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Abstract: Malaysian soils dominantly fall (about 75%) into the Ultisol and Oxisol Orders in Soil Taxonomy. These soil
generally acidic, pH of 4.0-5.0 and contain essentially of variable charge minerals, namely sesquioxides and kaolinite tshare
have low cation exchange capacity or cations retention capacity. Factors controlling heavy metals reactions and mobi’li n
the soil system are pH, CEC, redox potential, etc. and these parameters will be exploited in the management of heav m%cytalln
contaminated soils. Amongst the remediation techniques opted are liming, in-situ chemical stabilization using agr?cultur T

Im empty fruit bunch and rice husk biochars, and industrial by-products such :s

wastes converted to biochars, such as oil pa
red gypsum, coal fly ash and water treatment residue, to be applied as soil amendments.
red gypsum, coal fly ash, drinking-water treatment residue
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1. Introduction
n to study the heavy metals distribution in agricultural soils of

From our earlier work undertake . :
ons of Co, Ni, Pb and Zn in the soils were strongly

Malaysia (Zarcinas et al., 2004), concentrati :
correlated with soils concentrations of Al and Fe, which suggest evidence of background variations

due to changes in soil mineralogy. Chromium was correlated with pH and EC, Na, S and Ca
suggesting association with acid sulphate soil and spil salinity components, while Hg was not
correlated with any of these components, suggesting diffuse pollution by aerial deposition. Arsenic
Cd, Cu were strongly associated with aqua-regia soluble and available P, and organic matter
suggesting these metals are associated with agricultur?l 1pputs in agricultural fertilisers and soil
organic amendments. This indicates heavy metal contamination to the majority of agricultural soils in
Peninsular Malaysia is due to anthropogenic activi.ty (possibly z}dded in fertilizers, wastes, pesticides,
effluents or atmospheric sources) that may pose a risk to the environment or human health.

o soil may also improve the sorption capacity of trace elements or heavy
ceous product was reported to have many functional groups with high
surface areas, which are likely related to its potential to act as an adsorbent. Heavy metal incorporation
in the soil is controlled by adsorption processes, such as sgrface complexation and ionic exchange, but
other mechanisms such as precipitation are likely.to con_tnbute to r_netal retention in the soil (Sastre et
al., 2006). Adsorption is defined as the accumulation qf ions at thg mterf.ace between a solid phase and
an aqueous phase. Adsorption isotherms !lavc'a been w_ldely used in stqdles on a.dsorpti(')n phenomena,
supplying numerical parameters that provide information on the retention capacity and intensity of the
metal by the soil (Casagrande et al., 2908). The advantage of these equations is that they can be
applied to adsorption of any ions and gives straightforward Pal_'ameters whlcl] can be r.elated to soil
properties. A number of studies have also demonstrated that biochar has ahlgh capacity to adsorb
pollutants in contaminated soils (Beesley et al. 2011; Yuax} and Xu, 2011). Btmchar 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.
eal by itself for land application. Through co-utilization of

I roduct
br; F:rrls‘rj\zcct::’s;s(,)ri l;))r/ gduc ts that are agronor_nically useful may regult. The bene_ﬁts of co-utilize}tion may
include nutrient balance, reduction of toxins of contaminants, }mproved moisture content, improved
economic value, and improved soil conditioning effects. h'1-.51tu nmmol.)lllzatlor.l 1S a cost-effective
; d amendments are used to stabilize contaminants via adsorption and/or
t immobile (Adriano, 1986). Numerous inorganic

approach where land-applie g A

recipitation reactions that render B pona : :

:mcnlz;ments such as clays, Al/Fe/Mn oxides and hydroxndes may be lar_ld applied to metal
f reducing metal mobility. Nowadays, there is pressure on waste

contaminated soils as means 0

The application of biochar t
metals in soil. This carbona

may not be id
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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 cm layer from 27 to
12 uM after 3 months (Shamshuddin et al., 1991).

3. Biochar

In term of remediation of heavy metal contaminated soils through their retention in thé 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 itMiprove 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 of biochar 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 1 shows that EFB biochar possesses uniform pores and smooth wall surfaces with
maximal 20 pm in diameter. Small particle-like ashes were found scattered on the surface area of EFB
biochar as observed in Figure la. In comparison, the pores on rice husk biochar are not well-shaped
with diminished structure of pores (Figure 1b). Small pores on the rough rice husk biochar surface was
observed as shown in Figure 2. Pyrolysis temperature can attribute to the pores 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 biomass (Pavithra, 2011). The
stack of biochar cells and pores were arranged accordingly and well-shaped as found in the SEM
image of EFB biochar. However, as the temperature increase, the pore size become enlarged and the
walls between adjacent pores were destroyed (Zhang et al., 2004), which explained the diminish pores
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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 um. The macroporosity (>50 nm) of biochars are relevant for soil aeration and
water movement (Troeh and Thompson, 2005). Macropores also facilitate the root movement through
the soil and act as habitats for the soil microbes (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 b;
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 al., 1999). Mesopores are also of importance for
many liquid-solid adsorption processes, as reported by Lua et al., (2004), on pistachio-nut shells. Thus
based on the EFB and rice husk biochar structural surface, they have the potential to sorb metal anci

metalloid to reduce the mobility of these trace elements in soil.

x magnification

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

Table 1: BET surface area and porosity of biochars

Biockar BET surzface area Pore v?lume Pore surface Average pore
(m/g) (cm’/g) area (m’/g) diameter (nm)

EFB 46.32 0.01 0.61 3.85

Rice husk 23.22 0.01 1.41 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 EFB. biochar was
found to be same as RH biochar (~0.01 cm’/ 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 (qmatdof EFB biochar for As was 0.424 mg g, which is higher than RH biochar (0.352 mg g’
". Similar trend was found on gy of Cd with the values of 15.15 and 3.19 mg g, 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 al., 2008). The
alkaline properties of biochars increased the solution pH, which induced metal immobilization through
metal precipitation and decreases metal solubility (Rees et al., 2013). Value of R? shows correlation or
linear relationship, whereas the relationship become more linear when the value is closer to 1. The
high correlation coefficient values (R*) 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 q b
metal el ) R’
(mgg') (Lmg")
EFB As 0.4240 0.7299 0.9890
Cd 15.1515 0.1142 0.9921
RH As 0.3522 0.0248 0.9823
Cd 3.1908 0.6920 0.9984
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Samsuri et al. (2013) reported coating the biochars with Fe (III i : :
capacities for both As (1) and As (V). The results indicate tha(lt t})legc:zz:]r)r,le::::':i;?;i}lse(jr()tgs::r : ﬁgrptlon
RH from Malaysia have good potentials to be used as adsorbents for As (III) from rz:)lqueoue 1 B —
Furthermore, coating the EFB a d RH with Fe (IlI) increased their adsorption capacities f§ S%utlons.
(111) and As (V) making the biochars more effective as adsorbents for both As (III) and As ({);) e

Soil solution study of incubated arsenic-rich Histosol amended with bioch

the effects of EFB biochar and RH biochar on water-soluble As naturall;l rer\;ZSe::tO :1: l:—?it:t(cj);glevl?']uate
3). Empty fruit bunch and RH biochars exhibit important feature as adsorbent with the o
structure and alkaline properties. The sorption experiment has shown the potential of these bioc}‘::rous
immobilize As in the soil system. The decreased of As concentration and increased of soil pH inrs t'(;
solution study indicate the ability of biochar to reduce the phytoavailable As in contamiﬁated :g;l

(Figure 4).
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Figure 3: Effects of biochar on water-soluble arsenic in pore water
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Figure 4: Effects of biochar on extractable arsenic in soil
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The pot experiment was conducted to determine the optimum rates of biochars to reduce arsenic (As)
uptake by sweet corn (Figure 5). Two types of biochars, EFB and RH with 5 rates (0, 2.5, 5, 10, 20 t
C/ha) 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 t/ha C compared to the non-amended soil. The study shows
the effectiveness of biochar in reducing the availability of As uptake by sweet corn as trace elements
concentration decreased with increasing rate of biochar.
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Figure 5. The uptake of arsenic by sweet corn 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 CaCO;
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 (FeTiOs) by sulfuric acid digestion. Red gypsum is produced by
further increasing the pH of the effluent to about 5.0 by using calcitic limestone (CaCOs), 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 As, Cd, Cu and Pb in heavy metal-
contaminated soils (Lombi et al., 2004; Illera et al., 2004). In addition, the presence of the iron oxide
responsible for the red color of RG might make it more effective as a soil amendment (Fauziah et al.,
1996) rather than as a source of Ca and S fertilizer. Dissolution of the gypsum and subsequent supply
of sulfate S to crops might be affected by the presence of the oxides, which have the possibility 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 CaCO; in RG
(Fauziah et al., 1996). This property can be exploited to reduce the solubility and hence phyto-
availability, of some heavy metals in the soil system. The acid neutralizing capacity is tile nzlost
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 m* g'), have very lar ;
surface areas (Peacock and David, 2000). The surface area for the red gypsum (pulverized and sievgd
through 2.0 mm sieve size) was 39.8 m’g". The high surface 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).

EHT = 15.00kV
Mag= 900X

Figure 6 : Fibrous Crystal Aggregates of Gypsum with Some Coatings of Iron Oxides

was conducted to investigate the red gypsum for in-situ immobilization of
n this experiment, the treatment used was the different rates of red gypsum.
d at the top soil only. The treatments were: T1 : no red gypsum
T3 : 50 t/ha red gypsum,T4 : 100 t/ha red gypsum. From this study
mmobilize arsenic in the soil system and thus prevent,

A column leaching study
arsenic in the soil system. | :
The treatments were applie

(control),T2 : 25 t/ha red gypsum, : '
he potential to 1

red sum application has t : - .
s i the crop grown on arsenic contaminated soil. The presence of Fe in red

arsenic from being taken up by A
bed or co-precl

gypsum can help surface adsor pitate As in the soil system (Figure 7 and 8).
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Figure 7: Arsenic concentration in each of the leachate collection (50 ml) up to one pore volume for
each treatment.
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Figure 8: Arsenic concentration in each of the leachate collection (50 ml) for 25 t/ha, 50 t/ha and 100
t/ha red gypsum

-

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. Thus, 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, Cu 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 al., 1996), allow red gypsum to consume
protons from an acid soil. However, the results for Cr seemed to be rather varied. The grasses grown
on heavy metals contaminated soil remediated with red mud (a by-product of the bauxite industry) had
high Cr concentrations (Zhao et al., 2005; Snars et al., 2004). Thus, there may be room for speculation
that RG also contain high levels of Cr. However, the levels of Cr in red gypsum were found to be low.
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This study did not ascertain whether the organic matter in slud i

: . - : ge alleviates the

Fe in the mixed soil system. This needs to be investigated. Furthermore, co-mi:f:ec:\sg excfjss s

as Rq .and compost can turn the by-products into a more useful soil amendme%lt as glm s SL'ICh

capability of the by-product can be complemented and further enhanced by the co-mixed gyag]er:idmg
& -products

(Fauziah et al., 2011).
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Figure 10: Uptake of microelements (mg/pot) u

onducted with the same treatments as the soil incubation stud

Two set of experiments were established with 4 treatments and Z
replicates. Treatments of experiment are: Red Gyspsum + EFB Compost with different rate of red
gypsum (2.5, 50, 100 and 200 t/hz_i) (Table 3). For Fe concentrations, application of RG+EFB
compost show significant decrease in Fe cgncentratnons in foliar tl.ssues at the rate of 100 and 200
t/ha compared to the lower rates. The toxic level of Fe for corn IS >359 rr_lg/kg, thus there is no
problem of Fe toxicity to plants in this case. For Zn concentration, significant decrease in Zn
concentration were found at the rates of IOO_ and 290 t/ha qompar§d to the lowest rate of RG. For
Cd, significant decreased in Cd concentrations with the increasing rates of RG+EFB compost
found at the rates of 100 t/ha and 200 t/ha compared to the lowest rate of RG+EFB compost used.

A glasshouse study was then ¢
using sweet corn as the test crop-
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Table 3: Effects of treatments on heavy metals in foliar tissues

Treatment mg/kg

Fe Zn Cd Cr
RG 2.5t/ha + EFB Compost 305 ab 83.75a 0.16 ab 0.98 ab
RG 50t/ha + EFB Compost 477 ab 75.65 a 0.08 ab 0.07b
RG 100t/ha + EFB Compost 237 be 39.20b 0.03b 0.14 ab
RG 200t/ha + EFB Compost 94 be 9.63 b 0.05b 0.06 b

Mean having the same letters within column are not significantly different at p>0.05
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 power plant.

Coal is known to contain every naturally occurring element, and therefore, it is not surprising that
CFA can have beneficial effect on solving certain problem of soil quality. 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 al., 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 al., 1995; Zhang
et al., 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
m’/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 11).

EHT = 15.00 kV WD= 16 mm Signal A = S1 Date :6 Sep 2004

Mag= 600 X EMUPM T 29520

Figure 11 : Cenophere Shape of Coal Fly Ash
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The neutralization of acid by CFA is a relativ
ely slow process th i :
surfaces (Wong et al,, 2002).The CFA was not a good limings agztmmz:,'?tlg involves the particle
eqt_nvglent (CCE). Based on the low level of Ca this CFA, it is consider’ed : 1 i 4 et
(Bilski et al., 1995).Therefore, considerably large quantities of this CFA czr:nf,;ij tCl?_Ss F fly ash
o lime will be

required to raise the pH of soil to some target level.

A soil incubation study was also conducted whereby, CFA i
lncreasing the CFA amendment rates clearly reduce):i the Z:v :snac[;?]ltl;(:i(o)gssf?wag_e SIUdg'e e s
w_eeks of incubation (Figure 12). The reduced concentration of Zn probabl e Solutlon. for the ten
higher adsorption and precipitation of Zn with an increase in pH (Sims and lzl G e
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less than 2.15 mg L' whereas treatments using greater than IO%g C.FAO ?,nd AR ranged
concentrations which were less than 1 mg L. This indicates that CFA was feasib:z:dasthe tloljvlest s
a stabilization

agent to reduce heavy metal toxicity in the sewage sludge-treated soil.
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Figure 12: Soluble 7n at different rates of CFA-contaminated soil treatments

ment using CFA is shown in Figure. Overall, the conc i
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he control treatment. However, addition of more th id
This showed that the CFA was useful asar;

ze for treat
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The Zn uptake by mai
uptake by maize signi
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5% CFA significantly reduce
soil amendment to fix Zn in the conta
n of CFA up to 10% reduced Cu uptake by the maize plants compared
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dicating that CFA can be beneficial as a soil amend:, een
f CFA should be applied at a proper rate to avo?(;] téz

The results showed applicatio
the control (Figure 13). However, there W
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reduce Cu uptake by plant but, the amount ©
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 al., (1999), Ippolito et al., (2000) and Elliot et al., (1990) . The WTR has a
pH of 7.07, 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 m?/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 mzlg.
Dzombak and Morel (1990) estimated that WTR can bind with ?rotons, cations and anions based on
the range of sorption maxima reported from 160 m’/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 CaCOs 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 solubility of Zn due to the pH effect
and also the phenomenon call ageing (Lock and Janssen, 2003). The trend of Zn solubility indicates
slow dissolution of Zn minerals at the initial stage, and then the concentration dropped again due to the
precipitation or ageing affect. Zinc concentrations were found to be low in all treatments using
different rates of WTR (2.5, 5, 10, 20, and 40%) compared to the control (0% WTR). Addition of
WTR did reduce the release of Zn from the sewage sludge. Therefore, WTR can be considered to be a
potential soil amendment to fix Zn in contaminated soils.
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educed Zn uptake by corn plants compared to the control (Figure 16)
WTR mixed with sewage sludge can significantly reduce the Zr;
f high pH was to redl.xce. the solubility of all micronutrients
ke b e s P » ddition of more than 5% WTR, sn%nlﬁcantl?' reduced Cu uptake compare(i
to the control. This results show that the usage of more 00 o N P an SRviRGe-Sludng-anionded soi

can significantly reduce the Cu uptake by corn (Nur Hanani et al., 2008).

Addition of WTR significantly r
This results show that the usage ©
uptake by corn. The major effect 0
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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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