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ABSTRACT
The objective of this research is to observe the phosphorus elimination from tofu industrial wastewater.
Chlorella vulgaris as autotrophic microalgae was applied in raceway pond type bioreactor. The reactor volume
was 120L, 17m of path length with 10 days of hydraulic retention time. The light source is mainly from the
sun during the day without specifically any light added at night. The observed parameters in this study were
BOD, phosphorus and ammonium removal, and microalgae growth with its initial density set to be 5,00,000
cells per mL of wastewater. A higher growth rate of microalgae was shown during the batch treatment than
the continuous one. The average achievement for the phosphorus, ammonium and BOD removal were
58.6%, 84% and 83 % respectively.

 
Nat. Env. & Poll. Tech.
Website: www.neptjournal.com
Received: 25-2-2014
Accepted: 21-3-2014

Key Words:
Tofu wastewater
Bioreactor
Phosphorus removal
Chlorella vulgaris

INTRODUCTION

Food processing wastewater contains high organic matter in
the solution (Galambos et al. 2004) that need to be treated
before it is discharged into the environment. Two main con-
tents of the food wastewater are carbohydrates and protein
(Guerrero et al. 1999). Especially for tofu processing
wastewater, Kaswirani (2007) reported that protein occupies
up to 60% of organic fraction in the solution. This nutrient
cannot be eliminated effectively neither during primary nor
secondary treatment. To cope up with this problem, a set of
tertiary treatment has been developed. In a tertiary biologi-
cal treatment, nitrogen is commonly removed using nitrifi-
cation-denitrification processes.

Several ways are applied to eliminate phosphorus content
from the wastewater. A chemical treatment is commonly used
by adding metal salt in a precipitation mechanism (de-Bashan
et al. 2004). Besides costly, the precipitate is usually a
complex mixing that contains various salt metals. Recovery
of phosphorus into struvite crystal could be one of the
promising chemical treatment (Esemen et al. 2003, Molinos-
Senante et al. 2011), and the product can be directly used as
a high quality fertilizer (Ponce & Garcialopez 2007).

An enhanced biological phosphorus removal is another
type of removing the phosphorus by employing the bacteria
in the treatment plant. In the process, the removal takes many
steps in aerobic and anaerobic conditions by using “release

and pick up” process and the phosphorus is finally removed
by accumulating it inside the bacterial cell (Buchan 1981,
Lotter 1985). The generation of large number of solids, which
is heterotrophic bacterial biomass, is a consequence of this
treatment. A further effort to treat this biomass is necessary,
in order not to give another impact to the environment.

Another way of removing the phosphorus is by applying
an autotrophic organism, one of them is microalgae. Phos-
phorus, together with nitrogen, is a macronutrient that plays
a significant role in the growth of algae. The basic removal
principle is that the microalgae takes CO

2
 as its carbon source

and light energy as its energy source in the photosynthesis
process. Nitrogen is the main compound to assemble pro-
tein that constitute the algal cell, while phosphate is needed
to support metabolism process.

The use of microalgae in wastewater treatment gives
many benefits. The photosynthetic process is useful for re-
ducing CO

2 
produced in anaerobic digestion as well as for

nutrient removal in the wastewater (Benemann et al. 2003).
Microalgae can also provide several types of renewable en-
ergy, such as biodiesel produced from its oil content (Chisti
2007), methane from the anaerobic digestion of its substrate
(Mussgnug et al. 2010, Zamalloa et al. 2011), and
biohydrogen (Benemann et al. 2000, Melis & Hape 2001).
Microalgae is also a protein-rich microorganism that pro-
vides nutritious food for human an animals (Becker 2006).

 2014pp. 859-863Vol. 13ISSN: 0972-6268 No. 4Nature Environment and Pollution Technology
An International Quarterly Scientific Journal

Original Research Paper



Vol. 13, No. 4, 2014 • Nature Environment and Pollution Technology

860 Wahyunto A. Nugroho et al.

Removal of BOD and nitrogen by autotrophic organisms
often meet the expectation, but little efficiency was found in
removal of phosphorus using the autotrophic organisms. The
objective of the study is to observe the elimination of phos-
phorus from tofu industrial wastewater by microalgae. In
this study, the raceway pond type reactor is used as it is simple
in the operation.

MATERIALS AND METHODS

This study used raceway pond for the reactor in a pilot scale
with the capacity of 1200L of wastewater. The reactor was
made of wooden board with polyethylene as a liner. The
total length of the path is 17m. The depth of the pond was
set to 28 cm, which was close to suggestion of Chisti (2007)
that was about 30 cm deep. Fig. 1 shows the design of the
raceway pond used in this study. The pond was located in an
open area with a polyethylene as a cover or roof. The aim of
the cover was to prevent it from the rain and excessive
evaporation during the day. The light source was naturally
from the sun during the day.

The wastewater taken for the study was the effluent of
anaerobic treatment of tofu industrial wastewater. At the
first ten days, the reactor was set in a circulated-batch sys-
tem. A paddle wheel was used to support this circulation.
The aim of this treatment condition was to let the microalgae
adapt with its environment first before it grew later. After
ten days, the effluent point was opened to set the reactor
into re-circulated continuous system. The hydraulic reten-
tion time was set up for about 10 days by adjusting the flow
rate around 5L per hour and it was working for 24 hours a
day. The circulation was given to the reactor after the 10th

day. A low rotational speed-paddle wheel was set to sup-
port the partial circulation of the algae and water. The tem-
perature of the wastewater naturally was about 22°C to 30°C,
which was in the allowable range for the microalgae to grow.

The supply of CO
2
 was done using aerator with the gas

produced from the anaerobic treatment. The hoses were
placed in five points that make it possible for the microalgae
had enough carbon source for its photosynthesis.

This study used Chlorella vulgaris, which was provided
by Brackish Water Aquaculture Center, Situbondo, Indo-
nesia. The initial density of the microalgae, placed on the
first day, was about 500,000 cells per mL of water.

The observed parameter of the study was the microalgae
growth, biochemical oxygen demand (BOD) and phosphorus
content. Since ammonium is a macro-nutrient for the growth
of microalgae, the concentration of this compound was also
investigated. The samples were taken on the tenth day after
the wastewater been re-circulated. The samples were taken

from two points, i.e. initial and final point. The density was
counted using haemocytometer under a microscope.

The BOD test was done using standard redox titration
method. The phosphorus and nitrate tests were done using
standard techniques and measured using spectrophotometer.
As the phosphorus used by microalgae is mainly in the form
of phosphate, this study did not test the total phosphorus
content, but only the phosphate content. This phosphate was
tested by colourimetric test using aminonaphtosulfonate. The
nitrate test was carried out using UV-Vis spectrophotometer.

RESULTS AND DISCUSSION

After ten days of continuous process, both the wastewater
and the microalgae concentrations were analysed. The chemi-
cal content, i.e. BOD, phosphate and nitrate, were observed
by taking wastewater samples from the influent and efflu-
ent wastewater. For observing the microalgae growth, the
samples were taken in the initial point, i.e., after the
recirculation, and in the effluent wastewater. The samples
for observing microalgae growth were taken for five days
since the tenth day after the re-circulation.

Growth of microalgae: In the first ten days, the reactor
was set in circulated-batch system to let the microalgae
doing their adaptation to their environment. After ten days
of recirculation, the samples of algae were taken from two
points, i.e. the initial point and the effluent. In general, the
Chlorella vulgaris grew well in the tofu wastewater. During
the batch culture, the Chlorella vulgaris shows a significant
growth with its relative growth rate of about 0.41/day. Its
population increased and reached more than thirty-fold (15.5
× 106cells/mL) from its initial state (0.5 × 106cells/ mL)
during the ten days of incubation. Under the continuous
conditions, the relative growth rate decreased to be only 0.07/
day. It was found that on the tenth day after the recirculation,
the population of the microalgae in the initial point (in front
of paddle wheel) was 10.9 × 106 cells/mL; while in the
effluent water, the population was 18.6 × 106 cells/mL. This
growth rate was stable for the next four days (Fig. 3).

The growth of microalgae depends on several factors,
e.g. nutrients, CO

2
 and light intensity. During the circulated

Fig. 1: Recirculated raceway pond bioreactor used in this experiment.
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batch culture, there was an abundance of nutrients compared
to the slight number of the microalgae. Carvalho & Malcata
(2005) studied that the increase of CO

2
 had significant im-

pact on the growth of the bacteria. In this study, the CO
2

concentration diluted into the solution was the same between
the batch culture and the continuous one even though the
number of population of the continuous culture was much
higher than that of the batch process. This condition could
be another reason of the growth rate decrease during the con-
tinuous process.

To promote the growth, microalgae need sufficient light
for photosynthesis (Lotter 1985). The increase of concen-
tration of the microalgal cells gave negative impact to the
light penetration into the lower layer of cultured microalgae.
Such condition could be another factor that makes the over-
all growth rate of the microalgae in the continuous culture
decreased compared to the batch process when the cells con-
centration was relatively low.

BOD removal: The average BOD content observed in the
influent was 246.3 mg/L. It is the typical of BOD content in
the food industrial wastewater after the anaerobic treatment.
Protein and carbohydrate are two main organic compounds
in the tofu wastewater since the soy, material for making
tofu, has high content of protein and carbohydrate. These

two compounds undergo degradation during the anaerobic
treatment before further treatment in recirculated raceway
pond reactor. After ten days in the continuous reactor, the
BOD decreased with the final value of about 41.48 mg/L or
about 83% removal.

Phosphorus removal: The samples of phosphorus removal
were taken on the tenth day after the system being re-circu-
lated. Phosphate (PO

4
3-) was observed in this experiment as

representative of phosphorus since this is the main form of
phosphorus in food wastewater.

The experiment shows that about 58.6% of phosphate
(from 10.4 mg/L to 4.3 mg/L) was eliminated during ten
days treatment. A similar result of phosphorus removal by
Chlorella vulgaris was reported as well by Gonzales et al.
(1997) in a batch culture with synthetic-sterile wastewater
as the medium. Larsdotter et al. (2004) reported a nearly
complete elimination of phosphorus by using a combination
of assimilation-precipitation treatment in suspended
microalgae culture in reused water during the summer. A
shorter HRT (2 days) was used in this continuous treatment.
The report showed that only a third of the phosphorus was
removed by absorption mechanism by the microalgae. A
lower phosphorus removal was found in a higher HRT. In
biological treatment system, there are three possible
mechanisms of phosphorus removal, i.e. precipitation
(Larsdotter 2007), assimilation for further degradation
(Becker 1994) and accumulation in microorganism (de-
Bashan et al. 2002). An alkaline pH of wastewater is the
best condition for phosphorus precipitation. In a bioreactor,
this alkaline pH is due to the release of OH- by bicarbonate,
which is used by microalgae as a carbon source (Borowitzka
1988). A precipitation of phosphorus in a neutral pH could
also happen, but only when the phosphorus concentration
is above 50 mg/L (Calsson et al. 1997). This experiment did
not analyze the precipitate in the reactor. Since this experi-
ment did not meet the above required conditions for phos-
phorus precipitation, it can be assumed that all the phospho-
rus was removed by assimilation across the cell surface of
the algae.

A significant phosphorus removal was also shown us-
ing immobilized Chlorella vulgaris in alginate beads that
was done by de-Bashan et al. (2002). They reported that about
83% phosphate could be removed in the first 48 hours of
semi-continuous treatment. However, a lower removal was
achieved in the later cycle using the same beads. A
phosphorus accumulation in the beads that might lead to
the saturation was suspected to be the reason for this lower
phosphorus removal.

Nitrogen removal: Ammonium is a macro nutrient for the
plant to grow. As given in Table 1, the ammonium was

Fig. 2. The paddle wheeled pilot scale bioreactor during the
treatment (without cover).

Fig. 3: The growth of Chlorella vulgaris in tofu wastewater
(Taken after anaerobic wastewater treatment) using

re-circulated pond-type bioreactor.
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significantly removed by about 84%. On the other hand, the
nitrate did not experience any removal. Even the
concentration was increased after ten days of treatment, i.e.
from 0.018 mg/L to 0.043 mg/L. The increasing of nitrate
during the treatment was also reported by Gonzales et al.
(1997). Nitrate could be generated from an oxidation process
of the ammonium. The oxygen produced by the microalgae
during the process might support the nitrification of
ammonium.

To support the removal of nitrogen, de-Bashan et al.
(2004) suggested an addition of growth promoting bacte-
ria. This bacterium is commonly used in terrestrial plant. It
works by providing growth hormone for the microalgae (de-
Bashan et al. 2008). In their study that employed Azospiri-
llum brasilense together with Chlorella vulgaris, the am-
monium could be removed completely while the nitrate could
be eliminate only about 15% compared to 6% removal by
the Chlorella vulgaris alone.

To complete the overall nitrogen removal, an anoxic
process needs to be added to denitrificate the effluent
(Borowitzka 1988). Some of the possible options are to re-
circulate the effluent into anaerobic reactor or to give addi-
tional anoxic treatment for the effluent.

CONCLUSION

The study shows a better growth rate of microalgae in a low
algal concentration. The use of Chlorella vulgaris in tofu
processing wastewater treatment has shown a good result
for BOD removal and only about a half removal for
phosphorus. A further study to optimize the environmental
parameters need to be done to boost the removal through
degradation by the microalgae. A combination or additional
treatment for removing phosphorus could be done with re-
spect to the environmental issue, e.g. by recovering phos-
phorus in the form of struvite. The increase of nitrate during
the treatment may lead to the low achievement of overall
nitrogen removal. An additional anaerobic treatment should
be used to complete this nitrogen removal.

Suggestion for future research: Piles of laboratory and pilot

scale studies have been done for the nutrient removal that
employ autotrophic microorganisms. A few have been done
to scale-up the study into full scale treatment. A feasibility
study to scale-up the process that consist of techno-economic
studies is a challenge to be carried out in the future. It is
suggested that the study will consider not only water
purification aspect but also a positive energy balance for the
overall process.
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