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1. INTRODUCTION

The world-wide industrial use of Cadmium {Cd) is
incressing, and preduction rose from 6,000 tons in
1950 to 18,000 tons in 1580, Because of its high toxi-
¢city,the presence of Cd as a contaminant in the enviro-
ment has been viewed with increasing concern in

recant yearasa.

| The major acurce of Cd intake in man is foed.
Airborne Cd has been shown to contribute significaently
(20-60%) to the total Cd in crops grown in rural areas.
Several workers have found a significant correlation
batween traffic density and Cd levels in soil and vege-
tation in zones adjacent to rosds, Tha application of
sewage sludge, municipal and industrial waates, to
cropland is receiving incressing attention as thia
prastice introduces not only the esgentisl plant nutri-
ents baut also some nonessentlal, potentially toxic metala

{e.g., Cd} to the soil.

There is insufficient dats avallable to maeke broad
generalizations about how most non-essential heavy metals

behave in plants and solls under varying snvironmeatal
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conditions. Cadmium uptake by plantas from soil is ino-
fluenced by various practices such as liming, soil
dresging, water management, and applicetion of organic.
materials with concomitant application of other metals.

Physiological studies conducted with animals and
human 1indicate that Zn chelates may help to alleviate
Cd toxicity. In view of the importance of preventing
or impeding introduction of C4 to man through food
cxrops, many studies have been performed to determine
the posslbility of a similar interaction in the soil
plant system.

Previous studies of Cd uptake by plantas have shown
donflicting results which may be related to plant szpecies,
source of Zn and Cd {organic and inorganic forms) and Zn:
C4 ratio in the 301l solution or growth medis. More stu-
dies of Cd and Zn iuteractions end the chemical partiti-
oning of Zn and Cd in goil after cropping may help to

elucidat reascns for intersction effects.

The objectives of this study were to further inves~
tigate Zn-Cd 1lnterrelationships by (1) determining the

effect of varying Cd and Zn ratios in soils {deficient
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80ils or those enriched in heavy metels) on Cd and Zn
uptake by some plant specles and {2) atudylng the
affect of both £d snd Zn feorms in solid snd liquid
phases in the scll system on plant uptake of these

elementa,
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2. LITERATURE REVIEW

2.1 Cadmium and Environmental Contamination:

Cadmium is of concern because 1t may be highly toxie
to acme plants or readily accumulated by others with pos-
gible effects on human hemlth. The toxic effectis of Cd on
man, ftem from the metal's tendency to be accumulated and
reteined in mammels; Cd is estimated tc have a bicloglical
helf life of 20-30 years in the human body (Gunnarsson,
1983)}. Therefore, high concentrations of Cd in the body
arise with chronic exposure fo the element. Cadmium is=s
particuiarly concentrated in the liver and kidney; it may
replace Zn in certelin enzymes causing disease (Lagerwerff
1972). The extensive literature on Cd toxicolegy, such as
that referring to erythrocyte destruction, testicular
demege, and rensl degradation, is based on observation
¢f injury incwrred by acute expoesure to 0d in animals ox
man. Chronic, low levels of Cd in man may result in res-
piratory disorders and intestinal dysfunction, anemia ,
osteomalacia, and hypertensive heart dizease {Lewls et al.,

1969 and Schroeder, 1965).
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2.2 (Codmium Sources and Concentrgtions ip Soils:

Because €d is a normal contituent of phoaphate ores,
it reaches the rooting zone of plants as en impurity in
P fertilizers; furthermore, C4 is a congstituent of some
fungicides used on crops. Cadmium is found in many ﬁoils
by well travelled highways because of its occurrence in
car tires and motor oils (Lagerwerff and Specht, 1970).
FPallout from etmospheric pollution and wind-blown dusta
are important scurces of Cd and are concentrated in
urban and industriel! asregs. Incidental dispersion of
refuse, litter and deliberate addition of waste products
to the soll, such as, soot, cinders, pulverized fuel ash,
sewage Bludge, municipsal compost, or sven untreated dome-
8tic rubbish, algo result in Cd contemingation of soil

{Purves, 1977).

The background level of Cd Iin unconteminated soil igs
normelly very low. Vinogradov (1959) quoted an average
level of 0.5 mg/kg for the total content of Cd in soil
with probably 25% of this amount evalladble to plants.
Gunnarsson {1983) reported that the natural {d content

of egriculiural soils ranges from < 0.1 mg/kg to > 1 mg/kg.

Fleischer et al., (1974) reported that normal back

ground levels of Cd in soil are < 1 mg/kg (aversge 0.4
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mg/kg), but contaminated soils may coniain considerably

higher amounta.
John et al., (1972) found 49 mg/kg of nitric-

ecid-soluble Cd in the surface layer of a soil located
9 ¥xm from & battery smelter. Siddle and Sopper,
(1916)'f0und that irrigetion with waste water increased
soil Cd level in the 0=5 cm depth only. Hinesley et al.
(1978) showed that where large smounta of sewege sludge
had been applied annually for 7 years (374 met;ic tons/ha
of sludge solids) , the soil surface (0-15 cm layer)
contained 21 mg Cd/kg compared with 0.3 mg-Cdfkg in
control plots treated with commercial fertilizer.
El-Nannaa et al., (1982) indicated that using sewage
effluenta annually for irrigation on a sandy soil incr-
eased total soll Cd& by about 1.5, 3.0, and 1.5 mg Cd/kg
after 0, 25, and 47 yaers, respectively,

Many investigators reported that even
8 8mall addition of Cd to unconteminated soil can prod-
uce striking iporeases in the Cd content of a number of
widely different crops (Webber, 1973, Bingham et el.,
1980), Cadmium 1s, therefore, an element which can adve-

raely affect the mammalian food chain.

2.3 Chemical Forms of Cd in Soil and Soil Solution:

Knowledge of total concentration of an element in
801l provides only limited informaticn about the chemiatry
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and consequent avallability of that element to plants.
VYarious methods have been propesed for extracting cer-
tain elements from scll. In order to better underatand
the chemistry and availabllity of certain elements in
soil, Viets (1962) suggests the concept of wvarious

pools of micronutrients existing in the seil. In accor-
dance with this concept, certain methods have baen pro-.
poged for the fractionation of scil heavy metals into .
variows forms (Stover et al., 1976; Cottenle ot &l.,1979;
Sposito, et EE.,-ISBE}.

Cadmium Iin soil is unequally distributed between
the ligquid and s0lild phase. The forms of €4 1in =moils
have been investigated by Berrow and Webber (1972),
Pag (1974), Lagerwerff et al.,(1976), Sommers et al.,
(1976) and McCalla et al.,(1977). Webber at al.

{1975) reported that when Cd ig added to e soil 1t may
be {a) precipiteted as relatively iusoluble compounds _
it the poil pH 18 6.5 to T.0; (b) weakly chelated by
8011l organic matter as slowly scluble complexes, and
(¢) adasorbed on the catlon exchange sites of organic
matter anﬂ soll olays. Numerous forma of Cd may oceur
in soila. Some of thepge are the ezchangeahle, sorbed,

end organic-bound forms and also cerbonates and sulfldes
(Stover et al., 1976).
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The chemistry of Cd in the soll solution not only
is felatad to the totel concentratlion of Cd 1ln the soil
but alaso to the speciation between free lon and comple-
xed forma. The study of the speciation of varioua forms
of Cd Iin soil solution has been useful in studying the
retention, release, and interaction of Cd Iin the so0il
and plent, Mahler et al. (1980) . used GEOCHEM to
calculate the distribution of Cd species in saturation
extracta of an acid scil amended with varicus levels
of inorganic Cd. Free ilonie Cd accounted for 67-73% of
total Cd, the remainder being associated with sulfate,

Chloride, and organic ligands.
Behel et al., (1983), using the computer

program GEdCHEH, gtudied the effects of sewage sludge
application on speciaticn of Cd in the soll solution
of an acid soil. They concluded that Cd and Zn In the
scil solution appeared to exist predominately as the
free ion. Complexation of Cd by inorgenlec and organic
ligands ranged from 9-37% of totml soluble Cd and 3-22%
of total soluble Zn respectively. The percentage of Cd
ocmplexed by organic matter depended on the model used
to represent metal interaction with soluble organic C,
phoephate, sulfate, and chloride formed inorg&nic COm=
plexes with Cd, but it comstituted < 10% of the total

C4d present.
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Cottenie et al. (1979) and Davis (1982) suggested
that an extraction procedure is judged to be useful if
it provides reproducible statistical correlations bet-
ween extracted amounts of trace metals and plant uptake

or growth response.

Numerous investigatora showed that Cd uptake by
crop planta grown in s sludge-emended soll can be cor-
related with some extracteble fraction of Cd in the
goll {Chaney and Giordanoc, 1976; Stover et al., 1976;
Latterell et al., 1978; Mahler et el., 1980). However
the effects of moil factors on s0il chemical forms of
Cd end Zn, aleo the variebility in their extractabllity
both with time and with the chemical extrasctants emplo-
yed must be considered (Chaney and Giordenc, 1976;
Silviera and Sommers, 1977; Latterell et al., 1978).

2.4 Some Soll Fsctors Affecting Cadmium Aveilability

in So0il:

The relationship between 'available' Cd and uptake
by any species of plant will be modified by so0il conditicna,
Varietal effects within species may alsc affect Cd uptake.
Some goil Cd is exchangeable as Gd2+ and mey be congidered
immediately available to planta.
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