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Abstract

In the coagulation-flocculation process, the use of plant-based coagulants in wastewater treatment
has advanced towards a green economy and cleaner industry. Due to their inherent qualities and
natural degradability, plant-based coagulants have the potential to serve as significant alternatives to
the chemical coagulants commonly used in industry. The purpose of this study was to evaluate the
efficiency of extracting leaf powder from seven selected native plants, namely Albizia lebbeck L.,
Azadirachta indica, Conocarpus lancifolius, Dianthus caryophyllus, Eucalyptus camaldulensis,
Nerium oleander, and Phoenix dactylifera. Various doses of each plant-based coagulant powder were
added to separate flasks, with doses ranging from 0 g/L (serving as a control), 0.5 g/L, 1 g/L, 3 g/L, 5
g/L, and 10 g/L. The experiment was conducted using a jar test with a fast-mixing speed of 180 rpm
for 5 minutes, followed by a slow mixing speed of 50 rpm for 15 minutes. The optimal doses of 0.5 g
and 1 g were identified for the removal of turbidity. The results of this study indicate the potential of

using plant leaves as biocoagulants for raw water treatment.
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Introduction

Water is a necessary and irreplaceable
ingredient that is commonly referred to as the
"elixir of life though lack of access to healthy
water is mostly due to water scarcity, when
properly addressed, water has the potential to
impact innumerable lives by facilitating
economic growth and long-term development
(Maurya and Daverey, 2018). Large volumes of
industrial effluent including refractory organic
contaminants are produced in worldwide
countries because of fast industrial expansion
(Chen et al., 2019; Guo et al., 2020). As the
world's population increased, so did the volume
of wastewater generated, which must be treated
without  imperiling  future  generations'
requirements.  Wastewater contains  very
valuable organic and inorganic components that

may be collected and recycled back into society
(\Vasconcelos et al.,2015).

Because existing conventional procedures
using chemical coagulants are expensive due to
chemical expenses and added sludge, access to
clean and safe water at a fair price is a major
challenge (Muthuraman and Sasikala 2014;
Hamdan et al., 2018). Recent studies have
focused on optimizing these chemical-based
methods, such as the use of composite polymers
like aluminum chloride-polyacrylamide (AICI3-
PAM) for enhanced flocculation efficiency. For
instance, Chasib et al. (2021) demonstrated the
effectiveness of optimizing AICI3-PAM dosage
and pH levels, achieving significant removal
rates of turbidity, chemical oxygen demand
(COD), and total suspended solids (TSS) in
wastewater treatment plants. The use of metal
ions as coagulants may have an impact on
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human health (Marsidi et al. 2018; Tetteh and
Rathilal 2020). Coagulants/flocculants are
utilized in the coagulation-flocculation process,
which is one of the procedures in
water/wastewater treatment that removes
suspended particles during the primary stage.
Water and wastewater treatment has typically
relied on chemical coagulants such as aluminum
and ferric compounds (Yargeau 2012; Barrera-
Diaz et al. 2018;). Further research into the
impact of chemical coagulants on human health
and possible linkages to Alzheimer's disease has
yielded some interesting results (Brandt et al.
2017). As a result, substantial study has been
performed in the field to develop answers or
alternative methods that are both better for
human health and environmentally beneficial,
such as the use of natural coagulants, which
might be an excellent replacement for chemical
coagulants now in use.

Natural coagulants can come from a variety
of places, including animals (Vigneshwaran et
al. 2020), plants (Ang and Mohammad 2020;
Ueda Yamaguchi et al. 2020) and bio-waste
(Huzir et al. 2019; Muniz et al. 2020). They are
thought to be inexpensive and environmentally
beneficial (Ahmad et al. 2021). Although
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extensive study has been done on natural
coagulants, much of it has been done on seeds
from local plants (Saleem and Bachmann 2019),
research on leaves from local plants has been
restricted (Benalia et al. 2018; Maurya and
Daverey 2018). The presence of active
substances such as carbohydrates and proteins in
leaves has been linked to the impact of
purification owing to coagulation, making them
appropriate for water/ wastewater treatment
(choy et al. 2014). The quantity of supply, cost
effectiveness, biodegradability (Othmani et al.
2020).

Materials and methods
Preparation kaolin with Water

The experiment of test plant as green
coagulant, turbid water was prepared by mixed
Kaolin powder with water as synthetic turbid
water. 500 NTU concentration of synthetic
turbid water was prepared by mixing kaolin (1.5
g) with distilled water (3 L) in beaker and stirred
for 30 min to be homogeneous to simulate an
initial turbidity concentration of 500 £ 50 NTU (
Ahmad et al., 2022). Figure (1)

Figure 1: Preparing kaolin with water.

Plant selection and coagulant powder
Seven locally found plants were chosen
consisting of Albizia lebbeck L., Azadirachta
indica, Conocarpus lancifolius, Dianthus
caryophyllus,  Eucalyptus  camaldulensis,
Nerium oleander, Phoenix dactylifera. Firstly,
is collected the leaves of plants and washed with

distilled water then put in oven under 70 °C for
two days. The dried leaves were ground and
sieved to get fine powder with 38 um then kept
in closed container (Ahmad et al., 2022) to use
for coagulant water extraction and direct used as
biosorption.
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Figure (2) The Preparation of coagulant powder

Procedure to test green coagulant removal
efficiency

The experiment was conducted using six 1L
beakers which were filled with synthetic water
and coagulant to a working volume of 500 mL.
Various dosages of each plant coagulant powder
were added to each beaker to meet the dosages
of 0 g/L (acted as control), 0.5, 3, 5, and10g.
While the operation conditions for the.
experiment was performed at a rapid mixing
speed of 180 rpm for 5 minutes, and a slow
mixing speed of 50 rpm for 15 minutes using a
jar test (Kakoi et al. 2016). After the
coagulation-flocculation process, the solids
were left to settle for 30 min. The clarified
samples from the top of each beaker were
collected to measure their turbidity using a
turbidity meter in which the measurement is
expressed in nephelometric turbidity units
(NTU). All these runs were repeated, and the
result was finally averaged.

Statistical analysis

Results collected from jar tests were used as
input data for each response so that the software
could generate the models and perform analysis
of variance (ANOVA), standard software and
IBM SPSS statistics version 26. To ensure the
adequacy of the model.

Results and discussion

coagulant powder

The seven native plants in table (1) were
selected for testing to treat kaolin-contaminated
water to remove turbidity of these leaves as
coagulants are shown in Figures 4,5 and 6 and
listed in Table 4 .For Dianthus caryophyllus and
Albizia lebbeck the results showed that the
maximum turbidity removal were reached with
0.5g coagulant dosage to 59.6 and 58.5%
respectively (Figures 3) .Statistical analysis
indicated that there were significant differences
in concentrations between plants at P < 0.05.

Azadirachta indica, and Nerium oleanderon
0.5g green coagulant concentration have 57.5,
and 57.9% removal efficiency. (Figures 4) For
plant Moringa oleifera, another study tests the
plant seed as extraction coagulant The
experiment was started using a similar dosage of
Moringa seed powder from 0.1 g/500 | to 0.6
g/500 ml. the removal of the pollutant was
increased to 0.4 g/500 ml dosage and the
maximum reduction of turbidity and color was
attained at this point. After the optimum point,
the graph becomes bending down; this is due to
the dosage being more than the impurity in the
sample water and a more positive ion was
developed (Desta and Bote 2021). This means
that when the coagulant (Moringa seed powder)
was added to the sample followed by rapid
string the resulting cationic protein from
Moringa seed powder was distributed to all parts
of the liquid and interacting with the negatively
charged particles that caused disturbed
turbidity. When cation was added more than the
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anion, the cation by itself increases the turbidity removing turbidity).  Statistical analysis
of the water, because there is not enough indicated that there were significant differences
negatively charged particle to interact, As the in concentrations between plants at P < 0.05.

results obtained in our research for like this
research study in terms of the effect of
concentrations in relation to the effectiveness of

Tablel: Show Local selected plants to prepare coagulants

Plant Scientific name Plant Common name Prtl):flijlg plant Plant Leaves
Albizia lebbeck (L.) Silk trees
Azadirachta indica Neam
Conocarpus lancifolius Buttonwood
Dianthus caryophyllus Carnation
Eucalyptus camaldulensis Red river gum
Nerium oleander Oleander

Phoenix dactylifera Date Palm
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Figure 4 Role of selected plants for turbidity
removal with different coagulant dosages
compared with the 500 NTU turbidity without
green coagulant as control (0 g/L). Green
coagulant of phoenix dactylifera reached high
removal efficiency (74.9%) on (19)
concentration (Figures 5) The statistical analysis
indicated that there were statistically significant
differences in the concentrations between plant
at P < 0.05, except for a concentration of 0.5
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which showed no significant difference between
them., In the same concentration of green
coagulants  Conocarpus lancifolius and
Eucalyptus camaldulensis have the highest
removal efficiency 55.3 and 58.3%. Statistical
analysis indicated that there were significant
differences in concentrations between plants at
P <0.05. Table 2 showed seven plant names and
concentrations  using  sustainable  green
coagulant to remove turbidity.
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Figure 4: Role of selected plants for turbidity removal with different coagulant dosages compared
with the 500 NTU turbidity without green coagulant as control (0 g/L).
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Figure 5 : Role of selected plants for turbidity
removal with different coagulant dosages
compared with the 500 NTU turbidity
without green coagulant as control (0 g/L).
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Table 2: Plant names and concentrations using sustainable green coagulant to remove turbidity.

Plant Concentrations (Q) Removal %
Albizia lebbeck(L.) 0.5 58.5
Azadirachta indica 05 57.5
Conocarpus lancifolius 1 55.3
Eucalyptus camaldulensis 1 58.3
Dianthus caryophyllus 0.5 59.6
Nerium oleander 0.5 57.9
Phoenix dactylifera 1 74.9

Conclusion

The studies proved that the use of plant
leaf powder to remove turbidity is very
effective. Maximum turbidity removal achieved
at 0.5 and 1 g per 500 ml of water sample but
increase the dose Leaf powder above 0.5 and 1
g led to a decrease in removal turbidity this is
due to the dosage being more than the impurity
in the sample water and a more positive ion was
developed.

Acknowledgement

We thank the staff of the Ecology
Department at the University of Basrah for their
support.

References

Ahmad, A., Abdullah, S. R. S., Hasan, H. A,
Othman, A. R., & Ismail, N. I. (2022).
Potential of local plant leaves as natural
coagulant for turbidity removal.
Environmental Science and Pollution
Research, 29(2), 2579-2587.
https://doi.org/10.1007/s11356-021-15541-7

Ahmad, A., Abdullah, S. R. S., Hasan, H. A,
Othman, A. R., & Ismail, N. I. (2021).
Aquaculture industry: Supply and demand,
best practices, effluent and its current issues
and treatment technology. Journal of
Environmental Management, 287, 112271.
https://doi.org/10.1016/j.jenvman.2021.1122
71

Ang, W. L., & Mohammad, A. W. (2020). State
of the art and sustainability of natural
coagulants in water and wastewater
treatment. Journal of Cleaner Production,
262, 121267.

https://doi.org/10.1016/j.jclepro.2020.12126
7

Kakoi, B., Kaluli, J. W., Ndiba, P., & Thiong’o,
G. (2017). Optimization of Maerua
decumbent bio-coagulant in paint industry
wastewater treatment with response surface
methodology.  Journal of  Cleaner
Production, 164, 1124-1134.
https://doi.org/10.1016/j.jclepro.2017.06.240

Barrera-Diaz, C. E., Balderas-Hernandez, P., &
Bilyeu, B. (2018). Electrocoagulation:
Fundamentals and  perspectives. In
Electrochemical Water and Wastewater
Treatment (pp. 61-76). Butterworth-
Heinemann.

Benalia, A., Derbal, K., Panico, A., & Pirozzi,
F. (2018). Use of acorn leaves as a natural
coagulant in a drinking water treatment plant.
Water, 11(1), 1-12.
https://doi.org/10.3390/w11010057

Brandt, M. J., Johnson, K. M., Elphinston, A. J.,
& Ratnayaka, D. D. (2017). Storage,
clarification, and chemical treatment. In
Twort’s Water Supply (7th ed., pp. 323-366).
Butterworth-Heinemann.

Chasib, S. A., Mohammed, S. H., Ibrahim, A.
H., & Ahmed, R. M. (2021). Optimization of
composite polymer dosing and pH in
wastewater treatment plants. IOP Conference
Series: Earth and Environmental Science,
722, 012038. https://doi.org/10.1088/1755-
1315/722/1/012038

Chen, F., Xia, L., Zhang, Y., Bai, J., Wang, J.,
Li, J., Rahim, M., Xu, Q., Zhu, X., & Zhou,
B. (2019). Efficient degradation of refractory
organics for carbonate-containing
wastewater via generation of carbonate
radical based on a photoelectrocatalytic
TNA-MCF system. Applied Catalysis B:
Environmental, 259, 118071.



https://doi.org/10.1007/s11356-021-15541-7
https://doi.org/10.1016/j.jenvman.2021.112271
https://doi.org/10.1016/j.jenvman.2021.112271
https://doi.org/10.1016/j.jclepro.2020.121267
https://doi.org/10.1016/j.jclepro.2020.121267
https://doi.org/10.3390/w11010057

Salem et al. 19(1):32-39

https://doi.org/10.1016/j.apcatb.2019.11807
1

Choy, S. Y., Prasad, K. M. N., Wu, T. Y.,
Raghunandan, M. E., & Ramanan, R. N.
(2014). Utilization of plant-based natural
coagulants as future alternatives towards
sustainable water clarification. Journal of
Environmental Sciences, 26(11), 2178-2189.
https://doi.org/10.1016/j.jes.2014.09.024

Desta, W. M., & Bote, M. E. (2021).
Wastewater treatment using a natural
coagulant  (Moringa oleifera  seeds):
Optimization through response surface
methodology. Heliyon, 7(11), e08451.
https://doi.org/10.1016/j.heliyon.2021.e0845
1

Guo, T., Ji, Y., Zhao, J., Horn, H., & Li, J.
(2020). Coupling of Fe-C and aerobic
granular sludge to treat refractory wastewater
from a membrane manufacturer in a pilot-
scale system. Water Research, 186, 116331.
https://doi.org/10.1016/j.watres.2020.11633
1

Hamdan, W. N. A. W. M., Teow, Y. H., &
Mohammad, A. W. (2018). Sustainable
approach in palm oil industry-green synthesis
of palm oil mill effluent-based graphene sand
composite (P-GSC) for aerobic palm oil mill
effluent treatment. Jurnal Kejuruteraan,
1(7), 11-20. https://doi.org/10.17576/jkukm-
2018-si1(7)-02

Huzir, N. M., Aziz, M. M. A, Ismail, S. B.,
Mahmood, N. A. N., Umor, N. A., & Faua’ad
Syed Muhammad, S. A. (2019). Optimization
of coagulation-flocculation process for the
palm oil mill effluent treatment by using rice
husk ash. Industrial Crops and Products,
139, 111482.
https://doi.org/10.1016/j.indcrop.2019.1114
82

Marsidi, N., Abu Hasan, H., & Sheikh Abdullah,
S. R. (2018). A review of biological aerated
filters for iron and manganese ions removal
in water treatment. Journal of Water Process
Engineering, 23, 1-12.
https://doi.org/10.1016/j.jwpe.2018.01.010

Maurya, S., & Daverey, A. (2018). Evaluation
of plant-based natural coagulants for
municipal wastewater treatment. 3 Biotech,
8, 77. https://doi.org/10.1007/s13205-018-
1103-8

MARSH BULLETIN 38

Muthuraman, G., & Sasikala, S. (2014).
Removal of turbidity from drinking water
using natural coagulants. Journal of
Industrial and Engineering Chemistry, 20(4),
1727-1731.
https://doi.org/10.1016/j.jiec.2013.08.023

Othmani, B., Rasteiro, M. G., & Khadhraoui, M.
(2020). Toward green technology: A review
on some efficient model plant-based
coagulants/flocculants for freshwater and
wastewater remediation. Clean Technologies
and Environmental Policy, 22(5), 1025-
1040. https://doi.org/10.1007/s10098-020-
01858-3

Saleem, M., & Bachmann, R. T. (2019). A
contemporary  review on plant-based
coagulants for applications in water
treatment. Journal of Industrial and
Engineering Chemistry, 72, 281-297.
https://doi.org/10.1016/j.jiec.2018.12.029

Tetteh, E. K., & Rathilal, S. (2020). Application
of organic coagulants in water and
wastewater treatment. IntechOpen.
https://doi.org/10.5772/intechopen.92082

Ueda Yamaguchi, N., Cusioli, L. F., Quesada,
H. B., Camargo Ferreira, M. E., Fagundes-
Klen, M. R., Salcedo Vieira, A. M., Gomes,
R. G., Vieira, M. F., & Bergamasco, R.
(2020). A review of Moringa oleifera seeds
in water treatment: Trends and future
challenges. Process Safety and
Environmental Protection, 147, 405-420.
https://doi.org/10.1016/j.psep.2020.09.044

Vasconcelos Fernandes, T., Shrestha, R., Sui,
Y., Papini, G., Zeeman, G., Vet, L. E., &
Lamers, P. (2015). Closing domestic nutrient
cycles wusing microalgae. Environmental
Science & Technology, 49(20), 12450-
12456.
https://doi.org/10.1021/acs.est.5b01695

Vigneshwaran, S., Karthikeyan, P., Sirajudheen,
P., & Meenakshi, S. (2020). Optimization of
sustainable chitosan/Moringa oleifera as
coagulant aid for the treatment of synthetic
turbid water — A systemic study.
Environmental Chemistry and
Ecotoxicology, 2, 132-140.
https://doi.org/10.1016/j.enceco.2020

Yargeau, V. (2012). Water and wastewater
treatment: chemical processes. In
Metropolitan Sustainability (pp. 390-405).
Woodheap Publishing.



https://doi.org/10.1007/s13205-018-1103-8
https://doi.org/10.1007/s13205-018-1103-8
https://doi.org/10.1016/j.jiec.2013.08.023
https://doi.org/10.1007/s10098-020-01858-3
https://doi.org/10.1007/s10098-020-01858-3
https://doi.org/10.1016/j.jiec.2018.12.029
https://doi.org/10.1016/j.psep.2020.09.044

Salem et al. 19(1):32-39 MARSH BULLETIN 39

Aa) iU piad) A il dasa (3) 90 aladiialy 3 jlsal) 43) )
6510 sllase )yl ¢ oy seaial) Juald L ¢ Al A ]
Gl ¢ 5 pead) ¢ b el dadls ¢ aslall 408 ¢ Al s
Gl ¢ alazy ¢ alazg daala ¢ ) A dsaig) A4S ¢ 4 paal) Al dsnigl) and (o
aliial)

padl sl g oladl b auall G geall slie dallae 8 Al A o ge aladiiad g ¢ ol p A dlae Caans
Jaadl e 3,0l Legald dalal) Al ol g 8 ¢ omuda <G Jladll e g a8 5 Alaliall Lgslial 15k calaif delia
oAl 38 2l g i) eda (e i all Aelicall b Lealatind gy 3 AlasSU ) gall il jidal daga JilaS
Conocarpus <Azadirachta indica ¢ Albizia libeck L. (e ¢S5 5 liae dulae cilils dasd G5V (5 saase
Phoenix <Nerium oleander <Eucalyptus camaldulensis <Dianthus caryophyllus <ancifolius
Jaxd) Jl/ an 0 (e Sle pall A0 5550 IS () Al a5 5 gase S (e ddliaa Sle ja A8ls) iddactylifera.
23050 180 & Ay yus Jald Ao jusy 4 paill ol o) @ J dedilll ik et an 10 ¢ 5 ¢3¢ 1 ¢ 0.5 ¢ (pSad jpuainS
Clilall Yall de el 5 yadl SLA) Aladiuly 458 5 500 4880 L3550 50 dls Ak Jald Ao ju s ¢ (3l 5 5] 4540)
G SRS il (3150 aladin AulSa) I Gl 13a gl s ¢ ele JS8 Sl A B (ba 1) (P 0.5)
JRECIIRIA ¥ PO

Al 55 Adee (il (31 5l cdadle sl sdsalidall clalgl)




