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A Comparative Study of Anoxic Limestone Drain and
Open Limestone Channel for Acidic Raw Water
Treatment
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Abstract - This study presents the performance of an anoxic
limestone drain in comparison to an open limestone channel for
treating acidic water. The anoxic limestone drain was designed to
enhance limestone dissolution and alkalinity generation thus
minimizing the potential of armouring which may decrease the
rate of acid neutralization. Actual raw water from two different
locations within Sg. Bekok catchment that is highly acidic with
low pH value (~ pH 2.5) was used in the experiment. The anoxic
limestone drain was found to perform better than the open
limestone channel with respect to pH increase, acidicy decrease
and alkality production. Iron was removed at relatively higher
rate in open limestone channe but resulted in the armouring of
limestone surfaces thus limiting further generation of alkalinity.

Index Term - Acidic water; Anoxic limestone drain; Alkalinity
production; Open limestone channel

I.  INTRODUCTION

to compare the performance of an anoxic limestone drain and
open limestone channel in relation to their respective pH
adjustment, acidity reduction, alkalinity generation, and
removal of iron.

Acid sulphate soil is a frequently encountered soil
type in most of the Sg. Bekok catchment. In some of the sub
catchments, acid sulphate soils are the only soil type that can
be found. Overall acid sulphate soil covers 116.4 &fthe
total 279 km which represents about 41.7% of the whole
catchment area (from the Bekok Dam to Sri Gading) [2]. The
soil is typically formed in low lying portions of the terrain,
where the ocean has recently withdrawn and deposited pyrite,
which when oxidized releases acid and sulphate. The cause of
the problem is believed to be due to the acidification process
of soil by oxidation of pyrite in the soil within the river [3]
Pyrite exposed to the environment through intensive
agricultural drainage reacts with oxygen and water to form

As experienced at Sg. Bekok, Batu Pahat River catchment &)ifuric acid, resulting in acidic water condition.

recent years, intensive agricultural drainage activities in the

Dissolution of calcite (CaCf) can neutralize acidity

riparian lowland between Bekok Dam and the town of Yongynq increase pH and concentration of alkalinity (HGOOH

Peng have resulted in the deterioration of the river Watefand C&" in acidic watef4, 15]. As the pH increases to near-
quality, especially in term of pH, iron and aluminium content.netral value, concentrations of3EeAl** and other metals

The water supply intakgg within Batu Pahat district hE}ve beegan decline owing to their precipitation or adsorpibn16,
unable to provide sufficient supply of raw water which hasy1 24]. Metal acidity due to high concentrations of Fal*,
lead to water shortages problem. This is a result of watqn2* and other solutes in acidic water can be lowered through

quality problems undergone by Sg. Bekok with highjimesione treatment of metal precipitation [18, 19, 22].
concentration of iron (110 mg/L) and aluminium (290 mg/L) Thys, it is the aim of this study to investigate the conditions

and pH values as low as 2.5 which exceed the limits set out

der which acidity decreases, pH increases, and metal is

the National Water Quality Standard for Class Il rivers [1] ,emoved in an anoxic limestone drain.
This has significantly caused interruptions in the operation of

Yong Peng 2 & 3, Sri Gading and Parit Raja water treatment I

plants in producing sufficient potable water for the district’s

MATERIALS AND METHODS

needs. This study was carried out to investigate the viability

of limestone treatment in treating acidic raw water prior to

being used for water supply consumption.

Financial support for this study was partly funded By S
Holdings Sdn. Bhd., and was jointly supported through URMGS/9330700,
FRGS grant/5524261 and TWAS-Comstech joint researctigyra
F. M. Kusin (corresponding author) is a senior lectatehe
Department of Environmental Sciences, Faculty of Environiai&tudies,
Universiti Putra Malaysia, 43400 UPM Serdang, Selandalaysia (e-mail:
faradiella@upm.edu.my)
A. Aris is with the Department of Environmental Enginegyin
Faculty of Civil Engineering, Universiti Teknologi Négsia, 81310 Skudai,
Johor, Malaysia

A Sampling and Experimental Materials

Water samples from two different sources of Bekok Intake
and Semberong Lagoon were used for the experimental work.
An approximately 80 liters of water sample were collected at
the respective sites for the experimental purposes. The
limestone used to treat the acidic water was of 30 mm in size
and were used up to 112 kg (28 kg in each of the anoxic
limestone reactor). The chemical reagent used for the
determination of total iromvas FerroMo iron reagent powder
pillow. The 0.1N NaOH solution for acidity test was prepared
using 4 g of NaOH to be dissolved in 1L of distilled water. As

In specific, anoxic limestone drains (ALD) which operate akor alkalinity test, the 0.02N HCI solution was prepared by
low oxygen concentration level were studied. The study aimgjjyting 200 mL of 0.1N HCI to 1L of deionized water. The
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analyses of the raw and treated water wegieg evaluated M. RESULTS AND ISCUSSION

based on their respective pH, acidity, alkalinity, iron and

aluminium. Both the alkalinity and acidity for the samplesPerformance of anoxic limestone drain and open limestone
were titrated with HCl and NaOH to pH 4.5 and 8.3 endpointschannel were compared for a contact time of 30 minutes.
respectively based on Standard Methods for the Examinatiorhese include the comparison of both systems with respect to
of Water and Wastewat [6]. Iron was measured in the pH rise, acidity reduction, alkalinity generation and removal
laboratory using atomic absorption spectroscopy (AAS) of iron.

B. Experimental Procedures A pH Rise

The anoxic limestone drains were constructed in series to t'?f?’”'f bIOf Ipl-lit mcre(zja_se for zott:: tsyls_ltems are as
receive the inflow from a holding tank of 30 liters of acidic presented in Table 1. 1t was discovered that pr rise in open

raw water Water from he tank flowed through the anoxic limestone channel was slightly slower as compared to anoxic

drain via gravity to reach the effluent point at several Contaé{mestone drain. However, both systems were capable of

times i.e. 10 minutes, 20 minutes, 30 minutes and 60 minute f‘ha”C‘”g the initial pH of 4.09 and 3.27 for Bekok Intake and

Each of the limestone drain waf 20 cm in diameter with a embrong ITagoon, re;pegtively tp .r.each near neutral pH level.
length of 0.67 m and depth of 14 cm. The drain was made off As illustrated in Fig. ), initial pH of Bekok Intake

PVC pipe in a semicircular form and was constructed with 4'09. was mcreaseq o 6.58 by.the anoxic limestone drain
slope of 1:50£00. A cling wrapper was used as the drain Iinerwhen first contacted with 28 kg of limestone compared to 5.69

prior to place in the 28 kg of 3 mm limestone. The lines wa Eytthe open _chlgnne![. Th'j ;howgd a 5||gn|f|ctant dn;]ferenclze;
wrapped over the top of the limestone to minimizef@m etween anoxic limestone drain and open limestone channel in

taking part in the treatment process. The flow rate Wa‘?ﬁect:tmg tpll:: rise of f_thel w:ter h‘"?lt thdeb|n|tt|)althstag$ of the
measured by recording the time to collect a known volume o eatment. However, Tinal pri achieved by both Systems was

water as it reached the drain outlet. pH was monitored at tHaémost the same. As the W?“er flowed through ‘h‘? drains, pH
inlet and outlet of each drain. Samples were taken at t creased with increasing I|me_sto_ne amount to_fmally reach
outlet of final drain and analyzed for acidity, alkalinity, and 24 and 7.22 by the anoxic limestone drain and open

Fe. Prior to experiment, oxygen was displaced from the draip]mestqne channel, respectively. The trend ShQWEd that the
by nitrogen gas until the LOcontent was < 0.5 mg/L which open limestone channel was capable of enhancing pH level as

was considered anoxic [7]. The open limestone channel W%‘I‘ective as the anoxic limestone drain despite its slower pH

provided without the purging of nitrogen gas and by removind'se'
the cling wrapper so that the water is exposed to the
atmosphere.

TABLE .
pH RISE IN ANOXIC LIMESTONE DRAIN AND OPEN LIMESTONE CHANNEL
Sour ce of Treatment Initial pH Limestone amount (kg)
sample type
28 56 84 112°
Bekok Open Drain 4.09 5.69 6.07 6.78 7.22
Intake Anoxic Drain 4.09 6.58 7.19 7.16 7.24
Sembrong Open Drain 3.27 5.24 6.29 6.33 6.87
Lagoon Anoxic Drain 3.27 6.48 6.79 7.03 7.16

30 minutes contact time
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Fig. 1. Difference between anoxic drain and opeanakel pH rise (a) Bekok Intake (b) Sembrong Lagoon

As for Sembrong Lagoon, initial pH of 3.27 was observed, the anoxic limestone drain gave a higher percentage
raised to 6.48 by the anoxic limestone drain and 5.24 by thef acidity removal in 30 minutes contact time as compared to
open limestone channel at the initial stage after contacted withe open limestone channel. Fig. 2. illustrates the difference
28 kg of limestone as shown in Fig. 1(b). Final pH after 3Metween anoxic limestone drain and open limestone channel
minutes contact time was found as 7.16 and 6.87 by the anoxidth respect to acidity removal after 30 minutes of contact
limestone drain and open limestone channel, respectively. Theith the limestone.
final pH for both systems was found in the near neutral range The acidity of raw water sample of Bekok Intake was
even though the rate of pH rise in open limestone channel wasduced to 24 mg/L as Cagy the anoxic drain as
slightly slower. compared to 37 mg/L as Cé&x for the open channel. As for

As shown in the figure, the anoxic limestone drainSembrong Lagoon, initial acidity of 99 mg/L as Calfas
was capable of enhancing a higher pH rise as compared teduced to 21 mg/L as CaGQy the anoxic drain, as
open limestone channel. It was because, if, @@comes compared to 43 mg/L as Cagy the open limestone
trapped within the closed anoxic limestone drain, both thehannel. The results demonstrated that anoxic drain had a
partial pressure of COand the C& concentration will better neutralization rate which tends to remove higher acidity
increase, leading to a net rise in pH [8]. When the closeds compared to open channel. The effect has also been
system reaches equilibrium, the pH attained will be higheobserved by Ziemkiewicz [10] that armoured limestone (due

than that of an equivalent open system [9]. to open channel) to be 2 to 45 % less effective in neutralizing
hydrogen ion acidity compared to unarmoured limestone
B. Acidity Reduction (anoxic drain).

Reduction of acidity for both the anoxic limestone
drain and open limestone channel are as shown in Table Il. As
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Fig. 2. Acidity reduction in anoxic drain and open chan@@IBekok Intake (b) Sembrong Lagoon
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TABLE II.
ACIDITY REDUCTION IN ANOXIC LIMESTONE DRAIN AND OPEN LIMESTOIE CHANNEL
Initial acidity
Source of sample  Treatment type (mg/L asCaCOy) Acidity % Reduction
Bekok Intake Open Drain 73 37 49
Anoxic Drain 73 o4 67
Sembrong
Lagoon Open Drain 99 43 57
Anoxic Drain 99 21 79
“30 minutes contact time
C. Alkalinity Generation alkalinity was only generated to a concentration of 47 mg/L as

CaCQ by open limestone channel. Sembrong Lagoon water
The production of alkalinity in both systems is shownsample indicated a production of 54 mg/L as Ca@D

in Table 1ll. It was found that the anoxic limestone drainalkalinity for the anoxic drain relative to 43 mg/L as CaCO
showed a greater increase of alkalinity as compared to tHer open limestone channel.
open limestone channel. Anoxic limestone drain which have Retaining CQ within an enclosed anoxic limestone

been designed to avoid armouring, are particularly effectivelrain can enhance calcite dissolution and alkalinity production
for generation of alkalinity [11]. The rate of alkalinity [4, 20, 23]. As for an open channel, higher rate of metal ion
production for Bekok Intake was found to be increased up tprecipitation could armoured the limestone surface (Fig. 3.),
64 mg/L as CaC@as the water flowed through the anoxic decreasing the rate and extent of limestone dissolution and
drain in 30 minutes of contact with limestone. In contrast, thalkalinity production [12, 13].

Fig. 3. Armouring due to iron precipitation in open limestatannel

TABLE IIl.
ALKALINITY GENERATION IN ANOXIC LIMESTONE DRAIN AND OPEN LIMESTONE CHANNEL
Sour ce of sample Initial alkalinity N
Treatment type (mg/L asCaCO,) Alkalinity
Bekok Intake Open Drain 0 47
Anoxic Drain 0 64
Sembrong
Lagoon Open Drain 0 43
Anoxic Drain 0 54

30 minutes contact time
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D. Iron Removal results showed that the open limestone channel was capable of
Results of iron removal for the anoxic limestoneremoving a higher concentration of iron compared the anoxic
drain and open limestone channel are given in Table IV. Thigmestone drain.
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Fig. 4. Iron removal in anoxic drain and open ctedifa) Bekok Intake (b) Sembrong Lagoon
TABLE IV.
REMOVAL OF IRON IN ANOXIC LIMESTONE DRAIN AND OPEN LIMESTOR CHANNEL
e Iron
Treatment Initial iron .
Sour ce of sample . concentration* % Removal
type concentration
Bekok Intake Open Drain 0.433 0.048 89
Anoxic Drain 0.433 0.145 67
Sembrong
Lagoon Open Drain 0.571 0.092 84
Anoxic Drain 0.571 0.185 68
The iron removal in the anoxic limestone drain and V. CONCLUSION

open limestone channel is shown in Fig. 4. It was observed

that a relatively lower iron concentration was obtained by th&enerally, it was discovered that the anoxic limestone drain
open limestone channel for Bekok Intake and Sembrongias capable of reducing acidic condition of the raw water.
Lagoon sample of 0.048 mg/L and 0.092 mg/L, respectivelffhe anoxic limestone drain was found to be effective in
after 30 minutes of contact time. It was probably due to highegenerating higher pH rise, better acidity reduction and
precipitation rate as the water was exposed to the atmospheadkalinity production in comparison to open limestone
and solid Fe(OH)was produced by the oxidation of iron. In channel. Iron removal was relatively greater in open limestone
contrast, excluding Ofrom contact with the acidic water in channel due to higher precipitation rate. However, given the
anoxic drain minimizes the potential for precipitation ofgreater precipitation rate for iron in open limestone channel,
Fe(OH) [4, 14, 23]. Statistically, there was a significant amouring of limestone surfaces clearly limits its capability of
difference between anoxic drain and open channgbroducing more alkalinity and hence slower removal of acidity
performance in affecting the pH rise for Bekok Intake andn the water. Further work will aim at enhancing the
Sembrong Lagoon at 90% f{atue < 0.1) and 95% of  performance of the anoxic limestone drain by incorporating
confidence level, respectively. As described earlier, the anoxihe use of compost media and the limestone to compensate
limestone drain was capable of enhancing a higher pH riseny limitations of system performance encotettein this
compared to open limestone channel due to highestudy.

neutralization rate between the calcite and the acidic water.
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