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Abstract
Purpose Soil contamination with heavy metals, such as Cd and Pb, has caused severe health and environmental risks all over the
world. Possible eco-friendly solutions for Cd and Pb immobilization were required to reduce its mobility through various cost-
effective amendments.
Materials and methods A laboratory incubation study was conducted to assess the efficiency of biochar (BC), zeolite (ZE), and
rock phosphate (RP) as passivators for the stabilization of Cd and Pb in paddy soil as well as soil microbial biomass. Various
extraction techniques were carried out: a sequential extraction procedure, the European Community Bureau of Reference (BCR),
toxicity characteristic leaching procedure (TCLP) test, and single extraction with CaCl2. The impact of passivators on soil pH,
dissolved organic carbon (DOC), and microbial biomass (carbon, nitrogen, and phosphorus) was examined in the metal con-
taminated soil.
Results and discussion The results showed that the exchangeable portion of Cd in soil was significantly reduced by 34.8, 21.6,
and 18.8% with ZE, RP, and BC at a 3% application rate, respectively. A similar tendency of reduction in Pb soluble portion was
observed by ZE (9.6%), RP (20%), and BC (21.4%) at a 3% application rate. Moreover, the TCLP leachate of Cd and Pb was
apparently reduced by 17 and 30.3% with BC at a 3% application dose, respectively, when compared to the control. Soil pH,
nutrients, and microbial biomass C, N, and P were significantly increased with the addition of BC, RP, and ZE passivators.
Conclusions The results showed that the incorporation of BC, ZE, and RP significantly reduced the Cd and Pb mobility in paddy
soil as well as enhanced soil nutrients and microbial biomass. Overall, among all the amendments, rice straw derived-BC
performed better for Cd and Pb immobilization in paddy soil.
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1 Introduction

The rapid industrial development, in favor of urbanization, has
caused the excessive release of potentially toxic pollutants

into the environment. The pollutants include heavy metals
which are highly toxic, persistent, and cannot be easily de-
graded into simple compounds (Bogusz et al. 2015). A dis-
charge of toxic heavy metals, for instance, cadmium (Cd) and
lead (Pb), is a cause of global environmental problem. They
are easy to be transferred into the food chain and ultimately
pose a threat to human beings (Kumari et al. 2014). The ex-
cessive use of Cd and Pb in modern industries such as mining,
smelting, and fertilizer and pesticides production is the direct
or indirect discharge of their effluents into the environment,
which causes contamination in soil and groundwater (Bogusz
et al. 2015). These industrial activities are necessary for the
growth of civilization; therefore, the amelioration of Cd and
Pb co-contaminated soil is an important task to reduce their
mobility within the soil. For this purpose, various remediation

Responsible editor: Yong Sik Ok

* Hongqing Hu
hqhu@mail.hzau.edu.cn

1 Key Laboratory of Arable Land Conservation (Middle and Lower
Reaches of Yangtse River), Ministry of Agriculture, College of
Resources and Environment, Huazhong Agricultural University,
Wuhan 430070, China

2 Department of Soil Science & SWC, PMAS-Arid Agriculture
University, Rawalpindi, Pakistan

Journal of Soils and Sediments (2018) 18:2948–2959
https://doi.org/10.1007/s11368-018-1981-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s11368-018-1981-8&domain=pdf
mailto:hqhu@mail.hzau.edu.cn


techniques have been performed, such as (physical and chem-
ical approaches and phytoextraction) (Kumpiene et al. 2008).
On the other side, in situ remediation option has exerted a
substantial attention now in these days, due to low-cost
remediating agents through various mechanisms (i.e., precip-
itation, adsorption, and co-precipitation) with chemical
amendments (Ahmad et al. 2017).

Immobilization of heavy metal with alkaline and mineral
amendments is also a promising technique for in situ remedi-
ation due to long-term stabilization and cost-effective applica-
bility (Ok et al. 2011). Recently, the use of several organic
(compost, plant residues, and biochar) and inorganic (clay
minerals and phosphate) fertilizers has been shown to be ex-
cellent amendments for soil (Bashir et al. 2018a, b). Biochar
(BC) is a carbonaceous alkaline material that is usually de-
rived from organic biomass under pyrolysis at high tempera-
tures in the absence of oxygen (O2) (Lehmann et al. 2011;
Bashir et al. 2018a). Biochar can ameliorate the toxicity of
heavy metals and also improves soil quality (Ahmad et al.
2017; Hussain et al. 2017; Herath et al. 2017). Compared to
the several organic amendments, BC is a novel remediating
approach and considered a cost-effective amendment to reme-
diate heavy metal pollution (Frišták et al. 2015). Application
of BC can increase soil microbial growth, activities, and com-
munity composition that in turn can affect nutrient cycling,
plant growth, and greenhouse gas emission, as well as soil
organic carbon mineralization (Lehmann et al. 2011; Bashir
et al. 2018a). Biochar incorporation into soil could increase
organic matter mineralization and C sequestration as well as
increase microbial biomass (Zhou et al. 2017).

The chemical amendment like zeolite (ZE) belongs to an
aluminosilicate mineral family that has high adsorptive ability
for anions and other molecules due to its high CEC (Inglezakis
et al. 2002). Oste et al. (2002) and Bashir et al. (2018b) indi-
cated that in situ chemical immobilization of heavy metal
mainly Cd by zeolite is a good technique to stabilize metals
in the polluted soils. Moreover, they suggested that the addi-
tion of zeolite could increase heavy metal immobilization
through adsorption and ion exchange mechanism. The previ-
ous study reported that the addition of zeolite to a polluted soil
could reduce heavy metal mobility, increased soil microbial
activity, litter decomposition, and basal respiration (Kiikilä
et al. 2001).

Among the alkaline amendments, phosphate minerals es-
pecially, rock phosphate (RP) can significantly reduce heavy
metal mobility in soil (Islam et al. 2010). The application of
rock phosphate as a P source to contaminated soils has the
ability to reduce the toxicity of potential elements and thereby,
increase carbon and phosphorus turnover by increasing their
transformation and mineralization (Li et al. 2015). In addition,
P source amendments have a noticeable effect on soil pH,
which can also influence microbial growth (Li et al. 2015).
However, direct evidence for the transfer of available C and

nutrients from biochar and P source amendments to microor-
ganisms is still lacking, but they mainly provide a natural
habitat to microorganisms due to their porous structure and
excessive release of nutrients (Kolb et al. 2009; Lehmann et al.
2011). The most likely mechanism involved is the significant
increment of C and P mineralization which directly increases
substrate for soil microbial growth (Kolb et al. 2009; Huang
et al. 2016).

The environment-friendly reuse of industrial byproducts
and valuable amendments in the agriculture is well considered
as a sound substitute for both environmentally and economi-
cally. Recently, there is an increasing demand for novel and
cost-effective amendments to use them as soil passivators for
heavy metal remediation in contaminated soils (Ok et al.
2011). Shaheen et al. (2015) examined the effectiveness of
variety of low-cost alkaline amendments as well as clay min-
erals to eliminate exchangeable toxic elements from polluted
soils and water.

However, various remediating agents, while economical
and environmentally friendly, have not been broadly used
for Cd and Pb in acidic paddy contaminated soils. The increas-
ing demand for newly, friendly, and applicable methods to-
wards the immobilization of multi-contaminated soil has led
to being a progressive evolution of organic and inorganic ma-
terials having the high adsorptive capacity. Many findings
have been focused for heavymetal immobilization with chem-
ical agents. In the current study, comparative effect of organic
and inorganic immobilizing materials such as biochar, natural
zeolite, and rock phosphate for geochemical fractionation of
Cd and Pb in paddy polluted soil was observed. Moreover,
their efficiency on microbial biomass and nutrient status in
metal contaminated soil was also measured.

2 Materials and methods

2.1 Soil collection and characterization

The soil used in this study was collected at 0–20 cm depth
from a paddy field beside a Pb mining area located in
Linxiang city, Hunan Province, China. Stones, plant residues,
and earthworms were detached from soil samples and then
mixed to get a composite sample. The soil was then trans-
ferred to the laboratory, where the samples were air-dried for
2 weeks and ground to pass through a 2-mm mesh size.
Selected physico-chemical properties of pre-experimental soil
were analyzed before the onset of the experiment. A pHmeter
(Mettler Toledo Delta 320) and EC meter (DDS-307A) were
used for pH and ECmeasurement, respectively (Shaaban et al.
2013). Organic matter content was determined using wet ox-
idation with H2SO4·K2Cr2O7 (Lu 2000). Soil textural analysis
was performed using the pipette method (Gee et al. 1986), and
soil cation exchange capacity (CEC) was determined by
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ammonium acetate method at pH 7. Soil macro elements such
as N, P, and K were determined by Lu (2000). Soil total metal
contents of Cd and Pb were determined using atomic adsorp-
tion spectrophotometer (AAS), after digesting with anHCl–
HNO3–HClO4 mixture. The selected physical and chemical
properties of soil were as follows: silt 48%, clay 16% and sand
36%, pH 5.9, organic matter 40.6 g kg−1, and CEC 8.65 cmol
(+) kg−1. The total Cd and Pb contents in the studied soil were
4.9 and 1073 mg kg−1, respectively.

2.2 Biochar production and other passivators

Rice straw samples were collected from the experimental sta-
tion of Huazhong Agricultural University, Wuhan, China, af-
ter harvest of the rice crop. Rice straw was washed, cleaned,
and air-dried for 2 weeks and then chopped to pass through a
10-mm mesh sieve. Rice straw was placed in a porcelain cru-
cible, covered with an air tight lid before pyrolysis under lim-
ited oxygen conditions at 500 °C for 2 h, and then prepared as
described previously by Yuan et al. (2011). The temperature
was raised with 20 °C per minute and kept constant at 500 °C
for 2 h and then the product (biochar) was cooled at room
temperature and ground to pass through 60 mesh size (0.25-
mm pore size). The selected basic biochar properties were as
follows: BET-SA 39 m2 g−1, yield 47%, ash contents 49%, C
54% and N 1.6%, PO4

−3 8.02 mg g−1, CO3
−2 10.3 mg g−1,

Ca2+ 9.69 mg g−1, Mg2+ 2.32 mg g−1. The surface area of BC
was determined by BET method at 77 K using an (Autosorb-
1, Quantachrome, USA). Natural rock phosphate and zeolite
were used, obtained from a local company Zhongxiang Ltd.,
Hubei Wuhan, Province, China. Zeolite has the following
properties such as CEC (40 cmol kg−1), surface area
20 m2 g−1, CaO 4.5%, and SiO2 69%.

2.3 Incubation study

Incubation experiment was conducted in plastic beakers
with each beaker containing 200 g of air-dried naturally
contaminated paddy soil. The experiment was statistically
arranged with seven treatments and three replications as
follows: (1) control (CK), (2) rice straw (BC) 1.5%, (3) rice
straw (BC) 3%, (4) zeolite (ZE) 1.5%, (5) zeolite (ZE) 3%,
(6) rock phosphate (RP) 1.5%, and (7) rock phosphate (RP)
3% (w/w). Biochar, zeolite, and rock phosphate were ap-
plied to soils at 1.5 and 3%, respectively, and mixed thor-
oughly. All soil samples were incubated for 3 months while
maintaining 70% (w/v) moisture at 25 °C. The beakers were
covered with plastic lids, each of which contained a hole to
reduce gaseous exchange and water loss. After an incuba-
tion period, the moist soil was collected from each experi-
mental unit for soil biochemical analysis and the remaining
soil was air-dried and ground to pass through 0.054-mm
sieve for further chemical analysis.

2.4 BCR sequential extraction

Metal partitioning was determined according to the European
Community Bureau of Reference (BCR) sequential extraction
method (Rauret et al. 1999) which was described in detail by
Rizwan et al. (2016). Briefly, step 1—acid-soluble fraction;
20 ml of acetic acid (0.11 M L−1) was added into in a 50-ml
polyvinyl centrifuge tube already containing 0.5 g soil, and
then shaken for 16 h to reach equilibrium. After that, the
suspension was centrifuged at 4000 revolutions per minute
(rpm) for 20 min. The supernatant was stored at 4 °C for further
analysis. The soil pellet was washed with distilled water and
used for further extraction (reducible fraction). Step 2—subse-
quently, 20 ml of 0.1 M hydroxylamine hydrochloride (acidi-
fied at pH 2) for Fe/Mn-bound metal fraction was added in the
residual soil pellet of step 1, and then shaken and centrifuged
and the filtrate was stored at 4 °C. The soil pellet was washed
with distilled water and used for further extraction. Step 3—the
water used that washed the remaining soil residue in step 2 was
carefully used in the third step (oxidizable proportion). Five
milliliters of 30% (m/v) H2O2 was added into soil pellet and
allowed standing for 1 h at 85 °C onwater bath. Another 5ml of
30% (m/v) H2O2 was used to digest sample at 85 °C. Then, the
soil was extracted with 25 ml of 1 M of ammonium acetate at
pH 2 as described in step 1. After the third step, residual washed
and air-dried soil was digested with the mixture of (3:1) HCl–
HNO3 acids to extract the final residual fraction. After diges-
tion, samples were diluted to make 25 ml volume and analyzed
for Cd and Pb using atomic absorption spectrophotometer (AA-
240FS Varian, USA).

2.5 Solubility and bioavailability of Cd and Pb

The solubility product of Cd and Pb was estimated from each
experimental unit by toxicity characteristic leaching procedure
(TCLP) methodUSEPA 1311 (USEPA 1992). Briefly, 1.0 g of
test soil was taken in a 50-ml centrifuge tube and extracted
with 20 ml of un-buffered glacial acetic acid solution
(pH 2.88) for 18 h.

Similarly, the CaCl2 extractable soil Cd and Pb concentra-
tion were determined after the incubation study as described
by Houben et al. (2013). Briefly, 2.00-g test soil sample was
extracted with 20 ml of 0.01 M CaCl2 in 50-ml centrifuge
plastic tubes and then shaken on an orbital shaker for 2 h at
25 °C. Then, Cd and Pb concentration in the extract was
determined using AAS.

2.6 Soil microbial biomass C, N, and P

Soil microbial biomass was estimated after fumigation extrac-
tion method (Wu et al. 1990). Briefly, 10 g of fumigated and
non-fumigated soil was extracted with 50 ml 0.5 M K2SO4

solution and then filtered through 0.45 membrane filter paper.
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Total organic carbon and nitrogen in the extracts were ana-
lyzed using an automatic TOC analyzer (Shimadzu Corp.
Japan). Soil microbial biomass was calculated using the fol-
lowing equations. Soil microbial biomass carbon
(mg kg−1) = (CF − CNF) × 0.45, microbial biomass N (mg
kg−1) = (NF − NNF) × 0.54 (Brookes et al. 1985), and microbi-
al biomass P (mg kg−1) = (PF − PNF) × 0.4 (Brookes et al.
1982). Similarly, soil dissolved organic carbon (DOC) was
extracted from 5 g moist soil with an addition of 25 ml dis-
tilled water and shaken for 1 h. after shaking samples were
centrifuged and filtered through 0.45 membrane filter paper.
The water soluble concentration was determined by using a
TOC analyzer (Shimadzu Corp. Japan).

2.7 Statistical analysis

The results of the soil heavy metal extraction techniques were
expressed as standard deviation (SD) and means. One-way
analysis of variance (ANOVA) and Duncan’s multiple range
tests (p < 0.05) were used to analyze the data. All statistical
analyses were performed using Microsoft Office Excel 2013.

3 Results

3.1 Amendment effect on soil pH

The efficiency of passivators on soil pH after 90-day incuba-
tion is presented in Fig. 1. The soil pH increased significantly
(p < 0.05) with the addition of amendments. Addition of rock
phosphate and biochar increased soil pH and higher values
with RP application. Soil pH reached to 6.6 to 6.9 in 1.5 and
3% RP-treated soil, while 6.3 to 6.6 in 1.5 and 3% BC-treated
soil, respectively. There was not any significant change in soil
pH when soil was treated with zeolite.

3.2 BCR fraction of soil Cd and Pb

To understand the effect of passivators on Cd and Pb, among
their geochemical distribution is presented in Figs. 2 and 3.
The exchangeable metal concentrations prominently de-
creased with the addition of biochar, rock phosphate, and ze-
olite. The extent of reduction in metal solubility was different
among three metals and chemical amendments. The acid-
soluble contents of metals were significantly decreased with
the addition of BC and higher reduction with an increase in
application dose from 1.5 to 3% in multi-contaminated soil.
Application of rice straw BC dramatically reduced the acid-
soluble Cd (27.5–34.8%) and Pb (13.6–21.4%), respectively,
when compared to the control soil (Figs. 2 and 3). The max-
imum portions of these metals transformed into reducible
phase because of BC addition. The proportion of Cd and Pb
in reducible phase was increased by 6.5 and 11.74%, respec-
tively, in BC at 3% application rate as compared to control.
However, the residual portion of all three metals significantly
increased with the incorporation of biochar. Particularly, the
biochar-amended soil presented prominent increase in the re-
sidual portion of Cd and Pb by 52.8–72.92% and 53–65.3%
with 1.5 and 3% application rate, respectively, as compared to
control.

The addition of zeolite significantly (p < 0.05) decreased
exchangeable Cd concentration by 9–19%, but increased from
33.8 to 55.5% in most stable residual form relative to the
control soil. The exchangeable Pb also decreased (6.3–9.5%)
in zeolite-treated soil, but on the contrary, its residual fraction
increased by 20.9–42% as compared to control.

Application of rock phosphate (either 1.5 or 3%) signifi-
cantly (p < 0.05) decreased exchangeable form of Cd and Pb
concentrations from 17.4 to 21.6% and 12.6 to 20%, respec-
tively, when compared to the control. The residual portion of
Cd and Pb was increased in soil with the following order of
amendments: BC > RP > ZE > control.
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3.3 TCLP and CaCl2 extractable Cd and Pb

ThecontentsofTCLPextractableCdandPbintreatedanduntreated
soil are shown in Figs. 4 and 5. The concentration of Cd and Pb in
TCLP extract was significantly (p< 0.05) increased with the in-
creasing rate ofBC,RP, andZEamendments. Specifically, biochar
prominently reduced the leachability ofCd andPb in the soil about
14.7–16.9% and 24.8–30%, respectively, as compared to the con-
trol. In thesameway,rockphosphatealsoreducedtheconcentration
of leachableCdandPb from7.4 to9.27%and14.6 to21%, respec-
tively. However, the application of zeolite was comparatively less
effective in reduction of TCLP extractable Cd and Pb as compared
to other amendments. Overall, our results suggested that biochar
significantly decreased the concentration of Cd and Pb in TCLP
extract. In general, the following amendments’ order played a key
role in the reduction of leachable Cd and Pb: BC > RP > ZE >
control.

The CaCl2 extractable Cd and Pb were also decreased among
all theamendments (Figs.6and7).Thegreater reductionoccurred

inbiochar-treated soil.TheapplicationofBCat1.5and3%signif-
icantly decreased Cd by 28–32% and Pb by 33.6–40.4%, respec-
tively,whencomparedto thecontrol.Asimilar trendwasobserved
with the addition of RP at 1.5 and 3%which reduced Cd by 24–
27% and Pb 26.3–28.86%, respectively, over control. However,
ZE offered a slight reduction in Cd by 20.5–23% and Pb 17.24–
21.58% at 1.5 and 3% application rate, respectively.

3.4 Amendment effect on DOC and nutrients

The significant (p < 0.05) effect of amendments on dissolved
organic carbon in incubation study is shown in Fig. 8. Soil
DOC was increased among all the amendments and their ap-
plication rates when compared to control. DOC was increased
by 54.6, 26.8, and 28.4% for BC-, ZE-, and RP-amended soil,
respectively, at 3% application rate, over control.

The significant (< 0.05) changes in soil available nutrient N, P,
andKcontentsamongall theamendmentsandtheirapplicationrate
inpaddyacid soils are shown inTable1.Thegreater increase in soil
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N,P, andKwasobservedat3%application rateofBC,ZE,andRP.
The obvious increase in available soil N contents by 27, 12.6, and
11.6% for BC-, ZE-, and RP-amended soil as compared to control
wasobserved.Thesimilar tendencywasobservedforavailablePby
40, 16.23, and 25% for BC-, ZE-, and RP-amended, respectively,
over control soil. Compared to the control, soil available K was
increased by 84, 18.4, and 10.13% for BC-, ZE-, and RP-
amended soil, respectively.

3.5 Soil microbial biomass

The effect of amendments on soil microbial biomass in incubat-
ed soil is shown in Table 2. The results showed that after 90-day
incubation period, the soil microbial biomass carbon (Cmic) was
significantly (p < 0.05) increased by the increasing rate of BC,
RP, and ZE. The highest soil Cmic was observed about 63.25,
23.21, and 21.11% for BC-, RP-, and ZE- amended soil, respec-
tively, at 3% application rate as compared to the control.

Similarly, soil microbial biomass phosphorous (Pmic) was in-
creased by 28.7 and 47.5% for BC- and RP-amended soil at 3%
application rate as compared to untreated soil. Conversely, the
slight incrementwas alsoobserved inZE-treated soil as compared
to the control after the incubation period. The similar tendency
was observed for soil microbial biomass nitrogen (Nmic) by the
application of BC, ZE, and RP. Particularly, soil Nmic was in-
creasedby65,43, and49.7%forBC-,RP-, andZE-amended soil,
respectively, at 3% application rate as compared to the control.

4 Discussion

4.1 Effect of amendments on soil pH and metal
fractions

The application of alkaline amendments to metal contaminat-
ed soils is an emerging solution for in situ heavy metal
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immobilization in acidic soils (Lu et al. 2014). All the amend-
ments except zeolite showed significant increment in soil pH
due to their liming effect and higher alkalinity (Zhu et al.
2004; Lu et al. 2014). Generally, BC contains plenty of Ca+,
Mg+, and K+ which replaces H+ in the soil solution and in-
creases soil pH (Houben et al. 2013). During pyrolysis of
organic substance at elevated temperature, biochar surface re-
sults in generation of hydroxides, carbonates, a wide variety of
functional groups, and high mineral ash contents causing the
liming effect which might induce the increment in soil pH
(Yuan et al. 2011). Similarly, RP has low surface area but
has high pH and Ca+ contents due to the presence of the
greater amount of calcium carbonates and phosphate ions in
RP, which could increase soil pH and promote metal phos-
phate through precipitation (Zhu et al. 2008). The hydrolysis
and dissolution of these alkaline substances could increase soil
pH and induce Cd precipitation as CdCO3 and Pb as Pb5

(PO4)3OH (Zhu et al. 2008; Cao et al. 2011; Bashir et al.
2018c). However, zeolite belongs to the alumino-silicate fam-
ily, it has high CEC and surface area, due to these properties,
zeolite might be able to trap metal ions in its structure and
enhance isomorphic substitution (Oste et al. 2002; Wen et al.
2016).

Soil pH has a significant effect on immobilization of heavy
metals. The concentrations of Cd and Pb, which were obtained
by sequential extraction of BCR, were obviously changed by
the addition of amendments. The application of biochar sig-
nificantly enhanced soil pH, which could change the soil Cd
and Pb concentration from acid-soluble fraction to reducible,
oxidizable, and more stabilized residual form. Soil pH had a
prominent effect on heavy metal speciation, due to their dis-
solution and precipitation and providing modified pH-
dependent charges on soil organic matter (Adriano et al.
2004). Compared to the control, acid-soluble Cd
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concentration prominently reduced up to 34.8% with the in-
creasing rate of BC at 3%, which was consistent with the
results of Shaheen and Rinklebe (2015) as they demonstrated
that the reduction of Cd (4–60%) and Pb (6–87%) solubility
occurred within corporation of biochar in co-contaminated
soil. A recent study reported by Naggar et al. (2018) found
that the application of rice hull-derived biochar significantly
reduced Cd, Zn, Cu, and Ni soluble portion when compared to
non-treated biochar soil. It is important to mention in our
results the highest concentration of Cd and Pb in reducible
and oxidizable portion, which might be pointed out the heavy
metal precipitation with Fe and Mn ions or complexed with
soil organic matter after biochar addition into contaminated
soil (Mohamed et al. 2015; Rizwan et al. 2016). A recent study
reported by Cui et al. (2016) found that addition of wheat
straw biochar showed remarkable increment in reducible and
oxidizable portion of Cd and Pb in paddy soil. The increase in
oxidizable and residual fractions of Cd and Pb not only due to
surface functional groups (hydroxyl, carboxylic, phenolic) but
also might resulted because of precipitation with CO2

−3 and
PO3

−4 on biochar surface (Bashir et al. 2018c). According to
our findings, biochar significantly increased residual portion
of Cd and Pb as compared to the control soil. These were in
consistence with those of Park et al. (2011) as they found that
incorporation of green waste-derived biochar prominently

increased the sum of organic-bound and residual fractions of
Cd about 9.39–25.0%.

Another mechanism of heavy metal reduction might be the
adsorption and surface complexation of Cd and Pb with bio-
char surface functional groups (Jiang et al. 2012; Bashir et al.
2018c). It can be demonstrated that addition of biochar in
contaminated soil induces affinity for metal cations adsorption
on its surface. Biochar has micro porous structure, high CEC,
plenty of surface functional groups, and highest C/O ratio as
well as lower zeta potential that plays an important role to
increase surface adsorption, which might be the reasons for
heavy metal stabilization in highly polluted soils (Jiang et al.
2012).

The acid-soluble Cd and Pb concentration decreased with
increasing RP and ZE mineral amendments. In our present
study, results were attributed that high concentration of Cd
and Pb decreased from their soluble fraction and easily trans-
formed into less available portion. The addition of RP in-
creased soil pH, which might dissociate metal ions and pro-
mote the formation of metal phosphate. These results were in
accordance with those of Zhu et al. (2004), who concluded
that application of RP into soil increased soil pH due to the
highest amount of CaCO3, which could induce dissolution of
heavy metals and promote metal phosphate complex forma-
tion. It can be demonstrated that addition of RP could increase
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Fig. 8 Amendment effect on
dissolved organic carbon (DOC).
Treatments: control (CK), biochar
(BC), zeolite (ZE), and rock
phosphate (RP). Error bars are the
SD of the means (n = 3), and
different letters indicate that
values are significantly different
(p < 0.05)

Table 1 Effect of amendments on
soil available nutrients (mg kg−1)
and organic matter (OM). Values
are the mean (n = 3). Different
letters indicate that values are
significantly different at p < 0.05.
Treatments: CK, control; BC, rice
straw biochar; ZE, zeolite; RP,
rock phosphate

Treatment Available N (mg kg−1) Available P (mg kg−1) Available K (mg kg−1) OM (g/kg)

CK 133.0d (0.4) 14.2d (0.8) 8.9d (0.6) 44.72c (0.65)

BC 1.5% 157.5b (0.9) 18.7c (1.1) 37.5b (1.0) 48.23b (0.3)

BC 3% 182.4a (0.57) 21.7b (0.4) 55.5a (0.73) 54.33a (0.2)

ZE 1.5% 141.8cd (0.64) 15.0d (0.7) 10.2cd (0.45) 46.40bc (0.2)

ZE 3% 152.3bc (0.49) 15.9c (0.2) 10.9c (0.58) 47.16bc (0.3)

RP 1.5% 142.8cd (0.71) 19.9b (0.4) 8.9d (0.58) 46.70bc (0.8)

RP 3% 150.5bc (0.42) 23.1a (0.4) 9.9cd (0.72) 48.38b (0.76)
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soil pH (Fig. 1) that enables to reduce heavy metal mobility or
the exchangeable portion of metals (Figs. 2 and 3), which
might enhance the precipitation of Cd and Pb with oxides,
carbonates, and phosphates (Bolan et al. 2014).

The addition of natural zeolite to the soil also changed the
metal fractionation. The acid-soluble fraction of Cd and Pb
were decreased significantly (p < 0.05) by increasing ZE ap-
plication rate, which resulted in the reduction of metal toxicity.
Similarly, results were suggested by Wen et al. (2016) as they
indicated that ZE was the best stabilization option for Cd
removal about 26.7% in acid soluble as well as showed pos-
itive trend to enhance reducible and residual fraction of Cu,
Zn, and Pb by decreasing their soluble fraction. Zhang et al.
(2016) also confirmed that ZE addition caused an increase in
soil porosity as well as the surface area that were the main
reasons for ZE ability to increase heavy metal adsorption.

4.2 Effect of amendments on Cd and Pb solubility

The addition of BC, RP, and ZE greatly declined TCLP
extractable Cd and Pb either with 1.5 or 3% application
rate. The greater decline in TCLP extractable Cd and Pb
in the studied soil might result in the considerable raise in
soil pH (Fig. 1). Earlier research has also demonstrated that
TCLP extractable Cd, Pb, Cu, and Zn were markedly
lowered with biochar application to contaminated soil
and higher reduction was observed with increasing biochar
application rate (Lu et al. 2014).

The decrease in concentration of TCLP extractable Pb was
relatively higher as compared to Cd in biochar-amended soil,
which might be resulted from the precipitation of Pb into Pb
phosphate mineral. Our results were in line with the findings
of Xu et al. (2013) as they examined that the immobilization
of Pb was more as compared to Cd due to the precipitation
with PO4

−3 or CO3
−2 ions on biochar surface instead of com-

plexation with surface functional groups or delocalized by π-
electron. Liang et al. (2014) also reported that biochar appli-
cation prominently reduces the leaching of Cd, Pb, and Zn

about 98.1 and 62.7%, in TCLP and CaCl2 extraction. They
stated that the increase in soil pH following biochar incorpo-
ration could be one of the main reasons for the reduction of
heavy metal mobility.

The TCLP extract of Cd and Pb were slightly decreased
with increasing amount of RP. This might be due to the high
surface area or adsorption sites on rock phosphate for Cd and
Pb. A similar finding was observed in the previous study
reported by Liang et al. (2011) indicating that the application
of phosphate fertilizers with sepiolite decreased Cd about
51.9% and Pb 55.3% in the contaminated soil. Similar results
were described by Cao and Harris (2010), who also confirmed
the reduction in TCLP leachate of Pb by the application of
rock phosphate; moreover, this reduction was below the limit
about 5 mg L−1 set by USEPA. Application of natural ZE to
highly metal contaminated soil resulted the reduction in metal
solubility and leaching concentration with increasing applica-
tion dose. There are two major factors, pH and CEC, that
affect ZE ability to stabilize heavy metals (Oste et al. 2002).
In addition to the increase in soil pH, efficient binding sites on
the ZE surface also contribute to immobilizing heavy metals.
The results are in line with Oste et al. (2002) as they indicated
that ZE application effectively provided binding sites for
heavy metal stabilization because of low proton competition
in soil, and provides better response towards Cd and Pb
stabilization.

4.3 Amendment effect on soil biochemical properties

Application of alkaline amendments such as biochar, zeolite,
and rock phosphate has the significant effect on soil organic
matter that may play vital role to increase soil nutrient status.
In the present study, we assumed that addition of biochar into
acidic soil could ameliorate the acidity of soil and increase
carbon sequestration in soil that may have the ability to reduce
carbon dioxide release and increase organic matter contents in
soils (Lehmann et al. 2011; Lu et al. 2014). In the present
study, we could suggest that the significant increment in soil
nutrient might be possible due to the dissolution of biochar
organic carbon and mineral elements. When biochar was in-
corporated into the moist soil, the desorption of several cat-
ions, anions, and organic compounds could take place
(Lehmann et al. 2011), which may have the ability to improve
nutrient status, soil microbial dynamic, and increased organic
matter decomposition in soil.

Chemical amendments including zeolite and rock phos-
phate also have influence on soil nutrient status as compared
to control. The increment in soil pHmight reduce the presence
of Fe and Al ions in soil solution and improved soil P, N, and
K availability. Particularly, a zeolite has an anhydrous
tectosilicate structure, due to this, it can easily alter nutrient
status and water retention due to isomorphic substitution and
CEC property. Several previous studies have confirmed that

Table 2 Effect of amendments on microbial biomass in Cd and Pb
contaminated soil. Values are the mean (n = 3). Different letters indicate
that values are significantly different at p < 0.05. Treatments: CK, control;
BC, rice straw biochar; ZE, zeolite; RP, rock phosphate

Treatment MBC (mg kg−1) MBN (mg kg−1) MBP (mg kg−1)

CK 101.43e (0.3) 30.39d (0.28) 25.69d (0.5)

BC 1.5% 171.54b (0.28) 56.32b (0.5) 32.08c (0.54)

BC 3% 275.27a (0.65) 63.33a (0.3) 37.13b (0.3)

ZE 1.5% 105.27de (0.47) 31.58cd (0.7) 24.95d (0.23)

ZE 3% 128.57c (0.34) 34.55cd (0.51) 25.69d (0.4)

RP 1.5% 118.28cd (0.53) 34.56cd (0.53) 34.31bc (0.62)

RP 3% 132.10c (0.62) 38.47c (0.5) 48.94a (0.45)
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zeolite addition could improve soil nutrient status as well as
soil quality and plant growth by improving pH of acidic soils
(Oste et al. 2002; Querol et al. 2006). It could demonstrate that
application of RP with other chemical fertilizers exerted sig-
nificant influence of soil organic carbon and available P and
also induce significant changes in biochemical activities
(Meena and Biswas 2015). Similar results were observed by
Zin et al. (2005) indicating that RP has the ability to induce
significant changes in soil pH, which cause increment in soil
nutrient status and CEC.

Soil microorganisms play a vital role in terrestrial ecosys-
tems because they facilitate nutrient cycling, organic matter
disintegration, soil fertility, and productivity (Murrieta et al.
2006). In the present study, the differences in soil microbial
biomass carbon, phosphorus, and nitrogen were observed
among all amendments in Cd and Pb contaminated soil.
According to our results, soil microbial biomass decreased
significantly in metal contaminated soil, which might be due
to an unfavorable environmental condition for microbes.

Application of biochar significantly increased soil microbi-
al biomass carbon (MBC). The increase in soil MBC was
possibly accomplished due to the liable fraction of organic
carbon added through biochar, which might promote soil mi-
crobial activity. It has been reported that addition of biochar
enhances carbon contents and nutrient release in soil, which
provides energy source for soil microorganisms. The higher
MBC in biochar-amended soil is supported by Lehmann et al.
(2011) as they reported that biochar addition to soil increased
microbial biomass C. This was attributed to macro and micro
porous structure, excessive nutrient, and carbon contents of
biochar, which provide a suitable microorganism’s habitat.
According to our previous study (Bashir et al. 2018a), it was
described that addition of biochar as a carbon source could
increase C and N mineralization in soil, which might provide
substrate for microorganisms in polluted soil. Stewart et al.
(2013) observed similar results as they reported that addition
of biochar in acidic soils increased soil pH and enhanced soil
carbon decomposition rate as well as soil aeration because of
sufficient oxygen supply. Similar results were observed by
Zhou et al. (2017) concluding that biochar was a very stable
source of carbon that has high efficiency for C sequestration in
soil. Moreover, they explained that biochar additions with
crop residues also influence on nitrogen mineralization and
reduce nitrogen loss by increasing 25% net nitrogen and car-
bon in soil.

The application of minerals in the heavy metal polluted
soils has the strongest influence on soil microbial processes,
such as substrate generation, nutrient acquirement, and bio-
film formation as well as cell adhesion (Brown et al. 2008).
The release of essential nutrients, i.e., C, N, P, and Fe from
mineral surface, could promote the nutrient status and micro-
bial activity by enhancing substrate and mineralization as well
as reduce the toxicity of heavy metals and organic compounds

(Vaughan et al. 2002). According to our obtained findings, the
application of clay mineral especially ZE addition might pro-
mote microbial activity as well as enhance the soil organic
matter mineralization process, because clay mineral reduces
heavy metal mobility towards microbes (Usman et al. 2004).
Our results suggested that addition of ZE significantly reduced
heavy metal mobility in soil which might be the effective
reason to promote organic matter degradation and mineraliza-
tion as well as enhance litter decomposition.

Application of RP to metal contaminated acidic soil
showed considerable increase in microbial activity and
promising increase in carbon as well as nutrient cycle. In our
results, we found a positive effect of RP application in metal
contaminated soil by increasing microbial biomass
phosphorus. According to obtained findings, application of
RP into acidic soil might increase soil pH and liable pool of
P, which indicated that its application might increase
phosphorus use efficiency in soil and enhance microbial P
due to mineralization of native carbon and P pool in soil.
These results are aligned with those of Huang et al. (2016)
as they indicated that addition of high dose of phosphorus
could increase dissolved organic carbon and P availability in
soil, which promotes microbial biomass due to significant
increase in soil pH. Similar results were observed with those
of Meena and Biswas (2015), who examined that application
of rock phosphate enriched with compost at 5 t ha−1 specifi-
cally increase microbial biomass P (MBP) about 5.62 and
4.28 mg kg−1 soil.

5 Conclusions

The effects of three passivators (biochar, zeolite, and rock
phosphate) on Cd and Pb immobilization in polluted soil were
observed using BCR, TCLP, and CaCl2 extraction techniques.
Among all the amendments, RP was the most efficient at
increasing the soil pH. Increasing the BC application rates
was considered to be a more efficient passivator to stabilize
Cd and Pb in co-contaminated soil because BC resulted in a
large reduction in the acid-soluble portion of Cd and Pb and
induce significant increase in residual portion. Overall, the
order followed by the impact of amendments on the immobi-
lization of Cd and Pb in contaminated soil was therefore BC >
RP > ZE. Biochar also has the potential to decrease the leach-
ability and availability of Cd and Pb in soil. Moreover, the
maximum soil microbial biomass was also observed with BC
amendment as compared to RP and ZE passivators.

Based on our results, the addition of biochar to Cd and Pb
polluted soil could be more effective in enhancing the percent-
age of Cd and Pb removal from polluted soil under acidic
conditions. Furthermore, the immobilization of Cd and Pb
by these applied amendments in heavy metal polluted soils
need to be evaluated under field conditions.
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