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Arsenic removal from groundwater by a combination of chlorination and consecutive 
sand fIltration 

Abstract 

Le Van Chieul,VuNgocDuyl, Cao The Hal, Vo Thi Thanh Tam\ Truong ThiMienl, 
Michael Berg\ Urs von Gunten2 

1 Research center for environmental technology and sustainable development (CETASD) 

2 Swiss federal institute of aquatic science and technology (EAWAG) 

The efficiency of arsenic removal from groundwater by chlorination coupled with adsorption on ferric hydroxide and sand filtration 

was evaluated in this study. Experiments were conducted at field using 5 groundwater resources containing total arsenic 
concentration of about 50 IJ-gfL. The results showed that As (III) can be completely oxidized by chlorine in real waters containing 

low ammonia content (about I - 3 mgNfL). In cases of high ammonia concentration (8 - 20 mgNfL), As(III) oxidation was 
ineffective due to fast competitive reactions between ammonia and chlorine to form chloramines which reacts with As(III) much 

slower compared to chlorine. Following sand filtration can remove arsenic to some extent owing to As (V) adsorption on ferric 
hydroxide. 

1. Introduction 

Arsenic is a naturally occurring element in the earth's crust. Its existence in groundwater was explained by 
oxidative weathering, anoxic dissolution of As - bearing minerals and anthropogenic activities [1,2]. Generally, 
arsenic occurs in groundwater at concentration below 10 I-!gIL and mainly in inorganic fonns, arsenous acid 
(As (ill)) and arsenic acid (As (V)). Under anoxic condition of groundwater, arsenous acid is predominant. 
Between the inorganic fonns As (ill) is more toxic than As (V). Groundwater is being used as one of supplying 
water resources. In Some areas in the world, including Banglades, India, Taiwan, Chile, Nepal, western United 
State and Vietnam [3,4, 5, 6, 7], groundwater was found to be heavily contaminated by arsenic. Long tenn 
consumption of water containing elevated arsenic content can lead to internal cancer, electroencephalographic 
abnonnalities, vascular diseases, severe hearing loss, disturbances of the haematopoietic system, peripheral 
neurological damage [8]. Due to its potential severe effect to human health, WHO revised the maximum 
concentration limit for arsenic in drinking water by decreasing it from 50 I-!gIL to 10 I-!gIL in 1995. This value 
was adopted as a regulatory limit by Vietnam in 2002. As the results of this revision, more groundwater 
resources in Vietnam have arsenic concentration exceeding new limit. Therefore simple arsenic treatment 
procedures are urgently needed not only for Vietnam but also for other countries. 

Several techniques have been developed to remove arsenic from water such as oxidation combined with 
adsorption, coagulation, precipitation [9], ionic exchange, membrane filtration [10, 11] and biological method 
[12]. Because application of these methods is costly in Vietnam, it is infeasible to carry out in large plant scale. 
In groundwater, iron (II) is a common contaminant. It readily is oxidized by oxygen to form ferric hydroxide 
which has high adsorption capacity toward arsenic. Therefore using existing iron to remove arsenic is a 
promising option. This method could change water treatment facilities toward arsenic removal with minimum 
investment and chemical addition. Numerous studies reported that As (V) is more strongly adsorbed on ferric 
hydroxide than As (ill) does. Therefore, firstly As (ill) is needed to be oxidized for more effective removal. 
Among oxidants chlorine, which is widely used in Vietnam as a disinfectant, is a potential agent for As (III) 
oxidation. Kinetic of arsenite oxidation by chlorine has been studied recently [13]. The report showed that in 
distilled water extremely fast As(llI) oxidation had been observed with half live time of 95 ms at 2 mgIL 
chlorine dose, pH = 7. However it took hours to completely oxidize As (III) in real water containing high 
amount of ammonia. In addition to ammonia, groundwater is contaminated by other reductants, which can 
effect on efficiency of arsenic removal such as ferrous iron, manganese, sulphur and organic matters. Field 
experiment should be done to evaluate effect of these contaminants on arsenic removal process. In this 
research five Hanoi groundwater containing a wide range of ammonia concentration from 1 to 20 mg NIL had 
been used. 
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2. Experiments 

Materials and chemicals 
All chemicals used for treatment were markedly available, all they were technical grade and used without 
further purification.' NaOCI (8 - 10 %) was used as the source of chlorine. Stock solutions of chlorine (100 and 
200 mglL) were prepared daily and standardized by iodometric titration [14]. Deionized water was used for 
preparing chemical solutions for analysis. I-mL polyethylene tip packed with 0.8 g of selective aluminosilicate 
adsorbent was used for selectively removal of As (V) from As (III) samples. Filtering column was made from 
PVC tube with the inner diameter of39 mm, the height ofl200 mm. The column was filled by aIm layer of 
quartz sand, which has the size of 0.6 l.2 mm and is widely used in Hanoi water plants for conventional iron 
filtration. As (III) and total As (As t ) samples were preserved in HCI solution (1 %) and stored at 4°C until 
analysis. 
Experimental procedure 
The study was carried out at 5 Hanoi's water plants (denoted as SI, S2, S3, S4, S5) where conventional 
groundwater treatment is being employed. This method comprises of 4 steps as represented in figure 1 . 
........................... ... ",., .... ,.,., .. , ......................................................... ~ , ............................. . 

Aeration Contact 
Settling 

! ~! Sand filtration! .. ! Chlorination I 

Figure 1. Scheme of conventional technology for iron removal from groundwater in Hanoi 

For all experiments, water after settling step was collected and used as a target for As removal trial. Two litters 
of settled water was taken and mixed vigorously by magnetic stirring plate. A given volume of chlorine stock 
solution was dosed into the solution by syringe to get required chlorine concentration. In these experiments 
chlorine doses were applied as following: 0.0; 1.0; l.5; 3.0; 5.0 mglL. Then chlorinated samples were filtered 
through sand column simulating plant's rapid sand filter at the rate of about 5 mlh. This procedure of arsenic 
treatment is described in figure 2. After 15 minute filtering, the filtrate was collected for As (ill), ASt analysis. 
For As (III) analysis samples were filtered through aluminosilicate cartridge to remove As (V). The experiment 
was duplicate for each chlorine dose to get average value. Experiments for each groundwater were conducted 
in the same day. 

Aeration Settling 

Figure 2. Schematic representation of proposed arsenic treatment method 

3. Results and discussion 

Two types of groundwater containing low (1-3 mg NIL) and high ammonia (8-20 mg NIL) amounts have been 
used in this study. Characteristics of this raw groundwater are given in table 1. The data showed that arsenic 
concentrations in raw groundwater are 5 - 8 times higher than Vietnamese standard (10 I-tg/L). Ferrous iron 
contents are relative high, which is expected to have an advantage for removing arsenic. Manganese 
concentrations are relative low except for S3 sample. Otherwise, manganese reacts slowly with chlorine [15], 
hence its effect on As (ill) oxidation can be neglected in this study. 

Table 1. Characteristics of raw groundwater 

Factors 81 S2 S3 S4 S5 
pH 7.03 6.75 6.6 6.8 6.6 
F e(II), mglL 3.7 15.4 3 10.2 12.7 
F~,mglL 4 15.8 3.4 10.5 13.3 
NH/,mglL l.7 9.8 2.6 19.7 8 
Mn2+, mglL 0.2 0 l.2 0.13 0.l7 
Ast, I-tglL 45 50.5 41.5 72 80.5 

Fe,: total iron 
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Aeration and settling steps gave some change in water quality as given in table 2. pH value of water was 
elevated above 7.0 that is favourable for Fe (II) oxidation. Most of Fe (II) was oxidized in settling step to form 
ferric hydroxide except for S2 sample. During this step arsenic was adsorbed on newly formed ferric hydroxide. 
But less than 50% Ast was adsorbed. In settled water arsenic was mainly occurs in As (III) form. Ammonia 
was not removed during settling step because of negligible ammonia adsorption on ferric hydroxide. This 
factor is e}.'Pected to be the main factor having effect on arsenic treatment efficiency. 

Table 2. Characteristics of settled waters 

Factors S1 S2 S3 S4 S5 
pH 7.4 7 7.3 7.6 7.3 
Fe(II), mglL 0.6 7.2 0.3 0.6 1.7 
Fet, mgIL 2.7 15.1 1.1 7.5 10.2 
N!L+, mgIL 1.4 10.5 1.1 20 7.9 
Mn2+, mglL 0.2 0 1.1 0.1 0.1 
As(Ill), flgIL 19 32 22.5 46.5 52 

Ast, flgIL 23 34 22.5 48.5 55 

By chlorination, it is expected that As (Ill) will be oxidized to As (V) that can lead to better arsenic removal in 
consecutive sand filtration. As (III) concentration in filtrates are given in table 3 and plotted in figure 3. In 
water containing low ammonia content (S1), chlorine dose of 1.5 mglL is enough for complete As (III) 
oxidation. However, in case of S3 sample having 1.1 mgIL N-N!L+, As (III) residual was relative high after 
chlorination and filtration. The reason for this phenomenon is still unknown. In water containing high 
ammonia (S2, S4, S5), low efficiency of As (III) oxidation was observed. This result is expected to be due to 
extremely fast reaction between ammonia and chlorine to form chloramines that is much less active in As (llI) 
oxidation than chlorine [13]. 

Table 3. As (Ill) concentration in filtrate at various chlorine doses 

chlorine doses, S1 S2 S3 S4 S5 
mglL 

0 19 19 48.5 22 36 
1 2.3 13.5 35 17.5 29 

1.5 1 11 31 20.5 26 
3 1 9.3 29.6 17 25.5 
5 1 7 30.5 19 23.5 

Results of iron analysis illustrated that iron concentration in water after sand filtration were below 0.4 mgIL, it 
means that As adsorbed on solid FeOOH was retained in the filtering media, therefore total arsenic in filtered 
water is soluble form. Results for total arsenic content in filtered water are given in table 4 and plotted in figure 
4. The data reveals that arsenic was removed to some extent by sand column filtration. Incomplete as (V) 
adsorption may be due to slow kinetic of the process. 

Table 4. Ast concentration in filtrate at various chlorine doses 

chlorine doses, mglL S1 S2 S3 S4 S5 
0 21 19.5 48 36.5 51 
1 9.3 16.3 46 45.5 

1.5 11.6 11.6 45 34 42 
3 9.6 11.6 41 31 44 
5 10 7.6 41 31 43 
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S5 

o 1 1.5 3 5 

Chlorine dose, mglL 

Figure 3. As (III) residuals after chlorination and sand filtration 

S5 

o 1 1.5 3 5 

Chlorine dose, mg/L 

Figure 4. As(t) residuals after chlorination and sand filtration 

4. Conclusions 
Various doses of chlorine have been used to treat arsenic in groundwater in the field trials. Two types of 
groundwater containing low (1-3 mg NIL) and high (8-20 mg NIL) ammonia content were examined. It 
revealed that complete As (ill) oxidation can be achieved in real water containing low ammonia content. 
However, low efficiency of As (llI) oxidation can be also observed because of unknown reason. In 
groundwater containing high ammonia concentration, As (ill) was inefficiently oxidized by chlorine due to 
relatively fast reaction between chlorine and ammonia to form chloramines which are much less active toward 
As (III). In this case other oxidants such as potassium permanganate, ozone, hydro peroxide can be alternative 
options. Following sand filtration can remove more arsenic owing to arsenic adsorption on ferric hydroxide 
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during filtration process. However, slow kinetic of the adsorption may be a limitation for effective arsenic 
removal by this process. 
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