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ABSTRACT   

Dairy wastewater is characterized by high concentrations of organic and inorganic pollutants, which pose a 
threat to environmental and public health if discharged without proper treatment. This study aims to 
investigate the effectiveness of using natural (apricot seed powder) and chemical (magnesium chloride) 
coagulants individually and in combination for the treatment of dairy. The study revealed that the application 
of natural and chemical coagulants in dairy wastewater treatment significantly enhances pollutant removal 
efficiency. In terms of turbidity, the natural coagulant at a concentration of 45 mg/L achieved a removal 
efficiency of 61.67%, while the chemical coagulant at the same concentration reached 85%. When combined 
at a concentration of chemical coagulant and natural coagulant Respectively  15+45 mg/l, the efficacy of 
removal was enhanced to 95.8%. Similarly, for total dissolved solids (TDS), the natural and chemical 
coagulants at 45 mg/L exhibited removal efficiencies of 75.91% and 85%, respectively, which improved to 
95% when combined. Regarding total suspended solids (TSS), the natural coagulant removed 68%, and the 
chemical coagulant removed 88% at 45 mg/L, with a combined application yielding a 94% removal rate. For 
chemical oxygen demand (COD), the removal efficiencies were 68.80% and 83.20% for the natural and 
chemical coagulants, respectively, whereas their combination at 45+15 mg/L enhanced the removal to 96%. 
Likewise, biochemical oxygen demand (BOD) removal was 71.05% with the natural coagulant and 86.84% 
with the chemical coagulant, while their combination resulted in a removal efficiency of 94.7%. These 
findings demonstrate the substantial improvement in dairy wastewater treatment performance through the 
synergistic use of natural and chemical coagulants. 

 
Keywords:  COD removal, coagulation, dairy wastewater treatment, powder peels apricot, 

turbidity removal 

1 Introduction  

The study treated dairy wastewater using magnesium chloride and apricot seed powder, chosen for their 
availability and cost-effectiveness. Initial COD and BOD₅ levels were very high (1250 and 950 mg/L), posing 
environmental and health risks if untreated. The combined coagulants achieved up to 96.6% COD and 96% 
BOD₅ removal, showing eco-friendly treatment potential. Heavy metal contamination in rapidly industrializing 
areas poses a major threat to aquatic ecosystems and human health [1-4]. In addition to coliforms and various 
pollutants, both surface and groundwater sources are contaminated with harmful trace metals [5]. Given that 
many populations rely on groundwater, which often contains high arsenic levels, the health risks are significant 
[6-8]. Urbanization and industrialization have led to extensive natural resource exploitation worldwide [9]. 
Organic (carbohydrates, dyes, fertilizers, pesticides, oils, plastics, proteins, etc.) and inorganic (heavy metals) 
pollutants increasingly contaminate water sources, primarily from industrial, agricultural, and urban wastewater 
discharges [10]. Sewage effluents contain 99.9% water and 0.1% solids, including fats (10%), carbohydrates 
(25%), and proteins (65%) [12]. These effluents also introduce pathogens [13]. A conventional drinking water 
treatment plant includes units for coagulation, flocculation, sedimentation, filtration, and disinfection [14-15]. 
Because of their affordability and efficiency, common coagulants like Aluminium sulphate 
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(Al2(SO4)3⋅14H2O) are employed extensively [16-17]. However, these chemicals may alter water properties 
[18-19]. Natural polymer-based coagulants offer an eco-friendly and biodegradable alternative without 
negatively impacting water quality [20]. Studies highlight the effectiveness of plant-based coagulants: Ocimum 
basilicum with alum achieved 92% decolorization and 87% COD reduction [21], while psyllium husk removed 
90% of color and 96% of TSS [21]. Alum and ferric chloride showed COD and heavy metal removal rates of 
28% and 86%, respectively [22]. Chickpeas (Cicer arietinum) were also effective in palm oil mill effluent 
treatment, achieving 86% turbidity removal and 87% TSS removal [23-24]. This confirms chickpeas as a 
sustainable alternative to chemical coagulants. Wastewater treatment is essential for protecting environmental 
and public health, and it typically involves physical, chemical, and biological processes. Physical methods 
include screening and sedimentation; chemical methods involve coagulation, precipitation, and disinfection, 
while biological treatment uses microorganisms to degrade organic pollutants. These approaches are often 
combined to achieve optimal results depending on the wastewater type. Previous studies Castillo et al. (2023) 
studied the combined use of Moringa oleifera seed extract and alum for the treatment of dairy wastewater. A 
maximum turbidity removal of 96% and COD removal of 88% were achieved when a dosage of 1 g/L moringa 
combined with 50 mg/L alum was used. The optimum pH for coagulation was 6.5. The study showed that the 
synergy between natural and chemical coagulants improved pollutant removal efficiency significantly[25]. 
research gap Limited research has investigated the combined use of apricot peel powder and magnesium 
chloride for the treatment of dairy wastewater, despite the existence of numerous studies on chemical or natural 
coagulants.This study's main goal is to identify the ideal chemical and natural coagulant dosages for treating 
effluent from the dairy sector. Its specific objective is to assess apricot peel powder as a natural substitute for 
magnesium chloride as a chemical coagulant. Apricot peel was chosen because it is inexpensive, readily 
available locally, environmentally benign, and rich in natural substances like tannins and polyphenols that 
promote efficient coagulation. The effectiveness of mixing natural and artificial coagulants for improved 
pollution removal is also examined in this study. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure1. Diagram Depicting the Treatment Process. 

Dairy of Wastewater after treatment 

Preparation of a synthetic solution  

Coagulation using the jar test 
 

Rapid mixing  contact time  coagulant dose  Slow mixing  

Coagulation 

Prepare a coagulated sample 

Contact with time 



 WJES Vol. 13, No. 3, September 2025, pp.25-35 

27 

2 Material and methods 

2.1  Synthetic Dairy wastewater  

The wastewater of the dairy plant is collected and stored at a temperature of 10°C Silesian, and the characteristics 
of the wastewater of the dairy plant are presented in Table 1. 
In order to replicate the normal makeup of real dairy sector effluents, the wastewater employed in this 
investigation was artificially generated in the lab in accordance with previously published literature 
source. According to the referenced source, its physical and chemical characteristics were assessed 
and confirmed to represent accurate pollutant concentrations. 
 

Table 1. Synthetic Dairy Wastewater. 
 

NO. Chemical compound Chemical symbol Concentration mg/l References  

1 Milk powder --------------- 1440 

 

[25] 

2 Ammonium chloride NH4CL 583.3 

3 Magnesium Sulphates MgSo4.7H2o 50 mg/l 
4 Ferric chloride hexahydrate Fecl3.6H2O 3 mg/l 
5 Calcium chloride monohydrate CaCl2.H2O 0.4 mg/l 
6 Aluminum potassium sulphate KAl (SO4)2.12H2o 60 mg/l 
7 Soudium dihydrogen Phosphate NaH2PO4 900 mg/l 

 
Table 2. Characteristics of Dairy Wastewater. 

 
Element  “Concentration*” “Unit” 

“BOD” 950 “mg/L” 

“COD” 1250 “mg/L” 

“Turbidity” 600 “NTU” 

“pH” (5,6,7,8) - 

“TDS” 1100 “mg/L” 

“TSS” 750 “mg/L” 

*Average of 3 values 
 

2.2 Preparation of Magnesium Chloride Solution 
As per the American Public Health Association (APHA) protocol for improving the coagulation process, 
magnesium chloride (MgCl₂) stock solutions were made by dissolving 100 grammes of MgCl₂ in one 
liter of distilled water, as per the APHA (1998) protocol for coagulation process improvement. This 
produced a stock solution with a concentration of 100 mg/L. Titration techniques were used to create 
four working concentrations (15, 30, 45, and 60 mg/L) from this stock. These concentrations were 
determined after conducting preliminary experiments to test the suitability of the substance in the required range, 
as the initial results showed that these ranges (15-60 mg/L) cover the effects to be measured without causing 
the deposition of large quantities, as well as for their effectiveness more than others. 

 
2.3 Preparation of natural coagulant solutions (Powder peels Apricot) 
Because of its high concentration of bioactive substances such proteins, polyphenols, and tannins, which aid in 
charge neutralization and bridging to destabilize suspended particles, apricot peel functions as a natural 
coagulant.  It is a viable substitute for chemical coagulants in wastewater treatment because of its many benefits, 
which include being easily available, affordable, biodegradable, and environmentally benign. For the purpose 



 WJES Vol. 13, No. 3, September 2025, pp.25-35 

28 

of this investigation, the seeds were extracted from Iraqi apricots that were gathered from apricot trees in the 
area. Following that, the seeds were washed with tap water and dried in an oven at a temperature of fifty degrees 
Celsius for a period of five hours. The seeds were then removed from the pulp, and just the outer shell was used 
for the purposes of this process. All of the pulp is left out. A flour mill machine is then used to smash the seeds, 
and the resulting powder is then filtered through a sieve with a 600-micron opening. To improve the coagulation 
process, solutions of stocks of this natural coagulant (seed Apricot coagulant) have been created by dissolving 
one liter of distilled water with one hundred grammes of Seed Powder. This was done in order to enhance the 
coagulation process. As a consequence of this, a seed coagulation solution with a concentration of one hundred 
milligrams per liter can be produced from one milliliter of this stock. This solution was filtered using filter paper 
with a micron size of one in order to guarantee that it was free of any particles that were still present. This was 
followed by the preparation of 10 different concentrations of coagulant seeds through the use of titration 
techniques. The concentrations ranged from 15, 30, 45, and 60 mg/l. A Memmert UN110 oven (made in 
Germany) with a temperature range of +30°C to +300°C and an accuracy of ±1°C was used for the drying 
process. In compliance with ASTM D2216-19, the samples were dried for 5 hours at 50°C to guarantee 
consistent weight accomplishment. For even heat distribution (±2°C), the oven has forced air circulation. As in 
Figure 1 below. 
 

 
Figure 2. Preparation of Apricot Seed Powder with a Sieve of 600 Microns. 

 
2.4 Experimental Procedure 
The four beakers in the jar test equipment used in this investigation have a capacity of each one 1000 milliliters.  
Comparative examination of various coagulants in water and wastewater treatment studies is made possible by 
this equipment, which simulates coagulation and flocculation processes under regulated mixing circumstances. 
The pH level directly affects the solubility of coagulants and the surface charge of particles, making it 
a crucial factor in the coagulation-flocculation process. pH values of 5, 6, 7, and 8 were examined in 
this study to see how well they removed contaminants from dairy effluent. According to the results, 
pH 6 is the ideal environment for optimizing coagulant performance, especially for both chemical and 
natural coagulants utilized in the treatment process. It consistently offered the maximum removal 
efficiency across the majority of parameters. 
The characteristics of each coagulant that contribute to coagulation, as well as the ideal dosage for each 
coagulant (magnesium chloride and powder peels apricot), were determined through the sedimentation test and  
the container. One flask was employed as a control, while the other was placed in cups. The quantities of each 
coagulant were varied, ranging from 15 to 60 mg/l. The samples were then subjected to rapid mixing at 120                                              
rpm for 2 minutes, followed by 25 minutes of slow mixing at (15) RPM. After it had been completely mixed, 
the flux was given permission to settle (ASTM, 1995). For a period of 45 minutes. The residual turbidity was 
determined by withdrawing samples from each beaker at a depth of 4 cm below the surface using a pipette. The 
removal effectiveness of each coagulant in lowering turbidity, TDS, TSS, BOD, and COD was used 
to calculate the optimal dosage. The optimal dosage was defined as the one that produced the best 
removal percentages across all of these metrics. After determining which is the best dose of magnesium 
chloride, the optimal combination percentage of these two coagulants (MgCL2 and powder peels apricot) is 
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determined by combining a fixed MgCL2 dose (optimal dose) with varying natural coagulation ranges from 15 
mg/L to 60 mg/L. In order to determine the optimal combining ratio of these two coagulants (Magnesium 
chloride and powdered peels apricot), the optimal dose was investigated with a range of normal coagulability 
from 15 mg/L to 60 mg/L. The application's removal of turbidity, TDS, TSS, BOD, and chemical oxygenation 
was investigated in relation to the optimal mixing dose ratios of chemical and natural coagulation formulations. 
The processes of fast and slow mixing and addition of chemical and natural coagulants are carried out in the jar 
test device as shown in Figure No. 2 below.   
 

 
Figure 3. Jar Testing Apparatus. 

 

 
Figure 4. Preparation of Samples for the Required Laboratory Examination. 

3 Results and discussion 

3.1 Identifying the Optimal Doses of Coagulants for the Removal of Turbidity, Total Dissolved Solids, 
BOD, and COD 

Using a jar tester, a series of experiments were completed in order to ascertain the ideal dose for every coagulant 
(magnesium chloride and powder peels apricot) in terms of turbidity, total dissolved solids, total soluble solids, 
chemical oxygen demand (COD), and elimination of COD. It was necessary to employ a range of concentrations 
for each coagulant, ranging from 15 mg/L to 60 mg/L individually. According to the findings of the study, the 
most effective doses for removing turbidity with MgCL2 and powder peels were from apricots. The effect of 
doses and the type of coagulants, whether chemical, natural or combined, is also shown in the detailed diagram 
in the figures below(4,5,6,7,8). 
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Table 3. Efficiency Removal of Contaminants Using the Chemical Coagulant MgCl2 

Pollutants Concentration of chemical coagulant MgCL2 Removal ratio 
turbidity 45 Mg/L 85% 

TDS 45 Mg/L 85% 
TSS 45 Mg/L 88% 
BOD 45 Mg/L 86.84% 
COD 45 Mg/L 83.20% 

 
Table 4. Efficiency Removal of Contaminants Using Natural Coagulant (Powder Peels Apricot). 

 
Pollutants Concentration of Natural Coagulant  

(powder peels apricot) 
Removal ratio 

turbidity 45 Mg/L 61.67% 
TDS 45 Mg/L 75.91% 
TSS 45 Mg/L 68% 
BOD 45 Mg/L 71.05% 
COD 45 Mg/L 68.80% 

 
 

 
 
 
 
 

  
Figure 6. Comparison of TDS Removal Efficiency Using MgCl2 and Natural Coagulant (Apricot Peels 

Powder) at Different Dosages. 
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Figure 5. Comparison of Turbidity Removal Efficiency Using MgCl2 and Natural Coagulant (Apricot 
Peels Powder) at Different Dosages 
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Figure 7. Comparison of TSS Removal Efficiency Using MgCl2 and Natural Coagulant (Apricot Peels 
Powder) at Different Dosages 

 

 
 

Figure 8. Comparison of BOD Removal Efficiency Using MgCl2 and Natural Coagulant (Apricot Peels 
Powder) at Different Dosages. 

 

 
 

Figure 9. Comparison of COD Removal Efficiency using MgCl2 and Natural Coagulant (Apricot Peels 
Powder) At Different Dosages. 
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3.2 Identifying the Optimal Doses of Combined Coagulants, Both Chemical and Natural, for the Removal 
of Turbidity, Total Dissolved Solids, Total Suspended solids, COD, and BOD  
To determine the ideal dose for a combination of the optimal fixed dose of magnesium chloride, it was 60 mg/l., 
and various doses of powder peels apricot, ranging from 15 mg/l to 60 mg/l, another set of experiments was 
carried out with the help of a jar test. The goal of these studies was to determine the optimal dose for the 
combination. The ideal mixing dose was 60mg/l of magnesium chloride and 45mg/l of apricot seeds. This 
combination of doses resulted in a turbidity clearance of up to 93%, as depicted in Figure 4. In contrast, a series 
of experiments were conducted by using a jar test in order to determine the ideal dose for a mixture of the 
optimal fixed dose of magnesium chloride, which was 15 mg/L, and various doses of apricot seeds, which 
ranged from 15 mg/L to 60 mg/L. The results of these experiments yielded the optimal dose for the mixture. As 
can be seen in Figure 5, the ideal mixing dose consisted of 15 mg/L of magnesium chloride and 45 mg/L of 
apricot seeds. This combination of doses results in a turbidity reduction ratio of up to 95.8%. These findings are 
consistent with those reported by (Gangwar et al.,2012), who demonstrated that the combination of natural and 
chemical coagulants significantly improved turbidity removal efficiency in dairy wastewater treatment [26]. 
The capacity of apricot peel powder to destabilize suspended particles through charge neutralization 
and inter-particle bridging processes is responsible for an exceptionally high level of turbidity 
reduction. This is in addition to the significant effect of the formation of Aluminium coagulation decomposition 
products, which is considered to be the most important reason for the destabilization of suspended solids. This 
information is illustrated in the detailed diagrams presented in the figures below (9, 10, 11). 
 

 
 

Figure 10. The Effect of Chemical Coagulant (MgCL2) Doses on the Efficiency of Removing Various 
Contaminants. 

 

 
 

Figure 10. The Effect of Natural Coagulant Doses on the Efficiency of Removing Various Contaminants. 
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Table 5. Efficiency Removal of Contaminants Using a Combination of Chemical Coagulant MgCl2 and 
Natural Coagulant (Powder Peels Apricot) 

 
Pollutants Concentration of chemical and Natural coagulant 

(MgCL2+ powder peels apricot) 
Removal ratio 

Turbidity 45+15 Mg/L 95.8% 
TDS 45+15 Mg/L 95% 
TSS 45+15 Mg/L 94% 
BOD 45+15 Mg/L 96% 
COD 45+15 Mg/L 94.7% 

 

 
Figure 11. The effect of Different Doses of Hybrid Coagulant (MgCl2 + Natural coagulant) on The Efficiency 

of Contaminant Removal. 
 

Table 6. Dairy Wastewater Quality Parameters: A Compliance Study with Iraqi Specifications (IQS) and 
World Health Organization (WHO) Standards. 

 
 

Parameters Unit Before treatment After treatment Iraqi 
Standards WQI 

Turbidity UNT 600 22 ≤ 5 NTU ≤ 5 NTU 
TDS Mg/L 1100 46 ≤ 1000 Mg/L ≤ 1000 Mg/L 
TSS Mg/L 750 24 < 10 < 10 
COD Mg/L 1250 43 < 100 Mg/L < 125 Mg/L 
BOD5 Mg/L 950 38 < 40 Mg/L < 20 – 30 Mg/L  

 

4 Conclusion 

The benefits and possible effectiveness of employing powder peel apricot as a natural coagulant for the 
pretreatment of wastewater from the dairy sector were assessed in this study. The powdered apricot seed showed 
encouraging characteristics in lowering COD and turbidity. It was mixed with magnesium chloride (MgCl₂), a 
widely used chemical coagulant, to improve therapeutic efficacy. With a removal effectiveness of 95.8%, the 
findings showed that the ideal combination dose for turbidity removal (from an initial concentration of 600 
NTU) was 60 mg/L , the combined dosage of 45 mg/L powder peels, apricot and 15 mg/L magnesium chloride 
demonstrated excellent pollutant removal efficiencies in dairy wastewater treatment. Turbidity, TDS, TSS, 
BOD₅, and COD were effectively reduced by 95.8%, 95%, 94%, 96%, and 94.7%, respectively. These results 
confirm the synergistic effect of using natural and chemical coagulants, highlighting their potential as an 
effective and sustainable solution for improving effluent quality. 
Study Contributions By showing how well apricot seed powder works as a natural coagulant for treating dairy 
effluent, both alone and in conjunction with artificial coagulants like MgCl2, this study advances the field. In 
order to maximize the removal of pollutants (TSS, TDS, BOD₅, COD, and turbidity), it emphasizes the best 
doses, mixing conditions, and pH levels. Limitations The study may not accurately reflect field differences 
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because it was carried out using synthetic dairy effluent in a controlled laboratory setting. Furthermore, 
only one kind of natural coagulant was investigated. Future Research should examine alternative 
locally accessible natural coagulants, evaluate long-term environmental effects, and examine sludge 
management techniques. It should also look into large-scale experimental applications utilising actual 
and industrial effluents. 
appendix A presents supplementary experimental data and procedural details that support the methodology and 
enhance the transparency of the study. 
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List of notations 
Abbreviations Meaning 

COD “Chemical Oxygen Demand” 
BOD “Biochemical Oxygen Demand” 
TDS “Total Dissolved Solids” 
TSS “Total Suspended Solids” 
PH “Power of Hydrogen” 

MgCL2 “Magnesium chloride” 
NTU Nephelometric Turbidity Unit 

APHA “American Public Health Association” 
WHO World Health Organization 
WQI Water Quality Index 
IQS Iraqi Quality Standards 
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