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Abstract
Three stations were chosen on the main controlling site from the Muthanna Military Airport in the center of the capital,
Baghdad, with the control site from inside the University of Baghdad for the purpose of comparison. Five replicates collected
an environmental sample for each site dominating plants. Samples were prepared and PAH concentrations were determined
by gas chromatography / mass spectrometry (GC / MS). Polycyclic aromatic hydrocarbons (PAHs) interactions were shown
in all types of plant samples during the quantitative measurement of three types of plants Eucalyptus camaldulensis>
Ziziphus spina-christi> Morus alba. The ability of the plant to absorb as a quick step resulting from the absorption of the
amount of soil or deposited from the air dust. By comparing the accumulation of PAHs among all species, Eucalyptus
camaldulensis are observed, as good biomarkers of PAHs pyrene 27 mg/kg which is the highest.
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Introduction
Biomarkers in environmental assessment the

concentrate mainly on relationships between the division
of toxic matter in environment and potential risks of
pollutants, in past decades, risk assessment levels of
pollutants in the environment have been considered
credible because different pollutants can mutually
influence their toxic behaviors. Basic main pollutants and
chemicals components have a tendency to stick to the
environment such as cadmium, lead, mercury or copper,
polycyclic aromatic hydrocarbons (PAHs) and others.
Minerals in the biotic environment originate from sources
of geological processes related to metal fillings geological
formations and human resources (Latif, et al., 2013).
Primary contaminants cannot be degraded more so they
can undergo different reversible changes in belonging
depending on the chemical environment (UNEP. 2001).
Many elements are necessary for life functions , plants
and animals possess different mechanisms for
accumulating sufficient amounts of elements from their
environment also facilitate the treatment of non-essential
minerals (Wang, et al., 2004). Treatment and retention
of metals (or any other chemical), environmental pollution
and the effects of chemicals on the environment and

natural resources have become one of the major global
problems (Wuana and Okieimen, 2011). The biological
response such as ranging from molecular to cellular and
physiological responses to behavioral changes, that can
be associated with exposure plants to toxic chemicals or
their toxic effects (Hu Lia, et al., 2000). To understand
the concept of biomarkers in plants ecosystems, the
important aims that identify the changes that had happened
in the environmental areas from various sites were chosen
from in the controlling headquarters, Al- Muthanna
military airport - Baghdad with the following.
1- Detection of polycyclic aromatic hydrocarbons (PAH)

in leaf Plants for main stations from in the controlling
headquarters, Al- Muthanna military airport - Baghdad
to identify the most important sources of elements to
identification of health risks according to Potential
Ecological Risk Index (RI).

2- Examination of functional groups as biomarker by
applying Gas Chromatography Mass Spectrometry
(GC/MS).

Materials and Methods
Description and samples collection of this study

Three stations were selected on the basic location
from Al-Muthanna military airport in Baghdad in the*Author for correspondence : E-mail : reyam80a@uomustansiriyah.edu.iq



center of the capital Baghdad in the side of Karkh
northeast of Baghdad within the coordinates (331924N-
442239E).

1- The first site at the beginning of the camp included
the corridor entering the military convoys (Station 1).

2- The second site includes the military hospital and
service buildings of the middle location (Station 2).

3- The third site is the center of military equipment in
final location (Station 3).

4- Al-Jadiriya site inside the College of Engineering
in Baghdad University for comparison with our results
(Station 4) as a control.

Five replicates were collected environmental sample
for dominant Plants in the sites had a long period of years
to grow plant samples (Eucalyptus camaldulensis,
Ziziphus spina-christi. Morus alba).
Preparing Experimental and Analysis:

The samples were collected from the study areas
during October in 2019 were taken for each site samples
of the plant, surrounding soil and air five replicate samples
of each plant leaf were collected, then rinsed thoroughly
with deionized water and dried outdoors at room
temperature for 3-5 days, then grinded with a mill and
sifted with a 1 mm diameter sieve to be ready for analysis.
The total samples of the sites were 60 plant samples
(WHO, 1996).
Mechanical Extraction PAH of Leaf Plants

Plants (Eucalyptus camaldulensis, Ziziphus spina-
christi, Morus alba) was performed to extraction by a
Soxhlet apparatus. Exhaustive extraction with absolute
ethanol was performed using 20g of powdered leaves
samples with 200mL of solvent. The ethanol solvent was
evaporated by concentrating under vacuum with rotary
evaporator at 40°C under reduced pressure. The extract
was then filtered through Whitman filter paper. The
solvent free ethanol extract was thereafter evaluated the
resulting extract was lyophilized and then the extraction
yield was calculated (Zhang, et al., 2008), to measured
polycyclic aromatic hydrocarbons (PAH) in three types
of plants samples were determined using Gas
Chromatography-Mass Spectrometer (GC-MS)
According (Rossbach, et al., 2007). All analysis was
carried out in labs of environment and water directorate/
ministry of science and technology. The gel was filled in
a glass column (30 -240 cm length) equipped with a glass
flit and a Teflon stopcock about 2 cm of Na2SO4 were
placed on top of the 17 cm high gel bed. Prior to the first
use the column was rinsed with 300 ml of toluene. After
application of a sample extract in 0.5-1 mL toluene, a

solvent reservoir with toluene was connected to the
column without additional pressure, resulting in a flow of
approximately 2.5 mL per minute. Fractionation was
performed gravimetrically: The first 56g (65 mL) were
discarded, the following 45g (52mL) contained the PAH.
After a last fraction of 30g (35mL), which was also
discarded, the column was ready for the next sample
application. The gel permeation chromatography, the
second fraction containing the PAHs was concentrated
to a volume of about 0.5 mL by rotary evaporation. It
then was applied to the second column 1 cm , which had
been wet packed with 5g of activated silica gel washed
with methanol and dichloromethane, activated for 2 hours
at 180°C and 1g of Na2SO using a mixture of hexane
and toluene. This column was rinsed with 40mL of hexane,
toluene (4:1) and the equate was collected as one fraction.
The column material was discarded after use. After
evaporation to a small volume, the samples were
transferred to 100 mL. The final volume was adjusted to
20-50 mL, depending on the plant sample type.
Analyzing the compositions using GC-MS device:

The following conditions were used for all types leaf
Plants including Column: ZB-5MS Capillary Column (30
m × 0.25mm, I.D. 0.25 µm) , Carrier Gas: UHP Helium ,
Injection Temperature: 2800C, Detector Temperature: 200
CÚ , Injection Mode: Split , Split Ratio: 5 , Flow Control
Mode: Pressure , Injector Pressure: 100 KPa , Total Flow:
11 µl/min , Column Flow: 1.37 µl/min , Linear Velocity:
42.5 Cm/s and Injection Volume: 1 µl (Serdar, et al.,
2003a).
Statistical Method

The statistical analysis was performed according to
the AOAC Protocol (Thompson, et al., 2006) was
assessed using different measures of statistical and
coefficient of determination correlation coefficient, mean
prediction error concentration of component standard
method. The coefficient of determination, r², was
calculated where N is the total number of paired
observations. A value of r² = 1 indicates 100% precision
between the methods.

Results and Discussion
Interferences Polycyclic aromatic hydrocarbons
(PAHs) in all types plants samples during
quantification

Have been evaluated the PAH in three types of plants
by (GC-MS) was used these tests highlighted that the
highest value of PAH was found in Eucalyptus
camaldulensis >Ziziphus spina-christi >Morus alba.
The PAH amounts in the samples show tendency to

(PAHs) as Biomarkers in the controlling headquarters, Al-Muthanna military airport, Baghdad, Iraq 2861



2862 Maysaa Shaker Saeed and Reyam Naji Ajmi

increase with time passes through the readings, there
was indication that PAHs from samples had accumulated
on the last column. The mean of the calculated quantities
which were near the detection limits in most cases < 0.5
mg/kg. These amounts represented > 0.5 % (IAR, 2008;
Ajmi, 2012)of the mean concentration of the plant samples
for all compounds recoveries in all types’ plants. This
indicates the ability of a plant to adsorb as a quick step
that can be reversed during reading the device. The
surfaces of the leaf of the plant have shown an exceptional
ability to trap PAHs on their surfaces where when
precipitation occurs, important stages either absorb them
into the leaf or keep them on the plant surfaces resulting
from the absorption of the amount of soil or It is deposited
on it from air dust the environmental factors affecting
PAHs transferred from atmosphere to vegetation
represented by various factors were shown to be related
to the process of PAHs from air to plant, including

concentrations of the compounds in the air and its
presence gaseous and particle associated temperature
and photolysis are important roles in affecting the process
of PAHs change from air to plants physicochemical
properties, leaf surface morphology, air temperature, and
photolysis this corresponds to (ACGIH, 2006; Abdel-
Shafy and Mansour, 2016). There are many studies
focusing on PAHs to determine the main parameters of
pollution correspond to the results of the study such as
(Piccardo, et al., 2005; Adamo, et al., 2008; Adamo, et
al., 2011; Al-Dabbas and Afaj, 2015). Election
frequencies of Pyren were the highest (100%) about 27
mg/kg with Benzo perylene and Dibenzo anthracene. The
detection frequencies were the lowest of Pyren in all
PAHs at a detection rate of 2% .Results showed that
Eucalyptus camaldulensis  have highest total
concentration Pyrene1:1of all samples and 20 mg/kg in
Ziziphus spina-christi and 17 mg/kg in Morus alba,
obviously the Its proximity to the site of military equipment
and military convoys daily in this study area this is agree
with (USEPA, 2009 and 2012). Table (1, 2, 3) showed
the average concentrations PHA of all types plant under
this study.

Comparison of PAHs accumulating capability

Table 1: The average concentrations PAH of Ziziphus spina-
christi.

PAH of Ziziphus spina-christi mg/kg
 Flouronaphthalene 14

Accnaphthylene 15
Fluorene 16

Phenanthrene 17
Anthracene 17

Pyrene 20
Benzo(a)anthracene 22

R² 1.77%
Table 2: The average concentrations PAH of Eucalyptus

camaldulensis.

PAH of Eucalyptus camaldulensis mg/kg
Chrysene 22

Pyrene 25
Benzo(k)fluoranthene 25

Benzo(a)pyrene 25
pyrene 27

Dibenzo anthracene 27
Benzo perylene 27

R² 2%
Table 3: The average concentrations PAH of Morus alba

PAH of Morus alba mg/kg
Chrysene 15

Benzofluoranthene 16
Benzofluoranthene 17
Accnaphthylene 15

Fluorene 15
pyrene 17

Anthracene 17
R² 1.3%

Fig. 1: Accumulating capability of PAHs Eucalyptus
camaldulensis range between 100, -100.

Fig. 2: Accumulating capability of PAHs Ziziphus spina-christi
range between 20, -20.

Fig. 3: Accumulating capability of PAHs Morus alba   between
10, -10.
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between all types leaves plants Eucalyptus
camaldulensis, Ziziphus spina-christi, Morus alba as
a good bioindicators of PAHs, differences remain in
concentrating various PAHs. As displayed in Fig. 1, 2, 3.,
the concentrations Eucalyptus camaldulensis
>Ziziphus spina-christi >, Morus alba leaves. The
explanation accounted for this behavior probably is due
to the difference in ecological growth of long periods in
the study area and ability to tolerate and absorb pollutants
on a daily basis, which gain them more opportunities to
absorb gaseous PAHs and to accumulate particle bound
PAHs and affected by environmental factors like wind
or rain which might be attributed to the transfer PAHs
from shrub layer or even to the ground (Chaemfa, et al.,
2008; Chaemfa, et al., 2009), the difference in leaf
properties Eucalyptus camaldulensis shown complex
network structures which contribute to the trapping of
particulates on needles surfaces. Thus, the diffusion of
PAHs from the particulates to the inner parts might be
facilitated. However, due to the strong interactions of
PAHs with the constituent of the cuticle layer PAHs can
hardly enter the inner tissue of and can be moved by
external environmental factors such as rain or temperature
and solar radiation, gaseous PAHs diffuse and accumulate
more readily into the inner part this agree with
(Boonyatumanond, et al., 2006; Bohlin, et al., 2014). The
contrary the other types Morus alba leaves which
possess an undeveloped cuticle layer this is what the
researcher mentioned (Ali, et al., 1993). The total PAH
concentration is significantly higher in Eucalyptus
camaldulensis >Ziziphus spina-christi > Morus alba
leaves.

Conclusion
Through the results of the PAHs concentration that

have been obtained from analyzed samples were reached
of the bioindication environmental and how to transition
in ecosystem of the Al- Muthanna military airport –
Baghdad. The explanation accounted for this behavior
probably is due to the difference in ecological growth of
long periods in the study area and ability to tolerate and
absorb pollutants on a daily basis , which gain them more
opportunities to absorb gaseous PAHs and to accumulate
particle bound PAHs and affected by environmental
factors like wind or rain which might be attributed to the
transfer PAHs from shrub layer or even to the ground ,
the difference in leaf properties Eucalyptus
camaldulensis shown complex network structures which
contribute to the trapping of particulates on needles
surfaces. Thus, the diffusion of PAHs from the
particulates to the inner parts might be facilitated.

However, due to the strong interactions of PAHs with
the constituent of the cuticle layer PAHs can hardly enter
the inner tissue of and can be moved by external
environmental factors such as rain or temperature and
solar radiation, gaseous PAHs diffuse and accumulate
more readily into the inner part this agree with (Mumtaz,
et al., 1996; Boström, et al., 2002; Ferrari, et al., 2002;
Delfino, et al., 2009; Demetriou, et al., 2012). The
contrary the other types Morus alba leaves which
possess an undeveloped cuticle layer. The total PAH
concentration is significantly higher in Eucalyptus
camaldulensis >Ziziphus spina-christi > Morus alba
leaves.

Recommendation
Strongly support the more intensive sampling to

represent the spatial distribution of the risks of other
elements in all Baghdad areas and focus on working spatial
information about the idea of the relative risk between
variables in environmental and biological factors soil, Air
and blood human allows users to evaluate potential policy
options and poses better questions to decision makers
seeking to protect susceptible populations of PAHs.

References
Abdal-Kader Saeed Latif, Reyam Naji Ajmi and Huda Farooq

Zeki (2019). Distribution of Polycyclic Aromatic
Hydrocarbons in Marsh, Plants and Sediments in Iraq.
Journal of Environmental Science and Engineering, B2:
532-537, Formerly part of Journal of Environmental
Science and Engineering, ISSN, 1934-8932.

Abdel-Shafy, H.I. and M.S.M. Mansour (2016). A review on
polycyclic aromatic hydrocarbons: source, environmental
impact, effect on human health and remediation. Egypt J.
Pet., 25: 107–123.

Adamo, P., R. Bargagli, S. Giordano, P. Modenesi, F. Monaci, E.
Pittao, V. Spagnuolo and M. Tretiach (2008). Natural and
pre-treatments induced variability in the chemical
composition and morphology of lichens and mosses
selected for active monitoring of airborne elements.
Environ. Pollut., 152: 11–19.

Adamo, P., S. Giordano, A. Sforza and R. Bargagli (2011).
Implementation of airborne trace element monitoring with
devitalised transplants of Hypnum cupressiforme Hedw.:
assessment of temporal trends and element contribution
by vehicular traffic in Naples city. Environ. Pollut., 159:
1620–1628.

Ajmi, R.N. (2012). An Investigation of Elements (Mercury) Status
in Marshes in South of Iraq. Journal of Environmental
Science and Engineering, A1: 1211-1217.

Al-Dabbas, M.A., L.A. Ali A.H. Afaj (2015). Determination of
heavy metals and polycyclic aromatic hydrocarbon
concentrations in soil and in the leaves of plant
(Eucalyptus) of selected locations at Kirkuk-Iraq. Arab J.



2864 Maysaa Shaker Saeed and Reyam Naji Ajmi

Geosci., 8: 3743–3753.
Ali, F., R. Lazar, G.D. Haffner, K. Adeli (1993). Development of a

rapid and simple genotoxicity assay using a brown
bullhead fish cell line: application to toxicological surveys
of sediments in the Huron Erie corridor. J. Great Lakes
Res., 19: 342–351.

American Conference of Governmental Industrial Hygenists
(ACGIH) (2007). TLVs and BEIs Based on the
Documentation of the Threshold Limit Values for Chemical
Substances and Physical Agents & Biological Exposure
Indices. ACGIH, Cincinnati, OH, U.S.A.

Bohlin, P., L. Skrdilkova, P. Kukucka, P. Pribylova, R. Prokes, S.
Voltja and J. Klanova (2014). Outdoor passive air
monitoring of semin volatile organic compounds (SVOCs):
a critical evaluation of performance and limitations of
polyurethane foam (PUF) disks. Environ. Sci. Process
Impacts, 16(3): 433-444.

Boonyatumanond, R., G. Wattayakorn, A. Togo, H. Takad (2006).
Distribution and origins of polycyclic aromatic
hydrocarbons (PAHs) in riverine, estuarine, and marine
sediments in Thailand. Mar Pollut. Bull., 52: 942–956.
Pub Med: 16487985.

Boström, C.E., P. Gerde, A. Hanberg, B. Jernström, C. Johansson,
T. Kyrklund, et al., (2002). Cancer risk assessment,
indicators and guidelines for polycyclic aromatic
hydrocarbons in the ambient air. Environ. Health Perspect,
110: 451–88.

Chaemfa, C., J.L. Barber, T. Gocht, T. Harner, I. Holoubek, J.
Klanova and K.C. Jones (2008). Field calibration of
polyurethane foam (PUF) disk passive air samplers for
PCBs and OC pesticides. Environ. Pollut., 156(3): 1290 -
1297.

Chaemfa, C., J.L. Barber, C. Moeckel, T. Gocht, T. Harner, I.
Holubek, J. Klanova and K.C. Jones (2009). Field
Calibration of polyurethane foam disk passive air samplers
for PMDEs. J. Environ. Monit., 11: 1859-1865.

Delfino, R.J., N. Staimer, T. Tjoa, D.L. Gillen, A. Polidori, M.
Arhami, M.T. Kleinman, N.D. Vaziri, J. Longhurst (2009).
Air pollution exposures and circulating biomarkers of effect
in a susceptible population: clues to potential causal
component mixtures and mechanisms. Environ. Health
Persp., 117: 1232–1238.

Demetriou, C.A., O. Raaschou-Nielsen, S. Loft, P. Møller, R.
Vermeulen, D. Palli, M. Chadeau-Hyam, W.W. Xun, P. Vineis
(2012). Biomarkers of ambient air pollution and lung cancer:
A systematic review. Occup. Environ. Med., 2012:
doi:10.1136/oemed-2011-100566.

Ferrari, S., F. Mandel and J.D. Berset (2002). Quantitative
determination of 1-hydroxypyrene in bovine urine samples
using high-performance liquid chromatography with
fluorescence and mass spectrometric detection.
Chemosphere, 47: 173–82.

Hu, Lia, Robert I. Kriegerb and Qing X. Lia (2000). Improved
HPLC method for analysis of 1-hydroxypyrene in human
urine specimens of cigarette smokers, The Science of the
Total Environment, 257: 147- 153.

International Agency for Research (IAR) (2008). IAR

monographs on evaluation of risk to humans. Air Pollution.
Part I. Some Nonheterocyclic Aromatic Hydrocarbons
and Some Related Industrial Exposures, 92: World Health
Organization, Lyon, France.

Mumtaz, M.M., J.D. George, K.W. Gold, W. Cibulas, C.T.
DeRosa (1996). ATSDR evaluation of health effects of
chemicals. IV. Polycyclic aromatic hydrocarbons (PAHs):
understanding a complex problem. Toxicol. Ind. Health,
12: 742–971.

Piccardo, M.T., M. Pala, B. Bonaccurso, A. Stella, A. Redaelli,
G. Paola and F. Valerio (2005). Pinus nigra and Pinus pinaster
needles as passive samplers of polycyclic aromatic
hydrocarbons. Environ. Pollut., 133: 293–301.

Rossbach, B., R. Preuss, S. Letzel, H. Drexler and J. Angere
(2007). Biological monitoring of occupational exposure to
polycyclic aromatic hydrocarbons (PAH) by determination
of monohydroxylated metabolites of phenanthrene and
pyrene in urine. Int. Arch. Occup. Environ. Health, 81:
221–229.

Serdar, B., S. Waidyanatha, Y. Zheng and S.M. Rappaport
(2003a). Simultaneous determination of urinary 1- and 2-
naphtols, 3- and 9- phenanthrols and 1-pyrenol in coke
oven workers. Biomarkers, 8: 93–109.

Thompson, M., S. Ellison and R. Wood (2006). The International
harmonized protocol for proficiency testing of analytical
chemistry laboratories. Pure Applied Chemistry, 78(1):
145-196.

UNEP. and H. Partow (2001). The Mesopotamian Marshlands:
Demise of an Ecosystem, Division of Early Warning and
assessment, United Nations Environment programmer.
Nairobi, Kenya.

USEPA. (2009). Risk Assessment Guidance for Superfund
(RAGS). Volume I: Human Health Evaluation Manual (Part
F, Supplemental Guidance for Inhalation Risk Assessment),
Final. EPA-540-R-070- 002. OSWER 9285.7-82. January.

USEPA. (2012). Estimation Programs Interface Suite™ for
Microsoft® Windows. United States Environmental
Protection Agency, Washington, DC, USA, 4.11.

Wang, Q., D. Kima, D. Dionysios, Dionysioua, A. George,
Soriala and D. Timberlakeb (2004). Sources and remediation
for mercury contamination in aquatic systems- literature
review. Environmental Pollution, 131: 323-336.

World Health Organization (WHO) (1996). Biological
Monitoring of Chemical Exposure in theWorkplace, 1,
WHO, Geneva, Swiss.

Wuana, R.A. and F.E. Okieimen (2011). Heavy Metals in
Contaminated Soils: A Review of Sources, Chemistry, Risks
and Best Available Strategies for Remediation.
Communications in Soil Science and Plant Analysis, 42:
111-122.

Zhang, H.M., J.S. Nie, F. Wang, Y.T. Shi, L. Zhang, A. Antonucci,
H.J. Liu, J. Wang, J. Zhao, Q.L. Zhang, L.P. Wang, J. Song,
C.E. Xue, M. Di Gioacchino and Q. Niu (2008). Effects of
benzo[a]pyrene on autonomic nervous system of coke
oven workers. J. Occup. Health, 50: 308–316.


