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Introduction

Lead poisoning among waterfowl after
ingestion of lead shot pellets is well docu-
mented. Berrose (1959) gives a very
detailed description of lead poisoning
among waterfowl in the U.S.A., and the
present situation is summarized in the
report: »Proposed use of steel shot for
hunting waterfowl in the United States«
(ANoN. 1974).

In Denmark the first case of lead pois-
oning in waterfow]l was found in a
Mallard (Anas platyrhynchos) in 1967
(Munca 1968). A Danish report (Sxyps-
GAARD 1974) dealing with lead poisoning
in ducks after ingestion of lead shot pel-
lets concludes: »Lead pellets as pollutants
in the field should be regarded as a serious
environmental and eco-toxicological fac-
tor. Apart from causing fatal lead poison-
ing, the ingested lead pellets can contri-
bute to a weakness of the health status of
the ducks in general«.

Concentrations of lead in the liver have
been considered to be the most useful
measurement for diagnosis of acute lead
intoxication. Because of the kidney’s es-
sential role in excretion of body waste
and ingested toxic material, lead in kid-
ney tissues may serve as an important
indicator for lead poisoning, while the
lead in bone tissue has long been asso-
ciated with cronic exposure. High levels

of lead in muscles of lead-poisoned indi-

viduals do not seem to occur. In the Mal-

lard levels of 6-20 ppm lead in liver and
kidney indicate acute exposure (LONGCORE

etal. 1974).

Discussions of lead poisoning caused
the following questions to be addressed
to the Minister of Environment in the
Danish Parliament (Question No. 45 from
the Environment Committee, September,
1976)

1. How much lead is used annually for
hunting purposes?

2. How are the ecological consequences
evaluated?

3. Will it be possible to use other ma-
terial than lead for manufacturing pel-
lets for hunting?

4. If it is possible, will we then have legal
authority for doing so?

This paper contributes to the second point
by presenting the current knowledge of
lead poisoning in Danish game species,
especially Mallard and Mute Swan (Cyg-
nus olor). For comparison the presence of
lead pellets in gizzards from bagged Mal-
lard is examined. Lead poisoning in other
species is recorded as is the amount of
lead in the tissue. The lead poisoning in
waterfow]l in connection with public
health is also considered.

Material and Methods

From all over the country wild mammals
and birds found dead or ill are forwarded
to the State Veterinary Serum Laboratory
for autopsy. As the animals are often sent
deep frozen, or in various stages of decay,
no histological examination was carried
out in this survey. This material com-
prises the majority, but the survey has
been supplemented with specimens of ap-

parently normal game shot for control,
and during ordinary hunting.

The material was received during the
years 1971-1977 (Tables 2, 8, and 16).
Lead-poisoned birds recorded during the
period 1967-1970 are also included in
the survey, while individuals estimated
to be less than four months old were
omitted from the material.
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When the Mallard were reported as
having been raised in an artificial pond
or given food supplies they were recorded
as »reared« in the material. Wing-clipped
birds were also recorded as raised. The
Mallard were recorded as free-ranging,
when they were found by chance in the
field.

During the period October 1st — De-
cember 19th 1975 3,149 gizzards were
collected from Mallard sent for sale to
game dealers in Copenhagen (2,817) and
Arhus (332). The gizzards were collected
twice a week. At the laboratory they
were cut up and the contents washed into
a sieve. When pellets were found, they
were evaluated following the guide lines
given by BELrOSE (1959) as to whether
they were ingested or shot into the giz-
zard. Eroded pellets were regarded as in-
gested, while pellets with craters caused
by striking others in passage along the
gunbarrel were recorded as shot into the
bird. This assumption could usually be
verified by the discovery of shot-holes in
the gizzard. In cases where the Mallard
were killed just after ingestion of a pellet
which recently left a gunbarrel misinter-
pretation may occur, but in the present
survey this error is thought to be of no
significance.

Species No.
Hare (Lepus capensis) 26
Fox (Vulpes vulpes) 17
Badger (Meles meles) 1
Stone Marten (Martes foina) 22
Buzzard (Buteo buteo) 30
Sparrow Hawk (Accipiter nisus) 7
Peregrine Falcon (Falco peregrinus) 1
Kestrel (Falco tinnunculus) 10
Osprey (Pandion haliaetus) 1
Tawny Owl (Strix aluco) 6
Longeared Owl (Asio otus) 2

Little Owl (Athene noctua) 1

Table 1. Numbers of Hare, Mammalian Carni-
vores, Birds of Prey and Owls analysed. The
material was received during 1976 and 1977.
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Besides the Mute Swan sent for au-
topsy, the material also included some
healthy specimens shot near airports and
some especially shot for examination of
lead poisoning.

Mute Swan with brown plumage were
recorded as less than one year old, while
birds with white plumage were recorded
as more than one year old.

Analyses were also made using liver and
kidney of various game species received
during 1976 and 1977 (Table 1). The 20
Brown Hare (Lepus capensis) were appar-
ently normal individuals shot during the
hunting season, while the other 6 had
died from various diseases. Of the Fox
(Vulpes vulpes) 15 were shot, and 2 had
died from disease. The single Badger (Me-
les meles) was shot, and 6 of the Stone
Marten (Martes foina) were shot, the other
16 being trapped or killed by traffic. All
birds of prey and owls were found dead
(injury, infections, parasitic diseases or
shot).

In the present survey mainly the liver
but also the kidney and sometimes the
muscle tissue were used for analyses.
After autopsy the tissues were stored in
plastic bags at —20°C until the analyses
were begun. The following three tech-
niques were used for analysis.

ANALYTICAL METHOD 1:
After wet digestion of the tissue, the lead was
extracted by dithizone in chloroform followed
by polarographic determination of the lead con-
centration (KARLOG & M@LLER 1958).

ANALYTICAL METHOD 2:

A known amount of homogenized tissue (ca. 2 g)
was wet digested and dissolved in 2 N HCl (final
volume 10 ml). The concentration of lead in the
solution was determined by atomic absorption
spectrophotometry (Perkin-Elmer, model 403) ac-
cording to the manufacturer’s specification
{Avow. 1971). Standard solutions of lead were
treated like samples.

The recovery of the method was examined
as follows: To samples containing 2 pg Pb/g 5 or
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10 ug Pb were added and to samples containing
100 ug Pb/g 20, 50, 80 og 100 ug Pb were added.
The mean recovery percentage was 100 %7.2
(RSD) (n=15).

The accuracy of the method was also checked
by the standard addition method. Samples con-
taining 19-25 or 32 ug Pb/g were used giving
results within the standard deviation for the
recovery method.

ANALYTICAL METHOD 3:
5-10 g homogenized tissue was dry ashed and
dissolved in ca. 1 NHCl After extraction with
diethylammonium-diethyldithiocarbamate/xylene,
the concentration of lead in the organic phase
was determined by atomic absorption spectro-
photometry (Roscunik 1973).

Recovery tests were made adding 1-2 or 3 ug
Pb to 10 g samples containing 0.33 or 0.62 ug
Pb/g. The mean recovery percentage was 99
+55 (RSD) (n=>5).

Methods 2 and 3 were compared by
analyses of samples from 8 lead-poisoned
animals (9-27 ug Pb/g liver and kidney).
Except for two Mute Swan with a very
high copper concentration in the liver,
the differences between the two methods
were within the standard deviation for
the methods.

In method 3 there seemed to be an in-
terference from copper content when levels
exceeded 1500 ug Cu/sample during ex-
traction. For that reason the copper con-
centration was measured in all Swan livers
which were planned to be analysed by
this method, and the amount of liver in
the aliquot was limited to eliminate cop-
per-interference.

The copper content of kidneys from
the Mute Swan and in liver and kidney

from the other species was so low that
any interference from copper was out of
question.

Organs from birds examined before
April 1st 1973 were analysed by method
1 at the Department for Pharmacology
and Toxicology of the Royal Veterinary
and Agricultural University Copenhagen,
while organs from birds received after
this date were analysed by method2 in
cases where the purpose was to determine
whether the bird was lead-poisoned or
not.

Method 3 was used when the purpose
was to find the exact amount of lead in
the mammals and birds examined.

Birds were evaluated as lead-poisoned
when the concentration of lead in the
liver or kidney exceeded 15 ppm, or the
concentration was from 7-14 ppm and
signs of lead poisoning were found at aut-
opsy.

After 1971 lead poisoning in Mallard
was sometimes only diagnosed after au-
topsy. The criteria had been lack of other
cause of death, lead pellets in the gizzard
and presence of some of the post mortem
changes which are characteristic of lead
poisoning, i.e. pale lungs and muscles,
impaction at the proventriculus and dis-
tended gall bladder.

A few Mute Swan (9 birds) were re-
corded as lead-poisoned without analyses
after having been found with large num-
bers of pellets in the gizzard, and signs
of lead poisoning at autopsy.

Results
MALLARD

Lead poisoning
The Mallard is the species of waterfowl
most frequently affected by lead poison-
ing in the U.S.A. (BELrost 1959). In Den-
mark the Mallard is the most common

breeding duck species, but it is also
numerous during migration and in
winter-time. In the period 1971-1976 an
average of 366,000 individuals were shot
annually (STRANDGAARD 1973-77). The

5
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Total
Year 1971 1972 1973 1974 1975 1976 1977 No. /o
Free-living, total 8 49 19 12 15 16 20 139
Free-living, lead-poisoned 0 0 1 1 3 1 1 7 5
Raised, total 15 30 30 26 43 44 21 209
Raised, lead-poisoned 2 2 8 11 21 8 11 63 30
Mallard, total 23 79 49 38 58 60 41 348
Lead-poisoned, total 2 2 9 12 24 9 12 70 20
Lead-poisoned, %o 9 3 18 32 41 15 29 20

Table 2. Numbers of Mallard more than 4 months old sent for autopsy during 1971-77.

%

No. %
Total 81 501
Raised birds 73
Free-ranging birds 8 401
38 23

51
Sex not recorded 7 30
Nutrition: normal 53
Nutrition: below normal 10
Nutrition: emaciated 18 20
Autopsy results:
No special signs 11 14 10
Pale muscles and lungs 49 60
Impaction of oesophagus 2 2
Impaction of proventriculus 18 22 i i —
Enteritis 5 6 J FM A M J J A S OND
Green diarrhoea 7 9 Fig. 1. Lead-poisoned Mallard as a percentage
Distended gall bladder 19 23 of the total number of Mallard more than 4

Table 3. Examination of Mallard recorded as
lead-poisoned during 1967-1977.

bag included a lot of Mallard raised with
different degrees of human support in
natural and artificial small ponds, with
food supplies etc., and therefore the bag
varied from completely wild birds to per-
manently wing-clipped individuals from
enclosed areas.

During 1967-1977 the total number
of lead-poisoned Mallard received for
autopsy was 81. Of these 20 were from
Zealand and surrounding islands, 22 from
Funen and surrounding islands, and 39
from Jutland. The authors found 70 lead-
poisoned individuals during 1971-1977
(Table 2) while the remaining 11 were
recorded in previous years. The distri-
bution during the year is shown in Fig. 1,

6

months old examined each month from Janu-
ary 1st 1967 to December 31st 1977.

NO.

LIVER
54 *
ol esm mn ot e Bl Bt et o B
] KIDNEY
olas o xm o u ;mem o p m g o wmd
10 20 30 40 50 60 70 80 ppm

Fig. 2. The distribution of lead levels in 52 livers
and 33 kidneys from lead-poisoned Mallard. The
average lead level in liver was 40.5 ppm and in
kidney 58.1 ppm.

*} 89, 91 and 109 ppm.
**) 89, 108, 136, 147 and 170 ppm.

and Table3 contains information from
autopsies. The distribution of lead in
liver and kidney from lead-poisoned Mal-
lard is shown in Fig.2, while Table4
shows the distribution of pellets in giz-
zards of lead-poisoned Mallard, compared
with American results.
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Table 4. Comparison of the distribution of the
NO’}? f p.elletsd Denmark USA. number of pellets in the gizzards of lead-poisoned
In the gizzar No. % No. % Mallard in the present study and an American
0 13 20 132 11 study. (In the Danish material the pellets in 15
1 8 12 284 925 gizzards were not counted).
2 4 6 195 17
3 2 3 155 13 . .
4 3 5 98 8 Lead pellets in the gizzard
5 2 3 78 7 of bagged Mallard
6 1 1 58 5 The frequency with which apparently
; g g ig % normal Mallard contain ingested pellets
9 1 1 0 2 gives an impression of the dimension of
10 1 1 18 2 the lead-poisoning problem, and in ac-
> 10 25 38 68 6 cordance with this, examination of giz-
Toral % 100 1155 100 zards from Mallard shpt durmg the open
season has been carried out in several
Source Presentstudy  BELrOsE(1959) countries (Table 5).
Country Period Number of gizzards Percentage with | o o
examined ingested pellets
US.A.
Atlantic Flyway 1938-1953 223 6.3
Mississippi Flyway 1938-1953 10801 8.4 Berrosk (1959)
Central Flyway 1938-1953 3918 2.7
Pacific Flyway 1938-1953 3265 8.2
England 1957-1959 244 6.6 OrnEY (1960)
1968-1973 380 9.0 TroMmas (1976)
Sweden 1972-1974 272 10.3 DANELL &
ANDERSEN (1975)
Denmark 1974 52 17.3 WiIuM-ANDERSEN &
FranzMANN (1974)
1975 3149 2.4 Present study
Table 5. Incidence of pellets in the gizzard of bagged Mallard.
Period Gizzards Gizzards with Ingested Average of ingested Mallard with pellets
sxamined | ingested lead pellets 1.4 pellets pellets per Mallard | shot into the gizzard
No. No. /o No. No. No. %o
October 1245 26 2.1 68 2.6 61 49
November 1012 19 1.9 111 58 45 4.4
December 892 32 3.6 77 2.4 25 2.8
Total 3149 77 2.4 256 3.3 131 4.2

Table 6. Gizzards examined for lead pellets from Mallard bagged during the period October 1st -~

December 31st 1975. In two cases a nickel pellet and an iron pellet were found.
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The present survey was carried out in

Denmark US.A. A .
Pellots ingeed order to determine the prevalence of in-
No, No. % o/ gested pellets in apparently healthy Mal-
lard shot in Denmark during the open
1 38 49 65 season in 1975.
g %Z g 1; Pellets found in the gizzards from 77
4 4 5 3 Mallard were evaluated as ingested, cor-
5 0 0 2 responding to 2.4%o of the total number
6 1 1 1 of gizzards examined (Table6). Table7
; 1 shows the distribution of the 256 ingested
9 é pellets found in the 77 gizzards, the result
10 0 being compared with American findings.
11 1¢ 9 6
13 1
15 1
16 1
58 1
Source Present study Brinose Table 7. Distribution of ingeste:d pellets in giz-
: zards of 77 Mallard bagged in Denmark and
(1859) 1,159 bagged in U.S.A.
MUTE SWAN
Lead poisoning In 1966 the breeding population of the

Swans are often exposed to lead poison-
ing after ingestion of lead pellets (Trar-
NER & HunT 1965; Irwin 1975; Monro
1925), but lead poisoning from other
causes than lead pellets may also occur
(Benson et al. 1976).

Mute Swan in Denmark was 3,000 pairs
(Brocu 1971), furthermore some 40—
70,000 specimens winter in large flocks
in Danish waters (Joensen 1974). Lead
poisoning has been recorded among Mute
Swan in Denmark, and was found to

Total
Year 1971 1972 1973 1974 1975 1976 1977 No. /o
Total 2 10 22 2 38 146 78 298
3 1 2 14 1 23 71 38 150
1 6 8 1 11 64 35 126
Sex not recorded 0 2 0 4 11 5 22
>1 year old 2 7 5 1 28 94 46 183
<1 year old 0 3 17 1 10 52 32 115
Cause of death:
Lead poisoning n 1 0 1 9 60 7 78 26
Killed by shooting 58 19
Injury 47 16
Infection 28 9
Starvation 43 14
Other causes 44 15

Table 8. Autopsy results of 298 Mute Swan. (Of the 58 individuals killed by shooting, 28 were shot

with special permission).

8
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Concentration of lead in the liver 0-6 ppm 7-14 ppm 15-103 ppm
Total number 50%) 12%%) 57
3 26 7 32
Q 24 5 25
>1 year old 37 8 49
<1 year old 13 4 8
Nutrition: normal 23 2 7
Nutrition: below normal 8 1 12
Nutrition: emaciated 19 9 38
Autopsy: )

Killed by shooting 12 1 1
[njury 13 0 0
Infection 9 1 2
Parasitism 2 1 2
Starvation 6 0 0
Unknown cause of death 8 3 6
Recorded as lead-poisoned 0 6 46
Post mortem signs of lead poisoning:

Pale muscles and lungs 0 1 10
Impaction of oesophagus 0 1 15
Impaction of proventriculus 0 5 23
Enteritis 2 4 22
Green diarrhoea 1 2 12
Distended gall bladder 6 5 33
Lead pellets in the gizzard 0 3 33

Table 9. Autopsy results and lead analyses of 119 Mute Swan.
*} Of three livers with more than 3 ppm two had kidney values from 7-14 ppm and one over 15 ppm.
##) Kidneys from six of these Swan were also analysed, all exceeding 15 ppm.

Country 5 Canada US.A. Denmark
Source Irwin (1975) TRAHE; 6§)HUNT Present study
No. % No. % No. %
Emaciated 15 71 No record 60 87
Impaction of proventriculus 7 33 11 29 28 41
Enteritis No record 21 54 26 38
Green diarrhoea 11 52 21 54 14 20
Distended gall bladder 8 50 37 94 38 55
Lead pellets in the gizzard 18 90 37 94 36 52

Table 10. Prevalence of gross lesions in lead-poisoned Whistling Swan in Canada and U.S.A.,,
compared to lesions in Mute Swan from Denmark.
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cause a high local mortality (Crausen et
al. 1975).

The results of autopsies of 298 birds
are given in Table 8, while Table 9 and
Fig. 3 give more detailed information on
autopsies of 119 specimens examined and
analysed for lead in liver and kidney.
In Table 10 the most frequent post mortem
findings are compared with results from
the U.S.A. and Canada.

Lead poisoning near clay-pigeon
shooting sites
While lead poisoned Mallard are found
singly or in small numbers, it is cha-
racteristic for lead-poisoned Mute Swan
to be found in large numbers at a few
localities (Tables 11 and 12).

NO.
25 TOXIC LIMIT

LIVER

*

ST

KIDNEY xx

10 20 30 40 50 60 70

Fig. 3. The distribution of lead levels in 119

livers and 65 kidneys from Mute Swan examined.

The avarage lead level in liver and kidney was

32.9 and 104.8 ppm respectively. Of the 119

livers, 69 contained more than 7 ppm, which is

the toxic limit. Of the 65 kidneys, 38 contained

more than 7ppm.

*) 81, 84, 86, 88, 100 and 103 ppm.

*) 89, 97, 103, 108, 110, 123, 124, 135, 147,
156, 164, 185, 192, 215, 230, 239, 240 and
410 ppm.

80 ppm

~

Gizzards with Lead in liver Trap
Place Period |EstimatedNo.| No. lead pellets - shoot-
of dead birds | examined o 0t 7P—Pl4 >15 ing
Redse Feb.~Mar. 20 7 7 100 0 0 7 +
1975
@lsemagle | Feb.~Mar. 150-200 37 13 35 2 7 27 +
Reef 1976 (only 36 analysed)
Helnes October 30 10 10 100 (only 4 analysed) 4 +
1976
Redby March 60-70 15 8 53 2 3 10 +
1976
Redby Dec~Mar. 30-40 5 5 100 not analysed +
1976-1977
Ringkebing | 1974-1977 ? 14 10 72 (only 8 analysed) 8
Fjord

Table 11. Outbreak of lead poisoning among Mute Swan.

Localities

Radse

Redsg is a lake in Jutland where at least 20 out
of 100 Mute Swan died in February-March 1975.
Duck hunting occurs every autumn and a trap
shooting site is placed on the shore. The area
where the lead pellets fall is partly flooded
during winter time. This outbreak has previously
been described (Crausex et al. 1975).

10

Olsemagle Reef

In February 1976 large numbers of Mute Swan
were reported dead or very weak at Qlsemagle
Reef, Zealand. Each year hundreds of Swan
winter in this area, either at sea outside the
reef or in the lagoons behind the reef. Waterfowl
are hunted intensively, and two trap-shooting
sites are situated in the area.
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Distance Average
Soil | from | sample | ooty
Area samples | shooting size Pm3 Remarks Source
No. site cm?2 No.
m

Olsemagle, Zeeland 2 50 100 & 150, 2,150 Present study

Redby, Lolland 18 50-100 177 44 JensEN (1977)

Helnes, Funen 25 110-220 | 100 & 200 506 Howum (1977)

Ringkebing Fjord,

Jutland 14 85-125 | 70 & 100 155 | The samples were MoLLER(1973)
taken in a protected
area.

Ringkebing Fjord, 240 79-177 |10.1-183.4| Average from 6 inlet | PETERSEN

Jutland from lagoons known as (1978)

6 areas resting places for
migrating waterfowl.

US.A. 29.1 | The samples derive | BELROSE(1959)
from 22 areas and
were taken 1939-56.

US.A. 200 2.7-10.8] One percent of the | LEwIs&
Mourning Dove from | LEGLEr (1968)
the area had pellets
in the gizzard.

US.A. 22 30-360 5,000 0.9-4.0 | An estimate of 5% | SZYMCZAK &
of the resting Canada | ADRIAN (1978)
Goose died of lead
poisoning.

Mexico 162 9.9 SCHRANCK &

DorranoN
(1975)

New Zealand 2.3-5 Lead-poisoned birds | CAITHNESS

found in the area. (1974)

Table 12. Pellets found in areas where outbreaks of lead poisoning among Danish Mute Swan are
recorded, compared to soil samples from shooting areas in the U.S.A., Mexico, and New Zealand.

Helnas
In the beginning of October 1976 about 150 ap-
parently healthy Mute Swan were seen at sea
along the east coast of the peninsula of Helnzs,
Funen, and about 30 of these were found dead
on the beach a few weeks later. A large clay
pigeon shooting site is situated near the sea.

According to local trap-shooters about 6,000
kg of lead pellets are annually shot over the
water, the depth of the water within the shoot-
ing range being about one metre.

Eight swans were examined by the authors and
two by a local Game Adviser. In the gizzards
61, 100, 253, 280, 285, 412, 459, 906, 961 and
3,355 (96 g) pellets were found respectively.
Organs from four of these birds were analysed
and 48-75 ppm of lead were found in livers and
108-156 ppm in kidneys. The bird with 3,355

pellets in the gizzard contained 63, 147, and 1.5
ppm of lead in the liver, kidney and muscle
tissue respectively.

After November 1st no more dead Swan were
found. In order to see whether the surviving
birds carried lead in their organs, ten apparently
normal birds were shot within the area two
weeks later (Table 13).

Rodby
In a little lake near Redby, Lolland, 60-70 Mute
Swan died in March 1976. Eight out of 15 birds
examined had lead pellets in the gizzard, num-
bering from 1 to 486. A trap-shooting site was
situated near the little lake and most of the
pellets fell into the water, the depth being about
1 m. During the winter of 1976-77 30-40 Mute
Swan died in the same lake; of these 4-5 were
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Sex Age Nutritional Weight Lead Pellets
state kg Liver Kidney in gizzard
ppm ppm
38 >1 year old Good 12 ND 1.3 0
) <1 yearold Below normal 6 0.8 2.9 0
1) >1 year old Good 15 0.2 0.4 0
é - Emaciated 9 0.1 0.2 0
Q - Emaciated 6 14 43 4%)
Q - Below normal 7 ND 0.8 1
& — Good 11 0.4 0.5 0
& - Good 12 ND 0.8 0
Q - Good 11 0.4 0.4 0
Q - Below normal 10 0.1 0.1 0

Table 13. Autopsies and analyses of 10 Mute Swan shot in November 1976 two weeks after the end

of an outbreak of lead poisoning near Helnzs.

ND: Not determined. *) No sign of lead poisoning seen at autopsy.

more than one year old and the rest less than
one year.

The birds were too decomposed for autopsy
but in five gizzards 96, 101, 113, 118, and 158
Jead pellets were found respectively (F.JeNsEN,
pers. comm.). Most of the pellets were 2.5 mm
in diameter, while the rest were 2mm. (The
same size of pellets is normally used for clay-
pigeon shooting).

Ringkobing Fjord
Ringkebing Fjord, Jutland, has shallow brackish
water and salt marshes. Very large numbers of
migrating waterfowl shelter in the area each
spring and autumn. Some areas are protected,
while very extensive shooting takes place in
others. Every year several Mute Swan are found
dead in the area and autopsy reveals that they
are usually lead-poisoned or shot.

Lead poisoning in Mallard and Mute Swan

During autopsy and chemical analyses of
lead-poisoned Mallard and Mute Swan

some characteristic conditions were re-
corded (Tables 14 and 15).

Lead poisoning in other bird species

Up to 1971 lead poisoning in other bird species
in Denmark has only been recorded in a Pheasant
(Phasianus colchicus), a Tufted Duck (Aythya
fuligula) and a Pochard (Aythya ferina). In the
years 1971-1977 a few more have been recorded
as lead-poisoned (Table 16) and the cases are
described below;

1. In January 1971 a Goldeneye (Bucephala clan-
gula) was found dead in Ringkebing Fjord,
jutland. The bird, an adult male, was ema-
ciated, and in the gizzard 10 pellets were
found. The liver and kidney contained 23 and
14 ppm of lead respectively.

2. In May 1973 a Goldeneye was found sick in
Nissum Fjord, Jutland. The bird, an adult
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female, was in a normal state of nutrition.
In the oesophagus a few pellets were found;
the gizzard was empty. The liver contained
53 ppm of lead.

3. In May 1974 an Eider (Somateria mollissima)
was found dead on Christianse northeast of
Bornholm. The bird was an adult female. The
muscles were pale, and the proventriculus was
impacted, but no pellets were seen in the
gizzard. The liver, kidney, and muscles con-
tained 13, 100, and 0.3 ppm of lead respect-
ively.

4. In June 1976 a Partridge (Perdix perdix) was
found in Skerpinge, Zealand. The bird, an
adult male, was extremely emaciated. No sign
of lead poisoning was seen at autopsy, but
the gizzard contained 34 partly new pellets.
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Mallard Mute Swan
No. %o No. /o
3 23 31 39 57
Q 51 69 30 43
Sex not recorded 7
Nutrition: normal 53 65 9 13
Nutrition: below normal 10 12 13 19
Nutrition: emaciated 18 22 47 68
Post mortem signs of lead poisoning:
Lead pellets in gizzard 68 84 36 52
Pale muscles and lungs 49 60 11 16
Impaction of oesophagus 2 2 16 23
Impaction of proventriculus 18 22 28 41
Enteritis 5 6 26 38
Green diarrhoea 7 9 14 20
Distended gall bladder 19 23 38 55
Lead in liver (average) 52 40.5 ppm 69 32.9 ppm
Lead in kidney (average) 33 58.1 ppm 38 104.7 ppm
Table 14. Examination of 81 Mallard and 69 Mute Swan recorded as lead-poisoned.
Mallard Mute Swan Species Number Number
. T examined  lead-
Number | No. Leadinliver { No. Lead in liver poisoned
of pellets ppm ppm
Pheasant (>4 months old) 199 0
0 12 5 » 24 Partridge (>4 months old) 62 1
1-9 14 35 10 36
Ducks other than Mallard 77 3
10-19 6 47 8 52
Swans other than Mute Swan 5 2
20-99 4 46 8 39 5 0
>100 0 5 68 Geese >
Gulls 351 0
Table 15. Lead concentrations in livers of lead- EYOdOd I;I%eon ;g% * é
poisoned Mallard and Mute Swan in relation to 1rds oI rey )
Other species 414 0

number of pellets in the gizzard.

The liver and kidney contained 130 and 440

ppm of lead respectively.

Table 16. Number of birds of different species
(except Mallard and Mute Swan) subjected to
autopsy during 1971-1977. *) See Fig. 4.

5. In April 1976 a Wood Pigeon (Columba pa-
lumbus) was found dead at Brande, Jutland.
The bird was an adult female, and the nutri-
tional state was below normal. Food was
packed in the crop, and eight pellets were
seen in the gizzard. The bird had suffered
from diarthoea. The liver, kidney, and
muscles contained 48, 200, and 1.3 ppm of
lead respectively.

6. In April 1976 a Whooper Swan (Cygnus cyg-
nus) was found dead in Ringkebing Fjord,
Jutland. The bird was a young female and

the nutritional state was below normal. The
oesophagus was packed with food, and the
liver contained 61 ppm of lead.

. In December 1976 a Whooper Swan was killed

after being found very weak in Guldborgsund,
south of Zealand. The bird, a young female,
was emaciated. The lungs were pale and food
was packed in the oesophagus and proven-
triculus. The liver and kidney contained 37
and 68 ppm of lead respectively.
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The load of lead in some Danish game species

The load of lead in the liver as well as in
the meat from Danish cattle, pigs and
poultry is below 0.5 ppm, with very few
exceptions (ANDERSEN & ENGBERG 1977,
EnGBERG 1974).

From analyses of 226 American birds
including 27 species, only a few had
more than 1.5 ppm and none had more
than 7 ppm of lead in the liver (BAGLEY &
Locke 1967).

The load of lead in game from Den-
mark has not been known up to now.
Therefore, analyses of lead concentra-
tions in organs from various species which
are not normally found to be lead-poi-
soned, were performed. Most of the ma-

Fig. 4. The distribution of lead levels in liver and
kidney of different game species. The figure in
brackets indicates the number of specimens exa-
mined. The figure below the name of the species
indicates the average lead level.

A Badger had 0.83 ppm in the liver and 0.43
ppm in the kidney. A Peregrine Falcon and an
Osprey had 0.24 and 0.25 ppm in the liver respec-
tively.

terial consisted of mammalian carnivores,
birds of prey and owls in order to see
whether lead is concentrated up through
the food chains. (Table1 and Fig. 4).
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L [
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R Y o ol a
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E
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Lead poisoning in game birds in connection with public health

Though lead is toxic to humans, no
maximum figures for acceptable concen-
trations of lead in food are given, but
from FAO/WHO a guide line of 3mg
lead in the food is given as a provisional
weekly intake (Anon. 1972).

Waterfowl are known as potential vic-
tims of lead poisoning, and concerning
public health it is important to know the
lead concentration in muscle tissue of
such birds. Fig.5 shows the lead in pec-
toral muscle from 24 Mallard and 9 Mute
Swan, all found with lethal concentrations
of lead in the liver.

Analyses of muscles from an Eider
Duck, a Tufted Duck, and a Wood Pigeon
with 13, 24, and 48 ppm of lead in the
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liver, respectively, showed the same low
values ranging from 0.3 to 1.3 ppm in
the muscles.

NOMUSCLE LIVER

5 TTOXIC LRAIT

wof]] |
:

5 H *
! mm pfloBoe o o gofl Oow oo on [l
710 20 30 40 50 80 70 80 ppm

Fig. 5. The concentration of lead in muscle and
liver of 24 Mallard (white columns) and 9 Mute
Swan (black columns), all lead-poisoned. The aver-
age lead level in muscle from all 33 birds was 1.2
ppm at the most, as all samples containing less
than 1 ppm were counted as 1.0 ppm. The average
lead level in liver from the same birds was 44.9

*) 89, 91 and 109 ppm.
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Discussion

About 209 of the Mallard subjected to
autopsy during 1971-1977 were lead-
poisoned and this can be regarded as one
of the most common causes of death in
Mallard sent for autopsy.

It has previously been stated that lead
poisoning primarily occurs among raised
Mallard (Muncr 1968; Crausen 1976).
The present survey seems to support this
statement as only 5% of the free-living
birds examined were found to be lead-
poisoned, as opposed to 30 /o of the raised
birds (Table 2).

From the information accompanying
the Mallard it can be seen that among
free-ranging birds it is single specimens
that are usually found dead in contrast
to raised birds where several are often
reported dying with the same symptoms
as the bird sent for autopsy, and some
ponds at present seem so heavily polluted
with lead pellets that they cannot be used
for raising Mallard.

Lead-poisoned Mallard are found all
over the country. The number of lead-
poisoned individuals increases during
autumn (Fig. 1) which might be caused
by the increasing number of lead pellets
available in the upper layers of the lake
bottom during the shooting season, but
probably also because the birds search
the bottom more carefully for food during
winter time, when only little food is
available on the surface.

It was found that the percentage of
Mallard with ingested pellets was lower
than recorded elsewhere (Table 5). An
explanation could be a wrong evaluation
of whether a pellet was ingested or shot
into a gizzard. However even if no such
evaluation was carried out and all birds
with pellets in the gizzard were recorded
as having ingested it, the value would
only be 6.6%0 (Table 6), ie. approx-

imately that which is found elsewhere
(Table 5).

As already mentioned, the bag of Mal-
lard varies from completely free-ranging
birds to domesticated individuals, but in
the present material it was not possible
to decide from which category the gizzard
originated. As a compensatory factor a
relatively large number was collected,
ie. 3,149 gizzards or 0.83% of the
380,000 Mallard shot during 1975
(STRANDGAARD 1976).

It was found (Table 6) that gizzards
with ingested pellets are distributed
equally over the collecting period, and
apart from a single day in November
such gizzards were found in small num-
bers in most of the samples. Even if the
material is too limited for more extensive
comparison, it appears that the number
of ingested pellets in each of the 77 Mal-
lard is higher than that found in Mallard
from the U.S.A. (Table 7).

An average of 3.3 ingested pellets were
found in the 77 gizzards from the Danish
Mallard, while in a similar investigation
in England, an average of 2.3 pellets were
found in 33 gizzards (TmHOMAS 1976).
These findings support the assumption
that a relatively large number of pellets
is available at the localities where the
birds ingest lead pellets (seealso Table12).

Lead poisoning is found to be the
major cause of death in Mute Swan sent
for autopsy. Nearly all the birds with
more than 7 ppm in liver or kidney show
signs of being lead-poisoned on autopsy,
while individuals with less than 7 ppm
are usually found to die from other
causes. The gross lesions are nearly the
same in lead-poisoned Whistling Swan
(Cygnus columbianus) in Canada and the
U.S.A. as in Mute Swan from Denmark.
On the other hand, the percentage of
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lead pellets in the gizzard appears to be
lower in Danish Mute Swan than in the
American Whistling Swan (Table 10).
In other areas Whistling Swan have been
found lead-poisoned, not from pellets, but
from mining works (BensoN etal. 1976).
The lower figure from Denmark may
also be caused by intoxication from
other sources than shotgun pellets; in
Mute Swan from Qlsemagle Reef, only
3590 had pellets in the gizzard.

A chemical works is placed close to
Olsemagle Reef and waste water from
this is released into the lagoons, and the
content of lead and copper both in soil
and organic material is higher than that
found in unpolluted areas in Denmark
(VesterGAARD 1975). Livers from the
Mute Swan which died in the area were
found to contain 2-3 times more copper
than livers from birds found in other
areas in Denmark (CLAUSEN & WOLSTRUP
1978). Waterfowl are shot intensively in
the lagoons, and from two shooting sites
clay pigeons are shot down over the la-
goons. The number of lead pellets per
square metre was very high (Table 12)
and it is believed that most of the Mute
Swan died of lead poisoning after ingest-
ing lead pellets but they could very well
have received some lead from waste water
discharged from the works as well.

It seems that Mute Swan on occasion
are able to pick up even very large num-
bers of pellets, the maximum of 3,355
pellets in one gizzard being much higher
than any number recorded elsewhere. It is
beyond any doubt that trap shooting,
when carried out over shallow water,
creates a hazard to waterfowl, especially
Mute Swan, which may become lead-
poisoned. Examination of the ten Mute
Swan shot after the end of the outbreak
of the lead poisoning near Helnzs (Table
13) indicates that the birds either die of
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lead poisoning or do not get affected at
all.

The high concentration of lead pellets
in soil samples from Denmark is not
directly comparable to the findings from
shooting areas in other countries as three
out of five sampling areas are within
shooting range of trap shooting sites.
However, the results from Ringkebing
Fjord show that the concentration of lead
pellets can be very high even in areas
where only shooting takes place (Table
12).

Thousands of waterfowl use Ringke-
bing Fjord as a refuge during spring and
autumn. Most of the birds only stay for
a short period in the area, and it is not
known whether they pick up lead pellets
when feeding, but it is remarkable that
the concentration of 0.9-2.4 pellets/m?
in Colorado, U.S.A., causes an estimated
5% mortality of the Canada Goose
(Branta canadensis) which occur in that
area (Szymzcak & ADRIAN 1978). These
concentrations of pellets are more than
50 times lower than that found in Ring-
kebing Fjord. It is also found that several
Mute Swan which usually spend some
months in the Ringkebing Fjord area be-
come lead-poisoned, and the possibility
that some migrating waterfowl leave the
area with newly-ingested pellets in their
gizzards cannot be excluded.

The typical lead-poisoned Mallard is
a raised bird in a good state of nutrition;
the most characteristic post-mortem find-
ings are pellets in the gizzard, and pale
muscle, and lung tissue. The typical lead-
poisoned Mute Swan is a free-ranging
bird, which is emaciated, and the most
characteristic post-mortem findings are
impaction of food in the oesophagus
and proventriculus and distended gall
bladder (Tables 9 and 14).

There does not apparently seem to be
any direct correlation between the amount
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of lead in the liver and the number of
ingested pellets, and the concentration of
lead in the organs from Mallard and
Mute Swan which died from lead poison-
ing seems to be approximately the same
(Table 15).

The number of lead-poisoned indivi-
duals in other species must be regarded as
a minimum because lead poisoning in
general is not expected during autopsy,
and analysis is only performed when
findings during autopsy cause lead poi-
soning to be suspected. The number of
other duck species examined is too small
for general conclusions, but even with
these reservations in mind the findings
do not affect the general statement, that
in Denmark lead poisoning mainly occurs
among Mallard and Mute Swan.

Except for the Buzzard (Buteo buteo)
all bird species examined had the same
low concentration of lead, and the con-
tent of lead in liver was about the same
as that found in 226 American birds
(BAGLEY & Locke 1967). In the Buzzard
three of the 30 birds examined had con-
centrations of lead in the liver of 3 ppm
or more. The number of Buzzard exa-
mined was too small for definite conclu-
sions, but the possibility of the increased
concentration of lead being caused by
preying on lead-poisoned waterfowl or
game with pellets in the tissue cannot be
excluded. Similar cases are known from

Sweden, where two Golden Eagle (Aquila
chrysaétos) were found with 36 and 10
ppm lead in the liver (Borg 1975). Mute
Swan dying from other causes than lead
poisoning (Table 9) have the same low
concentration of lead in the liver as other
species.

The concentration of lead in the Brown
Hare in Denmark is about the same as
that found in Swedish hares, i.e. 0.9 ppm
on average in 12 Blue Hare (Lepus timi-
dus), and 1.9 ppm in 17 Brown Hare
(Bore 1975).

Of the mammals examined only the
Fox might eat prey with ingested lead
pellets, but the concentration of lead in
organs from the Fox was about the same
level as those from the Hare and Stone
Marten, and thus no food chain concen-
tration of lead seems to be occurring in
the Fox.

The present study appears to support
previous analyses in which it was found
that the concentration of lead is low in
muscle tissue, even in birds with high
levels in kidney, liver, and bone tissue
(LonGeoreetal. 1974, SzyMczZAK & ADRIAN
1978). It may be assumed that liver and
especially kidney and bones from water-
fowl do not comprise a major part of the
diet of most people, and therefore lead-
exposed and lead-poisoned birds are not
believed to be a hazard to the consumer.
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Dansk resumé

Blyforgiftning i vildt fra Danmark

I denne artikel summeres den nuvarende viden
om forgifining blandt svemmefugle i Danmark
som felge af optagelse af blyhagl.

Undersegelsen omfatter dedfundet vildt, der
i perioden 1971-1977 er indsendt til obduktion
pd Statens Veterinazre Serumlaboratorium. For
enkelte arters vedkommende gir opgerelsen til-
bage til 1967, hvor det forste danske tilfelde af
blyforgiftning (en graand) blev registreret.

Der skelnes i undersegelsen mellem fritlevende
og opdraettede graznder. I perioden 1971-1977
er der i alt undersegt 348 graender, hvoraf 70
(20%/) var blyforgiftede.

Af disse skennedes 7 at vere fritlevende og
63 opdrettede (Tabel 2). Antallet af blyforgif-
tede tilfeelde stiger i lobet af efterdret (Fig.1).
Obduktionsresultaterne af de blyforgiftede gra-
@nder, der er undersogt 1967-1977, ses af Tabel
3, mens Fig. 2 viser koncentrationen af bly i le-
ver og nyre. Tabel 4 viser fordelingen af blyhagl
i kraser fra blyforgiftede grizender fra Danmark
og USA.

For at undersege forekomsten af blyhagl i kra-
ser fra grdender, skudt pd normal vis, blev der
i efterfiret 1975 indsamlet 3.149 kréser hos vildt-
handlere. Resultaterne (Tabel 5) er sammenlig-
net med tilsvarende fra USA, England og Sve-
rige. I Tabel 6 er antallet af greender med hen-
holdsvis optagne og indskudte blyhagl i kréserne
angivet. Der fandtes i alt 77 (2,4%0) kréser med
optagne hagl, hvilket er mindre end i andre
lande (Tabel 5). I Tabel 7 er vist antal hagl i de
underspgte kriser.

1 perioden 1971-1977 er der undersegt 298
knopsvaner, hvoraf 78 fandtes blyforgiftede {Ta-
bel 8). Tabel 9 viser resultaterne af 119 under-
segte og analyserede knopsvaner, mens blyind-
hold i lever og nyre fremgar af Fig. 3. I Tabel 10
er obduktionsresultaterne sammenlignet med til-
svarende fra USA og Canada.

Mens blyforgiftede grdender sadvanligvis
findes enkeltvis, s& er det karakteristisk, at bly-
forgiftede knopsvaner findes samlet i sterre an-
tal, og hvor en flugtskydningsbane har veret
placeret ved et lavvandet omrdde (Tabel 11).
Analyser af knopsvaner nedlagt neer én af disse
flugtskydningsbaner efter blyforgiftningens op-
her tyder pa, at fuglene enten dor eller kommer
fuldsteendig over forgiftningen (Tabel 13). Tabel
12 viser haglforekomster i bundprever udtaget
pd nogle af de i Tabel 11 omtalte lokaliteter
samt fra forskellige udenlandske.
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Undersogelserne viser, at den typisk blyfor-
giftede graand stammer fra opdret; den er vel-
neret og har som regel hagl i krdsen og blegt
muskel- og lungeveev.

Den typisk blyforgiftede knopsvane er fritle-
vende; den er afmagret og kensmoden. Ved ob-
duktion finder man hyppigt ophobning af foder
i spiserer og kirtelmave samt forstorret galde-
bleere.

I Tabel 14 sammenlignes obduktionsresulta-
terne fra blyforgiftede grdender og knopsvaner,
mens Tabel 15 viser antal hagl i krsen sam-
menlignet med blykoncentrationen i leveren.

Blyforgiftning som dedsirsag hos andre arter
er i perioden 1967~1977 kun registreret i én fa-
san, én agerhene, én ringdue, én troldand, én
taffeland, én ederfugl, 2 hvinender og 2 sang-
svaner. Tabel 16 viser antallet af fugle indsendt
til obduktion 1971-1977 sammenholdt med antal
diagnosticerede blyforgiftningstilfzlde.

Fig. 4 viser indholdet af bly i lever og nyre
fra hare, reev, husmar og musvage samt blyind-
holdet i lever fra ugler, spurvehag og térnfalk.
Med undtagelse af musvige har de underssgte
arter alle lavt blyindhold.

Det er flere steder i udlandet pavist, at selv
om blyindholdet i lever og nyre nar op péd si
heje koncentrationer, at det medferer deden, s&
forbliver meengden af bly i muskulaturen p& det
samme relativt lave niveau, som findes i ufor-
giftede individer. Fig. 5 viser blyindholdet i mu-
skulatur og lever fra blyforgiftede graender og
knopsvaner, og det fremgér, at indholdet er lavt
i musklerne, selv om fuglene er blyforgiftede.

Blyforgiftning er en af de mest almindelige
dedsérsager for grdender, der modtages til ob-
duktion pa Statens Veterinzre Serumlaborato-
rium, idet blyforgiftning forekommer blandt 5%
af de fritlevende og 30%e af de opdrettede
graender.

Adskillige sma sper i Danmark er sd konta-
minerede med blyhagl, at de for gjeblikket ikke
kan benyttes til griandeopdreet.

Blyforgiftede grdeender findes over hele lan-
det, og antallet stiger i lobet af efteréret.

Antallet af nedlagte griender med blyhagl
i krasen synes at ligge pa et lavere niveau end
i andre lande, hvorimod antallet af blyhagl i kra-
sen fra sivel blyforgiftede som skudte graender
er hojere. Dette underbygger den antagelse, at
et relativt stort antal blyhagl er tilgengelige pa
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nogle af de lokaliteter, hvor fuglene fir haglene
i sig.

Blyforgifining er hoveddedsarsagen blandt
knopsvaner, der modtages til obduktion. Svaner
med et blyindhold i leveren pd 7 ppm eller
mere synes at do af blyforgiftning.

De sygelige forandringer hos blyforgiftede
knopsvaner fra Danmark svarer til amerikanske
og canadiske resultater, men procenten af bly-
forgiftede trompetersvaner med blyhagl i krisen
er lavere i USA og Canada, hvilket kan skyldes,
at nogle af fuglene har fiet blyet fra andre
forureningskilder.

Flugtskydning over lavvandede — eller delvist
oversvemmede — omrdder udger en betydelig
risiko for, at svemmefugle, iser knopsvaner,
bliver blyforgiftede. I nogle omrader, hvor der
drives intensiv jagt, viser haglforekomster fra

bundprever si store mengder, at svemmefugle
sddanne steder vil have en stor risiko for at
blive blyforgiftede.

Selv om der, bortset fra grdand og knopsvane,
kun er undersegt et mindre antal svemmefugle,
synes blyforgiftning fortrinsvis at forekomme
blandt de to nevnte arter. Hos andre fuglearter
samt hos fritlevende pattedyr (hare, r=v og
husmar) er der kun registreret lave blyindhold
i leveren. Kun musvigen danner en undtagelse,
idet der hos denne art er konstateret 3 tilfeelde
med et blyindhold over 3 ppm i leveren. De 3
musvager kan have optaget blyet ved at forteere
blyforgiftede svemmefugle eller dyr med ind-
skudte hagl.

Undersegelsen synes at bekrafte antagelsen
af, at blyforgiftede svemmefugle ikke udger no-
gen fare for konsumenterne.

Pe3roMe Ha pYCCKOM A3BIKE

OtpasJsieHue CBHHLOM auvd B JlaHum

B crathe HaeTcs CBOJKA HEIHELIHMX 3HaHuH 00
OTPABJICHHH Cpelii BOJOMNABAOMKX nTHI B Janun
BCHIEAICTBHE 3alJIOLIEHHS CBHHIOBOH Apobn.

WccnenoBanus 0XBAaTHIBAIOT JH4L, HaHIeHHYIO
meprBofi B nepuone ¢ 1971 o 1977 r., npucnannyioHa
BekpriTHe B LocymapcTBeHHy:o BerepunapHo-Col-
Boporounyto JlaGoparoputo. I HEKOTODBIX BH-
oB, cBojka nonseneHa ¢ 1967 r., xorna Gsur 3a-
perucTpHpoBan nepssiil matckuil cnyuait oTpasne-
HHSl CBHHIOM (KPSKBBI).

B wuccnenoBaHMM OTAENBHO PacCMaTpPHBAIOTCH
BOJILHOXHBYINA® H HCKYCCTBEHHO pa3BeJeHHas
kpsixsa. B nepuoge ¢ 1971 no 1977 r. 6uumH o6cneno-
Banbl Beero 348 ocofeil xpaksbl, H3 KOTOpBIX 70
(20%) 6v1H OTpaBICHBI CBHHIIOM.

W3 gux 7 6GbUTH OLICHCHB! KaK BOJILHOXHUBYIIHE, &
63 xak HCKyccTReHHO passesienusie (Tabu. 2). Hucno
cjlyuyaeB OTPaBJICHHS CBHHIIOM NOBBIIAETCS B TeHe-
Hue oceHy (Pur, 1). PesynbTaTel BCKPLITHS OTpaB-
JICHHRIX CBHHLOM YTHHEIX, o6GcnenoBaHubix ¢ 1967
no 1977 r., nokasausl B Tabn. 3, a B ur. 2 noxazaHa
KOHIEHTPAIH] CBHHIA B reyeHH H noyke. B Taba. 4
NOKa3aHO PACNpencNeHHe CBHHUOBEIX OPOGHHOK B
MYCKYJIBHOM KeyAKe OTPaB/ieHHOH CBHHIOM KpAK-
set B Januu u CHIA.

C uenblo U3yUeHHs HAJNKYHA CBHHUOBOH npobu B
MYCKYJBHBIX JKEJIYAKaX KpAKBBI, 3aCTpeseHHOH
HOpMaJbHBIM 06pa3oM, oceHblo 1975 1. y Toprosues
JBu4bi0 6110 coGpano 3.149 MyCKYNLHEIX XKEYLKOB.
Pesynstatsl (Tabn. 5) conocrasieHs! ¢ COOTBETCT-
pyrotamu M3 CIIA, Anrmuu n llseyun. B Tabn. 6
YKa3aHbl YHCIIEHHOCTH KPAKBEI CO BCTPEJICHHBIMH, H
COOTBETCTBEHHO C 3aTJIOIICHHBIMH ApOOHHKAMH B
MYCKYJIBHEIX kenynkax. Beuro malizeso Bcero 77

(2,49) MyCKYJIbHBIX KEJAYAKOB C 3arJIOLICHHBIMH
IpoBuHKaMu, MeHbllle 4eM B Apyrux cTpadax (Tabm.
5). B Tabn. 7 yxazaHo unucso gpoGuHok B obcneno-
BaHHBIX MYCKYJIBHBIX JKeJyOKaX.

B nepuoge ¢ 1971 no 1977 r. 6sut0 ofcnenosano
298 nebenefi-lINNYHOB, W3 KOTOPLIX 78 OKasamuch
oTpasienHsivy cuHioM (Ta6un. 8). B Tabx. 9 noka-
3aHbl pesysbTathl o6cnenopanus 119 neGenedt-nn-
NYHOB, a COJEPXAHHE CBHHIA B TNEUEHH M MOYKe
Buano u3 dur. 3. B Ta6u. 10 pe3yabTaThl BCKphITHE
comnocTaBjieHnt ¢ cootBercTBytommme u3 CHIA u
Kanags!.

Mexay TeM KaK OTpaBJIeHHas CBHHIOM KpAKBa
06bI4HO BCTpEUaeTCs HOOAHHOYKE, XapaKTEPHO 4YTO
OTpaBJIeHHLIe CBHHUOM JieGeau-IIHIYHBl BCTpEYa-
IOTCH Pa3’oM B 3HAYMTENLHOM KOJIMYECTBE TaM, Fae

Hexoropsie ReGosbiune o3epa [anuu no takolt
CTENEeHH 3arpA3HEHB! CBHHIOBOH Npo6hio, YTO OHH B
HacTOfIlEe BpPEMS HENPHTOAHBI 1A pa3BeleHHA
KPAKBHL

OtpapnieHHast CBHHIIOM KpSKBa BCTpeHaercs Mo
Beell cTpaHe, H ee KOJIMYECTBO BO3PACTAET B TEUCHHE
OCEHH.

Kaxercs, 4TO KoJM4eCTBO YOHTOH OXOTHHKaMH
KPAKBBI CO CBHHUOBOH po6ri0 B MYCKYJIBHOM Ke-
nynxe Haxongurca Ha Goliee HH3KOM YDOBHe, 4eM B
OpYrHX CTpaHaX, HO 32 TO KOJIHYeCTBO ApolH B
MYCKYJIbHOM eIy RKe, KaK y OTPaBJIeHHOH CBHHIIOM,
TaxK H y 3acrpesieHHON KpAkBhl Gosee BrICOKO. 31O
06OCHOBBLIBAET NPEHIIONOKEHHE O TOM, YTO OTHO-
CHTEJIbHO GOJBIIOE KOJIHYECTBO ApobU AOCTYIHO B
TeX MECTHOCTSX, I/le NTHIBI 3ar1aThiBaloT Apobs.

OrtpaBJicHHe CBHHIOM sBJiseTCH riasHeliuteit npu-
uHHOH CMepTH NPHHEMMAaEMbIX Ha BCKpoITHE nebeneii-
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umnysos. Kaxercs, uro jebemu ¢ ConepXaHueM
CBHHUA B NeveHH B 7 yacTell Ha MMJUIHOH HITH Gonee,
norubaioT OT OTpaBJICHUS! CBUHIIOM.

BoJlesHeHHbIe H3IMECHEHUsSI ¥ OTPaBAEHHbIX CBHH-
noM jebeneit-wunyHoB n3 JaHuM COOTBETCTBYIOT
obmapyxennsiM B CIIA u Kanage, HO NpOLEHT
OTPABIEHHBIX CBHHIOM aMEPHKAHCKHX neGepneit,
HMEBLIHX B MYyCKYJBHOM ¥eJly[Ke CBHHIIOBYIO
npobs, B CHIA u Kanaze 3HAUMTENIBHO HHIKE, HTO
MoOKeT ODBIACHATBCS TeM, YTO HEKOTOpLIE H3 NTHL
3arJIOTH/IH CBHHEI U3 APYTHX HCTOYHHKOB 3arpssHe-
HHA.

Crpennba no neTsiieil MHINCHM Haj MEJIKOBOO-
HBIMH - HJTH MACTHYHO HABOJHEHHBIMH - HPOCTPAHCT-
BAMH CO3JAET 3HAUUTEIbHBIN PHCK OTPaBICHHACBHH-
IOM BOJOIaBAIOIMX IITHIL ocobenno nebeneii-
1HIyHOB. B HEKOTOPHIX paHOHAX, T/Ie BEAETCANHTCH-
CcHBHA% 0X0Ta, pobbI AHA COZIEPIKAT Takue Gonbine
konuuecTBa ApobH, YTO BOAOMJIABAIOIINE NTHUBI B
TAKHX MeCTax NOJBEpKEHbI 3HAUHTENIbHOM OlacHo-
CTH OTPABJICHHS CBHHIIOM.

XoTs 32 MCKITIOUYEHHEM KPAKBHI ¥ Jebens-1innyHa
6uuT0 OBCNEOBAHO TOJBKO HEGOJBIIOE YHCIO BO-
[IONIABAIOLIKX [THL, KaXKETCH YTO OTPABJICHHE CBHH-
[OM IJiaBHEIM 06pa3oM BCTpEYaeTcs y ITHX IBYX
YNOMSAHYTHIX BUAOB. ¥ APYTHX BUROB NITHIL, & TAKKE
¥ DHKOXHBYHIMX MIIEKOMHTATONHX (3aH1a, THCHIb! ¥
KAMEHHOH KyHHIBI) 3aPerHCTPHPOBa’ bl TONBXO HE-
BLICOKHE CONEPKAHHA CBHHIA B meueHH. TOJbKO
capblu pezcTasngeT coGoi HCKIOUEHHE, TaK KaK y
3TOTO BHAA OBHApYXKEHO 3 Cliyyas ¢ COACPKAHHEM
CBHHLA B TEHEHH, MPEBLILAIOINHM 3 YacTH Ha MHJI-
nHoH. Bo3MoxHO, 4TO 3TH 3 caphiya 3arjoTHIIH
CBHHEII, TIOXHPAast OTPABJICHHEIX CBHHLOM BOJIOILIA-
BAIOMIHX NTHI[ HWJIH JKMBOTHHIX CO BCTPEJICHHBIMH
ApoGHHKaMH.

Kaxercs, YTO HCCIEA0BaHMe TOATBEPKAACT NPl
MONIOXKEHHE TOTO, YTO OTpaBJIEHHLIE CBHHIIOM BOJO-
M7aBaloLMe NTHIB HE NPEACTaBIAIOT ONacHOCTH
nna norpebuTesnel.

OKOJIO MEJIKOBOJHOT'O MPOCTPAHCTBA PACTIONIOKEHO
cTpensbuine AnA cTpesbbbl 1o neTsiieit MHIICHH
(Tabn. 11). Asamussr nebenef-lunnyHos, yOHTHIX
BOAH3M Takux CTpensbHIN TOCHE OKOHYAHHS OT-
PABJIEHHS CBHHLOM, JAIOT OCHOBAHHE NIPEANONATaTh,
yTO nTHLE JuG0 ymupaioT, MO0 COBEpIIEHHO BhbI-
30OPABJIHBAIOT OT OTPABJICHHA (Ta6s. 13). B Taba.
12 ykasans! HaxofKH Apobu B poGax fHa, BrIGpaH-
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HBIX B HEKOTOPHIX H3 yKasaHHbIX B Tabi. 11 mecr-
HocTell, a TAKKE U3 PasHbLIX 3arpaHHYHBIX.

HccneJOBaHMA TIOKA3amy, YTO THIMYHAA OTpaB-
feHHas CBHHIOM KpSKBa TIPOHCXOLHMT H3 HCKyC-
CTBEHHO Pa3Be/ICHHRIX THIL; OHa OTKOPMIICHA, o6k1y-
HO uMeeT APOGHHKH B MYCKYJBHOM XENyIKe, H
616 IHY 0 MBILIEYHYIO H JIETOYHYIO TKaHb.

TunwyHel OTpaBIeHHbIH CBHHIOM Jebep-1HnYH
- BONBLHOKHBYIMIL; OH HCXYXHEHHBIH H NOJ0BO3-
apensiit. IIpH BCKPHITHH 4acTo 0GHADYKHBACTCSH Ha-
KONJICHHE KOpMa B MHIIEBOJE H HKEJEIHCTOM XKe-
RYZKE, ¥ yBeTHUeHHDIH XKeTIHbIf Ny3bIpb.

B T2671. 14 conocTaBIeHsl pe3y/ibTaThl BCKPHITHH
OTpaBlIEHHbIX CBUHIOM KPAKB H nebepefi-1INnyHOB,
a Tabn 15 ykasoiBaeT KonmuecTBa ApoGHHOK B
MYCKYJILHOM JKeJIyJIKe 0 CPaBHEHHIO C KOHUCHTpA-
puelt CBHHIA B MEYCHH.

Kax npHYHHA CMEPTH APYTHX BHIOB, OTpaBJICHHE
cBuEmOM B mepuome ¢ 1967 mo 1977 r. sapern-
CTPHPOBAHO TOJLKO y O/(HOro (azana, oaHoilt xypo-
NAaTKY, OJHOTO BAXHPA, ONHOH XOXTMATOH HEPHETH,
OJIHOTO KPAcHOTONOBOrO HBIpKa, OJHO} rar, 1syx
roroneli u Asyx nebemefi-knukyHos. B Tabn 16
yKa3aHO UMCJIO IITHI, NPHCIAHHBIX HA BCKPBITHE C
1971 no 1977 r., CONOCTAaBJICHHOE € YHCIIOM JHAIHO-
CTHIHPOBAHHBIX CTy4aeB OTPABJICHAL.

B ®ur. 4 noka3aHo coJiepaHue CBUHLA B IICHCHH H
nouke oT 3aiiia, NHCHUBL, XaMEHHOH KyHMUBI H
caphlua, a TAKXE COACPKaHHE CBUHIA B NEYCHH OT
COBBI, IEPETEATHHKA H NYCTENBIH. 32 HCKITIOUEHHEM
capbIua, COfIepatKe CBHRIA y BeeX 0GcnenoBanHbIX
BHIOB BLUIO HE3HAYHTENIBHO.

B HeCcKONBKHX APYrHX CTpaHax [OKa3aHo, 4TO
faxe ecH COAEDAAHHE CBHHLA B MCHEHH M TNOYKE
[OCTHraeT CMEPTOHOCHO BBICOKHX KOHUeHTpauu#,
KOJIMYECTBO CBHHIA B MYCKYJAType OCTaeTcs Ha
TAKOM-)€ OTHOCHTEJIbHO HH3KOM YpOBHE, KaK Yy
HeoTpaBneHHbIX ocobeil. ur. 5 ykaspmaeT cofep-
JaHHe CBHHIA B MYCKYNaType H IIeYeHHM OTpaBlICH-
HBIX CBHHLOM KpAKB ¥ jebeneii-IIMNyHOB, H OYe-
BHIHO, YTO COJEPKAHHE €r0 B MBILINAX HEBBICOKO,
XOTS NTHIB! OTPABJIEHE! CBHHIIOM.

OTpaBeHHe CBRHIOM ABJISETCS ONHOH U3 CAMBIX
OBBIMHEIX TIPHUMH CMEPTH KDAKBHI, TIPHHHMaeMoi
st BekpbiTHS [ocynapeTaeHHON BerepunapHo-Chbl-
Boporousoii JlaGopatopuell, TaK Kak OTpaBJICHHC
CBHHIIOM BCTpeuaeTcs y 5% sonsHoxupymux 1 30%
HCKYCCTBEHHO Pa3BEICHHBIX KPAKB.
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