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ABSTRACT

Fast and easy access to simple methods for water treatment is one of the most important issues in
the field of environmental health, water, and wastewater engineering. The aim of this study was to
investigate the application of kenaf fibers for the fast treatment of high turbid water. To evaluate its
ability, a pilot plant with various lengths (17.5, 35 and 70 cm) and weight (35 and 70 g) of fibers was
used. A synthetic high turbid water (700 NTU) was prepared by mixing the kaolin and riverbed
sediments. A samples were analyzed for residual turbidity, true colour, UV,,, absorbance and total
organic carbon (TOC).The findings showed that at the optimum condition, the removal efficiency
of turbidity, true colour, and UV,,, by kenaf fibers with 35 cm length was 99.93, 95.09 and 71.43%,
respectively. Also, the quantity of produced water was 0.00368 L/g kenaf/h. This study showed that
kenaf fibers can be used for high turbid water and fast treatment by a very simple and easy manner

without any energy and chemical addition.
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1. Introduction

Many countries in the world are experiencing water
stress or water scarcity, and water quality assessment is
important to use the best quality of water for drinking
[1]. Access to safe water is a right for all of the people in
the world because it has a very important role in health,
sustainable development, and economical growth. Today,
despite the technological advancement in water treatment
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supply systems, a major challenge facing many developing
countries is the lack of clean, safe and enough quantity of
drinking water for their citizens [2].

The primary aims of all water treatment technologies
are to remove physical, chemical and biological contami-
nants from raw water in the most affordable and efficient
manner. The consumption of contaminated water may
lead to waterborne disease outbreaks or other illnesses
that endanger human health [3]. Therefore, the purifica-
tion of water is essential in order to make it safe for human
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consumption. For many developing countries, rural and
remote areas, conventional and newly membrane tech-
nologies are very expensive, complex or unavailable
[4,5]. Today, many researchers and scientists are looking
for simple and inexpensive methods for treating water
in remote and deprived areas. However, to achieve these
goals physical processes such as coagulation, sedimenta-
tion, filtration, and adsorption area priority [6]. Recently,
there is growing interest to use agricultural by products as
an adsorbent to remove pollutants from water and waste-
water. It has been widely investigated that raw and natural
agricultural wastes can be alternatives to the current costly
methods of water or wastewater treatment [7,8]. There are
a few other advanced water treatment processes which are
very costly [9-11].

Kenaf fiber is a good example for this matter that some
recent studies have addressed. Kenaf is one of the members
of hibiscus family (Hibiscus cannabinus L.). It is a fibrous
herbaceous plant with large biomass production and fast
growth rate [12,13]. Kenaf processing factory produces
waste which can be used for other applications. Kenaf plant
contains three types of fiber include bast, core, and pith. Bast
refers to the outer section of the stalks and core is the inner
part. They represent about 30 and 70% of the dry weight
of the stalks, respectively. The pithconsists exclusively
of parenchymatous cells [14]. Bast fibers have attractive
mechanical properties that enable their use as alternatives to
glass fibers as reinforcing elements in polymer composites
[15,16]. Adsorption process is the most practical application
of kenaf fibers that has been used in other studies for water
and wastewater treatment process. Kenaf has shown a good
capacity to bioremediation and heavy metals removal from
wastewater and aqueous solutions [17-19].

The main purpose of this study was to investigate the
ability of the kenaf fibers as a natural cellulosic micro filter
to remove turbidity, colour and organic matter from aque-
ous solutions and to determine its capacity to produce clean
water. And finally, the aim of this project was to produce an
effective and efficient method for water purification with
minimal cost, complexity and simple structure for remote
and deprived areas.

2. Materials and methods
2.1. Chemical soaking and preparation of kenaf fibers

In this study, Iranian kenaf fibers were used. The long
fibers were cut into 35 and 60 cm in length. For compar-
ison of fiber performance, a constant weight of 75 g was
selected for both pieces. Kenaf fibers were washed with dis-
tilled water several times, to remove debris and impurities.
After that, kenaf fibers were kept for 24 h in distilled water.
Again, they were kept for 24 h in 0.01 molar NaOH and
24 h in 0.01 molar HCI. Then, the fibers were washed with
distilled water several times until the pH reached 7.

2.2. Preparation of water samples

For the preparation of the turbid stock solution, 10 g
of kaolin, heavy grade (BDH Chemicals) was added to 2 L
distilled water. Separately, 2 kg of riverbed sediment was

added into 2 L of distilled water and mixed for 1 h. Then,
settling of about 60 min, the suspended solution was added
to prepared kaolin solution. Total volume was made up
to 3.5 L. The suspension was stirred slowly at 30 rpm for
24 h for hydration of the particles and uniform dispersion
[20,21]. Then, the stock solution was used in the prepara-
tion of water samples with turbidity of 700 NTU by serial
dilution.

2.3. Analytical methods

All samples were analyzed for residual turbidity, true
colour, total coliforms, UV, absorbance, and TOC. All
experiments were conducted according to the Standard
Method for the Examination of Water and Wastewater.
Turbidity, colour, TDS, EC and pH of the samples were
measured by TN-100 (EUTECH) Turbidimeter, DR 5000-
HACH LANGE, EC meter SENSION5 (HACH LANGE)
and pH-meter model CG 824, respectively. For true colour
and UV absorbance at 254 nm analysis, treated water was
already filtered using a 0.45-pm filter.

2.4. Pilot plant and its components

In this study, a pilot plant was used which consists of
3 sections: 1) raw water tank, 2) treated water tank and 3)
flexible tubular pipe with prepared fiber being placed in
it (Fig. 1A and B). About 3 L of turbid water sample (700
NTU) entered to the raw water tank. Water passed through
the hollow fiber of kenaf without any external energy and
reached to treated water tank. The duration and the amount
of water passing through the kenaf fibers were recorded at
different time intervals. The weight and length variation of
kenaf fibers were also investigated for water transfer. These
variations include 70 g of kenaf fibers with 35 cm length, 35
g of kenaf fibers with 35 cm length, 35 g of kenaf fibers with
17.5 cm length and 35 g of kenaf fibers with 70 cm length.
For each experiment, first 50 ml of produced water was dis-
carded, and then analysis conducted on later outputs. All
experiments were conducted in 3 h interval until the kenaf
output reached to zero.

Fig. 1. (A) A pilot plant of natural cellulosic micro filtration. (B)
Kenaf fibers.
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3. Results and discussion
3.1. Preparation of kenaf fibers

Table 1 shows the characteristics of fiber hemp extracts
that have been soaked in extraction solutions (NaOH, HCl
and distilled water solution). At first they had impurities
that could interfere with the quality of treated water. There-
fore, for removal of all impurities and dirty attached mate-
rial to kenaf fibres they placed in it. It can be seen that large
amount of colour, turbidity and organic matter of kenaf
fibres structure repelled to extraction solutions. After this
process (Table 1) kenaf fibres were washed with distilled
water several times and used in this study.

3.2. Quality of synthetic water

In this study, to simulate the actual condition of water
in the environment and to test the ability of kenaf fibers,
a high turbid and colour water sample was prepared.
Table 2 shows the characteristics of synthetic water for the
experiment.

3.3. Water production by kenaf

Most cellulosic materials have a tendency to absorb
fluid owing to their chemical structure and the hydroxyl
groups available in their chain. The hydrogen and oxygen
bonds are at the outer surface and immediately absorb any
amount of water forming a hydrogen bond. In kenaf fibers,
the capillary force would be the major contribution to the
adhesion force owning to its hydrophilic nature, so conden-
sation of water from the environment resulted in the forma-
tion of a capillary bridge between the tip and fiber during
contact, and it contributed to the origin of capillary force.
Capillary condensation occurred easily on a hydrophilic
surface such as the surface of natural fiber [22-24]. To deter-
mine the effect of fiber weight on water productivity, 35 g
of kenaf fibers were used in the experiments. The quantities
of produced water by these kenafs are illustrated in Fig. 2.
For 70 and 35 g of kenaf, the volume of water produced was
about 0.25, 0.125 L during the first 30 min and 1.35, 0.68 L
after 3 h, respectively. Finally, they produced 13.15-and 5 L
of the clean water after 48 h. From Fig. 2, it can be concluded
that water productivity with 70 g of kenaf is almost twice in
contrast with 35 g ones.

Table 1
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To determine the effect of kenaf length on water pro-
duction, three different lengths of fiber with equal weight
(35 g), including 17.5, 35 and 70 cm were selected and used
in our pilot plant. The results of these experiments are pre-
sented in Fig. 3.

The results showed that in the first 30 min, the vol-
umes of produced water for 17.5, 35 and 70 cm fibers of
kenaf were 0.32, 0.125 and 0.035 L, respectively (Fig. 3).
Also, in the next 3 h, the produced water volumes reached
to 0.88, 0.68 and 0.2 L, respectively. After 48 h operation,
the kenaf fibers hadn’t any water transmission and their
final water productions were 5.2, 5 and 1.71 L. One of the
reasons for low water production by 17.5 cm kenaf that
more near to 35 cm results is related to the amount of
kenaf length that situated under surface of the water in
the raw water tank. For kenaf with 17.5 cm length, 5 cm of
it was placed in raw water tank and about 10 cm was set

Table 2
Feed water characteristics before treatment with kenaf fiber
Parameter Value (+ SD)
Turbidity (NTU) 700 (£2)
Colour (Pt. Co) 265 (x1)
pH 8 (x0.1)
Temperature °C 21
UVA,, nm (cm™) 0.35 (x002)
TOC (mg/L) 45 (+.06)
14 12,7 13.113.153 155
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Fig. 2. Water production by 35 cm kenaf length: Qe-k1; 70 g,
Qe-k2;35¢g.

Some specifications of treated kenaf by acid, base and distilled water

Status Turbidity Colour Uv254 pH
(NTU) (Pt. Co Units) (1/cm)

Specification of distilled water after 24 h exposure to 2 33 0.36 6.5

kenaf fibers

Specification of discarded 0.01 molar NaOH solution after 171 300 0.942 10

24 h exposure to kenaf fibers

Specification of discarded 0.01 molar HCI solution after 1.5 27 0.047 3

24 h exposure to kenaf fibers

Specification of distilled water after 24 h exposure to 14 25 0.03 7

kenaf fibers that soaked in both 0.01 molar NaOH and HCl
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Fig. 3. Water production by different length of the fibers and
an equal weight of 35 g: Qe-k2 35 cm, Qe-k3; 17.5 cm and Qe-
k4; 70 cm.

to above of the siphon; therefore, only 2.5 cm of the fibers
was placed under siphon section. In contrast, for kenaf
fibers with 35 cm, about 20 cm of the fibers was placed
below the raw water surface or siphon section, thus, there
was more gravity force, adhesion and surface tension that
causes more water to be transfer and to be produced. In
our study, it was found that length of kenaf under raw
water surface or siphon section has limited effect on water
transfer. Our claim can be seen in Fig. 3. In fact, for kenaf
fibers with 70 cm length, about 55 cm of fiber was placed
under raw water surface or siphon section, so it is man-
datory for water to pass through 55 cm porous way. This
action reduced water velocity and transfer of it during
pass way. Eventually, kenaf fibers with 17.5 cm length pro-
duced more water than 35 or 70 cm of kenaf fibers. In this
study, kenaf fibers with 35 cm length can produce an opti-
mum 0.00368 L. water/g kenaf-h.

3.3. Quality of treated water
3.3.1. Turbidity removal

The main mechanisms for turbidity removal by kenaf
fibers are screening and enmeshment by very tiny pore
and porous structures. In fact, all particles larger than
kenaf fibers pore cannot pass through the pores, so they are
removed from water, effectively. Another mechanism that
was found in this study is when water passes from kenaf
fibers by capillary action; the suspended particles remain
in raw water while water molecules pass the fibers easily.
Here, results showed that by increasing kenaf fibers length,
the turbidity of produced water was decreased. From Fig. 4,
it can be seen that for kenaf with 17.5 cm length, initial tur-
bidity of 700 NTU reached to 17 and 6 NTU, during the
first 30 min and after 3 h, respectively. Finally, after 15 h
it reached a constant value of 2 NTU. However, for kenaf
with 35 cm length, the initial 700 NTU turbidity decreased
to 8.5 NTU during the first 30 min and 2.5 NTU after 3 h.
Finally, after 15 h it reached a constant value of 0.5 NTU.
Kenaf fibers with 70 cm length reveal effective results, so
they produced water with 4, 1 and 0.4 NTU during the first
30 min, 3 h and 15 h, respectively. Alfred et al. used crude
seed powder of kenaf as a coagulant for high turbid water
purification. Results showed that it was very effective in
removing turbidity, with an efficiency of 96.0% [25]. In our
study, without any energy consumption for coagulation
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Fig 4. Turbidity variation of produced water by different length
of the fiber and an equal weight of 35 g.

and flocculation, 99.93% removal efficiency for turbidity
was attained by 35 cm kenaf with 70 g weight.

The chlorination process is less effective in turbid water.
Ideally, the turbidity of water should be less than 5 NTU
or even 1 NTU. Turbidity can provide food and shelter for
pathogens so it causes poor disinfection.

3.3.2. Colour removal

Suspended and dissolved particles influence colour
of water. Soil runoff produces a variety of yellow, red,
brown and gray colours. In our raw samples, the colour
of samples was mainly brown and yellow. The mechanism
that removes colour from raw water includes screening,
enmeshment through fibers strain and adsorption. The first
two mechanisms predominantly conducted by particulate
removal or colour related to suspended particles. But, latest
mechanism (adsorption) deal to dissolve colour removal.
Other study showed that acid treated kenaf fiber is an
effective adsorbent for the removal of Methylene blue dye
(MB) from aqueous solutions [26]. Fig. 5 shows the colour
removal by the studied kenaf fibers. It can be seen that with
an increase in kenaf length, colour removal efficiency was
increased. For kenaf fibers with 17.5 cm lengths, the final
colour of treated water reached to 110 Pt.Co units from 265
Pt.Co during the first 30 min. Also, the colour unit reached
68 Pt.Co after 3 h and finally after 18 h reached a constant
value of 32 Pt.Co units. For kenaf fibers with 35 cm length,
colour in treated water reached 70, 23 and 13 Pt.Co units
after 30 min, 3 h and 15 h, respectively. Finally, for kenaf
fibers with 70 cm length, colour in treated water reached to
25, 10 and 4 Pt.Co units after 30 min, 3 h and 15 h, respec-
tively. From these, it can be concluded that by increasing
kenaf length, colour removal efficiencies were increased.
The probable reason for this phenomenonis related to
additional time for adsorption and enmeshment through
porous kenaf fibers. Also, results by Gharehchahi et al., on
the application of kenaf fibers for water hardness reduction
showed that kenaf has a considerable potential in water
softening. They indicated that the length of kenaf has a
dominant positive effect on water hardness removal, while
time has a negative effect [27]. Our results showed that the
removal efficiencies of colour by 17.5, 35 and 70 cm of kenaf
were 87.92, 95.09 and 98.49%, respectively. In comparison
with a previous study on water treatment by newly coag-
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Fig. 5. Residual colour in treated water by different length of the
fiber and an equal weight of 35 g.

ulant [9,20,21], it can be concluded that water treatment by
kenaf fibers has a good and nearly equal efficiency.

3.3.3. Organic matter removal

Natural organic matter (NOM) has a significant impact
on drinking water quality. This impact is very important
when disinfection of drinking water is compulsory in all
situations. During disinfection process, chlorine can react
with natural organic matter [28] and consequently form dis-
infection by-products (DBPs), which may be of concern due
to potential health risks associated with consumption and
exposure [29]. TOC concentration and UV, ,nm absorption
of raw sample were about 45 mg/L and 0.35 cm™, respec-
tively. Fig. 6 shows the variation of UV,,, during water
treatment by different length of kenaf fibers.

Results showed that for 17.5 cm kenaf length, UV ., value
reached 0.31, 0.29 and 0.16 cm™ after 0.5, 3 and 15 h, respec-
tively. After 15 h it remained constant until 42 h. However,
for kenaf fibers with 35 cm length, UV, value reached to
0.22,0.15 and 0.1 cm™ after the same above operation times,
respectively. Also for 70 cm kenaf, UV, value decreased
to 0.14, 0.12 and 0.07 cm™, respectively. The removal effi-
ciencies of UV, by these fibers were 54.29, 71.43 and 80%,
respectively. In the removal process, several mechanisms
are responsible for the removal of organic matter by kenaf;
one might be adsorption. Another study showed that the
usage of core and bast fibers of kenaf improve adsorption
[30]. The -OH group on the surface of kenaf will attract the
organic matter by attraction forces and trap them on the
porous of the kenaf. Organic matter present as a suspended
or dissolved in water. It is obvious that the suspended frac-
tion is removed by enmeshment among very tiny branch
and tissues of the fibers (Fig. 7).

Functionally, the organic material is predominantly
phenolic and carboxylic in nature, but also contains alcohol,
purine, amine and ketone groups and is often described as
a weak anionic polymer [31]. So, most of the organic matter
or turbidity in water bodies has negatively charged func-
tional groups [32]. On the other hand, most natural fiber
contains three hydroxyls (OH) groups. These hydroxyl
groups can form hydrogen bonds inside the macromolecule
itself (intra-molecular) and between other cellulose macro-
molecule (inter-molecular). This is the reason why all natu-
ral fibers are hydrophilic in nature. However, the negative
charge of kenaf fibers repels particle and organic matter that
has a negative charge. Thus when water molecules pass
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Fig. 6. Organic matter variation in treated water by different
length of the fiber and equal weight of 35 g.

through kenaf with hydrogen bonds, defense force between
them, blocks the suspended particles or other particles to
pass through kenaf fibers. According to this information, it
is hypothesized that repulsion force between negative func-
tional groups in kenaf fibers and negative charge of organic
molecules such as humic and fulvic acid prevent the trans-
mission of organic matter during the passage of water
across kenaf fibers. Results of this study showed that TOC
concentration in treated water reached to 22, 8 and 6 mg/L
for kenaf fibers with 17.5, 35 and 70 cm length, respectively.

3.3. Scanning electron microscopy (SEM)

To study the surface and adsorption behavior of kenaf
fibers, the scanning electron microscopy (SEM) analysis
was carried out before and after high turbid water contact
(Fig. 7A and B). It can be seen, the morphology of the kenaf
fibers surface before high turbid water treatment was clean,
rough and porous (Fig. 7A). These specifications provide a
high possibility for colour, particle and organic matter to
be trapped and adsorbed to the inner and outer surface of
pores. After these actions, it can be seen that the surface of
kenaf is covered by a thick layer of removed material from
water (Fig. 7B).

3.4. Fourier transform infrared (FTIR) spectroscopy

Fourier transform infrared spectroscopy was performed
to characterize the chemical functional groups in kenaf
fibers before and after high turbidity water treatment. The
FTIR spectra of kenaf fibers are shown in Fig. 8. Both spec-
tra are dominated by the three peaks at 1030, 2354 and 3333
cm™. The band at 3333 is assigned to hydroxyl stretching
which belongs to cellulose [33]. This band undergoes some
shift after the adsorption of some organic matter or other
pollution in raw water due to the interaction between O-H
and another functional group of pollutants.

The band at 1030 cm™ corresponds to the stretching
which belongs to C-O in hemicelluloses, cellulose or lig-
nin [34,35]. Another small peak of 1423 cm™ is related to
carbonate anion. The FTIR investigation showed that acidic
functional groups (hydroxyl and carboxylic) of used kenaf
mainly contribute to the adsorption of organic matter that
has negative functional group. The application of kenaf
fibers in water treatment as an unconventional water treat-
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Fig. 8. FTIR spectra of the kenaf fibers, (A): raw fibers;(B): fibers
after water treatment.

ment process is a very useful method with respect to other
unconventional processes presented so far [36—40].

4. Conclusion

Results of this study showed that kenaf fibers have very
good efficiency to produce drinking water from high turbid
water. It can be concluded that kenaf with 35 cm length has
better efficiency than 17.5 and 70 cm length in water produc-
tion. However, with increasing length of kenaf, produced
water had a better quality. The 70 g of kenaf with 35 cm length
could produce 0.00368 L/g kenafh. The removal efficiency
of turbidity, colour, and UV,,, by 35 cm kenaf fibers were
99.93, 95.09 and 71.43%, respectively. These results achieved
without any energy and chemical matter consumption. On
the other hand, kenaf fibers are very inexpensive, simple and

easily portable by everyone and anywhere. Also, it is easily
stored and is stable in most conditions.

Fast and easy access to simple methods for water puri-
fication is one of the most important issues in the field of
environment, and water and wastewater engineering. This
subject becomes more attractive when the water supply
to individual or remote areas encounters some limitations
like energy consumption, the complexity of instruments
or method and chemical matter for the treatment of water.
Therefore, kenaf fibers can be used as a very simple, cheap
and effective method for water treatment.
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