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The investigation of humic acid adsorption from aqueous
solutions onto modified pumice with hexadecyl trimethyl
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Sciences (IUMS), Isfahan, Iran, and Department This study was conducted to evaluation humic acid adsorption from
of Environmental Health Engineering, School of aqueous solution using pumice modified with cationic surfactant.

Health, IUMS, Isfahan, Iran, *Health Research The pumice modification was carried out with
Center and Health School, Bagiyatallah University cationic surfactant of hexadecyl trimethyl ammonium bromide (HDTMA-Br)

of Medical Sciences, Tehran, Iran with a concentration of 3 mmol/l for 48 h using a 150 rpm shaker. The

chemical structure of pumice was determined using X-ray fluorescence (XRF)
and X-ray diffraction (XRD). For evaluation of the effective parameters, the
adsorption of humic acid onto modified pumice was conducted with batch
experiments. Humic acid concentration was determined by photometry on
254 nm. Langmuir, Freundlich, and Temkin models and pseudo-first and
pseudo-second-order kinetics were used for adsorption isotherm and kinetics
studies.

The results showed that humic acid adsorption increased as its initial
concentration, the adsorbent dosage, and the contact time increased. Increase
in pH within the regions 3-12 resulted in the reduction of adsorption efficiency
while the optimum adsorption occurred at pH = 3. The adsorption data followed
the Langmuir model (R? = 0.99) and second-order kinetic model (R? = 0.99).
Maximum experimental adsorption and theoretical adsorption capacity of
the adsorbent were 22.5 and 29 mg/g, respectively. The Langmuir constant
coefficient (b) was determined as 0.8 L/mg.

It was understood from the results of this study that adsorption
onto modified pumice is efficient in performance and thus affordable technology
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material (NOM) reacts with chlorine to form DBPs. 12
Since 1974, numerous epidemiological studies have showed
the correlation between the consumption of or contact
with the chlorinated water and various cancers in humans
and animals. Major chlorine disinfection by-products are
trihalomethanes (THMs) and haloacetic acids (HAAs) which
are toxic, carcinogenic, and mutagenic. THMs cause cancers
of bladder, kidney, intestine,?*! and include chloroform,
bromodichloromethane, dibromochloromethane, and
bromoform. Many studies have reported the incidence
of cancer in laboratory animals which were exposed to
chloroform as an indicator of THMs. Moreover, some
rescarchers have found a relationship between these
compounds and stillbirth. Public concern about the dangers
of THMs compounds arose when the carcinogenic potential of
chloroform was proved and the US Environmental Protection
Agency (US-EPA) classified it in the carcinogens taxonomy in
1975. Cancer incidence rate in a 70 kg person drinking 1 L of
water containing 1 ug/L of chloroform per day for 70 years has
been estimated to be 8.9 X 10 with a reliability coefficient of
95 %. When the chloroform concentrations reach 100 ug/L,
the cancer incidence rate increases to 1.87x10”. In other
words, being exposed to 100 ug/L the concentration of
chloroform results in the increase of 1 person infected with
cancer per 56,000 people.l”?!

About 60 similar reports by 150 researchers across the world
about the adverse effects of THMs have been published by
the World Health Organization (WHO).!" The presence
of organic matters in water resources causes a lot of troubles
during treatment processes especially the conventional water
treatment. NOM are effective in different aspects of water
treatment. The most important effect of these compounds
is their reaction with chlorine and producing chlorination
by-products. It has been proved that chlorination by-products
depend on the concentration of NOM as the main precursor
in the formation of these compounds. The conventional water
treatment processes remove only 30% of THM precursors. -]
Common methods for the removal of THMs and their
precursors are the use of activated carbon, membrane
processes, advanced flocculation, and air stripping.[®!1*-12!
However, as reported in the literature, using these methods
poses many limitations such as the high operation cost and
initial investment, obstruction, and generation of a large
amount of sludge, reduction of water pH, production of
corrosive water, and the need for reduction operation. >
Therefore, it is necessary to apply more appropriate methods
for the removal of THMs and their precursors. Among
different methods, the adsorption process is a simple and
common method for the removal of organic pollutants like
THMs and humic acid. In theory the activated carbon is a
best adsorbent for humic acid removal, however in practice it
shows low capacity for the removal of high molecular organic
compounds such as NOM. Regardingly, some other studies on
humic acid adsorption, using vermiculite mineral modified
with hexadecyl trimethyl ammonium bromide, showed that
the modified type of this mineral matter had a higher potential

in humic acid removal than its unmodified one. Modification
of glass and nylon granules with polypyrrole also has a desirable
potential in humic acid removal.!'"!

Other adsorbents such as volatile ash, bentonite, types of
biomasses, powder activated carbon, coke, and kaolin are also
used in organic pollutants” adsorption."”!8! However, such
adsorbents are expensive, so, recently, the use of cost-effective
adsorbents has been attended to and many studies have been
done on their feasibility.!**!

The pumice stone is in fact a silica glass with light color."” It
possesses the specific surface area of 5-22 m?%g, high porosity
(85%), silicon of 60-75%, specific dry weight of 500-800 kg/m’.
In terms of structure, this stone consists of irregular holes.
Layers of pumice stone have been found and recorded by
Iran’s Geology and Mineral Exploration Organization in
mountainous regions of Iran including northwest, west,
center, and south. Besides the above regions, this inorganic
matter is found around Iran, for instances Taftan mountains
in the south, Abali in the north, around Ghazvin, western
part of Hamadan, and Tikmedash (western Bostanabad, East
Azerbaijan). Italy ranks the first in producing 40% of the total
pumice stone, followed by Turkey in manufacturing pumice
products. This stone is casily accessible in our country due
to its frequency and low cost. It is also applied in water and
wastewater industry, especially as a sludge maintenance
medium as investigations show that the price per cubic meter
of pumice used as a medium is about 2% of the price of a
commercial media per cubic meter.” Therefore, pumice
can be applied as a suitable medium base in water treatment
processes. Studies have shown!?” that the medium materials
can be used in forms of raw or modified adsorbents with
appropriate agents to remove different pollutants in water.

Modification of natural adsorbents with various agents in
order to efficiently adsorb organic and inorganic matters has
been tested. Regarding the properties of cationic surfactants,
these compounds have a high tendency toward negative
exchanges which results in the use of these compounds
for modification of the outer surface of different materials
and promotion of their anion exchange capacity.”!*) Since
the removal of THM precursors from water resources are of
special importance, pumice was used as the base adsorbent
due to its accessible and cost-effective natural resources. The
main objective of this work was to develop and investigate
new adsorbent to remove humic acid as a THM precursor
from water.

MATERIALS AND METHODS

The study of humic acid adsorption on modified pumice
was conducted in a batch system using 250 ml Erlenmeyer
flasks and the effect of parameters including pH, humic acid
initial concentration, adsorbent dose, and contact time was
examined. All of the experiments were carried out at room
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temperature and the average of triplicate experiments was
reported. The raw pumice was provided from Tikmedash,
Fast Azerbaijan, Iran. Firstly, it was washed with distilled
water several times and then dried at 110°C using an oven.
Crushing up and granulating the pumice stone was done using
an electric mill and ASTM standard sieves with a mesh size
of 0.85 mm. The granulated pumice was washed again with
distilled water and dried at 110°C. The first modification of
pumice was performed with 0.01 M NaCl solution for 24 h
using an orbital shaker (3017 GFL) with the speed of 150 rpm.
Then, it was rinsed several times with distilled water until silver
nitrate became washing out and was dried in an oven at 110°C
for § h. The final modification of pumice was carried out with
a cationic surfactant of HD'TMA-Br with a concentration of
3 mmol/L for 48 h using a 150 rpm shaker. The structure of the
pumice was determined using a scanning electron microscope
(SEM), XRD, and XRE In all experiments, pumice separation
from the solutions used in the modification process was done
using a centrifuge with the speed of 2000 rpm for 10 min. After
the preparation of adsorbent, 1000 mg/L humic acid stock
solution was prepared, and then standard solutions with various
concentrations were prepared and studied. The measurement
of humic acid concentration in standard and unknown samples
was done using a UV visible spectrophotometer (Model
PUS700, Philips) at the wavelength of 254 nm.##! The humic
acid was provided from Sigma-Aldrich Company, and other
materials were provided from Merck Company in Germany.
The pH,,,, was determined according to the method presented
by other rescarchers.'2627]

In order to study the effect of pH on humic acid
adsorption, samples with initial pH of 3, 7, and 12, humic
acid concentration of 50 mg/L,, and adsorbent dosage of
0.5 g/100 mL were prepared and the concentration of
remaining humic acid was measured after miscibility for
250 min. The effect of humic acid initial concentration
was examined using various concentrations (10-100 mg/L).
This process of the study was carried out at room constant
temperature and mixed at 120 rpm. To evaluate the effect of
adsorbent dose, 50 mg/L initial concentration of humic acid
was studied along with the adsorbent dose range of 0.1-1 at
pH equaling 3. In each process, the adsorption capacity was
calculated using equation (1):

(CO—CQ)V

=" (1)

where

q, 1s adsorption capacity (mg/g), C, is the humic acid initial
concentration (mg/L),

C, is the equilibrium concentration of humic acid (mg/L),
V is volume of sample (L), and

M is the pumice mass (g).

Once the appropriate contact time, the adsorbent dose, and the
adsorption pl1 were measured, features related to the adsorption
1sotherm of the given pollutant on the pumice were determined.
The experimental data of adsorption equilibrium were studied

using Langmuir and Freundlich (equations 2-3):1202%
C, __1 N C, )
qe Ql“ﬂxb QIHHX
1
logq, =logk+—logC, (3)
n

The adsorption kinetics was analyzed using pseudo-first-order
and second-order kinetic models. The pseudo-first-order
kinetic linear equation is generally as follows:

k
1 -q,)=1 ——t 4
08(d. =¢,) =log(q.) = 5= = (4)
The pseudo-second-order kinetic linear equation is generally
as follows:

LI (5)

9 kg q,

In the first-order kinetic equation, parameters of k, (constant
coefficient (1/min) and ¢, (equilibrium adsorption capacity
(mg/g)) are calculated by drawing the curve of log (¢,—¢,) over
t, and in the second-order kinetic equation, parameters of ¢,
and k, (rate constant (mg/g min)) are calculated by drawing
the curve of t over g,.1*!

RESULTS

In analysis of the pumice structure using the XRD technique,
comparison of the peaks in the curve by standard cards
showed that the main part of pumice structure consisted of
quartz with the chemical formula of SiO, which comprised
74% of the structure. The results by XRI" of the sample
showed the chemical compositions of pumice as silica,
alumina, potassium oxides, and sodium. The pH,, . used in
this study was determined as 6.

The results of the effect of pH on humic acid adsorption are
shown in Figure 1. According to these results, the adsorption
rate at pll values of 3,7, and 12 was 22.5, 14, and 9 mg/g,
respectively, which indicated that the maximum removal of

93.5% occurred at pH 3.

The results of the effect of humic acid concentration on its
adsorption on modified pumice are shown in Figure 2. As
shown in Figure 2, the adsorption rate (g, = mg/g) increased
as the humic acid concentration increased to 50 mg/L, while
further increase of humic acid did not lead to change in the
adsorption rate. Based on these results, as the humic acid
concentration increased from 10 to 50 mg/L, the adsorption
capacity increased from 4 to 22.5 mg/g; however, the higher
concentrations of humic acid did not affect the adsorption
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capacity as the maximum adsorption capacity was obtained
at 50 mg/L concentration.

Figure 3 shows the effect of adsorbent dose on humic acid
adsorption. The results showed that the increase of adsorbent
dose from 0.1 to 1 gin 100 L resulted in the reduction of
remaining humic acid from 6 to 1.8 mg/L. Although the
remaining humic acid decreased as the adsorbent dose
increased and the total efficiency of humic acid removal
increased from 89% to 97%, calculations showed that the
adsorbed pollutant decreased per unit mass as the adsorbent
mass increased. Therefore, it can be concluded that the
optimum dose of adsorbent would be in the range 0of 0.1-0.2 g
in 100 mL that equals to 1-2 g/L..

The results on the determination of the adsorption isotherms
are indicated in Figures 4 and 5. Evaluation of the correlation
coefficients of the curves of these three models showed that
humic acid adsorption on modified pumice followed the
Langmuir adsorption isotherm and the values of the constant
coefficient of b and theoretical O were determined as
0.8 L/mg and 29 mg/g, respectively. The R| dimensionless
parameter is one of the most important parameters which can
be determined regarding the results by the Langmuir model
and can be used to predict the adsorption conditions. R, is
calculated using equation (6):

1
R, =
" 1+bC,

(6)

According to the performed studies, the correlation between
R, and adsorption conditions was determined according
to Table 1. Considering the calculations by equation (6),
the R, of humic acid adsorption on modified pumice was
calculated as 0.3 which, regarding Table 1, indicated a

desirable adsorption of humic acid on pumice.

The results on the determination of humic acid adsorption
kinetics are shown in Figure 6. Comparison of correlation
coefficients of the used kinetic models showed that
humic acid adsorption on modified pumice followed the
pseudo-second-order kinetic model [Figure 6a and b as the
correlation coefficient (R?) of the second-order kinetic model
(0.99) more than that of the first-order one (0.97). Moreover,
the adsorption capacity (¢ ) obtained from the experimental
studies (22.5 mg/g) was more consistent with the ¢, calculated
by the second-order kinetic model (22.73 mg/g min). The
q, calculated by the second-order kinetic model does not
conform to the experimental ¢, if it is equal to 33.36 mg/g.

Table 1: The correlation between R _and adsorption
conditions!26-28!

R, value Adsorption condition
<1 Appropriate

1 Linear

0 Irreversible

>1 Inappropriate

DISCUSSION

Considering that in adsorption studies, the dominant
phenomenon of interest takes place on the surface of
adsorbents to remove pollutants, chemical and surface
properties of adsorbents and the effective factors in the status
of surface play an important role in adsorption process. Major
part of the pumice used in this study consisted of mineral
compounds of which quartz with 74% comprised most of the
pumice composition. Akbal et al, and Kitis et al, reported
the main compound of pumice as SiO,.”?" The reason of
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Figure 1: The effect of pH and contact time on humic acid
adsorption on pumice (humic acid concentration of 50 mg/L
and the adsorbent dose of 0.5 g)
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Figure 2: Effect of initial concentration of humic acid on its
adsorption on pumice (pIl = 3, adsorbent dose = 0.5 g)
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Figure 3: The effect of pumice dose on the efficiency
and rate of humic acid adsorption (pH = 3, humic acid
concentration = 50 mg/L)
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this similarity of the reported results on pumice structure
by different researchers may be related to the formation
process of this mineral. The pumice products have a uniform
structure all over the world due to the natural process of
pumice formation (volcanic processes). Furthermore, the
main substance of volcanic eruptions which result in pumice
formation on the ground is the molten substance or magma
which has a rather identical composition in different areas.
Therefore, the equality of the major compound of pumice
stone used in various studies is normal and inevitable. Another
important environmental factor which is effective in the
pollutant adsorption rate on solid surfaces 1s the dispersion
of negative and positive surface charges on the adsorbent
surface which forms a function of pIl of the reaction medium
and pH, . of a given adsorbent. The results of the present
study showed that the medium pll variations and its increase
from 3 to 12 reduced the humic acid adsorption rate. Similar
results were reported by Capasso et al, which confirmed these
conditions.?! These researchers found that the percentage of
humic acid adsorption on modified bentonite reduced from
2 to 10 as the pll increased which conformed to the results
of this study. The reason of the adsorption rate reduction
related to the anionic structure of humic acid and pH,, . of
pumice. Studies have shown that at pH equaling pH, ., the
electric charges on the adsorbent surface were at equilibrium,
while, at pH higher and lower than pH,, ., the major surface
electric charge on adsorbents were positive and negative,
respectively, as these conditions along with the anionic and
cationic conditions of a given pollutant affected the removal
efficiency.”" Based on the results of pumice pH, . (equation
6) in the present study, at pIl > 6, the dominant charge on

3
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Figure 4: Langmuir isotherm for humic acid adsorption on
pumice

the pumice surface was negative due to the accumulation of
hydroxyl anions on the adsorbent surface and the increase of
related negative charge number. Since the humic acid was also
of an anionic nature, these conditions led to the reduction of
humic acid adsorption rate in the alkaline region. The reason
15, on the one hand, the anionic nature of the given pollutant
and, on the other hand, the increase of pH subsequent to
the accumulation of negative charge on the adsorbent which
results in the emergence of the electrostatic repulsion force
between the adsorbent and pollutant.?'*"! Moreover, humic
acid is present at low pH as molecules which are in a suitable
condition to be adsorbed, while, at higher pll, solubility and
lonization of humic acid increase through releasing hydrogen
ions and these conditions increase the electrostatic repulsion
force between the adsorbent and humic acid which results
in the reduction of adsorption rate. These results show that
adsorbents with rather high pH,,. are more appropriate
for the optimum adsorption of humic acid from aqueous
solutions, since, at low pH, . (3-5) of the adsorbent, the
water on the adsorbent surface has a negative charge at
neutral pll and these circumstances lead to the emergence
of electrostatic repulsion force between the adsorbent and
pollutant and consequently then the reduction of adsorption
rate. Such circumstances were seen in the results of the
present study as, at pIl equaling 7, the adsorption rate was
rather high, while, higher pIlin the alkaline region resulted in
the accumulation of negative charge on the adsorbent surface
and then reduction of adsorption rate. Furthermore, in the
alkaline region, releasing proton and complete ionization
of humic acid into anions became greater which led to the
severe reduction of adsorption rate.
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Figure 5: Freundlich isotherm for humic acid adsorption on
pumice
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Figure 6: (a) Pseudo-first-order and (b) second-order kinetics for humic acid adsorption on pumice
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The effect of initial concentration of the input pollutant
of adsorption systems is one of the significant parameters
which must be studied. The results showed that as the initial
concentration of humic acid increased up to 50 mg/L, the
adsorption rate was increased, while increasing the adsorbate
concentration higher than 50 mg/L(up to 100 mg/L) the
adsorption capacity was not changed. Similar results have
been reported by Wang et al," on the adsorption of bivalent
zinc and copper and humic acid on natural zeolite as the
increase of initial concentration of humic acid and the two
metals resulted in the increase of their adsorption. The
adsorption of humic acid on volatile ash also follows this
pattern.P!! This phenomenon may refer to the driving force
required for overcoming the existing resistance against the
pollutant transmission from the liquid phase toward the solid
phase which has also been found by the other researchers.*!
The reason is that the higher initial concentrations, in a
specific region, cause a remarkable propulsion which more
casily overcomes the resistance to pollutant transmission
from the liquid phase toward the solid phase.P" These
circumstances improve the adsorption of pollutants in a
specific region, while they may not atfect the adsorption
rate at higher concentrations. That is because despite the
dominance of propulsion over the resistance to pollutant
transmission at concentrations higher than a specific
limit, the limited available surfaces for adsorption of a
given pollutant impedes an adequate adsorption and this
phenomenon was also seen in the present study.

The effect of adsorbent dose must be considered in designing
large commercial —industrial systems due to the economy of
the adsorption process. As shown by the results, although the
increase of pumice dose resulted in the increase of humic acid
removal efficiency, this increase led to the reduction of humic
acid adsorption per unit mass of the adsorbent. The reason
may be related to the unsaturated active areas of the surface
resulting in the reduction of adsorption rate.”*! The increase
in removal efficiency is due to the increase of the surface in
the system, while the reason of the reduction of adsorbed
pollutant per-unit mass of the adsorbent is that the increase
of adsorbent mass results in the adsorbent surface overlapping
and aggregation of the adsorbent molecules and consequently
the effective surface area decreases. Moreover, the increase of
adsorbent dose and aggregation of the adsorbent molecules
increases the diffusion path during the pollutant diffusion
on the adsorbent surface and this in turn decreases the
adsorption rate. In such conditions, due to the competition
among pollutant molecules to occupy the empty areas of
the adsorbent surface, the adsorbent surface is used in its
unsaturated form and its valences are not used totally which
results in the reduction of adsorbed pollutant per-unit mass of
the adsorbent.P* In this respect, the optimum dose must be
determined in order to prevent the unintended adsorbent loss.

The study of humic acid adsorption isotherm for various
adsorbents has shown that the adsorption of this pollutant
on different adsorbents followed Langmuir and Freundlich

isotherms. Most of the studies have applied only these two
models for examining the humic acid adsorption isotherm. As
the humic acid has a negative zeta potential at pH higher than
1.6, the monolayer adsorption isotherm is more reasonable
than the multilayer adsorption isotherm as a result of high
electrostatic repulsion force among adsorbed molecules and
the molecules being adsorbed.*” Moreover, the substances
used for the modification of humic acid cover the adsorbent
surface uniformly and make the monolayer adsorption easier.

Kinetics of humic acid adsorption on different adsorbents
the same as the adsorption isotherm showed different results
which may be due to the adsorbent nature and the conditions
of the study.

Analyses of the data using first-order and second-order kinetic
models indicated that humic acid adsorption on modified
pumice followed the pseudo-second-order kinetic model and
the adsorption kinetic constant was calculated as 22.73 mg/g
which was more consistent with the adsorption values
obtained from adsorption models and batch experiments
(22.5 mg/g). The study by Wang et al, showed that although
there was not a significant difference between the correlation
coefficients of humic acid kinetics in the first-order and
second-order kinetic models, a comparison of the equilibrium
adsorption values showed that the first-order kinetic model
has provided better conditions for humic acid adsorption
which is different from the results of the present study.®!
Tao et al,"% used first-order and second-order equations
to examine humic acid adsorption kinetics and found that
humic acid adsorption followed the pseudo-second-order
kinetic model as not only the correlation coefficient of the
two models but also the calculated adsorption rate was more
consistent with the measured rate in adsorption experiments.

CONCLUSIONS

Generally, the results of the present study showed that
pumice modified with HDTMA-Br increased the potential
of humic acid adsorption. pH,,,.. of pumice is 6 and it mainly
consists of quartz. The adsorption rate increased as the initial
concentration of the pollutant increased to 50 mg/L, while
higher initial concentrations did not affect the adsorption
rate. Lower pH resulted in the increase of adsorption rate as
the optimum pH was 3. Humic acid adsorption on pumice
followed the Langmuir isotherm and second-order kinetic
model. The maximum adsorption capacity of modified
pumice was determined as 29 mg/g. The cost-ctfectiveness
and accessibility of pumice are suggested to be done on this
material as an option to improve the adsorbents used in water
and wastewater treatment.
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