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Abstract. Laboratory wastewater contains organic and inorganic pollutants 

that can pollute the environment if not treated well. This study uses a 

coagulation-flocculation process to determine the proper operational 

condition for laboratory wastewater treatment in the Environmental 

Engineering Department of Institut Teknologi Sepuluh Nopember (ITS). 

The fluctuation of wastewater quality and quantity was observed 

consecutively for two weeks. Aluminum sulfate, poly aluminum chloride, 

and ferric chloride coagulant were applied with a pH variation, namely 6, 7, 

and 8, and a variation in coagulant dosage, namely 100, 300, and 500 mg/L. 

The quantity of wastewater produced is in the range of 918.33-32,045 L/day. 

Meanwhile, for the quality of wastewater, it has a pH in the range of 6.23-

8.79, TDS 260-788 mg/L, TSS 40-380 mg/L, COD 97-611.7 mg/L, Cr 

0.0174-0.2053 mg/L, Fe 0.29-7.55 mg/L, Hg 0-0.0000392 mg/L, and Pb 0-

0.084 mg/L. The results of this study showed that the optimum condition for 

the coagulation-flocculation process is using PAC coagulant, with the 

original pH of the wastewater being pH 6 and the coagulant concentration 

being 300 mg/L. In this treatment, the removal efficiency of TDS, TSS, and 

COD were 7.07%, 92.59%, and 27.45%, respectively.  

1 Introduction 

One of the facilities that generates wastewater is the laboratory. Laboratory wastewater can 

originate from the disposal of expired materials, used chemical residues, used water for 

washing equipment, and leftover test samples [1]. Laboratory wastewater contains organic 

and inorganic materials, such as varying pH, COD, TSS, TDS, and various heavy metals, 

such as chromium (Cr), iron (Fe), mercury (Hg), and lead (Pb) [2]. Wastewater from various 

laboratories will certainly have different quantities and qualities. The kind of practicum or 

research being done, the number of people, the intensity of laboratory use, and the amount of 

water utilized all have an impact on this difference [3]. In terms of quantity, laboratory 

wastewater has a relatively small volume. Nevertheless, wastewater treatment is still required 

even when laboratory wastewater has a tiny volume since the organic and inorganic 

components it contains might harm the environment if left untreated [4]. 

One method for eliminating organic contaminants from wastewater is coagulation. This 

process has several advantages, namely it has high efficiency, ease of use, low cost, and low 
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energy consumption [2,5]. The coagulation process involves dissolving chemicals 

(coagulants) in wastewater and rapidly stirring them to destabilize suspended solids and 

colloids to form microflocs. The interaction of microflocs that destabilizes them into 

macroflocs is known as flocculation [6]. Aluminum sulfate (Al2(SO4)3) is a commonly used 

coagulant. Aluminum sulfate in wastewater will bind negatively charged colloidal particles 

and disintegrate into a positively charged colloidal dispersion, forming flocs that can 

settle [7]. As a coagulant, aluminum sulfate has several benefits, including high efficiency, 

affordability, accessibility, and ease of use [8]. Other typical coagulants for the coagulation-

flocculation process include poly aluminum chloride (PAC) and ferric chloride (FeCl3), in 

addition to aluminum sulfate. Several benefits of PAC are high efficiency and can generate 

flocs quickly due to their strong positive electric charge [9]. On the other hand, FeCl3 

coagulant has several advantages, namely high efficiency at removing dissolved organic 

carbon (DOC), as well as having the capacity to create larger flocs, which speeds up the 

sedimentation process [10].  

There are five laboratories in the Environmental Engineering Department of ITS. These 

five laboratories’ wastewater will be gathered into one collection tank. Untreated laboratory 

wastewater can pollute the environment. Therefore, this study aims to determine the ideal 

operational conditions for the chemical processes used to handle laboratory wastewater from 

the Environmental Engineering Department of ITS. The chemical wastewater treatment 

process that will be used is the coagulation-flocculation process. The ideal operational 

conditions of this process are conditions with optimum pH and coagulant concentration. 

2 Materials and Method  

This study requires glassware, jar test, pH and TDS meter, spectrophotometer, heating block 

for COD analysis, vacuum pump, oven, desiccator, and analytical balance. Meanwhile, the 

materials needed are aluminum sulfate (SAP Chemicals), poly aluminum chloride (Netafarm 

German PAC), ferric chloride (SAP Chemicals), NaOH 10% (SAP Chemicals) for pH 

adjustment, aquadest, reagent for COD analysis, and filter paper (Whatman Filter Paper 

number 42). The two procedures used in this study are preliminary research and coagulation-

flocculation experiments. pH, TDS, TSS, COD, Chromium (Cr), Iron (Fe), Mercury (Hg), 

and Lead (Pb) are the wastewater quality parameters that need to be analyzed. The 

measurement methods used in this study can be seen in Table 1. 

Table 1. Wastewater Quality Measurement Methods 

Parameter Measurement Method 

pH pH meter 

TDS TDS meter 

TSS Gravimetry (SNI 06-6989.3-2004) 

COD Closed reflux spectrophotometrically (SNI 6989.2:2009) 

Iron (Fe) Spectrophotometer 

Chromium (Cr) 

Atomic Absorption Spectrophotometer (AAS) Mercury (Hg) 

Lead (Pb) 

  

2.1 Preliminary Research 

Preliminary research is divided into several parts, namely observation of wastewater quantity 

fluctuations, observation of wastewater quality fluctuations, and sampling for the 

coagulation-flocculation process. 
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2.1.1 Observation of Wastewater Quantity Fluctuations  

Observation of fluctuations in wastewater quantity was conducted during the active lecture 

period, especially when activities were carried out in the laboratory and several days after the 

lecture period was over, but there were still some studies carried out in the laboratory. This 

observation was carried out for 18 days. A pump with a 145 liters per minute capacity was 

used to pump water into the collection tank and the amount of time it took to pump until the 

tank was empty was recorded. The data obtained from this observation is the volume of 

wastewater. 

2.1.2 Observation of Wastewater Quality Fluctuations 

For two weeks, observation of wastewater quality fluctuations was done between the hours 

of 07.00 and 17.00. Wastewater was taken as much as 200 mL every hour. Samples collected 

on one day will then be combined and analyzed on the next day. The data obtained from this 

observation is the quality of wastewater. The wastewater quality parameters to be tested are 

pH, TDS, TSS, COD, and heavy metals (Cr, Fe, Hg, and Pb). 

2.1.3 Sampling for the Coagulation-Flocculation Experiments  

The samples used in the coagulation-flocculation experiments were taken from the collection 

tank. The samples taken were 30 liters. To assess the wastewater’s quality, a 400 mL sample 

was collected before treatment. The wastewater quality parameters to be tested are pH, TDS, 

TSS, and COD. 

2.1.4 Coagulant Preparation  

The preparation for each type of coagulant with a concentration of 500 mg/L as a stock 

solution by dissolving 0,25 grams into 500 mL of distilled water. The coagulant preparation 

with 100-400 mg/L, each as much as 100 mL, was carried out by dissolving a coagulant 

concentration of 500 mg/L into distilled water with the appropriate volume accordingly. 

 

2.2 Coagulation-Flocculation Experiments  

The coagulation-flocculation experiment used three coagulants, namely aluminum sulfate 

(Al2(SO4)3), poly aluminum chloride (PAC), and ferric chloride (FeCl3). These three 

coagulants were chosen because they are widely used, have a high efficiency in removing 

pollutants, and create faster and larger flocs [8–10]. 

A jar test and nine 1-litre beaker glasses, each containing 800 mL of wastewater, are used 

in the coagulation-flocculation process. Nine 1-litre beaker glasses were used for the 

experiment with details of three glasses each for the experiment using three types of 

coagulants, namely aluminum sulfate, PAC, and ferric chloride. Each type of coagulant has 

a pH variation, namely 6, 7, and 8, and a variation in coagulant dosage, namely 100, 300, and 

500 mg/L. This process is carried out in three stages following SNI 19-6449-2000, namely 

rapid mixing at a speed of 100 rpm for 1 minute, slow mixing at a speed of 40 rpm for 15 

minutes, and sedimentation for 30 minutes. Wastewater quality analysis will be carried out 

after the coagulation-flocculation process with samples of 400 mL for each treatment. The 

wastewater quality parameters to be tested are pH, TDS, TSS, and COD.  
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3 Results and Discussion 

For one month, laboratory research was carried out that covered preliminary research and 

coagulation-flocculation experiments. The collected data will be analyzed and examined, 

namely those about variations in wastewater quantity and quality and the coagulation-

flocculation experiments. 

3.1 Wastewater Quantity Fluctuations 

For 18 days, a variety of laboratory activities that impact wastewater production were used 

to observe variations in the amount of wastewater generated. Ten days during active lecture 

weeks, one day during exam week, and seven days during lecture holidays made up the 

specifics of data collected across these 18 days. Because there are typically fewer laboratory 

activities during lecture holidays than during active lecture hours, wastewater pumping is 

necessary every day because the volume of wastewater released daily is comparatively lower. 

Figure 1 shows the amount of wastewater generated over these 18 days. 

 
Fig 1. Wastewater Volume Fluctuations 

 

Based on Figure 1, it can be concluded that the volume of wastewater is fluctuating, 

ranging from 918.33 to 32,045 liters/day. The lowest volume is on the day of active lectures 

but no practical activities, namely on the sixth day, while the highest volume is when there 

is the use of a soxhlet extractor which produces a lot of water, namely on the first day. On 

the fourth dan fifth days, there are practical activities, where on both days the volume of 

wastewater ranges from 7,250 to 8,917.5 liters/day. On the 12th to 18th day, data collection 

was carried out when the lectures were off, so the pumping process was carried out when the 

collection tank was full. The time for the collection tank to be full can range from 2 to 9 

working days. These wastewater quantity fluctuation data show that laboratory wastewater 

has a varying volume per day. This can be influenced by several factors such as experiments 

being carried out in the laboratory, the amount of chemicals used, and the amount of waste 

from the experiment [3]. 
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3.2 Wastewater Quality Fluctuations 

For two weeks, the wastewater quality fluctuation survey was carried out. However, two to 

three samplings were conducted because the filter unit above the collection tank was 

disassembled on the 15th and 16th. The quality standards used for laboratory wastewater are 

based on the Regulation of the Minister of Environment (PERMENLH) of the Republic of 

Indonesia number 5 of 2014 concerning wastewater quality standards in attachment XLVII. 

In this regulation, there are no quality standards for laboratory wastewater, so the quality 

standards used are wastewater quality standards for businesses and/or activities that do not 

have established wastewater quality standards as seen in Table 2. 

Table 2. Laboratory Wastewater Quality Standards 

Parameter Unit Concentration 

pH  6.0 – 9.0 

TDS mg/L 2,000 

TSS mg/L 200 

COD mg/L 100 

Fe mg/L 5 

Cr mg/L 0.5 

Hg mg/L 0.002 

Pb mg/L 0.1 

 

Figure 2 shows the fluctuation of laboratory wastewater pH. From the graph, it can be 

seen that the pH of wastewater is still within the applicable standard quality range. The pH 

of wastewater is in the range of 6.23-8.79. Several types of laboratories, such as chemistry 

laboratories, biology laboratories, and others have a pH in the range of 6.60-8.10 [11]. While 

laboratories used for educational facilities have a range of pH between 8.30-8.58 [12,13]. 

Laboratories used for educational facilities are generally used for practicums and research 

that use various chemicals and different wastewater samples. 

 
Fig. 2. Laboratory Wastewater pH 

 

TDS concentration indicates the presence of dissolved solids in wastewater, such as 

mineral salts and dissolved organic matter [2]. Figure 3 shows the fluctuation of wastewater 

quality in TDS concentration. Based on Figure 3, the TDS concentration has met the quality 

standards. The TDS concentration of wastewater ranges from 260-788 mg/L. Several 

research state that laboratories used for educational facilities have a range of TDS 

concentrations between 480-549 mg/L [13,14]. 
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TSS concentration indicates the presence of undissolved solids that are difficult to settle. 

High TSS concentration can cause turbidity in wastewater [15]. Figure 4 shows the 

fluctuation of wastewater quality in TSS concentration. Based on Figure 4, the TSS 

concentration has mostly met the quality standards. The TSS concentration of wastewater 

ranges from 40-380 mg/L. Several research state that laboratories used for educational 

facilities have a range of TDS concentrations between 125-1,228 mg/L [14,16]. 

Figure 5 shows the fluctuation of wastewater quality in COD concentration. Based on 

Figure 5, the COD concentrations mostly do not meet the quality standards. The COD 

concentration of wastewater ranges from 97-611.7 mg/L. High COD concentrations indicate 

the large amount of organic pollutants contained in the wastewater that can be chemically 

oxidized [17]. 

Figure 6 shows the fluctuation of wastewater quality in Iron (Fe) concentration. Based on 

Figure 6, the Fe concentration has mostly met the quality standards. The Fe concentration of 

wastewater ranges from 0.29-7.55 mg/L. Wastewater that has a high concentration of heavy 

metal Fe generally has a reddish-brown color [18]. This statement follows the color of the 

wastewater sample with code 21 which is reddish-brown as seen in Figure 7. 

 
Fig. 3. Laboratory Wastewater TDS Concentrations 

 

 
Fig. 4. Laboratory Wastewater TSS Concentrations 
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Fig. 5. Laboratory Wastewater COD Concentrations 

 

 
Fig. 6. Laboratory Wastewater Iron (Fe) Concentrations 

 
Fig 7. Reddish-Brown Wastewater Sample 

 

Figure 8 shows the fluctuation of wastewater quality in Chromium (Cr) concentration. 

Based on Figure 8, the Cr concentration has met the quality standards. The Cr concentration 

of wastewater ranges from 0.0174-0.2053 mg/L. The presence of heavy metal Cr in 

laboratory wastewater can come from the chemicals used, for example the use of potassium 

dichromate (K2Cr2O7) for COD analysis [15]. 

Figure 9 shows the fluctuation of wastewater quality in Mercury (Hg) concentration. 

Based on Figure 9, the Hg concentration has met the quality standards. The Hg concentration 
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of wastewater ranges from 0-0.0000392 mg/L. Mercury is one of the hazardous wastewater 

quality parameters, even in small concentrations. This is because mercury can turn into the 

neurotoxin methyl-mercury which is dangerous for the nervous system [19]. 

Figure 10 shows the fluctuation of wastewater quality in Lead (Pb) concentration. Based 

on Figure 10, the Pb concentration has met the quality standards. The Pb concentration of 

wastewater ranges from 0-0.084 mg/L. The presence of heavy metal Pb in wastewater can 

accumulate so that it is very toxic and cannot be biologically decomposed [20]. 

 
Fig. 8. Laboratory Wastewater Chromium (Cr) Concentrations 

 

 
Fig. 9. Laboratory Wastewater Mercury (Hg) Concentrations 

 

 
Fig. 10. Laboratory Wastewater Lead (Pb) Concentrations 
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3.3 The Effect of pH and Coagulant Concentrations in Coagulation-
Flocculation Process 

Several factors, including the type of coagulant, the dosage of the coagulant, the pH, 

temperature, turbidity and TSS concentration, as well as the speed and duration of stirring, 

can affect the coagulation-flocculation process in wastewater treatment. These factors must 

be managed to create ideal conditions for the wastewater treatment process to achieve the 

highest pollutant removal efficiency [21]. The effect of different pH and adding different 

coagulant doses on the quality of laboratory wastewater using aluminum sulfate, PAC, and 

ferric chloride can be seen in Table 3, Table 4, and Table 5, respectively. 

3.3.1 Coagulation-Flocculation using Aluminum Sulfate 

From Table 3, it can be seen that there was a decrease in pH. The decrease in pH along with 

the increasing addition of coagulant concentration is caused by the hydrolysis process that 

produces hydrogen ions [22]. The chemical reaction of the hydrolysis process can be seen in 

the following reaction. 

Dissociation of aluminum sulfate: 

Al2(SO4)3 → 2Al3+ + 3SO4
2- 

Hydrolysis of aluminum ions: 

Al3+ + 3H2O ⇌ Al(OH)3 + 3H+ 

Deflocculation, or the inability to produce flocs that can settle properly and return to 

colloidal particles, will occur if an excessive amount of coagulant is added [23]. This 

statement is proven by the increasing concentration of TDS along with the increasing 

concentration of coagulant used. 

The addition of coagulant with a higher concentration can reduce the TSS concentration, 

this is because more coagulant molecules interact with suspended solids to become 

macroflocs which will then settle [6]. Meanwhile, the decrease in COD concentration can be 

caused by the ability of the coagulant to bind dissolved organic particles to become 

macroflocs and settle [24]. However, there are still optimum conditions where the TSS and 

COD removal efficiency has the highest percentage. This statement is proven by the addition 

of a coagulant concentration of 500 mg/L at pH 7 which causes the TSS and COD 

concentrations to increase again. 

In the coagulation-flocculation process, lowering the coagulant dose may result in 

ineffective removal of some pollutants. This occurs because more organic compounds may 

enter the solution as a result of the destabilization process of colloidal particles, which may 

release organic matter that was previously bound in the particles [25]. This statement is 

proven by the increase in COD concentration at pH 8 with the addition of a coagulant 

concentration of 100 mg/L.  

The use of aluminum sulfate as a coagulant will be effective if the wastewater being treated 

has a high alkalinity level and a pH between 5.5-8.5 [13].  This statement is proven by the 

fact that at pH 7, the TSS concentration can be reduced by more than 50%, while at pH 8, the 

COD concentration can be reduced by more than 60%. 

3.3.2 Coagulation-Flocculation using Ferric Chloride 

From Table 5, it can be seen that there was a decrease in pH. The decrease in pH along with 

the increasing addition of coagulant concentration is caused by the hydrolysis process that 

produces hydrogen ions [8]. The chemical reaction of the hydrolysis process can be seen in 

the following reaction. 

FeCl3 + 3H2O → Fe(OH)3 + 3H+ + 3Cl-
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Deflocculation, or the inability to produce flocs that can settle properly and return to 

colloidal particles, will occur if an excessive amount of coagulant is added  [23]. This 

statement is proven by the increasing concentration of TDS along with the increasing 

concentration of coagulant used. 

In the coagulation-flocculation process, lowering the coagulant dose may result in 

ineffective removal of some pollutants. This occurs because more organic compounds may 

enter the solution as a result of the destabilization process of colloidal particles, which may 

release organic matter that was previously bound in the particles [25]. This statement is 

proven by the increase in COD concentration at pH 6 with the addition of a coagulant 

concentration of 100, 300, and 500 mg/L. Meanwhile, the decrease in COD and TSS 

concentration can be caused by the formation of ferric chloride (Fe(OH)3) which can form 

flocs together with organic matter and other substance [2]. 

The use of ferric chloride as a coagulant will be effective if the wastewater being treated has 

a pH of 8 [26]. This is proven by the fact that at pH 6 there was no decrease in TSS and COD 

concentrations, but there was a significant decrease at pH 8. 

3.3.3 Pollutant Removal Efficiency in Coagulation-Flocculation Process 

The calculation of removal efficiency is used to see how much the concentration of pollutants 

in laboratory wastewater decreases. The optimum coagulant is obtained from the highest 

removal efficiency for TSS concentration, as well as cost considerations of coagulant 

concentration and pH adjustment. The highest removal efficiency is only seen in the TSS 

concentration because the coagulation-flocculation process is more effective in removing 

TSS than COD. Using the coagulation-flocculation process can remove TSS and COD by 

95% and 76%, respectively, according to research on wastewater treatment from paper 

mills [27]. The efficiency removal for the coagulation-flocculation process using aluminum 

sulfate, PAC, and ferric chloride can be seen in Table 6, Table 7, and Table 8, respectively. 

 

Table 6. Removal Efficiency for Coagulation-Flocculation Process using Aluminum Sulfate 

Coagulant pH 
Coagulant 

Concentration 

Removal Efficiency (%) 

TDS TSS COD 

Al2(SO4)3 

6 

100 mg/L 7.28 59.26 7.85 

300 mg/L 7.28 44.44 19.61 

500 mg/L 6.64 51.85 35.29 

7 

100 mg/L 5.57 62.96 23.53 

300 mg/L 5.35 66.67 58.82 

500 mg/L 4.50 55.56 15.68 

8 

100 mg/L 5.14 29.63 -94.12 

300 mg/L 5.14 48.15 15.68 

500 mg/L 4.71 44.44 62.74 

 

From Table 6, it can be seen that the highest removal efficiency of the TSS parameter 

was found in the coagulation-flocculation process using an aluminum sulfate coagulant with 

a pH of 7 and a coagulant concentration of 300 mg/L. However, in this treatment, pH 

adjustment is needed to increase the pH from the initial pH, which is 6 to 7. 

From Table 7, it can be seen that the highest removal efficiency in TSS parameters is 

found in three treatments, namely the coagulation-flocculation process using PAC coagulant 

with pH 6 and coagulant concentrations of 300 and 500 mg/L and also at pH 8 and a 
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concentration of 300 mg/L. In the treatment using PAC coagulant, the optimum coagulant 

selection is at pH 6 and a coagulant concentration of 300 mg/L. The reason for this selection 

is because this treatment does not require a higher coagulant concentration and pH 

adjustment. 

Table 7. Removal Efficiency for Coagulation-Flocculation Process using Poly Aluminum Chloride 

Coagulant pH 
Coagulant 

Concentration 

Removal Efficiency (%) 

TDS TSS COD 

PAC 

6 

100 mg/L 7.49 77.78 0.00 

300 mg/L 7.07 92.59 27.45 

500 mg/L 6.21 92.59 31.38 

7 

100 mg/L 5.57 85.19 35.29 

300 mg/L 5.14 77.78 66.67 

500 mg/L 4.50 85.19 70.59 

8 

100 mg/L 5.57 88.89 50.98 

300 mg/L 4.50 92.59 74.51 

500 mg/L 3.85 88.89 90.20 

 

Table 8. Removal Efficiency for Coagulation-Flocculation Process using Ferric Chloride 

Coagulant pH 
Coagulant 

Concentration 

Removal Efficiency (%) 

TDS TSS COD 

FeCl3 

6 

100 mg/L 7.71 77.78 -35.29 

300 mg/L 6.64 66.67 -35.29 

500 mg/L 5.57 62.96 -7.85 

7 

100 mg/L 5.78 81.48 66.67 

300 mg/L 4.71 70.37 78.44 

500 mg/L 4.07 77.78 82.35 

8 

100 mg/L 5.14 74.07 35.29 

300 mg/L 3.64 77.78 82.35 

500 mg/L 8.99 44.44 78.44 

 

From Table 8, it can be seen that the highest removal efficiency of the TSS parameter 

was found in the coagulation-flocculation process using a ferric chloride coagulant with a pH 

of 7 and a coagulant concentration of 100 mg/L. However, in this treatment, pH adjustment 

is needed to increase the pH from the initial pH, which is 6 to 7. 

The efficiency of COD removal in some treatments was negative because there was an 

increase in COD concentration compared to the initial concentration. This is because more 

organic compounds may enter the solution as a result of the destabilization process of 

colloidal particles, which may release organic matter that was previously bound in the 

particles [25]. Based on the highest efficiency for TSS parameter and cost considerations in 

the coagulation-flocculation process using aluminum sulfate, PAC, and ferric chloride, the 

optimum condition is in the process using PAC coagulant, with the original pH of the 

wastewater being pH 6 and the coagulant concentration being 300 mg/L. In this treatment, 

the removal efficiency of TDS, TSS, and COD were 7.07%, 92.59%, and 27.45%, 

respectively. 
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4 Conclusion 

The wastewater volume data gathered from 18 days of observations of wastewater volume 

fluctuations ranged from 918.33 to 32,045 L/day. One of the many possible causes of these 

fluctuating results is the kind of laboratory experiment that was carried out. 

Observations of wastewater quality fluctuations conducted for 14 days obtained pH 

ranging from 6.23-8.79, TDS 260-788 mg/L, TSS 40-380 mg/L, COD 97-611.7 mg/L, Cr 

0.0174-0.2053 mg/L, Fe 0.29-7.55 mg/L, Hg 0-0.0000392 mg/L, and Pb 0-0.084 mg/L. 

The optimum condition for the coagulation-flocculation process is using PAC coagulant, 

with the original pH of the wastewater being pH 6 and the coagulant concentration being 300 

mg/L. In this treatment, the removal efficiency of TDS, TSS, and COD were 7.07%, 92.59%, 

and 27.45%, respectively. 
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