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Abstract:

The present study was conducted on the Euphrates river in Al-Hindiya city river during Jul.2005 to
Jun.2006. The study was included measure the concentration and distribution of some Polycyclic
Aromatic Hydrocarbons (PAHSs) and predict their sources in the samples of two species of two
species of aquatic plant (Ceratophyllum demersum L. and Typha domingensis Pers). the lowest
value among PAHs was 0.33ng/gDW recorded for Naphthalene in C. demersum and the highest
value of 225.5ng/g DW was for Dibenzo(a,h)Anthracene in T. domingensis.The results of statistical
analysis rerffered to non significant differences in the concentration of PAHSs in both species of
aquatic plants. In plant C. demersum, the concentration of 0.33ng/g Dw was obtained for 2 ring—
PAHSs, while the value of (388.93ng/gDW) was recorded for 5 ring-PAHSs in T. domingensis. The
concentrations of PAHSs in both species of clams and plants were significant among seasons with
exception of Naphthalene. According to the values of the ratios (Phen./Ant, Flur/Py, BaP/BghiP and
LMW-PAHs/HMW-PAHS), the distribution of PAHSs in aquatic plants may have the origin from
different sources (Pyrogenic, Petrogenic and urban air).

1-Introduction : atmospheric processes (Verrhiest et al.,

The  term "polycyclic ~ aromatic 2001(7); Rhea et al, 2005(8)).The
hydrocarbons" (PAHs) commonly referred to bioconcentration of PAHs by aquatic plants
a large class of organic compounds found involve several processes which include the
present in the environment(EHC, 1998(1); partitioning of PAHs between the sediment
Sanders et al., 2002(2); Booker, 2004(3) ).. and root system of plant and the movement of
Because of their mutagenic, carcinogenic and PAHSs between the root and shoot (McGiynn
teratogenic properties and potential hazard to and Livingston,1997(9)).Recently due to its
human health and natural life, they have low cost and relatively high effeciency
attracted agood deal of attention (Zaid and ,treatment using aquatic plants combined with
Imam, 1999(4); Basheer et al., 2004(5), microbial degradation became popular,
ATSDR(6)). PAHs concentration in the however in a study two aquatic plants
environment are often closely related to local Ceratophylum demersum and Naja gramunea
and regional sources, although remote areas were used to study their effieciency to sorb
can be sites of PAH deposition through PAHs compounds as phenanthrene and
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pyrene.The results indicated that the two
aquatic plants demonstrated great potential in
application used for treating waste water
containing PAHs due to low energy and the
cost of devices (Hsu, 2004(10) ). The
principal aims of the present work is to assess
the qualitative and quantitative determination
of PAHSs in two species of aquatic plants(
Ceratophyllum  demersum and  Typha
domingensis ) collected from Euphrates river
and determine the possible sources of these
compounds in aquatic plants.
Material and method
Study area

Figure (1) showed the selected site along the
Euphrates river under the study. Two species
of aquatic plants which are C. demorsum and
T. domingensis, were collected in AL-
Hindiya city directly adjacent to populated
area .Domestic and industrial effluents are
directly dischared in to the river .Due to
sedimentation ,the water level is very low
with the presence of aquatic plants as C.
demorsum, T. domingensis, On return back to
the laboratory,the aquatic plants washed with
distilled water, dried on papers, wrapped in
aluminum papers, labeled and freezed at -20
Ce till analysis(Kayal and Gnnell, 1995(11)).
Extraction of PAHs from aquatic plant :
- At least about 50 gm of each plant was dried
in fan-incubator at 15 C° and sieved through
63 mesh metal sieve(lbrahim, 1999(12)).
- 10 gm of dried sample with three replicates
was put in pre—extracted cellulose thimble
and soxholet extraction with 250ml Hexan for
12 hr.
- The extract was carefully reduced to about
10 ml.To this 20 ml of triply distilled water
was added and mixture washed with 30 mi
of(0.1M) Na2CO3 (Ogunfowokan et al.,
2003(13)).This step is neccessary to remove
saponified lipids .
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- Non-saponified lipids and other complex
components removed by chromatographic
column. using silica gel(70 -150 mesh)
neutral aluminum oxide and 1-2 cm
anhydrous sodium sulphate. Activated copper
was added to the top to remove reduced
sulphur (Sanders et al., 2002(2)).

- The aquatic plants samples were re-
extracted and treated as blank. The standard
mixture used for calibration contain the
following compounds: Naphthalene,
Acenaphthalene, Acenaphthene, Fluorene,
Phenanthrene,  Anthracene, Fluoranthene,
Pyrene, Benzo(a) anthracene, Chrycene,
Benzo (b) Fluoranthene, Benzo(k)
Fuoranthene, Benzo(a) pyrene, Dibenzo (a,h)
anthracene, Benzo (ghi) Perylene and Indeno
(1,2,3-cd) pyrene.

PAHs analysis

The PAHs extracts of plants were analyzed
by high performance liquid chromatography
(KNAUE) series system at the college of
Pharmacy/Medicine Hawler University.

Retention time  water%  Acetonitrile%
0-2 65 35
2-16 10 90
16-22 5 95
The mobile phase was HPLC-grade

acetonitrile and Distilled water in a linear
gradient program as follows:

Ten pl of sample was injected into a
stationary phase capillary column with a
dimension  of(15cmx4.6mm  ID)  and
determined with UV detector at 254 nm . The
flow rate of mobile phase was kept at 1.5
ml/min.
Results

Seasonal changes in the concentration of
PAHSs in two species of plant (Ceratophyllum
demersum and Typha domingensis) were
studied as demonstrated in table(1) and
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figure(2) ,(3) AND (4).. The mean
concentration of 2 ring-PAHs(Naphthalene
)in plant C. demersum and T. domingensis
were(0.33 ng/g DW and 8.75 ng/gDw)
respectively. As related to  3ring—
PAHs(Acenaphthalene, Acenaphthene,
Fluorene, Phenanthrene, Anthracene) in C.
demersum, the range between(10.6-107.2
ng/g Dw ) were recorded during summer and
autumn  respectively  with  the  mean
concentration of(39.55ng/g Dw) and mean
percentage 0f(6.12%) of the total PAH. In
plant T. domingensis, the concentrations
ranged(35.0-100.3 ng/gDW) during spring
and autumn respectively with mean
concentration of(54.15 ng/g Dw) that
represent about( 7.88%) of the total PAHS.
The concentrations of 4  ring-PAHs
(Fluoranthene, Pyrene, Benzo(a) anthracene,
Chrycene,) in plant C. demersum ranged
between(10.6 and 220.4 ng/gDW) during
summer and spring respectively, with mean
concentration of(141.3ng/g dw) and mean
percentage 0f(21.94%) of the total PAHSs. In
plant T. domingensis, the concentrations of 4
ring-PAHs ranged between (83.8-238.7
ng/gDW) during summer and autumn
respectively, with the mean concentration of
(207.1 ng/g Dw) and represents (30.14%) of
the total PAHs. As related with the
concentration of 5 ring-PAHs (Benzo(b)
Fluoranthene, Benzo (k) Fuoranthene, Benzo
(@ pyrene) in plant C. demersum, the
concentrations ranged between(212.5ng/g dw-
611.5 ng/g Dw) during summer and autumn
respectively with the mean concentration
0f(388.93 ng/g DW) and mean percentage of
(60.83%). In T. domingensis, the 5 ring-PAHs
concentration ranged between(34.6ng/g Dw
and 558.6 ng/g DW) during summer and
winter respectively with mean concentration
0f(348.8 ng/gDW) and represents (50.76%) of
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the toatal PAHs. The concentration of 6 ring—
PAHs( Dibenzo (a,h)anthracene, Benzo (ghi)
Perylene and Indeno(1,2,3-cd) pyrene) in C.
demersum ranged between(4.4 ng/g DW
and121.7 ng/g DW) during summer and
autumn respectively, with mean concentration
0f(69.23 ng/g DW) and mean percentage
0f(10.83%) of total PAHs. The results of the
study for 6 ring-PAHs in plant T.
domingensis referred to high concentration
0f(86.5 ng/g DW) during the autumn, while
the low concentration (36.1 ng/g DW) was
recorded during summer with mean
concentration of(68.28 ng/g DW) and mean
percentage 0f(9.94%) of the total PAH. In
general, the mean concentration of total PAHs
in C. demersum was (639.34ng/g Dw) and
HMW-PAHSs represents (93.76%, 599.64
ng/gDW), while LMW-PAHSs recorded only
(6.24% and 39.88ng/gDW). As related to
plant T. domingensis, the mean concentration
of PAHs was (687.08 ng/g DW) and mean
percentage 0f(90.84 % and 9.15%) and mean
concentratiuon of (629 ng/gDW and
624ng/gDW) was recorded for HMW-PAHSs
and LMW-PAHSs respectively(Figure 5).. As
related to concentration of PAHs in both plant
species with those in water and sediment,
Positive correlation was recorded for PAHSs in
plants with those in water and sediment
(Figure 6).
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Figure (1 ): Map represents study sites o

n the Euphrates river

& Study sites

Table(1):Seasonal changes in the concentration of some PAHs Compounds in Two species of plants

(Ceratophyllum demersum and Typha domingensis) .

Ceratophyllum demersum

Typha domingensis

compound - - - -
Summer | Autumn | Winter | Spring || Summer | Autumn | Winter | Spring
Naphthalene ND 0.6 ND 0.7 19.0 16.0 ND 0.6
Acenaphthalene 6.2 5.0 ND 9.8 21.4 19.1 ND 10.0
Acenaphthalene &
Eluorene ND 62.3 3.7 4.9 55 58.1 17.6 7.4
Phenanthrene 2.9 31.3 7.8 1.4 6.3 11.9 18.0 3.3
Anthracene 15 8.6 3.6 9.2 3.1 11.0 9.1 14.3
Fluoranthene 6.6 10 34.6 37.1 39.4 28.3 34.1 56.0
Pyrene 15 ND 2.6 28.2 20.1 98.0 6.4 39
Benzo (a)
anthracene 1.7 19.5 ND 27.1 5.1 30.3 ND 40.6
Chrycene 0.8 105.7 161.8 | 128.0 19.2 82.1 1485 | 181.1
Benzo (b)
fluoranthene ND 28.5 18.9 59.3 ND ND 34.8 71.1
Benzo (k)
fluoranthene 2.8 199.2 29.3 96.0 ND 210.0 30.0 | 1120
Benzo (a) pyrene 11.8 ND 79.0 128.6 34.6 ND 64.9 142.2
Dibenzo
(ah)anthracene 197.9 383.8 320.6 ND ND 348.6 345.2 ND
Benzo (ghi ) ND 37.7 ND | ND 7.1 784 | ND | ND
perylene
Indeno (1,2,3-cd )
oyrene 4.4 90.0 85.7 59.1 29.0 8.1 67.5 83
Total PAHs 238.1 982.2 747.6 | 589.4 210.1 1000.1 | 776.1 | 760.6
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Figure(2):Mean concentration of PAHSs in plant Ceratophyllum demersum and Typha domingensis
collected from Euphrates river site during the study period (Jul.2005-Jun.2006)
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Figure(3):Mean concentration of PAHSs in plant Ceratophyllum demersum and Typha domingensis
collected from Euphrates river site during the study period (Jul.2005-Jun.2006)
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Figure ( 4): Seasonal changes in the concentrations of 2, 3, 4, 5 and 6 ring-PAHs
compounds in Ceratophyllum demersum and Typha domingensis (plant 1 and 2
respectively) collected from Euphrates river site

267



Basrah Journal of Scienec Vol. 28(2):262-272, 2010

T = 2 ring-PEHs
S o 3 ring-PAHs
g 4 ring-PEHs
s - 5 ring-PAHS
8 102 I:‘:‘:' faoets 6 ring-PﬂHS

Total PAHSs

C. demersum Typha domnigenesis

= LMW-PA%

’g 700

Z HMW-P,?_@S
=2 500

S o Total-PA

E’ 300 m
= 200

g 100

(@) o FAEEEE

C. demersum Typha domnigenesis

Figure(5) :Composition pattern of PAHSs in plant Ceratophyllum demersum and Typha domingensis
collected from Euphrates river during the study period(Jul.2005-Jun.2006)
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respectively) with those in water and sediment .
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Discussion

Because of their wide distribution, low cost
and the efficiency to accumulate pollutants in
their tissues, aquatic plants can be used to
remove PAHs from contamination area
(Colins and Willey, 2004(14); Hsu,
2004(10)). PAHs compounds are detected in
different parts of plants including root, leaves
and the concentration may be greater on plant
surface than internal tissues, broad leaves than
narrow leaves (Eisler, 1987(15); Irwin,
1997(16); Colins and Willey, 2004(14)).
Several experimental researches and field
were done to assess the accumulation
potential of plants(McGlynn and Livingston,

1997(9); Hsu, 2004(10); Alfani et al,
2005(17)). The present results referred to
non-significant differences in the

concentration of PAHSs in two plants studied.
This may be related to the grow of both
species under the same environmental
condition and exposed to the same pollution
sources. The  present study referred to
significant differences in the concentrations of
PAHs among seasons in both species of
plants. This may be related with the
fluctuation of different climatic conditions
that affected the efficiency of plant to
concentrate pollutants in their bodies. High
concentrations were recorded during the cold
season than the hot season with some
exception. This may be attributed to the
elevated PAHs photo degradation in summer
caused by strong sun light and high
temperature (Alfani, 2005(17) .However,
some PAHSs high
concentrations during the summer which may

individual showed

be due to recent input of PAHs from
atmosphere in addition to different factors
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related with extraction, cleanup and analysis
condition. It is also related to the properties of
individual PAHs as molecular weight since it
is known some high molecular weight are
resistant to photo and microbial degradation
so its expected to detect some HMW-PAHSs
during the hot season (EHC-202,(1) 1998;
Eisler, 1987(15); and Irwin, 1997(16)). The
concentration of PAHs in both species of
plants were higher than those recorded in
water and sediment. Irwin (1997(16)) cited
that the concentrations of PAHSs in plant can
be many times higher than those in water due
to bioconcentration. High concentrations of 5
ring-PAHs were recorded in comparisons
with the other PAHSs as in water and sediment
due to their low solubility in water and tend to
accumulate in the sediment and biota (Roper
et al., 1997(18)). Several PAHs molecular
ratios were used to determine the emission
sources (wood head and Matthiessen,
1999(19); yunker etal. , 1996(20) ; Walker et
al., 2002(21). Compounds including
phen/Ant, flur/py, Chry/BaA were also used
to determine possible PAHs origin (vrana
etal., 2001(22)). According to the ratio of
Phen/Ant., Flur/Py,BaP/BghiP and LMW-
PAHs /[HMW-PAHSs, the sources of PAHs in
plants may be pyrogenic, petrogenic and
urban air. Alfani(2005(17)) suggested that the
sources of emission, the distance from the
source and physical-chemical properties of
PAHs may be affected the concentration of
PAHSs in the plant .Because the plants were
collected from urban site near an urban area
with high traffic movement and close to the
domestic sewage effluent in addition to
emissions from small industries nearby, we
expected the high concentration of PAHSs in
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plant. There are just few data present about
the concentrations of PAHs in aquatic plants
and most recent studies were experimental
and interested in the efficiency of some orders
of plants used in phytoremediation technology
to remove PAHs from contaminated area
(Huang et al., 1997(23); Marwood et al.,
2001(24); Colins and Wielley, 2004(14); Hsu,
2004(10)).

References

1.

EHC-202(Environmental Health Crteria).
(1998). Selected non-heterocyclic
aromatic hydrocarbon.International
Program on Chemical Safety.

Sander, M.; Sivertsen, S.; Scott, G.
(2002). Origin &  distribution  of
Polycyclic Aromatic Hydrocarbon in
surficial sediment from the Savanah
river.Arch. Environ.Contam. Toxicol., 43:

438-448.
Brookes, J. (2004). London wide
polycyclic ~ Aromatic Hydrocarbons

survey.Annulal report(2002-2003).

Zaidi, B.R. & Imam, S. H. (1999).
Factors affecting microbial degradation of
Polycyclic ~ Aromatics  Hydrocarbons
phenanthrene in the Caribbean coastal
water.Marine Pollution Bulletin , 38: 737-
742.

Basher, C.; Obbard, J.P. & Lee, H.K.
(2004). Persistent Organic pollutants in
Singapores Coastal Marine
Environment:part I, sediment.Water, Air
& Soil Pollution, 149(1-9): 315-325.
ATSDR(Agency for Toxic Substances
and Disease Registry). (1996). Polycyclic
Aromatic  Hydrocarbons(PAHs).  US

270

10.

11.

12.

13.

Department of Health and Human
Serices.Puplic Health Service.

Verrhiest, G.: Clement, B.; Blake, G.
(2001). Single & combined effects of
sediment-associated PAHs on three
species of fresh water macroinvertebrates.
Ecotoxicology, 10 : 363-372.

Rhea, D. T.; Gale, R.W.; Orazio, C.E.;
Peterman, P.H. ; Harper, D.D. & Farag,
A.M. (2005). Polycyclic Aromatics
Hydrocarbons in water, Sediment & Snow
from Lake grand Teton National Park ,
Wyoming.US.Geological Survey,
Columbia Environmental research Center
(USGS-CERC, 91344).

McGlynn, S.E. & Livingston, R.J. (1997).
Distribution of Polycyclic  Aromatic
Hydrocarbons between aquatic plants and

sediments.International Journal of
Quantum Chemistry, 64(3): 271-283.
.Hsu,S.(2004). Removal Polycyclic

Aromatic Hydrocarbons (phenanthrene &
pyrene) in aquatic phase by Ceratophylum
demorsum & Naja gramunea.Master
thesis.Marine Environment &
Engineering.chinese.

Kayal, S. & Conell, D.W. (1995).
PolycyclicAromaticHydrocarbons in biota
from the Brisbane river Estuary, Ausralia,
Estuarine, 40: 475-493.

Ibrahim, A.O. (1999). Hydrocarbons
concentrations in leaves of some cultivars
of Date palm Phoenix dactylifera L.along
Shatt Al-Arab river. BasrahJ.Science, 17:
73-78.

Ogunfowokan, A.O. ;Asubiojo , O.l. &
Fatoki , O.S. (2003). Isolation and
determination of Polycyclic Aromatic
Hydrocarbons in surface runoff and



Fikrat M. Hassan et al.

Ceratophyllum demersum ...

14.

15.

16.

17.

18.

19.

20.

sediments.Water , Air & Soil Pollution ,
147: 245-261.
Collin, C.D. & Willey, N.J. (2004). Can
we predict the best plants for the
phytoremediation of organic
contaminants.The Annual International
Conference On Soils, Sediments & Water
Eisler, R. (1987). Polycyclic Aromatic
Hydrocarbon hazrds to fish , Wild life and
vertebrates.Asynoptic review.US fish and
wild ilfe service.Biological Report, 85(1-
11). In Brooks (1997).
Irwin, R.J. (1997).
contaminants Encyclopedia,
Entry.National Park service.
Alfani, A. ; Nicola, F.D. ; Maisto, G. &
Pratim, M.V. (2005) Long —term PAH
accumulation after bud break in Qurrcus

Environmental
PAHs

ilex L.leaves in polluted
environment.Atmospheric  Environment,
39: 307-314

Roper, J.M.; Cherry, D. S.; Simmers, J.W.
& Tatem, H.E. (1997). Bioaccumulation
of PAHSs in the zebra mussel at Times
Beach , Buffalo, NewYork.Environmental
Monitoring & Assessment, 46: 267-277.
Woodhead, R.J. ; Law, R.J. ; Mattiessen,
P. (1999). Polycyclic ~ Aromatic
Hydrocarbons in  surface sediments
around England and Wales , and their
possible biological significance.Marine
pollution Bulletin, 38: 773-790.

Yunker, M.B. ; Snowdon, L. R.
:Macdlaud, R.W. ; Smith, J.N. ; Flowler,
M.G. X Malanghlin, F.A.;
Danyashevskaya, A.L. ; Petrova , V. L. ;

271

21.

22.

23.

24.Marwood,

Ivanov, G.L.  (1996). Polycyclic
Aromatics Hydrocarbon composition and
potential sources for sediment samples
from the beafort and  Barents
Seas.Environmental Science &
Technology, 38: 1310-1320.

Walker, S.E. Pickhut, R.M. & Reddy,

C.M. (2002). Identification of PAH
Source to  sediment Tracking
contaminants input to heavily
industrialized urban estuary.224 th
American Chemical Society

Meeting.Boston, MA.

Vrana, B.; Pasch, A.; Popp, P. (2001).
Polyaromatic Hydrocarbons
concentrations and patterns in sediments
and surface water of mansfed region,
Saxony.Anhalt, Germany.

Huang, X.; McConnkey, B.J.; Babu, T.S.
& Greenberg, B.M. (1997). Mechanisms
of Photoindused toxicity of photomodified
anthracene  to plants : inhibition of
photosynthesis in aquatic higher plant
Lemna gibba (Duckweed).Environmental
Toxicology & Chemistry, 16(8): 1707-
1715

CA.; Solomon, K.R.;
Greenberg, B.M(2001).  Chlorophyll
Florescence as bioindicator of effect on
growth in aquatic macrophyta from
mixture ~ of  polycyclic ~ Aromatic
Hydrocarbons.Environmental Toxicology
& Chemistry, 20(4): 890-898.



Basrah Journal of Scienec Vol. 28(2):262-272, 2010

Ceratophyllum demersum. _domingensis Typha
J @l s pand 43 SIS PAHSA0E i die ol 8l g5

e o JY A mlha e Gsmme Omn b @8
3 Aaals Ny gl i Analalaglall S 5SS Anala o gl A

Lanall

| aS . 2006 o s 3ads 2005 sa e ball 4pnigh Aae B Al e o el Al Al ey
e s o OO e3a Jual A8 g el Ailey V) LSl Ganags Ssis S ould Al Ciiens
G gl L(Pseudodontopsis . ) (Ceratophyllum demersum L. and Typha domingensis Pers)..ctilal
Ceratophyllum ) Phedd wls & Naphthalene S all g8 )sls o559 o) e [ol e 53l 0.3) dad 8 o gl
«ls & Dibenzo(a,h) Anthracene S _all (IS (Gla o) ol e/al e sili 225.5) ad el Ly )demersum
(Sl 05 ple [ale 5l 0.33) ddal) Al S el 58 5 o) ) i) i (Typha . domingensis. ) 2ol
Aal) cled S all Jas (Gl 05 e /)2 5l 388.93) Law (Ceratophyllum demersum) <l 4 Jaw
I lS e S 5 B dysiee clig 8 aa g axe SAlasy) Julatl) Rl <iyeksl . ( Typha domingensis ) el &
sle aiel .Naphthalene  —3 oS e eliiuly J gacaill o daial g iy b el Laiy il e 68 o ( PAH)
) = GlS e 568 o ( LMW- PAH/ HMW- PAH 5 Bap/ Bghip s Flur/py s Phen/ Ant) il il
ol el 5 sl a5 ohii ) Adlise jlas dal e b clbld) e g5 8 ( PAHS

272



