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INTRODUCTION

In large quantities, laundry wastewater can 
lead to eutrophication and algal blooming if left 
untreated [Tectona, 2011]. Laundry waste is one 
of the causes of algl blooming in water bodies 
because it has high organic content and nutrient 
concentrations if not controlled properly [Kurni-
awan et al., 2018]. One of the souces of wastewa-
ter containg high nutrient is the laundry industry. 
About 15 litres of clean water is needed for laun-
dry industry to wash 1 kg of clothes. On average, 
the laundry industry washes 25 kg of clothes per 
day, producing high nutrient containing wastewa-
ter of about 400 litres/day [Ciabatti et al., 2009].

High Rate Algal Reactor (HRAR) is one of 
wastewater treatment systems using microalgae. 
This treatment aims to reduce the high nutrient 
contents from wastewater [Rawat et al., 2010]. 
In HRAR wastewater treatment, simbiotic rela-
tion between the heterotroph bacteria and mi-
croalgae cell that live in the water were used to 
remove pollutants [Hamouri., 2008]. The bio-
logical reaction in HRAR can reduce the organic 
and nutrient content in wastewater through de-
composition by bacteria and nutrient conversion 
to microalgae biomass using the photosyntetic 
process [Polpraset, 1996; Purwanti et al., 2018]. 
HRAR is operated at average speed of 10–30 cm/
sec to avoid sedimentation from microalgae cell 
[Fallowfield and Garret, 1985].
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ABSTRACT
Wastewater that contains high concentration of nutrients can create instability in water ecosystem if left untreat-
ed. Laundry wastewater contains nutrients in high concentration. The nutrients that commonly found in laundry 
wastewater are nitrogen and phosphorus. This study had a purpose to determine the effect of illumination period 
and light intensity for the removal of Chemical Oxygen Demand (COD), Nitrogen-ammonia (NH3-N), and phos-
phate (P) content using Chlorella vulgaris in High Rate Algal Reactor (HRAR) treatment. Variables that used were 
exposure period of 12 and 24 hours and light intensity of 2000–3000 Lux, 4000–5000 Lux, and 6000–7000 lux. 
The parameters tested to determine the efficiency of nutrient removal were COD, Nitrogen-ammonia, phosphate 
and Chlorophyll α to determine the condition of algae development. The results showed that the highest nutrient 
removal were obtained by the reactor with 24 hours illumination period with light intensity of 6000–7000 Lux that 
was capable of removing 54.63% of COD, and 22.15% of P. The 12-hour illumination period was better in terms 
of NH3-N removal, up to 50.07%. On the basis of the of statistic test result, the illumination period did not signifi-
cantly influence the removal efficiency of COD, NH3-N and P indicated by P-value >0.05, while the light intensity 
significantly affect the removal of COD and NH3-N showed by P value <0.05.

Keywords: Algae, C. vulgaris, Laundry Wastewater, Illumination Period, Light-Emitting Diodes, Light Intensity, 
Microalgae.
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The assimilation of N by algae and floating 
aquatic plants accounted for about 65% of the 
total N removal, ammonia volatilization of 15% 
and about 20% of total removal in N content can 
be assumed based on the nitrification-denitrifica-
tion process [Mostret and Grobbelar, 1987]. Ac-
cording to [Wang et al., 2010] the research with 
specific use of algae may allow for greater nutri-
ent removal, in addition to specific species bio-
mass byproducts for various purposes. Chlorella 
Sp. is a type of algae that has high tolerance levels 
of pollutants andis  easy to obtain; hence, Chlo-
rella Sp. is often used in wastewater treatment 
[Man et al., 2016]. 

According to our knowledge, the research on 
laundry wastewater treatment using HRAR sys-
tem has not been widely conducted. The purpose 
of this study was to obtain the removal of nutrient 
content in laundry wastewater by using High Rate 
Algal Reactor (HRAR). Variation of the illumina-
tion period and light intensity were used to mea-
sure the removal efficiency of nutrient content, 
and the development of alga yielded. HRAR were 
performed at 6 days of retention time with varia-
tion of illumination period were 12 and 24 hours 
and variation of light intensity were 2000–3000 
Lux, 4000–5000 Lux, and 6000–7000 Lux, This 
variation was chosen to understand the impact of 
light and dark reaction towards microalgae. The 
parameters used in this research were Chemi-
cal Oxygen Demand (COD), nitrogen-ammonia 
(NH3-N), and phosphate (P). Chlorophyll α will 
also be analyzed to comprehend the microalgae 
development. The removal efficiencies of each 
reactor were calculated by comparing the result 
of parameters analysis, before and after treatment 
process using HRAR. 

MATERIALS AND METHODS

At the beginning of research, the COD, ni-
trogen ammonia (NH3-N), and phosphate (P) 
content in laundry wastewater was analysed. 
Sampling was carried out in Keputih District, 
Sukolilo, Surabaya, Indonesia using integrated 
sample method on 4 different laundries. The re-
sults showed that the COD, NH3-N and P val-
ues ranged between 600–829 mg/L, 4.96–8.66 
and 8.53–12.62 mg/L, respectively. NH3-N was 
analysed using Nessler Method. Phosphate in the 
orthophosphate form was analysed using 4500-P-
Stannous Chloride Method and the COD analysis 
was performed by using close reflux method.

This experiment used 6 reactor containers 
consisting of 3 test reactors and 3 control reac-
tors. The volumes of the employed reactors were 
± 12 Liters by 30 cm diameter and 27 cm height. 
The lighting sources included 18 watts Light 
Emitting Diodes (LED) (Phillips, Indonesia). The 
light intensity was measured using Lux Meter 
(HS1010, Indonesia) on the surface of the reac-
tor. The algae used in this study was Chlorella 
vulgaris that were previously filtered with 50 μ 
cloth filter to harvest microalgae with 94 ± 2% 
efficiency [Bejor et al., 2013].

Chlorella vulgaris was illuminated by LED 
with a variety of light intensities, i.e. 2000–3000 
Lux, 4000–5000 Lux, and 6000–7000 Lux. The 
reactor retention time was 6 days with constant 
agitation by 12 or 24 hours of illumination period. 
The removal efficiencies of each reactor were an-
alysed through the removal of COD, NH3-N, and 
P parameters. Chlorophyll α was also analysed 
to understand the microalgae development under 
different conditions.

RESULTS AND DISCUSSION

Nitrogen-Ammonia removal

The light intensity experiment showed that 
6000–7000 Lux was adequate for the algal 
growth. This observation was in line with [Ifeanyi 
et al., 2011] who reported that the light with high-
er intensity can boost the growth of algae. The 
growth of algae in a reactor can affect the HRAR 
nutrient removal efficiency [Mirquez et al., 2016], 
the higher light intensity, the higher of microal-
gae concentration, resulting in the better removal 
efficiency. The rate of ammonia removal in all 
batch reactors increased at higher light intensity, 
as showed in Figures 1 and 2. The effect of the il-
lumination time was presented in Figures 3 and 4. 
A linear correlation between chlorophyll α and 
ammonia concentration in the reactor was also 
observed. It is suggested that ammonia was con-
sumed by microalgae.

It can be seen that the ammonia content al-
ways decreases, but on day 3 and 4 ammonia in-
creases again; afterwards, the trend on the next 
day continues to fall. This case occurred because 
some of the microalgae present in the reactor be-
gin to die and decompose, thus releasing the ni-
trogen back into the reactor in the 3rd and 4th days. 
The optimum removal efficiency was obtained in 
the reactor with 6000–7000 Lux lighting, which 
is 50%, while the 4000–5000 Lux and 2000–3000 
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Lux reactors have 32% and 26% removal efficien-
cies, respectively. The control reactor has a lower 
efficiency than the reactor containing microal-
gae. The range of removal at the control reactor 
ranged from 21–39%, while the reactor contain-
ing microalgae showed that the NH3-N removal 
ranged from 58–73%. 

On the basis of Figures 3 and 4, the optimum 
NH3-N removal efficiency was the same in all illu-
mination period, which was 71%. This case indi-
cated that the illumination time did not have a sig-
nificant effect on the nitrogen removal. Different 
removal efficiencies was obtained on day 4, which 
amounted to 50.05% for 12 hours and 46.65% for 
24 hours of illumination time. This result also 
suggests that the uptake of microalgae greatly af-
fects the NH3-N removal process, because in gen-
eral, ammonia was the easiest nitrogen source to 
be taken up by microalgae [Garcia et al., 2000].

Phosphate removal

While correlating the removal percentage of 
phosphate with light intensity, the correlation co-
efficients were low, as we can see at Figures 5 
and 6. This suggested that apart from the uptake 
by microalgae, other factors of have also played 

a certain role. The mechanism that was important 
in the reduction of phosphate concentration was 
immobilization in the sediment with the precipi-
tation of phosphorus-calcium and uptake bonds 
by microalgae [Chen et al., 2003].

Figure 5 showed that the overall phosphate 
concentration is decreasing. The phosphate con-
centration in the reactor tends to fluctuate, which 
is caused by microalgae excretion as a part of 
their metabolism [Vymazal, 1995]. On the basis 
of the Figure 6 it can be noticed that the reac-
tor with 4000–5000 Lux had a removal of 30%, 
while 6000–7000 Lux had 27%. The reactor with 
2000–3000 Lux had the lowest percentage of re-
moval, which was 7%. The removal efficiency at 
the control reactor has the greatest removal effi-
ciency, ranging from 19 to 36%. The phosphate 
removal was smaller when compared to NH3-N 
because the required C: N: P ratio for microalgae 
growth is 106: 16: 1 [Chen et al., 2003]; thus, the 
phosphate uptake by microalgae will be smaller. 
Figures 7 and 8 show that the reactor with 12 hours 
of illumination period had 22.14% P removal, 
while 24 hours of illumination period had 13.24% 
removal. The results of the statistical analysis 
showed that the illumination period significantly 
affected the removal of phosphate in reactors. 

Figure 1. HRAR ammonia trend against light 
intensity

Figure 2. HRAR ammonia removal against light 
intensity

Figure 4. HRAR ammonia removal against illumina-
tion period

Figure 3. HRAR ammonia trend against illumination 
period
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Chemical Oxygen Demand removal

The correlation between the COD removal 
and light intensity were linear as shown in Figures 
9 and 10. In the reactor with 2000–3000 Lux, the 
trend of COD concentration continues to decline 
and tend to be stable until the end of test period. In 
the reactor with 4000–5000 Lux and 6000–7000 
Lux, the COD concentration increases occurred 
on days 2 and to 3. The fluctuations in the con-
centration occurred due to the decomposition of 
dead microalgae, counted as organic substances 
dissolved in wastewater. According to Figures 9 

and 10, the greater the intensity of light, the high-
er the percentage of COD removal. This resulted 
from the control of the amount of light in light-
dark cycle of algal metabolism. This cycle will 
break the organic substances down into simpler 
compounds and provide energy for metabolism. 

The Chemical Oxygen Demand and illumi-
nation period had a linear correlation, as shown 
in Figure 11 and Figure 12. In the 12 hours of 
illumination period, the trend of COD concentra-
tion continues to decline and tends to be stable 
until the end of test period, In the 24 hours of il-
lumination period, a concentration increase also 

Figure 5. HRAR phosphate trend against light 
intensity

Figure 6. HRAR phosphate removal against light 
intensity

Figure 7. HRAR phospate trend against illumination 
period

Figure 8. HRAR phospate removal against illumina-
tion period

Figure 9. HRAR COD trend  
against light intensity

Figure 10. HRAR COD removal  
against light intensity
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occurred on days 2 to 3, with the same reason 
suggested as the cause. Figure 11 showed that the 
12 and 24 hours of illumination period had 55% 
and 42% removal percentages, respectively. The 
illumination period did not significantly affect the 
percentage of COD removal. This occurred due 
to the total of light intensity that actually affects 
the COD removal, not the illumination time. The 
light intensity was controlling the light-dark cycle 
in the algal metabolism to break the organic sub-
stances down, which resulted in COD reduction. 

CONCLUSIONS

The illumination period had no significant ef-
fect on any of the parameters of the study. The 
largest removal percentage for COD is 54.62%, 
and Phosphate is 22.14% with light period ex-
posure of 24 hours while NH3-N was 50.07% 
with 12 hours of illumination period. Contrary to 
the illumination period, the light intensity had a 
significant effect on the removal of NH3-N and 
COD. However, the phosphate removal was not 
significantly affected by light intensity. The larg-
est removal percentage for COD was 55%, and 
for NH3-N it amounted to 46% with 6000–7000 
Lux of light intensity, while phosphate had 30% 
removal in the reactor with 4000–5000 Lux 
light intensity.
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