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Abstract: Microalgae exhibit a number of heavy metal uptake process by different metabolism. In this study,
the ability of microalgae for removal of heavy metal from wastewater was studied. Growth and biochemical
contents of microalgae were determined by spectrophotometer. Heavy metal analysis of wastewater effluents
were performed by atomic absorption spectrophotometer before and after treatment at laboratory scale. The
growth of Scenedesmus bijuga and Oscillatoria quadripunctulata in sewage wastewater was higher than
those grown in synthetic medium. Whereas, the growth of S. bjfuga and O. quadripunctulata n sterilized
petrochemical effluents was slightly lower than that grown in the standard synthetic medium. The chlorophyll,
carotenold and protein content of S. bjjuga and O. gquadripunctulata grown in sterilized sewage wastewater
were higher than those grown m the standard medium. Similarly S. bjuga and O. quadripunctulata grown n
sterilized petrochemical effluents showed lower contents of pigments and protein than those grown in sewage
and synthetic medium. Heavy metals copper, cobalt, lead and zinc were removed by 37-50, 20.3-33.3, 34.6-100
and 32.1-100%, respectively from sewage wastewater and petrochemical effluent using Ocillatoria culture. The
metal absorption by S. bifuga were (Cu, Co, Ph, Zn) 60-50, 29.6-66, 15.4-25 and 42.9-50%, respectively from
sewage and petrochemical effluents. Both species showed high level of heavy metal removal efficiency and
metal sorption efficiency of both microalgae depended on the type of biosorbent, the physiological status of
the cells, availability of heavy metal, concentration of heavy metal and chemical composition of wastewater.
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INTRODUCTION

Untreated domestic and industrial
contaminates freshwater bodies by releasing huge
amounts of wastewater with high BOD and COD loading
whereas, industrial effluents add various heavy metals
(Cd, Cr, Co, Cu, Pb, Mn, Zn) in it, resulting in high levels
of water pollution. Most of the Indian rivers and
freshwater streams are seriously polluted by ndustrial
wastewater which come out of different factories.
Although volume wise, the domestic sewage constitutes
about 75% of the total effluent generated, it is the
industrial effluent which contains high concentrations of
pollutants, either toxic or non-toxic, that is of greater
concern. Amount of water used in industry turns into
wastewater polluting the surface and ground water and
creating health hazards. Tf 50% (495 billion m”) of this
consumed water is available for algae production, it could
generate ~247 million tons of algal biomass and 37 million

wastewater

tons of oil. They also can supply O, to heterotrophic

aerobic bacteria to muineralize pollutants, such as
hydrocarbons of petroleum (Huang et «l, 2005
He and Xue, 2010), toxic by-products of the industry
(Wang et al., 2006) and heavy metals such as Cr, Cu, Fe,
Mn, Ni and Zn (Haritonidis and Malea, 1999) from the
environmernt or for rendering them to harmless species 1s
defined as phytoremediation (Pilon-Smits, 2005).

Fast growing petrochemical refineries are the source
of toxic effluents entering the watercowrses throughout
the world. The products of industty are categorized as
aliphatic, cyclic aliphatic, aromatic and norganic
compounds. As not all refineries have the same
processes, the effluents that are produced will have
different chemical compositions depending on the type of
treatment they receive (Han et al., 2007). Petroleum
refinery wastewaters are made up of many different
chemicals which include o1l and greases, phenols
{creosols and xylenols), sulpldes, ammomnia, suspended
solids, cyamdes, nitrogen compounds and heavy metals
like chromium, iron, nickel, copper, molybdemun,
selenium, vanadium and zinc (Lehtinen, 1986).
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Many species of microalgae are able to effectively
grow in wastewater conditions through their ability to
utilize abundant orgame carbon and inorgame N and P in
the wastewater. This solar driven technology 1s low-cost
when compared to other available physical and chemical
remediation methods (Cote, 1976).

The efficient growth of microalgae in wastewater
depends on a variety of variables. As with any growth
medium, critical variables are the pH and temperature of
the growth medium, the concentration of essential
mutrients, including N, P and organic carbon (and the
ratios of these constituents) and the availability of light,
0, and CO, Chlorella pyrencidosa had a high protein
content when grown on sewage sludge (Azmat et al,
2005) and the aqueous extract retained a comparatively
low level of various heavy metals, i.e. Cu™, Mn”™, Fe’ and
Zn™ (Wong and Tam, 1984, Khorramabadi and Cheshmeh
Soltari, 2008). Marine algae treated sludge can be used for
vegetable yield of Allium cepa and Spinacia oleraceae
was reported by Azmat et al. (2007). This research aimed
to study the ability of microalgae for removal of pollutants
from sewage and petrochemical industrial effluents for
eventual goal to recycling water.

MATERIALS AND METHODS

Wastewater sampling: The sewage wastewater was
collected from industrial city located at Noyyal river,
Tirupur. The petrochemical effluent was collected from
effluent treatment system of the o1l refinery of Koch,
Kerala state during the month of May, 2011. The source
of petrochemical effluent was collected from trickling
filtered fire pond.

Microorganisms used: The test organisms selected for

present investigation, Scenedesmms  bjuga and
Oscillatoria quadripunctulata were 1solated from the
petrochemical fire pond discharge river catchment area
and the organisms were identified according to Prescott

(1978).

Culture medium and conditions: The S. bijuga in Ward
and parish medium (Ward and Parrish, 1982) and
O. guadripunctulata m BG11 medium (Staner et al., 1971)
were maintained. The culture was incubated at 28-30°C
under continuous light for 15 days. The cultures were
aerated with dry sterilized air which contained about 3%
CO,. Two species of algae were exposed to both effluents
for 15 days. As a control Ward-Parish medium and BG11
medium were used for S. bijuga and O. quadripunctulata
cultivation, respectively.
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Biological analysis

Growth analysis: The pgrowth was assessed
spectrophotometrically at 750 nm (Novaspec LKB). The
microalgal growth was also determined by the dry weight.
A definite volume of algal suspension, after being
centrifuged, dried overnight in an oven at 105°C. The data
were given as mg L' of algal suspension.

Estimation of pigments (chlorophyll a and carotenoid):
Chlorophyll
spectrophotometrically, following extraction of the cells
using 80% methanol. Chlorophyll a was determined
in the methanol extracts using the equation by
MacKinney (1941).

content was determined

Estimation of proteins: Protein content concentration was
determined by the method of Bradford (1976) protein was
colarimetrically measured at 760 nm against blank using
spectrophotometer and calibrated with bovine serum
albumin as a standard.

Chemical analysis: The water samples were analyzed for
pH using a pH meter (Elico 120 I). Heavy metals like
Copper (Cu), Cobalt (Co), Lead (Pb) and Zinc (Zn) were
determined as per standard methods (APHA, 1998). A
Unicam 919 model atomic absorption spectrophotom eter
was also used for the determination of the heavy metals.

Statistical analysis: One-way analyses of variance
(p<<0.05) were used according to SPSS 16.0 version, 2011.

RESULTS

Effect of sewage wastewater on the growth of S. bijuga
and O. quadripunctulata: Figure | shows that the dry
weight of the S. bjfuga grown mn both sewage wastewater
and Ward-Parish medium increased with time upto
12 days, then became down till the end of incubation
period but wastewater seemed to support growth better
than the tested medium. The highest biomass obtained at
the 12th days of incubation was 320 mg L.~' of the
cultures grown in wastewater corresponding to
260 mg L™ in Ward and Parish medium. The dry weight
of the orgamism increased by 23.07% in cultures grown on
wastewater as compared to the standard medium.

The results in Fig. 2 indicates that there was a
considerable amount of biomass of O. quadripunctulata
grown in wastewater reached 441 mg L ™" at the 12th day
of incubation period corresponding to 310 mg L7 in
BG11 medium. The dry weight of the orgamsm increased
by 42.25% 1n cultures grown on wastewater as compared
to the standard medium.
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Fig. 1: Growth of S. bijuga on sewage wastewater and
Ward-Parish medium
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Fig. 2: Growth of O. guadripunctulata on sewage
wastewater and BG11 medium

Effect of petrochemical effluent on the growth of
S. bijuga and O. quadripunctulata: Figure 3 shows that
the mean diy weight of S. bifuga in both standard medium
and effluent water recorded more or less the same growth
pattern. The highest biomass obtaned at 12 days of
incubation was 322 mg L' in standard medium
corresponding to 315 mg L™ in petrochemical effluent.
Therefore, effluent water reduced the growth by 2.2%
compared to Standard medium.

4 show that the growth of
O. gquadripunctulata increased in both the petrochemical
effluent and the standard medium. The trend of increase
continued up to the 10th days of incubation. At the 12th
day of incubation, the dry weight reached 370 mg L~ of
. standard medium
corresponding to 340 mg L.™' in petrochemical effluent.

Data m Fig.

quadripunctulata  grown  in

The reduction amounted to 8.8% for cultures grown in
wastewater compared to the standard medium.
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Fig. 3: Growth of S. bjjuga on petrochemical wastewater
and Ward-Parish medium
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Fig. 4: Growth of Q. quadripunctulata on petrochemical
wastewater and BG11 medium

Pigments and protein content of S bijuga and
O. quadripunctulata: Table 1 shows the comparative
analysis of chlorophyll a, carotenoid and protein content
of S. bifuga grown 1n sterilized petrochemical effluent,
sewage wastewater and standard medium after 12 days of
incubation at 30£2°C. Tt was observed that the S. bifuga
grown in sewage wastewater contained higher chlorophyll
a, carotenoid and protein content with values reached
3.82, 1.90 and 182 pg mL~' corresponding to standard
medium (Table 1). Similarly S. bjuga grown in
petrochemical effluent shows reduction in all content,
2.32,1.33 and 119 pg mL ' compared to standard medium,
2.79, 1.51 and 142 pg mL~, respectively. Therefore,
wastewater highly significantly increased the three
growth criteria with 37.1, 24.2 and 28.2% (p<t0.05) for
chlorophyll a, carotenoids, protein content, respectively,
over the control culture. The reduction of pigments
showed cultwes grown in petrochemical effluent than
standard medium (16.8, 12.2 and 16.1%).
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Table 1: Contents of chlorophyll a, carotenoid and protein (ug mL™!)
of S bijuga cultured in sterilized sewage and Petrochemical
effluent wastewater atter 12 days of incubation at 30+2°C

Table 3: The biosorptive capacity of .8 hijuga and Q. quadripunctidata
culture to remove heavy metals from sewage wastewater and
petrochemical effluent after 12 days of incubation

Nutrient medium

Sewage Petrochemical

Biochemical parameter  Ward-parish  waste water effluent
Chl-a 2.79+0.14 3.82+0.22° 2.32+0.13"
% of Reduction - (37.1000) (16.80%)
Caratenoid 1.51+0.1¢0F 1.90+0.12° 1.33+0.11°
% of Reduction - (24.2000) (12.20%)
Protein 142+4.1% 182+10.0¢ 118+9.5°

% of Reduction - (28.2000) (16.10%)

Data are presented as Mean+Standard deviation (n = 3). Different alphabets
within the same row indicate significant differences at p<0.05

Table 2: Contents of chlorophyll a, carotenoid and protein (ug mL™) of
0. quadripunctulata  cultured in  sterilized sewage and
Petrochernical effluent wastewater after 12 days of incubation at
30E2°C

Nutrient medium

Sewage Petrochemical

Biochemical parameter BG 11 wastewater effluent
Chl-a 24240.23*  3.70+0.13 1.50+£0.12°
2% of Reduction (52.8%) (38%)
Carotenoid 1.21£0.13°  1.8240.3(° 0.73£0.08

2% of Reduction (50.4%%) (39.6%%)
Protein 13046.0F 165+12.¢ 88L9.(F

% of Reduction (26.9%0) (32.3%)

Data are presented as Mean+Standard deviation (n = 3). Different alphabets
within the same row indicate significant differences at p<0.05

The results of chlorophyll a, carotenoid and protein
content of O. gquadripunctulata grown in sewage
wastewater, petrochemical effluent and standard medium
after 12 days of mcubation at 30+2°C are presented in
Table 2. The results showed that the wastewater was
responsible for the increase of chlorophyll a, carotenoid
and protein content of O. quadripunctulata to 3.7, 1.82,
165 pg mL™" (p<0.05) corresponding to 2.42, 1.21 and
130 ug mL. ™, respectively, in the BG11 medium. Sewage
wastewater was significantly enhanced the three growth
criteria of O. gquadripunctulata by 52.8, 50.4 and 26.9% in
chlorophyll a, carotenoid and protein, respectively.

The petrochemical effluent negatively affected
pigments and protein content of O. gquadripunctulata
compared to BG11 medium. Thus, there was a highly
significant in chlorophyll a, carotenoid and protein
content reached 38, 39.6 and 32.3% below the control
culture,, respectively.

Heavy metal removal from
and petrochemical

sewage wastewater
effluents by S bijuga and
0. guadripunctulata: The capacity of S. bjjuga and
O. quadripunctulata cultivation to remove toxic heavy
metals from sewage wastewater after 12 days of
incubation has been presented in Table 3.The data reveal
that the potentiality of removal differed according to the

types of heavy metal and microorganism used. Tt was
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Heavy metal Sewage Petrochemical

Organism used conc. (ppm) wastewater  effluent

S hijuga Cu (Initial Conc.) 0.37+0.03 0.02+0.01
(Final Conc.) 0.16+£0.01 0.01+0.00
(2% of sorption) 57.5 500

O. quadripunctulata  (Final Conc.) 0.22+0.00 0.01+0.01
(% of sorption) 37.1¢ 50¢

S. bijuga Co (Initial Conc.)  0.5440.04 0.03+0.01
(Final Conc.) 0.37+0.11 0.01+0.00
(% of sorption) 29.¢ 66.6°

0. quadripunctilata  (Final Conc.) 0.43+0.00 0.02+0.01
(% of sorption) 20.3 333

S hijuga Pb (Initial Conc.) 0.260.02 0.04+0.00
(Final Conc.) 0.21+0.10 0.03+0.01
(% of sorption) 15.4° 25

O. quadripunctulata  (Final Conc.) 0.17+£0.00 0.00+0.00
(% of sorption) 3.6 100P

S. bijuga Zn (Initial Cone.)  2.8+0.01 0.02+0.01
(Final Conc.) 1.5+0.00 0.01+0.06
(% of sorption) 42.7 500

0. quadripunctilata  (Final Conc.) 1.9+0.03 0.00+0.00
(% of sorption) 3210 10¢p

Data are presented as MeantStandard deviation (n = 3). Different alphabets
within the same row indicate significant differences at p<0.05

obvious that the green algae used here exhibited high
ability to remove heavy metals from sewage wastewater.
S. bijuga was able to remove copper, cobalt and zine from
wastewater by 57.5, 29.6 and 42.7%, respectively but less
content of lead was removed, 15.4%. While the removal
efficiency was 37.1, 20.3 and 32.1% and high level of lead
(p<0.05) was removed, 34.6% by O. quadripunctulata
than S. bijuga.

The biosorptive capacity of the micro algae to remove
heavy metals from petrochemical effluent was statistically
highly significant (Table 3).The removal efficiency of
copper, cobalt, lead and zinc reached 50, 33.3, 100 and
100%, respectively, in cultwres of O. quadripunctulata
compared with S. bjuga (50, 66.6, 25 and 50%).The
relation between the decreases in heavy metal
concentrations and the biosorbtive capacity of the
cyanobacteria was highly significant (Table 3).

DISCUSSION

The growth of microalgae is indicative of water
pollution since they respond typically to many ions and
toxins. Blue-green algae are ideally suited to play a dual
role of treating wastewater in the process of effective
utilization of different constituents essential for growth
leading to enhanced biomass production. Microalgae are
efficient in the removal of nutrients from wastewater. Thus
many microalgal species proliferate in wastewater due to
the abundance of carbon, mtrogen and phosphorus that
act as nutrients for the algae. Unicellular algae have
shown great efficiency in the uptake of nutrients and have
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been found to show dominance in oxidation ponds
(Rawat et al., 2011). Some of the wastewater being used
here had excellent growth rates of 8. bijuga (320mg L")
and O. guadripunctulata (441 mg L™") grown in sewage
wastewater even superior to those cultivated in synthetic
medium. This may be due to the presence of available
orgamnic matter, phosphorus and mtrogenous compounds
which support microbial growth This observation is in
agreement with (Sallal, 1986) who found that various
types of filamentous and non-filamentous cyanobacteria
were grown in sterilized treated and primary treated
sewage effluents.

The growth of the S. bijuga in sterilized wastewater
insome cases like those grown in petrochemical effluents
and O. guadripunctulata grown in petrochemical
effluents were relatively lower than those grown in
standard medium (WP medium, 322 mg L.™' and BG11,
370 mg L.7") of the same inoculum size and under similar
conditions and this may be due to the difference in the
chemical composition between the wastewater and the
well-balanced medium. This observation was similar to
that of Lau et al. (1995) who mentioned that the growth of
C. vulgaris grown i the primary settled sewage
wastewater was lower than that grown in the commercial
Bristol medium.

Furthermore, the rather high level of heavy metals
which may linit the microbial growth, was considered
another reason for the toxicity of wastewater
(Kobbia et al., 1995). The biosorption mechanism can be
considered as being dependent on the composition of the
algal cell wall. Mostly, algal cell walls are made up of
cellulose, polysaccharides, such as marmmans, xylans and
chitin (Rezaee et al., 2006, Okuo et ol, 2006). These
components, along with the proteins present, can provide
acid-binding sites, such as amino, amine, hydroxyl,
imidiazole, phosphate, carboxylates, thiols and thicesters
and sulphate groups. Finally, the lower growth rates
(315 and 340 mg I.7") may be due to the deficiency in one
element or some elements of wastewater being used, like
the deficiency m phosphorus content of petrochemical
effluents. There are very few studies that look at the
effects of refinery effluent or its components on algae.
Saha and Komnar (1985) used 90-day toxicity tests on
phytoplankton. It was found that at the Mghest
concentration tested (5.84% refinery effluent) the
phytoplankton numbers decreased.

In some cases, the S. bjuge (3.82, 1.90 and
182 pg mL™") and O.quadripunctulata (3.7, 1.82,
165 pg mL™") of both grown in sterilized wastewater
contained higher pigments and protein contents when
compared with those grown in petrochemical effluent and
standard medium. Microalgae (green and cyanobacteria)
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have been used to remove heavy metals from aqueous
system, since they have a lugh capacity to accumulate
dissolved metals and also improve the growth and
pigment (Timg et af., 1989). The reduction of that content
in petrochemical effluent treated micro algae may be due
to the effect of effluent on the photosynthetic system by
degrading the pigment content of the cells.

The metal sorption efficiency depends on the type of
biosorbent, the availability and concentration of heavy
metals. In this study, the percentage of reduction of Cu,
Co, Pb and 7n was in the range between 37-50, 20.3-33.3,
34.6-100 and 32.1-100%, respectively from sewage
wastewater and petrochemical effluent by ocillatoria
culture. Prolonged contact with the metal-bearing
solution, the living biomass is also capable of
sequestering metal intracellularly. Oscillatoria have been
shown to contribute significantly to the removal of heavy
metals, such as Cu, Zn, Pb and Mn, that are discharged
from a lead mine (Gale and Wixon, 1979). In
O. anguistissima, copper and zinc binding was
accompamed by release of large amounts of magnesium
1ons. The studies on Oscillatoria sp. showed its excellent
copper biosorption qualities. The water bodies having
high level of metal contamination supported growth of
some major algal forms which accumulated substantial
amount of metals mn their tissues (Fereshteh et al., 2007).
The metal absorption by S. bijuga were 60-50, 29.6-66,
15.4-25 and 42.9-50% from sewage and petrochemical
effluents. Brady et al. (1994) found that Scenedesmiis,
Selenastrum and Chlorella sp. were capable of
accumulating metals such as Cu and Pb with 67 and 98%
efficiency. The growth inhibition in microalgae 1s related
to the amount of heavy metal ions bound to the algal cell
surface and also, to the amount of intracellular heavy
metal ions (Nabizadeh et al., 2006).

In this study, it was observed that microalgae
cultivated in sewage wastewater with high metal contents
also accumulated higher metal contents. Das and
Ramanujam (2011) reported that adsorption capacity,
quantitative uptake and accumulation of Zn, Pb, Mn
and Fe by Microspora quadrata. In case of
O. quadripunctulata grown sterilized sewage wastewater,
the present results showed that high concentrations of
heavy metals did not affect the growth of the microalgae
but it enhance its growth. This may be due to the
resistance of the cyanobacterium to certain heavy metals.
Decrease in growth with increasing concentrations of the
petrochemical factory effluent was recorded by
El-Dib et al. (1997). With reference to the heavy metal
removal efficiency from wastewater and petrochemical
effluent, by using both culture, better growth rate was
shown at certain level, it may be due to the resistance or
may be due to the low level of toxicity of effluents.
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CONCLUSION

The present study, has demonstrated that microalgae
biomass possesses the sorption capacity to remove
heavy metal other organic compounds.
The imvestigation that 8. biuga
O. quadripunctulata are growing abundantly, hence they

ions  and

shows and
can absorb high amount of heavy metals from aqueous
solutions. The growth of both species has supported
wastewater as a growth medium compared to standard
medium. The growth of microalgae in petrochemical
effluent was reduced the growth by 2.2% (S. bifuga) and
8.8% (0. gquadripunctulata) compared to the standard
medium. The biosorption performance of S. bijuga was
high m accumulating Cu (57.5%), Co (29.6%) and Zn
(42.7%) than O. quadripunctulata. Whereas low amount
of Pb accumulation was occured by S. bijuga. The
microalgae wastewater treatment systems present a good
option of biological tertiary treatment of sewage and
petrochemical wastewater.
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