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Abstract

Related activities conducted in lead industries could bring about various negative
impact on the environment due to the contamination emitted by the waste, which can transfer
to environmental compartments due to the fate of the substance in soil. This study conducted a
field survey and laboratory analysis of soil samples collected from an industrial estate zone. It
was found that the maximum level of total lead was 3.11 mg/kg dry weight. Lead fractions for
5 forms were analyzed using a sequential extraction method. The results showed that the
largest contribution of lead contamination was presented in bound to organic matter fraction
(F4) while the smallest contribution was exchangeable fraction (F1) and bound to carbonate
fraction (F2). It was found that pH tends to be an important factor on the availability of lead
fractions. Additionally, it was observed that bioavailable fractions of lead tend to increase at
lower level of pH. In other words, in highly acidic conditions, bioavailable fractions of lead
presented the lagest fraction whereas the fractions tend to decrease in lower acidic and neutral

conditions.
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1. Introduction

Lead contamination in soil across
industrial zone could occur due to activities
such as mining industrial waste dumping, and
the use of lead as a raw material in an
industrial process (e.g., that in a battery
factory and a recycled battery factory). Lead
contamination in the environment may be
caused by direct transmission in soil or lead
fume dispersion in ambient air. In the latter
form, lead fume can be possibly washed and
removed by the precipitation from the
ambient air. However, the washout can be
transferred to soil in the cachment zone. In
this case, the study of lead fraction and
factors related to its transmission should be
conducted so that a solution to lead
contamination in soil can be suggested.

There are several studies on lead
contamination in environment. One example
is the study of lead contamination in sediment
of Klong Bangyai, Phuket [1]. However, most
of the studies have focused on total lead
contamination in the environment without
investigating lead  fractions in  the
environment. Meanwhile, it has been proven
that lead can be transformed in environment
by the nature of its form or fraction. The
study by Supamas [2] reported that, if heavy
metal is accumulated in soil or sediment for a
long time, it can bind with neighboring stable
elements to form siligate compound and
persist in the environment. Furthermore, the
study of Tang, et al. [3] found that long-term
lead-spiked soil may have cumulative lead
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contamination from residue fraction of lead
while lead tended to have high reactivity to
increase the rate of transmission under a
lower pH (in acidic soil). Moreover, lead in
mobile form (such as methyl lead) can bind
with plants and other living organisms and
then precipitate on a deeper soil layer
otherwise become widely transmitted in the
environment, a process that can contaminate
the food chain and thus cause harm to human
[4]1[5]. Therefore, researchers in this field
should study the fractions of lead in
contaminated soil and the factors controlling
lead remobilization in soil. The findings from
lead fraction remobilization studies can be
useful in controlling lead contamination in
soil as well as reducing hazards of lead
accumulation in living organisms.

2. Methodology
2.1 Soil sampling and analysis

Soil sampling was conducted across a
5 km radius area surrounding industrial estate.
There were 10 sampling stations, and each
sampling point was collected at the depth of 10-
30 cm from soil surface [6] with sample weight
of 500 g per station. The samples were
analyzed for soil properties in terms of size
distribution analyses, cation exchange capacity

(CEC), pH, and metal content.

2.2 Total lead and lead fractions in
soil analysis

The procedure involved sieving soil
samples to achieve a fine size of less than 2
mm. Then, the samples were dried at 80-100
°C until the sample weights were stable (for
approx. 2-3 day). Each sample weighting 1
gram was analyzed for total lead
concentration with acid digestion by using
concentrated nitric acid (HNOs). The digested
samples were measured for lead
concentrations using Thermo Fisher Scientific
iCE 3000 series AA Atomic absorbtion (AA)
spectrophotometer, with a limit of 0.03 ug/L.
Quality control for each batch of samples
processed was conducted by providing a
method blank throughout the entire sample
preparation and analytical process [7], five
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lead fractions were analyzed by using a
sequential extraction method [8]. The five
fractions are exchangeable (F1), bound to
carbonate (F2), bound to Fe/Mn oxide (F3),
bound to organic matter (F4), and residual
(F5) fractions.

2.3 Factors controlling lead form in
soil

Our methodology for studying factors
controlling lead forms in soil was to take soil
samples from the industrial estate’s
surroundings, as previously described (step
2.1), and to adjust the pH by using 1 M HCI
(10-200 mL/kg soil) and CaCO; (0.25-10
o/kg soil) [9][10]. Five ranges of pH
adjustment were used: strongly acidic (pH 2-
4), weakly acidic (pH 5-6.5), neutral (pH 7.0-
7.5), weakly basic (pH 8-9), and strongly
basis (pH > 9). Then, we left the treated
samples for 1 month then added lead nitrate
(Pb(NOs),) in the concentrations of 100 and
1,000 mg/kg, respectively. Later on, we left
the lead spiked samples for 1 month before
analyzing lead fractions using the procedures
described in step 2.2. Triplicated analysis of
the samples was conducted.

3. Results

3.1 Sail

metal content
From soil composition analysis, the
bulk of the sample was sand (62.38%) while
the rest comprises loam soil (28.28%), and
clay (9.34%), respectively. The Cation
Exchange Capacity (CEC) was 8.80 cmol/kg,
and the soil samples were slightly weakly
acidic (pH around 5.21-6.70). In term of
heavy metal content in soil samples, we found
that the concentration of copper (Cu) was
approx. 4.02-186.41 mg/kg dry weight, that of
chromium (Cr) was approx. 1.36-14.05 mg/kg
dry weight, that of iron (Fe) was in the range
of 2,139.67-4,824.60 mg/kg dry weight, and
that of manganese (Mn) was approx. 22.55-
324.20 mg/kg dry weight. Most of the heavy
metals (Cr, Fe, and Mn) met soil quality
standard for residential and agricultural area

composition and other
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according to the Notification of National
Environmental Board Issued 25" B.E. 2547.
Meanwhile, the concentration of cadmium
(Cd), nikle (Ni), and zinc (Zn) were found to

Tablel. Soil properties.

be lower than the detectable limit. The results
of soil composition analysis and heavy metal
concentrations are shown in Table 1.

Soil property and Unit Result Standard*
composition
Soil composition Percentage
(Particle size distribution)

- Sand 62.38

- Silt 28.28

- Clay 9.34
Organic matter Percentage 2.08
CEC cmol/kg 8.80
pH - 5.21-6.70
Cd mg/kg ND 37
Cu mg/Kg 4.02-186.41 -
Cr mg/Kkg 1.36-14.05 300
Fe mg/kg 1,976.32-4,824.60 -
Mn mg/kg 22.55-324.20 1,800
Ni mg/kg ND 1,600
Zn mg/kg ND -

Remark * soil quality standard for residential and agriculture B.E. 2547 according to the
Notification of National Environmental Board Issued on 25" B.E. 2547

- No limitation ND : not-detectable

3.2 Total lead and lead fractions in

soil
It was found that 3 stations had the
highest total lead which as 3.11 mg/kg dry
weight. The 3 stations are located in an area
adjacent to a drainage canal of wastewater
treatment plant in the industrial estate. This
may cause lead contamination due to residual
lead in wastewater. However, comparing of
lead contamination in soil samples to the soil
guality standard for residential and
agricultural area according to the Notification
of the National Environmental Board Issued
on 25" B.E. 2547 under the environmental
guality protection and promotion Act. B.E.
2535 on soil quality threshold we found that
levels of lead in the soil samples did not
exceed the national soil quality standard
(standard of Pb in soil simples was lower than
400 mg/kg dry weight). The analysis of 5 lead
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fractions by using sequential extraction found
that most of the lead contamination was
presented in bound to organic matter fraction
(F4) followed by the form of residual fraction
(F5), as shown in Table 2. The bound to
organic matter fraction was the most
important fraction because this fraction
causes organometallic complex to accumulate
and to be released in the environment. For
residual fraction, it is present in the form of
primary mineral crystal, which is low
mobility. Therefore, this fraction tends
to cause less impact to the environment.
While, some fractions of lead founded
in exchangeable fraction (F1) and bound to
carbonate fraction (F2). These fractions are
easily transformed and absorbed through a
biological process, and they could accumulate
in living organisms or the environment

[4].[5].
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Table 2. Amounts and fractions of lead in soil.

. Total lead Lead fraction (mg/kg dry weight)
Sampllng pH* (mg/kg dry
station weight) F1 F2 F3 F4 F5

Station 1 6.70 1.709+0.101 | 0.028+0.005 | 0.026+0.005 | 0.172+0.014 | 0.902+0.211 | 0.500+0.035
Station 2 6.45 3.106+0.097 | 0.029+0.003 | 0.116+0.014 | 0.678+0.022 | 1.028+0.005 | 1.023+0.241
Station 3 5.54 3.109+0.032 | 0.025+0.002 | 0.1094+0.024 | 0.266+0.019 | 1.053+0.016 | 1.277+0.133
Station 4 5.87 1.260+0.034 | 0.019+0.000 | 0.033+0.001 | 0.116+0.008 | 1.040+0.012 | 0.339+0.005
Station 5 6.25 1.716+0.111 | 0.023+0.004 | 0.028+0.001 | 0.287+0.027 | 1.064+0.019 | 0.662+0.038
Station 6 5.45 1.808+0.183 | 0.028+0.016 | 0.014+0.001 | 0.174+0.053 | 1.053+0.021 | 0.555+0.097
Station 7 5.49 1.422+0.002 | 0.030+0.023 | 0.026+0.003 | 0.219+0.006 | 0.889+0.172 | 0.614+0.160
Station 8 5.21 1.2104£0.170 | 0.032+0.018 | 0.016+0.001 | 0.138+0.009 | 0.853+0.003 | 0.586+0.058
Station 9 5.53 3.24440.217 | 0.055+0.031 | 0.057+0.002 | 0.805+0.030 | 1.478+0.001 | 0.608+0.030
Station 10 | 5.40 1.741+0.304 | 0.046+0.012 | 0.020+0.000 | 0.111+0.002 | 1.041+0.003 | 0.600+0.061

Remark: F1 (Exchangeable fraction), F2 (Bound to Carbonate fraction), F3 (Bound to Fe/Mn
oxide fraction), F4 (Bound to Organic matter fraction), F5 (Residual fraction)

* pH of original soil sample

3.3 Factors affecting lead fraction
in soil

3.3.1 pH

Soil samples that had been treated

with 5 ranges of pH adjustment, namely were
left for 1 month prior to the measurement of
lead fractions. The results of lead fraction
detected as percentages of lead fractions
were varied as shown in Figure 1. Lead
fraction analysis indicated that a lower pH
condition could increase exchangeable
fraction which could easily be transformed
and absorbed through a biological process,
but F2 and F3 were found at high levels in
the acidic condition, which might cause the
Fe/Mn or carbonate content to be soluble,
possibly leading to lead fraction. In addition,
the level of lead in each fraction was found
not to vary significantly. This observation
suggests that the original samples may
already contain low level of Pb. It appeared
that lead could easily dissolve in acidic water
than in base water. Therefore, increasing the
pH of water tends to make lead precipitate in
the form of hydroxide at a pH higher than 6.5
[11].

3.3.2 Amount of lead in soil

Soil samples were spiked with lead

at 100 and 1,000 mg/kg, and their pH was
adjusted into 5 ranges (strongly acidic,
weakly acidic, neutral, weakly basic, and
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strongly basic) prior being left for 1 month.
It was found that the percentages of lead
fraction were different as shown in Figure 2
and Figure 3. The exchangeable fraction (F1)
was the largest contribution in strongly acidic
environment (compared to other fractions).
The lead contamination soil would be
harmful to living organisms through an
absorption process if the environment is
strongly acidic. In contrast, the amount of
lead may not affect lead accumulation in
living organisms if the environment is neutral
or basic. A crucial point of this finding is
supported by lead remobilization trends as
shown in Figure 3. The experiment indicated
that if the level of lead spike was increased
10 folds, however, the lead remobilization in
strongly acidic condition was still not
different. Therefore, pH might be more
important to control lead remobilization in
soil because most trace metals become more
mobile in increasingly acidic conditions [12],
and pH is the principal factor governing
concentrations of solubles and plant available
metals [15]. In addition, it is noted that there
are many factors that relate to metal
fractions,  especially  physico-chemical
properties in soil such as redox potential and
organic matter content [13], [14].
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Fig.1. Percentages of lead fractions in soil after pH adjustment without lead-spikes.
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Fig.2. Percentages of lead fractions in soil after pH adjustment with 100 mg/kg lead-spikes.
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Fig.4. Percentages of lead fractions in soil that are easily absorbable by living organisms and

that are difficult to be absorbed by living organisms under treated soil with pH adjustment.
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According to Figure 4, if 5 fractions of Lead
were considered as high bioavailable
fraction, which is exchageble fraction (F1),
bound to carbonate (F2) and low bioavailable
fraction [15], the remaining fractions (F3, F4
and F5) yielded the results that the total lead
in the original soil samples was around 1.2-
3.2 mg/kg dry weight (Table 2), lead fraction
in original soil is mostly presented in bound
to organic matter fraction (F4). This fraction
(F4) is difficult to be absorbed by living
organisms. After pH adjustment, lead
transformation did not change significantly
in each pH level. However, the lead-spiked
and pH adjusted soil showed different
fractions of those 2 forms (bioavailable and
low bioavailable fractions), especially in the
strongly acidic soil. Lead contamination in
strongly acidic soil increased by 90% for
bioavailable fraction as shown in Figures 1 to
3 which were indicated that most of the
bioavailable fractions were presented in
exchangeable form (F1). This observation
revealed that lead contamination in soil is
easy to be absorbed in plants or living
organisms if the contaminated soil is under s
strongly acidic condition. However,
contaminated soil under a strongly acidic
condition is not suitable for growing many
plants.

4. Conclusion

Total lead and lead fractions in soil
samples around an industrial estate area were
extracted by using sequential extraction for 5
fractions. It was found that the majority
fraction contaminated in soil was the bound
to organic matter (F4). The pH was an
important factor affecting the availability of
lead fraction in soil.

5. Acknowledgements

The authors would like to sincerely
thank the Consultant of Technology
Company Limited for financial support and
the Huachiew Chalermpra kiat University for
equipment and laboratory used in this study.

35

6. References

[1]

[2]

3]

[4]

[5]

[6]

[7]

[8]

9]

Tongchai S.T. and Bhongsuwun T.
Contamination of Heavy metals Al, As,
Cu, Cr, Mn, Ni, Pb, Sn, Zn and Fe in
Sediment from Bang-Yai River in
Phuket Province. KMUTT Research and
Devopment Journal, Vol. 31, No. 4, pp.
769-779, 2008.

Suppamart P., Soil Pollution and
Management. Basic Geology, Kasetsart
University, Bangkok. 1998.

Tang X. Y., Zhu Y. G., Cui Y. S., Duan
J., Tang L. L. The ageing on the
bioaccessibility and fractionation of
cadmium in some typical soils of China.
Environment International, Vol. 32, No.
5, pp. 682689, 2008.

Jelena M., Ivica G., Miodrag J.
Distribution and forms of manganese in
vertisols of Serbia. J. Serb. Chem. Soc,
Vol. 76, No. 8, pp. 1177-1190, 2011.
Kabala, C., Sing, B.R. Fractionation and
mobility of copper, lead and zinc in soil
profiles in the vicinity of a copper
smelter. J. Environ. Qual, Vol. 30, pp.
485-492, 2001.

Pollution Control Department. Manual

of Water and Soil Sampling for
Chemical and Pesticide, Available
Source:

http://www.pcd.go.th/public/publication
s/print_haz.cfm?task=Din, March 10,
2012.

APHA, AWWA, WEF, Method 3050B

Acid digestion of sediments and soils.
Standard methods for the examination of
water and wastewater, 20" ed,
Washington, USA, 1998.

Tessier A., Campbell P. G., and Bisson
M. Sequential Extraction Procedure for
the Speciation of Particulate Trace
Metal. Analytical Chemistry., Vol. 51,
No., 7, pp. 844- 850, 1979.

McLaren R.G., Naidu J R., Smith and
Triller K.G,, Fractionation  and
distribution of Arsenic in  Soil


http://www.pcd.go.th/public/publications/print_haz.cfm?task=Din
http://www.pcd.go.th/public/publications/print_haz.cfm?task=Din

Thammasat International Journal of Science and Technology Vol.20, No.1, January-March 2015

contaminated by cattle dip. J.Environ.
Qual, Vol. 27, pp. 384-354, 1998.

[10] Li J.X., Yang X.E., He Z.L., Jilani G,
Sun C.Y., Chen S.M. Fractionation of
lead in paddy soils and its
bioavailability to rice plants. Geoderma,
Vol. 141, pp. 174-180, 2007.

[11] Carl J., Rosen M. Lead in the home
garden and urban soil environment.
Extension Research Soil Scientist
Department of Soil, Water and Climate,
University of Minnesota, 2010.

[12] Erika-Andrea  Konradi, Frentiu T.
Michaela Pontal and Cordos E. Use of
Sequential Extraction to Assess Metal
Fractionation in Soils from Bozanta
Mare, Romania. Acta Universitatis
Cibiniensis Seria F Chemia, Vol. 8,
pp.5-12, 2005.

[13] Alloway, B.J. 1997. Th e mobilisation
of trace elements in soils. In R. Prost
(ed.) Contaminated Soils, Proc. of the
3rd Int. Conf. on the Biogeochemistry of
Trace Elements, INRA Paris. p. 133—
145, 1995.

[14] Brallier, S., Harrison R.B., Henry C.L.,
and Dongsen X. Liming effects on
availability of Cd, Cu, Ni and Zn in a
soil amended with sewage sludge 16
years previously. Water Air Soil Pollut.
Vol. 86:195-206.1996.

[15] Finzgar N., lustos P and Lestan D.
Relationship of soil properties to
fractionation, bioavailability and
mobility of lead and zinc in soil. Plant
Soil Environ. Vol. 53, pp. 225-238,
2007.

36



