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ABSTRACT 
Microalgae is a microscopic plant that has chlorophyll for carrying out photosynthesis. Chlorella sp. is one of the most 
easily found microalgae in the aquatic. Chlorella sp needs some nutrients such as nitrate and total phosphate for 
growing. There are many ways to develop microalgae, and an algae reactor is more effective on a large scale. Algae 
reactor has the same concept with oxidation ditch by using different microorganisms. This study applied an oxidation 
ditch reactor filled with microalgae Chlorella sp for treating domestic wastewater in terms of nitrate and phosphate 
concentration. Variation of rotational speed airbrush (45 and 60 rpm) and ratio volume of waste to microalgae (3:1, 
4:1, 5:1, 6:1) were performed. The sample was collected for 5 days and measured for nitrate and phosphate 
concentration. The result shows that the optimum removal of nitrate and total phosphate is about 63.64% and 66.15%, 
respectively, with an under-speed variation of 60 rpm and a volume ratio of 3: 1. This study concludes that oxidation 
ditch reactor-filled microalgae Chlorella sp had performed an effective process in removing nitrate and total phosphate 
under optimum speed rotation and a low ratio of waste microalgae. 
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INTRODUCTION 
Eutrophication in river bodies has been caused by a high concentration of nitrate and phosphate in the 
aquatic system.1 This situation has occurred because of the disposal of waste into water bodies without 
proper treatment. Therefore, it is needed to create potential wastewater treatment at a low cost and 
considering it environmentally friendly. Utilizing microalgae is one of the treatment options regarding the 
biological processes.2 Microalgae is microscopic celled plant single, capable of producing their food by 
absorbing CO2

3. Also, microalgae can grow in regions with temperatures above 15⁰C. Therefore, 
microalgae have a high potential for significant production and to be developed in Indonesia.4 Several 
microalgae are often used, such as Dunaliella salina, Euglena gracilis, Synechococcus sp, Spirulina. Their 
usage depends on the percentage of waste volume and amount of microalgae obtained at optimal conditions, 
under the waste volume of 20% and light intensity of 4000 lux6. Other studies also state that microalgae 
Chlorella sp. is better than species Scenedesmus sp. for degrading nitrate and total phosphate, which 
reached about 98.2% and 70%5. Previous studies have revealed that high turbulence of flow in oxidation 
ditch through stirring, airbrushing, mixing, etc., will increase algal growth, preventing deposition of 
biomass.7 Also, a volume comparison between waste and microalgae is carried out to determine maxima 
microalgae added in the wastewater.8 Between microalgae, the results decrease optimal those that reduce 
high levels of pollutants and are easily found in nature, i.e., Chlorella sp.9 Chlorella sp. require nutrients 
for growth in nitrates and total phosphate in wastewater based on the influent volume of waste and algae 
used.10 One technology used for developing microalgae is a high-level algae pond, which has higher 
productivity than conventional wastewater treatment ponds.11 Oxidation ditch algae reactor has a similar 
concept with oxidation ditch processing. However, in this system, microalgae are performed to remove 
pollutants. The oxidation ditch algae reactor's optimum process was influenced by many factors, such as 
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light absorption, volume ratio, channel depth, and aerator rotation speed.12 In previous studies, varying 
rotation speed, immersion depth, and slope angle obtained the best results at conditions of a rotation speed 
of 48 rpm with a depth of 5.5 cm and the best slope angle of 47⁰.13 According to the description above, this 
study aims to apply an oxidation ditch reactor filled with microalgae Chlorella sp. for treating domestic 
wastewater in term of nitrate and phosphate concentration with a variation in the ratio of the volume of 
waste and microalgae and the rotational speed of the brush aerator conducted in batch scale.  
 

EXPERIMENTAL 
This research was conducted to see the effectiveness of the oxidation ditch algae reactor in reducing nitrate 
and phosphate concentration using microalgae Chlorella sp. The main parameters to be analyzed are nitrate, 
total phosphate, and chlorophyll content, supporting parameters such as pH, temperature, and DO. The 
study was conducted on a batch scale, with a variable volume ratio and brush rotation speed. The oxidation 
ditch algae reactor was filled with 300 L of raw wastewater, and the process has been carried out for 5 days. 
Previously, microalgae have been acclimatized with a wastewater concentration of 30% for 6 days. 
Comparison of waste and microalgae volumes are without microalgae as control, 3:1, 4:1, 5:1, and 6:1. In 
comparison, the brush aerator's rotational speed used in algae reactors is 45 rpm and 60 rpm. The rotational 
speed of the brush aerator will cause stirring in the reactor. Stirring the reactor will make it easier for 
nutrients to mix up evenly.14 Stirring can also minimize the formation deposition at the base of the reactor 
during microalgae photosynthesis.15 The reactor used has a shape like a running field called an algae reactor.  
 

RESULTS AND DISCUSSION 
Effect of Rotational Speed and Volume Comparison for Total Phosphate Removal 
Total phosphate is one of the essential elements for all organisms to transform energy, forming cells, store 
and replicate genetic information. Microalgae also include organisms that need energy for cell growth, not 
only from total growth but also from sunlight.16 Total phosphate is included as an element or limiting factor 
for growth in microalgae both at sea and in lakes.17 Microalgae obtain energy from sunlight and use organic 
materials such as total P for cell growth.16 After 5 days of experimental was carried out under various 
variations, it was found that the percentage of total phosphate removal increased during process treatment. 
However, it tends to increase stably from day one to day five. On the last day of observation, the highest 
percentage decrease in total P was obtained from each variable.  
The results showed that the total phosphate concentration is relatively the same in each volume ratio used. 
The observation on the first day obtained the highest total phosphate removal in the control variation of 
10.77% with an initial total phosphate of 0.565 mg/L to 0.504 mg/L. The second-day observation obtained 
the highest total phosphate removal in the control variation of 22.42%, with an initial total phosphate of 
0.565 mg/L to 0.438 mg/L. The third-day observation showed that the highest total phosphate removal was 
in the 5: 1 variation of 35.4%, with the initial total phosphate 0.673 mg/L to 0.435 mg/L. Observations on 
the fourth day showed the highest total phosphate removal in the 3:1 variation of 44.7% with an initial total 
p of 0.808 mg/L to 0.447 mg/L. Observing the fifth day, the highest total phosphate removal was a 3:1 
variation of 57.4% with an initial total phosphate of 0.808 mg/L to 0.344 mg/L, as shown in Fig.-1 and 
Fig.-2. 
 
 
 
 
 
 
 
 
 

 
 

Fig.-1: Percentage Removal of Total Phosphate Under Various Volume of Microalgae with Rotation Speed  45 rpm 
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Fig.-2: Percentage Removal of Total Phosphate Under Various Volume of Microalgae with Rotation Speed  60 rpm 
 
The results showed that in addition to an increase in percent removal in total phosphate, there is also a 
decrease in percent removal in some variations, such as variations 4:1 and 3:1. It indicated that microalgae 
pass through the adaptation phase well as proven with decreasing total phosphate from day 0 to day 5. The 
high amount of microalgae will significantly reduce the total number of phosphate because the needed total 
phosphate is getting higher for microalgae growth.12 The optimum reduction of total phosphate is 66.15%, 
which occurs in volume ratio 3:1 at the rotation speed of 60 rpm on the last day of observation. Removal 
of total phosphate is probably due to microalgae that can secrete mucus to seal calcite and form crystals on 
the cell surface.18 Calcite is a type of natural mineral that has a high total adsorption capacity of phosphate. 
Calcite captured by microalgae will be attached to the surface of microalgae cells EPS (extracellular 
polymeric substance). EPS will have an essential role in absorbing total phosphate in microalgae.19 Other 
microorganisms, such as bacteria, will naturally grow in this algae reactor because the concept is oxidation 
ditch, and raw wastewater may contain microorganisms. In algae reactors, there are aerobic conditions, 
accumulating organisms polyphosphate, such as polyphosphate accumulating organisms (PAO) returns 
polyphosphate deposits through phosphate extraction from wastewater.2 Type of bacteria Acinetobacter, 
classified as PAO, can reduce phosphate and live in aerobic conditions.20 
 
Effect of Variation Rotation Speed and Volume to Nitrate Reduction. 
A nitrate is a form of nitrogen compound that is a stable compound and is an essential element for protein 
synthesis for plants and animals.10 The nitrification process can help in decomposing organic matter in the 
waste. It also can reduce the amount of nitrate in domestic wastewater. Nitrification is giving oxygen to 
ammonia to be converted into nitrates and nitrites by microorganisms. Also, microalgae are low-level 
microorganisms that have eukaryotic properties and have chlorophyll.21 Microalgae can reduce nitrate 
compounds in domestic wastewater.22 Nitrates found in domestic wastewater will be a source of microalgae 
nitrogen for its growth. Preliminary observations show that nitrate concentrations are relatively the same in 
each volume ratio used. After the experiment was carried out within 5 days with various variations, the 
results obtained percent reduction in nitrate varies in each variable. However, it tends to increase from day 
one to day five. On the last day of observation, the highest percentage of nitrate reduction was obtained 
from each variable. 
Results preliminary observations show that nitrate concentrations are relatively the same in each volume 
ratio used. The observations on the first day found that the highest nitrate absorption was at a 3: 1 variation 
of 13.2% with an initial nitrate of 4.244 mg/L to 3.682 mg/L. The second-day observation found the highest 
nitrate absorption at a 3: 1 variation of 27.828% with an initial nitrate of 4.244 mg/L to 3.063 mg/L. The 
third-day observation found that the highest nitrate absorption was at 5:1 variation of 35.3% with initial 
nitrate 4,275 mg/L to 2,765 mg/L. The fourth-day observation found the highest nitrate absorption at a 3:1 
variation of 40.1% with an initial nitrate of 4.244 mg/L to 2.543 mg/L. The fifth-day observation showed 
the highest absorption of nitrate in a 3:1 variation of 50.1% with an initial nitrate of 4.244 mg/L to 2.081 
mg/L, as shown in Fig.-3 and Fig.-4 
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Fig.-3: Percentage Removal of Nitrate Under Various Volume of Microalgae with Rotation Speed  45 rpm 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-4: Percentage Removal of Nitrate Under Various Volume of Microalgae with Rotation Speed  60 rpm 
 
Initial observations show that nitrate concentrations are relatively the same in each volume ratio used. The 
observations on the first day obtained the highest nitrate removal at a 5:1 variation of 28.7% with an initial 
nitrate of 4.275 mg/L to 3.048 mg/L. The second-day observation obtained the highest nitrate removal at a 
5:1 variation of 35.7% with an initial nitrate of 4.275 mg/L to 2.747 mg/L. The third-day observation found 
that the highest nitrate absorption was at 5:1 variation of 39.9% with initial nitrate 4.275 mg/L to 2.569 
mg/L. Observations on the fourth day showed the highest nitrate removal at 3:1 variation of 53.2% with an 
initial nitrate of 4.244 mg/L to 1.986 mg/L. Observations on day five were obtained the highest nitrate 
removal at variations of 63.6% with an initial nitrate of 4.244 mg/L to 1.543 mg/L. Microalgae can reduce 
pollutant compounds in domestic wastewater.22 Figure 4 showed a relatively stable decrease in nitrate under 
variation of 4:1 and 3:1 during 5 days observation. As for the control and comparison of 6:1 and 5:1, there 
was an increase in nitrate concentration on certain days but increased the following day again. The 
instability of nitrate reduction in the control can occur because of the activity of bacteria and 
microorganisms adjusting to the new environmental conditions. High levels of nitrate in the 5:1 and 6:1 
variation can be caused by cells of Chlorella sp was in a developing condition, and it needs a small number 
of nutrients for growth. If the amount of nitrate excess, fertilization will occur, and it causes microalgae 
growth rapidly while the dissolved oxygen available in the reactor bath is fixed. When the microalgae 
respire, it caused competition to get oxygen. This is the main issue that some microalgae cannot do 
respiration because of the limited amount of oxygen, in it caused microalgae dead.23 
 

CONCLUSION 
From the results of the research and discussion that has been described above, it can be concluded that algae 
reactors reduce nitrate levels and the total p of 63.64% and 66.15% within 5 days. The comparison volume 
with microalgae is 3:1, and it directly affects nitrate removal and the optimum total phosphate. The brush 
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aerator's rotation speed does not directly affect the reduction of nitrate and total phosphate, and the optimum 
rotation speed is 60 rpm.   
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