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ABSTRACT

The purpose of this research to analysing the abilities of microalgae from various water treatment processes
to improving chemical properties (pH, dissolved NH,, BOD, NO,) the liquid waste of urea fertilizer factory. The
sampling method has used the grab sampling method for a certain period. Microarray sources are obtained from
various water treatment processes and mixed with waste of water at a dose of 300 mg L-1. The results showed
the source of microalgae clarified was significantly different in reducing dissolved ammonia concentration, pH,
and nitrate. Based on the results of regression analysis and correlation showed that the microalgae population was
partially correlated with pH, BOD, nitrate, and dissolved ammonia of 1.61%, 87.70%, 55.38%, and 9.63%. While
the concentration of dissolved ammonia significantly affected pH, BOD, nitrate, and microalgae biomass growth
of 84.40%.
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I. INTRODUCTION

Environmentally friendly technology is
one of the efforts made by the government
to suppress the pollution of industrial waste
directly into the environment Existing
industrial wastes, whether liquid, solid, or
gas, must fulfil established quality standards
such as the Indonesian National Standard
(SNI), so that a treatment must be given to
water waste before being discharged into the
environment (Salmariza, 2012).

According to Faradilla and Asmi (2011)
that industrial waste is one of the sectors that
the most of contributing to environmental
pollution both to land, water bodies, air
Liquid waste especially in the urea factory
is contains high ammonia, which is it is
not carried out by certain processing and
successfully escapes to the water body, it
will damage the water body. For this reason,
an effort is needed to treat urea liquid waste
which has a high ammonia content.

The urea fertilizer industry produces
has very serious damage to the water body
ecosystem if it is not managed properly.
Urea is a compound that is soluble in water
with its chemical formula (NH,)2CO, with
a high nitrogen content up to 48%. Urea is
a compound that is soluble in water with
its chemical formula (NH,)2CO, with a
high nitrogen content up to 48% Processing
of liquid waste with levels of urea and
ammonia-nitrogen is one of the problems
faced by urea fertilizer plants in Indonesia
(Faradilla and Asmi, 2011).

Until now, there are two treatments
commonly used in urea fertilizer plants,
namely the aeration process and use of
activated sludge in open ponds or collected
in large ponds so that ammonia is released
into the air. Both of these methods are not
effective for large scale because they have
several weaknesses, such as for the use of
activated sludge having a set amount of
time or period In the period of the activated
sludge that has been exhausted it will be
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discarded and replaced with a new one. So
that the weight of operational costs becomes
quite large (Ariyanti, 2010).

The same thing can be seen with the use
of the aeration method. In this method, only
use aerobic bacteria to increase Dissolve
Oxygen (DO) in the waste. That aerobic
bacteria can survive and be able to decipher
harmful substances. But often the amount of
aeration pressure given is not proportional to
the volume and area of the waste pool. So
that it can be said that the aeration method is
not effective because there is no alignment
between the volume of the container and the
aeration given.

One of Dbiological waste water
treatment technique is by using microalgae.
Microarray are a group of micro-sized
plants, have chlorophyll so it is very efficient
in capturing the sun and carbon dioxide
for photosynthesis. In microalgae biomass
contains ingredients such as protein,
carbohydrates, fats, and nucleic acids The
percentage of the four components varies
depending on the type of algae (Badriyah
et al., 2013). One of the advantages of
microalgae, namely microalgae is able to
utilize urea and dissolved ammonia by
degrading it to become a source of hydrogen
and as a carbon source for itself. As a result,
the high ammonia waste can be controlled
and economical because it is continuity.

The ability of microalgae to carry out
photosynthesis can be used to decompose
high ammonia in these wastes. This is
because the microalgae need for nitrogen
nutrients can be obtained from urea liquid
waste in the form of dissolved ammonia
(NH,).

In this research we will study the
relationship between the functions of
microalgae found in several stages of water
treatment to decompose high ammonia
liquid waste in the urea plant by observing
dissolved ammonia levels. So, it can be seen
the abilities of these microalgae to reducing



dissolved ammonia from liquid waste in the
urea factory. The purpose of this research
to analysing the abilities of microalgae
from various water treatment processes
to improving chemical properties (pH,
dissolved NH,, BOD, NO,") the liquid waste
of urea fertilizer factory.

II. EXPERIMENTAL SECTION

This research was conducted in one
of the fertilizer factories in Indonesia
administratively in the area of Palembang
City. The analysis was conducted at the
Laboratory of Chemical Biology and Soil
Fertility, Soil Department, Faculty of
Agriculture, Sriwijaya University.

The types of microalgae used are
various and come from the water treatment
process including flocculation, clarifier,
continuous blowdown, and flocculation
sludge, which previously have been carried
out preliminary tests to showing the presence
of microalgae in water treatment process.
Then the microalgae biomass was measured
by the gravimetric method. Calculation of
microalgae biomass was carried out at the
beginning of the treatment (day 0) and the
end of treatment (day 8™).

The liquid waste used is from a high
ammonia urea fertilizer plant. Then, the
liquid waste analysed to determine the
characteristics of the waste by referring to the
testing of wastewater such as Biochemical
Oxygen Demand (BOD), pH, dissolved NH,
concentration, NO,".

The sampling of waste were carried
out on a high ammonia urea waste based
in storage tanks. The sampling of waste
using stainless steel trunks made randomly.
Sampling is done using the grab sampling
method (a moment) for a certain period. The
sampling is cultivated once at a time needed
so that homogeneity, quantity and quality of
samples are maintained.

All samples of waste taken are collected
first in one container to be homogenized
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again. Then the collected sample put into
each plastic container that has been prepared
using a measuring cup of 600 mL of waste
water (assuming the specific gravity of urea
waste water has a high ammonia content = 1
g/cm?®). The waste samples for experimental
media originating from liquid waste from
high ammonia-based urea plants, were taken
for experiments in the laboratory at random
points. Microalgae sources from various
water treatment processes are taken at a
depth of 0-10 cm. As a treatment it is a source
of microalgae, with a level of flocculation,
clarifier, continuous blow down, residual
flocculation mud, and control or without
treatment.

Examples of high ammonia-based urea
wastes are made at a concentration of 300
ppm (300 mg of liquid waste added to 1
liter of water using water treatment) so
that 600 mg of liquid waste is added to 2
liters of water using water treatment water
placed in a plastic jar. Decomposition of
ammonia by microalgae was determined
by a spectrophotometric method. Analysis
of dissolved ammonia (NH,) is carried out
every 2 days for 8 days in field conditions
(open space). After sampling, stirring is
done.

Previously a preliminary test was
conducted using a microscope to observe
the presence of microalgae in each water
treatment process and the concentration
of dissolved ammonia in the source of the
microalgae. An example of liquid waste
from high ammonia urea was pipette and
a concentration of 300 ppm was made
with the addition of treatment. Measured
dissolved ammonia concentration after
being mixed with microalgae sources after
being analysed put in plastic jars. The BOD,
pH, NO,-, especially the dissolved ammonia
concentration in the waste was measured
after adding microalgae sources and was
considered as a zero-day observation (H-0).

The wvariables observed consisted of
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dissolved ammonia concentrations in waste
on days 0, 2, 4, 6, 8, and 10; the content of
BOD, and NO, on waste on days 0, 4 and
8; the level of acidity of the waste (pH)
is measured every day; measurement of
biomass and the presence of microalgae
before (H-0) and after (H-8) adding
microalgae sources through gravimetric
methods and microscopic observations.

The effect of the type of microalgae
source on the observed variables (NH,
dissolved day 0, 2, 4, 6, 8, 10 days after
treatment) was analysed by F test and
continued with BNJ test. The relationship
between microalgae biomass with pH, BOD,
NO,, and dissolved NH, will be analysed by
regression and correlation.

III. RESULT AND DISCUSSION

1. The Value of pH

This research is the latest research that
has never been examined and is expected to
be a reference for further research. Based on
Figure 1. Which illustrates the relationship
of pH values at each microalgae source with
the time of observation, the best potential is
obtained in the source of microalgae clarifier.
The microalgae source showed a graph of
reducing in pH value every day compared
to other microalgae sources and was able to
reduce the pH value from 8.07 to 7.77. This
decline according to Maharsyah et al. (2013)
indicated the use of nitrogen from nutrients
in the medium by microalgae cells, namely
the use of nitrogen in the form of nitrate and
ammonia.

By decreasing the value of dissolved
ammonia (as presented in Table 1) in
liquid waste indirectly it will reduce the
acidity of the waste, because ammonia has
a weak basic character. With reducing pH,
the bacteria that cannot stand alkaline will
become active and carry out the process of
organism activity. According to Effendi and
Rina (2012) that the degree of acidity (pH)
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is a limiting factor for microalgae life. Most
freshwater and marine biota are sensitive to
changes in pH. Values with a pH range of
6.5-8.5 are suitable for aquatic organisms
and are needed for the life of phytoplankton.

In the microalgae source of continuous
blow down there was an increase on the
second day observation and again reduced
in the fifth day observation. In line with
continuous blow down to the rest of the
flocculation mud increases the pH value
on the first day observation and drops the
following day but rises again on the fourth
day observation.

The increase experienced by several
sources of microalgae in the first and
fourth days of this observation, according
to Prasetyo and Elizabeth (2006) that the
photosynthesis of microalgae is a process
of absorption of carbon dioxide dissolved
in water resulting decrease in CO, dissolved
in water. The reduction in CO, dissolved in
water due to photosynthesis will increase
pH. Therefore, the rate of photosynthesis
will be limited by decrease in carbon (CO,),
changes in carbon form in the waters and
high pH values.

The Value of
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Explanation:

P.1: Flocculation, P.3: Continous Blow Down,
P.2: Clarifier, P.4: The Residual Flocculation Mud,
P.5: Control (Without microalgae Source)

Figure 1 The relationship of pH values in microalgae
sources with time of observation



2. Microalgae Biomass

Based on experiments that have been
carried out regarding the measurement of
microalgae biomass, researchers used the
gravimetric method to obtain weight per
unit volume. Solution sourced from every
source of microalgae that are filtered using
filter paper with semipermeable size hole
diameter around 0.65 pm, so that the results
of'the measurement of biomalgae biomass by
the gravimetric method can be seen in Graph
3.2 illustrating the relationship of the value
of microalgae biomass growth rate with
the gravimetric method at each microalgae
source with the time of observation.

Figure 2, illustrates the relationship of the
value of microalgae biomass growth rate with
the gravimetric method at each microalgae
source with the time of observation, it appears
there is an indication of the same pattern
between zero day observations and eighth
day observation. At zero day observations
for the flocculation microalgae source worth
31 and the clarifier worth 19, it has almost
the same average. But then the surge in
population of continuous blow down is 193
and the remainder of the flocculation mud
is 479. The surges that occur in continuous
blow down and the rest of the flocculation
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500 - 479 nal {H-0)
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300 4 delapan {H-8)
133 83
200 g
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P1 P2 P3 P4 P5
Microalzae Source

Explanation:

P.1: Flocculation, P.3: Continous Blow Down,
P.2: Clarifier, P.4: The Residual Flocculation Mud,
P.5: Control (Without microalgae Source)

Figure 2 The relationship of the value of microalgae
biomass growth rate by gravimetric
method at each microalgae source with the
time of observation
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mud are significant compared to flocculation,
clarifier and the waste control itself which
are of value 82 indicates that there are many
organic and non-organic particles which
are not filtered out and are deposited on
semipermeable filter paper.

The size of semipermeable filter paper
diameters of only 0.65 um has the potential
to hold larger particles such as particles
of nitrate, clay, organic and inorganic
compounds that have a diameter greater
than 0.65 pm. According to Kawaroe (2011)
that microalgae are low-level plants that are
5-30 um in size and when compared to high-
level plants producing vegetable oil through
photosynthesis microalgae can do the
same process more efficiently, even higher
productivity.

In Figure 2. There is a decrease in
continuous blow down and the rest of the
flocculation mud which is the saturation of
the floc which has dropped and settles, so
there are many ions both cations and anions
that are absorbed inside. After observing the
day eighth day compared to zero day zero
where there was a decrease in microalgae
biomass value in both sources of continuous
blow down microalgae and the rest of the
flocculation mud, according to Kawaroe
(2011) reduce in the number of microalgae
biomass by the gravimetric method in
harmony with the decrease in the chemical
properties of the solution including BOD,
COD, nitrite, sulfate, iron. Indirectly it will
impact on the growth of microalgae in it
which utilizes contained elements.

Different case with happens to
flocculation and clarifier which increases
in the eighth day observation. Because
the solution is still in the form of smooth
and floating floc particles, so according to
Djunaedi (2015) the flocculation system
produces faster deposition of floc particles
as a result of an increase in particle size and
density of coagulated particles. In line with
the statement, according to Ariyanti and
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Noer (2012) that microalgae cells can form a
fairly stable suspension with chemicals that
have a negative charge on the surface.

One species of microalgae, Euglena sp.,
after the incubation period or application of
2 days, will experience significant growth of
microalgae biomass and indirectly after the
incubation period entering the fifth day, it
will consume nitrogen in this case ammonia.
There is a unique thing that happens is that
the nitrate concentration will increase first,
initially because of the excess dissolved
ammonia in the system in the liquid waste.
Then only on the sixth day the nitrate
incubation will decrease. Nitrogen makes it
possible to process nitrification (Mahapatra
et al., 2013).

3. Dissolved Ammonia (NH,)

The relationship of the concentration of
ammonia (NH,) dissolved with the time of
observation (Figure 3) , indicating that the
levels of ammonia (NH,) dissolved in high
ammonia wastewater will initially increase
first but the most significant is the source
of continuous blow down microalgae, the
rest of the flocculation mud, and control on
the second day observation until the sixth
day observation (H-6) then the next will
decrease.
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Explanation:

P.1 : Flocculation, P.3: Continous Blow Down,
P.2: Clarifier, P.4: The Residual Flocculation Mud,
P.5: Control (Without microalgae Source)

Figure 3 The relationship of the concentration of
dissolved ammonia (NH,) by the time of
observation
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The increase in ammonia concentration
occurred on the second observation day until
the sixth day of observation which is the
highest point of increasing ammonia (NH,)
dissolved in the microalgae clarifier source,
continuous blow down, the rest of the
flocculation sludge, and control and return
down significantly. According to Faradilla
and Asmi (2011) that algae need ammonia
for growth, so microalgae must convert
to other nitrogen compounds to ammonia
before they can use it.

In addition, oxygen produced by
photosynthesis in microalgae will be used by
microorganisms to decompose organic matter
in liquid waste into one of them forming
ammonia, which indirectly increases the
concentration of ammonia (NH,) dissolved
in the source of the microalgae, so that it
can it is said that there is a synergy between
microalgae and microorganisms in liquid
waste (Istiyanie, 2011).

In the source of microalgae flocculation,
the increase in ammonia concentration only
occurred on the second day of 207,709
mg L-1, and the following day gradually
increased. This means that the activity of
microorganisms is not as active or more
precisely with other sources of microalgae,
so that microalgae only increase the
composition of nitrogen in the source of
this microalgae into a form of dissolved
ammonia (NH,).

4. Biochemical Oxygen Demand (BOD)

The relationship of BOD concentration
and time of observation shows in Figure
4, that the longer the time, the BOD level
in high ammonia liquid waste decreases.
According to Valentina and Siti (2013) that
greater the BOD number indicates that the
degree of waste contamination is greater,
and vice versa. BOD trials are one of the
important trials to determine the strength or
pollutant of wastewater. And also the BOD
value does not show the actual amount of



organic matter but only measures the relative
amount of oxygen needed.

The increase in microalgae flocculation
and clarifier observations on the eighth day
shows the activity of microorganisms in it
which can increase the value of dissolved
oxygen in it. But this increase is not
significant and is still below the standards
of the Ministry of Environment no. 51 of
1995 which was updated to the Ministry of
Environment No. 122 of 2004, namely the
maximum BOD for waste 100 mg L-1.
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Explanation:

P.1: Flocculation, P.3: Continous Blow Down,
P.2: Clarifier, P.4: The Residual Flocculation Mud
P.5: Control (Without microalgae Source)

Figure 4 The relationship between BOD values at
each microalgae source and the time of
observation

According  to  Istiyanie  (2011)
microalgae growth is influenced by
environmental factors such as the intensity
of sunlight, temperature, pH and dissolved
oxygen. With the increase of microalgae
biomass, the amount of oxygen consumed
for photosynthesis will increase. Oxygen
produced by this photosynthesis process will
be used by microorganisms to decompose
organic matter present in liquid waste. So that
there is a synergy between microalgae and
microorganisms in liquid waste. Therefore,
the BOD value will decrease.
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5. Nitrate

In Figure 5 about the relationship
between nitrate concentration and time of
observation shows that nitrate concentration
will increase first on the fourth day
observation (H-4) then it will decrease. There
is an increase in the fourth day observation
(H-4) according to Hastuti et al. (2010)
that there has been activity of nitrifying
and denitrification bacteria in the source of
these microalgae. The nitrification process
will involve autotrophic ammonia oxidizing
bacteria, which is a group of bacteria which
mainly plays a role in the oxidation process
of ammonia to nitrite in the nitrogen cycle,
also in the process of decomposition of
nitrogen in the source of the microalgae.
While the denitrification process is carried
out regularly and gradually by several
facultative anaerobic bacteria.
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Explanation:

P.1 : Flocculation, P.3: Continous Blow Down,

P.2: Clarifier, P.4: The Residual Flocculation Mud,
P.5: Control (Without microalgae Source)

Figure 5 The relationship of nitrate concentration in
each microalgae source with the time of

observation

The  preferred  nitrogen  source
microalgae is in the form of ammonia
(NH,") and nitrate (NO,’). But nitrates will
not be consumed by microalgae until the
concentration of ammonia (NH,) in liquid
waste 1s used up. That's why in the eighth day
observation (H-8) there was a decrease in
nitrate concentration compared to previous
observations (Istyanie, 2011).
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IV. CONCLUSION

Microalgae in the clarifier decreases

dissolved ammonia concentration, nitrate,
pH, and significantly increases microalgae
biomass compared to microalgae from other
sources.
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