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Abstract:

The fresh water green alga Chlorella vulgaris was selected to study its ability to degrade one of
polycyclic aromatic hydrocarbon (PAHs)known is anthracene (ANT). ANT is widely used in artificial
products such as wood preservatives; insecticides; dye and coating materials. This algae was cultivated in
CH-10 medium under constant laboratory conditions and exposed to different concentrations (1, 3, and 5
mg/l) of anthracene for 3, 5, 7, 9 and 15 days, with the concentration of ANT measured by high performance
liquid chromatographic analysis (HPLC). The results showed that C.vulgaris has high ability to reduce
anthracene to 80% at 1mg/Lcon centration after 3 days and 100% after 5 days, while at 3 and 5 mg / L
concentration, the highest percentages were 89% and 99%, respectively after 9 days, with the complete
removal (100%) was achieved after 15 days. The results indicate that this alga(C. vulgaris) has high ability
for remediation of ANT and yield not toxic compound to environment
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Introduction:

Bioremediation involved the wuse of PAHs are characterized by their high toxicity and
biological systems for the removal or reduction of  carcinogenic properties, making it a priority
pollution from different environmental media (1).It  pollutant according to the US Environmental
has confirmed to be a safe, effective, low-cost and Protection Agency (13, 14).Anthracene (ANT) is
environmentally friendly alternative for sustainable tricyclic aromatic hydrocarbon causes many
remediation environmental pollution by hazardous problems associated with health and environmental
and recalcitrant pollutants( 2,3).Bioremediation is impact (15).1t represents one of the most
use to convertorganic pollutants into harmless  widespread concerns because of its toxicity to
metabolites or to mineralize the pollutants into biological systems, such as fish and algae (16). It
carbon dioxide and water (4) Microalgae have many  also shows accumulation in the food chain and
roles in bioremediation and are widely used to  affects all types of biological life (17, 18).The
remove different aquatic pollutants (5). Specifically, present study aimed to investigate the ability and
green algae is used in transforming and degrading efficiency of green alga Chlorella vulgaris in
polycyclic aromatic compounds (PAHs) and remediation of different ANT concentration of from
removing these compounds from the environment polluted media.

(6).They have been used to degraders recalcitrant

pollutants such as Chlorella vulgaris (7). Materials and Methods:
PAHs are a significant anthropogenic  Culture and algal growth
pollutant in the environment(8, 9), they contain two The unicellular green microalga C.

to eight conjugated aromatic rings (10). They are  yylgaris(19) was grown on Chu-10(20)for 15 days
widespread in water, air, soil, dust, and sediment.  ynder constant laboratory conditions at 25 + 2 ° C
Their anthropogenic sources and natural sources in and a light system of 16: 8 hours light/ dark
the environment include volcanic eruptions, forest cycles(21). This culture transported into 1000 ml of
fires, diagnosis and biosynthesis(11, 12). media and incubated for 14 days to increase of
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Experimental Design

This alga wasexposed to ANT which is dissolved
in dimethyl sulfoxide (DMSO) and added to the
culture medium to prepare final concentrations of 1,
3 and 5 mg/l which is prepared in 250 ml of liquid
culture media.The control mediaused the same
concentration of ANT without adding alga under
the same culture conditions. Three replicates were
used for this experiment. DMSO (0.1% v/v) control
sample was prepared for each experiment; this
chemical had shown to have no significant effect on
Chlorella vulgaris (21,22).

All sample treatments (5 ml) were filtrated by
Millipore filter ( 0.45 um) and analyzed by high
performance liquid chromatography (HPLC) to
follow the % decrease inanthracene concentration
in the culture medium after 3,5, 7, 9 and 15 days.

HPLC analysis of Anthracene.
The samples were quantifiedwith HPLC instrument
model (SYKAM) made in Germany.
The standardspure ANT(from Sigma-Aldrich
Chemical Co., USA) and samples (50 pl) were
injected into the HPLC system after they were
filtered by Millipore filter 0.45um and the time
taken for a sample to pass through the system is
recorded as its retention time.

The concentration of residual anthracene was

determined by the following formula:
C standerd+*A sample
C sample =

A satanderd

C: concentration, A: area
Statistical Analysis of fall treatments were

performed by SPSS program(version 23) (23).

Results and Discussion:
Bioremediation of Anthracene

The results showed that C.vulgaris had high
ability to removed anthracene after 3, 5, 7, 9 and 15
days of treatments because Chlorella vulgaris is
identified as tolerating and effectively degrading
polycyclic aromatic hydrocarbons that may be toxic
in the environment and converting these compounds
into non-toxic form(24). Moreover Kumar et al.(25)
revealed that PAHs interacted in alga with
cytochrome P450 monooxygenase CYP active sites
through intermolecularhydrogen bonding,
hydrophobic bonding m—minteractions and van der
wails interactions making algae have the abilityto
remediate PAHs more efficiently than other
microorganisms. The results observed significant
differences (p < 0.05) between treatments and
residual concentration.

Fig.(1) Showed that anthracene degradation
occurred at a concentration of 1mg/l when
compared with controls. The concentration reached
to 0.2 mg at three days and the removal percentage
was 80%.After 5 days the removal percentage was
100%, while concentration of ANT in control was
0.99, 0.4, 0.1 and the removal percentage was 10%,
60%, 90% after 3, 5, 7 days, respectively as seen in
table (1). These results in comparison with other
studies (24) on the same alga, showedcompleted
degradation of acenaphthene with 1.25 mg/l at 4th
day, where the removal percentage was 100% and
the concentration of fluoranthene decreased from an
initial 1.5 mg /I to 0.3 mg /I after a remediation
period of four days. Also, El-Sheekh et al.(26)
showed highest percentage of degradation of
anthracene by Elysiaviridisafter 7 days was 92.28%.

Tablel. The residual concentration of anthracene in 1mg/l after exposure time compared with control

5 . control Concentration of anthracenelmg/I
é’_ o g % Residual Removal Residual Removal
SRS Concentration Efficiency (%) Concentration Efficiency
mg/l mg/I (%)

3 0.99 10% 0.2 80%

5 0.4 60% - 100%

7 0.1 90% - -

9 - - - -

15 - - - -

(-)not detectable
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Figure 1. HPLC Chromatogram of C.vulgaris at
1 mg\l anthracene after 3 days (A), after 5 days

(B)

Anthracene was reduced from an initial
value of about 3 mg/l to 1.2, which corresponds to
60% the lowest removal efficiency after three days
of treatment (Table 1,Fig.2A). whereas after 5 and 7
days, anthracene concentration was reduced to 0.5
and 0.2 mg/l, which was equivalent to a removal
efficiency of approximately 83and 93%,
respectively. Compared with control,
concentrations of anthracene were 2.77, 1.5, 0.42
and the removal percentage 7%, 50%, 86% after 3,
5 and 7 days, respectively (Table 2, Fig.2B, D).

Fig.(2C) showed the greatest reduction of
residual concentration and removal efficiency of
anthracene after nine days of treatment (0.05 mg/I
and 98%, respectively). The anthracene disappeared
completely after fifteen days when compared with
control (Table 2, Fig. 2E) and these results were in
agreement with the study of (27) where Anabaena

fertilissima performed higher biodegradation of
ANT showing a sharp reduction in 2.5 mg/L on the
16™ day.
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Table2. The residual concentration of
anthracene in3mg/l after exposure time
compared with control
_ control concentration of
£ 2 anthracene3mg/I
é% Residual Removal Residual Removal
4j E Concentration Efficiency Concentration Efficiency
" mg/I (%) mg/I (%)
3 2.77 7% 1.2 60
5 15 50% 0.5 83
7 0,42 86% 0.2 93
9 0.2 93% 0.05 98
15 -
(-)not detectable
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Figure 2. HPLC Chromatogram of C.vulgaris at
(3 mg\l) anthracene after 3 days (A), after 5 days
(B), after 7 days (C), after 9 days (D), after 15
days (E)

ANT concentration (5mg/l) were reduced
to(2.9mg/l) after three days equating to minimum
removal efficiency 62% (Fig.3A). After 5, 7 and 9
days of treatment, its removal efficiency was90 , 93
and 99 % which equates to 1.6, 0.6 and 0.2 mg/l,
respectively (Table 3, Fig. 3). The data presented in
(Fig. 3E) results showed ANT completed
degradation after fifteen days of treatment
compared with the control. These study agreement
with Patel et al. (27) who reported that Anabaena
fertilissimacan degraded anthracene and pyrene
after 16 days of treatment by 46.3% at 5.0 mg/L and
33.79% at 3.0 mg/L. this is similar to Raghukumar
et al. (28) who reported that the blue green algae
Oscillatoria salina, Plectonema terebrans and
Aphanocapsa sp. could degrade of ANT by 90.6%,
62.7%, and 41.9%, respectively, after 10 days of
treatment. Hong et al. (29) observed high ability of
Nitzschia sp. for accumulation and degradation off
luoranthene (FLA), this result was agree with other
study (30,31).

Table3. The residual concentration of
anthracene in  5mg/l after  exposure
timecompared with control
Concentration of anthracene

2 5mg/l control 5mg/l

§ g Residual Removal Residual Removal
g aé Concentrati  Efficienc  Concentrati  Efficienc
Wz on y (%) on y

mg/I mg/I (%)

3 2.9 42 1.88 62%

5 1.6 68 0.46 90%

7 0.6 88 0.34 93%

9 0.2 96 0.04 99%

15 0.01 99 - -
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Figure 3.HPLC Chromatogram of C.vulgaris at 5 mg\l anthracene after 3 days (A), after 5 days (B),
after 7 days (C), after 9 days (D), after 15 days (E)

Conclusions:

The green alga C.vulgariscan be used in
bioremediation of Anthracene which is one of
polycyclic ~ aromatic  hydrocarbon(PAHSs)from
polluted water due to safety compounds produced
from alga degradation and the results showed that
alga ability to ANT removal is high at low
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concentration and the pollutant is completely
removed after short period.

Acknowledgment:
Authors would like to express their
gratitude to the Department of Biology, College of



Baghdad Science Journal

Vol.16(3)2019

science, University of Babylon, for help and
support.

Conflicts of Interest: None.

Reference:

1.

10.

11.

12.

13.

14.

Luka Y, Highina B K. ,Zubairu, A. Bioremediation :
A Solution to Environmental Pollution. American J.
of Engin. Rese..2018; 7(2): 101-1009.

Shukla KP, SinghNK., Sharma S. Bioremediation:
Developments, Current Practices and Perspectives.
Genetic Engin. and Biote. J. 2010; 3: 1-20.

Singh OV. Proteomics and metabolomics: the
molecular make-up of toxic aromatic pollutant
bioremediation. Proteomics.2006; 6: 5481-5492.
Alexander M. Biodegradation and Bioremediation.
2nd ed. San Diego, CA: Academic Press. 1999; 325-
750.

Hwang J,Ghurch J, Lee S, Park J, Lee WH. Use of
Microalgae for Advanced Waste water Treatment and
Sustainable Bioenergy Generation.
Environ.Engen.Sci..2016; 33(11): 882-897.

Gupte A, Tripathi A, Patel
H,Rudakiy D,Gupte S.Bioremediation of Polycyclic
Aromatic Hydrocarbon (PAHs). The Open Biote.
J..2016; 10 (9): 363-378.

Safar H, Moller P,Holdt S L, Jacobsen
C.MicroalgalBioremediation ~ of  Nutrients in
Wastewater and Production of Food/Feed Ingredients.
DTU's Sustain Conference (F-4) Lyngby. Technical
University of Denmark;2015.

Arey J. , Atkinson R. Photochemical Reactions of
PAH in the Atmosphere, an
EcotoxicologicalPerspective, John Wiley and Sons
Ltd, New York;2003:. 47-63.

Abdel-Shafy H I, Mansour M SM. A review on
polycyclic aromatic hydrocarbons: Source,
environmental impact, effect on human health and
remediation. Egy. J. of Pet..2016; 25(1): 107-123.
GhosalD ,Ghosh S, DuttaT K., AhnY. Current State
of Knowledge in Microbial Degradation of Polycyclic
Aromatic Hydrocarbons. Front Micr.2016; 7(386) :
1369-1378.

WangCH, WuSH, Zhou SL, Wang H, Li BJ, Chen H,
Yu YN, Shi YX. (2015). Polycyclic aromatic
hydrocarbons in soils from urban to rural areas in
Nanjing: Concentration, source, spatial distribution,
and potential human health risk. Sci. Total
Environ.2015; 527: 375-383.

Wang L, Zhang S, Wang L, Zhang W, Shi X, Lu X,
Li X. Concentration and Risk Evaluation of
Polycyclic Aromatic Hydrocarbons in Urban Soil in
the Typical Semi-Arid City of Xi’an in Northwest
China. Inter. J. of Environ. Res. and Pub. Hea. 2018;
15 (607): 3-15.

Gope M, Masto R, George J, Balachandran S.
Exposure and cancer risk assessment of polycyclic
aromatic hydrocarbons (PAHS) in the street dust of
Asansol city, India. Sustainable Cities and Society,
2018; 38: 616-626.

Tuyen LH,Tue NM, Suzuki G, Misaki K, Viet PH,
Takahashi S, Tanabe S. Aryl Hydrocarbon Receptor

548

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Mediated Activities in Road Dust from a
Metropolitan Area, Hanoi-Vietnam: Contribution of
Polycyclic Aromatic Hydrocarbons (PAHs) and
Human Risk Assessment. Sci. Tot. Enviro. Poll.
2014;194: 246-254.

Kanaly RA , Harayama S . Biodegradation of Higher
Molecular Weight Polycylic Aromatic Hydrocarbons
by Bacteria. Bacterio. 1.2000; 128(8), 2059-2067.
Hassan FM, Salman JM, Al-Azawey ASN, Al-Ansari
N, Kutsson S. Quality, Quantity and Origin of PAHs
(Polycyclic  Aromatic  Hydrocarbons) in  Lotic
Ecosystem of Al-HillaRiver, Irag. J. of Ci. Engi. and
Archi.2014; 8 (8) : 1026-1038.

Doyle E, Muckian L, Hickey AM. Microbial PAH
Degradation.Adv.Appl.Microbiol.2008; 65:27-66.
Okpashi VE, Ogugua VN, Ubani SC, Ujah Il, Ozioko
JN. Estimation of Residual Polycyclic Aromatic
Hydrocarbons Concentration in  Fish  Species:
Implication in Reciprocal Corollary. Cogent Environ.
Sci.2017; 3: 1303979: 2-14.

Maulood BK, Hassan F M, Al- Lami AA, Toma J J,
Ismail AM. Checklist of Algal Flora in Irag. Ministry
of Environment, Iraq,2013; 27-97.

KassimTl, Al-Saadi H, Salman N.A. Production of
Some Phytoplankton-and Zooplankton and Their
Uses Live Food for Fish Larva. Iraq. J. Agric. Prod.
1999; 4(5):188-201.

Chia MA, Lombardi AT , Melao MGG. Growth and
Biochemical Composition of Chlorella vulgaris in
Different Growth Media. Anais da Acad. Brasi. de
Cié., 2013; 85(4): 1427-1438.

Tredici MR. Mass Production of Microalgae:
Photobioreactors. In: Richmond A.[Eds.] Handbook
of Microalgal Culture: Biotechnology and Applied
Phycology,2004; Oxford: Blackwell Science.
Aksmann A, Shutova T, Samuelsson G, Tukaj Z. The
Mechanism of  Anthracene Interaction  with
Photosynthetic Apparatus: A study Using Intact
Cells, Thylakoid Membranes and PS Il Complexes
Isolated From Chlamydomonasreinhardtii. Aqu.
Toxi. 2011; 104 :205- 210.

Aksmann A, Tukaj Z. Intact Anthracene Inhibits
Photosynthesis in Algal Cells: A Fluorescence
Induction Study on Chlamydomonasreinhardtii cw92
Strain. Chem. 2008; 74: 26-32.

Al-Jawhari IFH. Bioremediation of Anthracene by
Aspergillusniger and Penicillium Funiculosum, Inte.
Res. J. of Bio. Sci.2016;5(6): 1-11.

Patel MS, Tiwari KK. (2015)Fluoranthene and
Acenaphthene Metabolism by Chlorella vulgaris:
Identity of Intermediates Formed During Degradation
and Its Growth Effect. Inte. J. of Rec. Res. and Re.
2015; Vol. VIII, Issue.

Kumar PS, Thomas J, Poornima V. Structural
Insights on Bioremediation of Polycyclic Aromatic
Hydrocarbons Using Microalgae: A Modelling-Based
Computational S9 tudy. Environ. Monit. Assess.
2018; 190(92) : 1-16

El-Sheekh MM, Ghareib MM, Abou-EL-Souod G.W.
Biodegradation of Phenolic and Polycyclic Aromatic
Compounds by Some Algae and Cyanobacteria. J
Bior. Biod. 2012; 3(1):1-9.


http://astonjournals.com/manuscripts/Vol2010/GEBJ-3_Vol2010.pdf
http://astonjournals.com/manuscripts/Vol2010/GEBJ-3_Vol2010.pdf
http://astonjournals.com/manuscripts/Vol2010/GEBJ-3_Vol2010.pdf
https://www.ncbi.nlm.nih.gov/pubmed/16972298
https://www.ncbi.nlm.nih.gov/pubmed/16972298
https://www.ncbi.nlm.nih.gov/pubmed/16972298
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosal%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27630626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27630626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dutta%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=27630626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahn%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27630626
https://www.ncbi.nlm.nih.gov/pubmed/27630626
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/02697491

Baghdad Science Journal Vol.16(3)2019

29.Patel JG, Kumar JI N, Kumar RN, Khan SR. Marine Cyanobacteria. Appl. Micr. Biote.2001; 57:
Biodegradation Capability and Enzymatic Variation 433-6.
of Potentially Hazardous Polycyclic Aromatic 31.Hong YW, Yuan DX, Lin QM, Yang TL.
Hydrocarbons—Anthracene and Pyrene by Anabaena Accumulation and Biodegradation of Phenanthrene
fertilissima. Poly. Aro. Comp.2015; 36(1): 72-87. and Fluoranthene by the Algae Enriched from a
30.Raghukumar  C, Vipparty V, David JJ, Mangrove Aquatic Ecosystem. Mar. Pollut.
Chandramohan D. Degradation of Crude Oil by Bull.2008; 56:1400-1405.

(Ol AN (Ala g ¥ (A sa S gl S sall dallaa B Chlorella vulgaris saiy) culakal) 3elis
=23 b gl (ha

Olalu dana il e g3n Oy 8352 axlie Gl

Gl (s (s sbel) B ¢ Blall e

sduadAl)

Ao S g el S yall aa) Jodasl Lglia 2u) a1 ( Chlorella vulgaris) s sl cllakal) g 550 sl jldal o5
A 5S0 ) sind V) ga s la ye s LIAY) oMy Clapall s $laa¥IS Lelicall ciladiall 8 dlesiisall 4 Y Basmied e 5 )Y)
Cini CH-10 Joas s o aladall de ) o5 A8la il g ¢ gan g 4y yualail) g 4l juall 431,50 ddlaial g dalall adaill 2l | 80
A Al )5 Sl Jalad JediliE a3 g A o) yale (55351 Cansl SEY) e il 38 Al ladall (i je M AU A s Cag ok
&) il < yedal (HPLC)s oY) (356 J3ad) Ll S 5 g 5 S e Jlonindy Atiall <l 38 il s Lo (3, 5, 7, 9, 15) e
5 s 222100% A5V CulS 5 ol B3 )5 pa 22y 51 / pade T3S 55 vie 809 Ay sl JEY) S 5o Al ) o dpllall alaLalld s
A LS A Y ClS 5 ol A 5 e 2y M5l e 99, 98% (& A1) s o) cuilSs i/ azle (5,3) S il Ay Ll 6l
All Aaad) se Z L b ses S pall Jilas e Allal) aladall 201800 2 jall iy S5 La gy 0 e dused 5 e

.Chlorella vulgaris «s)_yasll Clladall gl SV il 5 Y1 452 S 5 shel) Sl al) ediloal) dallaal) sdzalibal) cilalsl)

549



