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ABSTRACT: Four soils, phaeozem (PM), saline-alkali soil (SA), meadow albic bleached soil (MA) and dark brown
forest soil (DB) from Northeast China were used to examine the sorption and desorption characteristics of Cd and pH
influence on it. According to sorption experiment without pH control, the order of amount of absorbed Cd by soils was:
SA>PM>DB>MA. The results from non-linear fitting method showed that Langmuir and Freundrich models were more
adaptable than Temkin model in describing the sorption data. The maximum sorption amounts from Langmuir model
were: PM>SA>MA>DB. Exponential equation for PM and SA and quadratic equation for MA and DB were suitable to
fit the desorption data. The order of average desorption percentage was: MA>DB>PM>SA. The amounts of sorption by
PM, DB and MA reached the maximum in pH 9.0, while sorption by SA was linearly increased in the experimental
range of pH 3.3-11.4. In uniform pH, however, Cd sorption by SA was the minimum among four soils, which indicat-
ed that the more amounts of Cd absorbed by SA in isotherm sorption were ascribed to the higher soil pH. The higher
sorption of Cd in PM resulted from the higher percentage of organic matter and clay components.
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1 INTRODUCTION

As a persistent and toxic pollutant, cadmium (Cd) can
result in many adverse health effects in a variety of tis-
sues and organs such as the lung, kidney, urinary, blad-
der, pancreas, breast and prostate (SATARUG et al.,
2003). Cadmium in soil transferring into edible parts of
plant by root uptake can be accumulated in human bod-
ies via food chain. Accordingly, reducing the cadmium
uptake by roots has been one of the focuses of environ-
mental science. Sorption and desorption are the most
important chemical processes affecting the distribution
of cadmium between the solid and the solution phases
and the bioavailability of cadmium (HOLM e: al.,
1996). The sorption process is strongly affected by soil
chemical and physical properties. For different soils, Cd
sorption is significantly different due to different soil
properties (CHEN, 1988).

Northeast China, one of the most important agricul-
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tural regions in China, has a traditional predominance in
foodstuff-production and export of corn for a long time.
But, as a heavy industry base in the past, the soil in
Northeast China has been contaminated by heavy metal
(GUO et al., 2005; YU et al., 2002), especially cadmi-
um pollution (GUO and ZHOU, 2004). Furthermore,
Cd contamination of agricultural soil due to industrial
sludges, sewage waste, usage of fertilizers, pesticides,
and atmospheric deposition has still potentially adverse
effects on the quality and safety of food in Northeast
China. Many studies on the sorption and desorption of
Cd by soils have been carried out. However, there are
few studies on Cd sorption and desorption by the agri-
cultural soil in Northeast China and their comparison.
The present study was conducted to investigate and ana-
lyze sorption and desorption characteristics of Cd by
four typical agricultural soils in Northeast China, with
the aim of providing scientific foundation for prevention
of Cd contamination.
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2 MATERIALS AND METHODS

2.1 Soil

The four soil samples used in this study were phaeozem
(PM), saline-alkali soil (SA), meadow albic bleached
soil (MA) and dark brown forest soil (DB) taken from
Changchun, Baicheng, Dunhua of Jilin Province and
Tongjiang of Heilongjiang Province, respectively. They
were all important agricultural soils in Northeast China.
The samples from 0-20cm of the topsoil layer were
dried in air and sieved to 1mm for determining soil
properties. Then, soil samples from several soil types
were again sieved to 0.3mm for determination of sorp-
tion characteristics. Soil chemical properties were mea-
sured by using the method recommended by LU (1999).
The soil properties are listed in Table 1.
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2.2 Sorption Isotherms

Cd sorption by each soil type was determined by a batch
equilibrium experiment. Soil samples of 1g were weigh-
ed and put into 50mL-plastic centrifuge tubes contain-
ing 0.4 08 16 24 4.0 6.4 9.6 16.0 32mg/L of
CdCl,, respectively. lonic strength in the soil suspension
was adjusted to 0.01M by NaNO;. The ratio of soil-wa-
ter was 1:40. Soil suspension was shaken for 12h at
254 °C in a shaker bath, and then equilibrated 6h to en-
sure sorption equilibrium (WANG et al., 2001). Sam-
ples were centrifuged at 5000rpm for 10min and the Cd
concentration in supernatant was determined. Amount
of Cd adsorbed by the soils was calculated from the dif-
ference between the initial and final concentrations of
metals in the equilibrium solution.

Table 1 Physical and chemical properties of selected soils

pH Organic CEC Particle size (%) Total Cd
0 mg/k

matter (%) - (cmol/kg) 1.00-0.05mm  0.050-0002mm <0.002mm OO

Phaeozem (PM) 6.8 3.84 29.04 1.91 34.33 63.76 0.042
Saline-alkali soil (SA) 9.7 1.45 26.22 35.36 40.08 24.56 0.039
Meadow albic bleached soil (MA) 6.6 3.99 28.08 3.94 39.36 56.70 0.068
Dark brown forest soil (DB) 6.2 4.48 22.50 25.10 28.47 46.44 0.060

2.3 Desorption recovery of Cd was 89.24%. Results of determination in

The soil residue from isotherm sorption experiment was
washed by distill water (25ml for each time), which was
conducted three times until there was no Cd in the solu-
tion. And 25mL of 1M NaNQ; solution was added in
the residue after washed and shaken for 12h at 2541°C
in shaker bath and centrifuged for 10min for determin-
ing Cd concentration.

2.4 Influence of pH

pH of the solution was adjusted by either 1M NaOH or
1M HNO; solutions. Cd concentration and ionic
strength in the solution were adjusted to a same concen-
tration of 10mg/L and 0.01M for each tube, respective-
ly. After shaken for 12h and equilibrated 6h, soil sus-
pension was centrifuged and the pH and Cd concentra-
tion in the supernatant were determined.

2.5 Determination of Cd

Some soil samples were digested in mixture of HNO:-
HF-HCIO,. Cd concentrations of both soils and solu-
tions were determined by inductively coupled plasma
spectrometry (ICPS-7500, Shimadzu, Japan). Accuracy
of the Cd analysis was checked by comparison with cer-
tified standard soil samples GBW07401 (GSS-1). The

reference materials are in the certified range.
3 RESULTS AND DISCUSSION

3.1 Characteristics of Sorption Isotherm

The sorption of Cd on each soil type increased with the
increasing of equilibrating concentration. But there
were differences among four soils (Fig. 1). SA had the
highest sorption amount and absorbed Cd increased lin-
early in the range of added Cd concentration. PM
showed the same trend, but Cd amount absorbed by PM
was lower than that of SA. Cd sorption by MA and DB
increased significantly at the low equilibrium concen-
tration. However, with the increase of Cd concentration,
the isotherms of DB and MA gradually reached sorption
plateaus, indicating that the sorption by two soils was
close to the maximum. On average, SA with its alkaline
nature had the highest sorption, followed by PM, DB
and MA. According to previous studies (ANDERSON
and CHRISTENSEN, 1988; CHRISTENSEN, 1989),
pH was the most important factor that affects Cd sorp-
tion by soil. Clay minerals, oxides and organic matter
played a key role in sorption of Cd. Soil pH was the
first control factor in Cd mobility because pH influ-
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Fig. 1 Isothermal curves of Cd absorbed
by four soils in Northeast China

enced the availability of ligands in the solution. When
soil pH increased, the sorption of Cd by soils was ele-
vated significantly (ABOLLINO et al., 2003). The pH
of SA was the highest in four soils, so pH may be the
key factor of highest amount of Cd absorbed by SA.

It was noticeable that no significant difference was
observed between PM and DB when added Cd concen-
tration was low. However, in higher Cd concentration,
Cd amount absorbed by PM was far more than that by
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DB. It was shown that PM had a higher potential in Cd
sorption than DB. The phenomenon above may ascribe
to high proportion of clay minerals in PM. The surface
charge density of soil particles affected sorption of Cd.
The 2:1 clay minerals can absorb more Cd due to its
higher CEC (NAIDU e al., 1997).

The most common Langmuir, Freundlich and Temkin
models were applied to describing the sorption data.

Langmuir: Y=X k X, /(1+£X) Q)
Frendrich: Y=k XY 2)
Temkin: Y=a+k logX 3)

where, Y is Cd amount absorbed by the soils (mg/kg),
X is Cd concentration in equilibrium solution (mg/L),
and X,, is the adsorption maximum. The % and « denote
constants of equations.

A non-linear fitting method using Levenberg-Mar-
quardt (LM) arithmetic from Microcal Origin 7.0 was
conducted to fit the sorption data. Compared with the
linear fit method, it is more reliable because there are no
transforms of isotherms (CHU et al., 2003; ZHANG et
al., 2004). The results were listed in Table 2.

Table 2 Non-linear fitting parameters of Langmuir, Freundrich and Temkin models for Cd
sorption by the four soils in Northeast China

Soil Langmuir Freundrich Temkin

type X k X k a X k a X
PM 1.749 0.039 2.5E-4 0.075 1.256 4.4E-4 0.127 0.129 1.1E-2
SA 1.204 0.103 1.5E-3 0.137 1.579 5.0E-4 0.120 0.231 1.0E-2
MA 0.943 0.053 2.4E-4 0.061 1.427 4.0E-4 0.097 0.088 4.4E-3
DB 0.644 0.135 2.1E-4 0.096 1.841 1.0E-3 0.088 0.128 3.2E-3

As shown in Table 2, all three models fitted well the
data. But according to x? Langmuir and Freundrich
models with the minor x? values were more suitable
than Temkin model to describe the Cd sorption by four
soils (Table 2). According to X,, given by Langmuir
model, the order of Cd maximum sorption by four soils
was: PM>SA>MA>DB. Some studies have reported
that organic matter affected greatly the process of Cd
sorption by soils (KOOPAL et al., 2001). The many
negatively charged functional groups on humic sub-
stances served as binding sites for positively charged
metals, such as Cd (WEBER, 1988). SAUVE et al.
(2000) reviewed and compiled data from more than 70
study papers and found from multiple linear regression
analysis that soil organic matter following pH as the
second component significantly affected the Cd sorp-
tion. Moreover, soils with more clay minerals can ab-
sorb more Cd (AUTIER and WHITE, 2004). The
largest amount of Cd absorbed by PM contributed to the
high proportion of clay. minerals . (63.76%).and organic

matter (3.84%).

In Freundrich equation, £ was a measurement of ca-
pacity of adsorption, representing the proportion to the
equilibrium constant of ions sorption and « could be
considered as a measurement of the intensity of adsorp-
tion force (LIN and XUE, 1991). However « in the e-
quation showed a negative influence on amount of Cd
absorbed. Table 2 illustrated the order of a: DB>SA>
MA>PM and the order of £: SA> DB>PM>MA.

3.2 Desorption Characteristics

The sorption of metal ions in soils can be classified into
two parts: electric sorption  (non-specific sorption) and
specific sorption. Cd?* that absorbed by the soil particles
could be replaced by Na*, K* and Ca?* from the soil solid
phase and entered into the solution again (WU, 1985).
The more the amount of Cd were replaced by NaNO;,
the less the stabilization of Cd absorbed by the soil
solid. Desorbed Cd showed more availability to plant in
Cd-contaminated soils.
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With the increase of soil Cd sorption amount, Cd
desorbed in the soils was significantly increased (Fig.
2). Through fitting the four curves with a non-linear fit-
ting method, it was found that exponential equation was
suitable for PM and SA and quadratic equation was suit-
able for MA and DB, respectively. The equations were
as follows (R*>0.998):
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Fig. 2 Desorption curves of Cd on four
soils in Northeast China

PM: Y=-12.5737+12.4386exp

(X/434.0872) @)
SA: Y=-0.3309+0.6662exp(X/225.2513) (5)
MA: Y=T7E-05X%0.0406X+0.1682 (6)
DB: Y=5E-05X?+0.0416X-0.2013 @)

where Y (mg/kg) is the amount of desorbed Cd and X
(mg/kg) is the amount of absorbed Cd before desorbed.

Unlike the sorption isotherms, desorption curves for
DB and MA were higher than PM and SA. It suggested
that the proportions of specific sorption in MA and DB
were less than those in PM and SA, and Cd absorbed by
MA and DB were easy to be desorbed. On average, the
order of the amount of desorbed Cd for four soils was:
PM>DB ~MA>SA. The greater amount of desorbed Cd
by PM was due to the more Cd amount absorbed.

For all four soils, electric sorption had a small per-
centage (lessthan 10%) (Fig. 3). The order of average
desorption percentage was: MA>DB>PM>SA, which
was contrary to the result of isotherm experiment.
Therefore, the conclusion can be given that Cd was easi-
er to be adsorbed by PM and SA, and more difficult to be
desorbed. Cd in DB and MA had more bioavailability
than in PM and SA. Interestingly, desorption percentage
of Cd for four soils was decreased initially and increased
afterwards. It may be that the less absorbed Cd under
condition of low desorbed Cd resulted in higher relative
percentage and absolute amount of desorbed Cd in-
creased under condition of high Cd absorbed. But the
mechanism of soil sorption and desorption needed to be
studied further,
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Fig. 3 Desorption percentage of Cd on
four soils in Northeast China

3.3 Influence of pH on Cd Sorption

It can be seen that Cd absorbed by four soils increased
sharply with increase of pH from 3.6 to 11.4 (Fig. 4).
The amounts of Cd absorbed by PM, SA, MA and DB
were elevated by 306.9%, 431.7%, 332.7% and 315.4%
in the range of pH 3.3-11.4, respectively, which was
accordance to many previous studies (SAUVE et al.,
2000; ALTIN et al., 1999). The process of specific
sorption of Cd in soil colloid particle surfaces was ac-
companied by releasing of H* and it can be accelerated
in a high pH environment. Cd absorbed by PM, MA and
DB reached the highest amount at pH of approximately
9.0, and then reduced with the increase of pH. But the
amount of Cd absorbed by SA increased linearly in all
range of pH 4-12.
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Fig. 4 Effects of pH on Cd absorbed by
four soils in Northeast China

It was noticeable that unlike the isotherm sorption, the
quantity of Cd absorbed by SA was the minimum a-
mong four soils under the same pH. This phenomenon
further proved that the more amount of Cd absorbed by
SA in isotherm sorption condition was due to the higher
pH of SA.

4 CONCLUSIONS

In isotherm sorption experiment, the order of amounts
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of absorbed Cd by soils was: SA>PM>DB>MA. The re-
sult of non-linear fitting showed that Langmuir and Fre-
undrich models were suitable in describing the sorption
data. The maximum sorption amount from Langmuir
model in four soils was: PM>SA>MA>DB.

Exponential equation for PM and SA and quadratic e-
quation for MA and DB were suitable to fit the desorp-
tion data. The order of average desorption percentage in
four soils was: MA>DB>PM>SA. Cd was easier to be
adsorbed by PM and SA, and more difficult to be des-
orbed. Cd in DB and MA had more bioavailability than
that in PM and SA.

Cd absorbed by four soils was sharply increased with
the increase of pH. The amount of Cd absorbed by SA
was the minimum among four soils under the same pH.
It proved that the more amount of Cd absorbed by SA in
isotherm sorption experiment was due to the higher pH
of SA.
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