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Abstract: One of the major issues in the Mekong Delta is the severe deficit of supply wa-
ter due to the ferrous, alum and acidic pollutants of water in this area. This study aims to
assess the performance of some popular methods to treat acid sulfate water, such as using
quicklime with a solution pH range of 6 - 8 as an operating variable. Simulated acid sulfate
water samples were prepared based on studies of acid sulfate content in the water of this
area. The results showed that: pH of 7.5 was determined to be an optimum for Al and Fe
removal as qualified standards (QCVN 01-1:2018/BYT); At any values of pH, only a small
amount of Mn was ydrolysed, which means after treatment, Mn was hardly removed from
the solution. The result indicated that although traditional methods can treat Al and Fe,
it is necessary for the water to have further treatment as the methods cannot eliminate the
entire Mn and they also may heighten the hardness of water.

Keywords: Arsenate; Iron hydroxide-based adsorbent; Competing anions

JEL Classifications: K32, N55, Q53

Received: 01 March 2023; Revised: 03 March 2023; Accepted: 22 April 2023

1. Introduction

Acid sulfate soil (ASS) is the main kind of soil in
the Mekong River Delta (Vietnam), approximately
400,000 ha (occupying more than 40%) of the to-
tal area here [1, 2, 3]. ASS is consequence of drain-
age, which develop from the oxidation of reduced
S-compounds in Pyrite (FeS,) [1,4]. Acid sulfate wa-
ter (ASW) is the result of the aerobic leaching of sul-
fide-bearing rock, sediment, and soil into the sur-
roundings [5] that releases sulphuric acid, in turn,
releases iron species (Fe*, Fe**), aluminum (Al’*),
and other potentially toxic elements into the soil and
water systems [6]. Anthropogenic activities such
as mining or soil drainage are the primary reasons
for ASW; however, there are also rigorously natural
occurrences [5]. Usually, ASW is orange-yellow or
dark brown with very low pH [2 - 6], high alumi-
num concentration, and almost contains yellowish
jarosite (KFe,(SO,),(OH),) mottles in the topsoil (<
1m) [1,4].

According to the Ministry of Agriculture and
Rural Development, approximately 18 million
people live in the Mekong Delta, of which 13
million people live in sparsely populated rural
areas. In recent years, due to abnormal weath-
er changes, large-scale saltwater intrusion, and
ASW contamination, about 96,000 households

have difficulty drinking water. Surface
water is seriously salty, while groundwa-
ter is heavily ASW contaminated. People
who invest in drilling wells cannot use
it. The centralized water supply schemes
do not have enough water supply, both
surface water and groundwater. On the
other hand, most households live in ar-
eas far from rural centralized water sup-
ply schemes, making it challenging to
expand water supply pipes. The lack of
clean water for use leads to higher water
prices, but people can only sometimes
afford it.

Concerning the increasing shortage
of fresh water, under the pressure of re-
gional demand and the contribution of
ASS dewatering activities to the decrease
in safe freshwater supplies, management
and treatment efforts to avoid these ef-
fects are needed [7]. Several methods
have been applied to deal with ASW, like
coagulation, adsorption, ion-exchange,
filter membrane, and even filter ma-
chines, and so on. Nevertheless, due to
economic conditions and sparse distri-
bution, it is hard for households to set
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up modernized and centralized
water treatment systems. Then,
simplified methods have been
chosen to treat. The most com-
mon one is to mix an alkaline
material (usually agricultural
lime) into the water, where it
can react with acidity and neu-
tralize it, leading to the fact
that acid sulfate cannot be re-
moved entirely.

This paper aims to evaluate
the efficacy of simplified treat-
ment processes (including us-
ing burnt lime and aeration).
To do this, the simulated ASW
was created and then dealt with
by these processes. The ASW
samples experienced three
stages: Using quicklime (CaO)
to increase the pH of ASW, and
Filtering precipitates with filter
papers. The results could help
to construct the following stag-
es or be used as a reference for
offering alternative methods.

2. Material and method

2.1. Water sample preparing

Typically, ASW has a pH
range of 2 - 6, with the most
extreme concentration of ap-
proximately 2 in ASS areas and
the highest concentration of
Fe**, AI’*, Mn** was 70 mg/L, 3
mg/L, and 5 mg/L, respectively.
Therefore, stock solution S1 was
created with the highest con-
centrations based on studies in
section 1. The composition of
AS contaminated water (1L) in-
cludes: 0.35g FeSO,.7H,O (1.25
mM); 0.07g AlL(SO,),.18H,0
(0.11 mM); 0.02g MnCl,.4H,O
(0.09 mM); 0.4g CaSO,.2H O
(10 mM); 0.5g NaCl (5.63 mM)
[1,9,10,11]. The pH was reg-
ulated by H SO, and NaOH
solutions and measured us-
ing Mettler Toledo M200 easy
pH meter. Water samples S4,
§7, §9, S11, and S13 are pre-
pared based on the dilution of
S1 solution 4 times, 7 times, 9
times, 11 times, and 13 times,
respectively. All samples ex-
hibited a turbidity level of 300
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NTU, indicating the presence of a pseudo-suspend-
ed solids mixture consisting of kaolin (250 mg/l)
and montmorillonite (250 mg/1). The quicklime
(CaO) was bought from a commercial and was used
to adjust pH.

2.2. Experiment

The prepared samples are placed under the stir-
ring by Velp FC4S with a speed of 60 rpm, then
slowly added CaO until the solutions reach the de-
sired pH (6.0, 6.5, 7.0, 7.5, 8.0). After that, the wa-
ter samples were filtered precipitates again and ad-
justed to the desired pH (by CaO). Water samples
were allowed to settle for 30 min, and the turbidity
of water samples after HACH 2100Q measured the
reaction. Definitively, the treated ASW was sent to
analyze the residual contents of the processed ions
by ICP -AES at the Research Centre for Environ-
mental Monitoring and Modeling.

3. Results and discussio

3.1. CaO demand

The appropriate amount of CaO used in this
study shows in Table 1. It is clear that there is a
marked difference between stock solution and di-
luted solutions in CaO demand (up to 237.30 mg
to raise the S1’s pH and only smaller than 12.74 mg
for S13). In addition, there is a similar change in
the tendency to use less CaO as the AS concentra-
tion decreases gradually.

Table 1. Amount of CaO needed to raise the pH
of ASW to different pH values (unit: milligram)

Samples | pH=6 | pH=6.5 | pH=7 | pH=7.5 | pH=8
S1 146.44 147.84 | 209.86 | 237.16 | 267.30
S4 28.56 32.90 41.54 49.46 58.30
S7 17.22 21.98 26.18 30.42 39.96
S9 11.20 14.14 17.64 20.16 22.40
S11 3.22 3.78 12.04 15.40 19.60
S13 4.20 4.48 10.64 11.34 12.74

Moreover, two discernible differences existed be-
tween the stock solution and its dilutions. The areas
around ASW contaminant sources, which had ex-
tremely low pH (2 - 3), needed nearly 600 mg CaO
per liter of ASW to increase to 6 or 6.5 and perhaps
almost a half more if it grows to 7.5 or 8. Besides,
the demand for most of ASW, which had higher pH
(2.8 - 4.6) [1], was remarkably lower, only approx-
imately 120 mg per liter of contaminated water at
most (to 6 and 6.5) and closely 600 mg per liter of
water (to 7.5 and 8). Generally, the results showed
an increase in the burnt lime exigency to drop pH
from 6 up to 8.
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3.2. Fe**and AP* removal efficiency
- Fe’* removal.
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A Figure 1. The concentration of Fe after treatment at different pH values
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A Figure 2. The concentration of Al after treatment at different pH values

Figure 1 shows that the concentration of iron at pH
6.0 decreased by about 55 - 65%. The samples showed
that the rejection rates were similar. When raising the
pH to 6.5, the Fe removal rate does not change much.
The concentration of iron in the sample after the reac-
tion decreases by about 10% compared to pH 6.0. How-
ever, when the pH rises to 7.0, the concentration of iron
rapidly decreases. More than 90% of iron is initially re-
moved at this pH, the iron content ranges from 0.33
- 0.76 mg/l. However, this content still exceeds QCVN
01-1:2018/BYT (0.3 mg/1). Fe concentration continues
to decrease when pH increases above 7. At pH 7.5, Fe
content begins to reach the permissible standard in all
cases. Initial concentration also greatly influences on Fe
treatment efficiency at low pH. At pH 6 and 6.5, Fe con-
centrations differ greatly between high initial pollution
samples and others. From pH 7.0 and above, Fe content
did not vary considerably between samples.

Figure 2 shows that with the Al content at pH 6.0,
about 90% Al was removed in all samples. However, in
the pH range from 6 - 6.5, the two samples with the
largest pollutant content, S1 and S4, still have Al con-
tent above the allowable standard (QCVN 01-1: 2018/
BYT, allowed concentration of Al is 0.2 mg/1). The sam-

ples showed that, at pH greater than 7.0, Al
concentration at this point met the stan-
dard. Samples with high Al concentration
S1 and S4 showed a clear difference in Al
concentration after treatment compared
with the rest. Samples S7, S9, S11 and S13
almost met the permissible standard after
raising the pH to 6 and the Al concentra-
tion in these samples did not have a clear
difference.

3.3. Mn?* removal efficiency

Figure 3 shows that the Manganese con-
tent in sample S1 decreased by about 18%
after raising the pH to 6.0 with sample S1.
However, when the pH was continuously
raised above 6.0, there was no change in
concentration. Similar to sample S4, the
Manganese content decreased by 12% im-
mediately after increasing the pH to 6.0.
However, after that, the Manganese con-
centration did not change. For samples S7,
§9, S11 and S13, the Manganese content
does not change much when pH rises. The-
oretically, Manganese (II) begins to precip-
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itate a pH of 8.5; however, with samples S1
and S4, due to the large initial Fe content of
these two samples, there is a co-precipita-
tion reaction of Manganese with Fe, which
makes Manganese decrease when pH in-
creases to 6.0 slightly. However, after that,
due to a large amount of Fe precipitated, the
removal of Manganese could not continue.

3.4. S0, removal efficiency

All samples show that sulfate was re-
moved a pH of 6.0. It tended to increase
slightly when the pH was raised from 90%
to 91%. However, the amount of sulfate
remaining in the water was still slightly
higher than QCVN 01:2009/BYT (QCVN
01-1:2018/BYT does not specify sulfate con-
centrations).

4. Conclusions

A pH of7.0, most Al and Fe were removed
as over 90% of Al, Fe and sulfate could be
eliminated from the solution. When in-
creasing the pH, the concentration of Fe and
Al started to dissolve, decreasing efficiency.
However, a pH of 7.5, the concentration of
Fe and Al just met the permitted standards.
At any values of pH, a small amount of Mn
was hydrolysed, which means after treat-
ment, Mn was hardly removed from the
solution. The result indicated that although
traditional methods can treat Al and Fe, it is
necessary for the water to have further treat-
ment as the methods cannot eliminate Mn
and sulfate completely and they also need
advanced treatment.
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