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Abstract: Pot experiments were conducted to evaluate chemical and phyto-remediation of cadmium in Cd-
polluted clayey and sandy soils. For each experiment, the experimental design was factorial randomized
complete block, with three replicates. Factors and their treatments were as follows: (1) Cadmium pollution (C):
three rates of 0, 100, 200 mg Cd/kg as cadmium sulphate, i.e. C , C , C  respectively; (2) Soil (S): two soils0 1 2

differing in their texture were used; clayey and sandy textured soils, i.e. S  and S , respectively. In the phyto-1 2

remediation experiment three plant species were used; elephant grass (Pennisetum purpureum), sunflower
(Helianthus annuus L.) and sorghum (Sorghum biocolor L.); an experiment per each species. The chemical-
remediation experiment had two chemical-remediators (extractants), EDTA and DTPA. Elephant grass was the
most efficient phyto-remediator for cadmium followed by sunflower and sorghum. It recovered Cd mostly in the
shoots especially when soil is polluted with cadmium at a rate of 100 mg/kg. The EDTA was more effective than
the DTPA as a chemical-remediator; it removed more Cd than the DTPA.
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INTRODUCTION pollutants from it [21]. Soil washing/leaching involves

Cadmium (Cd) is widely distributed in rocks, solubilizing them, then removing them by washing/
sediments and soils with an average concentration in the leaching. Chelating agents, such as ethylene diamine tetra
earth’s crust 0.2 mg/kg [1-3]. Pollution of soil by Cd can acetic acid (EDTA) and diethylene triamine pentaacetic
be caused by industrial development and addition of acid (DTPA) are prevalent and effective in removing
urban wastes (e.g. sewage sludge) and phosphate polluting metals [21-23].
fertilizers [4-6]. Cadmium is readily taken up by plants and The purpose of the current study is to assess the
is passed on in the food chain [7-9]. Plants absorb Cd in ability of elephant grass (Pennisetum purpureum),
different degrees, some can actively accumulate it, e.g. sunflower  (Helianthus annuus L.) and sorghum
Brassica juncea and others suffer alternation in (Sorghum biocolor L.) as phyto-remadiators which
metabolism at low concentration of Cd., e.g. Zea mays L. accumulate Cd from Cd-polluted soils. Also chemical-
[10, 11]. It is considered one of the most toxic metals, remediation using EDTA and DTPA will be assed.
associated with many clinical disorders including:
anosmia, cancers, cerebrovascular infraction, emphysema MATERIALS AND METHODS
and osteoprois [12, 13]. Phyto-remediation could be done
using green plants to lower the level of pollutants, such Pot experiments were conducted to evaluate chemical
as Cd in soils, by slowing their mobility or removing them and phyto-remediation of cadmium in Cd-polluted clayey
from soil and ground water [14, 15]. Using plants has and sandy soils. The experimental design for each set of
become a promising technique with the discovery of experiments was a factorial randomized complete block,
hyper-accumulator plants that have high biomass and with three replicates. Factors and their treatments were as
greater tolerance to Cd [16]. Elephant grass, sunflower follows: (1) Cadmium pollution (C): three rates of 0, 100,
and sorghum are a hyperaccumulators, especially for Cd 200 mg Cd/kg as cadmium sulphate, i.e. C , C , C ,
[17-20]. Chemical remediation (electro-kinetic) involves respectively; (2) Soil (S): two soils differing in their texture
extraction and washing/leaching the soil to remove were  used;  clayey and sandy textured soils, i.e. S  and S ,

separation of pollutants from the soil solid phase by

0 1 2

1 2
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Table 1: Physical and chemical properties of the studied soils

Property Clayey soil Sandy soil

EC (dS/m) in soil paste extract 3.79 2.56
pH (1:2.5 soil: water suspension.) 8.93 8.49
Soluble ions (mmol  /L)c

Ca 8.68 7.21++

Mg 4.72 2.57++

K 0.75 0.35+

Na 26.31 18.61+

HCO 14.63 4.923
-

Cl 17.58 11.27-

SO 8.25 12.544
--

Calcium carbonate (g/ kg) 25.6 5.3
Total Cd ( g/kg) 260 20
Particle-size distribution (%)
Sand 20.6 89.2
Silt 31.6 3.9
Clay 47.8 6.9
Texture Clay Sand

respectively. Soils were air-dried, crushed and sieved.
Polyethylene pots, of 19-cm height and 24-cm diameter,
were used, each of 5 kg soil capacity. In the phyto-
remediation experiment three plant species were used,
each having a separate experiment, elephant grass
(Pennisetum purpureum), sunflower(Helianthus annuus
L.) and sorghum (Sorghum biocolor L.). N, P and K were
applied at a rate of 50, 30 and 25 mg/kg for each
respectively. The experiment was terminated after 60 days.
The stem was cut just above the soil surface, pots were
soaked in water and soil was washed gently to collect
plant roots. Roots and shoots were rinsed in deionized
water and air-dried at 70°C for 72 hours and kept for
analysis. The chemical-remediation experiment had two
chemical-remediators (extractants), EDTA and DTPA.
Soils were left fallow in pots for 30 days then sequential
extraction was done on soils using EDTA or DTPA twice
over an extraction period of 2 hours. Table 1 shows
chemical and physical properties of the soils. Soil
analyses included particle size distribution by the pipette
method [24]. Other analyses included soil pH (1:2.5 w: v
soil: water suspension), salinity of soil paste extract,
organic matter and calcium carbonate (by a calcimeter);
methods of which are described by Page et al. [25].
Cadmium was extracted using DTPA according to
Soltanpour [26] as well as using EDTA as described by
Lakenen and Ervio [27], Total Cd was extracted using
aqua regia as described by Cottenie et al. [28]. Plant
materials were dried and digested according to Chapman
and Pratt [29] and Cd was determined by inductively
coupled plasma emission spectrometry.

RESULTS AND DISCUSSION

Phyto-Remediation
Sunflower Plants: Cadmium uptake in shoots of
sunflower plants increased by seventy eight folds in C1

treatment and fifty folds in C treatment, while Cd uptake2

in the roots increased by seventy five folds and one
hundred and six folds, in C  and C  treatments,1 2

respectively (Table 2). Sunflower plant recovered 0.46%
(nearly one third of which in shoots and two thirds in
roots) of added Cd of C   treatment  and  0.26% (nearly1

one  fifth  of  which  in  shoots  and  four  fifths in roots)
of  added  Cd of C  treatment. Such result indicates that2

Cd absorbed by sunflower from soils of both C  and C1 2

treatment is approximately the same. In the Cd-treated
soils, the uptake of Cd in shoots as well as in roots was
higher in plants of the sandy soil than in those of the
clayey one. In the soils not polluted with Cd, results of
Cd uptake showed no significant difference in shoots as
well as in roots between plants of the two soils. Cadmium
bonding with soil colloids of clays, oxides and humus was
reported by Hong et al. [30] to be strong, thus decreasing
its mobility in clay soils.

Sorghum Plants: Cadmium uptake in shoots of sorghum
increased by one fold in the C  treatment and four folds in1

the C  treatment. However Cd uptake in roots increased2

by thirty nine folds in C  treatment and ninety four folds1

in C  treatment (Table 3). Sorghum recovered 0.24%2

(nearly one tenth of which in shoots and nine tenths in
roots)  of  added  Cd  in  the C  treatment and 0.31%1

(nearly one tenth of which in shoots and nine tenths in
roots) of added Cd in the C  treatment. Such result2

indicates that Cd absorbed by sorghum from the C  soils2

is nearly double that absorbed from the C  soils. In soils1

polluted with Cd, the uptake of Cd in shoots and roots
was higher in plants grown on the sandy soil than in
plants of the clayey one. In plants grown in unpolluted
soils with Cd, there was no significant difference in Cd
uptake (roots only) between plants of the two soils.
Results indicate that Cd uptake by shoots was not
affected by C , C  and C  treatments in plant of the clayey0 1 2

soil. Despite the significant effect of Cd pollution on the
uptake of Cd by roots, it did not show the same
significant result in the shoots. Ping et al. [20] found that
sorghum accumulates Cd in their roots.

Elephant Grass Plants: Cadmium uptake by shoots of
elephant grass increased by twenty three folds in the C1

treatment  and  sixteen  folds in the C  treatment. However2
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Table 2: Effect of cadmium pollution and soil texture on Cd-uptake (mg/pot) by sunflower plants
Soil (S) Soil (S)
--------------------------------------------------------------------- -----------------------------------------------------------------------
Clayey Sandy Mean Clayey Sandy Mean
--------------------------------------------------------------------- -----------------------------------------------------------------------

Cd pollution (C) Cd uptake by shoots (mg /pot) Cd uptake by roots (mg /pot)
C  no Cd addition 0.01 0.01 0.01 0.01 0.03 0.020:

C  100 mg Cd/ kg 0.48 1.10 0.79 0.86 2.18 1.521:

C : 200 mg Cd/kg 0.88 1.36 0.51 1.30 2.98 2.142:

Mean 0.45 0.82 -- 0.72 1.73 --
LSD 5% C: 0.08 S:0.10 CS:0.21 C:0.09 S:0.11 CS:0.20

Table 3: Effect of cadmium pollution and soil texture on Cd-uptake (mg/pot) by sorghum plants.
Soil (S) Soil (S)
--------------------------------------------------------------------- -----------------------------------------------------------------------
Clayey Sandy Mean Clayey Sandy Mean
--------------------------------------------------------------------- -----------------------------------------------------------------------

Cd pollution (C) Cd uptake by shoots (mg /pot) Cd uptake by roots (mg /pot)
C  no Cd addition 0.01 0.09 0.05 0.01 0.05 0.030:

C  100 mg Cd/kg 0.05 0.14 0.10 0.76 1.64 1.201:

C : 200 mg Cd/kg 0.03 0.45 0.24 1.48 4.19 2.842:

Mean 0.03 0.22 -- 0.75 1.97 --
LSD 5% C:0.02 S:0.03 CS:0.04 C:0.17 S:0.21 CS:0.37

Table 4: Effect of cadmium pollution and soil texture on Cd-uptake (mg/pot)by elephant grass plants.
Soil (S) Soil (S)
--------------------------------------------------------------------- -----------------------------------------------------------------------
Clayey Sandy Mean Clayey Sandy Mean
--------------------------------------------------------------------- -----------------------------------------------------------------------

Cd pollution (C) Cd uptake by shoots (mg /pot) Cd uptake by roots(mg /pot)
C  no Cd addition 0.05 0.09 0.07 0.01 0.01 0.010:

C  100 mg Cd/kg 0.90 2.47 1.68 0.39 0.86 0.631:

C : 200 mg Cd/kg 0.59 1.84 1.22 1.36 3.25 2.312:

Mean 0.51 1.47 -- 0.58 1.37 --
LSD 5% C:0.21 S:0.26 CS:0.35 C:0.26 S:0.32 CS:0.46

Cd uptake in roots increased by sixty two folds in C Chemical-Remediation1

treatment and two hundred and thirty folds in C  treatment EDTA Extraction: Cadmium extracted by EDTA was2

(Table 4). Elephant grass recovered 0.45% (nearly three highest in the C  treatment followed by C  and lowest in
fourths of which in shoots and one fourth in roots) of the C  treatment (Table 5). EDTA first extraction recovered
added Cd in the C treatment; and 0.35%(nearly one third 18.22% of added Cd for C  as well as C  treatments.1

of which in shoots and two thirds in roots) of added Cd in However the EDTA second extraction recovered 3.28%
the C  treatment. Such result indicates that elephant grass and 3.76% of added Cd for the C  and C  treatments,2

shoots absorb Cd more efficiently in the C  treatment than respectively. Therefore EDTA is more efficient in1

C  treatment. In plants grown in soils polluted with Cd, the extracting Cd in the first than in the second extraction.2

uptake of Cd in shoots and roots was higher in plants of Cadmium extracted from the clayey soil was greater than
the sandy soil than in plants of the clayey soil. In plants that extracted from the sandy soil; this was particularly
grown in soils not polluted with Cd, there was no true where the soils were polluted with Cd.
significant difference in Cd uptake (roots and shoots)
between plants of the two soils. Results indicate that Cd DTPA Extraction: Cadmium extracted by DTPA was
uptake by shoots was most efficient with the C  treatment; highest in the C  treatment followed by C  and lowest in1

with increasing Cd pollution to soil in the C  treatment, Cd the C  treatment (Table 6). DTPA first extraction recovered2

uptake in shoot dropped by 27% and increased in root by 13.24% and 13.33% of added Cd for the C  and C
226%. treatments,    respectively. However   the   DTPA  second

2 1
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1 2
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Table 5: Effect of cadmium pollution and soil texture on cadmium extracted by EDTA (mg/kg)
Soil (S) Soil (S)
--------------------------------------------------------------------- -----------------------------------------------------------------------
Clayey Sandy Mean Clayey Sandy Mean
--------------------------------------------------------------------- -----------------------------------------------------------------------

Cd pollution (C) Cd in first extraction (mg /kg) Cd in Second extraction (mg /kg)
C  no Cd addition 0.06 0.04 0.05 0.03 0.07 0.050:

C  100 mg Cd/kg 20.04 16.51 18.28 4.78 1.88 3.331:

C : 200 mg Cd/kg 45.48 27.46 36.47 11.92 3.24 7.582:

Mean 21.85 14.67 -- 5.57 1.73 --
LSD 5% C:2.26 S:2.77 CS:4.78 C:0.67 S:0.82 CS:1.41

Table 6: Effect of cadmium pollution and soil texture on cadmium extracted by DTPA (mg/kg)
Soil (S) Soil (S)
--------------------------------------------------------------------- -----------------------------------------------------------------------
Clayey Sandy Mean Clayey Sandy Mean
--------------------------------------------------------------------- -----------------------------------------------------------------------

Cd pollution (C) Cd in first extraction (mg /kg) Cd in Second extraction (mg /kg)
C  no Cd addition 0.04 0.02 0.03 0.02 0.01 0.020:

C  100 mg Cd/kg 14.32 12.22 13.27 4.67 3.52 4.011:

C :: 200 mg Cd/kg 32.74 20.66 26.70 9.99 7.42 8.712

Mean 15.7 11.0 -- 4.9 3.65 --
LSD 5% C:1.50  S:1.84 CS:3.18 C:0.57 S:0.70 CS:1.09

extraction recovered 3.99% and 4.34% of added Cd for the 4. Williams, C.H., 1974. Heavy Metals and other
C and C  treatments, respectively. Therefore DTPA is Elements in Fertilizers: Environmental Considerations.1 2

more efficient in extracting Cd in the first than in the In: Leach DT, editor. Fertilizers and the Environment
second extraction. Cadmium extracted from the clayey soil NSW Branch, Australian Inst. Agric. Sci., Sydney,
was greater than that extracted from the sandy soil. This Australia.
was particularly true where the soils were polluted with 5. Alloway, B.J., 1995. Cadmium. Heavy Metals in Soils
Cd. The results indicate that both DTPA and EDTA (Ed. Alloway, B.J.). Blackie Academic and
extraction had the same trend for extracting Cd with EDTA Professional, Glasgow, UK, pp: 122-151.
extracting Cd more efficiently than DTPA. 6. Taylor, M.D., 1997. Accumulation of cadmium

CONCLUSION Science of the Total Environ., 208: 123-126.

Elephant grass is more efficient phyto-remediator for phosphate  fertilizers  and  atmospheric  deposition
cadmium as compared with sunflower and sorghum. It on  long-term  changes  in   cadmium   content of
recovers Cd mostly in the shoots especially when soil is soils and    crops.    Environ.     Sci.     And   Tech.,
polluted with cadmium at a rate of 100 mg/kg. The EDTA 28: 2170-2175.
is more effective than the DTPA as Cd chemical- 9. Friberg, L., C.G. Elinder and T. Kjellstrom, 1992.
remediator (extractant), since it recovered more Cd than Cadmium - environmental aspects. Environmental
the DTPA. health criteria 134. World Health Organization.
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