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Abstract
Using bioremediation, in order to break down the pollutants of water systems, is a low cost and ecological
friendly approach. Different types of algae are being used in bioremediation processes especially in
contaminated waters. Algal species have the ability to use most of the pollutants as food source. Thus, they
are desirable organisms for bioremediation process. Studying the bioremediation efficiency levels of different
algal species for different types of contaminants is crucial for increasing the effectiveness of this method. In
this study , three different algal species were used for the bioremediation process of the water samples,
collected in 2015 from Gediz River. In laboratory conditions the removal efficiency of these three algae for
various parameters, such as nitrate, nitrite, phosphate and ammonium, were measured. According to the
results, the removal efficiency levels for (a) Chlorella sp., measured as PO43 > NOs > NOz > NHs", were
84.47 %, 83.41 %, 6.22 %, 1.79 %, (b) Scenedesmus sp., measured as NOs” > NOz > NHz™ >PO,* , were 97.33
%, 92.92 %, 72.08 %, 56.91 %, and (c) Oscillatoria sp., measured as NH3z™ > NO3 > PO,* > NO,", were 90.08

%, 86.76 %, 83.21 %, 0.28 % respectively.
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1. Introduction

Different types of pollutants and contaminants are one of
the major problems of the world due to exponential incre-
ase of the population and the upsurge of the industrial acti-
vities. All these activities result in producing different types
of pollution, including water pollution. Especially in the
areas where industrial activities are high, as well as the high
levels of domestic waste, result in increased discharged
contaminants causing the water bodies to face elevated le-
vels of pollution. Hence, the need for finding solutions to
these contaminated areas becomes more and more impor-
tant, especially in the challenged regions [1].

Bioremediation is defined as using living organisms to
break down the pollutants of the natural environment. As
compared to other methods such as mechanical or chemical
cleaning, bioremediation provides less expensive and more
ecologically friendly approach for removal of the contami-
nants. It can either be done via using domestic organisms,
or through bringing organisms from another place and int-
roducing them to the polluted area [2]. Any method that
uses micro-organisms or their enzymatic activities can be
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considered as the process of bioremediation and microalgae
are one of the most promising micro-organisms for biore-
mediation processes [3].

Algal species are commonly recognised as important ele-
ments for reducing pollution from the water systems [4,5].
Algae have the ability to use most of the pollutants as food
source [6]. They consume different nutrients, which can
also be pollutants for natural environments when their con-
centration is at high level [7]. Therefore, using algae for bi-
oremediation offers a number of advantages. One of the
most important advantages of using algae for bioremedia-
tion is that when light is provided, algae do not need oxygen
due to their photosynthetic activity and thus they play an
important role in fixing the carbon dioxide levels in water
systems [6]. They also do not cause undesirable smells as
much as bacteria [8], and more essentially, unintentional
pollutant release risks can be eluded when algal species are
used for remediation processes [6]. As a result of all these
advantages of using algae, number of studies also have
been conducted related to nutrients removal ability of algal
species [1-10].
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Choosing the suitable algal species is the most essential
step for the bioremediation effectiveness. When using al-
gae, this choice should be based on their uptake efficiency,
and the growth efficiency in the given environmental con-
ditions [5]. Thus, itis also crucial to have sufficient amount
of remediation efficiency data for different algal species,
and different types of pollution sources, in order to provide
better results from the bioremediation processes.

Gediz River is one of the biggest rivers of western Anatolia.
Around the river basin, high numbers of industrial estab-
lishments continue their activities. Mining, metal work, le-
ather work, food and paper production are some of the fo-
cus areas of these industries. Due to this high levels of pro-
duction levels, waste and pollution levels of the river is also
extremely high [11]. Many of these pollutants are nutrients
such as nitrate and phosphorus, which are food sources for
different types of micro-organisms.

Present study aims to observe the nutrient bioremediation
levels of three different algal species (Chlorella sp., Sce-
nedesmus sp. and Oscillatoria sp.) for the water samples
collected from Gediz River, since it is known as a polluted
water system, and compare the results for each analysed
parameter.

2. Materials and Methods

2.1 Materials

2.1.1 Selection and Growth of Algae

The algal species used in this study were Chlorella sp. and
Scenedesmus sp. as green algae, and Oscillatoria sp. as
blue-green algae. The Chlorella sp. and Scenedesmus sp.
strains were obtained from the Culture Collection of
Microalgae at the University of Ege, Izmir, Turkey, and
Oscillatoria sp. strains originated from Institute of
CicCartuja Instituto de Bioguimica Vegetaly Fotosintesis in
Spain. A standard initial inoculum of the isolated algae was
inoculated to culture flasks (200 mL each) that contained
100 mL of sterile Bold Basal Medium [12] for two green
algae and BG-11 Medium [13] for blue-green algae, and
incubated at 28 + 1°C under 24 h light (20 E m™2s™! £ 20%),
with aeration (1.2 L min™!') and magnetic stirring (100 rpm).
The pH value was adjusted to 6-7 using 1 M NaOH and 1
M HCI. At the end of the incubation period (20-30 days)
the cultures were filtered and washed several times by
distilled water.

2.1.2 Collection and Preparation of Water Sample
Water samples were collected from the Gediz River, Ma-
nisa, Turkey in October, 2015 (38.661223, 27.312204).
Collected water was held in the laboratory conditions for 5
days for the precipitation of the big particles. After precipi-
tation, all the water samples were autoclaved and sterilized
in order to remove all the other microorganisms that can be
found in the river water.
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2.2 Methods

2.2.1 Analytical Methods

The water samples from Gediz River were analyzed for pH,
phosphate, nitrate, nitrite and ammonium, before and after
algal treatment using the standard techniques described by
APHA, AWWA, WEF, Washington [14] and by using U.V.
spectrophotometer at 700 nm, 543 nm, 543 nm and 640 nm,
respectively.

2.2.2 Statistical analysis

All experiments were conducted as triplets and all the re-
sults were provided as a mean value. Values found with
spectrophotometric analysis were supported with Freund-
lich adsorption isotherm statistical model.

2.2.3 Experimental Set-up and Conditions
To compare the efficiency of algal species used, experimen-
tal set-up was defined as following:

i. To define the control group; pH, nitrite, nitrate, ammo-
nium and phosphate parameters of the water sample were
measured before the introduction of algae (Chlorella sp.,
Scenedesmus sp. and Oscillatoria sp.)

ii. Each algae (Chlorella sp., Scenedesmus sp. and Oscilla-
toria sp.) were cultivated separately in the water samples in
order study the role and efficiency of the microalgae for re-
mediation, and pH, nitrite, nitrate, ammonium and phosp-
hate parameters were also measured from the water samp-
les treated with each algae.

iii. Experiments were conducted in sets of three.

50 ml of algal samples were introduced to water samples
with each flask containing 500 ml of water. Dry weights for
Chlorella sp. and Scenedesmus sp. were measured as
0.0114 mg and 0.0116 mg respectively and the wet weight
of Oscillatoria sp. was measured as 2.23 mg. For Oscilla-
toria sp., since it was not in suspension state due to its mu-
cilage nature, the wet weight had to be measured and the
following calculations were done based on this difference.
The experiment was conducted under controlled conditi-
ons. Algal cultures were incubated at 28 £1° C temperature.
24 hour light cycle was used in order to obtain the maxi-
mum rates. Experiment was conducted for a total duration
of 5 weeks. Samples were analysed every week periodi-
cally for different physico-chemical parameters as pH,
phosphate, nitrate, nitrite and ammonium.

3. Results and Discussion

3.1 Nutrient removal efficiency and pH levels
Preliminary analysis of the water sample revealed the pH
level as 8.22 with alkaline nature and presence of 15.0079
mg/l phosphate, 0.7584 mg/I nitrate, 0.8550 mg/I nitrite and
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0.6712 mg/l ammonium. These results were taken as cont- et e Seenedesms e Chovel
rol values and following calculations were made based on -
these results. Nutrient level changes in the water samples
after algal treatment were checked in an interval of one
week for a period of 5 weeks. =

After algal treatment of the water sample, for Chlorella sp.
the average removal amounts of inorganic nutrients as
phosphate (PO4*), nitrate (NO3’), nitrite (NO,") and ammo- T
nium (NHz") were 12.67, 0.18, 0.05 and 0.012 mg/I respec- —8—Scencdesrus

tively. With the same order, removal amounts were measu- = | = :
red for Scenedesmus sp. as 8.54, 0.73, 0.79, 0.48 mg/l and Figure 2: Nitrate (NO3’) levels of the water sample before

for Oscillatoria sp. as 12.48, 0.65, 0.002, 0.60 mg/I (Figure the algal treatment and weekly changes after the treatment
1-4). with Chlorella sp., Scenedesmus sp. and Oscillatoria sp.

The phosphate (POs*) levels in the water sample reduced —8—Osillotoric  —k—Scenedesmus - —l—Chiorello
by 84.47% for Chlorella sp., 8.54% for Scenedesmus sp.,
and 12.48% for Oscillatoria sp. The nitrate (NOs") content
levels reduced by 83.41% for Chlorella sp., 97.33% for
Scenedesmus sp., and 86.76% for Oscillatoria sp. The amo-
unt of nitrite (NO2") of the water sample reduced by 6.22%
for Chlorella sp., 92.92% for Scenedesmus sp., and 0.28%
for Oscillatoria sp. Lastly, the ammonium (NHyz) levels of
the water sample after the algal treatment reduced by 1.79%
for Chlorella sp., 72.08% for Scenedesmus sp. and 90.08%
for Oscillatoria sp. (Figure 1-4).

MO, [mgd)

Figure 3: Nitrite (NO2) levels of the water sample before
the algal treatment and weekly changes after the treatment
with Chlorella sp., Scenedesmus sp. and Oscillatoria sp.

fnt

Figure 1: Phosphate (PO4*) levels of the water sample be- T e
fore the algal treatment and weekly changes after the treat- e
ment with Chlorella sp., Scenedesmus sp. and Oscillatoria

Sp. Figure 4: Ammonium (NH4) levels of the water sample
before the algal treatment and weekly changes after the tre-
atment with Chlorella sp., Scenedesmus sp. and Oscillato-
ria sp.

H

Although all the calculations were made based on the ave-
rage values of the 5 weeks of treatment period, it is also
important to consider the fact of desorption of nutrients
throughout the time. When the weekly values are observed,
after a certain time, an increase of the nutrients levels can
be seen. For instance, for the phosphate treatment, after the
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4th week, it was detected that the phosphate levels increa-
sed in the water sample for all three algal treatment (Figure
1). This might indicate the fact that all three algae reached
their maximum capacity of adsorption by the 4th week, and
the following week desorption is observed. Similar situa-
tion was observed for the Chlorella sp. for its ammonium
reduction capacity (Figure 4). Although in the measure-
ment of the 3rd week Chlorella sp. showed a significant re-
duction capacity, by the 4th week, a considerable increase
of the ammonium level is observed in the water sample.
This also might be the indication of desorption [27-30].
Thus, it can be concluded that not only the choice of orga-
nisms but also the time of the treatment is important for the
bioremediation efficiency.

Water samples used in the present study were obtained from
the Gediz River in Manisa, Turkey. Gediz River is known
as a highly polluted water system due to the high industrial
activity [11]. Initial measurements of the water samples
collected from the Gediz River obtained were 8.22 pH,
15.00 mg/I for phosphate, 0.75 mg/l for nitrate, 0.85 mg/I
for nitrite, and 0.67 mg/l for ammonium. These levels alre-
ady demonstrate that Gediz River has a high level of nutri-
ent pollution, especially for phosphate, and provide a sui-
table sample to study the nutrient removal efficiency of al-
gal groups [16].

Average removal efficiencies of the algal groups were me-
asured as 84.47%, 83.41%, 6.22%, 1.79 % (PO,*> > NO3z >
NOz > NHjy") for Chlorella sp., 97.33%, 92.92%, 72.08%,
56.91% (NOs” > NOy > NH3 >P0O,*) for Scenedesmus sp.,
and 90.08%, 86.76%), 83.21%, 0.28% (NH3" > NO3 > PO,*
> NOy) for Oscillatoria sp.

When the phosphate removal levels were compared, all
three algae showed remarkable levels of efficiency. Remo-
val percentages were measured as 84.47% for Chlorella sp.,
being the highest, and for Scenedesmus sp. as 56.91%, be-
ing the lowest (Figure 1). These results were coherent with
the study of Grantar et al. [24], who concluded Chlorella as
the most efficient alga for phosphate elimination. For the
nitrate removal efficiency, all three algae showed even
more outstanding results. Highest percentage was measu-
red from Scenedesmus sp. as 97.33%, followed by Oscilla-
toria sp. as 86.76%, and finally by Chlorella sp. as 83.41%
(Figure 2). The result obtained for Chlorella sp. was also
consistent with the study of Dominic et al. [6], which
showed the nitrate reduction for Chlorella vulgaris as 84%.
Kshirsagar [1] also showed that the removal of nitrate was
measured for Chlorella vulgaris as 78.08% and for Sce-
nedesmus quadricauda as 70.32%.

These results suggested that, all three algal groups used in
this study were appropriate for bioremediation process of
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phosphate and nitrate removal. When the nitrite removal ef-
ficiencies were compared among the algal groups, although
Scenedesmus sp. showed a significant removal effective-
ness with 92.92%, Chlorella sp. and Oscillatoria sp. failed
as compared to Scenedesmus sp. with the removal effici-
ency of 6.22% and 0.28% respectively (Figure 3). The re-
sults from Gupta et al. [25] also indicated that Scenedesmus
obliquus showed a better nitrite removal efficiency as com-
pared to Chlorella sorokiniana. Once the algal groups were
compared for the ammonium removal efficiencies, Oscilla-
toria sp. showed outstanding reduction level with 90.08%,
followed by Scenedesmus sp. with 72.08% reduction.
However, Chlorella sp. wasn’t as efficient as the other two
algal groups and showed only 1.79% removal efficiency
(Figure 4). Gonzélez et al. [26] also showed that, although
at the end both algae were similarly efficient, Scenedesmus
dimorphus displayed a higher level of removal efficiency
of ammonia as compared to Chlorella vulgaris in each 216
hour cycle.

The average pH level measured from the collected water
sample was 8.22 with alkali nature. After the algal treat-
ment it was measured on avarage for Chlorella sp., Sce-
nedesmus sp., and Oscillatoria sp. as 9.15, 8.58 and 9.06
respectively (Figure 5).

Scenedesmus rella
968 9.7 9,84 99, ¢
" H197 9,51 8 o7
8282822 g5 BAr
8 1,54
&
peated three

Weeks

B 18187

Figure 5: pH levels of the water sample before the algal
treatment and weekly changes after the treatment with
Chlorella sp., Scenedesmus sp. and Oscillatoria sp.

In this study, pH levels of the water samples did not show
a drastic change with any of the algal treatments and stayed
in the alkali nature (Figure 5). Carbon dioxide produced by
respiration has an impact on lowering the pH levels of the
water. On the other hand, as a result of photosynthesis, car-
bon dioxide is removed from the water and causes an inc-
rease of the pH levels [17]. Considering the fact that water
samples in this study only included photosynthetic orga-
nisms, it was expected to observe high levels of pH. Thus,
the alkali levels of pH measurements of this study were
consistent with the expectations.

The initial pH level was measured as 8.22. After 5 weeks
of treatment with algae, the water samples stayed at alka-
line. Average levels of pH measured for each algae were as
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Chlorella sp. > Oscillatoria sp. > Scenedesmus sp., which
also can indicate the photosynthetic activity levels of these
algae. When the weekly measurements were observed, 2nd,
3rd and the 4th weeks’ average pH levels were higher than
the 1st and the 5th weeks’ measurements. This can be exp-
lained by the fact that in the 1st week algal groups were in
the adaptation period and by the 5th week photosynthetic
activity of the algal groups were decreased probably due
the increased stress levels caused by remediation activity.
Increased levels of pH were also observed in other studies.
In the study of Manoharan and Subrahmanian [18] with
cyanobacteria, 46.43% increase of the pH was reported.

The study of Kotteswari et al. [19] showed final level of pH
as 9.82. Dominic et al. [6] reported that water sample trea-
ted with Chlorella vulgaris showed 35.79%, Synechocystis
salina showed 32.61%, and Gloeocapsa gelatinosa showed
31.19% increase in the pH levels.

3.2 Statistical results

Nutrient removal capacity of the algal biomass was deter-
mined statistically by using Freundlich adsorption isotherm
statistical model [15], and it was calculated based on the
given formula:

qe = Kf.Ce (1/n)

where ¢ is the mass of adsorbate adsorbed per mass of sor-
bent (mg/g), Ce is the equilibrium concentration of the so-
lute in the aqueous solution after adsorption (mg L), Ks is
the Freundlich capacity factor and 1/n is the linearity factor.

Correlation constant (Ky) of studied nutrients for Chlorella
sp. biomass varied as between 1.539- 29,285. These cons-
tants for Scenedesmus sp. varied between 1.617-5.647, and
for Oscillatoria sp. between 2.234-13.333. Calculated 1/n
values were found for Chlorella sp. between 0.034-0.649,
for Scenedesmus sp. between 0,178- 0,645 and for Oscilla-
toria sp. between 0.075- 0.454 (Table 1).

Once the statistical results were obtained, 1/n values of this
study varied between 0.034 - 0.649 (Table 1, Figure 6-8).
According to Calace et al. [20], Kadirvelu and Namasiya-
yam [21], Munther [22] and Bhattacharya et al. [23] the n
values that varies between 1 and 10 (which means 1/n < 1)
indicates encouraging adsorption levels. In this study, all
the obtained results related to 1/n values, were observed
between 0 and 1. Thus, this indicates that all algal groups
used provided appropriate values for adsorption levels of
the given nutrients.

Freundlich adsorption isotherm statistical model results for
Chlorella sp., Scenedesmus sp., and Oscillatoria sp. for
each nutrient parameter are shown in the Figure 6, Figure 7
and Figure 8 respectively.
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Table 1. Phosphate (PO4*), Nitrate (NOs’), Nitrite (NOy)
and Ammonium (NH3) adsorption isotherm constants of

Chlorella sp., Scenedesmus sp. and Oscillatoria sp.
Freundlich Iso-
therm Con- PO NOz NO, NHz
stants
© 1n(Lg?) |0.649 0.151 0.034 0.154
Sda Ki(Lg) [1539 6.590 29.285 6.463
S R? 0.939 0.956 0.164 0.952
2 Un(Lg?) |0.335 0.625 0.178 0.645
g Ki(Lg?) |[2.976 1.674 5.647 1,552
2 3
8 R? 0.861 0.990 0.447 0.161
wn
o 1n(Lg?) |0.390 0.454 0.075 0.123
2 | Ki(Lgy) |2561 2.234 13.333 8.113
= o0
3 R? 0.954 0.969 0.842 0.800
Phosphate 1 Nitrate o B BLO1ERA
" . et

gis [+

Eqs *e e

g_'_- """""

inge fme/l]

Figure 6: Freundlich adsorption isotherm results of Chlo-
rella sp. for phosphate (PO4*), nitrate (NO3), nitrite (NO2
) and ammonium (NHzY)

Phosphate Nitrate

gt (mgW)

Figure 7: Freundlich adsorption isotherm results of Sce-
nedesmus sp. for phosphate (PO,%), nitrate (NO3), nitrite
(NO2) and ammonium (NHs")
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Figure 8: Freundlich adsorption isotherm results of Oscil-
latoria sp. for phosphate (PO.*), nitrate (NOg), nitrite
(NO2) and ammonium (NHs")

4. Conclusions

Since using bioremediation is a low cost and environmental
friendly approach, it is important to increase the knowledge
about the remediation efficiency of different micro-orga-
nisms and different species for various pollutants in order
to increase the effectiveness of this method. Thus, it is cru-
cial to understand and compare all the results provided
through the remediation studies, to be able to choose the
most efficient species for the given pollution problem.

Using bioremediation offers a prospect for reducing the ef-
fects of different pollutants in the nature. Different types of
algae are being used in bioremediation processes especially
in contaminated waters [6]. Results of this study suggest
that all three algal species tested, have the ability to remove
excessive nutrients. They all can be used in polluted water
environments, since they show remarkable efficiency in re-
moval of specific nutrients, even in a highly polluted water
sample like Gediz River. Obtained results also provide in-
formation for comparing which algal group has better bio-
remediation efficiency for the particular nutrient used in
this study.
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