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Abstract 

Due to the expansion of industries and the increase in the volume of industrial 

wastewater, as well as the reduction of natural water resources and the water shortage 

crisis in human societies, adopting appropriate methods to remove pollutants and treat 

wastewater has become necessary. In this way, the high volume of industrial effluents can 

be optimized by recycling the water used to bring the pollutants to the standard level for 

various purposes such as washing factory equipment, watering green spaces and trees, etc. 

Among different methods such as membrane filtration, reverse osmosis, etc., the use of 

absorbents to remove pollutants can be effective in achieving the goal with optimal 

efficiency and low cost. Coagulants, both chemical and natural, are used to remove the 

blockage of the absorbent and reduce the need for their regeneration or replacement. This 

research aims to compare the performance of several different coagulants from different 

groups, along with zeolite adsorbent, to treat the central sewage effluent of Semnan 

Industrial Park. The role of this process in reducing COD, TSS and turbidity is also 

investigated. The obtained results show the optimal performance of polyammonium 

chloride with a reduction of 60% for COD, 85% for TSS and 85% for turbidity. Similarly, 

Moringa, as a natural absorbent, exhibits high removal efficiency, with a reduction of 70% 

for COD, 75% for TSS, and 80% for turbidity. The use of two chemical and natural 

methods will be very effective in reducing pollutants to the allowed amount depending on 

the type of wastewater.
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1. Introduction 
Due to the expansion of industries, the increasing 
volume of industrial wastewater, the reduction of 
natural water resources, and the water scarcity 
crisis in human societies, it is essential to adopt 
appropriate methods for pollutant removal and 
wastewater treatment. Such measures make it be 
possible to utilize industrial effluents by recycling 
the water used to bring the pollutants to the 
standard level for various purposes such as 
washing factory equipment, watering green 
spaces and trees, etc. (Abd Wahid et al., 2016). 
The purpose of this research is to evaluate the 
performance of various chemical and natural 
coagulants on reducing the pollution load of 
effluent from the central treatment plant of 
Semnan Industrial Park Company. 

 

2. Methodology and experimental 

section 
Wastewater sample was collected every morning 
from the target factory, and COD

1
 and TSS

2
 

measurements were performed. Then, using a jar 
test, coagulants were added to maintain the 
uniformity of laboratory and operational 
conditions. The performance of chemical 
coagulants such as cationic polyelectrolyte, 
potassium aluminum sulfate, alum, and 
polyaluminum chloride was investigated to 
reduce COD, TSS, and turbidity at a specific 
time, temperature, and stirring speed. 

Among different methods such as membrane 
filtration, reverse osmosis, etc., the use of 
absorbents to remove various pollutants can be 
effective in achieving the goal with optimal 
efficiency and low cost (Aboulhassan et al., 
2014). 

Chemical and natural coagulants are used to 
remove the blockage of the absorbent. The aim of 
this research is to compare the performance of 
several coagulants from different groups, along 
with zeolite adsorbent, to treat the central sewage 
effluent of Semnan Industrial Estates Company. 
To investigate the role of this process in reducing 
COD, TSS and turbidity. As discussed, in 
addition to natural and chemical coagulants, the 
use of adsorbents in the surface adsorption 
process as a complementary process in removing 
pollutants and reducing the microbial load of 
wastewater is very effective. The surface 
adsorption process is now used as one of the 
separation techniques in various industries.  

The surface adsorption process for water or 
wastewater treatment has a relatively simple 
process design and operation, and produces a 
high-quality treated effluent stream. Moreover, 
since surface adsorption is reversible in some 
cases, adsorbents can be reused using appropriate 
regeneration processes. Therefore, in most cases, 

                                                 
1
 Chemical Oxygen Demand (COD) 

2
 Total Suspended Solids (TSS) 

the use of the adsorption process is considered an 
economical method in the industry. An important 
aspect of the separation process during adsorption 
is the selection of a suitable adsorbent with an 
acceptable mesh size. Due to the wide range of 
these materials, various materials from natural to 
synthetic have been used as adsorbents in various 
processes. Including chitosan, silica gel and 
zeolites, activated carbon, carbon nanostructure 
materials, etc.. These adsorbents, sometimes 
alone or with structural modifications, have 
demonstrated excellent performance for various 
applications (Dashti et al., 2022). 

 

3. Results and discussion 
The obtained results show the optimal 
performance of polyammonium chloride, with a 
reduction of 60% for COD, 85% for TSS, and 
85% for turbidity. Similarly, Moringa, as a 
natural absorbent, achieved reductions of 70% for 
COD, 75% for TSS, and 80% for turbidity, 
indicating a high capacity for pollutant removal. 
The use of two chemical and natural methods can 
be highly effective in reducing pollutants to a 
permissible level, depending on the type of 
wastewater. Polyaluminum chloride performs the 
coagulation process through its two main 
mechanisms: entrapment in sedimentary flocs and 
neutralization and stabilization of the electrical 
charge. It hydrolyzes rapidly in water, producing 
various cationic compounds that can attract 
negatively charged compounds, neutralize them, 
and consequently destabilize these particles. 

Using the correct amount of polyaluminum 
chloride is important; using an incorrect amount 
in this process can lead to the particles recharging 
and becoming unstable, and increased sludge 
formation. Polyaluminum chloride initially 
stabilizes colloidal particles and creates 
microflocs by holding them together. At this 
stage, a flocculant, such as a polyelectrolyte, is 
added to the water to connect these small flocs 
together and provide sedimentation conditions. 
As a result, polyaluminum chloride has shown the 
best performance in reducing COD and turbidity, 
while other coagulants had comparatively lesser 
effects on reducing these parameters. 

In summary, to enhance the efficiency of the 
treatment process and achieve better quality 
effluent at the outlet of the central treatment 
plant, it is necessary to use appropriate coagulants 
to control the quality of the effluent from the 
central treatment plant. Regarding the central 
treatment plant of the townships company, adding 
polyaluminum chloride or Moringa plant 
coagulants has demonstrated very good results. 
The optimal site for adding these additives is after 
the activated sludge process and before entering 
the secondary sedimentation basins. 

Based on existing studies, the use of chemical 
coagulants is the most effective option for 
reducing wastewater pollution load, due to their 
reasonable cost and availability. Also 
additionally, one of the most important 
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techniques for pollutant removal is the use of 
adsorbents, which, depending on their porosity 
and type, can effectively remove waste materials. 
An important consideration in the use of 
adsorbents is the pollution load of the fluid 
entering it high pollution levels can lead to 
premature clogging and ineffectiveness of the 
adsorbent over time.  

Therefore, efforts are focused on reducing the 
wastewater pollution percentage through the use 
of additives as coagulants and coagulant aids. 
Subsequently, proper removal in a reasonable 
time with optimal efficiency through the 
adsorption process as a complementary method 
can be achieved. An economic comparison 
between adsorbents, chemical coagulants, and 
natural coagulants for pollutant removal shows 
that each has its own advantages and 
disadvantages. Adsorbents which offer high 
efficiency and reusability, are suitable for 
removing a wide range of pollutants however, 
their high cost and difficulty in recovery are 
among their disadvantages. Chemical coagulants, 
with their low cost and easy access, have high 
 

operational speed in pollutant removal, but their 
high sludge production and environmental 
impacts are considered among their 
disadvantages. In contrast, natural coagulants, 
with environmental compatibility and low cost, 
have lower efficiency compared to the other two 
groups and may require larger amounts to achieve 
the desired result. Ultimately, the choice of the 
most appropriate method for pollutant removal 
depends on various factors, including the type and 
concentration of pollutants, cost, environmental 
considerations, and legal requirements. In some 
cases, a combination of methods can be the most 
effective solution. 

 
4. Conclusions 
The performance of polyaluminum chloride 
achieved a reduction of 60% for COD, 85% for 
TSS, and 85% for turbidity Similarly, Moringa, as 
a natural absorbent, achieved a reduction of 70% 
for COD, 75% for TSS, and 80% for turbidity, a 
high capacity for pollutant removal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
                                   Water and Wastewater 

                                      Vol. 35, No. 4, 2024 

 

*

 
 

k_peyvandy@semnan.ac.ir

 

https://doi.org/10.22093/wwj.2025.482691.3340

CODTSS

CODTSS

COD

TSS

تصفيه پساب، بار آلودگي، 

مواد منعقدکننده 

شيميايي و طبيعي، پلي 

آلومينيوم کلرايد، 

 مورينگا
 

 

 

 

 

 
 
 

 

10.22093/wwj.2025.482691.3440https://doi.org/

 

 

    © The Author(s). 

    This work is licensed under a Creative Commons Attribution 4.0 International License 

 

 71-87: صفحه ،4شماره   ،35آب و فاضلاب، دوره 

http://creativecommons.org/licenses/by/4.0/
mailto:k_peyvandy@semnan.ac.ir
https://doi.org/10.22093/wwj.2025.482691.3340
https://doi.org/10.22093/wwj.2025.482691.3440
https://doi.org/10.22093/wwj.2025.482691.3440
http://creativecommons.org/licenses/by/4.0/


                                        dx.doi.org/10.22093/wwj.2025.482691.3440 

 

 

                                   Water and Wastewater 

                                      Vol. 35, No. 4, 2024 

 

) Aboulhassan et al., 2014(

Aravind et al., .(

)2016

(III)

 COD  pH 

 

 COD 

                                                 
1
 Poly Aluminum Chloride (PAC) 

2
Chemical Oxygen Demand (COD) 

 (II)

Gautam (. 

)and Saini, 2020

(FeCl3) 

 (FeSO4)  (MgCl3) 

Ahmed et al., (.

)6201 

pH

 

COD 

 

pH  )Abusabha et al., 2024(.

TDSCOD 

) Akyol, 2012( 

 pH 

 

                                                 
3

Total Suspended Solids (TSS) 
4
 Total Dissolved Solids (TDS)



                                        dx.doi.org/10.22093/wwj.2025.482691.3440 

 

                                   Water and Wastewater 

                                      Vol. 35, No. 4, 2024 

pH pH 

Ahmad et (.

)al., 2008

) Ashmawy et al., 2012(

                                                 
1

Moringa Oleifera 
2

Chitosan and Chitin 
3

Abelmoschus Esculentus 
4
 Opuntia Ficus-Indica 

5
 Synchorous Potatorum 

6
 Prosopis Laevigata Seed Gum 

7
 Prosopis Laevigata Seed Gum 

Abd Wahid et (. 

)al., 2016

 COD 

COD

 COD 

) Anteneh and Sahu, 2014(

 COD 

) Aravind et al., 2016(

                                                 
8
 Artocarpus Heterophylius 

9
 Phaseolus Vulgaris 

10
 Artocarpus Heterophylius 



                                        dx.doi.org/10.22093/wwj.2025.482691.3440 

 

 

                                   Water and Wastewater 

                                      Vol. 35, No. 4, 2024 

pH

)Ashmawy et al., 2012(

 COD BOD

 pH 

Tomasi et al., (. 

)2022

pHBODCOD

COD BOD 

                                                 
1
 Biochemical Oxygen Demand (BOD) 

2
 Electrical Conductivity (EC) 

Varsani et (.

)al., 2024

pH

COD  Dashti (. 

)et al., 2022

 



                                        dx.doi.org/10.22093/wwj.2025.482691.3440 

 

                                   Water and Wastewater 

                                      Vol. 35, No. 4, 2024 

-

Table 1. Types of chemical and natural coagulants and their effectiveness in industrial wastewater treatment

CODTSS

CODTSS

CODTSS

.

CODTSS

.

Chemical coagulants

Ref. 
Removal 
efficiency

Parameters 
checked 

Optimal 
value

Coagulant 
state

IndustryCoagulant

(Aboulhassan 
et al., 2014) 

71% 
63% 

Turbidity 
COD 

30 mg/L and 
400 mg/L 

Powder Wastewater PAC and Shendi 

(Gautam et 
al., 2020) 

98% Turbidity 400 ppm Solution 
Sewage 

wastewater 
Ferric chloride 

(Ahmed et al., 
2016)

97% 
97% 

36.20% 
98.40%

Turbidity 
TSS 

total COD 
chromium

100 and 5 
mg/L

Dry
Tannery 

wastewater
Alum and cationic 
polymer (C-492)

Natural coagulants

Ref.
Removal 
efficiency

Parameters 
Optimal 

(%)
State 

matter
Coagulant 

state
Wastewater 

source
Coagulant

(Bangar et al., 
2017)

90%Turbidity300 mg/L
Direct 

powder
Deoiled

Dairy 
wastewater

Moringa 
(425 µm)

(Bangar et al., 
2017)

93.50%Turbidity500 mg/L
Direct 

powder
Deoiled

Dairy 
wastewater

Moringa 
(212 µm)

(Bhatia et al., 
2007)

99.30%
52.50%

Suspended 
solids 
COD

4000+7000 
mg/L

-
Deoiled 
powder

Palm oil 
mill 

effluent

Moringa 
oleifera+N

ALCO 
7751

(Bhatia et al., 
2007)

61.60% 
80.67% 
66.73%

Turbidity 
BOD 
COD

50:50:00
Stock 

solution
Powder

Textile 
industry 
effluent

Moringa 
and 

Alum
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Fig. 1. A picture of an industrial treatment plant

 

 

Fig. 2. COD reduction graph with the help of coagulants a) chemical for the inlet of the treatment 
 plant and b) natural for the outlet of activated sludge 
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Fig. 3. TSS reduction graph with the help of coagulants a) chemical for the inlet of the treatment 

plant and b) natural for the outlet of activated sludge  

TSSab

 

Fig. 4. The graph of the reduction of turbidity with the help of coagulants a) chemical for the inlet of the treatment 
plant and b) natural for the outlet of activated sludge  
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Fig. 5. COD reduction diagram with the help of polyaluminum chloride coagulant on the 

 effluent of different companies
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Fig. 6. Diagram of TSS reduction using polyaluminum chloride coagulant on several different effluents

TSS

Fig. 7. Graph of turbidity reduction using polyaluminum chloride coagulant on several different effluents 
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 ZA 

 AC 

 COD 

 COD 

Fig. 8. Absorption filters

 TSS 

 AC

CODTSS

Table 2. Analysis results from dynamic tests on absorbents

Filter
Time 
(min) 

TDS 
[ppm] 

T (℃)EC[ms]
COD 
[ppm] 

TSS 
[ppm]

TUR 
[NTU]

COD 
removal 

(%) 

Initial0433024.3184.2163 8636-

ZA 

30401024.6181.6863915.2647.24

60401025.3181.71064020.434.97

90413025.1178.61027113.7437.43

120408025.1178.5923414.5243.56

150414025.1179.2885814.4946.01

180407025.3178.61004614.738.65

AC 
30396024.2182.4913015.70-

180425024.1181.6944614.376 
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Fig. 9. The process of reducing COD for the effluent of Semnan Industrial Park by ZA 
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Fig. 10. The TSS trend for the effluent of the settlement company by ZA 
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Fig. 11. The process of turbidity reduction for the effluent of the settlement company by ZA 
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Fig. 12. The process of reducing COD for the effluent of the settlement company by AC 
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Fig. 13. The TSS reduction trend for the effluent of the settlements company by AC 
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Fig. 14. The process of turbidity reduction for the effluent of the settlement company by AC 

AC

86

88

90

92

94

96

98

100

102

0 30 180

C
O

D
 (

p
p

m
) 

Time (min) 

COD AC: COD Activated carbon 

0

5

10

15

20

25

30

35

40

45

50

0 30 180

T
S

S
 (

p
p

m
) 

Time (min) 

TSS CA: TSS activated carbon 

 

13.5

14

14.5

15

15.5

16

0 30 180

T
R

U
 (

N
T

U
) 

Time (min) 

TRU AC: Turbidity activated carbon  



                                        dx.doi.org/10.22093/wwj.2025.482691.3440 

 

                                   Water and Wastewater 

                                      Vol. 35, No. 4, 2024 

.

.

References 

Abd Wahid, M. A., Hara, H. and Noor, M. J. M. M., 2016. A review on genetically engineered natural coagulant based 

on moringa oleifera for turbidity removal. Malaysian Journal of Civil Engineering, 28. 

https://doi.org/10.11113/mjce.v28.15993. 

http://dx.doi.org/10.11113/mjce.v28.15993


                                        dx.doi.org/10.22093/wwj.2025.482691.3440 

 

 

                                   Water and Wastewater 

                                      Vol. 35, No. 4, 2024 

Aboulhassan, M., Souabi, S., Yaacoubi, A. and Baudu, M., 2014. Treatment of paint manufacturing wastewater by the 

combination of chemical and biological processes. International Journal of Science, Environment and Technology, 

3, 1747-1758. [Link] 

Abusabha, S., Zaimes, G. and Marei, A., 2024. Applying the experiment design approach to minimize pollutants in 

olive mill wastewater using aluminum sulfate and ferric chloride as coagulants. West Bank-occupied Palestinian 

territories. Desalination and Water Treatment, 320, 100671. https://doi.org/10.1016/j.dwt.2024.100671. 

Ahmad, A., Wong, S., Teng, T. and Zuhairi, A., 2008. Improvement of alum and PACl coagulation by polyacrylamides 

(PAMs) for the treatment of pulp and paper mill wastewater. Chemical Engineering Journal, 137, 510-517. 

https://doi.org/10.1016/j.cej.2007.03.088. 

Ahmed, I., Habib, M., Habib, U., Hai, A. and Khan, A. U., 2016. Analysis and treatment of tannery waste water by 

using combined filtration and coagulation treatment process: treatment of tannery waste water by using combined 

filtration and coagulation. Proceedings of the Pakistan Academy of Sciences: B. Life and Environmental Sciences, 

53, 179-183. [Link] 

Akyol, A., 2012. Treatment of paint manufacturing wastewater by electrocoagulation. Desalination, 285, 91-99. 

https://doi.org/10.1016/j.desal.2011.09.039. 

Anteneh, W. and Sahu, O., 2014. Natural coagulant for the treatment of food industry wastewater. International Letters 

of Natural Sciences, 4. https://doi.org/10.56431/p-44oq44. 

Aravind, J., Kanmani, P., Sudha, G. and Balan, R., 2016. Optimization of chromium (VI) biosorption using gooseberry 

seeds by response surface methodology. Global Journal of Environmental Science and Management, 2, 61. 

https://doi.org/10.7508/gjesm.2016.01.007. 

Ashmawy, M., Moussa, M., Ghoneim, A. and Tammam, A., 2012. Enhancingthe efficiency of primary sedimentation in 

wastewater treatment plants with the application of Moringaoliefera seeds and quicklime. The Journal of American 

Science, 8. 494-502. [Link] 

Bangar, C., Mhaske, P., Parasur, V. and Pawar, S., 2017. Comparative study of removal of dairy waste characteristics 

by using various natural and chemical coagulants. In Special Issue: National Conference Momentum-17. 

International Journal of Research in Advent Technology (IJRAT), (Vol. 14). [Link]. 

Bhatia S., Othman Z. and Ahmad A. L., 2007. Pretreatment of palm oil mill effluent (POME) using Moringa oleifera

seeds as natural coagulant. Journal of Hazardous Materials, 145(1-2), 120-126. 

https://doi.org/10.1016/j.jhazmat.2006.11.003. 

Dashti, A. F., Salman, N. A. S., Adnan, R. and Zahed, M. A., 2022. Palm oil mill effluent treatment using combination 

of low cost chickpea coagulant and granular activated carbon: optimization via response surface methodology. 

Groundwater for Sustainable Development, 16, 100709. https://doi.org/10.1016/j.gsd.2021.100709. 

Gautam, S. and Saini, G., 2020. Use of natural coagulants for industrial wastewater treatment. Global Journal of 

Environmental Science and Management, 6, 553-578. https://doi.org/10.22034/gjesm.2020.04.10. 

Tomasi, I. T., Machado, C. A., Boaventura, R. A., Botelho, C. M. and Santos, S. C., 2022. Tannin-based coagulants: 

current development and prospects on synthesis and uses. Science of The Total Environment, 822, 153454. 

https://doi.org/10.1016/j.scitotenv.2022.153454. 

Varsani, V. G., Vyas, S. J., Dudhagara, D., Chudasama, T. and Gadhvi, K., 2024. Unlocking the potential of 

lignocellulosic waste: a kinetic modeling approach for bio-coagulants in sewage water treatment. Environmental 

Technology and Innovation, 33, 103486. [Link] 

https://www.academia.edu/56153304/Treatment_of_Paint_Manufacturing_Wastewater_by_the_Combination_of_Chemical_and_Biological_Processes
https://doi.org/10.1016/j.dwt.2024.100671
https://doi.org/10.1016/j.dwt.2024.100671
https://doi.org/10.1016/j.cej.2007.03.088
https://doi.org/10.1016/j.cej.2007.03.088
https://paspk.org/wp-content/uploads/2016/10/Analysis-and-Treatment-of-Tannery.pdf
https://doi.org/10.1016/j.desal.2011.09.039
https://doi.org/10.1016/j.desal.2011.09.039
https://doi.org/10.56431/p-44oq44
https://doi.org/10.56431/p-44oq44
https://doi.org/10.7508/gjesm.2016.01.007
https://www.cabidigitallibrary.org/action/doSearch?do=The+Journal+of+American+Science
https://www.cabidigitallibrary.org/action/doSearch?do=The+Journal+of+American+Science
https://www.scirp.org/reference/referencespapers?referenceid=1564469
https://ijrat.org/downloads/Conference_Proceedings/MOMENTUM17/MOMENTUM17-01.pdf
https://doi.org/10.1016/j.jhazmat.2006.11.003
https://doi.org/10.1016/j.gsd.2021.100709
https://doi.org/10.1016/j.gsd.2021.100709
https://doi.org/10.22034/gjesm.2020.04.10
https://doi.org/10.1016/j.scitotenv.2022.153454
https://doi.org/10.1016/j.scitotenv.2022.153454
https://ui.adsabs.harvard.edu/abs/2024EnvTI..3303486V/abstract

