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a b s t r a c t

The experiment was conducted to evaluate the effect of compost application on the immobilization and
biotoxicity of Cd in winter wheat (Triticum aestivum L.) potted soils. Soils treated with various levels of
Cd (0–50 mg Cd kg−1 soil) were amended with 0, 30, 60 and 120 g compost kg−1 soil. The fractions of Cd
vailable online 9 July 2008

eywords:
admium
hicken manure compost

in soil were evaluated by a sequential extraction procedure. Compost application resulted in more than
70% lower soluble/exchangeable Cd (KNO3) but increased the concentration of organic-bound (NaOH) and
inorganic precipitates (EDTA) Cd in soils. Addition of compost was effective in reducing the phytotoxicity
of Cd by decreasing more than 50% Cd uptake by wheat tissue and improving wheat growth. Alleviation
of Cd phytotoxicity by compost was attributed primarily to the increase of soil pH, complexation of Cd by
the organic matter and coprecipitation with P content. Compost was effective in the immobilization of Cd
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hytotoxicity
equential extraction in soils and can be used to

. Introduction

In many countries, cadmium (Cd) has been identified as a major
oxic heavy metal reaching the food chain, directly through crop
ptake and indirectly through animal transfer [1]. Cadmium is
nown as more mobile and soluble than many other metals in soils.
ike most other metals, Cd does not undergo microbial or chemi-
al degradation and therefore persists in soils for a long time after
ts introduction. There is sufficient evidence in humans for the car-
inogenicity of Cd and Cd compounds, and for genotoxic effect of
onic forms in a variety of types of eukaryotic cells, including human
nes [2].

Contaminated soil often presents an unacceptable risk to human
nd ecological health and must be remediated. Chemical immo-
ilization is an in situ remediation method where inexpensive
aterials such as fertilizer and waste products are added to con-

aminated soil to reduce the solubility and bioavailablity of heavy

etals. Traditionally, biosoild is viewed as one of major sources

f metal accumulation in soils, and a large volume of work has
een carried out to examine the mobilization and bioavailabil-

ty of biosoild-borne metals in soil [3–8]. Many experiments have

∗ Corresponding author at: State Key Laboratory of Agricultural Microbiology,
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ediate Cd-contaminated soils.
© 2008 Elsevier B.V. All rights reserved.

een conducted in order to study the effectiveness of different
aterials for the immobilization of heavy metals in contaminated

oils [9–14]. Organic amendments such as composts or peat, which
ontain a high proportion of humified organic matter (OM), can
ecrease the bioavailability of heavy metals in soil by adsorption
nd by forming stable complexes with humic substances [15], thus
ermitting the re-establishment of vegetation on contaminated
ites [16]. Furthermore, stabilization using alkaline materials has
esulted in the immobilization of metals in biosoild. This alkaline-
tabilized biosoild compost can be used as an effective sink for
educing the bioavailability of metals in contaminated soils and
ediments [11]. Basta et al. [14] demonstrated that alkaline organic
reatments (Lime-stabilized biosolid and N-Viro soil) reduced the
hytoavailability of Cd and Zn in soils contaminated by Zn and Pb
illing and smelting operations in Oklahoma. Addition of biosolid

ompost in Egmont and Manawatu soils treated with various levels
f Cd (0–10 mg Cd kg−1 soil) was effective in reducing the phyto-
oxicity of Cd as indicated by the decrease in the concentration of
H4OAc extractable-Cd and soil solution-Cd [11]. Clemente et al.

17] reported that both fresh cow manure and compost having a
igh maturity degree amendments favoured Zn and Pb fixation in
oil from a former Pb–Zn mine area at La Union (Murcia, SE Spain),

articularly the manure. In an acidic, Cu–Zn minespoil, a yard waste
ompost rich in humic and fulvic acid was found to effectively bind
eavy metals and reduce toxic bioavailable concentrations of Cu
nd Zn [18]. High Fe biosolids composts were shown to decrease in
itro and in vivo available Pb as well as phytoavailable Zn and Cd

http://www.sciencedirect.com/science/journal/03043894
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Table 1
Chemical characteristic of soil and compost
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pH Total N (g kg ) Total P (g kg ) Available N (g kg )

oil 5.50 0.37 0.52 0.017
ompost 8.11 3.63 5.90 0.45

19,20]. These findings can be integrated to guide the application of
rganic materials for heavy metal-contaminated soils revegetation
rojects.

Although quite a lot of investigations have been carried out for
ompost as potential contamination sources of heavy metals, lim-
ted work had been done regarding the beneficial effect of organic
mendments as a sink for the immobilization of Cd in soils [11,14].
he objectives of the present study were to determine and com-
are the phytoavailability of Cd in soils applied with different rates
f Cd and chicken manure compost, and to evaluate the remediat-
ng effect of compost on Cd-contaminated soils by pot experiments
nder greenhouse conditions.

. Materials and methods

.1. Soil and compost

A soil (Ferralsol) from the top 20 cm was collected from the uni-
ersity farm of Huazhong Agricultural University, Hubei Province,
hina. It is a fine clay-loam soil with 8.53% sand, 31.09% clay and
0.4% silt. The soil samples were air-dried for 1 week and passed
hrough 2 mm sieve before use in pot experiments. The compost
hich was made from poultry manure and chaff and matured for
months was obtained from The Biological Engineering Company

f Wuhan, China. The compost was air-dried and ground to pass
.149 mm sieve for subsequent analysis. The pH of soil and compost
as measured using 1:2.5 (w/v) soil/water ratio. Organic matter
as analyzed by potassium dichromate oxidation and titration with

errous ammonium sulphate [21]. Soil and compost samples were
igested by H2SO4 [21]. The total N and P were measured by FIAs-
ar 5000. Available N was determined by NaOH pervasion method.
vailable P was determined by NaHCO3 method. Available K was
nalyzed by AAS (Varian AA240FS) after extraction with NH4OAc.
ome chemical characteristics of soil and compost are listed in
able 1.

.2. Pot experiment

The experiment was conducted in greenhouse. The soil was
reated with four levels of Cd (0, 2, 10 and 50 mg kg−1 soil)
sing CdCl2 solution. The Cd-treated samples were subsequently
mended with compost at four rates (0, 30, 60 and 120 mg kg−1

f compost). The soil samples treated with compost and Cd were
horoughly mixed, watered and placed for 2 days in order to get to

he equilibration of Cd between compost and soil. The soil was then
ransferred to plastic pots (13 cm × 12 cm) and each pot contained
kg soil. Treatments were arranged in a completely randomized
esign with four replicates per treatment. The treated soils were
aintained at 60% water holding capacity with distilled water.

3

I
a

able 2
equential extraction of Cd in soil (according to Sposito et al. [22])

teps Fractionation Expression Reagent

Soluble/exchangeable KNO3 0.5 mol
Organic-bound NaOH 0.5 mol
Inorganic precipitates EDTA 0.05 mo
Residual HNO3 4 mol l−
ailable P (mg kg ) Available K (g kg ) OM (g kg ) Total Cd (mg kg )

.47 0.04 2.96 0.17

.42 1.07 272.7 0.75

wenty seeds of winter wheat (Triticum aestivum L.) were sown
n each pot and after germination the seedlings were thinned to
en per pot. Soil moisture content was maintained at 60% of field
apacity during the germination period and it was adjusted to field
apacity after thinning. Wheat was harvested 4 months after sow-
ng.

Wheat seeds and stems were dried at 65 ◦C for 48 h. The dry
eights of seeds were recorded, and the seeds and stems were

round using a stainless steel grinder. Soil samples were collected
rom each pot after harvesting, air-dried and ground to pass 2 mm
ieve for subsequent analysis.

.3. Total Cd and fractionation of Cd in soils

The plant materials were digested with concentrated nitric acid
nd Cd was determined by graphite-furnace atomic absorption
pectrometry (AAS). Total soil Cd was extracted using aqua regia
nd determined by AAS (Varian AA240FS).

Fractionations of soil Cd were obtained according to the sequen-
ial extraction scheme described by Sposito et al. [22]. A brief
ummary of the procedure is presented in Table 2.

.4. Statistical analysis

The data sets were analyzed using the ANOVA procedure of SPSS
nd differences between means were determined using least sig-
ificant difference (LSD) test.

. Results

.1. Soil chemical properties

Soil pH, organic matter (OM) and total P in the absence and
resence of compost are shown in Table 3. For all Cd-treated soils,
oil pH increased by 0.5–1.2 units after compost application. In
eneral, compost-amended soils resulted in significantly (p < 0.05)
igher OM and total P contents compared with the soils without
ompost. With the increase of compost application in Cd treated
oils, the content of OM and total P increased by 0.2–1.9 and
.2–3.2 times, respectively, comparing to compost 0 soils. Marked
ifferences (p < 0.05) for OM and total P was also found among
ompost-amended soils. Apparently, compost addition increased
oil pH values and the content of OM and total P.
.2. Cadmium fractions in soils

The amount of Cd in different soil fractions is presented in Fig. 1.
n Cd 0 soils, Cd content in all fractions was below 0.25 mg kg−1

nd no significant influence was observed for compost application

Soil:solution ratio Experiment condition

l−1 KNO3 1:10 (w/v) Shake 16 h at 20 ◦C
l−1 NaOH 1:10 (w/v) Shake 16 h at 20 ◦C
l l−1 Na2EDTA 1:10 (w/v) Shake 6 h at 20 ◦C
1 HNO3 1:10 (w/v) Shake 16 h at 89 ◦C
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Table 3
Soil pH, organic matter and total P after compost amendments

Cd treatments
(mg kg−1)

Compost
amendments
(g kg−1)

pH Organic matter
(g kg−1)

Total P
(mg kg−1)

0 0 5.95 3.2hijka 0.44gh
30 6.71 4.55fg 0.53g
60 7.39 7.4c 1.34bc

120 7.44 9.33a 1.49b

2 0 6.17 3.19hijk 0.44gh
30 6.78 3.87ghij 0.80e
60 7.28 6.37d 0.98d

120 7.31 9.1a 1.69a

10 0 6.17 3.19hijk 0.34h
30 6.92 4.1gh 0.64f
60 7.32 6.14de 1.03d

120 7.35 8.31b 1.49b

50 0 6.09 2.84ik 0.40h
30 6.60 3.87gh 0.65f
60 7.21 5.23ef 0.87e

120 7.38 7.6bc 1.68b

aMeans with the same letters (a–k) within a column are not significantly different
(p < 0.05).

Fig. 1. The amount of Cd fractions in soils treated with Cd and compost by sequential
extraction scheme.

F
a

o
s
c
i
e
C
C
p
w
f
I
2
a
7
b
a
i
n
r
O
o
s
i

3

2
3
6
2
C
t
5
p
a
s
m
s

t
p
w
r
o

ig. 2. The dry matter yield of winter wheat (Triticum aestivum L.) seeds at various
mount of chicken manure compost application.

n the distribution of various fractions of Cd. For Cd 2 soils, sub-
tantial changes were observed in terms of Cd fractions exerted by
ompost. The amount of soluble/exchangeable Cd was 1.34 mg kg−1

n the absence of compost. It lowered to 0.16 mg kg−1 in the pres-
nce of compost 30. No further decrease of soluble/exchangeable
d was observed for compost 60 and 120 soils. Organic-bound
d increased steadily from 0.28 to 0.68 mg kg−1 and inorganic
recipitates Cd increased remarkably from 0.05 to 0.88 mg kg−1

ith increasing amount of compost addition. No significant dif-
erence was found for residual Cd with compost application.
n Cd 10 and 50 soils, soluble/exchangeable Cd was 6.39 and
0.66 mg kg−1 without compost, respectively. Compost 30, 60
nd 120 decreased the amount of soluble/exchangeable Cd by
1.8–95.7%. Increases by 0.9–7.8 times were found for organic-
ound Cd in these high level Cd-treated soils after compost
pplication. About 0.6–1.5 times increases were also detected for
norganic precipitates as a result of compost applications. No sig-
ificant differences were observed for inorganic precipitates and
esidual Cd among compost 30, 60 and 120 in Cd 10 and 50 soils.
verall, with increasing rate of compost addition to soil, the amount
f soluble/exchangeable Cd decreased considerably in Cd treated
oils, whereas organic-bound, inorganic precipitates content were
ncreased accordingly.

.3. Plant growth

Fig. 2 shows that in Cd 0 soils, the wheat seed yields was
.98 g pot−1 without compost, and it increased by 1.73, 2.44 and
.34 times for compost 30, 60 and 120, respectively. Compost 30,
0 and 120 in Cd 2 soils improved wheat seed yield by 1.14, 1.8 and
.34 times, respectively. There was almost no wheat seed yield in
d 10 and 50 soils without compost. Compost application increased
he wheat seed yields from 7.17 to 12.4 g/pot for Cd 10 soils and from
.59 to 8.73 g/pot for Cd 50 soils. These results indicate that com-
ost amendments increased significantly the wheat seed yield for
ll Cd treated soils. For high Cd-treated soils, the increase of wheat
eed yield was more evident by compost amendments, showing
ore significant ameliorations of compost in heavily polluted Cd

oils.
Plant height of wheat was also affected by compost in all Cd
reated soils (Table 4). The wheat plant height was taller in the
resence than in the absence of compost. No significant differences
ere found for plant height among compost 30, 60 and 120. These

esults show obviously the beneficial effects of compost on weight
f thousand seeds and plant height in Cd treated soils.
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Table 4
Plant height and Cd concentration in wheat (Triticum aestivum L.) tissues

Soil Cd level
(mg kg−1)

Compost treatments
(g kg−1)

Plant height
(cm)

Cd concentration (mg kg−1 dw)

Seed Stem

0 0 44.75fa 0.17h 0.18h
30 69ab 0.13h 0.34h
60 63.75bcd 0.13h 0.4h

120 63bcd 0.1h 0.8h

2 0 62cd 2.2e 16.8f
30 74a 1.48f 7.34g
60 72.75a 1.08fg 4.23gh

120 67.5abc 0.85g 1.83h

10 0 35.5f – 58.84c
30 69ab 7.02b 34.9d
60 67.25abc 4.57c 24.66e

120 59.25d 3.5d 16.98f

50 0 32.25f – 116.18a
30 62.75bcd 9.58a 65.63b
60 62.5bcd 6.6b 58.21c
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120 57.5d 4.62c 54.58c

Means with the same letters (a–h) within a column are not significantly different
p < 0.05).

.4. Cd uptake by plant

The concentration of Cd in winter wheat seeds and stems was
isted in Table 4. In Cd 0 soils, no significant changes of Cd content

ere observed for wheat seeds and stems after compost applica-
ion. In Cd 2 soils, Cd concentration decreased by 33–61.4% in wheat
eeds and by 56.3–89.1% in wheat stems with increasing compost
pplication. In Cd 10 and 50 soils, compost 120 resulted in a more
han 50% lower Cd concentration in wheat seeds than that of com-
ost 30. For wheat stems, Cd content decreased by 40.5–71.2% in
d 10 soils for compost 30, 60 and 120. In Cd 50 soils, compost 30
ecreased Cd content in wheat stems by nearly 50% and increas-

ng amount of compost application (60 and 120) resulted in further
ecrease in Cd concentration. The concentration of Cd in wheat
eeds and stems was the lowest for the amendment of compost
20. These data reveal that addition of compost into Cd-treated
oils decreased significantly Cd concentration in wheat seeds and
tems, the effect being more pronounced at higher soil Cd levels.

. Discussions

Our results show the promotive effect of compost application
n the seed yield of wheat grown in Cd-polluted soils. The uptake
f Cd by wheat seeds and stems decreased substantially after com-
ost amendments in these soils. The decreasing effect of compost
n Cd accumulation by plants was more remarkable at higher soil
d levels. The alleviating effect of compost on the toxicity of Cd
o wheat could be assigned to the redistribution of Cd species in
oils affected by compost. Compost application resulted in decrease
f soluble/exchangeable Cd by 71.8–95.7% and increased organic-
ound and inorganic precipitates Cd by 0.4–18.4 times. These
bservations suggest that soluble/exchangeable Cd was converted
o organic-bound and inorganic precipitates forms. The conversion
f bioavailable Cd species to inert ones is vital in governing the
ptake of Cd by plants and the phytotoxicity of the element. Several
echanisms may explain the transformation of Cd species in soils.

irstly, the pH of Cd-treated soils without compost increased from

.95 to 7.44 in compost 120. Increase of soil pH may facilitate the
dsorption of Cd on various soil binding sites, thus decreasing the
artition of Cd to soil solution [23–25]. Secondly, the high P content
f the compost (Table 1) probably contributed to the immobiliza-
aterials 163 (2009) 563–567

ion of Cd in soil. With increasing amount of compost application,
norganic precipitates Cd increased by 0.6–1.5 times, suggesting
hat a large proportion of soil mobile Cd may react with inor-
anic phosphorous compounds to form insoluble precipitates and
ecrease the availability of Cd. In highly metal-contaminated soils,
recipitation as metal phosphates can play a major role in metal

mmobilization. The release of phosphates, carbonates and other
alts mineralized from organic matter may form insoluble metal
ompounds and limit metal solubility which ultimately increase the
roportion of inorganic precipitates Cd [9,26,27]. In an experiment
ith compost and fresh cow manure, Walker et al. [10] suggested

hat changes in soil pH and the presence of phosphorus and inor-
anic salts could contribute more to the change in heavy metal
raction in soil than the nature and the humification degree of OM.
hirdly, the increase of soil organic matter (OM) following compost
pplication is responsible for the increment of organic bound Cd
n soils. Thus, some heavy metals may change from soluble and
xchangeable forms to fractions associated with organic matter.
n the present study, the concentration of soil OM in Cd-polluted
oils increased by 0.2–1.9 times after compost application (Table 3),
nd the organic bound Cd increased by 0.4–7.8 times accordingly.
rganic materials provide a large number of non-specific and spe-
ific sorption sites for metals from which they may be difficult to
isplace [15]. The redistribution of Cd was strongly influenced by
oil pH, organic matter, total P content, which in turn was influ-
nced by compost application.

. Conclusions

Addition of compost was effective in reducing Cd uptake by
heat seeds and stems, and increasing wheat growth in Cd-treated

oils. The alleviating effect of compost on the phytotoxicity of
d was mainly assigned to the redistribution of labile soil Cd.
ompost amendments resulted in more than 70% lower of solu-
le/exchangeable Cd in soils. The remediation effect of compost on
d-contaminated soil was influenced by the amount of compost
ddition and soil Cd level. Therefore compost amendment of Cd-
olluted soil not only reduced the uptake of Cd by wheat seeds
nd stems, but also improved the performance of crops. It can be
afely and effectively used for the restoration of Cd-contaminated
oils.
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