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Abstract

Biochar made from agricultural waste products can be used as a low-cost adsorbent targeting
dissolved organic matter (DOM). In water treatment plant (WTP), DOM reacts with chlorine-
based disinfectant and forms carcinogenic disinfection by-products. The objective of this study was
to investigate the applicability of bamboo biochar derived from wood vinegar production waste as
an adsorbent for DOM removal and subsequently trihalomethane formation potential (THM-FP)
reduction. Raw biochar (BCRaw) and 800°C post-heated biochar (BC800) was tested for its
surface characteristics including scanning electron microscopy, Fourier transform infrared spec-
troscopy and Brunauer, Emmett and Teller analysis. The post-pyrolysis treatment increased the
surface area of the biochar from 90.3 to 274 m? g'!'. Raw natural water collected from Tapra WTP,
Khon Kaen, Thailand, which uses the Chi River as its water source. The adsorption capacities for
dissolve organic carbon at 24-h equilibrium (Q.) of BCRaw and BC800 were 0.148 and 0.551 mg-C
g adsorbent, respectively. The adsorption kinetics were described well with a pseudo-second
order model, which implied chemisorption and multiple adsorption mechanisms. While THM-FP
was relatively unaffected by a treatment with BCRaw, a treatment with BC800 resulted in 12.4%
THM-FP reduction and preferential removal of precursor to chloroform over other THMs was
observed. Fluorescent excitation-emission matric spectroscopy was employed to characterize DOM
before and after treatment with biochar. BC800 achieved greater removal of terrestrial humic-
like and fulvic-like DOM, due to the presence of oxygen functional groups, which enhances
removal capacity for aromatic compounds. Overall, this study shows the potential use of bamboo
biochar derived from waste material as an adsorbent for THM precursor removal.

Keywords: Biochar; Adsorption; Dissolved organic matter; Characterization; Trihalomethanes

https://doi.org/10.35762/AER.2022.44.3.3



34

Introduction

Biochar is a carbon-rich material produced
from thermal combustion of carbon-based bio-
mass or agricultural wastes under limited-oxygen
conditions. Biochar has been previously applied
to soil to sequester carbon and improve soil
conditions [1]. Due to its high carbon content,
large surface area, and high porosity, biochar is a
proven adsorbent effective for removal of various
types of pollutants [2]. Biochar has some advan-
tages over commercial activated carbon in its
lower production cost, local availability, and
environmentally friendly production. The used
biochar can be disposed by combustion or gasif-
ication to produce energy or subsequently used
as a soil amendment, providing sustainable waste
management.

Physiochemical properties of biochar (e.g.,
surface area, pore size, and functional groups)
vary with the raw materials and preparation
conditions [3]. With a proper pyrolysis tempera-
ture and modification process, biochar can be
used to target removal of specific contaminants.
For environmental applications, biochar has
been used as an adsorbent for decontamination
of water and wastewater, including removal of
dissolved organic matter (DOM) [4-5], DOM and
phosphorus [6], toxic metals [7], and emerging
contaminants [8].

In water treatment, DOM is a major concern
because it causes undesirable taste and odor and
can react with chlorine-based disinfectants to form
carcinogenic disinfection byproducts (DBPs).
In Thailand, water authorities regulate concentra-
tion of chloroform (TCM), bromodichloromethane
(BDCM), dibromochloromethane (DBCM), and
bromoform (TBM) in tap water does not exceed
300, 60, 100, and 100 pg L, respectively, and the
summation of the ratio of the four THMs to their
respective standard does not exceed one [9]. To
control DBPs concentration in tap water, water
treatment plants (WTPs) use conventional coagu-
lation to remove DOM, organic precursor to DBPs.
However, coagulation is more effective at remov-
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ing turbidity rather than DOM. Coagulation
using polyaluminum chloride (PACI) in the full-
scale in WTPs in Thailand only achieved 8.9—
16% dissolved organic carbon (DOC) removal
[10]. Commercial activated carbon (AC) can be
used to enhance DOC removal. For the water
sampled from Bangkhen WTP, PACI coagulation
enhanced with powder activated carbon (PAC)
at 20 mg L! could increase DOC removal by
33%[11].

As biochar has similar characteristics to AC,
it has potential to be used as a low-cost adsorb-
ent to replace commercial AC to remove DOM,
and thus reduce the risk of DBPs formation at
WTPs. Accordingly, the objective of this study
was to investigate the applicability of biochar
derived from waste material as an adsorbent for
DOM removal. We examined surface properties
of the raw and post-pyrolysis biochar and the
characteristics of DOM before and after treatment
with the biochar. The adsorbent performance of
biochar was evaluated using surface water sam-
pled from the Chi River, a water source for the
Tapra WTP in Khon Kaen, Thailand, where
high concentration of THMs in finished water
was previously reported.

Materials and method
1) Preparation of biochar

Bamboo biochar was prepared from wasted
char, a byproduct from a wood vinegar manu-
facturing process (Ubon Ratchathani, Thailand).
During the wood vinegar production, the bamboo
wood (approximately 2 m long) was carbonized
at 1200°C under limited oxygen for 15 days [8].
The released gases were condensed (cooled)
into a liquid, then the liquid was further refined
into wood vinegar. The char that was left after
pyrolysis is considered agricultural byproduct
with only marginal economic value. Thus, the
waste-derived biochar may be a potential low-
cost adsorbent material, thereby supporting
agricultural waste utilization.
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The wasted char was crushed and sieved into
2—4 mm in size, washed with deionized (DI)
water, and dried at 105°C in an oven overnight.
Then, the raw biochar was loaded into packed-
bed reactor made from stainless steel (5 x 30 cm)
and then pyrolyzed in a vertical electric furnace
under nitrogen (N2) flow of 250 cm? min™ at
800°C for 1 h with heating rate 20 °C min™ to
remove organic residuals. The in-house pyrolysis
furnace was previously used to carbonized agri-
cultural materials to produce biochar and acti-
vated carbon in previous studies [12—13]. The
sample was left to cool down to room tempe-
rature under the N> atmosphere. The raw and post-
pyrolysis biochar samples were named BCRaw
and BC800, respectively. All the ad-sorbents
were kept in an air-lock container at room
temperature until use.

2) Characterization of biochar

The biochar samples were characterized for
their morphology and surface characteristics
using field emission scanning electron micro-
scopy (SEM, Helios NanoLab G3 CX, FEI).
The functional groups on all biochar samples
were identified using Fourier transform infrared
spectroscopy (FTIR, TENSOR27, Bruker) in
spectra ranging from 400 to 4000 cm™'. The
Brunauer, Emmett and Teller (BET) specific
surface area, pore size, and pore volume of
biochar was evaluated from N> adsorption—
desorption isotherms (BET, ASAP 2460, micro-
meritics).

3) Removal of DOM by biochar

Adsorption batch experiments were conducted
to evaluate the DOM removal performance of
the biochar. In Feb 2022, water samples were
collected from an intake of Tapra WTP, Khon
Kaen, Thailand, which used the Chi River as a
source water. Upon arrival at a laboratory, the
water samples were filtered with 0.7 um glass
fiber filter (GF/F, Whatman) to remove sus-
pended solids, and then stored at 4°C in the dark
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until needed. Water samples were allowed to
reach room temperature (28+2°C) before the
batch experiments. The DOM removal experi-
ments were conducted at room temperature
(28+2°C) by adding 3 g of biochar into 1 L of
raw water and mixing at 150 rpm for 24 h [4].
Samples were collected periodically from 0—
1440 min. The used biochar was then separated
from the treated water using a stainless-steel fine
screen. The treated water samples were filtered
again with a 0.7-um GF/F filter before organic
matter characterization. DOC was analyzed using
multi N/C® 2100 TOC Analyzer (Analytik Jena
AG, Germany). UV absorbance was made using
a 1-cm quartz cell and DR600 spectrophotometry
(Hach, USA). Specific UV absorbance (SUVA)
was calculated as a ratio of UV absorbance at
254 nm (UV254) and the DOC concentration.
SUVA values are used as an indicator of the
aromaticity of DOM in the samples [14]. The
batch experiments were conducted in duplicate
and water quality analyses were performed in
replicated. A Mann-Whitney test or a pairwise
t-test was conducted to compare the differences
between the water treated by BCRaw and
BC800. All statistical analyses were done using
Stata IC 13.1 (Stata Corp LP, College Station,
TX, USA).

The adsorption capacity of biochar at equi-
librium (Qe, mg g') can be determined the
following Eq. 1 [15].

Qe — (CO_ Ce) V

m

(Eq. 1)

when Co (mg L) and C. (mg L) corres-
pond to the DOC concentration at time zero and
at equilibrium, respectively. V (L) corresponds
to the volume of the water tested and m (g) is
the mass of the biochar used. The experimental
data was then fit to the pseudo-first-order (PFO)
and pseudo-second-order (PSO) models to ex-
plain adsorption kinetics following Eq. 2 and 3,
respectively, where Q; (mg g!) is the adsorption
capacities at time t. ki (min™) and k> (g (mg
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min')"!) are the rate constants of the PFO and
PSO models, respectively [13].

In(Q, — Q) =InQ, — k4t (Eq. 2)
t 1 1
o L o (Eq. 3)

Fluorescent excitation-emission matrix (EEM)
spectroscopy was employed to track changes in
the composition of DOM fractions before and
after treatment with biochars. EEM spectra were
collected using a spectrofluorometer with a Xenon
arc lamp and a PMT detector (FS5, Edinburgh)
and a 1-cm quartz cell according to a procedure
reported in a previous study [16]. EEMs were
generated from excitation wavelengths from
200 to 500 nm with 5-nm increments, and the
emission was recorded in the range of 250 to
550 nm with 1-nm increment. Blank EEM from
DI water was collected on the same day prior to
sample scan. Sample EEMs were corrected for
inner filtering effects using a matrix generated
from UV-vis spectra [17]. UV absorbance mea-
surement was made using 1-cm quartz cell and
a spectrophotometer (DR6000, Hach). Sample
EEMs were then blank-subtracted, and the fluo-
rescence intensities were normalized to the area
under the water-Raman peak at an excitation of
350 nm [16]. Thus, EEM data is reported in
Raman units.

4) DBPs analysis

Raw and biochar-treated water chlorinated
using sodium hypochlorite (NaOCI) solution
according to the uniform formation conditions
(UFC) method [18]. The UFC is used to repre-
sent the real chlorine concentration in the distri-
bution system, which refers to concentration of
chlorine that yields 1.0 mg-Cl L™! residual after
24-h incubation at pH 8 at 20°C in the dark. The
NaOCl solution was added to the samples using
the ratio of carbon to chlorine from 1:1 to 1:2,
and sample with chlorine residual of 1.0+0.2 mg
L were selected for THMs analysis. Four
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THMs, including CF, BDCM, DBCM, BF, were
analyzed by liquid/liquid extraction according
to EPA method 551.1 using gas chromatography-
electron capture detector (GC-ECD, Shimadzu
Nexis GC - 2030, Japan) with Rtx®-5 column.
Methyl tert butyl ether (MtBE) was used as ex-
tracting solvent and ammonium chloride (NH4Cl)
was used as a dechlorinating agent.

Results and discussions
1) Characteristics of the adsorbents

Based on SEM images, the micropores and
mesopores of the biochars were observed, and
the surface of BC800 (Figure 1b) was more porous
compared to that of BCRaw (Figure 1a). Thus,
pyrolysis of the previously crushed and sieved
biochar successfully increased its porosity.
Compared to BCRaw, thermal activation resulted
in a substantial decrease in several functional
groups on BC800 (Figure 1c), denoted by the
FTIR troughs around 3000 cm™ (CH, stretch-
ing vibrations for aliphatic groups), 1410 cm’!
(aromatic skeletal stretching bands, presence of
lignin), 1250-1050 cm™ (C—-O—C stretching for
cellulose and hemicellulose), 872 cm™ (aromatic,
C=H out of plane bending or Si-O-Si bond
bending vibrations), and 600-700 cm™ (C-H
bond in aromatic and heteroatomic compounds)
[4, 19-21]. The bands between 2850-3000 cm™!
showed -OH functional group on BCRaw [20],
which decreased due to thermal conversion of
aromatic lignin and alcohol [22]. This was
attributed to the decrease in the polar functional
groups after pyrolysis, thus confirming the
decomposition of hemicellulose and conversion
to graphitic structure of biochar. Similar pheno-
mena have been previously reported in pre-
paration of activated biochars from eucalyptus
and bamboo wood [4, 20]. The FTIR troughs
around 20682100 cm™!, which correspond to
C=C stretching [4, 6], were relatively unchanged
after pyrolysis. The band between 1100—-1000
cm™! (C-O-C stretch of the ethers present in
lignin) [23] was still present in BC800 but at a
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less prominent level. The higher retained amount
of oxygen functional groups, e.g., anhydride
(CO-O-CO stretching, 1045 cm™) on the surface
of BC800 indicated the presence of aromatic
functionality [24], which is an important factor
for adsorption capacity of organic materials.
The development of mesoporous and mi-
croporous structures for the BC800 is further
confirmed by BET- specific surface area, pore
volume, and pore size (Table 1). BCRaw has
a lower surface area of 90.35 m? g'! and pore
volume of 0.046 cm? g'!. The low surface area
was caused by the presence of cellulose, lignin,
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tar and other organic materials in the tight struc-
ture of the initial waste char, as the wood vinegar
production typically uses large pieces of bamboo
timber as raw materials. Thus, the heat distri-
bution and gasification were not effective.
Following pyrolysis at 800°C, the surface area
and pore volume of BC800 increased to 274.4
m? g and 0.140, cm® g'!, respectively. The average
pore size of BC800 (2.002 nm) was slightly
smaller than that of BCRaw (2.076 nm). Thus,
compared to BCRaw, pyrolysis resulted in an
increase of surface area and pore volume, while
the impact on average pore size was marginal.
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Figure 1 SEM images of (a) BCRaw and (b) BC800 and (c) FTIR spectra.

Table 1 Surface properties of the biochar samples

Samples BET Surface area (m? g") Pore volume (cm® g 1) Pore size (nm)
BCRaw 90.35 0.046 2.076
BC800 274.4 0.140 2.002
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The shape of N> adsorption—desorption iso-
therms describe a type Il isotherm, which indi-
cates adsorption with strong interactions within
wide range of pore sizes (Figure 2). Such ad-
sorption may extend from the monolayer to the
multilayer. Notably, the hysteresis remained
unclosed at lower relative pressure region, similar
to a previous study [25], which was explained
as slow desorption of the adsorbed N> at low
pressure due to strong chemisorption and ca-
pillary condensation phenomenon.
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isotherms of the biochar.
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2) Adsorption of DOM by biochar

The raw water from Chi River had a DOC
concentration of 4.21 mg L' and UV254 of
0.093 cm™, resulting in a SUVA value of 2.21
L mg'm™. After equilibrating for 24 h, DOC
removal by BCRaw and BC800, was 14.7 and
37.8%, respectively (Figure 3a). During 15—
1440 min of the DOC removal experiment,
DOC of the water treated by BC800 was signi-
ficantly lower than that treated by BCRaw
(Mann-Whitney test, p <0.05). DOC removal
by BC800 was greater than that achieved by
PACI coagulation at Tapra WTP (8.9-16%)
during 2018-2019 [10]. Previous studies have
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tested various types of biochar and commercial
activated carbon (AC) to remove DOM from
natural surface water. Pinecone biomass-derived
biochar resulted in less than <25% DOM removal
from lake water, while biochar with alkali acti-
vation improved the DOM removal to > 80%
[25]. The other study using river water with a
DOC of 4.13 mg L"! reporting that commercial
coconut shell-based AC achieved 49.64% DOC
removal [4]. The metal-impregnated biochars
derived from softwood sawdust in the range of
0.5-2 g L'! could remove 87-96% of DOM
[6]. Thus, BC800 has greater DOM removal
efficiency compared to other pristine biochar
and not far behind compared to commercial
AC, and future study should focus on alkali
activation and metal-impregnation to improve
DOM removal efficiency of biochar.

Treatment by BCRaw significantly increased
SUVA value of the raw water from 2.21 L mg’!
m" to 2.42 L mg'm™ (t-test. p < 0.05), respec-
tively, suggesting preferential removal of a non-
UV absorbing DOM by BCRaw. The adsorp-
tion capacity at equilibrium (Q.) of BCRaw and
BC800 was 0.148 and 0.551 mg g adsorbent,
respectively (Figure 3b). Compared to BCRaw,
the greater DOC removal by BC800 is consist-
ent with its higher surface area and pore volume
(Table 1). Additionally, the adsorption kinetics
of BCRaw and BC800 for DOC were fitted with
PSO model (R? = 0.99) with a rate constants ka
0f 0.193 g mg-C!-min™ for BCRaw and 0.017 g
mg-C-min’ for BC800. Fitting DOC removal
data with the PFO model resulted in R? of 0.77
and 0.96 for BCraw and BC800, respectively. A
previous study [4] also reported that the PSO
model better fit well the adsorption kinetics of
organic pollutants by biochar compared to the
PFO model. The PSO model implied chemi-
sorption and multiple adsorption mechanisms
and that chemical adsorption was considered as
the rate-limiting step of DOC adsorption on the
biochar.
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Figure 3 (a) Reduction of DOC by 3 g L'! biochar over time and (b) adsorption capacity (Q)
of biochar. Lines indicated ideal reduction of DOC by pseudo second-order reaction.

Using the peak-picking characterization tech-
nique, fluorescence EEM contours revealed four
distinguished peaks in the water samples (Figure
4). The four peaks are designated as letters A, C,
T and B based on previous work [26]. According
to their excitation/emission coordinates, peak A
(250 nm/450 nm), peak C (315 nm/415 nm),
peak T (275 nm/340 nm), and peak B (230 nm
/300 nm) can be classified as terrestrial fulvic-
like, terrestrial humic-like, tryptophan protein-
like, and tyrosine protein-like DOM, respectively.
The raw water (Figure 4a) was enriched in ter-
restrial DOM (peaks A and C) and the EEM
contour shows greater fluorescence intensities
at all peak locations compared to water treated
with BCRaw and BC800 (Figure 4b and 4c).

For quantitative comparison, the fluorescence
intensity at peaks A, C, T, and B for all raw and
biochar-treated water is presented in Figure 5a.
Pairwise t-test was used to compare the fluores-
cence intensity of BCRaw-treated and BC800-
treated samples (n = 6 from duplicate experiments
and replicate measurement). The results show
that fluorescence intensity at peaks A, C, and T
of BC800-treated sample was significantly lower
than those in BCRaw-treated sample (p<0.05
for all three peaks. There was no significant
difference (p>0.05) between the fluorescence
intensity at peak T of BCRaw-treated and BC800-

treated samples. Thus, BC800 achieved greater
removal of DOM at peaks A, C, and T (47-65%,
Figure 5b) compared to BCRaw (11-35%,
Figure 5b), while the removal of DOM at peak
B was slightly lower (36% compared to 51%).
However, the decline in removal efficiency of
DOM at peak B was not significant due to the
low fluorescence intensity at peak B in the raw
water sample. The greater removal of fluores-
cence DOM by BC800 was consistent with the
greater DOC removal results from kinetics
study. Moreover, the greater removal of ter-
restrial humic-like and fulvic-like DOM by
BC800 is well supported by FTIR results
reporting that BC800 contains oxygen functional
group, e.g., anhydride (CO-O-CO stretching),
which enhances adsorption capacity for aromatic
compounds.

3) Formation potential and speciation of THMs

Concentration and speciation of the four
THMs formed after chlorine was added to the
raw and biochar-treated water is shown in
Figure 6. The THM formation potential (THM-
FP) of the raw water was 188 ug L™, with TCM
and BDCM accounted for 34.8% and 31.7% of
the total THM-FP, respectively. Concentration
of bromide (Br) in the raw water is 0.6 mg !,
which is considered very high for surface water
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and the presence of brominated DBPs in the
finished water was previously reported [9—10]
During chlorine disinfection process, Br can be
oxidized to hypobromous acid (HOBr) by hypo-
chlorousacid (HOCI). Compared to HOCL, HOBr
is a stronger oxidizing agent with greater halo-
genating activity [27] Thus, the presence of Br
promotes formation of brominated DBPs, which
has greater toxicity than their corresponding
chlorinated DBPs [29\8].

Despite its DOC removal of 14.7%, THM-FP
reduction by BCRaw was only marginal (1.5%)
(Figure 6). This result agrees well with the
increase of SUVA and the low removal of fluo-
rescence DOM at peak A and C by BCRaw
treatment, which indicates that BCRaw did not
well adsorb UV absorbing material or humic-
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like fraction of DOM pool that are an important
precursor of THMs. For BC800, THM-FP reduct-
ion was 12.4%. Preferential removal for FP of
TCM (43.7%) and BDCM (20.1%) was observed,
while FP of DBCM and TBM increased after
BC800 treatment. This result suggests that, for
the raw water containing bromide, DOM not
removed by BC800 was more susceptible for
oxidation by HOBE, led to formation of bromi-
nated THMSs. Thus, for WTPs using raw water
containing high levels of both DOC and Br,
other treatment process should also be considered
for inorganic precursor removal. Since humic
materials are an important precursor of many
DBPs, the greater removal of humic-like DOM
by BC800 (Figure 5b) explains its capability of

THM-FP reduction (Figure 6).
05
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Figure 4 Fluorescence excitation-emission matrix (EEM) contour of (a) raw water, (b)
BCRaw-treated water, and (c) BC800-treated water. Peaks A, C, T and B correspond to
fulvic-like, humic-like, tryptophan-like, and tyrosine-like DOM, respectively.
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Figure 5 (a) Fluorescence intensity of the raw and treated water, (b) reduction of
fluorescence intensity by 3 g L' BCRaw and BC800 at 24-h contact time. Error bars
correspond to the standard deviation of results obtained from duplicate experiment and
triplicate measurements. Pairwise t-test was used for statistical analysis to compare the
difference between two groups of samples.
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Figure 6 Formation potential of chloroform
(TCM), bromodichloromethane (BDCM),
dibromochloromethane (DBCM), and
bromoform (TBM) in raw and 3 g L"!
biochar-treated water.

4) Application of waste-derived biochar for
water treatment

Many studies referred to biochar as a low-
cost adsorbent compared to activated carbon [4,
6,29-30]. Cost of biochar production from forest
chips includes cost of timber, cost of cutting,
chipping, and overheads, road transportation
cost, production stage cost. Additional cleaning
cost may be required as well [29]. In this study,
waste char was used as raw material for biochar
production, thus, no cost of timber is required.
Since the wood vinegar production use bamboo
wood of 2 m, cost of cutting and shipping is
required to produce smaller pieces of biochar
for homogenous surface properties. Consider
the electricity cost for the small furnace (150
kWh) and high grade N> gas use in this study,
production of biochar in a small lab-scale is not
economical. However, if the production is en-
larged to a full-scale, waste heat from wood
vinegar production or other near-by processes
can be used to post-heat the chipped biochar.
Thus, transportation cost and production stage
cost can be minimized.

In this study, we used DI water to rinse and
remove background DOC from biochar follow
procedure published in previous studies [4] as
background DOC could interfere with DOM
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characterization. For a full-scale application in
WTPs, biochar can be installed to retrofit exist-
ing media filtration tank, similar to granular
activated carbon filtration. After backwashing,
the media filter is typically rinsed with raw water
(no cost) in the ripening period, thus DI rinsing
is not necessary. In Thailand, the price of char-
coal is about $0.5-1.0 kg! and activated carbon
market price was in the range of $3-5 kg’!, so
production of biochar from waste char can pro-
vide value added to the wood vinegar production.
The mean price of biochar in global market is
$2.65 kg'!. The price of biochar can be as low as
$0.09 kg'! in the Philippines while the price in
the UK is $8.85 kg™ [29]. Based on the results,
BC800 or post-pyrolysis bamboo biochar success-
fully remove DOC and THM-FP from the raw
water. Post-pyrolysis without chemical activation
also is cost effective and environmental-friendly,
which make it more suitable for application in
water treatment.

Conclusion

This study investigated the performance of
biochar derived from wood vinegar manufacturing
waste in removing DOM and THMs precursors
from surface water. Compared to raw biochar,
crushing, screening, and post-pyrolysis under
Nz atmosphere at 800°C for 1 h significantly
increased surface area of the biochar from 90.35
to 274.4 m? g’ Characterization analyses e.g.
BET, SEM, and FTIR revealed mesoporous
structure, increase in surface area, larger pore
volume and aromatic functional groups on the
surface of the post-pyrolysis biochar, for which
enhanced its adsorbent capability for DOM and
THM-FP removal. Fluorescence EEM charac-
terization revealed that the post-pyrolysis biochar
had greater removal of humic materials. Overall,
the results from biochar surface chemistry analysis,
DOM adsorption study, DOM characterization,
and THM-FP evaluation confirm the potential
to use this biochar in DOM removal.
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The BET surface area of BC800 (274.4 m?
g, however, was still less than commercial
coal-based activated carbon. Thus, future work
should focus on biochar activation using chemical
activators to improve the surface chemistry and
tailor the modification process to produce bio-
char as selective adsorbents for DBP precursor
removal. This study proposes a value-added alter-
native for waste char from agricultural production
and a biochar that has a potential to be used as
an adsorbent for DOM removal.
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