Kortright (1943): Ducks, Geese, and Swans of

North-America.

-
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of the mercury occurred as a methyl mercury compound (TABLE 24).

DISCUSSION

The material in this study was selected to determine the levels of
mercury in Canada's fish and fish-eating birds in waterways contaminated
by industries releasing mercury-containing effluent (Fimreite 1970). In
this preliminary study, the results are representative only for areas
where mercury contamination was expected. Uncontaminated areas were not
sampled extensively due to financial 1imitations on the number of speci-
mens that could be analyzed.

Our results indicate considerable contamination in several waterways
in Canada, inlcuding the Great Lakes where walleye in Lake St. Claire
averaged 2.9 ppm of mercury. The maximum concentrations however, were
recorded in specimeng from Pinchi Lake, 10.5 and 17.4 ppm in muscles

of lake trout (Salvelinus namaycush) and liver of red-necked grebe

respectively. Coastal waters also seem to be contaminated. In particu- ‘

lar, Baie de Chaleur, where the contamination is best reflected in fish-

i i . eels
eating birds such as cormorants, herons, terns, and mergansers In

from the Bay were also recorded somewhat elevated mercury levels while

the pelagic herrings, on the contrary carried very low mercury concentra-

tions.

i i i C lor-
The sources of contamination were 1n most cases proved to ch

alkali plants with mercury cells, and current or previous use of mercury

slimicides in the pulp industry. This could be confirmed statistically

by comparing the levels in samples taken above and below the potential source.
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TABLE 24, Total mercury and methyl mercury in five specimens of walleye

‘(Stizostedion vitreum) from the Great Lakes.®

- —— —— ————— ——————— ———— _————— —— —— ————— __ __ ___ _ __ —_ _—— —  —— —— — — —— —  ——  ——

Locality Specimen Weight Total Methyl Methyl mercury as per-
no. grams mercury mercury cent of total mercury
ppm ppm

Lake Huron

South end 1 9sy 0.581 0.565 97.25
Lake St. Clair 2 363 1.29 1.22 94,57
Lake St. Clair 3 1021 2.06 1.82 88,35
Lake St. Clair L 1928 3.42 3.40 99,42
Lake Erie

West end 5 907 0.708 0.710 100,28
Average 95.97

€ The total mercury was determined by Gulf General Atomic Incorporated,
San Diego, California (neutron activation) and the methyl mercury by
the National Institute of Public Health, Stockholm, Sweden
(gaschromatography and thin-layer chromatography) .
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Recent studies by Wobesser et al. (1970) and Bligh (1970) revealed
severe mercury contamination of fish from Saskatchewan River and Wabigoon-
English River system. Concentrations above 10 ppm were recorded in some
samples of predaceous fish and apparently in both cases mercury releases
from chlor-alkali plants are the chief contaminators.

Sprague and Carson (1970) who investigated marine fishes from the
Gulf of St. Lawrence found only moderate or low mercury levels, the

most elevated (0.4 ppm) appearing in cod (Gadus morhua). Even in a re-

mote area such as La Verendrye Provincial Park in Quebec, elevated mer-
cury levels (1.4 ppm) have been reported in pike (Keith and Reynolds 1969).
This must be due to air-borne pollutants, or an extraordinarily high nat-
ural background level. Studies elsewhere suggest that levels below 0.2 ppm
in fish muscles do not indicate industrial contamination (L3froth 1969).
However, high background levels may be expected in British Columbia where
elevated mercury levels in soils and plants have been reported from

several areas (Warren et al. 1966). This has to be considered when
evaluating the high mercury levels in fish and grebes from Pinchi Lake,

but since specimens from Pinchi Lake collected before the mercury mine

. i i b
reopened contained abnormally high mercury concentrations it may well be ‘

that mercury released during mining operations nearly 25 years ago still

. . . s ected
is an important source of contamination. Fish and cormorants coll

in the vicinity of pulp mills which discontinued use of mercury slimicides

5 - 10 years ago also contained elevated mercury levels. These findings

support L&froth's (1969) hypothesis that unless mercury is made biological-

ly unavailable effects of mercury pollution may last for decades.

: s ithin and
A wide variation in mercury concentrations is common both within
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among species, and also among specimens from the same catch-site.
Such variation was also demonstrated experimentally by Hannerz (1968)
in fish exposed to identical amounts of mercury: An accumulation of
mercury through the food chain is indicated by the fact that the
highest mercury levels generally were found in species at the higher
trophic levels, while the pelagic and planktivorous Atlantic herring
are little affected by mercury pollution, having less than 0.06 ppm
residue levels. Furthermore, in bird species taken from the same
area a close relationship between mercury and proportion of animal
food in their diet was demonstrated, the highest being found in

kingfisher (Megaceryle alcyon) which is a fish-eating bird, the

lowest in wood duck (Aix sponsa), which diet consists only on 10%
animal matter (Kortright 19u43).

In fish, however, the variation in the mercury levels is partly
connected with variation in the body weight. Johnels et al. {1867)
found a positive correlation between weight and mercury concentrations
in muscles. With some deviations from the rule, the same was
demonstrated in the present study. Seasonal fluctuations in the

mercury levels may also occur which are dependent on the rate of

metabolism of the fish and the rate of food intake. Experimentally

this has been demonstrated by Hasselrot (1967) who exposed salmon

to mercury contaminated water and pecorded higher levels 1n the summer

than in the winter.

The levels found in Canadian fish-eating birds are comparable to

those from Sweden (Borg et al. 1969), if the birds found dead are
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excluded from their data. The very high levelé of mercury in Finnish
white-tailed eagle reported by Henriksson et al. (1966) likewise refer
to specimens found dead, presumably poisoned by mercury;

In five walleyes from the Great Lakes 96% (88 - 100) of the mercury
occurred as a methyl mercury compound. In Sweden it has been demonstrated
based on a large number of analyses that about 90% of the mercury in fish
is in the form of methyl mercury (Noren and Westoo 1967, Westdd and Noren
1967), in spite of the fact that mercury is released into the environment
frequently in the form of other organic mercury compounds or even in a
metallic or inorganic form. This is probably due to the ability of cer-

tain aquatic organisms, especially Methanobacterium omelianskii, to

methylate inorganic mercury, a process which seems to be normal in anae-
robic ecosystems (Jensen and Jerneldv 1967, 1969 and Wood et al. 1968).
Since the conditions for such transFormation of mercury seem to be present
where inorganic mercury is released into the environment and on the

basis of our fragmentary data we can conclude that the mercury in Canada's
fish is also in the form of methyl mercury.

Relatively little is known about the toxicity of methyl mercury in

fish. Symptoms of poisoning associated with degeneration of nerve cells

in different parts of the brain were reported in methyl mercury contami-

nated fish from Japan (Kurland et al. 1960). Miettinen et al. (1969)

reported severe damage to liver, kidneys and gills in pike (Esox lucius)

exposed experimentally to methyl mercury, and that the lethal dose of

methyl mercury for pike was 20 - 25 mg/kg fresh weight when administered

orally within interval of a few days between doses. In Japan 1t was

concluded that severely poisoned or dead fish (EEEEEEEEEE_SP) carried
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more than 20 ppm of mercury (Berlin et al. 1968). We are therefore
probably safe in concluding that the levels found in the present study
are generally well below lethal levels. However, no conclusions can
be drawn as to the probable effect of sub-lethal levels.

With regard to fish-eating birds the red-necked grebes from
Pinchi Lake had accumulated very high amounts, up to 17.4 ppm in the
liver, which is close to the level that Fimreite and Karstad (1970)
found to be lethal in red-tailed hawks. Tern and merganser eggs from
Baie de Chaleur averaged 0.66 ppm of mercury and their reproduction may
be affected since it has been shown experimentally that similar levels
significantly reduce hatchability in pheasants (Fimreite 1970a). Pos-
sible interspecific differences, however, must be taken into account.
Adult terns from the same area carried an average 2.5 ppm of mercury
in liver. These levels were exceeded by those found in specimens of
red-necked grebe, double-crested cormorant and great blue heron. Adverse
effects on reproduction may therefore occur among fish-eating birds
inhabiting mercury contaminated areas.

If contaminated fish are consumed regularly the possible effects
on humans have to be considered. On the basis of data collected in
Niigata, Japan it was concluded that daily consumption of fish containing

5 to 6 ppm of mercury may be lethal (Birke et al. 1967). The highest

levels of mercury in fish from the St. Clair River, Lake St. Clair, and

Pinchi Lake are therefore in the range where prolonged daily consumption

could be lethal. Elsewhere, with few exceptions, mercury levels in fish

exceeded the suggested safety level of 0.5 ppm.

Mercury in fish in a methylated form may produce serious sub-lethal
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effects. Its affinity to the nervous system may lead to destruction of
brain cells with subsequent neurologic disorders (Hook et al. 1954,
Kurland et al. 1960 and Irukayama 1966). Furthermore, methyl mercury
acts as a mitotic disturbing agent (Ramel 1969), and the ease with
which it penetrates the placenta barrier may lead to accumulation of
mercury in the unborn child (Tejning 1968), which in turn may result

in congenital neurologic disorders even when the mother appears unaf-

fected (Kurland et al. 1960 and Irukayama 1966).
SUMMARY

Levels of mercury were determined in fish muscle and liver and eggs
of fish-eating birds collected from selected sites across Canadaj; most
of the specimens, however, were taken from areas where mercury contamina-
tion was suspected. Elevated mercury levels were found in practically
all samples of freshwater fish. Especially high were the levels in
walleye and pumﬁ?inseed"%;om Lake St. Clair, the St. Cclair River, Ontario,
and Pinchi Lake, British Columbia, where maximum levels of mercury in
muscles reached 5.01, 7.1, and 10.5 respectively. Almost all fish from

Lake Huron, Lake Eire, Ottawa River, and Pinchi Lake, contained

mercury levels that exceeded 0.5 ppm. Somewhat elevated levels were

found in fish from coastal waters. There was in most areas a positive

correlatiocn between the body wéight of the fishes and the mercury levels.

In birds the highest level, 17.5 ppm in 1iver, was found in red-

necked grebe from Pinchi Lake. Liver levels between 2.5 and 10 ppm

g blue
occurred in double crested cormorants, common terns and great o
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herons from the Baie de Chaleur, New Brunswick where the levels in
eggs of common terns and mergansers from Baie de Chaleur average about
0.7 ppm.

The chief sources of contamination appear to be chlor-alkali plants
with mercury type electrolytic cells, pulp mills where mercurials are
used for slime control, and in one case mercury mining. It is concluded
that the mercury in the fish occurs as a methyl mercury compound. The
possible hazards to human health and to reproduction in fish-eating by

consumption of such contaminated fish are discussed.
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GENERAL DISCUSSION

This study revealed that a considerable environmental contamination
with mercury has taken place for many years in Canada and has increased
rapidly in recent years. The chief contaminator appears to be the chlor-
alkali industry which uses mercury in the electrolytical preparation of
chlorine and caustic soda. Approximately 200,000 lbs. of mercury are
released annually by this industry, most.of which reaches watercourses
with the waste-water. Considerable amounts of mercury are retained in
the caustic soda and it may also eventually enter water bodies, since
it is mostly used for bleaching purposes in the pulp and paper industry.
The pulp industry until recently also used considerable quantities of
mercurials for slime control but this practise has now been discontinued
by most mills in order to conform with the food and drug regulations.

There has been a slight decrease in the use of mercury in seed-

. 9 1
dressings during the last five years, but still more than 50% of Canada's

grain fields are seeded with mercury treated seed. The amount of mercury

added to each acre annually by use of seed-dressings is less than one

gram and therefore, no significant accumulation or vun-off to water

systems can be expected, but seed-eating animals may pick up uncovered

treated seed and pass the mercury on to predators.

These uses of mercury are undoubtedly the predominant sources of

i : i i -ion was paid in
mercury contaminatlion and those to which special attent P
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the present study. This picture may change somewhat in the future.
The growing electrical industry is steadily increasing its share of the
total consumption of mercury, and according to DBS statistics now uses
about 25,000 lbs. annually, as compared with less than 5,000 1lbs. only
five years a2go. Other potential sources to be considered are various
laboratory uses of mercury and application of mercury containing turf
fungicides, the latter being applied heavily on golf courses. In Ontario
95% of the golf courses use mercurial fungicides, some of these are
sprayed at 10 day intervals throughout the summer season (Frank 1970).
The mercury in seed-dressings is for the most part in the form of
methyl mercury while the active ingredient in slimicides is phenyl
mercury acetate. From the chlor-alkali plants metallic or inorganic
mercury (mercury chlorides) is released. Studies undertaken by Jensen
and Jerneldv (1968, 1969) and Wood et al. (1968) showed that certain
micro-organisms convert inorganic mercury to methyl mercury, particular-
ily under anaerobic conditions which frequently occur where industrial
wastes are discharged. Phenyl mercury compounds are rapidly degraded
to inorganic mercury (Friberg 1969), and thus they too may be subject to
methylation. Findings in Sweden (Noren and Westds 1967, Westdd and Noren
1967) as well as our own fragmentary data also indicate that methyl mer-
cury is the predominant form in which mercury occurs in fish and other
aquatic animals, therefore there is reason to believe that mercury, in
the contaminated Canadian environment, is in the form of methyl mercury.

In our experiment with pheasants dietary methyl mercury provided

through treated grain seed was shown to have a forcible adverse effect

on reproduction. Reduced hatching success associated with mercury levels
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in eggs of 0.5 - 1.5 ppm was the most consistent finding while a signi-
ficant decline in egg production was introduced only in the groups on
the heaviest contaminated diets. A large number of shell-less eggs were
laid by hens fed treated grain for eight weeks or more. The eggs laid
by the contaminated groups frequently had a reduced egg weight compared
with the controls and often an abnormal colour.

These findings are consistent with those of Borg et al. (1969) and
Tejning (1967) who carried out similar experiments with pheasants and
chickens respectively. Neither of them however, reported any reduced
egg weight or abnormal colour due to mercury, but they did record
severe symptoms of neurologic origin. Such effects were not observed
in our pheasant experiment, probably because our experimental grain food
contained only 5.5 ppm of mercury as compared with about 20 ppm in the
grain used in their experiments.

In the groups of red-tailed hawks fed methyl mercury contaminated
diet mortality or severe damage to the nervous system was associated
with mercury levels of 7.2 - 10.0 ppm in the liver of chicks provided
as experimental food. Signs of poisoning were observed after one month
of exposure and were essentially of neurologic origin. Because NO
recovery occurred in affected hawks when put on a mercury free diet, it

can be concluded that the damage is permanent. Histologic investlga-

tions prevealed severe pathologic changes in the nervous system, parti-

cularily in the spinal cord but also in the brain. The most consistent

finding was swelling of axons of myelinated nerves with dilatation of

i e
myelin sheaths and loss of myelin. In severe cases +he axons wer

fragmented or contracted and undergoing lysis in digestion chambers.
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Neurotoxic effects like those described seem to be characteristic
for methyl mercury poisoning in birds as similar findings also were
reported by Tejning (1967a) and Borg et al. (1969). The latter also
examined naturally mercury poisoned game birds and reported pathologic
changes consistent with those introduced experimentally.

In pheasants Borg et al. (1969) reported liver levels of 30 ppm
or more at death whereas in our experiment about 20 ppm were found in
hawks that died. This may indicate a species difference to the tolerance
of mercury.

Wildlife specimens collected for analysis consisted for the most
part of seed-eating birds and their avian predators as well as fish
and fish-eating birds. Most specimens were collected in areas where
mercury contamination was anticipated, although some material from
presumably uncontaminated areas was included for comparison. According-
ly, our findings do not reflect the over-all distribution of mercury in
Canada's avian and Piscine fauna, either geographically or ecologically.

These findings nevertheless, indicate that mercury contamination

is widespread and prove that the current uses of mercury in seed-dressings,
pulp mills, and chlor-alkali industry, and even mercury mining, lead to

elevated mercury levels in wildlife. This was confirmed statistically

i i i £ ontam-~
by comparing bird specimens from contaminated with those from unc

inated grain fields and by similar comparisons in fish taken upstream

and downstream from pulp mills or chlor-alkali factories. Corroborating

1 1970) in
evidence is the findings of Wobeser et al. (1970), and Bligh ( )

i i 1 fish.
+heir recent studies on mercury occurrences 1n Canadian freshwater Ii B

Borg et al. (1269) in a comprehensive study on t?e occurrence of

{
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mercury in Swedish fauna reported that a large number of animals found
dead or dying in the countryside was intoxicated by mercury and carried
mercury levels significantly higher than those shot. Unfortunately,
only a few dead specimens were included in the present study. The
ecological significance of our findings can therefore best be evaluated
by comparing the levels of mercury found in collected specimens with
those shown experimentally to have detrimental biological effects., When
doing so we must conclude that the present .mercury contamination may
interfer with reproduction, especially in avian predators and birds
feeding on fish and other aquatic animals sitide eggs of those species
frequently carried mercury levels in the rahge (0.5 - 1.5 ppm) that
considerably reduced hatchability in penned pheasants. Supporting
evidence is that the Canadian population of prairie falcon has been
declining apparently due to hatching failure (Fyfe et al, 1969). The
eggs of this species contained generally high mercury levels, parti-
cularily eggs that failed to hatch.

In eggs of prairie falcon and Richardson's merlin a positive
correlation between the concentrations of DDE and mercury and also
between heptachlor and mercury was found, but the significance of the
synergetic effects, if any, is not known.

An increased adult mortality might also occur in the most exposed

species either as a result of accumulating lethal levels of mercury oF

indirectly by severely damaging the nervous system and thus making the

-

birds more vulnerable to predators or disease. The highest mercury

levels found in seed-eating birds pesembled those experimentally esta-

blished in chicks which applied as experimental food introduced lethal
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or severe sub-lethal effects. in red-tailed hawks. Lethal effects how-
ever, most likely occur in fish-eating birds since the levels in fish
exceeded those found in seed-eating animals. Red-necked grebes, a
typical fish-eating species, carried mercury levels up to 17.4 ppm which
is close to those found to be lethal in red-tailed hawks.

Since many of the contaminated fish and game bird species form
portions of the human diet, food hygienic risks should be considered.
Birke et al. (1968) concluded that regular consumption of fish contain-
ing mercury levels in muscles of 5 - 6 ppm may be lethal and the
highest levels found in walleye from the Great Lakes were in this range
while a lake trout from Pinchi Lake contained as much as 10.5 ppm.
Wobeser et al. (1970) and Bligh (1970) also reported maximum levels above
10 ppm in pike from the Saskatchewan River and Clay Lake respectively.
Even irregular consumption of such contaminated fish may have serious
‘consequences, assuming that the mercury is in the methylated form,
According to experimental and clinical findings (Ramel 1969, Kurland
et al. 1960, Friberg 1969) probable sub-lethal effects will be of genetic,
neurologic and/or teratogenic nature.

With regard to the persistence of mercury contamination Lofroth
(1969) maintains that the effects of mercury pollution may last for

decades unless the mercury somehow is made biologically unavailable.

The present study adds supporting evidence to this hypothesis, as fish

and birds collected from Pinchi Lake carried clearly elevated mercury

levels 25 years after the probable source of contamination, a mercury

mine, had been closed.

be
In this connection the natural occurrence of mercury has to
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considered, particularily in British Columbia where many areas, includ-
ing the vicinity of Pinchi Lake, carry high background levels of mercury
'(Warfen‘gs;gif 1966). Although the major portion of this mercury occurs
as cinnabar, a very insoluble mineral, one can not completely ignore its
possible contribution to the elevated mercury levels found in living
organisms. If this contribution is significant it means less clearance
for any man-made contamination. Because of interference of air pollution,
for example caused by chlor-alkali plants, it may be hard to prove the

exact background level in living organisms, except in very remote areas.
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CONCLUSION AND SUGGESTIONS

The present study has indicated that envirommental mercury contam-
ination in Canada has reached considerable proportions. Through indus-
trial use of mercury, in particular the chlor-alkali industry, large
quantities of mercury are released into streams and lakes including
Canada's major water bodies, the Great Lakes. In certain fish species
from contaminated waters mercury has accumulated to an extent that they
are unacceptable for human consumption, and abnormally high concentra-
tions were found in some fish-eating birds. The current use of mercury
seed-dressings is apparently vresponsible for elevated mercury levels
in seed-eating birds and their avian predators and the recent decline
in the prairie falcon populations is probably connected with mercury
contamination.

Considering the proportions of the present mercury pollution, and
in order to take steps to limit its baleful effects, further research
is needed. Investigations should be extended to wildlife species not
included in the present study but which might be affected, such as
fish-eating mammals. Other possible sources of contamination than

those now being considered most harmful should also be subject to lnves=

. ur
tigation because of an apparently rapid development of some other mercury

i er-
demanding activities. This is for example, the case with use of m

curials as turf fungicides by which mercury, through soil organisms,

may enter food chains other than those investigated.
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The pronounced qualitatiye differences in the behaviour of various
mercury compounds and their biological effects; warrant determination of
the forms in which mercury occurs in exposed species. It is of special
interest to know more about the occurrences of methyl mercury in living
organisms and the mechanism and efficiency of mercury methylation in the
environment.

Information of the significance of the background level of mercury
is desirable as well as on the possible synergistic effects that might
exist between mercury and other envirommental pollutants, primarily DDT
and it metabolites. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>