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A  simple  point  of  use  (POU)  device  based  on  the  theory  of  Donnan  dialysis  was  developed  for  the  removal
of  arsenate  (As(V))  in  the  present  study.  A commercial  anion  exchange  membrane  was  used  as  a semiper-
meable  barrier  between  the  feed  and  stripping  solution  (As(V)-spiked  groundwater  and  a  12  g L−1 table
salt solution,  respectively).  The  proposed  POU  device  could  be operated  26 times  before  replacing  the
stripping  solution.  In  each  batch,  approximately  80%  of  the  arsenate  anions  were  transported  across  the
membrane  within  24 h, and  the  arsenic  concentration  of  the  stripping  solution  was  finally  more  than  180
times  greater  than  that of the  treated  water.  Cations  were  well  preserved  in  treated  water;  however,  a
nion exchange membrane
onnan dialysis
oint of use
ural areas

slight  increase  in  the  sodium  ion  concentration  was  observed  due  to  electrolyte  leakage.  Alternatively,
the  chloride  ion concentration  significantly  increased  at the  expense  of a loss  of  sulfate  and  bicarbonate.
The  quality  of treated  water  was  in compliance  with  drinking  water  standards.  Membrane  fouling  was
investigated,  and  a reduction  in  the  As(V)  removal  rates  was  not  observed  when  the  membrane  was  used
repeatedly.  Our  results  showed  that the  proposed  Donnan  dialysis  POU  device  could  effectively  remove
arsenic  from  drinking  water  in  rural  areas  in  a sustainable  manner.
. Introduction

Naturally occurring arsenic is one of the most serious contami-
ants in drinking water. Millions of people worldwide suffer from
rsenism due to long-term arsenic exposure via drinking water
1], especially in rural areas of developing countries such as China,
ndia, Bangladesh, etc. [2–4].

Many technologies are available to reduce the arsenic concen-
ration of drinking water, including coagulation, adsorption, and
everse osmosis [5–7]. However, in rural areas, where centralized
ater supply facilities are generally lacking, these methods are

arely successfully used due to economic and technical obstacles.
echnologies designed exclusively for rural and poor settings are
ore pertinent and effective for the removal of arsenic in these

reas.

Point of use (POU) technology improves water quality by treat-

ng water in the home and has great potential for providing safe
rinking water to rural areas of developing countries in an effective

∗ Corresponding author at: Department of Environmental Engineering, Peking
niversity, Beijing 100871, China. Tel.: +86 10 6275 4292 815;

ax: +86 10 6275 6526.
E-mail addresses: zhaobin@tjpu.edu.cn (B. Zhao),

haohuazhang@pku.edu.cn (H. Zhao).

304-3894/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2012.02.048
© 2012 Elsevier B.V. All rights reserved.

and affordable manner [8].  The ability to provide continued protec-
tion is essential for a successful POU technology. Therefore, specific
properties regarding the sustained use of a technology are often
assessed during the evaluation of a POU device. Sobsey [9] reviewed
several POU technologies for water disinfection and concluded that
POU technologies for rural families should provide a sufficient safe
water supply, stable performance for different water sources, low
labor and time burdens, low cost, reliable and accessible supply
chains, and straightforward operation and maintenance.

Donnan dialysis is an electrochemical potential driven mem-
brane process dealing solely with completely ionized electrolytes.
It obeys the Donnan membrane equilibrium and could be depicted
by the second law of thermodynamics [10,11]. The specific Donnan
membrane equilibrium arises from the membrane impermeability
to at least one kind of ions in system. In a typical Donnan dialysis
process, an ion exchange membrane is used to separate two solu-
tions. The ion exchange membrane excludes co-ions (ions with the
same electrical charge as the ion exchange membrane) from per-
meating the membrane. Therefore, the flux of a counter-ion (ions
with the opposite electrical charge to the ion exchange membrane)
through the membrane caused by a concentration difference is

always coupled with the transport of identical numbers of counter-
ions in the opposite direction to maintain the electroneutrality in
either solution [12]. The apparent flux of each counter-ion becomes
zero when the Donnan membrane equilibrium is achieved.

dx.doi.org/10.1016/j.jhazmat.2012.02.048
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:zhaobin@tjpu.edu.cn
mailto:zhaohuazhang@pku.edu.cn
dx.doi.org/10.1016/j.jhazmat.2012.02.048
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Table 1
Properties of the JAM-I membrane.a

Property JAM-I

Type Homogeneous strong base anion exchange membrane
Ionic form as shipped Cl−

Base membrane Glycidyl methacrylate and divinylbenzene copolymer
Ion exchange group –N+(CH3)3

Exchange capacity ≥1.4 mequiv. g−1(dry)
Water content ≥20%
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Membrane thickness 0.10–0.12 mm

a Information obtained from the manufacturer.

onnan dialysis has already provided many environmental appli-
ation opportunities for the recovery of valuable metal ions from
astewater and suspensions [13,14] and for the removal of ionic
ollutants from drinking water [15–17].  Electronic fields or high
ressures are not required, and the membrane is not susceptible to
ouling; thus, Donnan dialysis is straightforward to operate, easy
o maintain, and affordable to implement. Moreover, our previ-
us results showed that the performance of Donnan dialyzers was
eliable for the removal of arsenate (As(V)) from different water
ources [18]. Therefore, Donnan dialysis can be used to develop
ovel POU water treatment technologies.

In the present study, a POU device based on Donnan dialysis
as designed for the removal of As(V) in rural environments. An

nion exchange membrane was used as a selective barrier between
he contaminated solution and working solution (the feed and
he stripping solution, respectively). Using the optimal stripping
olution, the performance of the proposed POU device was  compre-
ensively investigated with respect to As(V) removal, treated water
omposition, and membrane fouling. Its capacity for sustained use
as highlighted throughout the present study.

. Experimental

.1. Materials

The anion exchange membrane (JAM-I) used in the current study
as supplied by Huanyld (China), and its properties are listed in

able 1. Reagent grade Na2HAsO4·7H2O, NaCl, Na2SO4, and CaCl2
ere purchased from Sinopharm Chemical Reagent Beijing Co., Ltd.

China), and commercial table salt was obtained from Beijing Salt
ndustry Corporation (China). As(V) stock solutions (100 mg-As L−1)

ere prepared by dissolving Na2HAsO4·7H2O in deionized water,
nd stored at 4 ◦C in the refrigerator. The As(V) stock solution was
repared once a week.

.2. Experimental Donnan dialyzer

A two-chamber experimental Donnan dialyzer was used to
nvestigate the effects of the stripping solution on As(V) removal.
he structure of the dialyzer has been described in detail in our
revious paper [18]. The dialyzer was operated in batch mode at a
etention time of 24 h, and the speed of the mechanical stirrers
as set to 400 rpm. Various solutions such as 0.1 mol  L−1 NaCl,

.0 mol  L−1 NaCl, 0.5 mol  L−1 CaCl2, and 0.5 mol  L−1 Na2SO4 were
ested as the stripping solution. A 0.01 mol  L−1 NaCl solution spiked
ith 500 �g L−1 As(V) was used as the feed solution, and the pH of

he feed and stripping solutions was adjusted to 7.0 ± 0.2 prior to
se. The feed solution was sampled at regular time intervals for
hemical analysis.
.3. Household Donnan dialyzer

The household Donnan dialyzer was designed as a POU device
ith a treatment capacity of 35 L per batch (Fig. 1). An anion
Fig. 1. Diagram of the household Donnan dialyzer.

exchange membrane with an effective area of 0.21 m2 was tightly
fastened between the two chambers. An air pump was used as a
power supply to stir the solution and reduce the thickness of the
solution-membrane boundary layer. The output of the air pump
was equal to 4.7 L min−1. The feed and stripping solutions were pre-
pared with arsenic-free groundwater from Peking University. The
feed solution was spiked with a specific amount of As(V), while
the stripping solution contained 12 g L−1 of commercial table salt.
The transient arsenic concentrations of the feed solution during the
first 2 h of operation were analyzed, and the initial As(V) flux was
calculated according to Eq. (1):

JAs = −Vf

S
× dcAs,f

dt
(1)

where Vf is the volume of the feed solution, S is the effective area
of the membrane, and dcAs,f/dt was obtained by conducting least
square fitting analysis on the arsenic concentration of feed solution
(cAs,f) and the treatment time (t). The composition of the treated
feed solution and the corresponding arsenic concentration of the
stripping solution were also analyzed.

2.4. Analytical

The arsenic concentration was  determined using inductively
coupled plasma mass spectrometry (ICP-MS) (XSeries II, Thermo).
Potential interference by Cl− was eliminated by applying the equa-
tions recommended in EPA method 200.8 [19]. The arsenic species
in both feed and stripping solutions were determined using an
atomic fluorescence spectroscopy (AFS-9130, Beijing Jitian Instru-
ments Co., Ltd., China) coupled with a liquid chromatography
system. The liquid chromatography system consisted of a Shi-
madzu LC-10AT vp plus pump and a Hamilton PRP-X100 anion
exchange column. The species analysis indicated that As(V) did not
reduce to arsenite (As(III)) under the experimental conditions. An
ion chromatograph (ICS 2500, Dionex) was  used to determine the
concentration of cations (Na+, K+, Mg2+, and Ca2+) and anions (Cl−,
SO4

2−, NO3
−, and PO4

3−), and a CS12A column and an AS11–HC col-

umn were employed, respectively. The bicarbonate concentration
was calculated based on the aqueous inorganic carbon concentra-
tion, which was  determined using a TOC analyzer (Fusion, Teledyne
Tekmar). The pH was  determined with a pH meter (pH-201, Hanna).
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Fig. 2. Schematic diagram of the Donnan dialy

The membrane surface morphology was investigated using a
canning electron microscope (SEM) (Nova NanoSEM 430, FEI).
rior to SEM analysis, the membrane was covered with a thin layer
f Au to increase its conductivity. Energy dispersive X-ray spec-
roscopy (EDS) (SUTW-Sapphire, EDAX) was used to determine the
lement content of the membrane surface.

. Results and discussion

.1. Fundamentals of Donnan membrane equilibrium

Assuming that H2AsO4
− is the only species of arsenate anions

n solution, a simple example is presented herein to explain the
onnan dialysis phenomenon and the Donnan equilibrium for the
s(V) removal. Fig. 2 shows a bi-ionic system in which an anion
xchange membrane separates two aqueous solutions of equal
nd constant volume initially containing only NaH2AsO4 and NaCl
espectively. The terms c1, c2, (c1 − x), and (c2 − x) denote the initial
nd equilibrium molar concentrations of the respective ions. The
oncentrations of H+ and OH− in solutions are neglected for sim-
lification, and the ions are assumed to act like ideal solutes. Since
he available work (decrease of free energy) is zero at equilibrium,
e have

n•RT ln
[H2AsO4

−](F)

[H2AsO4
−](S)

+ ın•RT ln
[Cl−](S)

[Cl−](F)
= 0 (2)

here ın denotes the molar quantities of the transported ions when
he equilibrium is achieved, the square brackets denote the molar
oncentrations of the respective ions, R and T are respectively the
as constant and the temperature in Kelvin, and the subscripts of F
nd S respectively denote the feed and the stripping solutions. So
hat

[H2AsO4
−](F)

[H2AsO4
−](S)

= [Cl−](F)

[Cl−](S)
(3)

Thus,

c1 − x

x
= x

c2 − x
(4)

 = c1c2

c1 + c2
(5)

The equilibrium state of the system can therefore be expressed
s

[H2AsO4
−](F)

[H AsO −]
= [Cl−](F)

[Cl−]
= c1

c
(6)
2 4 (S) (S) 2

According to Eq. (6),  it can be inferred that the H2AsO4
− ions

an be effectively extracted to the stripping solution from the feed
olution as long as the initial NaCl concentration of the stripping
ocess for the extraction of H2AsO4
− with Cl− .

solution is high enough compared to the initial NaH2AsO4 concen-
tration of the feed solution.

3.2. Stripping solution

The dynamic performance of Donnan dialysis is dependent on
the stripping solution. The properties of the driving ion in the strip-
ping solution, including its charge, hydraulic radius, and affinity
towards the membrane, affect the intramembrane diffusion of the
target ion [15,20,21].  Compared to a stripping solution based on Cl−,
when SO4

2− was  used as the driving ion, arsenate anion transport
was dramatically reduced, and the As(V) removal rate was only 46%
after 24 h, as shown in Fig. 3a. This result is in agreement with the
hypothesis that monovalent driving ions are superior for obtaining
high ionic flux [21].
Fig. 3. Transient arsenic concentration (a) and cation concentration (b) of the feed
solution during Donnan dialysis process using different stripping solutions.
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2(R − N+(CH3)3)n · Anionn− + nHAsO4
2−

� n(R − N+(CH3)3)2 · HAsO4
2− + 2Anionn− (8)

The ion exchange reactions (Eqs. (7) and (8))  between the
queous arsenate anions (H2AsO4

− and HAsO4
2−, which are the

ominant species of As(V) at neutral pH) and the quaternary ammo-
ium groups on the inner surface of the membrane result in
rsenate anion transport through the membrane [22]. However,
he uptake of As(V) by the membrane is strongly inhibited by SO4

2−

ecause the strong base anion exchanger preferentially binds SO4
2−

ver arsenate anions [23]. A higher stripping solution concentration
romotes ion transport dynamically and thermodynamically due
o an increase in the electrochemical potential gradient across the

embrane [24]. However, in the present study, an enhancement
n As(V) removal was not observed when the Cl− concentration
f the stripping solution was increased from 0.1 to 1.0 mol  L−1. A
igher stripping solution concentration also increases the risk of
lectrolyte leakage due to a reduction in the selectivity of the ion
xchange membrane. This phenomenon should be avoided because
lectrolyte leakage increases the conductivity (i.e., the total dis-
olved solid concentration) of treated water. When a 1.0 mol  L−1

aCl solution was used as the stripping solution, strong elec-
rostatic shielding decreased the Donnan exclusion between the
nion exchange membrane and Na+. As a consequence, Na+ leak-
ge from the stripping to the feed solution was enhanced, and
he Na+ concentration of the feed solution doubled at the end of
he dialytic process (Fig. 3b). Significant amounts of Ca2+ were not
ransported to the feed solution, even though the Ca2+ concentra-
ion of the stripping solution was as high as 0.5 mol  L−1 (Fig. 3b).
a2+ transport to the feed solution was inhibited because the anion
xchange membrane more effectively excludes divalent cations
han monovalent cations. Decreasing the NaCl concentration of the
tripping solution also protects the system from electrolyte leak-
ge. Although a reduction in the NaCl concentration decreases the
apacity for arsenic accumulation, a stripping solution with a lower
aCl concentration is preferred for household use because it can be
asily prepared from table salt and has a reliable, accessible, and
ffordable supply.

.3. The performance of the household Donnan dialyzer

The household Donnan dialyzer was operated in batch mode,
nd a retention time of 1 day was applied. Treated water was
ransferred into a sanitary storage container for drinking and cook-
ng, and the feed chamber was filled with raw water for another
atch treatment. Fig. 4a shows the long-term performance (26
ays) of the household Donnan dialyzer without changing the
nion exchange membrane and the stripping solution. The feed
roundwater was initially spiked with approximately 500 �g L−1

s(V) (Phase I). During the first 13 days, over 90% of the arsen-
te anions in the feed solution were transported to the 12 g L−1

able salt stripping solution. As arsenic accumulated in the strip-
ing solution (Fig. 4b), the electrochemical potential gradient
cross the membrane gradually decreased. Therefore, the initial
s(V) flux decreased from 1.78 × 10−4 mol  m−2 h−1 (1st day) to
.15 × 10−4 mol  m−2 h−1 (13th day), and the As(V) removal rate
ecreased from 97% to 92%. On the 14th day, the arsenic con-
entration of the treated water exceeded 50 �g L−1, which is the
aximum contaminant level (MCL) for drinking water in small
ommunities in rural China [25]. At this time, the arsenic concen-
ration of the stripping solution was more than 120 times greater
han that of the treated feed solution. To further investigate the
rsenic accumulation capacity of the 12 g L−1 table salt stripping
Fig. 4. Performance of the household Donnan dialyzer for repeated use of the
12  g L−1 table salt stripping solution: (a) As(V) removal in the feed solution and
(b)  As(V) accumulation in the stripping solution.

solution in the Donnan dialysis process, the household Donnan
dialyzer continued to treat groundwater spiked with 250 �g L−1

of As(V) on the 16th day of operation (Phase II). After another
nine batches (24th day), the As(V) removal rate decreased to
less than 80%, and 9135 �g L−1 of arsenic in the stripping solu-
tion was in quasi-equilibrium with 49 �g L−1 of arsenic in the
feed solution. Thus, to guarantee the arsenic level of the treated
water, the stripping solution had to be replaced. According to
these results, the proposed household Donnan dialyzer is able to
remove over 80% arsenate ions from groundwater initially con-
taining 250–500 �g L−1 of As(V). This is comparable to the POU
filters based on aluminum oxide and iron oxide for arsenic removal
[26]. The dynamics of the Donnan dialysis process is generally
slow, and the diffusion coefficient of arsenate ions in the anion
exchange membrane (∼10−8 m2 h−1) is even much smaller than
those of nitrate ions (∼10−7 m2 h−1) and fluoride ions (10−7 to
10−6 m2 h−1) due to the presence of the divalent and trivalent
arsenate species (HAsO4

2− and AsO4
3−) [15,22,27].  As a result, a

batch treatment time of 24 h is proposed for the household Don-
nan dialyzer in order to guarantee the effective arsenic removal.
It is much longer compared to other POU devices or techniques
such as adsorption with activated alumina or coagulation with fer-
ric salts [28,29]. However, the common use of household water
storage containers in rural areas would help solving this prob-
lem. The replacement frequency of the stripping solution is mainly
determined by the arsenic concentration of the groundwater. In the
case of groundwater containing arsenic higher than 500 �g L−1, this

POU device is not recommended because it would require over fre-
quent replacement of the stripping solution, e.g., every several days.
However, if groundwater initially contains 100 �g L−1 of As(V), the
proposed household Donnan dialyzer can be continuously operated
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or approximately 6 months before replacing the stripping solu-
ion. In this case, the operation of the household Donnan dialyzer is
imple and will not significantly contribute to the users’ labor and
ime burdens. A recent published paper investigated the Donnan
ialysis–coagulation combined process for the As(V) removal [30].
he treatment of the arsenic-accumulating stripping solution gen-
rated through Donnan dialysis was considered in the combined
rocess, and its parameters are listed in Table 2 together with ours
or comparison. Most of the parameters are comparable between
hese two studies; however, the proposed device in our study is
loser to the actual POU device and can be used directly in rural
reas.

Table 3 lists the composition of the feed water before and after
onnan dialysis treatment. Cations such as K+, Ca2+, and Mg2+

ere well preserved due to exclusion by the anion exchange mem-
rane. Nevertheless, the Na+ concentration increased slightly due
o electrolyte leakage. Unlike cations, the concentration of anions in
he treated water drastically changed. The Cl− concentration dra-

atically increased at the expense of a loss of SO4
2−, NO3

−, and
CO3

−. Other than the transport of arsenate anions, the electro-
hemical potential also drove the transport of other anions through
he anion exchange membrane [18]. Therefore, the concentrations
f SO4

2−, NO3
−, and HCO3

− of the treated water decreased com-
ared to their initial concentrations of raw groundwater. The loss
f these anions was compensated by the transport of Cl− from the
tripping solution by an ion exchange mechanism. The transport
f another part of Cl− ions to the treated water was accompa-
ied by the transport of Na+ by a non-exchange mechanism, i.e.,
lectrolyte leakage. Overall, the treated water quality was in com-
liance with the national standards for drinking water in small
ommunities in rural China [25]. The proposed household Donnan
ialyzer is also effective for the treatment of contaminated ground-
ater with excess arsenic and nitrate (Table 3). Since only an anion

xchange membrane is used, the proposed Donnan dialyzer is not
ffective for the removal of heavy metal cations possibly coexist-
ng with arsenic in the case of real groundwater. If both cation and
nion exchange membranes are used in an three-chamber Donnan
ialyzer, which consists of two stripping chambers and one feed
hamber in between, heavy metal ions could be simultaneously
emoved with the arsenate anions. This new Donnan dialyzer is
eing investigated in our research group.

Cost is an important criterion for the adoption and sustained
se of a POU technology. In the present study, the household Don-
an dialyzer produced 770 L of purified water. The operating cost
f the dialyzer, which consists of the cost of power and table salt,
as only 0.087 cents per liter water. This is less than the cost for

nnual replacement of the commercial activated alumina cartridge
or arsenic removal (approximately 0.1 cents per liter water) [28].
hus, the Donnan dialyzer is affordable for rural families in devel-
ping countries. In addition, the operating cost strongly depends
n the arsenic concentration of raw groundwater and will decrease
f the groundwater contains less arsenic.

.4. Membrane fouling

Membrane fouling restricts the application of pressure-driven
embrane processes such as ultrafiltration and nanofiltration

31,32]. Donnan dialysis is driven by an electrochemical potential;
hus, the membrane is not susceptible to fouling [13]. Fig. 5 shows
he surface morphology of the anion exchange membrane before
nd after its use in the above household Donnan dialyzer. JAM-I
s a homogeneous membrane produced by quaternizing the poly-
er  composites of glycidyl methacrylate and divinylbenzene, and a
olyvinyl chloride cloth is used as the skeleton. The fibrous texture
f the raw membrane surface was barely visible, and meso- and
acropores, fissures, and cavities were not observed (Fig. 5a). The Ta
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F f a used JAM-I membrane (b, e), and the stripping side of a used JAM-I membrane (c, f).
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ig. 5. SEM images and EDS results of a new JAM-I membrane (a, d), the feed side o

lements of C and O in Fig. 5d are derived from the base membrane
aterial, while the presence of Cl is due to the shipped ions (Cl−)

n the new ion exchange membrane. After use in the household
onnan dialyzer for nearly one month, depositions were detected
n both sides of the membrane; however, unlike pressure driven
embrane processes, a dense cake layer did not form. Depositions

ocated on the feed side of the membrane (Fig. 5b) were smaller and
ess crystallized compared to those on the stripping side (Fig. 5c).

etallic elements were not detected by EDS (Fig. 5e) because the
epositions on the feed side of the membrane were covered by neg-
tively charged natural organic matters (NOM) in the groundwater
ia electrostatic attraction. Alternatively, depositions on the strip-
ing side of the membrane contained calcium (Fig. 5f). Based on its
orphology (Fig. 5c), aragonite was likely formed on the stripping

ide of the membrane. The formation of aragonite was attributed
o high HCO3

− concentrations accumulated in the stripping solu-
ion and the dissociation of HCO3

− to CO3
2− in and on the anion

xchange membrane [33]. Overall, the membrane matrix was  still
isible after one month of use; therefore, channels for intramem-
rane ion transport were not seriously blocked.

In order to investigate the effect of the depositions on the As(V)
emoval from As(V)-spiked groundwater, specific experiments

ere conducted in the experimental Donnan dialyzer using the
ew membrane and the membrane cut from that had been used in
he above household Donnan dialyzer for 26 batches (Section 3.3).

able 3
nalysis of As(V)-spiked groundwater before and after Donnan dialysis treatment.

Raw Treated

As (�g L−1) 254–540 13–65
pH  7.2–7.9 7.0–8.4
Na+ (mg  L−1) 21.3–25.4 43.9–54.9
K+ (mg  L−1) 0.7–1.9 0.5–1.8
Mg2+ (mg  L−1) 25.8–28.8 26.4–29.0
Ca2+ (mg  L−1) 50.6–59.4 54.2–61.9
Cl− (mg  L−1) 19.0–24.0 182.6–276.0
SO4

2− (mg  L−1) 59.0–67.1 0.6–8.5
NO3

− (mg  L−1) 7.3–10.7 0.5–6.0
HCO3

− (mg  L−1) 207.0–221.5 12.3–126.4
Fig. 6. As(V) removal from As(V)-spiked groundwater with the new membrane and
the membrane after used for 26 batches.

The stripping solution was  prepared by dissolving 12 g of table
salt into 1 L of groundwater. As shown in Fig. 6, the operation of
the used membrane was  similar to that of the new membrane.
Therefore, prolonged use of the anion exchange membrane does
not significantly impair As(V) removal, and membrane fouling is
not a problem in Donnan dialysis. As a result, cleaning or replacing
the membrane is not necessary for the household Donnan dialyzer.
Thus, the maintenance of the proposed system is straightforward
enough to integrate into the daily lives of rural residents.

4. Conclusions

Donnan dialysis is an electrochemical potential-driven mem-
brane process. The proposed household Donnan dialyzer uses a
table salt solution as the working solution (the stripping solu-
tion) and is able to treat As(V)-spiked groundwater with over 80%

removal rates. The membrane maintenance or replacement is not
necessary because no significant reduction in As(V) removal due
to membrane fouling exists. Replacing the stripping solution every
several months is the only required maintenance. The household
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onnan dialyzer is a one-time purchase, and its operating cost
s less than 0.1 cents per liter water. Moreover, the structure of
he dialyzer is simple enough for users to assemble and disassem-
le independently. Compared to other conventional POU devices
ocusing on the arsenic removal, the proposed household Don-
an dialyzer is more competitive in terms of sustained usability
nd has the potential to become widely employed in rural areas of
eveloping countries.
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