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Introduction 

Fortunately, acute Cd toxicity caused by food con- 
sumption is rare, but chronic exposure to significant 
Cd levels in food (and specially in plant materials) 
may be more frequent. It could significantly increase 
the accumulation of this heavy metal in certain body 
organs of man or animals (kidney, liver, etc.). 
For populations not exposed to Cd from fall out or to 
professional contamination, the main source of Cd 
body burden is also from food. The Food and Drug 
Administration reported an average daily ingestion of 
39 I.tg/day for 15-20-year old males in the USA 44. 
Drinking water and ambient air contribute relatively 
little to the daily intake. Cigarette smoking is another 
risk for Cd intake by inhalation. Occurrence of Cd in 
the food chain and in tobacco is certainly the main 
source for human or animal contamination. 
The concentration of Cd in foods is controlled by its 
level in the soil, its availability for plants, and by the 
physical and chemical properties of the growing sub- 
strate. 
Some agricultural practices, as phosphatic fertilizers, 
sewage sludge disposal, town-refuse composts appli- 
cations etc., may increase Cd accumulation in soil and 
lead to heavy metal transfer to crops and to the food 
chain. 

1. Cd additions to the soil through environmental 
pollution and agricultural practices 

The concentration of Cd in most soils is in the range 
of 0.5-1.0 mg/kg, although concentrations above 
20 mg/kg occur naturally in some mining areas. 
Following Davies and Roberts II we may consider that 

concentrations of Cd, in agricultural soil, in excess of 
2.4 mg/kg are anomalously high. Raised concentra- 
tions of Cd in soil may be found naturally or as a 
result of pollution from mining or smelting (e.g. in the 
Meuse Valley 14,15,45) or from moving sources (princi- 
pally automobiles). 
The dispersal of metal rich waste around mine and 
smelting plants has led to high concentrations of Cd 
in top soils at various localities (e.g. Ea Calamine, 
Plombi6res, Engis, in Belgium). Atmospheric fall-out 
raise levels of Cd in industrial and urban areas, even 
in rural areas. Secondary metal refining activities, 
waste incineration, tyre and oils residues from vehi- 
cles, also dissipate Cd into the environment 12. 
Agricultural soils are mainly contamined by 
phosphatic fertilizers and sludge disposal. The Cd 
content of rock phosphate is variable and depends on 
its geographical origin 7~ In a Belgian survey of 31 
common phosphatic fertilizers Beaufays and Nan- 
gniot 6 found Cd concentrations ranging from 0.1 to 
80.8 mg/kg. In glasshouses, where intensive cultures 
of vegetables are performed, an excess of phosphatic 
fertilizers presents an important hazard of Cd pollu- 
tion, especially when leafy vegetables (lettuce, spinach 
etc.) are grown. Andersson 3 calculated that if the Cd 
concentration in phosphatic fertilizers exceeds 8 mg/ 
kg, Cd levels in top soil may be increased. 
The use of Cd-containing agricultural sprays (plant 
protection chemicals containing Cd are rare) or soil 
amendments is limited to phosphatic fertilizers or 
micro nutrients solutions. 
In flooded rice culture, as practiced in the Po Valley, 
the irrigation water is the most important vector of  the 
heavy metals Cd, Cu and Cr. The maximum yearly 
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Table 1. Total trace elements contents of composted town refuse (ppm dry matter). After Gray and Biddlestone 21 and Delcarte et al. 13 

Sample Pb Cu Cd Ni Zn Fe Mn B Cr 

(Gray-Biddlestone) 21 1630 610 7.5 1350 - 174 
Roma, I taly 13 57 130 0.8 6 365 2430 29 19 
Switzerland 13 396 483 7.1 41 1875 3 500 100 - 65 
Belgian (common) 13 595 251 5.2 87 1363 24548 856 - 69 
Belgian (arrosol) 13 360 318 5.1 25 846 1615 39 - 8 

increase in the Cd concentration of the top 20 cm of 
soil, as a percentage of the actual concentration, 
would be 6% 7. 
Another important source for Cd contamination of 
soils and crops are the sewage sludges used as fertiliz- 
ers (cf. chapter written by Davies on cadmium in 
sludges used as fertilizers). 
The composting of town refuse, in order to produce a 
material which would be of  value as a soil conditioner 
or manure, becomes a new recycling process for 
organic waste. The nutrient content of such composts 
is low, but they contain considerable amounts of trace 
elements as shown in table 1. 
Farmyard manures from animals receiving dietary 
supplements is not known as a possible source for Cd 
transfer to soils. 
Prediction of increases in Cd concentrations in agri- 
cultural soils due to high inflows by atmospheric fall- 
out, intensive culture practices, combined with low 
outflows by leaching and crop removal is important in 
assessing future Cd load and availability to the ani- 
mals and to the human populations. 
Some authors have attempted to simulate the progres- 
sive enrichment of Cd in soils, with a predicted 
average retention time for Cd in the ploughing layer 
(25 cm depth) in the range 5-50 years 57,64,68. The 
cadmium balance on normal agricultural soil indi- 
cates a much longer retention, and actually inflows 
are much greater than outflows (see fig. 1) 28 . 
A regular survey of soil pollution by Cd must be 
initiated where important fall out occurs and when 
high doses of phosphatic fertilizers or sludge applica- 
tions are repeated. This survey will include chemical 
soil analysis, permitting to characterize the enrich- 
ment, but a real diagnosis should be based on deter- 
mination of the mobile fraction of Cd and on plant 
analysis. Indeed, only the mobile part of Cd is avail- 
able to plants, and this fraction depends on pH, 

organic matter content, redox-potential, precipitation 
with phosphates, carbonates, competition with other 
heavy metals, etc. 

2. Cadmium in plants 

2.1 Distribution within plants 

Cadmium is a non-essential element for both plants 
and animals, so there are no lower critical concentra- 
tions below which deficiency of the element would 
occur. Upper critical concentrations mark the begin- 
ning of phytotoxicity. 
All plants contain detectable concentrations of Cd. In 
general, the background concentration analyzed in 
crops grown on soils not subjected to any known 
outside source of Cd pollution, seems to be in the 
range 0.1-1.0 mg Cd/kg dry matter. In experimental 
results, Cd concentrations found in plant tissue are 
expressed on a dry-weight basis. However, for conve- 
nience, wet weight is frequently used as the basis for 
Cd concentrations in dietary studies. Page et al. 55 
have reviewed and summarized the concentrations of 
Cd in various leafy, legume and root vegetables, fruits 
and various grains grown on non-polluted soils. 
Generally, the variation of Cd concentrations among 
the various plant parts analyzed is decreasing in the 
order roots > leaves > fruiting parts > seeds=stor- 
age organs. Differences in Cd concentration between 
these organs become accentuated as exposure to Cd 
increases. 
The concentration of  Cd in foods or fodder grown in 
soils are related to the properties of the soil on which 
they are grown, to the Cd concentrations in the soil, to 
different absorption characteristics of  species and 
cultivars, the nature of the edible part, the age of the 
plant, and some environmental factors. 
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Figure  1. Evo lu t ion  of  Cd a c c u m u l a t i o n  in  soil  o f  2 d i f ferent  areas:  
po l lu ted  or not.  The  dot ted  l ines  are representa t ive  o f  the disper-  
s ion due  to s t andard  dev ia t ion  28. 

2,2 Uptake of Cd 

There are 2 possible pathways for disposed Cd to 
enter into the plant tissues: the intake of soil's Cd by 
the roots and the foliar absorption of Cd present in 
deposited dust. 
In the Meuse Valley investigations were carried out in 
order to identify and measure separately the transfer 
of Cd from soils to the roots and from air to the leaves 
(aerial deposition). 
A crossed culture pattern was designed to distinguish 
the two routes of plant contamination; lettuce and 
italian rye grass were used as indicators of the intake 
(table 2). 
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Table 2. Experimental scheme of crossed cultures pattern 28 

Crops grown on Cd polluted site 
Bulk contamination of crops 
(pattern 1) 

Without atmospheric Cd source 
Crops grown on polluted soil 
in clean air area 
(pattern 2) 

Without soil Cd source 
Crops grown on non-Cd polluted 
soil, exposed in an industrial area 
(pattern 3) 

Physiological contamination 
by soil-plant transfer 

Contact contamination by 
aerial deposition on leaves 

Crops grown as reference on 
soil in a non-polluted area 
(pattern 4) 

In the 3 exposed patterns (1, 2 and 3), there is a 
regular enrichment in Cd, during the growth period. 
Contamination kinetics of plants growing in polluted 
soil is characteristic of root absorption with a peak 
during the first weeks of  exposure and a decrease later 
(pattern 2). This decrease does not appear when 
plants are cultivated on polluted soil in presence of 
aerial fall out (pattern 1). 
Crops grown according to the 3rd pattern allow the 
detection of the actual air pollution and to follow 
quantitatively the progressive Cd contamination of 
plant tissues, as shown in figure 2. In this figure it can 
be seen how crops growing slowly and submitted to 
aerial deposition (measured by Owen gauges and 
analyzed for their Cd content) might be contaminated 

i d 28 during the vegetation per 0 . 
Comparison between the two pathways were also 
made using a radioactive tracer (~~ Foliar uptake 
and translocation of ~~ is limited to a few percent 
of the disposed q u a n t i t f  3'26. Root absorption remains 
the major pathway for Cd enrichment in plant tissues 
as shown by pot trials, greenhouse's experiments or 
open field observations. 
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Figure 2. Relation between Cd content in plant tissues (T) and 
atmospheric fall out (R) (gg Cd/mZ/day)  and term of exposure 
(028 . 

The soluble inorganic salts are much more readily 
available to plant roots than Cd originating from 
organic material (sludge, town refuse compost etc.). 
Extreme caution is essential in extrapolating from 
results with inorganic salts under controlled condi- 
tions to what might happen in living soils, with an 
important organic matter content, and a wild micro- 
flora, under natural environmental conditions. 
Physiological experiments are performed with inor- 
ganic and usually soluble salts of Cd (e.g. CdC12, 
CdSO4). The trials use various substrata (water, sand, 
natural or artificial soils) and are justified for examin- 
ing the physiological effects of  Cd within plant tissue 
(phytotoxicity) and how the Cd enters and accumu- 
lates in the tissue. 

2.3 Plant uptake of Cd from soil 

Chemically, Cd may be dissolved in the soil solution, 
adsorbed into organic or inorganic colloidal surfaces, 
occluded into soil minerals, precipitated with other 
compounds in soils, and incorporated into biological 
structures. As long as Cd remains tightly bound to 
solid soil constituent and that the available contents 
(i.e. soluble forms) remain low, there will be little 
effects on the environment. When soil conditions 
change in such a way that Cd goes into solution, the 
raised Cd content of soils imposes a direct environ- 
mental hazard. The increasing availability (or mobili- 
ty) of Cd in soils may have adverse effects on plant 
growth. In addition, there may be a leaching down to 
groundwater or to surface water, and hence reach 
man and animals through the drinking water. 
The mobility of Cd in a soil, and the hazards associat- 
ed to its availability for plants growing on that soil 
depends on: 

chemical form of the Cd in that soil, plants may 
take up some Cd by direct contact between roots and 
solid soil constituents (in order for root uptake to 
occur, soluble forms must exist adjacent to the root 
membrane for some finite periods), 
- pH of the soil, 

occurrence of other elements, notably competing 
heavy metals (Zn) and of complexing ligands, and 
adsorption sites associated with the solid phase, 

amount of available Cd in the soil, 
environmental conditions (soil temperature and 

moisture contents, and other factors which affect 
microbial activi!~y), 
- plant species 2~. 
Field and greenhouse experiments have shown that 
Cd concentrations and pH of the soil are the two main 
factors influencing uptake of Cd by food crops. Al- 
though oxidation reduction potential is important on 
Cd absorption by roots, it is a relatively unimportant 
factor in food production as most food crops, except 
for rice, will not grow under reducing soil conditions. 
Numerous authors have described the extent to which 
Cd is accumulated by plants in relation to soil pH (a 
review is given by Page et al.55). If other soil condi- 
tions remain unchanged the plant tissue Cd concen- 
tration would decrease as the pH of the soil increases. 
One of the most effective means of  minimizing the 
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absorption of Cd by plants grown on acid soils is to 
increase their pH by liming. Bingham et al. 9 reported 
that liming soil from pH 5.2 to pH 6.7 reduced the Cd 
content of  wheat grain by about 50% and also reduced 
Cd concentrations in lettuce and swiss chard 8. 
Organic matter has been thought to play a role in the 
binding of  Cd in soil through both chelation and 
adsorption mechanisms. It seems that chelation is 
much less important than adsorption, so that the 
ability of organic matter to immobilize Cd is largely 
due to its CEC (cation-exchange capacity) 33. As result, 
the complexing of Cd with organic matter affects its 
uptake by plants 4~ which decreases mainly because of 
the CEC of the organic matter. 
The synergistic and antagonistic effects of other trace 
metals in the soil substrate on the absorption of Cd by 
plants has been examined by a number of  investiga- 
tors. For example, abundant available zinc in soil 
might depress plant uptake of Cd ~. However, the 
effect of  Zn depended upon the Cd concentration in 
the soil. At low Cd levels (1 ppm), increasing levels of 
Zn reduced the concentration of Cd in lettuce leaves, 
but at higher Cd levels the added Zn either shows no 
effect or increases the Cd concentration. 
The interactive effects of Cd, Zn, Cu and Ni were 
studied by Mitchell et al. 5~ Increasing concentrations 
of both Cu and Ni in soil consistently reduced concen- 
trations of  Cd in the leaves of  lettuce plants. Plant 
macronutrients, e.g. phosphorus, have also been 
found to affect Cd uptake and concentrations in 
crops, but the relationship is complex. 

2.4 Factors affecting Cd uptake 

a) Effect of substrate Cd concentration 
Under similar soil conditions (pH, CEC, etc.), 
amounts of  Cd absorbed by plants tend to increase as 
the concentration of Cd in the soil increases. There 
may or may not be a linear relation between the 
increases of Cd concentration in plant tissues and in 
soil. This relation is influenced by biological and 
environmental factors. 
The greater part of information collected about Cd 
accumulation in plants are known with soil that has 
been fertilized with municipal sewage sludges con- 
taining Cd. Reviews of Cd absorption by crops grown 
in sludge-amended soils are numerous and recent t2,42. 
They will not be discussed here. 
Results obtained in experiments conducted in green- 
houses, to evaluate the effect of Cd level in soil on its 
concentration in plants have to be improved in field 
trials. Generally the plants grown on Cd enriched 
soils or in flowing culture solution, containing soluble 
Cd salts, absorb more Cd than the same plants grown 
on the same soil amended with identical amounts of 
Cd in the field. 
Root development is different: the roots of the con- 
tainer-grown crops are exposed to contaminated soil 
or solution exclusively and uniformly, whereas in the 
field the roots may extend to depths below the Cd 
contamined layer or to soil volumes not uniformly 
polluted. 
Not only the amount  of  Cd added, but also its 
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chemical form will influence the amount absorbed by 
roots. Easily extractable Cd content of a soil is 
important to predict uptake of the metal by plants. 
A growth experiment using corn (maize), rye grass, 
red clover, turnip and dandelion on a sandy loam soil 
was carried out in greenhouse by Gupta and Haeni 22. 
The Cd doses ranged between 3.6 and 58.1 pg Cd/g 
soil. There exists a statistically significant relationship 
between 0.1 M NaNO3 extractable soil Cd, dry matter 
yield and Cd uptake for all 5 plants. 
Pot trials were made on rye grass to see both in- 
fluences of Cd addition to soil and duration o f  
exposure to soil contamination (fig.3). There is a 
progressive enrichment of  Cd content in plant tissues. 
When successive harvests of rye grass are made, the 
highest tissue concentrations are found at the second 
h a r v e s t  29. 
A number of studies suggest that the length of time of 
soils incubations with Cd also influences the avail- 
ability of  Cd to crops. Bates et al. 5 have followed the 
Cd concentrations from successive planting of crops 
grown on soils which were treated with the same 
amount of Cd prior to each planting; the concentra- 
tions of Cd in the first crop of  rye grass were approx- 
imatively the same as their concentrations in the 
following 3 crops. 

b) Biological factors affecting Cd uptake 
Plants differ in their tolerance to heavy metals. On old 
mine spoil tips and on heavy polluted soils, one may 
find a special calamine-tolerant flora (e.g. Viola cala- 
minaria (D.C.) Lej.). Metal tolerance in plants is 
variable but genetically controlled. Simon 6~ has 
shown that a Cd tolerance occurs within populations 
of Agrostis tenuis Sibth and Festuea ovina L. This 
tolerance is due to the ability of the plant to accumu- 
late the metal in an inert form associated with the cell 
wails of its roots. When the capacity of absorbing and 
accumulating sites in the cell wails are exceeded, 
translocation to stems, leaves and fruits becomes 
possible with an important hazard of  phytotoxicity 
when Cd concentrations are high. 
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Figure 3. Cd content o f  rye grass (T) in relation with the concentra- 
tion of  metal in the soil (D), and the time of  culture (t) 28. 
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Many workers have reported that concentrations of 
Cd in plant parts vary between plant species growing 
in the same substratum under the same environmen- 
tal conditions. This reflects the different genetically 
fixed abilities of the plant roots to restrict the transfer 
of Cd from roots to epigeal organs 31. 
A classical experiment comparing these abilities was 
realized by Jarvis et al.3~ 23 different species of crops 
were grown in water culture solution for between 45 
and 62 days, during which they were exposed for 3 
days to 0.01 mg Cd/1 (as CdC12) in the flowing culture 
solution. At harvest, Cd concentrations in the shoots 
ranged from 21.1 mg/kg (fodder beet) to 1.8 mg/kg 
(radish). 
Pot trials using naturally or artificially contamined 
soils were performed by many authors: e.g. John 31 
observed concentrations of Cd in the leaves of plants 
grown on the soil supplemented with 40 mg Cd/kg 
ranged from 264.7 mg/kg (radish) to 18.5 mg/kg 
(cauliflower). 
At the Water Research Center (Stevenage, U.K.) 39 
crop plants, including representatives of all the major 
botanical groups, were grown to maturity in a pot trial 
using contaminated soil. Leaves and edible parts were 
analyzed. An ornamental cultivar of tobacco showed 
the highest concentration of Cd in its leaves. Leaves of 
Chenopodiaceae, and lettuce, tomato, potato and 
celery also showed comparatively high foliar concen- 
trations of Cd. 
Concentrations of metal in the edible roots tubers and 
grains were usually lower than in the leaves of the 
same plant and this effect was often very acute, e.g. 
potato. Concentrations in edible parts ranged from 0.1 
mg/Cd in pea seeds to 9.0 mg Cd/kg in lettuce t2. 
Some experiments performed in our laboratory have 
given similar results (fig.4). There is an important 
variation amongst cultivars of a single species grown 
on the same substratum as shown by John and Van 
Laerhoven 33. The authors grew 9 cultivars of lettuce 
in a sand culture experiment, with a range of Cd 
concentrations from 0.1 to 50 mg Cd/l. After 3 weeks 
of culture, tissue concentrations in the leaves of the 
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Figure 4. Caption: Evolution of Cd content in plants in relation 
with Cd addition to soils. CRF, Lepidium sativum L. leaves; LAF, 
Lactuea sativa L. leaves; RAR, Raphanus sativus L. roots; HFC, 
Phaseolus vulgaris L. leaves; RAF, Raphanus sativus L. leaves; 
LOF, Lolium multiflorum L. leaves; HFR, Phaseolus vulgaris L. 
fruits 28. 

various cultivars receiving 0.1 mg Cd/1 in their 
nutrient solution ranged from 0.4 to 26.6 mg/kg, this 
kind of variation appears at all treatments. 
As leafy vegetables (lettuce, spinach) accumulate the 
highest concentrations of Cd in their tissues, they may 
be used, in polluted areas, as indicators to prevent 
hazards of foodchain contamination 29. 
Although much remains to be learned concerning the 
uptake of Cd by crops, and the accumulation of Cd in 
edible parts of crops, it should be reasonable to build 
a model involving the interaction between soil physi- 
co-chemical properties, which determine how much 
Cd is potentially available for root absorption, and 
biological characteristics (plant genotype) which de- 
termine how much Cd is really taken up. 

3. Cadmium in farm animals 

3.1 Uptake and absorption 

In the environment, farm animals and wild animals 
can be exposed to cadmium pollution by 2 main 
routes: inhalation of polluted air and ingestion of 
polluted food. 
Respiratory deposition clearance and respiratory ab- 
sorption were studied principally in laboratory ani- 
mals 2~ From these researches it may be concluded 
that cadmium is absorbed and retained to a consider- 
able degree in the body after inhalation. The respira- 
tory absorption is primarily from the lungs; an ab- 
sorption between 10 and 40% of inhaled cadmium can 
be expected as a considerable difference might well 
exist for different cadmium compounds. Cadmium 
metabolism has been studied in a variety of mamma- 
lian species. Intestinal absorption is low: 0.3% in 
goat 46,47, 0.035-0.2% in the lactating dairy COW 51'66, 

5% in swine 1~ Cadmium absorption is influenced by 
different dietary factors: calcium, protein and vitamin 
D deficient diet increase the absorption of cad- 
mium56,62, 71. 
Suckling and young animals have higher absorption 
than adults; milk diet could be an important factor in 
the increased cadmium absorption in sucklings and 
youngs since some authors found also a higher cad- 
mium absorption in older animals fed a milk diet 35. 

3.2 Metabolism 

a) Faecal and urinary excretion 
Faecal excretion is the major excretion pathways for 
cadmium. After a single oral dose in goats 46,47 and 
after a single or repeated dose in COWS 48'5t '66 about 
80-90% of the total ingested cadmium is excreted in 
the faeces within 14 days, after the end of the applica- 
tion. 
Faecal excretion of cadmium after an i.v. injection in 
goats 47 and in COW 66 indicate that metabolized cad- 
mium is principally excreted by the gastro-intestinal 
tract: after a single injection of I~ in goats, 5.6% 
of the cadmium was excreted via feces within 5 days 
and, in cows, about 5.5% was found in feces within 10 
days. 
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Studies on cadmium metabolism in laboratory ani- 
mals and ruminants indicated that daily excretion of 
cadmium in the urine is very low prior to tubular 
dysfunction. Total urinary excretion observed in goats 
was 0.031% of the administered dose after oral inges- 
tion and i.v. injection. Authors reported that a con- 
tamination with faecal excretion, in the case of oral 
dosing was not excluded. 
In cows a total urinary excretion of 0.05% of dose 51 
and as low as 2.5 • 10-3% of dose was observed after 
an oral dose of 1~ Experiments on laboratory 
animals show that once tubular dysfunction has oc- 
curred the urinary excretion of  cadmium associated to 
urinary proteins (probably metallothionein) increases 
markedly 4. 

b) Secretion and distribution in milk 
Cadmium secretion and distribution in cow milk was 
studied by various authors 48, sl,66. 
Miller et al. 48 found that after a daily administration 
of 3 g cadmium as CdC12, for 2 weeks, the concentra- 
tion of cadmium in milk samples stayed < 0.1 mg/1 of 
milk and the excretion/day was less than 2.2 • 10-2% 
of the daily administered dose. Effectively, cadmium 
concentration in milk after various single oral doses of 
l~ in lactating cows suggests much lower secretion. 
Total cadmium secretion in milk either as a single oral 
dose of cadmium as 1~ in gelatine capsule or as 
a single oral dose of Zea mays leaves, contaminated 
by 10 CdC12 drops, was respectively 1.8 • 10-3% and 
7.0 10-4% of the administered dose 66. Neathery et al. sl 
on the other hand found that the level was below the 
detection limit: 8 • 10-5% of dose/day. 
The cadmium distribution in milk after "in vitro" 
incubation of milk with cadmium 48 or after a single 
oral administration of l~ to lactating COWS 66' is 
essentially the same and indicate that cadmium is 
preferentially bound to the protein fractions with 
about equal concentrations in casein and albumin. 
The concentration in lactose is about one half  and in 
mineral-water fraction about one order of magnitude 
lower than the concentration in proteins, the milkfat 
does not seem to have any affinity for cadmium 
(table 3). 

c) Retention and distribution of cadmium in organs of 
farm animals 
Cadmium retention and distribution in farm animals 
were reported by several authors: Miller et al .  46'47 

presented data obtained from young goats 14 days 
after an oral or intravenous administration, Neathery 
et al. 51 from pregnant lactating cows 14 days after an 
oral application and Van Bruwaene et al. 66 from 
lactating cows 131 days after an oral application. 
Total retention observed in goats was about 0.3-0.4% 

of administered dose. In cows total retention was 
estimated to be about 0.75% of  the dose, 14 days after 
an oral dosing; 131 days after dosing, 0.13% of dose 
was retained after an oral administration of 1~ 
solution in gelatine capsules and 0.025% of dose was 
retained after administration of contaminated Zea 
mays leaves contaminated by externally applied 
1~ drops. 
At sacrifice of goats and of  cows, the highest cadmium 
concentrations were found in kidneys followed by 
liver, pancreas and small intestine. In goats a high 
concentration of  cadmium was also found in aboma- 
sum. Distribution of cadmium within organs was 
similar in young goats and in cows sacrificed respec- 
tively 14 days and 131 days after dosing; about 50% of 
the total retained dose was present in the liver and 
almost 25% in the kidneys. In goats a large part of  the 
remainder was found in the gastrointestinal tract and 
its contents. In cows, 131 days after dosing, still 4-5% 
of body burden were found in the following tissues: 
abomasum, duodenum and jejenum. No differences 
in distribution was observed after administration of  
either a 1~ solution or contaminated Zea mays 
leaves. The distribution of cadmium in cows 14 days 
after dosing was slightly different: 32% was found in 
liver, 18% in GI contents, 16% in GI tissues and 10% 
in kidneys. 
Cadmium distribution in goats after intravenous and 
oral dosing 47 indicated that the pathway of dosing has 
affected the metabolism. Accordingly it seems reason- 
able to suspect that cadmium absorbed from the GI 
tract is probably in association with some types of 
protein compounds. 
Feeding a level of cadmium which approaches the 
upper limits which could be fed without developing 
noticeable toxicity symptoms does not greatly in- 
fluence the percentage of radiocadmium absorbed or 
the rate at which it is lost 46. Thus it seems evident that 
goats do not have homeostatic control mechanism 
which would be dependent on dietary or tissue cad- 
mium levels for changing amounts of cadmium ab- 
sorbed and reexcreted. 
In conclusion, the liver and the kidneys appear to be 
the 2 organs of greatest interest with regard to cad- 
mium storage, however cadmium is found in the most 
compartments of the body. Since relatively little cad- 
mium is transferred to muscle or to milk it is apparent 
that the main food products (other than liver and 
kidneys) from ruminants are quite well protected 
from cadmium accumulation. 

3,3 Transfer in animal products 

a) Transfer coefficients 
Transfer coefficients are expressed as the fraction of 
daily nuclide intake present in 1 1 of milk or 1 kg of 
organ. 

Table 3. Distribution of cadmium (in percent of total activity in milk) in the principal organic constituents of milk collected 2 days after a single oral 
dose of 1~ (Van Bruwaene et al. 66) 

Administration mode of Cd Casein Albumin Lactose Fat 

In gelatine capsules 28.8 :t: 0.08 5.5 :~ 0.04 3.0 + 0.34 Not detectable 
In maize leaves 17.7 + 0.40 4.0 �9 0.13 3.3 :i: 0.26 Not detectable 
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Table 4. Cadmium concentrations in beef muscle, liver and kidneys (expressed as mg/kg fresh weight) observed in various countries 

49 

Muscle n* Liver n* Kidneys n* Countries Years References 

0.0474).t 83 4 0.108-1.16 4 0.22(~39.88 4 FRG 1968 39 
0.011 4- 0.079 30 - - - FRG 1972 24 
(0.041 4- 0.022) 
< 0.005 141 0.0054).3 141 0.04-1.66 141 FRG 1972/74 38 

(0.06 4- 0.05) (0.3 4- 0.3) 
< 0.005 280 0.005-1.658 280 0.005 1.95 283 FRG 1972/75 37 

(0.05) (0.23) 
< 0,04 8 0.1 0.38 8 0.4 2.0 8 Belgium 1980 65 

(0.23) (1.1) 
0.01-1.00 1947 ** 0.01 3.17 2316 ** 0.01-7.82 2.553 USA 1971/74 53 
0.035 4- 0.034 71 (0.183 4- 0.228) 71 USA 1974 53 
0.001-0.04 13 0.071 0.3 13 0.12 1.2 13 The Nether- 1977 67 

lands 
0.18 5.69 150 Denmark 1975 32 
(1.11) 

* n = number of animals; ** with measurable concentration. 

In the case dealing with the transfer of cadmium in 
milk, a broad range of values of transfer coefficient 
are proposed. A transfer coefficient value of  about 
1.10 -3 day/1 is reported by Ng et al. 52, based on the 
concentrations of cadmium in forage and milk. A 
survey on transfer of cadmium in cow milk conducted 
in Belgium 65 suggests a value of < 1.10 -6 day/1. 
From some experimental works, daily administration 
for 14 days of 3 g of cadmium chloride in a cow 48 and 
of 9 mg CdCl2/kg body weight 43 values of  transfer 
coefficients of respectively <3.3 10 -5 day/1 and 
5.9 • 10 8 day/1 are suggested. After a single oral dose 
the transfer coefficient can be calculated indirectly 
taking into account that the activity time integral/kg 
in milk or organ equals the concentration at equili- 
brium reached under continuous dosage. For exam- 
ple, after a single oral dose of l~ chloride in cow, 
transfer coefficients of  1.10 -4 day/115 and < 2.7 10 6 
day/151 were obtained. 
The transfer coefficients estimated by Van Bruwaene 
et al. 66 for liver and meat, were 0.02-0.2 day/kg (liver) 
and 1 • 10 4 to l • 10 -3 day/kg (muscle), the values of 
the transfer coefficient for meat being in the same 
order of magnitude as the value reported in the 
NRC 54 (5.3 • 10 -4 day/kg). 

b) Cadmium concentrations observed in farm animals 
It is generally recognized that ruminant and especially 
cattle are more exposed to local pollution situation 
than pigs or other intensive breeded domestic animals 
for human consumption. Ruminants are depending 
for 90% and even more on their daily ration of local 
produced forage and feeds. 
A review of  cadmium concentrations observed in beef 
muscle, liver and kidneys in different countries is 
presented in table 4. 
Although less interest has been devoted to the mea- 
surements of  the cadmium concentration in pig tis- 
sues, some data are available in the literature: Table 5 
reports cadmium concentration in pig muscle, liver 
and kidneys observed in Federal Republic of  Germa- 
ny. The data presented in tables 4 and 5 demonstrate 
that meat contained the lowest cadmium level and 
kidneys the highest, the cadmium concentration ob- 
served in kidneys being 2-5 times more important 

Table 5. Cadmium concentrations in pork muscle, kidneys and liver 
observed in Federal Republic of Germany 24 

Number J~ S Range of 
of concentra- 
samples tion 

Muscle (in Ixg/kg fresh wt) 82 12.3 11.6 1.46 72.1 
Kidneys (in mg/kg fresh wt) 72 0.54 0 . 2 7 7  0.1-1.67 
Liver (in mg/kg fresh wt) 82 0.19 0 .061  0.086-0.4 

than the cadmium concentration in liver. A large 
variation around the mean values is observed. 
Some authors 37 observed in cattle a relationship be- 
tween the age of the animals and the cadmium 
content in kidneys; the cadmium content in kidneys 
and in livers are also closely correlated. These authors 
observed no indication that breed or sex had any 
effect on Cd content of kidney and liver. 

3.4 Cadmium toxicity in domestic animal,; 

Cadmium toxicity has been demonstrated experimen- 
tally in numerous animal species 16,17. Manifestations 
of toxicity include loss of weight, reduced food intake, 
anemia, hypertension, proteinuria, poor bone miner- 
alization, testicular necrosis, aborted fetuses, neonatal 
death and youngs with birth defects. 

a) Cadmium toxicity in ruminant (cattle and sheep) 
A plant fungicide (cadmiate) was given in doses of 50, 
100, 200, 300 and 500 mg/kg food to adult cows for 
maximum 49 weeks of less and to mature ewes for 41 
weeks 72. A dose of 50 mg Cd/kg food caused only a 
slight reduced food intake and wight loss but above a 
dose of  200 mg Cd/kg food, anemia was observed. In 
sheep, levels of 100 mg Cd/kg food decreased RBC 
(erythrocyte), PCV (packed cell volume) and Hb 
(hemoglobin) values. A dietary concentration greater 
than 200 mg Cd/kg food for both cattle and sheep 
had BUN (blood urea nitrogen) levels that increased 
later on during the experimental period. The BUN 
levels increased gradually in the blood of  cattle but 
increased sharply in blood of  sheep. 
In pregnant cows and sheep for all doses (50-500 mg 
Cd/kg food) aborted fetuses, neonatal death and 
youngs with birth defects were observed. In sheep 
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infertility was also observed. Placenta which acts as a 
barrier to low doses of cadmium can be overcome at 
high doses; residues of cadmium appeared in the 
tissues of fetuses. 
Lactating cows, given 3 g of cadmium daily, lost 
considerable weight and milk production declined 
sharply for several days and then increased apprecia- 
bly but stayed substantially lower than for control 
cows. When cadmium treatment was stopped milk 
production increased within 10 days to normal pro- 
duction 48. Powell et al. 59 studied cadmium toxicity in 
calves. Calves were given: 40, 160, 640 and 2560 mg 
Cd/kg food with and without supplementation of 100 
mg Zn/kg food. It seems that calves can tolerate 
considerable Cd concentrations in food. There was 
immediate reduction in feed consumption with weight 
loss for all groups fed as much as 160 mg Cd/kg food. 
For the lowest dose (40 mg Cd/kg) these effects were 
annulated by the addition of 109 mg Zn/kg food. 
Calves fed 640 or 2560 mg Cd/kg food exhibited 
unthrifty appearance, rough hair coat, severe body 
dehydration, dry and scally skin, toss of hair from 
legs, thighs, chest floor and brisket mouth lesions, 
oedematous shrunken and scaly scrotum, sore and 
enlarged points, impaired sight, extreme emaciation. 
With 160 mg Cd/kg food, the testicle growth was 
decreased; whereas at 640 mg Cd/kg good there was 
very little testicle growth. The results of this study 
indicate that a very severe and extended Cd toxicity 
may cause serious damage to the testicle development 
in the bovine. 
After stopping the Cd treatment, improvement in 
appearance feed consumption, growth were quite 
rapid, also sperm-producing tubules were not com- 
pletely destroyed as suggested by other studies. 
Sheep appear to be very sensitive to cadmium, even 
concentrations of 5 mg Cd/kg food (CdC12) during 
163 days result in a slight reduced body weight ~9. 
Interactions of cadmium with copper, iron, zinc and 
manganese were studied in sheep by different au- 
thors18, 49. 
Significant numbers of lambs fed low levels of dietary 
Cd had markedly depressed blood and liver Cu 
concentrations and ceruloplasmin levels indicating a 
significant derangement of Cu metabolism; the data 
also indicate significant disruption of Fe, Zn and Mn 
metabolism in various parts of the body. Low Cu and 
Fe levels in liver are associated with anemia, whereas 
decreased Mn concentrations in body tissues are 
associated with skeletal defects 41. 

b) Cadmium toxicity in swine 
Cadmium toxicity was studied in 8-week-old swine at 
levels of 0, 50, 150, 450 and 1350 mg Cd/kg feed 
during a 6-week comparison period t~ There was no 
mortality during the comparison period. Animals 
receiving 450 and 1350 ppm cadmium exhibited signs 
of toxicity. The skin covering the inner portion of the 
hindlegs and the ears were red and scaly and in these 
areas small leasions similar to those found in the early 
stages of parakeratosiS were observed. Growth rate 
was decreased as a function of Cd level and was 
inhibited in the 1350 ppm group. Hematocrit values 

were the most sensitive criteria of toxicity, they 
decreased in all Cd fed animals. Bone ash content was 
decreased as a function of Cd intake. The addition of 
Zn (52 mg Zn/kg) had little influence on the toxicity 
symptoms of Cd in young pigs 58. 

c) Cadmium toxicity in poultry 
Effects of cadmium administration were studied in 
chickens by Krampitz 36. LDs0 in chikens is observed 
at levels of 165-188 mg Cd/kg b.wt and the lethal 
dose is about 216 nag Cd/kg b.wt. Toxicity was 
already observed at Cd concentrations of 60-90 mg 
Cd/kg feed, but toxicity can be reversed by addition 
of zinc, manganese, copper and cobalt to the ration 63. 
Broiler and laying rations containing 20 and 40 mg 
Cd/kg reduced the body weight respectively by 8 and 
24% and reduced the feed conversion efficiency by 3 
and 11% 69. By addition of 20-200 mg of zinc, no 
difference with control animals was observed 6x. 
Bone decalcification was observed in consumption 
chickens fed rations with 5 mg Cd/kg 69. Enteritis and 
nephritis in chickens was observed after feeding 
ration with 3 mg Cd/kg 36. 
Contraceptive effect was observed in laying hens, 
when fed 7-10 days a ration containing 50 mg Cd/kg 
a total stop of laying was observed 27. 
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F u l l  P a p e r s  

An analysis of  the effects of  urethane on cardiovascular responsiveness to catecholamines in 
terms of its interference with Ca + + mobilization from both intra and extracellular pools 

C.A.  Maggi ,  S. Manz in i ,  M. Par lan i  and  A. Mel i  

Pharmacology Department, Cardiovascular Section, Research Laboratories, A. Menarini Pharmaceuticals, Via 
Sette Santi, 1-50131 Florence (Italy), and C. R. 17., Via Tito Speri, Pomezia, Rome (Italy), 11 April 1983 

Summary. U r e t h a n e  (1 • 10-2-1 x 10 -1 M) reduced,  in a c onc e n t r a t i on -de pe nde n t  ma nne r ,  bo th  in t ra  and  
ex t race l lu la r  Ca  + + d e p e n d e n t  no rad rena l i ne - i n duc e d  cont rac t ions  o f  per fused  r abb i t  e a r  a r te ry  as well  as the 
tonic cont rac t ions  p r o d u c e d  by  per fus ion  with high K + solution.  However ,  a quan t i t a t ive  analysis  o f  the da ta  
ind ica ted  that  for u r e thane  concent ra t ions  s imi lar  to those found  in p l a sma  dur ing  anes thes ia  u re thane  antago-  
nism is conf ined  to n o r a d r e n a l i n e - i n d u c e d  contrac t ions  which d e p e n d  upon  the mobi l i za t ion  o f  Ca + + f rom 
in t race l lu la r  s torage sites. In  KCl -con t r ac t ed  arteries,  u re thane  enhanced  the r e l axan t  effects o f  i soprenal ine .  - 
U r e t h a n e  r educed  the a m p l i t u d e  o f  cont rac t ions  o f  spon taneous ly  bea t ing  gu inea-p ig  r ight  a t r i um at concent ra -  
t ions which have  only  a l imi ted  effect on frequency.  In  addi t ion ,  it decreased  in a c o n c e n t r a t i o n - d e p e n d e n t  
m a n n e r  the a m p l i t u d e  of  i soprena l ine -ac t iva ted  electr ical ly dr iven,  and  K + depo la r i zed  gu inea -p ig  r ight  
vent r icu la r  strips. U r e t h a n e  h a d  no effect on the chrono  and  ino t ropic  act ions o f  i soprena l ine  on card iac  
p repara t ions .  In  in vivo exper iments  the chronot rop ic  response  to low doses o f  i soprena l ine  was s ignif icant ly  
h igher  in  u r e t h a n e - t r e a t e d  as c o m p a r e d  to unanes the t i zed  rats.  The  h igher  dose  o f  i soprena l ine  tested p r o d u c e d  
a s ignif icant  fall  in systolic b lood  pressure  in u re thane -anes the t i zed  rats. A s ignif icant  cor re la t ion  exists be tween  
the ch rono t rop ic  response  to i soprena l ine  and  resting hea r t  ra te  values  in u re thane -anes the t i zed  rats.  
These  results indica te  tha t  u re thane ,  at concent ra t ions  s imi lar  to those found  in p l a s m a  dur ing  anes thes ia  
select ively interferes  wi th  mobi l i za t ion  o f  Ca + + f rom in t race l lu la r  s torage sites. In  addi t ion ,  the in ter ference  of  
u re thane  anes thes ia  with the i soprena l ine  chronot rop ic  effect ' in vivo '  cannot  be exp la ined  by  a direct  interfer-  
ence o f  u re thane  with f l - adrenocep to rs  at ca rd iac  level. 

Introduction 

U r e t h a n e  is a widely  used anes thet ic  in an ima l  exper-  
imen ta t ion  m a i n l y  because  o f  its long du ra t i on  o f  
ac t ion  and  skele ta l  muscle  r e l axan t  p roper t ies  35,38. Its 
use is w idesp read  a l though  it is known to lower  b lood  
pressure  in in tac t  an imals  H,16 and  to decrease  the 

contract i le  response  o f  vascular  smooth  muscle  to 
no ra d re na l i ne  1~176 to ang io tens in  11'40 and  in a 

somehow specific m a n n e r  to a2 -adrenorecep to r  ago- 
nists 3,4. 

Both the hypo tens ive  act ion o f  u re thane  and  its 
an t agon i sm toward  vasoact ive  agents  ' in  vivo '  have  


