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ABSTRACT: This study is done to measure the absorption and distribution of cadmium in different parts of
kidney beans, radishes and pumpkins. Three parts of a field was chosen. In one part 65 ppm of cadmium nitrate was
added to water and in the other part 130 ppm, the last part was irrigated with normal water. Samples were digested by
EPA 3050 method. Cadmium concentration was measured by Unicam 919 absorption unit. Beans accumulate cadmium
mostly in root (70 ppm) and a little amount is mobilized through upper parts (12-16ppm), but kidneys did not
accumulate a significant amount. In radishes the roots did not accumulate a significant amount of cadmium but stems
had 4 ppm and leaves had 25 ppm. Cadmium concentration in soil does not affect its concentration in different parts
of pumpkins and beside the stems and leaves (4 ppm) the other parts’ concentrations were insignificant. In regard to
the results of this study the cadmium concentrations in edible parts of the samples (kidney beans, radish roots and
pumpkin fruit) were less than the U.S. EPA standards for agriculture and human beings.
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INTRODUCTION
     Cadmium is one of the trace elements in municipal
wastewater which mostly accumulate in treated
wastewater and sludge during the treatment process.
If the treated wastewater effluent is used for irrigation,
the amount of heavy metals in it should be controlled
as plants accumulate different amounts of cadmium in
regard to their types and environmental conditions
(Doyle, 1998). Among heavy metals cadmium
accumulates more in plants and by increasing the
cadmium level in soil its concentration in plants
increases significantly (Gardiner, et al., 1995). Cadmium
accumulates in different parts of plants according to
the plant type and high levels of cadmium in soil can
reduce plant growth (Doyle, 1998). Cadmium
accumulates in animal tissues as they eat plants which
can cause problems for the animals. This element enters
human’s food chain directly or indirectly from plants
or animals. Cadmium is a poisonous element which
accumulates in body. Cadmium mostly makes complexes
with metalothionin which separates in kidneys and
accumulates in kidneys cortex. The malfunction of
kidneys is the first indicator of cadmium poison.

Accumulation of more than 200 mg/g (of wet weight)
of cadmium in kidneys cortex is poisonous. According
to the World Health Organization, the acceptable level
for weekly intake of cadmium is 7 mg/g of body weight.
The continuous intake of cadmium may cause anemia
which is because of decrease of ion adsorption by
intestines. Furthermore intake of cadmium can cause
itai-itai which is one of the results of osteoporosis
(Carson, et al., 1986; CGER, 1996). The allowable
amount of cadmium in sewage sludge for agricultural
use is 85 mg/kg of soil and maximum of 39 mg/kg for
monthly average in EPA part 503. Also the total cadmium
amount applied to an acre should not increase 1.9 kg
(EPA, 1995). The average dietary daily intake of
cadmium has been estimated at 15-30 mg in England
and maximum of 92 mg in America (Doyle, 1998). The
allowable amount reported by Iranian Environmental
Protection Agency is 0.01 ppm in treated wastewater
for agricultural uses (Nourbakhsh and Ghazanfari
Moghaddam, 2002). The allowable amount reported by
Chaney is 0.5 ppm for human beings (Miller, 1995) and
by Kabatta-Pendias is 10 to 20 ppm for animals in plants
(Kabatta- Pendias and Pendias, 1992).



A. A. Azimi, et al. Cadmium absorbtion and...

178

     This study was done to measure the absorption and
distribution of cadmium in different parts of beans,
radishes and pumpkins.

MATERIALS AND METHODS
      Two pieces of a field were chosen where beans and
pumpkins were planted in one of them and beans and
radishes in the other one. The field was irrigated 3 times
a week with the amount of 15 lit/m2. Cadmium nitrate,
Cd (NO3)2 was used in the irrigation water for four
months with the concentration of 65 ppm in the first
piece of the field and 130 ppm in the second piece,
other parts of the field were irrigated with normal water
for controlling results. Also for controlling the results
samples were taken from the soil and water of control
samples. During the harvest good care was taken to
have a good selection of the samples. After washing
the samples, all parts of the crops were separated which
included roots, stems, leaves, pods and kidneys of
beans, roots, stems and leaves of radishes and stems,
leaves, skin, fruit and seeds of pumpkins. For digestion
of plants, water and soil samples standard 3050 of US-
EPA was used. After  digestion the cadmium
concentration of samples were measured by atomic
absorption unit, Unicam 919 (EPA, 1995).

RESULTS
       The results of the experiments over beans, radishes
and pumpkins samples are in Tables 1, 2 and 3. The
experiments show that the concentration of cadmium
in soil and water of the control field were zero and 3 mg
/liter. The pH of the soil was 7.2 and the soil organic
matter content was 3.5%.  Table 1 shows that cadmium
accumulates significantly in beans. According to the
third and fourth column of this Table, the concentration

of cadmium does not change in roots, stems, leaves,
pods and kidneys of beans when irrigated by water
containing 65 ppm of cadmium in comparison to when
irrigated by water containing 130 ppm of this element.
This shows that the concentration of a heavy metal in
irrigation water can not be the only parameter to show
the amount of absorption or the availability of the heavy
metal (Ermst, 1996). In other words, in addition to the
type of the plant and the concentration of the heavy
metal in water or soil, absorption of heavy metals in
plants depends on the degree of the elements dilution,
which is related to the physical and chemical properties
of the soil (Lasat, 2002 and Robinson, 1997). Results
show that beans accumulate cadmium mostly in roots
than in upper parts. The amount of cadmium
accumulated in beans roots is high (about 70 mg/liter),
where the amount in stems leaves and pods is about
12 to 16 mg/liter, but this ion does not appear in kidney
beans. Kidneys are usually the only parts of the beans
plants which people consume; therefore it may not be
dangerous or unhealthy for the consumer. But it is
better to control the use of beans when irrigated by
water containing cadmium, so that according to the
results of this study other parts of this plant would
not be consumed. Table 2 shows the concentration of
cadmium in roots, stems and leaves of radishes. This
Table shows that Radish tops accumulate cadmium to
a greater extent than do roots. In roots the amount of
cadmium is not significant but in stems it is about 4
mg/liter where the concentration of this element in
leaves is about 25 mg/liter which indicates the cadmium
is not immobilized in the root but is translocated to the
above ground parts of the plant. The main edible part
of radish plants is its roots but as the leaves are
consumed by many people, according to the results of

Table 1: cadmium concentration in different parts of beans irrigated by normal water
and water with cadmium

Plant parts Cadmium concentration in irrigation water (mg /L) 
 3 (normal water) 65 130 

roots 
*0.78 ± 0.14 
(No.=6) 

70.70 ± 5.69 
(No.=6) 

70.56 ± 4.32 
(No.=6) 

stems 1.82 ± 0.58 
(No.=6) 

14.13 ± 1.69 
(No.=9) 

14.71 ± 2.28 
(No.=6) 

leaves 2.35 ± 0.20 
(No.=6) 

15.54 ± 1.19 
(No.=6) 

16.03 ± 0.28 
(No.=18) 

pods 0.95 ± 0.24 
(No.=6) 

12.11 ± 0.51 
(No.=6) 

12.96 ± 1.25 
(No.=6) 

kidneys 0.40 ± 0.14 
(No.=6) 

0.79 ± 0.01 
(No.=6) 

0.68 ± 0.03 
(No.=12) 

 * Medium ± standard deviation
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Table 2: cadmium concentration in different parts of radishes irrigated
by normal water and water with cadmium

 Cadmium concentration in irrigation water (mg/L) 
Plant parts 3 (normal water) 130 

roots *0.84 ± 0.04 
(No.=6) 

2.57 ± 1.14 
(No.=6) 

stems 1.33 ± 1.89 
(No.=6) 

4.08 ± 1.63 
(No.=12) 

leaves 2.64 ± 0.71 
(No.=6) 

25.81 ± 1.75 
(No.=6) 

 * Medium ± standard deviation

 Cadmium concentration in irrigation water (mg/L) 
Plant parts 3 (normal water) 130 

stems 
*1.35 ± 0.75 
(No.=6) 

4.5 ± 1.73 
(No.=6) 

leaves 1.82 ± 0.72 
(No.=18) 

3.8 ± 0.36 
(No.=24) 

skin 0.1 ± 0.03 
(No.=6) 

1.51 ± 0.45 
(No.=6) 

fruit 0.34 ± 0.01 
(No.=6) 

1.04 ± 0.22 
(No.=9) 

seeds 0.1 ± 0.05 
(No.=6) 

0.18 ± 0.24 
(No.=6) 

 

Table 3: cadmium concentration in different parts of radishes irrigated
by normal water and water with cadmium

this study it is safe to control the use of radishes where
they are irrigated by water containing cadmium for not
eating the leaves. In such case the leaves can be
separated before the access of people to it.
      Table 3 shows that presence of cadmium in soil has
an insignificant effect on the cadmium concentration
in different parts of pumpkins. In fact beside the stems
and leaves of pumpkins which accumulate about 4 mg/
liter of this element when irrigated by water containing
65 ppm of cadmium other parts of this plant does not
contain significant amounts of this ion. The results
show that cadmium does not enter pumpkin fruits and
it is only seen in leaves and stems in little amounts.

DISCUSSION AND CONCLUSION
      Beans accumulate cadmium mostly in roots and the
amount of this ion in stems, leaves and pods is also
significant. As the main edible parts of beans are the
kidney beans therefore it may not be dangerous or
unhealthy for the consumer. It is also recommended to
separate beans roots when using for animal food.
     Cadmium ion is translocated to the upper parts of
the radish plant after absorption and as radish roots

are consumed mostly there may not be any problem.
But in case of high concentration of cadmium in soil
the use of leaves and stems of radishes is not
recommended either for people or animals. Pumpkins
do not accumulate cadmium significantly and therefore
consuming the fruit of this plant which is probably the
only edible part of it is safe for people and the remaining
parts may also be used for animal food.
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