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Abstract: Malaysian soils dominantly fall (about 75%) into the Ultisol and Oxisol Orders in Soil Taxo Th .

II
idi f 0 d . . II f . bl h . nomy. ese soils are

genera y aCI IC, pH 0 4.0-5. an con tam essenna Y 0 vana e c arge minerals, namely sesquioxide d k I"
h I

. .... F s an ao mite thus
ave ow cation exchange capacity or cations retention capacity. actors controlling heavy metals reactio d bili . '

h
. . d hese narameters wi ns an mo I ity mt e soil system are pH, CEC, redox potential, etc. an t ese parameters will be exploited in the manageme t f h. d '1 di h . d I" . . n 0 eavy metals

contaminate SOl s. Amongst the reme ration tee ruques opte are irnmg, m-situ chemical stabilization' .. . . bunch and ri usmg agricultural
wastes converted to biochars such as oil palm empty fruit unch and nee husk biochars and industrial b d, . .' ' y-pro ucts such as
red gypsum, coal fly ash and water treatment residue, to be applied as soil amendments.
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1. Introduction

From our earlier work undertaken to study the heavy metals distribution in agricultural soil f. f C N' b 01 S 0
Malaysia (Zarcinas et aI., 2004), concentratIOns 0 0, I, P and Zn in the soils were str I
correlated with soils concentrations of AI and Fe, which suggest evidence of background variaOt~gy

Ch
. I d . Ions

due to changes in soil -mneralogy romlU~ was c~rre a~e. With pH and EC, Na, Sand Ca
suggesting association with acid sulphate soil ~nd s~I1 salinity .components, while Hg was not
correlated with any of these components, suggestIng diffuse pollution by aerial deposition. Arse .. . I bl d . mc,
Cd, Cu were strongly associated. With a.qua-re~Ja so u .e an .avall~ble P, and organic matter
suggesting these metals are associated WIth agrIcultural inputs In agricultural fertilisers and '1

I
., SOl

organic amendments. This indicates heavy meta contammatlOn to the majority of agricultural soil .
Peninsular Malaysia is due to anthropogenic activi.ty (possibly ~dded in fertilizers, wastes, pestici~e~~
effluents or atmospheric sources) that may pose a risk to the environment or human health.

The application of biochar to soil may also improve the sorption capacity of trace elements or hea
metals in soil. This carbonaceous prod~ct was r~ported to have many functional groups with hi;
surface areas, which are likely related to ItSpotential to act as an adsorbent.. Heavy metal incorporation
in the soil is controlled by adsorption processes, such as s~rface complexation and ionic exchange, but
other mechanisms such as precipitation are likely. to con.trlbute to ~etal retention in the soil (Sastre et
a!., 2006). Adsorption is defined as the accumulatIOn o.f IOnsat th~ mter~ace between a solid phase and
an aqueous phase. Adsorption isotherms hav~ been widely used In s~dles on adsorption phenomena,
supplying numerical parameters that provide mformatlOn on the retention cap~city .and intensity of the
metal by the soil (Casagrande et aI., 2?08). Th.e advantage of these equa~lOns IS that they can be
applied to adsorption of any ions and gIves straIghtforward pa~ameters whlc~ can be related to soil
properties. A number of studies have also demonstrated that biochar has a hl?h capacity to adsorb
pollutants in contaminated soils (Beesley et al. 2011; Yua~ and Xu, 2011). ~lOchar can stabilize the
heavy metals in the contaminated soils, improve the quality of the contaminated soil and has a

significant reduction in crop uptake of heavy metals.

In many cases, a byproduct may not be ide~1by itself for land application. Through co-~~ilization of

b d t products
that are agronomIcally useful may result. The benefits of co-utIlIzation may

ypro uc s, more .' . d' .
I
'n I d t' t balance reduction of tOXInSor contamInants, Improve mOIsture content, Improved
cue nu nen, ..' ffi I" bT' .economic value, and improved soil condItIOnIng de ects. b~l~sltu Immo. I IzatlO~ IS a cost-effective

h h I d pll
'ed amendments are use to sta I Ize contamInants vIa adsorption and/or

approac were an -ap . . b'l (Ad' ..., t' that render the contammant Immo I e nano, 1986). Numerous morganic
precIpitatIOn reac IOns h dr 'd b I

d such
clays AIIFe/Mn oxides and y OXI es may e and applied to metal

amen ment as , bT N d th .c ntaminated soil as means of reducing metal mo I Ity. owa ays, ere IS pressure on waste
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management managers to find ways to convert wastes into resources instead of sending them to the
landfill. Amongst the mineral wastes recommended for in-situ immobilization of heavy metals are red
gypsum, coal fly ash and drinking water treatment residues. There has also been report that
combination of mineral byproducts with biosolids or organic materials is in fact a more viable option
than applying the byproducts singly for soil fertility improvement for crop production.

2. Liming

In Malaysia, liming is the most common management practice used to overcome the problems
associated with soil acidification. Most plants grow well at a pH range of 5.5-6.5 and liming is aimed
to maintain the pH at this range. The main purpose of liming is to reduce aluminium toxicity in highly
weathered acidic tropical soil, but at the same time, this practice can help reduce heavy metals
availability to plants via precipitation process. In a study on an Oxisol grown with cocoa, the
application of lime at 2 t ha' reduced soil solution Mn concentration in the 0-15 em layer from 27 to
12 ~M after 3 months (Shamshuddin et aI., 1991).

3. Biochar

In term of remediation of heavy metal contaminated soils through their retention in th soil system,
biochar has been considered to be potentially effective. Biochar is a fine-grained charcoal-like material
produced through pyrolysis, which is heating of biomass to temperature of 300-600 °C under air
deprived conditions. Through pyrolysis, the feedstock changes chemically to form structures that are
more resistant to microbial degradation than the original material.

Utilization of biochar as a soil amendment has attracted great interest globally due to the apparent
benefits to soil fertility and plant growth as well as the potential to store or sequester C in the soil
system. It has been reported that activated carbon, which is a subset of biochar, had been used as a
substrate to inprove the adsorption of heavy metals such as mercury, a process which is termed as
chemisorption. The mechanism of heavy metal retention in soil by biochar can be categorized as
physical or chemical in nature. The physical aspects deal more with filtering mechanism of the heavy
metal due to its structure or size by the pore size of the biochar. It is important to characterize the pore
size distribution of biochar, the percentage of macropore, mesopore, nanopore, because the type of
pores dictate the extent of liquid-solid adsorption processes.

In Malaysia, a pilot scale biochar manufacturing plant using a modern engineering system has been
built by Universiti Putra Malaysia (UPM), in collaboration with a private company (Nasmech
Technology Sdn. Bhd.). The plant was built to produce biochar from oil palm empty fruit bunches
(EFB) and is capable of producing 20 t ofbiochar daily. Additionally, biochar derived from rice husks
has been produced commercially in Malaysia to avert wastage of large quantities of rice husks (RH). It
is reported that 97,980 million tonnes of rice husk was produced annually during the processing in the
mills (Bernas Sdn. Bhd.).

The surface morphology of biochar samples was observed under Jeol JSM-6400 scanning electron
microscope. Figure I shows that EFB biochar possesses uniform pores and smooth wall surfaces with
maximal 20 urn in diameter. Small particle-like ashes were found scattered on the surface area of EFB
biochar as observed in Figure Ia. In comparison, the pores on rice husk biochar are not well-shaped
with diminished tructure of pores (Figure Ib). Small pores on the rough rice husk biochar surface was
observed a shown in Figure 2. Pyrolysis temperature can attribute to the pore formation and
destruction on biochar. When low temperature was applied, the biochar cell structure and arrangement
was found similar to the cell structure and arrangement of the original bioma (Pavithra, 2011). The
stack of biochar cells and pores were arranged accordingly and well- haped a found in the EM
image of EFB biochar. However, as the temperature increa e, the pore ize become enlarged and the
wall between adjacent pore were de troyed (Zhang et aI., 2004), which explained the dimini h pore
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on rice husk biochar. The lack of biochar structure also might be due to the volatilization process
during the biochar production.

From the observation on the SEM images, both biochar generally exhibit macropores with internal
diameter size of 10 urn, The macroporosity (>50 nm) of biochars are relevant for soil aeration and
water movement (Troeh and Thomps?n, ~005). Mac~opores also facilitate the root movement through
the soil and act as habitats for the SOIlmicrobes (Saito and Muramoto, 2002). Hence, biochar has the
potential to improve soil physical properties such as soil water retention and porosity. Basso et al.
(2013) reported the addition of biochar .on sandy loam soil increased the water- holding capacity by
23% compared to the non-amended soil. Glaser et al. (2002) also found the increase of soil field
capacity with the increase of char surface area and porous structure. The macropores are also
important as feeder pores to transport adsorbate molecules to the meso- and micropores.

A mixture of meso- and micropores were also present on EFB and rice husk biochar surface. The
micropores of biochar make the greatest contribution to total surface area, hence responsible for the
high adsorption capacities of molecules (Rouquerol et aI., 1999). Mesopores are also of importance for
many liquid-solid adsorption processes, as reported by Lua et aI., (2004), on pistachio-nut shells. Thus,
based on the EFB and rice husk biochar structural surface, they have the potential to sorb metal and
metalloid to reduce the mobility of these trace elements in soil.

Figure 1. SEM image of EFB biochar at 1000 x magnification

. h k bi char at (a)1500 and (b) 1000 x magnification
Figure 2. SEM image office us 10
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The Brunauer, Emmett and teller (BET) surface area of biochar indicates the physical changes of
biomass during the pyrolysis process. The surface area depends largely upon the carbon (C) mass
removed during the processing, creating pores in the materials (Zabaniotou et al., 2008). The sorption
ability of biochar can be determined from its surface area, where high surface area will increase the
sorption capacity. Surface area and porosity of EFB and rice husk biochar are presented in Table I.

Table 1: BET surface area and porosity of biochars

Biochar
BET surface area

(m2/g)
Pore volume

(crrr'zg)
Pore surface
area (m2/g)

Average pore
diameter (nm)

EFB
Rice husk

46.32
23.22

0.01
0.01

0.61
1.41

3.85
4.34

Biochar produced from EFB had a larger surface area than RH biochar. The higher surfaces area of
EFB biochar may indicate the adsorption capacity of heavy metals compared to RH biochar. In general,
biochar surface areas can be influenced by biochar's micropore volume, choice of feedstock and
pyrolysis processing condition (Boateng et al., 2007). The micropore volume of EFa biochar was
found to be same as RH biochar (~0.01 cm3/ g). Internal surface area of biochar which represent pore
on the inner wall resulted from interior crack was referred to as micropore area. Meanwhile, the
average pore diameter for both biochar are in the range of mesopores diameters, with the internal pore
width between 2 to 50 nm. This indicates the potential of adsorption capacity EFB biochar and RH
biochar in liquid-solid adsorption (Bagreev et al., 2001).

The adsorption isotherm data were fitted to the Langmuir's adsorption model. Table 2 shows the
values of adsorption isotherm parameters for EFB biochar and RH biochar. The maximum adsorption
capacity (qrn ofEFB biochar for As was 0.424 mg g-I, which is higher than RH biochar (0.352 mg g"
I). Similar trend was found on qmaxof Cd with the values of 15.15 and 3.19 mg g-I, for EFB biochar
and RH biochar, respectively. The parameter b is related to the affinity of the binding sites, which
allows comparisons of the affinity of biochar toward the metal(loid) ions. EFB biochar had a higher
affinity for As than did RH biochar. In contrast, the binding affinity (b) of Cd for RH biochar is higher
than EFB biochar. There are several factors attributed to sorption mechanism of trace elements with
addition of biochar, of which the most important are pH and CEC (Kumpiene et aI., 2008). The
alkaline properties ofbiochars increased the solution pH, which induced metal immobilization through
metal precipitation and decreases metal solubility (Rees et aI., 2013). Value of R2 shows correlation or
linear relationship, whereas the relationship become more linear when the value is closer to 1. The
high correlation coefficient values (R2) which ranged from 0.98 to 0.99 indicate that the Langmuir
isotherm best fitted the experimental data.

Table 2: Sorption isotherm obtained by fitting the data with the Langmuir isotherms for
the EFB biochar and RH biochar

Heavy Langmuir model
Biochar metal qmax b R2

(mg g-I) (L mg-I)

EFB
As 0.4240 0.7299 0.9890

Cd 15.1515 0.1142 0.9921

RH
As 0.3522 0.0248 0.9823

Cd 3.190 0.6920 0.99 4
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Samsuri et al. (2013) reported coating the biochar~ w_ithFe (III) greatly increased their adsorption
capacities for both As (IJI) and As (V). The results indicate that the commercially produced EFB and
RH from Malaysia have good potentials to be used as adsorbents for As (III) from aqueous solutions.
Furthermore, coating the EFB ad RH with Fe (III) increased their adsorption capacities for both As
(Ill) and As (V) making the biochars more effective as adsorbents for both As (III) and As (V).

Soil solution study of incubated arsenic-rich Histosol amended with biochar was conducted to evaluate
the effects of EFB biochar and RH.biochar on ~~te.r-soluble As naturally present in Histosol (Figure
3). Empty fruit bunch and RH biochars exhibit Important feature as adsorbent with the porous
structure and alkaline properties. The sorption experiment has shown the potential of these biochars to
immobilize As in the soil system. The decreased of As concentration and increased of soil pH in soil
solution study indicate the ability of biochar to reduce the phytoavailable As in contaminated soil
(Figure 4).
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The pot experiment was conducted to determine the optimum rates of biochars to reduce arsenic (As)
uptake by sweet com (Figure 5). Two types of biochars, EFB and RH with 5 rates (0, 2.5, 5, 10, 20 t
Clha) application were applied to 15 kg naturally contaminated soil in polybag. After 56 days of
growth, biochar reduced the concentration of As in foliar tissue by 58% and 61% with the highest
application of EFB and RH biochars at 20 tlha C compared to the non-amended soil. The study shows
the effectiveness of biochar in reducing the availability of As uptake by sweet com as trace elements
concentration decreased with increasing rate ofbiochar .

.............. --.--- ... _.-_ ..._-- ....--- ... ....... -....._ ..._ ..

0.3

J
...... EFBbiochar

0.25 ..... RHbiochar
>-
&..._

0.2QII

E

~
0.15"'1i.

::s
'"c:( 0.1 ;-

0.05

0 -- ,.----,- .....--,-

0 5 10 15 20

Biochar rate (t C!ha)

Figure 5. The uptake of arsenic by sweet com plant after 56 days of planting

4. Industrial by-Products
Addition of industrial by-products to soil has gained importance recently as an alternative to remediate
heavy metal contaminated soil. For example, byproducts from steel (iron oxides) and energy industries
(ashes) will be assessed as an environmentally and resource-efficient option due to their alkalinity or
acid neutralizing capacity and high specific surface area. The ANC is usually expressed as CaC03

equivalent and one of the most important factors used to evaluate the value of industrial byproducts to
be used as a liming agent on acidic soil.

4.1 Red Gypsum

Red gypsum (RG) is a waste material from the extraction of Ti for industrial purposes. Titanium is
extracted from the mineral ilmenite (FeTi03) by sulfuric acid digestion. Red gypsum is produced by
further increasing the pH of the effluent to about 5.0 by using calcitic limestone (CaC03), at which
point the remaining sulfate precipitates along with iron oxides. The latter, derived from the iron
contents of the ilmenite, are responsible for the red color of the material. Normally, this waste product
is disposed off outside the titanium dioxide plant. Such byproducts might be suitable for use in
agriculture in situations where mined gypsum has been used in the past. Red gypsum can be of great
economic value due to its very high Ca and S content. Moreover, there are several reports on
application of red gypsum as a soil amendment to immobilize A , Cd, Cu and Pb in heavy metal-
contaminated soil (Lombi et aI., 2004; Illera et aI., 2004). In addition, the pre ence of the iron oxide
responsible for the red color of RG might make it more effective as a oil amendment (Fauziah et aI.,
1996) rather than as a source of Ca and fertil izer. Oi olution of the gyp urn and ub equent supply
of sulfate to crops might be affected by the pre ence of the oxide, which have the po ibility to
adsorb sulfate.
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The RG was alkaline in nature, with a pH of 7.98 due to the presence of residual CaC03 in RG
(Fauziah et aI., 1996). This propert~ can be. exploited to red~ce the solubility and hence, phyto-
availability, of some heavy metals m the SOlI system. The acid neutralizing capacity is the most
important characteristic in evaluation of the value of the material as a liming agent. Red gypsum is not
a good liming agent, with only 1.79% calcium carbonate equivalence. However, high rates of
application (> 2.5%) can have significant influence on the pH of the soil system (Nur Hanani et al.
2009). Iron oxide-rich gypsum by-products, including red gypsum (119 m2 g-I), have very larg~
surface areas (Peacock and David, 2000). The surface area for the red gypsum (pulverized and sieved
through 2.0 mm sieve size) was 39.8 m2 g-I. T~e high surfa~e area plays a central role for adsorption
behavior. Furthermore, the presence of Fe oxide can contribute to the co-existence of positive and
negative charges on the variable charge oxide surface (Figure 6).

Figure 6 : Fibrous Crystal Aggregates of Gypsum with Some Coatings of Iron Oxides
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In a soil incubation study, RG was applied to sewage sludge treated soil. Sewage sludge tend to have
high concentrations of Cu and Zn and its application to soil increase these metals. content.There
seemed to be a lag-phase in the release of Zn from the RG minerals into the soil solution (Figure 9).
The Zn concentrations in the soil solution started to increase only after 5 weeks of incubation for the
treatments with low rates of RG application. The reason for this slow release of Zn into the soil
solution is not known. However, this study demonstrated that increasing the RG amendment rates (5%,
10%, 20% and 40%) clearly reduced the Zn concentrations in soil solution after ten weeks of
incubation. ~us, RG has the potential to fix Zn in the soil system and make it less phyto-available.
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Figure 9. Soluble Zn at different rates of RG-contaminated soil treatments

Increasing the rate of red gypsum application resulted in decreasing uptake of Zn, u and Fe by the
corn plants (Figure 10). This is due to the increase in soil pH. The residual alkalinity plus the buffer
capacity of iron oxides (goethite and hematite) (Fauziah et aI., 1996), allow red gypsum to con ume
protons from an acid soil. However, the results for r eemed to be rather varied. The gra e grown
on heavy metals contaminated soil remediated with red mud (a by-product of the bauxite indu try) had
high r concentrations (Zhao et aI., 2005; nar et aI., 2004). Thu , there may be room for peculation
that RG al 0 contain high level of r. lIowever, the I vel f r in red gyp urn were found to blow.
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This study did not ascertain whether the organic matter in sludge alleviates the effect of excess Ca and
Fe in the mixed soil system. This needs to be investigated. Furthermore, co-mixing two products such
as RG and compost can tum the by-products into a more useful soil amendment as the amending
capability of the by-product can be complemented and further enhanced by the co-mixed by-products
(Fauziah et aI., 20 II).
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Table 3: Effects of treatments on heavy metals in foliar tissues
Treatment mg/kg

Fe Zn Cd Cr
RG 2.5t1ha + EFB Compost 305 ab 83.75 a 0.16 ab 0.98 ab
RG 50tlha + EFB Compost 477 ab 75.65 a 0.08 ab 0.07 b
RGIOOtlha+EFBCompost 237bc 39.20b 0.03b 0.14ab
RG 200tlha + EFB Compost 94 be 9.63 b 0.05 b 0.06 b
Mean having the same letters within column are not significantly different at p>O.05

4.2 Coal Fly Ash

Coal fly ash (CFA) is an amorphous aluminosilicate material, a by-product of coal combustion and is
composed of particulate matter collected from flue gas stream. Coal is one of the alternative natural
resources used for the production of electricity in Malaysia. The increase use of coal for electric power
generation will generate large quantities of CFA. Kapar power station in Selangor, Malaysia, produced
around 200 Mg CFA per day. Currently, only 20% of the CFA is utilized as a component in the
cement mixture, the rest is left stacked within the vicinity of the p~wer plant.

Coal is known to contain every naturally occurring element, and therefore, it is not rprising that
CFA can have beneficial effect on solving certain problem of soil qual ity. Use of CFA as a soil
amendment is hindered by the lack of macronutrients in the ash and also concern its high
concentration of microelements, especially boron. The CFA is an alkaline residue produced during the
burning coal for the generation of electricity which is enriched with CaO and MgO and has a pH
around 8 to 12. The pH of CFA can vary depending on the S contents of the coal source, with high S
generally producing acidic material and low S producing alkaline material (Adriano et aI., 2002). The
pH of CFA used in this study was 8.34. In some cases, alkaline agent was used as a stabilization agent
for contaminated soil to reduce pathogen and heavy metals availability (McGrath et aI., 1995; Zhang
et aI., 2007).

Large surface area determination of CFA was probably due to large number of spongy irregular
carbon-rich particles of unburnt coal (Fauziah, 1993). Surface area determination for this CFA was 7.5
m2/g. Hence, the particle size distribution will provide information relating to land application of the
ash, in term of trace elements solubility and effect on soil physical properties (Figure II).

Figure 11: enophere hape of oal Fly A h
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The neutralization of acid by CFA is a relatively slow p~oc.ess that mainly involves the particle
surfaces (Wong et al., 2002).The CFA was not a good liming agent, with only 0.504% CaCO
equivalent (CCE). Based on the low level of Ca this CFA, it is considered only as a Class F fly ash
(Bilski et al., 1995).Therefore, considerably large quantities of this CFA compared to lime will be
required to raise the pH of soil to some target level.

A soil incubation study was also conducted whereby, CFA was applied on sewage sludge treated soil.
Increasing the CFA amendment rates clearly reduced the ~n concentrations in soil solution for the ten
weeks of incubation (Figure 12). The redu~ed co.ncentratl?n of Z~ probably can be explained by the
higher adsorption and precipitation of Zn WIth an Increase I~ pH ~Slms an~ Kline, 1991; Jackson et aI.,
1999). The control treatment (0% CFA) had Zn concentrations In the SOIlsolution ranged from 1.47
mg L-1 to 0.67 mg L-1 for the four weeks of incubation and in~rease~ drastically at week five to 5.0 mg
L-I. It is not known with certainty why there was a delayed dlssolut~on of Zn from the sewage sludge.
The Zn concentration for the control treatment after week five until week ten of the incubation was
still high (> 3.73 mg L-1) compared to other treat~ents. Treatments us~ng 2.5% and 5% CFA ranged
less than 2.15 mg L-1 whereas treatmen!~ us~n~ g.reater than 10 Yo CFA .had the lowest Zn
concentrations which were less than 1 mg L . This indicates that ~F A was feasible as a stabilization
agent to reduce heavy metal toxicity in the sewage sludge-treated soil.
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Soluble Zn at different rates of CFA-contaminated soil treatments
Figure 12:

tment using CFA is shown in Figure. Overall, the concentration of Zn
The Zn uptak~ by ~ai.ze f~:te:ecreased at higher rates of CFA treatments. Usage of 2.5% CFA did
uptake by mal~e s_rgnrfica ~t as compared to the control treatment. However, addition of more than
not show any SIgnIficant luced Z oncentration in maize. This showed that the CFA was useful as a
5% CFA significantly reduce n c . d ·11
soil amendment to fix Zn in the contamrnate SOl .

. . f CFA up to 10% reduced Cu uptake by the maize plants compared to
The results showed applIcatIon 0 th was no significant difference in Cu uptake by maize between
the control (Figure 13). However, ent indicating that CFA can be beneficial as a soil amendment to
the control and the 20% CFA trea~men ount of CFA should be applied at a proper rate to avoid Cu
reduce Cu uptake by plant but, team
toxicity (Nur Hanani et al., 2010).
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Figure 13 : Uptake of heavy metals (mg/pot) using soil amended with CFA

4.3 Drinking-water Treatment Residues (WTRs)

In Malaysia, a low-cost and potentially effective substitute for remediation could be drinking-water
treatment residues (WTRs). The pH for WTR for this study was close to being neutral just as stated in
the reports of Gallimore et aI., (1999), Ippolito et aI., (2000) and Elliot et aI., (1990) . The WTR has a
pH of7.07, the mineral present in WTR, such as kaolinite, gibbsite and Fe-oxides, provide surfaces for
the adsorption of heavy metals. Value for WTR surface area was 28.3 m2/g and this value was largely
dependent on the size of the sample which was less than 2 mm due to the grinding process. Surface
area determination can be used to estimate the amount of surface sites available for surface
complexation reaction (Figure 14). Butkus (1998) reported a surface area of WTR was 10 m2/g.
Dzombak and Morel (1990) estimated that WTR can bind with protons, cations and anions based on
the range of sorption maxima reported from 160 m2/g to 600 m /g. The ANC of WTR was 0.504%
CCE. Thus, WTR cannot be considered a good liming material compared to the pure CaC03, but
perhaps usage at high rates of this material can still increase the pH of acidic soil.

Also, in an incubation study of sewage sludge treated soil, treatment using the highest rates of WTR
(40%) gave the lowest Zn concentration in the soil solution (Figure 15). Perhaps, the high Zn
concentrations and high pHs at the higher WTR rates led to low olubility of Zn due to the pH effect
and also the phenomenon call ageing (Lock and Janssen, 2003). The trend of Zn olubility indicate
slow dissolution of Zn minerals at the initial stage, and then the concentration dropped again due to the
precipitation or ageing affect. Zinc concentration were found to be low in all treatment u ing
different rate of WTR (2.5, 5, 10, 20, and 40%) compared to th control (0% WTR). Addition of
WTR did reduce the relea e of Zn from the ewage ludge. Therefore, WTR can be con idered to be a
potential oil amendment to f Zn in contaminated oil.
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. d d Zn uptake by corn plants compared to the control (Figure 16).
Addition of WTR significantly re :~TR mixed with sewage sludge can significantly reduce the Zn
This results show that the usage 0 f high pH was to reduce the solubility of all micronutrients. ffect 0 I ,
uptake by corn. The major e. ' f re than 5% WTR, significantly reduced Cu uptake compared

hil addition 0 mo .e pecially Zn. M~anw I e, that the usage of more tha.n 5% WTR 10 sewage-sludge-amended soil
to the control. This results show ake by corn (Nur HanaOl et aI., 2008).
can significantly reduce the Cu upt
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Figure 16. Uptake of heavy metals, Zn and Cu (mg/pot) using soil amended with WTR

5. Conclusion

There is great potential of biochar and industrial byproducts utilization in agricultural soils in term of
heavy metals immobilization. More work should be conducted on producing high quality biochar. For
biochar, a community scale carbonator of low cost need to be developed. For the industrial byproducts,
they should be easily accessible for farmers' utilization.
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