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ABSTRACT

Hibiscus rosa-sinensis is a biodegradable material that has not yet been tested for its flocculating
properties. The objective of this study was to examine the efficiency of coagulation—flocculation
processes for the removal of suspended solids (SS) from landfill leachate using aluminium
sulphate (alum) and Hibiscus rosa-sinensis leaves extract at different pH and dosages. The
experiments confirmed the positive coagulation properties of the investigated natural
coagulant. The extracts from Hibiscus rosa-sinensis leaves had an isoelectric point at pH 4 and
acted as a bridging mechanism in removing 74% of SS (8,000 mg/L dosage at pH 6) which was
comparable with 78% SS removal using 7,000 mg/L alum (at pH 6).
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1. Introduction

Commonly used metal coagulants are generally
based on aluminium and iron and have been widely
used in water treatments since the early twentieth
century. However, the cost for importing aluminium
sulphate (alum) and other required chemicals for con-
ventional treatment is generally high and at times pro-
hibitive, especially in developing countries [1]. The
use of alum can affect the biogeochemical cycling of
other elements on the planet through various physico-
chemical reactions such as hydrolysis, polymerization,
flocculation, precipitation, adsorption and, in particu-
lar, the complex reactions of aquatic AI** taking place
on the interfaces of minerals/water or in waters [2,3].
This leads to a possibility of several diseases such as
Alzheimer’s, Parkinson’s and amyotrophic lateral scle-
rosis [4]. Natural coagulants are becoming the central

*Corresponding author.

focus of many researchers because of their abundant
sources, low price, multiple functions and biodegrad-
able properties [5]. In addition, natural coagulants
have a wider optimum dosage range of flocculation
for various colloidal suspensions [6]. Natural coagu-
lants also fit well in the definition of sustainability
and appropriateness for the developing countries [7].

Coagulation—flocculation is a relatively simple
physicochemical technique commonly used in water
and wastewater treatment [7,8]. The removal mecha-
nism involved in coagulation—flocculation process pri-
marily consists of charge neutralization of negatively
charged colloids by cationic hydrolysis products fol-
lowed by incorporation of impurities in an amorphous
hydroxide precipitate through flocculation [8].
Currently, researchers tend to extract the natural coag-
ulants in powder form after drying in oven before
grinding it to the desired size. Afterwards, natural
coagulants are kept in air tight container before
making their solutions for further use.
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Most of these extracts are derived from the seeds,
leaves, pieces of bark or sap and roots and fruits of
trees and plants [9]. The use of leaf extracts as a coag-
ulant has not been well reported in literature unlike
its use as an adsorbent. Table 1 presents some of the
natural coagulant extraction techniques as reported in
literature. A method proposed by Séiban et al. [10]
has been widely used for the extraction purpose. The
differences in the particular method used by each
researcher are in terms of powder sizes, solvent,
stirring, drying and filtration. The solvent can be an
organic solvent (acetone, petroleum ether, chloroform
or hexane) or solution of inorganic salts (KCI, NaCl,
CaCl, or NH,C)).

A number of natural materials have been systemati-
cally evaluated for their coagulation properties. The
species of Plantago psyllium, Tamarindus indica,
Trigonella foenum-graecum, Moringa oleifera and Hibiscus
esculentus have shown promising results with respect
to wastewater treatment [11]. Sanghi et al. [6] reported
that plants of genus Cassia possess medicinal values
and are a good source of mucilage, flavonoids, anthra-
quinones and polysaccharides. Recent studies have
shown interest in extracting mucilage from seeds or
pads of plants in order to explore their coagulation
efficiency. Cactaceousopuntia [5] and Cassia javahikai
seed gum [6] are some examples of mucilage sources
that have been tested alone and in conjunction with a
synthetic coagulant to assess their coagulation effi-
ciency in wastewater treatment. Hibiscus rosa-sinensis
has been evaluated for its coagulation properties in this
study for the first time in literature. Hibiscus rosa-
sinensis belongs to the Malvacea family and is a
glabrous shrub widely cultivated in the tropics as an
ornamental plant since it is present in several forms
with varying flower colours. In particular, another
species of Hibiscus genus, namely, Hibiscus sabdariffa
has been historically used and documented in
literature for water purification [9].

To date, no reference in the literature has pro-
duced experimental data involving the use of Hibiscus
rosa-sinensis as a coagulant for landfill leachate treat-
ment. Starch or polysaccharide and protein contained
in the mucilage are the closest explanation for the
coagulation properties of the Hibiscus rosa-sinensis leaf
extract. There is a possibility that other active compo-
nents in the mucilage also possess coagulation proper-
ties. Thus, the objective of this study was to compare
the efficiency of Hibiscus rosa-sinensis leaf extracts with
alum for the removal of suspended solids (SS) from
land fill leachate at different dosages and pH values.
The effects of the isoelectric point (IEP) are also
discussed.
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2. Materials and methods
2.1. Preparation of leaf extracts

Rather than using methods listed in Table 1, this
study provides a new extraction method that is much
simpler and cost-effective. The collected fresh leaves
were repeatedly washed with water to remove dust
and soluble impurities. The X; g of the green leaves
was then placed in a beaker containing Y; L of dis-
tilled water. The mixture was blended using a domes-
tic blender operated at a high speed to extract the
active ingredient of the Hibiscus rosa-sinensis. The sus-
pension was then filtered using Whatman Grade No.
1 filter paper into a beaker. The leaf dregs were dried
in an oven for 48h at 105°C; meanwhile, the filtrate
stock solutions were stirred using a magnetic stirrer
for 30min at room temperature. The dry leaf dregs
were weighed and the amount was defined as X,. The
pure concentration of the dissolved filtrate stock
solution, HBaqs, M; was calculated as follows:

M; = (X1 x DM/100 — X,)/Y; (1)

where DM refers to dry matter of green leaves in per-
centage (%).

HBags filtered stock solution was used for the
coagulation experiments either immediately or after
storing at 4°C.

2.2. Sampling of the leachate influent

Leachate samples were collected from Pulau
Burung Landfill Site (PBLS) which is located near
shoreline about 50m from straits of Malacca within
Byram Forest Reserve at 524N and 0024 E in Penang,
Malaysia [12]. The site receives approximately 1,800
tons of solid waste daily from Penang Island [13]. The
PBLS was developed into a semi-aerobic system
employing a controlled tipping technique and leachate
recirculation system in March 2001 [14]. The total
operational area of the landfill is 33ha and it is
equipped with a leachate collection pond. This site
has a natural marine clay liner and a semi-aerobic sys-
tem, making it one of the only three such sites in
Malaysia. The samples were kept in a container and
placed in a cool room at 4°C to restrain the micro-
organism activities. However, the samples were left
for 2h at ambient temperature before each experi-
ment. This landfill produces a dark black-green
coloured leachate that can be classified as stable due
to high concentrations of chemical oxygen demand
(COD) and ammoniacal nitrogen and a low BODs/
COD ratio [15,16]. The samplings of the leachate influ-
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ent were taken from the active detention pond of the
PBLS, 14 times, from 1 October 2008 to 30 November
2009. All experiments were undertaken in triplicate
according to the procedures detailed in the Standard
Method for Examination of Water and Wastewater
[17]. The pH was measured using a portable pH
meter (Hach, sens ion 1, USA). SS were determined
by using APHA Method No. 2540D. The NH3-N was
determined using nesslerization method (4500-NHjs).
COD was determined using colorimetric method
(5220-D). Turbidity was measured using 2020 turbi-
dimeter (LaMotte). Colour measurements were
reported as true colour (filtered using 0.45pm filter
paper) assayed at 455 nm using DR 2000 HACH spec-
trophotometer. Method No. 2120C reports colour in
Platinum-—cobalt (PtCo), the unit of colour being pro-
duced by 1mg platinum/L in the form of the chloro-
platinate ion. The effect of filtration on colour removal
was corrected by means of a control sample. The char-
acteristics of the leachate are given in Table 2.

2.3. Characterization of HBags
2.3.1. Isoelectric point

The surface charge of HBaqs was evaluated by
determining the electrophoretic mobility of suspended
particles with Malvern Zetasizer Nano ZS. Measure-
ments were taken at 25°C with distilled water as dis-
persal medium. IEP for HBaqs was determined by the
titration of 10mL HBaqgs with 0.25M HCI or 0.25M
NaOH from pH 3 to 12 or from pH 12 to 3, respec-
tively depending on the initial zeta potential of the
titration.

2.3.2. Fourier transform infrared spectra

Fourier transform infrared (FTIR) Perkin Elmer
was used to investigate the structure of HBaqs and to

N.A. Awang et al. [ Desalination and Water Treatment 51 (2013) 2005-2013

analyze their functional groups. The leaves of Hibiscus
rosa-sinensis in powder form were used because the
solution would only result in water spectra.

2.4. Jar test

A 1,000mL beaker was filled with 500 mL of the
leachate for each test run. The pH value of each jar
test was adjusted to the desired value by using NaOH
and H,50, within the range of 2-12. HBaqs dosages
varied from 500 to 10,000 mg/L. The leachate sample
was agitated at 160 rpm for 2 min (rapid mixing), after
which the speed of mixing was reduced to 30rpm
and kept constant for 20 min. After the settling period
of 30min, the supernatant was withdrawn from the
beaker using a plastic syringe from the point approxi-
mately 2 cm below the liquid level for analysis [18,19].
The entire experiment was repeated under the same
conditions using the alum solution as a coagulant.

The removal efficiency of SS was calculated by
using Eq. (2) as follows:

Removal (%) = [(C; — Cy)/Ci] x 100 (2)
where C; and Cg are the initial and final concentrations
of the sample, respectively.

The coagulation activity (CA) of the coagulants
was analyzed using Eq. (3) to evaluate whether the
removal of parameter tested was solely caused by the
coagulant or by chemical precipitation, especially at
high pH.

Coagulation activity = (RTp — RTs)/RTs (3)
where RTg refers to the residual parameter measured
after settling and RTgp is the residual parameter

measured after settling with no coagulant (as a blank)
[10].

Table 2

Characteristics of raw leachate from PBLS
Parameter Units Minimum
pH - 8.24

SS mg/L 165
NH;-N mg/L 1,840
COD mg/L 2,873
Turbidity FAU 275
Colour PtCo 4,780

Maximum Average® Standard®
8.82 8.65 6.0-9.0
211 189 50

2,465 2,125 5

3,360 3,170 400

325 303 —

5,120 4,950 100

?Average of 14 samples taken from October 2008 till November 2009.

PThe standard requirements of the Environmental Quality Act 1974 and the limits set down by the Environmental Quality (Control of
Pollution from Solid Waste Transfer Station and Landfill) Regulation 2009, Malaysia.
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3. Results and discussion
3.1. Characteristics of HBags

Coagulant characterization was carried out to pro-
vide basic understanding of the chemistry of the coag-
ulant and its effectiveness in removing both
particulate and organic materials. Thus, determining
the following important individual properties of
HBags was essential.

3.2. Isoelectric point

The zeta potential of HBags at various pH values
is illustrated in Fig. 1. The surface charge of HBaqs
was absolutely neutral at pH 4 while it was positively
charged at pH below 4 and negatively charged at pH
above 4. Hence, HBaqs was an anionic coagulant
when coagulation process was run at pH above 4 and
a cationic coagulant at pH below 4. It is believed that
the aggregation of the constituents was mainly
governed by the bridging mechanism which is in
agreement with the study of Zhang et al. [20].

3.3. Functional group analysis of HBags using FTIR

FTIR spectra analysis is an important step in poly-
mer characterization. FTIR has been used extensively
for the characterization of polymer materials in poly-
mer chemistry. To determine the main functional
groups of HBaqs, FTIR spectra analysis was carried
out based on the previous studies [21-23]. The results
of the analysis are presented in Fig. 2 and Table 3.

Since the FTIR spectra of HBaqs were not deter-
mined quantitatively, the transmittance intensity could
not be used to quantify the measured functional
groups. However, Li et al. [22] used a Gaussian curve
fit to calculate the area ratios of each peak to all peaks

Isoelectric Titration Graph
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Fig. 1. Effect of pH on the zeta potential values of HBags.
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of the same curve, with the assumption that such
ratios represent the relative quantities of the peaks.
Zhang et al. [20] claimed that the FTIR spectrum of
TJ-F1 contained carboxyl, hydroxyl and amino or
amide (-NH,) groups as well as hydrogen bonds
which are the preferred groups for the flocculation
process. The chemical structure of the polymer might
possess two common features: (1) the structure con-
sists of a hydrocarbon backbone forming a long chain;
and (2) the long chain carries active groups that could
be anions, cations or non-ionic entities [24].

As mentioned earlier, the main mechanism that
governed the CA by HBaqs was bridging. Local cou-
lombic forces between the divalent metal cations (Ca®",
Mg®*, etc.) at the particle surface of the leachate and
the dissociated carboxyl (—C=0") groups on the
HBags chain induced the CA of HBags. The carboxyl
groups could serve as ion bridges or binding sites for
the divalent cations [22-24]. Additionally, -H bonding
between monovalent cations (K* and Na™*), the amide
(-NHy) and the hydroxyl (-OH) groups also contrib-
uted to the removal of SS. Indeed, -H bonding is
mostly seen when anionic polymers are used in the
coagulation—flocculation system. However, this type of
bonding has been suspected to occur when using a
long polymer chain with a high molecular weight
[25,26].

3.4. Optimum pH

The pH is the most significant variable in the coag-
ulation—flocculation process for water and wastewater
treatments [10,27,28]. Controlling the pH is critical
because coagulation occurs within a specific range for
each coagulant [29]. The optimum pH values found
could be related to the IEP of the mixture of coagulant
and wastewater and not the coagulant alone.

Currently, the measurement of the zeta potential is
used extensively to predict coagulant requirement and
optimum pH level. A couple of studies [20,30] exam-
ined the effects of the zeta potential at varying pH
(IEP) and dosages in a heterogeneous suspension.
Their studies were mainly focused on a heterogeneous
suspension that consisted of coagulants and colloidal
particles (water sample) with or without different
electrolyte backgrounds after the coagulation process.

3.4.1. Determination of the optimum pH for alum

Fig. 3 demonstrates the percentage reduction of SS
at various pH values. According to Fig. 3, an opti-
mum pH for alum at 4,000mg/L dosage was 6. The
results revealed that a variation in pH noticeably
affected the SS deduction with a removal of 77% at an
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Fig. 2. The FTIR spectra of HBags.
Table 3 80 1
Main functional groups of HBaqs from FTIR spectrum
analysis 70 1
Vibration type Wavenumber (cm™") -
R 60 |
Hydroxyl and amines (O-H 3,446 E
and N-H stretching) 2 507
Alkanes (C-H stretching) 2,929 ™)
Carboxyl (C=0 stretching) 1,429-1,639 R 401
Methoxyl (C-O stretching of 1,319
carboxylic acids) 301
Methoxyl (C-O stretching of 1,053-1,159 20 —o—alum —#—HBags
alcoholic groups) 0 2 4 6 8 10 12

optimum pH. The optimal pH value obtained is not
in accordance with the results obtained by several
authors [19,31,32], where optimal pH was 7. Neverthe-
less, several other researchers [28-30] claimed that the
optimum pH for alum (for various wastewater types)
was approximately from 5 to 6.

This narrow range occurred due to the variance in
wastewater composition, the types of parameters used
for measurement and the initial alum dosage/concen-
tration (Table 4). An experiment on the effect of dos-
age was performed by Zouboulis et al. [30] for the
humic acid removal from biologically pre-treated
landfill leachate. The report indicated that the optimal
pH between 5.5 and 6 was more evident for low dos-
ages of alum (20mg/L). The effect of pH was not so
noticeable when the coagulant dosage was increased

pH

Fig. 3. Percentage removal of SS by 4,000mg/L alum and
4,000mg/L HBaqs at different pH values (Initial SS
concentration =189 mg/L).

up to 50mg/L. Thus, an efficient removal was
obtained for a greater pH range. In addition, Huang
and Shiu [33] studied the various alum dosages and
pH values for the removal of humic acids by coagula-
tion. Their study showed that an 80% removal of
humic acid could be achieved in two regions. The
regions consisted of a low dosage of alum at pH 5
and a high dosage of alum at pH above 6. Hence,
4,000mg/L alum with an optimum pH at 6 was rea-
sonable and acceptable when compared with the
results obtained by others [31,32].
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Table 4
Comparison of optimal dosage and pH of alum in a variety of wastewaters
Water sample Parameter Optimum Optimum Findings Reference
tested pH dose (mg/L)
Leachate SS 6 7,000 Achieved 78% SS removal This
Study
Leachate COD, 7 9,400 COD, turbidity, colour and TSS [32]
turbidity, removal were 61, 93, 88 and 92%,
colour respectively
and TSS
Leachate CODand 7 9,000 93 and 46% for colour and [31]
colour COD removal, respectively
Cork processing industry COD, TP 5 66 for Water I, Yielded similar values of the [28]
wastewater (three water and A 100 for Water  removal of COD (approximately
samples with different organic II, and166 for  55%), TP (approximately 80%)
matter concentration was Water III and A (approximately 85%) in
labelled as I, II, and III) the three types of water
Slaughterhouse wastewater COD, 5 600 COD, BODs and TSS removal [29]
BODs were 85, 88 and 95%, respectively
and TSS
Humic acids Humic 5.5—-6 95% humic acids removal [30]
acids
Leachate COD 7 500 COD removal capacities up to [19]

56% for the partially stabilized
leachate

TSS: total suspended solids; TP: polyphenols; A: aromatic compound.

Notably, the removal efficiency of SS using alum
increased from pH 4 to 6 (Fig. 3). These results are
vastly similar with a study regarding the influence of
pH on coagulation using alum by conventional and
electrochemical dosing [27]. Only ionic species has to
be considered in explaining the coagulation results
outside the range of pH 5 to 6, where the influence of
aluminium hydroxide is present. This work is sup-
ported by Aguilar et al. [29], who claimed that alu-
minium hydroxide species grow best at pH values
between 4 and 6 (where the positively charged species
are predominant), whereas the range 5.5-7.5 is best
for the AI(OH); precipitate.

3.4.2. Determination of optimum pH for HBags

The removal of SS as a function of pH by HBags is
also shown in Fig. 3. The overall maximum percent-
age removal for HBags in the leachate sample was
observed at pH 4 to 8 (56-57%), although a consider-
able percentage removal was also seen at pH 10
(50%). The effect of pH on the removal of SS by the
application of HBaqs was significant throughout the
experiments and different SS removal rates were
achieved at different pH levels. These results are not
completely in accordance with the results obtained by

Sanghi et al. [6], who stated that natural polysaccha-
rides or polymers are usually inert to pH changes.
Therefore, the CA caused by pH variation is believed
to be due to the effect of pH on the constituents of the
leachate sample. At neutral pH, the formation of
hydrogen bonding between neighbouring hydroxyls
and surface adsorbed water results in disruption of
surface hydroxyls which increases the percentage
removal [34]. On the other hand, at acidic pH (4), the
metallic ions present in the effluent get oxidized
which results in the aggregation of particles [35].
Thus, to prove that the removal of SS was solely
due to the natural precipitation by HBags, jar tests at
varying dosages and pH of 6 and 10 were carried out.
Blank samples (without addition of coagulant) were
used to define the CA of pH alone, whether by HCI at
low pH or by NaOH at high pH. A pH of 10 was cho-
sen because this pH was in agreement with the previ-
ous findings that reported higher pH values as being
optimal for other natural coagulants, such as from
chestnut and acorn [10] and Moringaoleifera [36].

3.5. Optimum dosage

The coagulant dosage is an important factor in the
coagulation process. The CA highly depends on the
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optimum relationship between the coagulant dosage
and bivalent cations in water [36]. The optimum dos-
age of a coagulant is defined as the value above which
there is no significant increase in the removal effi-
ciency with the further addition of a coagulant [29].

3.5.1. Determination of the optimum dosage for alum

Fig. 4 illustrates the CA and the removal of SS
using alum and HBags. The optimum dosage for alum
was approximately 7,000mg/L with 78% removal.
The results generally depict that the overall removal
efficiency of the SS increased with an increase in alum
dosage until reaching an optimal value. This could be
attributed to the restabilization of colloidal particu-
lates when coagulants are used at dosages in excess of
the optimum value [18]. However, coagulant overdos-
ing leads to the restabilization of the suspension and
therefore to the release of heavy metals into the trea-
ted water.

The predominant removal mechanisms at a low
dose of alum (below 7,000 mg/L) were adsorption and
charge neutralization. The charge neutralization
occurred when the zeta potential of particles was close
to zero (at 7,000 mg/L) and the sweep coagulation took
place at a sufficiently high alum dosage (10,000mg/L
with 8% SS removal), causing the precipitation of the
amorphous metal hydroxide.

3.5.2. Determination of optimum dosage for HBags

There was a distinctive difference between coagu-
lation by HBaqgs at pH 6 and 10 (Fig. 4). A higher
removal of SS (74% removal with 8,000mg/L HBaqs
at pH 6 and 56% removal with 2,000mg/L HBags at
pH 10) and a broadened dosage range (2000 to
10,000mg/L at pH 6 and 2,000 to 4,000mg/L at pH
10) was achieved at pH 6 (Fig. 4).

The overdosing of HBaqgs at pH 10 led to a sudden
decrease in SS removal, whereas the removal of SS
reached positive increased CA at pH 6. This overdos-
ing resulted in the saturation of the polymer bridges
and caused restabilization of the destabilized particles
because of an insufficient number of free particles to
form more interparticle bridges. The adsorbed layers
might also have caused steric repulsion [11,25].

The obtained result indicated that the removal of
SS by HBaqs was comparable with alum at dosage of
approximately 4,000-6,000mg/L at pH 6, whereby the
removal of 70-77% for alum and 66-69% for HBaqs
was observed. Moreover, the CA for alum was 0.66 at
7,000mg/L dosage, whereas it was 0.54 (pH 6) and
—1.36 (pH 10) for HBags (Fig. 4).

N.A. Awang et al. [ Desalination and Water Treatment 51 (2013) 2005-2013

—&— alum (RE, pH 6)
—o— alum (CA, PH 6)

—&— HBaqs (RE, pH 6) —a&— HBagqs (RE, pH 10)
—8— HBaqs (CA, PH6) —A— HBagqs (CA, PH 10)

0.8
0.6
+ 0.4
1 Q
§ 0.2 g
= +00 %
g 3
g + -0.2 g,
3
Q 4 -
& 0.4 B
A + -0.6 =
+-08 <&
1-10
112
t -1.4
0 2000 4000 6000 8000 10000
Coagulant Dose (mg/L)

Fig. 4. Plot of coagulant dose for alum and HBaqs, where
RE stands for percentage removal of SS, while CA indicates
coagulation activity by coagulants without being influenced
by pH factor (Initial SS concentration =189 mg/L).

Notably, a higher removal of SS (65%) was
achieved at pH 10, even without the addition of coag-
ulants. This suggests that the removal rate at pH 10
was higher even without the presence of coagulants
which was a result of the influence of NaOH. This
also indicates that NaOH (alkaline) alone could have
acted as a coagulant simultaneously with other factors
such as the IEP and the charged particles carried by a
natural organic matter in the leachate sample. In this
case, caustic soda composed mainly of NaOH was
used as an alternative in order to produce the hydro-
xyl ions needed to raise the pH to levels at which pre-
cipitation of divalent metal ions (Ca** and Mg*")
would be favourable in indulging a CA.

4. Conclusions

Apart from having a wider effective dosage range
(2,000-8,000mg/L) of flocculation, high removal rates
of SS of 60-74% and positive coagulation activities
indulged by HBags at an optimum pH 6, proved that
Hibiscus rosa-sinensis deserves further exploration as a
coagulant in landfill leachate treatment. Moreover, the
CA and the removal of SS by 8,000mg/L HBaqs (CA,
0.59; removal, 74%) were comparable with 7,000 mg/L
alum (CA, 0.66 and removal, 78%).
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