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Abstract: In this work, the effectiveness of removing colour and total suspended solid (TSS) from complex
organic particulate artificial sewage (COPAS) via the coagulation process was studied. Organo-floc (OF), a tannin-
based coagulant derived from the plant was used as a coagulant. OF was applied in a jar test experiment at the
various dosages at 57 rpm for 5 min, and 30 min sedimentation time to find out the optimum dosage for colour
and TSS removal. Zeta potential, pH and conductivity were also analysed. Experiment with tannin dosage of 125
ppm resulted in the highest colour and TSS removal of 94% and 79%, respectively. Organo-floc showed promising
results in decolourisation and TSS removal from artificial sewage.
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1. Introduction

Sewage exists as a by-product of industrial activities such as textile and dye industry effluent, agricultural effluent,
and other industries, as well as from human products. In fact, sewage production is unavoidable, however it can be
treated in a proper way to be released into the rivers or the ponds. The treating method can be varied, as long as the
result of the treated sewage meets the standards of the Department of Environment (DOE), Malaysia [1]. This is
important to ensure that there are no related pollutants that could harm the aquatic organisms, the river, the
environment, and humans since humans and aquatic organisms depend on water for living.

As an alternative to inorganic chemicals in the coagulation/flocculation process, tannin-based coagulants can be
used to play the same role as chemical coagulants in sewage wastewater treatment. Tannin can be found in various
parts of plants like the wood, seeds, stems, and roots [2]. Tannins are phenolic compounds with molecular weights
ranging from 500 to 3000 g/mol that are water soluble. Tannins are polyphenolic secondary metabolites found in
higher plants that can take the form of galloyl esters or polymeric and oligomeric proanthocyanidins with varying
inter-flavanyl coupling and substitution patterns [3][5].

Tannin can be used in various applications in the pharmaceutical industry, food industry, wood industry, animal
husbandry, nanotechnology, leather industry, and other industrial applications [6] and one of the applications is as a
coagulant to clean the wastewater. Tannin performance for sewage treatment has been studied by many researcher
and in our previous work [7], we examined the colour removal efficiency of landfill leachate and found that around
81.8% of colour was reduced when using tannin. Al-Gheethi [8] succeeded in performing TSS removal and discovered
that 92% of TSS removal was achieved when using tannin coagulant to treat sewage. The study also reported that
turbidity, surfactant, and total coliform were deduced with the results of 83.6%, 80% and 89.6% respectively.
Recently, Lorena Lugo [9] has experimented with municipal sewage treatment using tannin-based coagulant and
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achieved to 86% TSS and 88% COD removal. Rajesh Singh [10] studied how tannin-based coagulant performed on
domestic wastewater and discovered that it was able to achieve a deduction in COD, turbidity, and BOD of up to 69%,
95% and 60% accordingly. Another researcher [11], recently attempted to find out the efficiency of tannin coagulant
on domestic sewage and found that the turbidity removal achieved up to 84% and the TSS up to 90%.

Releasing untreated sewage could have a negative impact on health and aquatic life due to the lack of light
radiation from reaching submerged vegetation. Thus, slowing down photosynthesis as well as decreasing the dissolved
oxygen released results in suffocating fish life as they do not have sufficient oxygen. Besides, TSS and colour sewage
may cause membrane fouling if not reduced [12]. The TSS size may be the same as the membrane pore or even greater,
which causes pore blockage, causing a cake layer to form due to accumulated solid particles on the membrane area.
So, in order to minimize the membrane fouling, coagulation-flocculation is applied at the pre-treatment. Generally,
common coagulants such as alum, ferric chloride, poly aluminium chloride (PAC), and aluminium chloride are used
in sewage treatment. However, these coagulants have their disadvantages where they could cause harmful effects on
human health [13]. For example, aluminium salts together with synthetic organic polymers are the factors that have a
negative impact on human health, such as Alzheimer [12][13]. Other than that, it produced a high amount of sludge
[13]. For example, inorganic coagulants such as PAC can cause an increase in sludge volume and metal concentrations
in sludge [13].

In this study, by using the idea of Prieto et al. [14] which used COPAS, manipulated it to get the same
characteristics as the real sewage as an alternative sewage. Then tannin-based coagulant can be further investigated.
Cat food has been selected in this study as it can be modified to represent it as the wastewater itself and has a lower
cost to apply in this research.

The objective of this study is to analyse the performance of tannin-based coagulant towards artificial sewage in
terms of TSS, pH, colour, conductivity, and zeta potential analysis. This study also determined the optimum dosage
of tannin-based coagulant in sewage treatment on the maximum removal of TSS and colour. This research will allow
researchers to used artificial sewage based as a new possible alternative to be use in the future related to sewage. The
results from this study could be useful as a reference for any future studies related to tannin coagulant used to treat
sewage as an alternative to inorganic coagulant. Artificial sewage has the potential to reduce time consumption and
the desired concentration of sewage can be chosen instead of retrieving the real sewage.

2. Methodology

2.1 Artificial Sewage Preparation

“Cutiez Cat” by Perfect Companion Group (PCG) was used as the raw material for cat-food based sewage which
was prepared by using standard raw sewage (300 mg/L) as a guide on how much mass of dried cat food needed to be
added. Since the cat-food is in solid condition, it needs to be powdered so that it will easily dissolve with the water.
Around 150 mg of powdered cat food was added. The calculation uses the formula for concentration (1):

. mass of powdered cat food
Concentration = 9) (D)
Volume of water (L)

2.2 Jar Test

In this experiment, the coagulant used was tannin, which is organo-floc (OF). The coagulant dosage that will be
used is in the range of 50 mg/L to 200 mg/L that will be added to 500 mL of artificial sewage solution. The jar test
was conducted with a mixing operation condition of 57 rpm for 5 min and settling time for 10 min. After settling time
occurs, the supernatant is taken for 20 mL using a syringe at the clear upper of the solution (2 cm from the liquid
surface) for TSS, colour, pH, zeta potential, and conductivity measurement. The results will be taken three times to
get the average of the measurements.

2.3 Analytical Methods

Total suspended solids were determined by using filter apparatus assembled with suction. The filter was dried in
an oven at 105 °C and was cooled in the desiccator before being placed in the apparatus to filter the sample of COPAS.
The filter was then weighed after cooling. After filtering was done, the filter was removed and dried in the oven at
105 °C for one hour, then cooled. After that, the filter was weighed. The weight of the initial filter and final filter was
used to measure the value of total suspended solids of the sample using equation (2):
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(A—B)x 1000
Sample volume, mi (2)

Total suspended solids =

where A is the initial weight of the filter and B is the final weight of the filter.

Colour was analysed at a 455 nm wavelength using a UV/vis-spectrophotometer (Perkin Elmer Lambda 365) in
the unit of Platinum-cobalt (PtCo). However, in this case, the apparent colour is sampled without filtering or
centrifuging used in this analysis. The removal percentage of colour was calculated using the values of initial colour
concentration and final colour concentration using equation (3):

Colour removal = (COC_—Cf) x 100 3)

()

where C, is the initial colour concentration and Cs is the final colour concentration.

The pH and conductivity were measured using a pH meter (HI 9611-5, Hanna). The Zeta potential was obtained
by using a zetasizer machine (Malvern Zetasizer Nano Series model ZS). Standard deviation was used in this study to
determine the differences between the parameters of artificial sewage quality before and after coagulation by
interpreting the data obtained using excel.

3. Result and Discussion

The effectiveness of the organo-floc on artificial sewage was investigated. The supernatant of each sample was
analysed in terms of total suspended solids, colour, pH, conductivity, and zeta potential.

3.1 Artificial Sewage Concentration Determination

In this study, artificial sewage will be used to examine the performance of tannin-based coagulant rather than real
sewage. The TSS of artificial sewage has been compared with typical sewage characteristics. The experiment with
TSS was conducted in triplicate to obtain the average results for TSS. In this determination of total suspended solids
in the artificial sewage, there are different concentrations of artificial sewage used as shown in Table 2 and Fig. 1.
The TSS of artificial sewage that should be gained is 300 mg/L, since the regular concentration of TSS in Malaysia is
in that value [15]. Thus, the concentration of artificial sewage that might have 300 mg/L of total suspended solids is
around 0 to 1 g/L (Table 2). However, this value does not show the specific value of 300 mg/L of TSS in artificial
sewage. Therefore, by referring to this result, a smaller scope of the artificial sewage concentration was done, which
is in the range of 0 to 5 g/L (Fig. 1) to find a more accurate artificial sewage concentration of approximately 300 mg/L.
Fig. 1, showing that at 0.68 g/L of artificial sewage concentration might have 300 mg/L of total suspended solids.
Therefore, the concentration of artificial sewage (0.68 g/L) is then used for further analysis, such as colour, pH,
conductivity, and zeta potential.

Table 1 - Artificial sewage characteristics data

Parameters Unit Value
Total suspended solids mg/L 193
Colour PtCo 1929
pH - 7.2
Conductivity ps/cm 169
Zeta Potential mV -24

Table 2 - Total suspended solids value of various concentrations of artificial sewage

Artificial Sewage (g/L) TSS (mg/L)
0 0
1 143
10 3764
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Fig. 1 - Total suspended solids concentration, TSS (mg/L) against Artificial Sewage

3.2 Coagulant Dosage Required for Treatment of Artificial Sewage

The total suspended solids at 0.68 g/L of artificial sewage were 193 mg/L. The total suspended solids (TSS) in
the supernatant water decreases with increasing coagulant dose, but the total suspended solids value increases rapidly
after the optimal dose is reached. If the amount of coagulant added is too high, agglomeration will decrease. This is
likely due to repulsive charges between colloids contained in artificial sewage. The positive charge of the coagulant
adsorbed by the colloidal particles which have a negative charge in the artificial sewage sample led to an attraction
with each other, but as more coagulant was added, the positive charge in the sample increased, which caused the
charges to stabilize again and begin to repel each other. Generally, colloids and suspended particles in wastewater
have a negative charge on the surface, which causes an electrostatic repulsion with each other and consequently
prevents their sedimentation and removal [16]. As shown in Table 1, the particles contained in the artificial sewage
had a negative charge, and the zeta potential was -24 mV. The addition of cationic substances, such as tannin-based
coagulants, makes the particles unstable [17]. The long chains of tannin-based coagulant polymers contain positively
charged amino groups [18], and characterize coagulants as cationic coagulants. Organo-floc (OF) is a cationic
coagulant that can destabilize anionic colloids by being positively charged [7], [19], [20] by the presence of phenolic
groups [18]. This shows that the zeta potential value increases with increasing coagulant dose. This means that the
number of positive charges in artificial sewage is increasing and shows that OF has a positive charge. Likewise, as
observed by Hameed et al. [21], the zeta potential value increases with increasing coagulant dose in the neutralizing
charge mechanism. Therefore, the higher the positive charge of the artificial sewage, the more the particles will start
to repel each other, and the agglomeration will decrease, resulting in a higher TSS value after optimal dosage of OF.
The optimal dose of organic flocs (OF) obtained was 125 mg/L, resulting in 79% removal of TSS and 94% removal
of colour.
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Fig. 2 - TSS and the colour of various dosages of coagulant

Fig. 3 - Artificial sewage before and after coagulation at 125 mg/L of coagulant dosage

At 125 mg/L dosage of coagulant, the colour of the artificial sewage as shown in Fig. 3 becomes clearer and it
can be seen that the OF colour was sediment on the bottom of the beaker. As the coagulant dosage increased, the
colour concentration of the artificial sewage decreased, but after reaching the optimum coagulant (125 mg/L) dosage,
it indicates that the colour density is starting to rise. Fig. 2 shows the colour results when the coagulant was
administered. De Oliveira et al. [22] emphasized that increasing the concentration of plant coagulants in water
increases polymerization and makes the colour browner, with higher tannin doses contributing to higher colour values.
This explains why the colour value increases after optimal coagulant is reached. Decolourisation with modified tannin
coagulant generally increases flocs through coagulation-like mechanisms such as adsorption to improve precipitation
and improve colour removal efficiency [11] [15].

Sanchez Martin et al. [3] highlight that a tannin-based coagulant (92 mg / L) was used for sewage treatment, and
the BODS5 and COD removal rates were the highest at 60% and 40%, respectively. In other studies, Hameed et al. [21]
achieved 43% of total suspended solids removal and 90% of turbidity removal using tannin-based coagulant at 35
mg/L dosages. The best decolourisation of sewage which is 73% and 90% turbidity removal, was achieved by Grehs
et al. [23] with tannin dosages of 50 to 80 mg/L.

Table 3 - Result comparison of this study with the previous study

Sewage [3] Sewage[23] Sewage[26] Artificial sewage
(This study)
Optimum  Dosage 92 35 50 - 80 125
(mg/L)
Colour removal (%) - - 73 94
TSS removal (%) - 43 79
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COD removal (%) 40 - -
Turbidity removal - 90 89 -
(%)

BODs removal (%) 60 - - -

In the study, the pH value became slightly more acidic as the coagulant dose increased (Fig. 4). This indicates
that the addition of the coagulant did not change the pH of the artificial sewage. Arismendi et al. [16] pointed out that
the method of adding hydrochloric acid by chemical denaturation of tannin does not affect the final pH of treated
wastewater due to the secondary metabolites that the produced hydronium ions react and absorb. It supports the
previous statement that the pH of the sample is not affected by the coagulant. The pH without the addition of coagulant
was 7.2 but decreased to 6.5 at the 200 mg/L coagulant dose. Changing the pH has the potential to accelerate the
removal of colour from the cause of the process [20]. The colour value decreased at pH 7.2-6.8. This shows that colour
removal is effective in this range of pH. Lower than pH 6.8, colour and TSS removal is not efficient. However, the
decreasing trend in pH values in Fig. 4 is likely due to proton dissociation from the tannin protonated tertiary nitrogen.
In highly acidic conditions, quaternary nitrogen is introduced into the tannin polyphenol structure by reaction with an
amines and aldehydes [18]. Even in this state, Ibrahim and Yaser [7] also state that a bridging mechanism is likely to
occur. In contrast to pH, the conductivity of artificial sewage tends to increase with increasing dose of coagulant (Fig.
4). This could be an unreacted tannin coagulant in artificial sewage. After treatment with the cationic coagulant tannin,
the zeta potential value was found to decrease as the amount of tannin dosage increased. (Fig. 5) suggests that charge
stabilization occurred in the artificial aqueous solution. This means that a neutralizing charge mechanism has occurred.
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Fig. 4 - pH and conductivity result for different dosages of coagulant
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Fig. 5 - Zeta potential of COPAS for different dosages of coagulant

Conclusion

A tannin-based coagulant as an alternative sewage made from cat-food was successfully made and analysed. The
optimum dosage of tannin used for coagulation process of sewage concentration of 0.68 g/L is 125 mg/L since the
colour removal is more efficient (90%) at this dosage. Apart from that, TSS removal also shows the highest (94%) by
using this tannin dosage. pH value, conductivity, and zeta potential are in the range of 6.5-7.2, 160-250 uS/cm, and -
25 to -1 mV respectively. Overall, this study proved that tannin coagulant can treat sewage as an alternative to
inorganic coagulant and artificial sewage can be implemented to reduce time consumption and choose the desired
concentration sewage instead of retrieving real sewage which has a varied concentration. However, the
implementation of artificial sewage can still be improved with further studies.

Acknowledgement

The authors would like to thanks Universiti Malaysia Sabah for funding this research under the grant SPB0001-
2020 and postdoctoral awarded to Dr. Junidah Lamaming.

References

[1] DOE, Environmental Requirements: A Guide For Investors, 11th ed., no. October. Malaysia: Department Of
Environment, DOE Malaysia, 2010

[2] E. Sieniawska and T. Baj, “Tannins,” in Pharmacognosy: Fundamentals, Applications and Strategy, Elsevier,
2017, pp. 199-232

[3] J. S&nchez-Martin, J. Beltrdn-Heredia, and C. Solera-Hernandez, “Surface water and wastewater treatment using
a new tannin-based coagulant. Pilot plant trials,” J. Environ. Manage., vol. 91, no. 10, pp. 2051-2058, Oct. 2010,
doi: 10.1016/j.jenvman.2010.05.013

[4] A. Arbenz and L. Avérous, “Chemical modification of tannins to elaborate aromatic biobased macromolecular
architectures,” Green Chem., vol. 17, no. 5, pp. 2626-2646, 2015, doi: 10.1039/C5GC00282F

[5] K.Khanbabaee and T. van Ree, “Tannins: Classification and definition,” Nat. Prod. Rep., vol. 18, no. 6, pp. 641—
649, 2001, doi: 10.1039/b1010611

[6] A.P. Singh and S. Kumar, “Applications of Tannins in Industry,” in Tannins - Structural Properties, Biological
Properties and Current Knowledge, IntechOpen, 2020

[7] A. Ibrahim and A. Z. Yaser, “Colour removal from biologically treated landfill leachate with tannin-based
coagulant,” J. Environ. Chem. Eng., vol. 7, no. 6, p. 103483, Dec. 2019, doi: 10.1016/j.jece.2019.103483

[8] A. A. Al-Gheethi, R. M. S. R. Mohamed, A. A. Wurochekke, N. R. Nurulaineg, J. Mas Rahayu, and M. K. Amir
Hashim, “Efficiency of Moringa oleifera Seeds for Treatment of Laundry Wastewater,” MATEC Web Conf., vol.
103, p. 06001, Apr. 2017, doi: 10.1051/matecconf/201710306001

[9] L. Lugo, A. Martin, J. Diaz, A. Pérez-Florez, and C. Celis, “Implementation of Modified Acacia Tannin by
Mannich Reaction for Removal of Heavy Metals (Cu, Cr and Hg),” Water, vol. 12, no. 2, p. 352, Jan. 2020, doi:
10.3390/w12020352



A.Z Yaser et al., Emerging Advances in Integrated Technology Vol 2 No. 2 (2021) p.1-8

[10]R. Singh, S. Kumar, and M. Garg, “Domestic Wastewater Treatment Using Tanfloc: A Tannin Based Coagulant,”
in Geostatistical and Geospatial Approaches for the Characterization of Natural Resources in the Environment,
Cham: Springer International Publishing, 2016, pp. 349-354

[11] A. Pardede, M. Arief Budihardjo, and Purwono, “The Removal of Turbidity and TSS of the Domestic Wastewater
by Coagulation-Flocculation Process Involving Oyster Mushroom as Biocoagulant,” E3S Web Conf., vol. 31, p.
05007, Feb. 2018, doi: 10.1051/e3sconf/20183105007

[12] A. Y. Zahrim, C. Tizaoui, and N. Hilal, “Coagulation with polymers for nanofiltration pre-treatment of highly
concentrated dyes: A review,” Desalination, vol. 266, no. 1-3, pp. 1-16, Jan. 2011, doi:
10.1016/j.desal.2010.08.012

[13] A. Cainglet, A. Tesfamariam, and E. Heiderscheidt, “Organic polyelectrolytes as the sole precipitation agent in
municipal wastewater treatment,” J. Environ. Manage., vol. 271, p. 111002, Oct. 2020, doi:
10.1016/j.jenvman.2020.111002

[14]A. L. Prieto, C. S. Criddle, and D. H. Yeh, “Complex organic particulate artificial sewage (COPAS) as surrogate
wastewater in anaerobic assays,” Environ. Sci. Water Res. Technol., vol. 5, no. 10, pp. 1661-1671, 2019, doi:
10.1039/C9EW00365G

[15]N. W. S. C. (SPAN)., Malaysia Sewerage Industry Guidelines Volume 1V: Sewage Treatment Plants. Third
edition., Third, Vol. Suruhanjaya Perkhidmatan Air Negara, 2009

[16]W. A. Arismendi, A. E. Ortiz-Ardila, C. V. Delgado, L. Lugo, L. G. Sequeda-Castafieda, and C. A. Celis-
Zambrano, “Modified tannins and their application in wastewater treatment,” Water Sci. Technol., vol. 78, no. 5,
pp. 1115-1128, Oct. 2018, doi: 10.2166/wst.2018.336

[17]J. Beltran-Heredia, J. Sanchez-Martin, and C. GGmez-Mufioz, ‘“Performance and characterization of a new tannin-
based coagulant,” Appl. Water Sci., vol. 2, no. 3, pp. 199-208, Sep. 2012, doi: 10.1007/s13201-012-0037-2

[18] A. Ibrahim, A. Z. Yaser, and J. Lamaming, “Synthesising tannin-based coagulants for water and wastewater
application: A review,” J. Environ. Chem. Eng., vol. 9, no. 1, p. 105007, Feb. 2021, doi:
10.1016/j.jece.2020.105007

[19]J. Beltran-Heredia, J. Sanchez-Martin, and M. C. Gdmez-Muiioz, “New coagulant agents from tannin extracts:
Preliminary optimisation studies,” Chem. Eng. J., vol. 162, no. 3, pp. 1019-1025, Sep. 2010, doi:
10.1016/j.cej.2010.07.011

[20] K. Grenda, J. Arnold, D. Hunkeler, J. A. F. Gamelas, and M. G. Rasteiro, “Tannin-based Coagulants from
Laboratory to Pilot Plant Scales for Coloured Wastewater Treatment,” BioResources, vol. 13, no. 2, Feb. 2018,
doi: 10.15376/biores.13.2.2727-2747

[21]Y. T. Hameed, A. Idris, S. A. Hussain, and N. Abdullah, “A tannin-based agent for coagulation and flocculation
of municipal wastewater: Chemical composition, performance assessment compared to Polyaluminum chloride,
and application in a pilot plant,” J. Environ. Manage., vol. 184, pp. 494-503, Dec. 2016, doi:
10.1016/j.jenvman.2016.10.033

[22]1. M. de Oliveira, L. L. Y. Visconte, V. Cruz, and M. Dezotti, “Tannin-Treated Water for use in the Emulsion
Polymerization of SBR. Effect of Ageing on Mechanical Properties,” Int. J. Polym. Mater., vol. 56, no. 9, pp.
939-944, Jul. 2007, doi: 10.1080/00914030601139134

[23]1B. W. N. Grehs et al., “Removal of microorganisms and antibiotic resistance genes from treated urban wastewater:
A comparison between aluminium sulphate and tannin coagulants,” Water Res., vol. 166, p. 115056, Dec. 2019,
doi: 10.1016/j.watres.2019.115056



