Dhaka Univ. J. Biol. Sci. 24(2): 111-119, 2015 (July)

THE USE OF BIOCHAR AS AMELIORATOR FOR SOIL ARSENIC

Nabia Noor, KisHAN MaHMUD, MD. TANVIR AHMED CHOWDHURY
AND S.M. ImamuL Hug*

Bangladesh-Australia Centre for Environmental Research, Department of Soil,
Water and Environment, University of Dhaka, Dhaka-1000, Bangladesh

Key words: Biochar, Biomass, Ameliorator, Ipomoea aquatica, Arsenic

Abstract

Biochar and biomass were applied at the rate of 5 t/ha to soils that received
arsenic containing water at a rate of 1 mg/l arsenic (80% arsenite and 20%
arsenate). After 36 days of growth of Kalmi plants, the yield parameters, such as
arsenic accumulation and fate of arsenic vis-d-vis biochar addition had been
examined. The results showed that the addition of biochar had a positive but
non-significant impact on the yield parameters. Addition of biochar in the soil
insignificantly increased the number of plants and the uptake of arsenic while
the concentrations of extractable arsenic in soil decreased with biochar
treatments. Source of biochar has a role to play towards this direction.

Introduction

Soil and ground water contamination due to arsenic (As) has been termed as the
world’s biggest natural calamity in known human history®. The widespread use of
arsenic contaminated groundwater for irrigation has been reported to pose the risk of soil
build up of arsenic and its subsequent transfer to plants@%. Bangladesh is currently
facing the challenge of mitigating soil contamination related to arsenic-laden ground
water irrigation as the groundwater level of arsenic in this region is very high®. About
40% of total arable land of Bangladesh is now under irrigation, and more than 60% of
irrigation needs are met from groundwater extracted by deep tube-wells, shallow tube-
wells or hand tube-wells®. Numerous greenhouse/field studies have found that an
increase in arsenic in cultivated soil leads to an increase in the levels of arsenic in edible
vegetables and ultimately end up in the human and animal bodies causing various
disorders®?. Various approaches have been tested so far for mitigating arsenic problem
and keeping the food source arsenic free. These included among others, selection of
arsenic non-accumulating plants, mixing fresh water with arsenic-contaminated
irrigation water for soil clean up, phytoremediation with indigenous plant species, use of
green algae as a bioremediator for rice, and manipulating the water regime in rice culture
etc. Although some of these approaches appeared promising but their field verification
and carryover effects on various soil characteristics remained to be further ascertained®.
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Use of organic matter, mostly cow-dung and poultry manure showed some positive
effect in reducing the arsenic accumulation in plants®. There is always a scope to try a
new source or approach to mitigate this severe problem. Arsenic can be retained in the
soil by increasing the surface area of soil phase and by forming complexes with soil or by
using other materials that are not harmful for soil or plant. In this context, biochar could
be a good option as the high surface area and porosity of biochar are able to sorb or
retain nutrients and water and also provide a habitat for beneficial microorganisms to
flourish(0-12),

Biochar has been credited with multiple benefits, including the ability to improve soil
fertility, protect water quality, and generate carbon neutral energy. The use of biochar
has, however, been argued to have some disadvantages, with some research reporting
negative consequences on soil and crop production®. The present work has been
attempted to study the effect of different sources of biochar in mitigating soil arsenic
problem and to see the effect of biochar on the phytoavailability of arsenic.

Materials and Methods

Soil sample was collected from the Jagir Dighulia village of Atigram union,
Manikganj Sadar Upazila in Manikganj district (23°51.884 N and 90°06.219 E),
Bangladesh. It is a young Brahmaputra floodplain soil belonging to the Melandaha
series. According to the USDA soil taxonomy the soil is a typic endoaquepts and
according to the FAO-UNESCO legend it is a Gleysol (Eutric Gleysol). The bulk of soil
samples (0 - 15 cm) were collected by composite soil sampling method®® and
processed(.

Three different sources of biomass/feedstock materials i.e., locally collected rice
straw, rice husk and sawdust were used to prepare biochars. The bulk biomass sample
was air dried, ground and screened through a 5 mm sieve and used for biochar
production by pyrolysis process.

Biochar was produced by following a simple version of pyrolysis processt®. A
portion of the biochar samples were sieved through a 0.25 mm sieve for different
chemical and physico-chemical analysis and another portion with 0.5 mm sieve for pot
experiment.

A pot culture experiment was conducted with an upland leafy-vegetable commonly
known as Kalmi Sak (Ipomoea aquatica) using the following 7 treatments (three
replications of each) arranged in a completely randomized design in the net house (Table
2).

Plastic pots (120 mm x 145 mm) without hole at the bottom were filled with 2 kg soil
(5 mm sieve) per pot and mixed with biochar and biomass samples at the rate of 5 ton/
hectare together with RDF for Kalmi Sak(”. The pots were kept at ambient condition for
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15 days for the organic sources (biomass and biochar) to be stabilized when the seeds
were SOWn.

Locally collected seeds of Kalmi Sak (9 - 10 seeds per pot) were sown in each pot.
After germination, 7 seedlings were kept in each pot and allowed to grow. After three
days of sowing, arsenic (As) @ 1 mg/l in water was applied everyday at a rate of 100
ml/day as irrigation water. The solution was made with a combination of 80% arsenite
and 20% arsenate. Meta arsenite (NaAsO2) and sodium arsenate (Na,HAsO,.H,0) were
used as a source of arsenite and arsenate, respectively.

The plants were allowed to grow for 35 days and then uprooted carefully. The plants
were dried and processed(. After harvest the soil samples from each pot was also
collected and processed as described above.

Various physico-chemical properties of the soil, biomass and biochar samples were
analyzed in the laboratory@®. Soil arsenic (both pre- and post experiment) was extracted
using aqua regia, while the arsenic in the plant, biochar and biomass materials were
extracted using concentrated HNO3®. The arsenic in the extract was estimated by using
Hydride Generation Atomic Absorption Spectrophotometery (HGAAS)(®. For every ten
samples a certified reference material (CRM) was included to ensure the QC/QA. All the
statistical analyses were done by using MINITAB (version 16) Package.

Results and Discussion

Laboratory analysis(® of soil was done for pH (6.5), CEC (14.7 meq%), textural class
(silt loam), organic carbon (0.33%), total N (0.042%), available N (0.004%), available P
(5.21 mg/kg), available K (4.20 mg/kg), and arsenic (3.18 mg/kg). Background analysis of
biomass and biochar showed that both the materials contained some arsenic, more in the
biochar (Table 1). Though rice husk did not contain any detectable arsenic, the
corresponding biochar, however, contained a substantial amount of the element. This
indicates that pyrolysis has concentrated the arsenic of the biomass.

Table 1. Chemical and physico-chemical properties of biomass and biochars.

Properties Biomass Biochar

Bm-1 Bm-2 Bm-3 Bce-1 Bc-2 Bc-3
pH 7.60 6.60 6.10 10.5 7.50 6.70
CEC (meq %) 12.9 17.2 16.2 16.0 20.2 17.5
Total nitrogen (%) 0.29 0.76 0.17 0.30 0.52 0.17
Total phosphorous (%)  0.04 0.86 0.11 0.15 1.70 0.48
Total potassium (%) 0.26 0.76 0.29 0.72 0.20 0.78
Arsenic (mg/Kg) 0.095 BDL 0.007 0.44 0.21 0.12

BDL = Below detection limit. Bm-1 = Rice straw biomass. Bm-2 = Rice husk biomass. Bm-3 = Saw-
dust biomass. Be-1 = Rice straw biochar. Be-2 = Rice husk biochar and Bc-3 = Sawdust biochar.
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The growth of shoot and root of Kalmi tended to be affected by the various
treatments (Table 2). It was observed that the application of biochar and biomass to soils
increased the plant growth except for rice straw biomass. The dry matter production on
biochar treated soils was higher than on their corresponding biomass treated soil and
among all the treatments, sawdust biochar appeared to be the best treatment in respect to
plant production. Blackwell et al.() and Lehmann et al.?% mentioned that biochar can be
used as an amendment to improve soil quality and crop production in a variety of soils.
So, the better plant production in biochar treated soil could be due to an improvisation of
soil quality by biochar.

Table 2. Fresh and dry weight (gm/100 plants) production of different parts of Kalmi plant.

Treatment Fresh weight Dry weight
Shoot +leaf ~ Root  Total plant Shoot+leaf = Root  Total plant

Co 29.83 4.58 34.41 8.72 1.74 10.47
Bm-1 30.35 3.90 34.25 9.55 2.00 11.55
Bm-2 4291 4.88 47.79 10.15 1.50 11.65
Bm-3 44.56 5.64 50.20 9.83 1.64 11.47
Be-1 37.95 4.65 42.60 10.30 1.56 11.86
Bc-2 49.45 5.46 54.92 10.89 1.62 12.51
Bc-3 48.37 6.21 54.57 10.95 1.76 12.71
LSD at 5% NS NS NS NS NS NS

Co = Control. Bm-1 = Biomass rice straw. Bm-2 = Biomass rice husk. Bm-3 = Biomass saw dust.
Bc-1 = Biochar rice straw. Be-2 =Biochar rice husk. Be-3 = Biochar saw dust and NS = Not significant.

Although biochar treatments have shown increased plant growth over the biomass
treatments, the effect, however, was not significant at 5% level. This indicates that
addition of biochar might not have any substantial positive effect on plant growth over
organic matter addition albeit some superiority shown in the present experiments.

The concentration, uptake and transfer factor of arsenic in different parts (root and
shoot + leaf) of Kalmi plant showed that the biochar and biomass treatments increased
the arsenic concentration and the roots contained more arsenic than the corresponding
aerial parts. In case of biomass treated soil, the maximum concentration of arsenic was
found in plants grown on sawdust biomass treated soil. Arsenic concentration in the
shoot was the minimum (0.71 mg/kg) for control plant and the maximum in the saw dust
biomass treatment (3.38 mg/kg). In the root the maximum concentration was observed in
plants grown on sawdust biomass treatment (16.9 mg/kg) while the minimum was
observed for the control plants (6.1 mg/kg) (Table 3).
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In biochar treated soil, the maximum concentration 1.98 mg/kg on the aerial parts
were obtained for the sawdust biochar treatment while the minimum was observed for
rice straw biochar treatment (1.5 mg/kg). In the roots, rice husk biochar treated plant
showed the maximum arsenic concentration of 10.40 mg/kg.

Table 3. The concentration, uptake, transfer factor (T.F.) of arsenic in root and shoot + leaf of
Kalmi plants and pH and arsenic concentration of soil after harvest.

Uptake (ug/100 plants) *T.F. for After harvest soil
Treatment Shoot + leaf Root total pH after 30 days  pH after As
plant of incubation harvest  (mg/pot)
Co 5.85 (0.71) 9.69 (6.1) 2.14 5.31 6.10 2.98
Bm-1 12.64 (2.93)  10.44 (6.9) 3.01 5.30 6.62 8.73
Bm-2 19.93 (1.92) 10.99 (7.4) 2.93 5.45 6.40 7.56
Bm-3 19.27(3.38)  22.71(16.9) 6.37 5.34 6.44 9.06
Be-1 31.60 (1.50)  14.62(9.4) 3.01 5.76 6.53 6.15
Bc-2 21.84 (1.96) 17.37(10.4)  3.66 5.43 6.51 8.45
Bc-3 27.50 (1.98)  13.28 (7.3) 2.82 5.76 6.31 8.22

*T.F. = Total As conc. in plants + As conc. in soil. Figures in the parentheses indicate the
concentration of arsenic in mg/kg.

The uptake of arsenic by the Kalmi plants was higher in the biomass and biochar
treatments over control (Table 3). Uptake in the aerial parts (shoot + leaf) was greater
than in their roots except for the control and saw dust biomass treatments, where the
scenario was reverse in case of arsenic concentration (more in roots). Further, uptake of
arsenic in the biomass treated plants is in general, less than the biochar treated one
(except sawdust biomass).

For the biomass treatments, As uptake in shoot + leaf and root was the maximum in
rice husk (19.93 ug/100 plants) and sawdust treatments (22.71 ug/100 plants),
respectively. For biochar, the maximum uptake in the edible part was 31.60 pg/100 plants
for rice straw biochar and in the root it was 17.37 pg/100 plants for rice husk based
biochar.

No significant effect of the treatments on either the root or the shoot arsenic
concentrations (p value 0.101 and 0.109, respectively) was found from ANOVA test. In
case of uptake the effect has been found significant for the root (p = 0.007) but not for the
edible part (p = 0.134). The As contents in soils after harvest was significantly affected by
the treatments (p = 0.003) at 5% level.

Sources of arsenic in the growth medium were the native amount in soil plus the
amount added from irrigation water as well as some from the biomass/biochar. The
transfer factor of arsenic was greater in the plants grown on soils treated either with
biomass or biochar than in the control plants (Table 3). As to the effect of treatments, the
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transfer factor was the maximum in the saw dust (6.37) biomass treatment and the
minimum was in its corresponding biochar (2.82) treatment. According to Fargo and
Mehra®), when the plant/soil ratio for any particular element is 0.1, the plant can be
considered as excluding the element from its tissues. In the present study, Kalmi plants
have shown the reverse phenomenon, indicating their affinity for arsenic accumulation.
The results of concentration, uptake and transfer factor of arsenic showed that the
biochar treatments have no positive impact in reducing arsenic content in the Kalmi
plants. The results of all these parameters were higher for the biochar and biomass
treated soils over the control. But some biochar treatments appeared to be better than the
biomasses. It is also observed that, while the concentration of arsenic was higher in the
root, the uptake however, was higher in the edible part in all the experimental pots. This
is due to greater biomass production of the aerial parts. This has a different connotation
that more of the toxic element is removed from soil to the human body through the
edible part of Kalmi when it is consumed. The increasing arsenic content of plants in
biochar treated soil could be due to several reasons. The background analysis showed
that the biochar itself contained some arsenic and it was more than its corresponding
biomasses. The addition of these biochar increased the total soil arsenic and as a
consequence the plant has taken up more of it. The pH condition could be another factor
for the increasing arsenic content in the plants. Chan and Xu® in their work showed that
the increased pH in the biochar treated soil increased arsenic solubility by creating an
alkaline condition. In the present case, it has been observed that the pH of the biochar
and biomass treated soils increased after 30 days of incubation @ as well as at harvest
(Table 3). Moreover, the pH of the biomass and biochars were greater than the soil pH.

The experimental soil contained high amount of iron (1.605%) and the biochar
increased it by supplying 0.214, 0.192 and 0. 232% from Bec-1, Be-2 and Bce-3, respectively.
It is known that arsenic and iron combine with each other and forms inorganic arsenic
compound. So the biochar might have retained the iron in their particle surface, making
the arsenic free in the soil solution. The present findings corroborate with the work of
Nguyen et al.¥.

A balance sheet to assess the fate of arsenic in the system is presented in the Table 4.
It is observed that, all the experimental pot initially contained 9.96 mg/pot of arsenic.
Some of this arsenic is taken up by the Kalmi plants. So, the excess amount of arsenic
should remain in the soil after harvest. But the data indicate that there are some missing
values, more in control than in the biochar or biomass treated soils. Among the biomass
and biochar treated soils the missing amount of arsenic is higher in the biomass treated
soil than in the corresponding biochar treated ones. The only exception observed was for
rice husk biochar treatment. Nguyen et al.?9 have found that the biochar increases the
concentration of extractable arsenic in biochar treated soil. This could justify the lesser
amount of the missing arsenic in biochar treated soils. A part of the arsenic could be
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missing in the calculation because of its transformation through biomethylation @. In
addition, the solvent might have failed to extract a part of the arsenic sorbed onto the
surface of soil colloids or the organic/char surfaces.

Table 4. Balance sheet for arsenic (mg/pot) in different experimental pot.

Experimental pot

Arsenic (mg/pot) Co Bm-1 Bm-2 Bm-3 Be-l Bc-2 Bc-3
Initial content in the soil 6.36 6.36 6.36 6.36 6.36 6.36 6.36
Amount added through irrigation 3.60  3.60 3.60 3.60 3.60 3.60 3.60
From biomass/ biochar source 0.00 0.0005 BDL 0.0000 0.0022 0.0011 0.0006

Total arsenic content in the pot (a) 9.96  9.96 9.96 9.96 9.962  9.961 9.96
Removed through plant uptake (b) ~ 0.005 0.008 0.008 0.018 0.005 0.011 0.008

Present in soil after harvest (c) 298 6.15 8.45 8.22 8.73 7.56 9.06
(29)  (61) (84) (82) (87) (75) (90)
b+c=d 2985 6.158 8458 8238 8735 7.571 9.068
Amount missing (a - d) 6.975 3.802 1502 1.722 1227 239 0.892
Per cent As not accounted for 70.0  38.0 15.0 17.0 12.0 23.0 8.0

BDL= Below detection limit. Figures in parentheses indicate the value in per cent over the total.

The present study suggests that biochars prepared from straw, husk of rice or saw-
dusts are not suitable for soil arsenic remediation. Biochar and the biomass treatments
had no positive impact on the reduction of the plant concentration of arsenic. Although
the biochar increased the plant accumulation of arsenic, it retained up to 90% of arsenic
in the soil. The study also suggests that the source of biochar is also an important factor
to determine its behavior; as a result its effects on remediating arsenic also depend on the
source from which the biochar has been produced.
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