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Local and distant sources of air pollution may con-
tribute significantly to the heavy metal load of natu-
ral terrestrial ecosystems. Heavy metal contamination
of natural surface soils from atmospheric deposition
may be pronounced even at very long distance from the
major source region (Allen and Steinnes 1980; Steinnes
1984). Plants growing in areas affected by heavy metal
deposition may get elevated levels of these metals by
uptake from the contaminated soil or from direct depo-
sition on the leaves (Tjell et al. 1979). Herbivorous
animals feeding on the plant material may in turn
receive an increased body burden of the metals con-
cerned.

In Norway the atmospheric deposition of lead, cadmium,
and some other relatively volatile trace elements is
about tenfold higher in the southernmost part of the
country than in the more northerly regions, mainly

due to long-distance atmospheric transport from other
parts of Europe (Hanssen et al. 1980). A very similar
trend is shown to be evident for the geographical
distribution of the same elements in natural surface
soils (Allen and Steinnes 1980) and vegetation from
coniferous forest ecosystems (Solberg and Steinnes
1983). The present study was carried out in order to
see if similar regional differences were detectable in
the heavy metal load of domestic animals grazing on
natural pasture land in different parts of Norway.

MATERIALS AND METHODS

The study was focused on lambs born during the period
of April - May of 1979 and left with their mothers for
the summer season (normally June - September) on natu-
ral pastures in mountains and other wilderness areas.
Eleven localities distributed throughout the country
were selected for this study, as shown in Fig. 1.
During the slaughtering season (October - November)
liver samples were obtained from suitable livestocks
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by the aid of local veterinarians. These lambs which
were of nearly the same age had been fed on mothers
milk and grass from unfertilized land during almost
their entire life-span. Five samples were selected
from each locality and submitted to the analytical
laboratories in a frozen state.

The concentration of arsenic, mercury, molybdenum, and
selenium in the liver samples were determined by radio-
chemical neutron activation analysis (Steinnes 1975).
Copper and zinc were determined by flame and cadmium

and lead by graphite furnace atomic absorption spectro-
metry, after a nitric acid/perchloric acid and nitric
acid decomposition,respectively. The standard addition
technique was employed in the graphite furnace analyses.

RESULTS AND DISCUSSION

The atmospheric deposition pattern in Norway for the
elements studied in this work except mercury is known
from an extensive study of moss samples from more than
500 sites all over the country, supplemented by ana-
lyses of precipitation collected in a limited number of
stations (Rambak and Steinnes 1980; Hanssen et al.
1980). As an example relative deposition figures for
lead, expressed as ppm Pb in the forest moss Hylocomium
splendens, are presented in Fig. 1 for the eleven sites
selected in the present work. The deposition figures
in the southern and south-western parts of Norway are
substantially higher than those for Central and
Northern Norway as indicated above. The elements
arsenic, cadmium, and selenium show similar distribu-
tion trends, whereas the north - south gradient is not
so pronounced for molybdenum and zinc and even lower
for copper.

Mean values and ranges of the eight elements concerned
in lamb liver are shown in Table 1 for all eleven lo-
cations. Correlation coefficients for lamb liver con-
tent versus atmospheric deposition are the following:

Pb : 0.94%%% Mo : 0.30
Cd : 0.78%% Zn : 0.04

~ Se : 0.73*%%* Cu :-0.21
As : 0.66%*

The results strongly indicate that there is a relation
between atmospheric deposition and intake of lead in
the lambs. Alsc for cadmium and selenium, and even for
arsenic, a similar connection is indicated. For the
elements molybdenum, zinc and copper the atmospheric
deposition does not appear to be a significant source
of supply. These relations are further illustrated in
Fig. 2 where corresponding lamb liver and relative
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Figure 1. Location of eleven Figure 2. Comparison of trace ele-
areas in Norway selected for ment deposition (expressed as ppm
the present work, and relative in moss) with concentration in
figures for the atmospheric lamb liver (ppm wet weight), at
deposition of lead expressed the eleven different localities
as ppm Pb in moss. indicated in Figure 1.

deposition values of lead, cadmium, selenium, and
molybdenum are shown for all sites. The excess intake
of some elements in areas more exposed to air pollution
may not only be due to the metal concentration of grass
and other plant material, but could also be affected by
ingestion of soil (Healy 1976) since surface soils show
a contamination pattern very similar to the atmospheric
deposition pattern for several of the elements. A
possible connection between heavy metals in precipita-
tion and metal intake in animals was also indicated in
a recent study of kidneys from cattle in Denmark
(Gydesen and Rasmussen 1981). For mercury the geo-
graphic deposition pattern is not very well known, but
the results do indicate regional differences in the
supply of mercury to lambs. In general the mercury
contents are higher in Southern Norway, but also cer-
tain locations further north (nos. 6 and 10) show
values somewhat in contrast to the very low level
present in material from other sites in the North (5,
8, 9, 11).
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In Table 2 the present values from Southern Norway for
zinc, cadmium, and mercury are compared with data from
a somewhat similar investigation in Bavaria, FRG
(Knoppler et al. 1979). According to recent mea-
surements (NUrnberg et al. 1982) the wet deposition
levels for lead and cadmium in rural areas of FRG not
strongly affected by local industry are similar to
those registered in southernmost Norway (Hanssen et al.
1980). It is therefore not surprising that the average
levels of lead in lamb liver are the same in Bavaria
and Southern Norway. Also for mercury the similarity
between the two regions is rather high, whereas for
cadmium the Bavarian values are almost an order of
magnitude lower. The mobility of cadmium in soils is
known to be very dependent of the soil pH, and it is
possible that differences in soil properties between
the two regions leading to different uptake of cadmium
in plants may account for the distinctly higher cadmium
values in Norwegian lamb liver. The trace element
concetrations observed in the present material do not
represent any toxicological problem from a veterinary
point of view, neither do they imply any warning
against using for human consumption lamb liver from the
areas most severly affected by atmospheric deposition.
The enhanced uptake of cadmium in Southern Norway and
the strong accumulation of this element in kidneys
(Kndppler et al. 1979) suggest the need for a more
general study of cadmium accumulation in sheep and wild
ruminants in different parts of Norway (Holt et al.
1983).

As far as selenium is concerned, elevated levels in
lamb liver from Southern Norway compared to other
regions of the country was also observed in an
independent study (Frwslie et al. 19280). Selenium is
important in sheep nutrition in Norway because of the
occurence in some regions of nutritional muscular
dystrophy known to be associated with selenium
deficiency. The concentrations of about 0.15 ppm Se or
below apparently typical for sheep liver in most parts
of Norway are quite close to the level where deficiency
symptoms may occur. It is thus possible that the extra
selenium supply occurring in Southern and Southwestern
Norway due to long-distance atmospheric transport of
polluted air may play a beneficial role in this
respect.

Previous studies of selenium in natural surface soils
in Norway have shown that significantly higher concen-
trations occur in coastal areas than in districts
further inland (Lag and Steinnes 1974, 1978), even in
parts of the country not receiving appreciable input of
atmospheric pollutants. This trend is also revealed in
the regional deposition study based on moss analysis
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(Rambak and Steinnes 1980), as illustrated e.g. by the
relatively high figures for moss i Fig. 2 for locati-
tion 5, 8 and 9. A similar trend is not observed in
the lamb liver.

The copper load of sheep is not only dependent on the
levels of copper in the forages, but is highly depen-
dent on levels of interfering elements like sulphur,
zinc, and especially molybdenum. Molybdenum is a meta-
bolic antagonist to copper and high levels of molyb-
denum induce copper deficiency while low levels of
molybdenum induce copper poisoning (Blood et al. 1983).
The copper status of sheep is therefore more related to
the Cu:Mo ratio than the levels of the single elements.

Sheep in the inland districts of Norway are generally
heavily loaded with copper (Freslie 1977) and chronic
copper poisoning is well known in these districts. It
seems that this accumulation is mainly caused by low
levels of molybdenum in the forages (Freslie and
Norheim 1983). It is, therefore, not surprising that
there is no correlation between the copper levels in
lamb liver and atmospheric deposition. Even for molyb-
denum, however, there is only a weak but insignificant
correlation between the content in lamb liver and the
atmospheric deposition. Likewise there is no corre-
lation (r = -0.20) between copper in lamb liver and the
Cu:Mo ratio in deposition. It must therefore be con-
cluded that atmospheric deposition probably does not
play a role in connection with chronic copper poisoning
in sheep in Norway.
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