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Abstract The commercial resin Dowex Optipore L-
493 was evaluated for the removal of the trihalometh-
anes (THMs) from water. Adsorption amounts were in
the order CHBr3 ≈ CHBr2Cl > CHBrCl2 > CHCl3, in-
sensitive to pH in the range 3.0–7.0, but decreased at pH
higher values. They were little affected by the presence
of co-existing anions and humic acid, and environmen-
tal impurities in a spiked natural water sample were only
slightly lower than those obtained with pure water. In a
comparison with several other commercial adsorbents,
the overall performance of L-493 for adsorption of
THMs was comparable with the best of those tested,
and superior to IR 120, IRC 748, and powder activated
carbon. THM adsorption on L-493 was endothermic,
and fitted by the pseudo-second-order kinetic and

Langmuir isotherm models; maximum adsorption was
228.6, 247.3, 250.6, and 253.7 μg/g, for CHCl3,
CHBrCl2, CHBr2Cl, and CHBr3, respectively. Charge
distributions and dipole moments were calculated for the
optimized structures using the hybrid density functional
theory (DFT) method. Both hydrophobic effects and elec-
trostatic interactions play important roles in the adsorption
process. The L-493 resin was easily regenerated and could
be recycled using 0.1 M NaOH, with only a small de-
crease in its initial adsorption capacities. Overall, this
research shows that L-493 is potentially a valuable adsor-
bent for the removal of THMs during water treatment.

Keywords L-493 resin . Trihalomethanes . Density
functional theory . Adsorptionmechanism . Drinking
water

1 Introduction

Disinfection by-products (DBPs) are formed by reactions
between disinfectants (e.g., free chlorine, chloramines,
etc.) and natural organic matter present in drinking water
supplies. Trihalomethanes (THMs) are one of the most
hazardous groups of DBPs formed in drinking water and
have received much attention because of their potentially
carcinogenic properties (Bull et al. 1995). The combined
contents of the THMs generated during water disinfection,
namely chloroform (CHCl3), dichlorobromomethane
(CHBrCl2), dibromochloromethane (CHBr2Cl), and
bromoform (CHBr3), are regulated in drinking water to a
maximum total contaminant level of 80μg/L under Stage I
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of the Disinfectant/Disinfection Byproducts Rule (USEPA
1998). Therefore, great efforts are being made to develop
innovative and cost-effective methods for the removal of
THMs from drinking water.

Various techniques, such as adsorption (Lu et al.
2005), ozonation (Chiang et al. 2009), and mem-
brane filtration (Uyak et al. 2008), have been used
to remove the DBPs from drinking water. Among
these, adsorption has an advantage of low cost and
high efficiency, and a wide range of materials have
been investigated for the removal of THMs from
water. These include the use of natural or engineered
adsorbents, such as soils, activated carbon (Lu et al.
2005, 2006; Babi et al. 2007), siliceous materials
(Prarat et al. 2011; Prarat et al. 2013), and polymeric
resins (Wang et al. 2014). Activated carbon has
traditionally been the most common adsorbent used
in water purification, but recently polymeric resins
have become an increasingly popular alternative be-
cause of their low cost, high porosity, large surface
area, ease of regeneration, and high adsorption ca-
pacity. Many resins with hypercrosslinked, aminated
macroporous, microporous, or magnetic structures
have now been synthesized and applied to water
purification (Pan et al. 2008; Pan et al. 2005;
Wang et al. 2014). Among these, Dowex Optipore
L-493, which is a commercially available polysty-
rene crosslinked with divinylbenzene, has been de-
veloped as an adsorbent material for industrial ap-
plications, including the removal of acrylonitrile
(Wegmann et al. 2011) and heavy metals (e.g., cop-
per, lead, iron) from water (Yıldız et al. 2011).
However, to the best of our knowledge, there is little
information available on the effectiveness of L-493
for adsorbing THMs from drinking water.

In the present work, we have systematically
investigated the mechanism and predominant fac-
tors that control THMs adsorption on L-493 resin.
These include the influence of adsorbent dosage,
solution pH, contact time, and temperature. Ther-
modynamic parameters, such as the standard Gibbs
energy change (ΔG°), enthalpy change (ΔH°), and
entropy change (ΔS°), were calculated. Addition-
ally, the performances of several other commercial
adsorbents for THMs adsorption were compared
with that of L-493. Finally, quantum mechanical
calculations were performed to provide a theoreti-
cal foundation for further understanding the ad-
sorption of THMs on L-493.

2 Materials and Methods

2.1 Materials

The THMs, CHCl3, CHBrCl2, CHBr2Cl, and CHBr3
were all obtained from J&K Science Co., Ltd., Beijing.
Dowex Optipore L-493 manufactured by Dow Chemi-
cal (Midland, MI, USA) was purchased from Sigma-
Aldrich Company (St. Louis, MO, USA). Amberlite IR
120, XAD-4, and XAD-1180 were purchased from
Acros Organics (New Jersey, USA), and Amberlite®
IRC 748 from Alfa Aesar (Ward Hill, MA, USA).
Powder activated carbon (PAC) was purchased from
Tianjin Guangfu Chemical Reagent Co. Ltd. (Tianjin,
China). Except for L-493, the main physiochemical
properties of the adsorbents used in this study are pre-
sented in Table S1 Supporting information. Other
chemicals were of the highest purity available, and were
supplied by Sinopharm Chemical Reagent Beijing Co.,
Ltd. (Beijing, China). Humic acid (HA) was purchased
fromAldrich Chemical Company, USA. A natural water
sample was collected from the Yongjiang river in Nan-
ning city, Guangxi, China. All solutions were prepared
with ultrapure water produced by a Milli-Q system
(Advanatge A10, Millopore, Billerica, MA, USA).

2.2 Pretreatment of the Resins

Prior to use, all resins were washed with distilled water,
then rinsed with 1.0 M NaOH solution, and finally
washed repeatedly with distilled water until pH 6.0–
7.0. Finally, the resins were extracted with ethanol for
8 h in a Soxlet apparatus, and dried in a vacuum desic-
cator at 50 °C for 2 h.

2.3 Characterization of L-493 Resin

The chemical composition and structure of L-493 were
determined by elemental analysis (EA, Elemental Vario
MICRO) and Fourier transform infrared (FT-IR) spec-
troscopy (Thermo Nicolet Co., USA), and its surface
morphology by field emission scanning electronmicros-
copy (FE–SEM, SUPRA 55, Carl Zeiss AG). The BET
specific surface area and pore size distribution of L-493
were determined by N2 adsorption–desorption iso-
therms using an automatic surface analyzer
(ASAP2020, Micromeritics Instrument, USA). Its ther-
mal stability was tested by thermogravimetric analysis
(TGA) of solid samples, using a TGAQ50 simultaneous
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thermal analyzer (Waters, USA), heated from 35 to
700 °C at a heating rate of 10 °C/min under a N2 flow
rate of 100 mL/min. Zeta potentials were measured in a
Zetasizer 2000 Analyzer (Malvern, Mastersizer 2000
Instruments Co., USA).

2.4 Batch Adsorption Experiment

The adsorbent L-493 (40 mg) and THMs stock solution
(0.4 mL, 20 mg/L) were added to a series of conical
flasks (each containing 40 mL of ultrapure water) and
the ionic strength was fixed at 1 mM using NaCl. All
experiments were performed at pH 7.0 in 5 mM phos-
phate buffer unless otherwise stated. For other solutions,
the pH was adjusted with 0.1 mol/L HCl or NaOH, and
the flasks shaken at 150 rpm and 25 °C for 24 h The
effects of solution pH, ionic strength, co-existing anions
(i.e., Cl−, NO3

–, CO3
2–, SO4

2– and PO4
3–) as Na+ salts

and HA were investigated via batch experiments at
25 °C with 1.0 g/L dosage of L-493. The adsorption
properties of L-493 were compared with those of four
other resins (Amberlite IR 120, Amberlite XAD-4,
Amberlite XAD-1180 and Amberlite IRC 748) and
PAC. In addition, kinetic information was obtained by
varying the equilibration time between 0 and 24 h for an
initial concentration of THMs of 200 μg/L. Adsorption
isotherms were measured for various initial concentra-
tions of CHCl3, CHBrCl2, CHBr2Cl, and CHBr3 from 0
to 200 μg/L in single and mixed systems. The experi-
mental temperatures were controlled at 15, 25 and
35 °C. Selective adsorption was also investigated using
a mixed solute containing the same concentrations of the
four THMs. To investigate the adsorption performance
for THMs by L-493 with natural waters, 200 μg/L
THMs was spiked into water collected from the
Yongjiang river at Nanning; its major quality parameters
are summarized in Table S2.

The amount of THMs adsorbed by L-493 and the
removal efficiency were calculated as follows:

qt ¼
C0−Ctð ÞV

m
ð1Þ

THM removal efficiency% ¼ C0−Ct

C0
� 100% ð2Þ

where Co and Ct (μg/L) are the concentrations of THMs
in aqueous solution initially and at time t (h), respec-
tively; qt (μg/g) is the amount of THMs adsorbed at

equilibrium, V is the volume of THMs solution (L),m is
the mass of adsorbent (g). All experiments were per-
formed in duplicate.

2.5 Analytical Methods

After reaching equilibrium, the 30 mL supernatant so-
lution was extracted with t-methyl t-butyl ether accord-
ing to the USEPAmethod 551.1 (USEPAMethod 551.1
1990). THMs concentrations were determined by a gas
chromatograph equipped with an electron capture de-
tector (GC/ECD, Agilent GC6890) and a fused silica
capillary column (HP-5, 30 m × 0.32 mm i.d. × 0.25 μm
film thickness). The GC-ECD was operated at an injec-
tion temperature of 180 °C, detector temperature of
272 °C and oven temperature of 110 °C.

2.6 Desorption and Regeneration

In order to better understand the mechanism of THMs
adsorption on L-493, desorption experiments were per-
formed in batch experiments with 40 mg L-493
pretreated with 40 mL THMs solution (200 μg/L,
pH 7.0) using 0.1 M NaOH, 0.1 M HCl, ethanol/H2O
(v:v = 1:1) as desorbing agent. Consecutive adsorption–
desorption cycles were repeated five times to establish
the re-usability of the L-493.

2.7 Computational Details

All calculations used the Gaussian 09 software pack-
age. The ground state geometries and electronic
structures of THMs were optimized by using the
hybrid density functional theory (DFT) method,
using periodic boundary conditions at the B3LYP
level of theory with the 6–311**G (d,p) set per-
formed on Gaussian 09 program package (Frisch
et al. Gaussian, Inc., Wallingford, CT 2010). For
molecules which have more than one possible con-
formation, the conformation with the lowest elec-
tronic energy was identified and adopted for the
calculations. Frequency calculations were computed
on these geometries at the same level to verify that
they are real minima on the potential energy surface
without any imaginary frequency. All calculations
were confirmed by frequency analysis that the
ground state configuration and zero-point correction
value was obtained.
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3 Results and Discussion

3.1 Characterization of L-493

Measurements of the morphology of L-493 by SEM
(Fig. 1a and insert) showed that the sample consists
of spherical beads with particle diameters approxi-
mately 0.3 to 0.85 mm. The FTIR spectrum has
bands at 900–700 cm−1, which can be assigned to
the superposition of mono- and disubstituted ben-
zenes in poly (styrene-co-divinylbenzene). The peak
at 820 cm−1 is attributed to the 1,4-disubstituted
benzene ring, and those at 1450 and 2925 cm−1 are
assigned to –CH3 and –CH2– stretching vibrations
(Fig. 1b). Elemental analysis gave C, H, S, and N

contents of 84.79%, 6.98%, 2.25 and 0.156%, re-
spectively. The N2 adsorption–desorption curves
show an adsorption isotherm consistent with a
macroporous structure according to the international
Union of Pure and Applied Chemistry (IUPAC)
classification. The BET surface area of 823.5 m2/g
is less than the value of 1100 m2/g quoted by the
Dow Chemical Company (https://www.sigmaaldrich.
com/catalog/product/sial/573698?lang=zh&region=CN
last accessed, February 2018). The mean pore diameter
and total pore volume were 5.7 nm and 0.33 cm3/g,
respectively. Thermogravimetric analysis indicated that
degradation of L-493 commenced at about 150 °C and
was complete by 600 °C. Thus, it is sufficiently stable for
use in water treatment.
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Fig. 1 Characterization of L-493. SEM images with magnification of × 10 K and × 150 (a); FTIR spectrum (b); N2 adsorption–desorption
isotherms (c); TGA curves (d)
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3.2 Effect of Adsorbent Dosage

The effect of adsorbent dosage on the adsorption of
THMs is shown in Fig. 2, adsorption followed the order:
CHBr3 ≈CHBr2Cl > CHBrCl2 > CHCl3, and the remov-
al efficiency increased with increasing adsorbent dosage
due to the availability of more adsorbent surface for
adsorption (Yakout 2010). Taking into account efficien-
cy and economy, 1.0 g/L (solid-to-liquid ratio) was
chosen as the optimum adsorbent dosage for all subse-
quent experiments.

3.3 Effect of pH and Ionic Strength

pH had no significant effect on the adsorption of THMs
on L-493 in the range 3.0–7.0, and only a small decrease
in the range 7.0–9.0 (Fig. 3a). Measurements of the zeta
potentials of L-493 (Fig. 3b) show a progressively in-
creasing negative charge over the pH range 3.0–10.0, as
reported in previous studies (Lu et al. 2005). The ad-
sorption mechanisms were further investigated by quan-
tum chemistry calculations, which are described in
Section 3.8. A pH of 7.0 was chosen for all subsequent
experiments, as representative of typical drinking water,
and the mechanisms that operate for the adsorption of
THMs by L-493 are investigated further in the following
sections.

Since appreciable amounts of salts are commonly
present in waters, the effect of ionic strength on the

adsorption of THMs on L-493 was studied (Fig. S1).
Small decreases in adsorption of THMs occurred when
NaCl concentrations were increased from 0 to 30 mM,
possibly because of competition between the THMs and
electrolyte for adsorption sites on the resins, but overall
these results indicate good performance of L-493 for the
removal of THMs fromwaters, even where there is high
salinity.

3.4 Effects of Co-existing Anions and HA

Since natural waters generally have complex composi-
tions, we investigated the effects of typical anions (e.g.,
Cl¯, NO3

¯, CO3
2−, SO4

2− and PO4
3−, as Na+ salts,

10 mM each) and HA (6 mg/L) on the adsorption of
THMs on L-493, these were spiked individually into
working solutions containing 200 μg/L THMs and
1.0 g/L L-493, and as shown in Fig. S2, resulted in only
small decreases in THMs adsorption. Considering that
the concentrations of these anions in the present mea-
surements were much higher than those typically pres-
ent in drinking waters, it can be concluded that the
presence of these anions is unimportant for THMs ad-
sorption on L-493. Furthermore, the presence of HA at a
typical concentration found in river water only slightly
decreased the removal efficiency of THMs by L-493.

3.5 Adsorption Kinetics

Adsorption of THMs on L-493 (Fig. 4a) showed a rapid
initial increase, but then slowed as the system reached
equilibrium (after about 24 h). The adsorption kinetics
were investigated by fitting the experimental data to
pseudo-first-order (Fig. 4b) and pseudo-second-order
models (Fig. 4c), which can be written as (Lagergren
1898):

First−order kineticequation :

lg qe−qtð Þ ¼ lgqe−
k1

2:303
t

ð3Þ

Second−order kineticequation :
t
qt

¼ 1

k2qe2
þ t

qe
ð4Þ

where qe and qt (μg/g) are the amounts of THM
adsorbed at equilibrium and at time t (h) respectively,
k1 and k2 (1/h) are the adsorption rate constant for
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Fig. 2 Effect of adsorbent dosage on the removal efficiencies of
THMs adsorption by L-493. Experimental conditions: [THMs]o =
200 μg/L, [phosphate buffer] = 5 mM, I = 1 mM, contact time =
24 h, pH 7.0, 25 °C
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pseudo-first-order reaction and pseudo-second-order re-
actions (g·μg−1·h−1), respectively.

The calculated kinetic parameters (Table 1) show that
the experimental data are well fitted with the pseudo-
second-order model (R2 = 0.99) with calculated qe that
are similar to the experimental values, and thus support
the previous report that chemical adsorption is the main
adsorption mechanism for L-493 (Ho andMckay 1999).

Since the rate of adsorption of THMs on porous
polymeric adsorbents is controlled by a combination of
external, interfacial, and internal diffusion, the data were
then further analyzed to determine the rate-limiting step.

The intra-particle diffusion equation is as follows
(Weber and Morris 1963):

qt ¼ k idt0:5 þ ci ð5Þ
where kid (μg·g

−1·h–0.5) is the intra-particle diffusion
rate constant; ci is associated with the boundary
layer thickness. However, plots of qt (μg/g) versus
t0.5 (Fig. 4d) were not linear, but could be separated
into two linear regions, which indicates that two
steps occurred (Table 2). This can be explained as
an instantaneous adsorption or external surface
adsorption, followed by a gradual adsorption
stage where intra-particle diffusion was rate
limiting.

3.6 Adsorption Isotherms and Thermodynamic Studies

Adsorption equilibrium isotherms provide important
information for elucidating adsorption mechanisms,

and are commonly analyzed by the Langmuir and
Freundlich models, which are written as:

Langmuir model Langmuir 1918ð Þ :

qe ¼
qmKLCe

1þ KLCe

ð5Þ

Freundlich model Frendlich 1906ð Þ :

qe ¼ K FCe
1
n

ð6Þ

where Ce is the equilibrium concentration of THMs
(μg/L), qe is the equilibrium adsorption capacity (μg/
g), and qm (μg/g) and KL (L/μg) are the maximum
adsorption capacity and Langmuir constant, respective-
ly, and are related to binding sites affinity. KF (μg/g) and
n are the Freundlich constants. The parameters calculat-
ed from these models are listed in Table S3. As can be
seen in Fig. 5, adsorption of THMs is well described by
the Langmuir model with high correlation coefficients
(R2 > 0.99), and adsorption capacity is in the order
CHBr3 (253.7 μg/g) ≈ CHBr2Cl (250.6 μg/g) >
CHBrCl2 (247.3 μg/g) > CHCl3 (228.6 μg/g). Previous-
ly published values for maximum adsorption capacities
of THMs on various adsorbents in previous literatures
are listed in Table S4 along with those from the present
measurements. Although the maximum adsorption ca-
pacity of THMs on L-493 is less than that of absorbents,
such as the commercial activated carbon and
multiwalled carbon nanotubes (Lu et al. 2005, 2006;
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Fig. 3 Effect of pH on the adsorption of THMs on L-493 (a) and zeta-potential of the L-493 (b). Experimental conditions: [L-493 dosage] =
1.0 g/L, [THMs]o = 200 μg/L, [phosphate buffer] = 5 mM, I = 1 mM, contact time = 24 h, 25 °C
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Tsai et al. 2008), it is similar to that of other resins (Qi
et al. 2007).

Thermodynamic parameters for THMs adsorption on
L-493 were obtained from experiments performed at
three different temperatures (15, 25 and 35 °C) (Fig. 5)
using the following equations (Eqs. 7–8),

ΔGo ¼ −RT lnKd ð7Þ

lnKd ¼ ΔSo

R
−
ΔHo

RT
ð8Þ

where ΔG°,ΔH°, and ΔS° are the changes in standard
Gibbs energy, enthalpy, and entropy of adsorption THMs
onto L-493, respectively;Kd is the adsorption distribution
coefficient (Cads/Ce), R is the universal gas constant
(8.314 J·mol−1·K−1), and T (°C) is the absolute tempera-
ture.ΔH° andΔS° were obtained from the vant Hoff plot
of ln Kd versus 1/T (Fig. S3), and the various calculated
parameters are summarized in Table S5. The negative
values of ΔG° and positive values of ΔH° at all tested
temperatures indicate that the adsorption for THMs on L-
493 is both spontaneous and endothermic, whilst the

0 5 10 15 20 25
0

50

100

150

200

0 8 16

0.8

1.6

2.4

0 10 20 30

0.00

0.07

0.14

0 2 4 6

0

100

200
q t

(
g/

g)

q e
(

g/g
)

t (h)

(a) (b)

 CHCl
3 

 CHBrCl
2 

 CHBr
2
Cl  CHBr

3

lg
(q

e-
q t

)

t (h)

(c)

t/q
t

t (h) t0.5

(d)
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(a); fits to kinetic models for adsorption of THMs on L-493
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diffusion models (d). Experimental conditions: [L-493 dosage] =
1.0 g/L, [THMs]o = 200 μg/L, [phosphate buffer] = 5 mM, I =
1 mM, pH 7.0, 25 °C
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values suggest a combination of physisorption and chem-
isorption. The positive ΔS° values indicate increased

system disorder at the solid–solution interface
(Muniyappan Rajiv Gandhi et al. 2010; Mafra et al. 2013).

Table 1 Calculated electronic parameters for THMs molecules

Parameter

CHCl3 CHBrCl2 CHBr2Cl CHBr3

Atomic electric 

potential 

(atomic units)

C -14.58 C -14.59 C -14.60 C -14.61

H -1.03 H -1.04 H -1.04 H -1.04

Cl -64.37 Cl -64.37 Cl -64.37 Br -175.79

Cl -64.37 Cl -64.37 Br -175.79 Br -175.79

Cl -64.37 Br -175.79 Br -175.79 Br -175.79

Molecular electric 

potential

(atomic units) 

-208.72 -320.16 -431.59 -543.02

Dipole 

moment 

(debye)

ESP charge 1.37 1.30 1.24 1.13

Mulliken 

charge
1.19 1.12 1.05 0.97

Table 2 Kinetic parameters for the adsorption of THMs on L-493

Model Parameter CHCl3 CHBrCl2 CHBr2Cl CHBr3

qe, exp (μg/g) 109.1 173.8 184.2 186.1

Pseudo-first-order k1 (h
−1) 0.20 0.20 0.17 0.22

qe, cal (μg/g) 85.70 134.23 133.28 142.13

R2 0.989 0.986 0.971 0.987

Pseudo-second-order k2 (g·μg
−1·h−1) 5.73 × 10−3 3.56 × 10−3 3.41 × 10−3 4.06 × 10−3

qe, cal (μg/g) 114.7 182.5 191.2 194.2

R2 0.992 0.992 0.991 0.994

Intra-particle diffusion model kid,1 (μg·g
−1·h–0.5) 36.02 57.17 59.56 62.19

ci,1 2.61 4.15 7.78 9.43

R2 0.980 0.980 0.952 0.939

kid,2 (μg·g
−1·h–0.5) 7.45 12.08 15.40 11.30

ci,2 74.02 116.68 110.75 133.27

R2 0.898 0.909 0.921 0.864
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3.7 Selective Adsorption of THMs in Single and Mixed
Systems

As shown in Fig. 6, for the single and mixed systems,
the adsorption capacities are in the order CHBr3 ≈
CHBr2Cl > CHBrCl2 > CHCl3. THMs adsorption in
the mixed system is the same order as that in single
systems. To gain a better understanding of the THMs
adsorption process, charge distributions (i.e., Electro-
static Potential (ESP) and Mulliken electronegativity)
and dipole moments were calculated for the optimized
structures using DFT (Table 2). The higher adsorption
capacities of the bromo-THMs compared to chloroform

(Morris and Boyd 1987) can be explained by the in-
crease in their electronic potential and decrease in po-
larity. There is also a direct relationship between the
dipole moments, molecular electronic potential and
THM adsorption capacity (R2 > 0.98). If the dipole mo-
ment is the main factor determining the adsorption
interaction (Fig. S4), it explains the observation of pH
having little effect on the adsorption of THMs. For
molecular electronic potential, the higher value means
a stronger electrostatic interaction, which leads to higher
adsorption capacity (Fig. S5). Consequently, both hy-
drophobic effects and electrostatic interactions play im-
portant roles in the adsorption process.
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Fig. 5 Isotherms for the adsorption of individual THMs on L-493. Experimental conditions: [L-493 dosage] = 1.0 g/L, [THMs]o = 0–
200 μg/L, [phosphate buffer] = 5 mM, I = 1 mM, contact time = 24 h, pH 7.0
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3.8 Comparison of Adsorption Properties of L-493
with Those of Various Commercial Adsorbents

Adsorption of THMs on L-493 resin was compared with
several other commercial resins (i.e., IRC 748, XAD-4,
XAD-1180, IR 120) and powder activated carbon,

which are currently used for the removal of THMs from
waters. L-493, XAD-4 and XAD-1180 all performed
well (Fig. 7), but L-493 showed the highest adsorption
capacity for chloroform, and is thus potentially a good
adsorbent for the removal of THMs from drinking wa-
ter. Adsorption capacity is influenced by several factors,
including specific surface area, adsorbent polarity, and
pore structures. Compared with that of IRC 748 with the
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Fig. 6 Selective adsorption of THMs from single and mixed systems containing equimolar amounts of each THM. Experimental
conditions: [L-493 dosage] = 1.0 g/L, [THMs]o = 0–200 μg/L, [phosphate buffer] = 5 mM, I = 1 mM, contact time = 24 h, pH 7.0, 25 °C
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Fig. 7 Comparison of the adsorption properties of L-493 for
THMs with those of various commercial resins. Experimental
conditions: [L-493 dosage] = 1.0 g/L, [THMs]o = 200μg/L, [phos-
phate buffer] = 5 mM, I = 1 mM, contact time = 24 h, pH 7.0,
25 °C
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Fig. 8 Effect of a natural water matrix on the adsorption of THMs
on L-493. Experimental conditions: [THMs]o = 200 μg/L, [L-493
dosage] = 1.0 g/L, pH 7.0, 25 °C
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specific surface areas, three resins (e.g., L-493, XAD-4,
or XAD-1180) with highest specific surface areas have
the highest adsorption capacities for THMs, suggesting
that the specific surface area is a major factor for deter-
mining the adsorption capacity.

3.9 Desorption and Regeneration

Regeneration of used L-493 was investigated by a bath
experiment in a desorption/regeneration study using
various desorbing agents; a desorption efficiency of ~
98% was observed with a 6-h treatment with 0.1 NaOH.
The results of THMs adsorption over 5 adsorption/
regeneration with 0.1 M NaOH cycles are shown in
Fig. S6. Only small decreases in THM adsorption ca-
pacity was observed after 5 cycles, thus indicating that
L-493 can be reused multiple times in drinking water
treatment without appreciable loss in adsorption
performance.

3.10 Application to Natural Waters

We further investigated the practical performance of L-
493 by investigating a natural water spiked with THMs.
The results for THM adsorption from this natural water
by L-493 were only slightly lower than those obtained
with pure water (Fig. 8), although there were apprecia-
ble differences in adsorption from single and multicom-
ponent systems.

4 Conclusions

This work has systematically investigated the adsorp-
tion of THMs from water by a commercial Dowex L-
493 resin, with the following conclusions:

(1) The adsorption capacity of L-493 for THMs in-
creased with the number of Br atoms; overall, it
was comparable with the best of the other commer-
cial resins investigated, but it was superior for the
adsorption of chloroform.

(2) Adsorption of THMs on L-493 was well described
by the Langmuir model; it was not affected by pH
in the range 4.0–7.0, but decreased slightly at
higher pH.

(3) The adsorption process obeyed pseudo-second-
order kinetics, and thermodynamic calculations

indicate that it is endothermic and spontaneous
for each THM.

(4) Overall, these results demonstrate that L-493 is
potentially a good adsorbent for the removal of
THMs from water, especially chloroform.
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