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ABSTRACT 
 
Liquid waste from the cracker industry which is directly discharged into water bodies without prior 
treatment will cause water pollution which is characterized by a decrease in water quality. One alternative 
to reduce pollutant compounds biologically is to use the phytoremediation method. Phytoremediation is 
plant-mediated uptake of pollutants. This study aims to determine the best concentration of EM4 which is 
in symbiosis with Chlorella sp. in the process of reducing pollutant wastewater from the cracker industry. 
This study used a completely randomized design with five treatments and three replications. These 
treatments included PA (without adding EM4), PB (adding EM4 10 ml), PC (adding EM4 15 ml), PD (adding 
EM4 20 ml), PE (adding EM4 25 ml). The data obtained was analyzed statistically using Analysis of 
Variance (ANOVA). If the calculated F is greater than the F table then proceed with the Duncan's Multiple 
New Range Test (DNMRT) at the 5% level. The results showed that the addition of Chlorella sp. 800 ml 
(11,8 x 10

6 
cells/ml) and the addition of 25 ml of EM4 is the best concentration in reducing the pollutant 

content of the cracker industrial wastewater. The PE treatment (EM4 25 ml) had a percentage decrease in 
the value of BOD5 83.82%, Ammonia of 99.91%, Phosphate of 95.78%, CO2 of 97.78%, and increased 
the density of Chlorella sp. to 52.08 x 106, DO from 1.7 mg/L to 5.9 mg/L, pH to 8.2, and temperature to 
28.8°C. However, the BOD5 value is still very far above the quality standard so that it does not meet the 
quality standard according to Government Regulation No. 22 of 2021 Class II and Class III concerning the 
implementation of environmental protection and management for fishing activities. 
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1. INTRODUCTION 
 
Indramayu Regency is the northern coastal area of West Java with a beach length of 114 km, so it has great potential in 
the fisheries sector [5]potential fish processing industry in Indramayu is the fish/shrimp cracker processing industry. In 
Indramayu Regency, the production of fish/shrimp cracker processing has the highest production, which is equal to 
45.20% of the total production of processed fishery products [11].One of the villages which is the center of the fish/shrimp 
cracker processing industry is SindangDistrict. Cracker Fcatory Xis a cracker factory that has the second largest 
production among other companies with a total production of 545 tons per year(Indramayu Regency Industry and Trade 
Cooperative Service, 2010) 
The existence of a cracker processing unit in IndaramyuRegency has a positive impact, but it also has a negative impact, 
namely in the form of environmental pollution due to liquid waste that is not treated properly so that the waterways around 
the location of the cracker industrial center are black and smell bad [1]. 
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The liquid waste generated in the cracker processing process comes from the process of washing fish/shrimp, washing 
the cracker production equipment, and steaming residual water so that the liquid waste produced by the cracker industry 
is organic liquid waste [1].The liquid waste from the shrimp/fish cracker industry generally contains many nutrients in the 
form of protein, carbohydrates, fat, crude fiber, mineral salts, calcium, and phosphorus [17]. 
 
Judging from the characteristics of the organic compounds from the cracker industrial wastewater, if the waste is left alone 
without processing it will pollute the environment around the industry. This of course will disturb the aquatic ecosystem 
causing a decrease in the DO content in the water, so that organisms in the environment lack oxygen which for a certain 
period of time will be dangerous. 
 
One alternative to be able to maintain water quality and reduce organic waste compounds in the cracker industry is 
phytoremediation. Phytoremediation is defined as plant-mediated uptake of pollutants by means of destruction, 
inactivation or immobilization of pollutants into harmless forms [4]. This method can be done by using organisms that can 
reduce organic waste. One of them is the type of microalgaeChlorella sp.Chlorella sp. is one of the selected microalgae 
as organisms for handling organic liquid waste because it can reproduce quickly which is very much determined by the 
availability of nutrients, besides thatChlorellasp. easy to cultivate, produces oxygen through photosynthesis, and contains 
high protein with the main component of amino acids [2].Chlorella sp. need light and CO2 to photosynthesize. CO2needs 
 obtained from other microorganisms such as bacteria because they are able to convert complex carbohydrates into 
CO2so that it can be used by microalgae for photosynthesis. EM4 consists of five groups of microorganisms namely, 
photosynthetic bacteria,Lactobacillus sp., Streptomices sp., yeast, andActynomictes[13]. Apart from being a supplier of 
CO2and N  for microalgae, EM4 can also be used to reduce pollutants [12]. The presence of EM4 in wastewater can 
degrade organic compounds faster than using only natural microorganisms [16]. 
 
Growth mediaChlorella sp. not a land with special water, but sufficient water containing nitrogen and rich in organic matter 
[9]. Based on these characteristics, the cracker industrial wastewater is one of the possible materials to be used as a 
growing mediumChlorella sp. The addition of EM4 to liquid waste aims to accelerate the pollutant reduction process. So 
this study aims to reduce the levels of contaminants in the cracker industrial wastewater usingChlorella sp.with the 
addition of EM4 
 

2. METHODOLOGY 
 

2.1 Time and Place of Research 

 
In-situ observations were carried out at the Cracker Factory X in IndramayuRegencywhich included measurements of 
temperature, pH, DO, and CO2 in cracker liquid waste before treatment. MeanwhileEx-situ observation carried out at the 
Laboratory of Water Resources Management FPIK Padjadjaran University which includes BOD measurements5, 

Ammonia, Phosphate, and Density Chlorella sp. 
 

2.2Materials 
 
The main ingredients used are samples of cracker industrial wastewater, Chlorella sp., EM4, Walne fertilizer, distilled 
water, O2 reagent, MnSO4, H2SO4, PP indicator, NaoH, signette, Nessler, SnCl2 solution. The tools used in this study 
werejirrigation, pH meter, DO meter, thermometer, 2.5 L jars, aerator, microscope, haemocytometer, 40 Watt TL lamp, 
winkler bottle, erlenmeyer, incubator, burette, dropper pipette, test tube, spectrophotometer. 
 

2.3Research Methods 
 
2.3.1Container Preparation 
 
Container to be used sterilized by washing, then sprayed with 70% alcohol. 
 
2.3.2Cultivation Chlorella sp. 
 
Initial inoculantChlorella sp. got from oneecommerce who came from Depok City.Calculation of stock density is carried out 
athaemocytometer and observed using a microscope with a magnification of 40 times with 3 repetitions.Density 
calculation formulaChlorella sp. method is usedSmall block (Satyantini et al., 2012). 
 

D= 
𝐧𝐀+𝐧𝐁+𝐧𝐂+𝐧𝐃+𝐧𝐄

𝟓(𝟒𝐱𝟏𝟎−𝟔)
 

D    : densityChlorella sp. (sel/ml) 
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nA + nB + nC + nD + nE : amount ofChlorella sp. in boxes A, B, C, D and E 
5    : number of squares counted 
4 x 10−6   : small box area A, B, C, D, dan E 
 
According to Ekawati (2005), to determine the volume of stock culture added to the culture media, the following formula 
can be used: 

𝑽𝟏 = 
𝑽𝟐 𝒙 𝑵𝟐

𝑵𝟏
 

V1 : Inoculant volume for initial stocking (ml)  

N1 : Inoculant stock density ofChlorella sp. (sel/ml)  
V2 : Volume of culture media to be used (ml)  

N2 : Chlorella sp. inoculant density required (sel/ml) 
 
Cultivation is done by adding Chlorella sp. and distilled water whose volume is adjusted to a 1 L sterile container of 12 
pieces. Walne fertilizer was added [20]. Culture was carried out until Chlorella sp. reach a population peak. This culture 
must be given light in the form of a 40 watt fluorescent lamp and provided with aeration so that the algae seeds can carry 
out photosynthesis and continue to reproduce [10]. 
 
2.3.3Liquid Waste Sampling 
 
Samples of cracker industry wastewater were taken from settling ponds at the Cracker Factory X, IndramayuRegency. 
Liquid waste samples were taken as much as 20 liters using black jerrycan. In situ measurements of temperature, DO, 
and pH of the cracker liquid waste samples were carried out. Furthermore, the cracker industry liquid waste was brought 
to the Aquatic Resources Laboratory of FPIK UNPAD to be analyzed for levels of BOD5, Ammonia and Phosphate before 
adding Chlorella sp. and EM4. 
 
2.3.4Treatments 

 
The research design used was a completely randomized design (CRD) consisting of 5 treatments and 3 replications. As 
much as 1 liter of cracker industry liquid waste is put into the treatment container. Then additionChlorella sp. refers to [14] 
namely by addingChlorella sp. which was harvested at the peak of the population as much as 800 ml with a cell density of 
11.8 x 10

6 
cells/ml as well as the addition of EM4 according to the treatment into the cracker industrial wastewater. Then 

left for 7 days. BOD5,  CO2, Ammonia, Phosphate, pH, and Temperature were analyzed [16]. 
PA: Chlorella sp. 800 ml (cell density 11.8 x 10

6
 cells/ml) and 1L of cracker industry wastewater without EM4 

PB: Chlorella sp. 800 ml (cell density 11.8 x 10
6 
cells/ml) and 1L of cracker industrial wastewater + 10 ml of EM4 

PC: Chlorella sp. 800 ml (cell density 11.8 x 10
6 
cells/ml) and 1L of cracker industrial wastewater + 15 ml of EM4 

PD: Chlorella sp. 800 ml (cell density 11.8 x 10
6 
cells/ml) and 1L of cracker industrial wastewater + 20 ml of EM4 

PE: Chlorella sp. 800 ml (cell density 11.8 x 10
6 
cells/ml) and 1L of cracker industrial wastewater + 25 ml of EM4 

 

2.4Parameters Observation 

 
The remediation process was carried out for 7 days. Parameters measured to analyze water quality are BOD5, DO, CO2, 
Ammonia, Phosphate, pH, and Temperature. Parameters DO, CO2, pH, and temperature were observed every day for 7 
days. While BOD5, ammonia, and phosphate were observed on days 0 and 7.Then the biological parameters in the form 
of calculating the density of Chlorella sp. carried out until the 7th day. The formula for calculating the density of Chlorella 
sp. The method used is the Small block method. 
 

2.5 Data Analysis 
 
The test results for BOD5, ammonia, phosphate and the density of Chlorella sp. in this study were analyzed statistically 
using Analysis of Variance (ANOVA). If the data obtained is Fcount ≥ Ftable then a further test is carried out with the 
Duncan's New Multiple Range Test (DNMRT) at the 5% level. In addition, water quality data in the form of DO, CO2, pH, 
and temperature were analyzed using descriptive analysis. 
 

3. RESULTS AND DISCUSSION 
 

3.1Characteristics of Cracker Industry Liquid Waste 
 
The characteristics of the cracker industrial wastewater at the Cracker Factory X before treatment are shown in Table 1. 
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Table 1. Characteristics of Cracker Industry Liquid Waste at the Cracker Factory X 
    

Observation 
Parameters 

Test Results Quality 
standards* 

Unit 

BOD5 910 3* mg/L 
DO 1,7 4* mg/L 
CO2 176 < 5** mg/L 

Amonia 12,97 0,2* mg/L 
Phospate 1,58 0,2* mg/L 

pH 6 6-9*  
Temperature 29,3 DEV 3* °C 

*PP RI No. 22 of 2021 concerning the implementation of environmental protection and management in class II for fishing activi ties 
** Effendi 2003 for the benefit of fisheries 

 

From Table 1. it can be seen that the high pollutant content of the cracker industrial wastewater, there are 5 parameters 
that show that it is not in accordance with the quality standards. The results of the characterization of the cracker industrial 
wastewater at the Cracker Factory X, Indramayu Regency, indicates that the liquid waste is not feasible if it is discharged 
directly into the waters because it can pollute the waters. 
 

3.2 The Density of Chlorella sp. 
 
Fig 1. Shows that the average cell density increased during the 7 days of observation. The increase in cells indicates that 
the microalgae Chlorella sp. can adapt and grow in the cracker industry liquid waste. According to Afifah et al., (2020) 
microalgae need nutrients such as N-ammonia, N-nitrate, N-nitrite, phosphate and other inorganic nutrients in the culture 
media used for growth. 
 

 

 
Fig 1. Daily Density Chlorella sp. 

 
Cell density on PA (Control) showed an increase in cells that were not as much as in the treatment with the addition of 
EM4.The treatment of PE (EM4 25 ml) with the addition of more EM4 concentrations will help degrade organic matter into 
inorganic materials, which can then be utilizedChlorella sp. for cell development. The more the number of bacteria, the 
more simple inorganic compounds such as carbon, nitrogen and phosphorus produced from bacterial activity which will 
then be directly utilized by microalgae. So that increasing the number of bacteria will also increase the number of 
microalgae [15]. In addition, the microorganisms contained in EM4 are able to inhibit the growth of pathogenic 
microorganisms by releasing antibiotic compounds. 
 
Based on the results of the Anova test, it was found that F count (1305.34) > F table (3.48), then H0 was rejected and H1 
was accepted. This shows that the addition of different EM4 has a significantly different effect on densityChlorella sp. In 
this study, the treatment of PE (EM4 25 ml) is the best treatment in increasing cell densityChlorella sp. because the 
number of cells on the last day of observation on the 7th day resulted in the highest density of 52.08 ± 0.42 x 10

6
sel/ml. 

3.3 Biochemical Oxygen Demand (BOD5) 
 



 

 

 
Fig 2. BOD5Value 

 
 
Fig 2. shows that the value of BOD5 will be lower with the addition of more and more EM4. In the treatment of PA (Control) 
BOD value5 can be reduced although not as much as the treatment with the addition of EM4, this is due to the lack of 
microorganisms that can decompose the cracker industrial wastewater.According to [21], microorganisms in liquid waste 
use oxygen molecules to oxidize organic matter. The process of photosynthesis is carried outChlorella sp. will produce 
oxygen that can be used by microorganisms in EM4 to help the decomposition process of organic matter. There is 
cooperation betweenLactobacillus sp. Saccharomyces sp. contained in EM4 is able to ferment organic matter into lactic 
acid compounds [18]. In addition, the help of protease enzymes from various types of microbes found in EM4 plays a role 
in the process of breaking down proteins into ammonia, nitrites, nitrates, and CO2[18].BOD value5 in each treatment is still 
high and still very far from the quality standard 
 
Based on the results of the Anova test, it was found that F count (959.11) > F table (3.48), then H0 was rejected and H1 
was accepted. This shows that the addition of different EM4 has a significantly different effect on the reduction of BOD5. In 
this study, the treatment of PE(EM4 25 ml) is the best treatment in reducing the BOD5content in the cracker industry 
wastewater due to a decrease in BOD values5 produced has the greatest percentage of 83.81% with a value BOD5 147 ± 
3.70 mg/L, although it still does not meet the quality standard. 
 

3.3 Dissolved Oxygen (DO) 
 
Table 2. Average Daily DO During the Study 

 
The increase in DO value is thought to be due to the large supply of oxygen from the photosynthesis processChlorellasp.. 
Table 2. shows that the more EM4 is added, the resulting DO value will increase. The highest DO value was found in the 
P treatmentAND with a DO content of 5.9 ± 0.1 mg/L. 
 

Treatments 
DO (mg/L) 

D+1 D+2 D+3 D+4 D+5 D+6 D+7 

PA (Control) 1,8 ± 0,1 1,9 ± 0,0 2 ± 0,1 2,2 ± 0,1 2,3 ± 0,0 2,5 ± 0,0 3,1 ± 0,1 

PB (EM4 10 ml) 1,9 ± 0,0 2,4 ± 0,0 2,7 ± 0,1 3 ± 0,0 3,1 ± 0,1 3,6 ± 0,1 3,8 ± 0,0 

PC (EM4 15 ml) 2 ± 0,0 2,8 ± 0,1 3,5 ± 0,0 3,6 ± 0,1 4,1 ± 0,0 4,3 ± 0,1 4,8 ± 0,0 

PD (EM4 20 ml) 2,2 ± 0,0 3,2 ± 0,1 3,9 ± 0,0 4,1 ± 0,1 4,5 ± 0,0 4,9 ± 0,0 5,3 ± 0,0 

PE (EM4 25 ml) 2,4 ± 0,0 3,7 ± 0,1 4 ± 0,0 4,2 ± 0,0 4,8 ± 0,1 5,3 ± 0,0 5,9 ± 0,1 

 
Photosynthesis processChlorella sp. assisted by bacteria on EM4. The important role of bacteria contained in EM4 can 
produce simple compounds such as CO2, nitrogen and phosphorus that are easily absorbed byChlorella sp.. In line with 
[16], the more CO2 The resulting product can support the process of photosynthesisChlorella sp. the end product is 
oxygen. This is what causes the DO value to increase from the beginning of the liquid waste test until the last observation 
on the 7th day which indicates that the water quality is getting better. 

908.6

[VALUE][VALUE]
[VALUE][VALUE][VALUE][VALUE]

[VALUE][VALUE]

[VALUE][VALUE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

3

6

B
O

D
 (

m
g

/L
)

Treatments

Class II Quality Standard Class III Quality Standard



 

 

 

3.4Carbondioxide (CO2) 
 
 
CO2 concentration experienced a decrease in value in all treatments.Table3. shows that the value of CO2 will be lower 
with the addition of higher EM4. CO2valueon the treatment of PD (EM4 20 ml) and PE (EM4 25 ml) on the last day of 
observation, namely 4.9 ± 0.2 mg/L and 3.9 ± 0.7 mg/L, so that it is in accordance with the levels of carbon dioxide (CO2) 
which is intended for fishing activities which should be less than 5 mg/L [6].If more than that is very dangerous because it 
inhibits the binding of oxygen. 
 

Table 3. Average Daily CO2During the Study 
 

 

Perlakuan 
CO2 (mg/L) 

H+1 H+2 H+3 H+4 H+5 H+6 H+7 

PA (Kontrol) 170,1 ± 5,1 105,6 ± 0,0 88 ± 0,0 43,4 ± 1,0 33,7 ± 2,5 17,6 ± 0,0 10 ± 0,0 

PB ( EM4 10 ml) 132 ± 0,0 100,3 ± 1,6 61,6 ± 0,0 41,1 ± 5,1 20,8 ± 1,0 13,2 ± 0,0 8,6 ± 0,0 

PC (EM4 15 ml) 108,5 ± 5,1 88 ± 0,0 48,4 ± 4,4 26,4 ± 0,0 19,6 ± 2,2 8,8 ± 0,0 6,1 ± 0,0 

PD (EM4 20 ml) 99,7 ± 5,1 83,6 ± 4,4 36,7 ± 2,5 22,9 ± 1,5 7,9 ± 0,0 7 ± 0,0 4,9 ± 0,2 

PE (EM4 25 ml) 88 ± 0,0 73,3 ± 5,1 41,3 ± 1,5 23,5 ± 2,5 8,8 ± 0,0 5 ± 0,3 3,9 ± 0,7 

 
Reduction CO2 in each treatment occurs becauseChlorella sp. using CO2 as the main carbon source to synthesize new 
cells and release O2 through the mechanism of photosynthesis. In treatment with the addition of EM4 can reduce CO2 
more than without the addition of EM4 because there is a symbiosis betweenChlorella sp. and EM4. Dissolved oxygen is 
generatedChlorella sp. from the photosynthesis process will be used by bacteria in EM4 to oxidize organic matter in the 
cracker industrial wastewater to produce simple compounds such as CO2 which can support the process of 
photosynthesisChlorella sp., this will speed up the process of decomposing pollutants in waste [16].[15] that increasing 
the number of bacteria will also increase the density of microalgae which affects the reduction of CO2.  
 

3.5 Ammonia (NH3) 
 

 
Fig3. Ammonia Value 

 

PA treatment (Control) without the addition of EM4 can still reduce the value of ammonia because ammonia compounds 
are needed by microalgae for growth. In accordance with Mawaddah (2016), ammonia is the main source of nitrogen 
compounds needed by microalgae for metabolic processes and the formation of new cells.Based onin Fig 3. that by 
administering EM4 at various doses is able to reduce ammonia in wastewater and the more EM4 added, the greater the 
decrease in ammonia levels. The collaboration of Lactobacillus sp. with Saccharomyces sp. can ferment organic matter 
into simpler compounds so that it tends to decompose organic matter more quickly. 

12.97

[VALUE][VALUE] ±

[VALUE][VALUE] 
[VALUE][VALUE] [VALUE][VALUE] 

[VALUE][VALUE] 

0.2

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

[CELLRANGE]

Initial Amonia PA (Control) PB (EM4 10 
ml)

PC (EM4 15 
ml)

PD (EM4 20 
ml)

PE (EM4 25 
ml)

A
m

o
n

ia
 (

m
g

/L
)

TreatmentsClass II Quality Standard



 

 

 
In addition, the decreased ammonia levels occurred due to the presence of Rhodopseudomonasbacteria on EM4. [8] 
suggested that in addition to being able to carry out photosynthetic processes, Rhodopseudomonas bacteria also use 
ammonia as an energy source and form cells in the nitrification process. The increase in dissolved oxygen obtained from 
the photosynthesis of Rhodopseudomonas and Chlorella sp. will increase the oxidation process of ammonia thereby 
lowering ammonia levels. Lower ammonia levels are followed by reduced odor in liquid waste due to the activity of 
Rhodopseudomonas bacteria [7]. 
 
Based on the results of the Anova test, it was found that F count (2413.00) > F table (3.48), then H0 was rejected and H1 
was accepted. This shows that the addition of different EM4 has a significantly different effect on the reduction of 
ammonia.In this study, the PE treatment (EM4 25 ml) was the best treatment in reducing the ammonia content in the 
cracker industrial wastewater because the reduction in the value of ammonia produced had the greatest value of 99.91% 
with an ammonia value of 0.012 ± 0.002 mg/L. 
 
3.6Phospate (PO4) 
 

 
Fig. 4 Phospate Value 

 
Based on the measurement of phosphate after 7 days the phytoremediation process decreased in value in all treatments. 
Fig 4. shows that the phosphate value will be lower with the addition of higher EM4.In the treatment with the addition of 
EM4, the decrease in phosphate concentration in the cracker industrial wastewater occurred due to the mutualistic 
symbiosis of Chlorella sp. with bacteria on EM4.[21] the presence of EM4 which contains phosphate solubilizing bacteria 
will help the process of dissolving organic phosphate so that it can produce higher levels of phosphorus so that it is easily 
absorbed by microalgae. The high level of absorption of phosphate levels in all treatments was followed by a high 
population of Chlorella sp. According to [3] phosphate is often considered a limiting factor because phosphate is very 
much needed in the transfer of P within the cells of organisms for cell division and formation of biomass. 
 
Based on the results of the Anova test, it was found that F count (27.47) > F table (3.48), then H0 was rejected and H1 
was accepted. This shows that the addition of different EM4 has a significantly different effect on the decrease in 
phosphate values.In this study, the PE treatment (25 ml EM4) was the best treatment in reducing the phosphate content 
in the cracker industrial wastewater because the reduction in the resulting phosphate value had the greatest percentage 
of 95.76% with a phosphate value of 0.067 ± 0.015 mg/L. 
 

3.7Potential of Hydrogen (pH) 
 

  
The pH value in each treatment has increased and the pH value is still within the quality standard. The average final pH 
value on the 7th day was 7.0 - 8.2. The degree of acidity (pH) in each treatment increased in line with the number of 
additions of EM4. 
 
 
Table 4. Average Daily pH During the Study 
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Treatments 
pH 

D+1 D+2 D+3 D+4 D+5 D+6 D+7 

PA (Control) 6 ± 0,0 6,5 ± 0,0 6,5 ± 0,1 6,6 ± 0,0 6,7 ± 0,1 6,7 ± 0,0 7 ± 0,1 

PB (EM4 10 ml) 6,5 ± 0,0 6,6 ± 0,0 6,7 ± 0,0 6,9 ± 0,0 7 ± 0,1 7,1 ± 0,0 7,3 ± 0,1 

PC (EM4 15 ml) 6,6 ± 0,0 6,7 ± 0,0 6,8 ± 0,1 6,9 ± 0,0 7,1 ± 0,1 7,2 ± 0,0 7,6 ± 0,2 

PD (EM4 20 ml) 6,7 ± 0,1 6,8 ± 0,0 6,9 ± 0,0 7,1 ± 0,0 7,2 ± 0,0 7,3 ± 0,1 7,8 ± 0,1 

PE (EM4 25 ml) 7,1 ± 0,6 6,9 ± 0,0 7,2 ± 0,1 7,4 ± 0,0 7,5 ± 0,0 7,7 ± 0,0 8,2 ± 0,3 

 
 
The pH value in the PAwithout the addition of EM4 also increases, this proves that the process of photosynthesisChlorella 
sp. can increase the pH value of liquid waste.In the treatment with the addition of EM4, the pH experienced a higher 
increase. The more organic matter that is broken down by bacteria, the more CO2 generated and then usedChlorella sp. 
for the process of photosynthesis. CO2 absorption by microalgae causes a decrease in CO2concentration and resulted in 
an increase in the pH value [16]. 
 

3.7Temperature 
 
After the phytoremediation treatment was carried out for 7 days, there was no significant change in temperature in all 
treatments. Optimum temperature for growthChlorella sp. which ranges from 25-30°C [2]. An increase of every 1°C from 
the ideal range can reduce processing efficiency, resulting in an increase in the toxicity of pollutants to aquatic organisms. 
 
Table 5. Average Daily Temperature During the Study 
 

Treatments 
Temperature (°C) 

D+1 D+2 D+3 D+4 D+5 D+6 D+7 

PA (Control) 27,5 ± 0,2 27,8 ± 0,1 28 ± 0,0 28 ± 0,2 28,1 ± 0,1 28,1 ± 0,1 28,2 ± 0,1 

PB (10 ml) 28.2 ± 0,2 28,3 ± 0,1 28,2 ± 0,2 28,2 ± 0,3 28,5 ± 0,1 28,5 ± 0,1 28,6 ± 0,0 

PC (15 ml) 28,2 ± 0,1 28,4 ± 0,1 28,3 ± 0,1 28,3 ± 0,1 28,5 ± 0,1 28,5 ± 0,1 28,6 ± 0,1 

PD (20 ml) 28,4 ± 0,2 28,5 ± 0,2 28,6 ± 0,2 28,4 ± 0,3 28,5 ± 0,4 28,5 ± 0,3 28,5 ± 0,2 

PE (25 ml) 28,6 ± 0,2 28,6 ± 0,3 28,5 ± 0,3 28,5 ± 0,3 28,6 ± 0,3 28,5 ± 0,1 28,8 ± 0,1 

 

Daily temperature in this study ranged from 27.5 – 28.8 °C, which means that the temperature in each treatment was 
included in the ideal temperature for the phytoremediation process, which was no more than 30°C. Therefore, microalgae 
and bacteria can reproduce well so that they can carry out the process of photosynthesis and are able to absorb 
contaminants properly 
 

3.8Best Treatments 
 
Cracker industry liquid waste that has been treated with a phytoremediation process for 7 days usingChlorella sp. 800 ml 
(cell density 11.8 x 10

6
 cells/ml) and EM4 at various doses, there was an improvement in water quality in all parameters. 

The results of the recapitulation of changes in all parameters in each treatment are presented in Table 5. 
 
Table 6. Results of recapitulation of changes in all parameters in each treatment 
 

Parameter 
Initial 
Value 

quality 
standard 

Treatments 

PA PB PC PD PE 

Kepadatan 
11,8 - 22,28 ± 0,95 36,37 ± 0,32 38,53 ± 0,59 41,90 ± 0,07 52,08 ± 0,42 Chlorella sp. 

(10
6
sel/ml) 

BOD5 (mg/L) 910 3* 290,1 ± 3,9 277,8 ± 2,25 270,5 ± 3,7 192,5 ± 3,7 147,07 ± 3,7 

DO (mg/L) 1,7 4* 3,1 ± 0,1 3,8 ± 0,0 4,8 ± 0,0 5,3 ± 0,0 5,9 ± 0,1 



 

 

CO2 (mg/L) 176 < 5** 10 ± 0,0 8,6 ± 0,0 6,1 ± 0,0 4,9 ± 0,2 3,9 ± 0,7 

Amonia (mg/L) 12,97 0,2* 
0,273 ± 
0,007 

0,081 ± 0,001 0,048 ± 0,004 
0,046 ± 
0,001 

0,012± 
0,002 

Fosfat (mg/L) 
 

1,58 0,2* 0,4 ± 0,0 0,288 ± 0,043 0,175 ± 0,055 
0,128 ± 
0,025 

0.067 ± 
0,015 

pH 6 6-9* 7 ± 0,1 7,3 ± 0,1 7,6 ± 0,2 7,8 ± 0,1 8,2 ± 0,3 

Suhu (°C) 29,3 DEV 3* 28,2 ± 0,1 28,6 ± 0,0 28,6 ± 0,1 28,5 ± 0,2 28,8 ± 0,1 

The number in bold indicates meeting the quality standard 

*PP RI No. 22 of 2021 concerning the implementation of environmental protection and management in class II for fishing 
activities 
** Effendi 2003 for the benefit of fisheries 
 
Table 6. Shows that only the BOD5 whose value is still very far above the quality standard in all treatments, while for other 
parameters the value already meets the set quality standard. The more EM4 added, the more pollutant levels in the waste 
will be reduced. PE(EM4 25 ml) is the best treatment because it can reduce the highest pollutant levels. 
 

4. CONCLUSION 
 
Based on the research results, it can be concluded that the additionChlorella sp. 800 ml (11,8 x 10

6 
cells/ml) with the 

addition of 25 ml of EM4 is the best concentration in reducing the pollutant content of the cracker industrial wastewater. PE 
treatment(EM4 25 ml) has a percentage decrease in BOD values5 of 83.82%, Ammonia of 99.91%, Phosphate of 95.78%, 
CO2 by 97.78%, and increase the densityChlorella sp. to be 52.08 x 10

6
, DO from 1.7 mg/L to 5.9 mg/L, pH to 8.2, and 

temperature to 28.8°C. But the BOD5 is still very far above the quality standard so that it does not meet the quality 
standard according to Government Regulation No. 22 of 2021 Class II and Class III concerning the implementation of 
environmental protection and management for fishing activities. 
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