Ali et al. Iraqi Journal of Science, 2025, Vol. 66, No. 6, pp: 2359-2369
DOI: 10.24996/ijs.2025.66.6.14

Iraqi
Journal of
Science

N
ISSN: 0067-2904

Evaluation of Aromatic hydrocarbons ( PHASs) in some drinking water
wells in Baghdad

Abduljabbar A. Ali '*, Kamal B. Al-paruany?, Ansam S.Alazawi 2

!College of Dentistry, National University of Science and Technology, De-Gar, Iraq
2Water and Environment Directorate, Ministry of Science and Technology, Baghdad, Iraq

Received: 24/5/2024 Accepted: 30/6/2024 Published: 30/6/2025

Abstract

Polycyclic Aromatic Hydrocarbons (PAHs), which are chemical molecules, have
been causing numerous health and environmental issues in water supplies. This study
investigated the levels of PAHs in groundwater samples collected from the Diyala
Bridge and Al-Ahdamiyah districts between March and June 2023. Ten groundwater
samples were collected from different locations; six wells were distributed in the
Diyala Bridge area and four in the Adhamiya area. The results show that the average
total amounts of PAHs in each water sample in Diyala Bridge and Al-Ahdamiyah
districts ranged between 16.0 — 472.63 ppm with a mean of 213.13ppm, which is
significantly higher than the ten ppm control. During the study period, Several
locations reported noticeably elevated concentrations of one or both of the chosen
PAHs. The highest concentration of PAHs was recorded for the chrysene compound
at the Abu-Hassan site of 284ppm, followed by pyrene and acenophthylene, with a
concentration of 167.8 and 131.7ppm, respectively. The lowest concentrations were
for Naphthalene, which were 0.0213 and 0.041 in Qassim and Abu-Hassan wells,
respectively. It also noted that high concentrations were recorded for all PAHs at the
Mohammed, Ahmad, and Qassim wells, which exceeded significantly for other sites.
This research advice focuses more on the risk evaluation of PAHs for well water
sources when used for drinking.

Keywords: Polycyclic aromatic hydrocarbons; Wells; Groundwater; GC; Al-
Ahdamiyabh city.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a broad class of chemical compounds with
two or more benzene rings in their structure. The primary sources of PAHs are anthropogenic
activities, industrial emissions, incomplete combustion of fossil fuels, including coal and oil,
and household activities. [1, 2]. These substances are extensively found in soils, sediments,
water, and the aquatic environment. Even though there are over 100 distinct kinds of PAHs,
[3] most analyses and data reports usually concentrate on between 14 and 20 specific PAHs on
average. Two groups of PAHs may be distinguished: low molecular weight compounds, or 2-
and 3-ring (molecular weight 200 g/mol), constitute the first group. According to [4], pure
PAHs are typically colored, crystalline solids at room temperature with high melting and
boiling temperatures, low vapor pressures, and extremely limited solubility in water. These
substances are lipophilic and highly soluble in organic solvents.

Globally, numerous investigations of PAHs in soils, water, and sediment from many
nations, including Germany [5], China [6], and the USA [7], have found PAHs in Chennai,
Tamil Nadu, and India's groundwater. The behavior of PAHs in China's Yellow River's surface
and groundwater has been studied by Li et al. [8,9]. In Bosnia and Herzegovina, there are few
systematic investigations on PAH contamination in surface soil and sediments, and no studies
have ever been done on PAHs at various soil depths.

Analyses of PAHs in soil, water, and sediment were done locally. Salah et al. [10] examined
the sediment and water in the southern portion of Al-Hammar Marsh. PAHs were analyzed in
the Tigris and Euphrates rivers [11, 12-13] and in the surface water of Al-Dalmaj Marsh, Al-
Diwaniya Province, Iraq [14, 15]. Although there has been little research into PAHs in Iraqi
groundwater resources, some have been conducted in Sulymaniya City [16] and Basrah [17].
This study investigated the levels of PAHs in groundwater in an agricultural and industrial area
of Al Ahdamiyah City and the Diyala Bridge in Baghdad.

1.1Study area

The research area is located in the centre of Baghdad, namely in Diyala Bridge and Al-
Ahdamiyah districts (Fig. 1). The average yearly temperature is 9.64 0C for the lowest and
35.39 0C for the highest. The potential evaporation and annual rainfall range from 0.04 to 24.6
mm and 66.85 to 530 mm [ 18], respectively. In Baghdad, groundwater serves as a backup water
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supply. From a geological perspective, the three main geological ages are Pleistocene,
Quaternary deposits, and Holocene [19]. The sand and gravel aquifers were found 8 to 20 m
deep in the study area [20].
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Figure 1: Map of the study area

2. Materials and methods
2.1Sampling

A total of 10 groundwater samples were collected from Diyala Bridge and Al-Ahdamiyah
district in Baghdad City. The depth of the wells ranged from 17-28 m Table 1. The groundwater
samples were collected during March-June 2023.

Table 1: Name, symbol and depth of wells in the study area.

Well name Syr:nbo (;::31 C00rtlilinatio Well name Syl;lbo Well depth Coor(lllinatio
et W% DIE feaw v n o GUAD
msw w0 UEMTY e w o DR
N e RGN =
e W DTSN e we w0
i w7 SO g wo T

Gas chromatography was utilized to perform chemical tests for sixteen different forms of PAHs
(GC). Acidity (pH), EC and Temp are measured at the site. Components of PAHs (Low and
High molecular weight PAHs were analyzed as shown in (Fig 2).

2361



Ali et al. Iraqi Journal of Science, 2025, Vol. 66, No. 6, pp: 2359-2369

Polycyclic aromatic hydrocarbons

High molecularweight

Four Five and Six aromatic Two or three aromatic
Ings

Low molecular weight

Pyrene (By, 4-ring) and Naphthalene (Nap, 2-ring),

Fluorantheng (Flug, 4-ing) Acenaphthylens (Acy, 3-rng),

Benzo[a]-psaene (Bak, 5-rng). Acenaphthene (Ace, 3-ning),

Indeno[1,2,3-cd]pyzene (IedP, 6-ring) Flucrine (Flo, 3-ring),

Dibenzo[a hlanthracene (DahA, 51ing), Phenanthrene (Phe, 3-ring),

Chrysene (Chy, 4-ing), and Anthracene (Ant. 3-ring)
Benzo[b]flucranthene (BbE, 5-ring)

Benzo[k]flucranthen (BKF., 5-ring),

Benzo[a]-psrens(Bak. 5-mng).

Figure 2: Low and High Low and High molecular weight PAHs.

2.2 Extraction

In this study, water samples were extracted using liquid-liquid extraction mode. After
shaking the sample well, a volume of (100 ml) was taken from the active samples, and 50 ml
hexane was added, then shaken well and left for an hour; after the samples were placed in the
centrifuge for (10 minutes) at the highest rotation (10,000 revolutions per minute, then only the
upper liquid is withdrawn, filtered, and injected into the GC to define the PAHs. The extraction
and disintegration techniques were analyzed based on the principles described in standard
methods [21, 22].

2.3 GC analytical conditions
The analyses were separated by liquid/liquid chromatographic separation using a Gas
Chromatograph (Shimadzu, Japan). The quantities of PAHs were determined by utilizing the
calibration curves of the standards and extrapolating the peak area.
The gas chromatography conditions are as follows:[23]
Colum :DN-5 (30 m * 0.32 mm ) .
The Injection : (280 °C).
Carrier gas: N
Flow rate: 1.5ml/min.
FID (300°C).
Thermal program: (110 C(1min)-190C@12C/min-210@6C/min-250C@3C/min).
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2.4 Measurement

In the first step of measuring, the stability of gas pressure and different temperatures in the
GC device is a very important issue. Ten microliters of the sample were injected into the
syringe chamber using a laboratory glass syringe of 25 microliters at a temperature of 280 °C,
after which evaporation of the sample occurred towards Colum, Which separates the organic
compounds according to the degree of evaporation and within the above thermal program.
Then, the separated organic compounds go to the detector (FID) (300m), which diagnoses all
the organic compounds in the form and gives an electrical signal to the calculator screen to
show all the compounds in the form of peaks and a unique table with its values. Concentrations
are calculated according to the following mathematical equations:[24].

Area sample

Area St. *CST

(1)C sample =

3. Results and Discussion
1. Physical properties of studied locations

The physical characteristics of groundwater samples in the research region are shown in
Figures 2,3and 4. Well (W9) was the deepest (28m) recorded well in the research region, while
well (W2) had the shallowest reported depth of 17 m. The maximum values for ion hydrogen
(pH), total dissolved solids (TDS), electrical conductivity (EC), and temperature (T) were 7.6,
7455 ppm, 9020 S/cm, and 23 C. Correspondingly, for wells W1, W4, W5, W9, and W10. TDS
levels in water samples, the most measured component of electrical conductivity, were higher
than WHO and Iraqi standards. High EC and TDS levels in water samples from the investigated
wells may be due to rock weathering or anthropogenic sources such as sewage, industrial, or
urban runoff.
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Figure 2: Distribution of temperature values in studied wells.
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Figure 3: Distribution of pH values in studied wells.
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Figure 4: Distribution of Electrical conductivity (EC) and TDS values in studied wells.
2. Concentration of PAHs at various locations

The analytical results of the PAHs in groundwater samples from Al-Ahdamiyah and Diyala
Bridge regions are presented in Tables 2 and 3.
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Table 2: The concentration of PAHs in wells locations in Al-Ahdamiyah region in ppm.

PAHs ST. Conc. A st Abu-Hssan  Hayji Sadeq Abu-Zaid Al-Basatine
Naphthalene 10ppm  6825.07 0.041 0.0414 0.05
Naththalene 10ppm  229.53 0.79
Flurobipheyl 10ppm  178.78
acenopthene 10ppm 8.741
acenophthylene 10ppm  29.926 2.61 4.69
Fluorene 10ppm 22.77
phenanthrene 10ppm 13.04 52.7 333 49.9
benzo [ghi] perylene 10ppm  139.58
pyrene 10ppm 0.717 167.8
benzo[a]anthracene 10ppm  138.337 6.43
benzo[k]fluomethene  10ppm  313.028
chrysene 10ppm 2.983 71.7
benzo[a] fluoranthene  10ppm 0.032
benzo[a] pyrene 10ppm  22.212
Cmtracene  10pom 3349
167.841 55.3514 109.74 57.12
. 10ppm is the concentration of standard

Table 3: The concentration of PAHs in wells locations in the Diyala Bridge region in ppm.

PAHs ST. Conc. A st Héils):z;n fl:(s)l;) A:ll: " Mohammed Ali;r:)ad Qassim
Naphthalene 10ppm  6825.07 0.029 0.083 0.08 0.0213
Naththalene 10ppm  229.53 2.15 20.05 12.411 5.192
Flurobipheyl 10ppm  178.78 14.346 4.064
acenopthene 10ppm  8.741 53.54 10.87
acenophthylene 10ppm  29.926 131.7 73
Fluorene 10ppm  22.77 12.53
phenanthrene 10ppm  13.04 0.45 76 51.606
benzo [ghi] perylene 10ppm  139.58 44.603 25.456 20.81
pyrene 10ppm  0.717 53 165 3.471 55 81.478
benzo[a]anthracene ~ 10ppm  138.337 3.63 1.2 1.198
benzo[k]fluomethene 10ppm 313.028 21.311 2.215 0.413
chrysene 10ppm  2.983 284 92.1 74.34
ﬂlll’(ffazn‘i{lae]ne 10ppm  0.032  5.97 1.295 60.81 50.79  4.089
benzo[a] pyrene 10ppm  22.212 41.49 1.342
D;ﬂ?ﬁ?;:e[sg] 10ppm  3.349 70.9 1.46 89 6.79

62.6 521.1 16.004 471.068 472.638 187.8733
. 10ppm is the concentration of standard

The average PAHs in each of the ten distinct water samples varied from 16.0 to 472.63 ppm
with an average of 213.13 ppm, far greater than that in control (10 ppm). It suggested that the
PAHs originated from non-point sources such as runoffs or industrial effluents from local
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industry units. This study has no clear pattern in the PAHs values due to differences in well
depth and lithology.

Significantly elevated concentrations of one or both of the chosen PAHs were observed at
several locations throughout the research period. The highest concentration of PAHs was
recorded for the chrysene compound at the Abu-Hassan site at 284 ppm, followed by pyrene
and acenophthylene with a concentration of 167.8 and 131.7 ppm, respectively. The lowest
concentrations were for Naphthalene, 0.0213 and 0.041, in the Qassim and Abu-Hassan sites,
respectively. It was also noted that high concentrations were recorded for all PAHs at
Mohammed, Ahmad RO, and Qassim, which exceeded significantly for other sites. On the
other hand, it can be seen from Table 2 that some of the PAH concentrations decreased with
the depth of the wells in the studied area. A similar result was a decrease in the concentration
of > 16PAHs by reducing the depth in the study area.

The average concentration of ) PAHs in the Diyala Bridge area exhibited the following
trend: Fish shop > Ahmad Ro > Mohammed > Qassim > Abu-Hassan > Abu-Ali. In contrast,
the average concentration of ) PAHs in Al-Ahdamiyah region in the sites is in the order of
Abu-Hssan> Abu-Zaid > Al-Basatine > Haji Sadeq.

The percentage of Y PAHs in the studied area (Diyala Bridge and Al-Ahdamiyah regions)
indicates the variation in total concentrations of PAHs due to the different sources of those
concentrations (Figures 5 and 6).

Al-
Basatine

15% Abu_
Hssan

43%

Haji
Sadeq
14%

Abu-
Qassim Hassan
4%

11%

Abu-ali
1%

Moham
med
27%

Figure 5: PAHs % in Jisser Diyala region.

Figure 6 :PAHs % in Al-Ahdamiyah region.

The PAH levels in the groundwater under investigation, as shown in Table 4, were much higher
than the maximum contaminant limits (MCLs) for drinking water set by the European
Community (EC) [25] and the United States Environmental Protection Agency (USEPA) [26].
The results achieved in the current study were, for the most part, 100—-1000 times greater than
the established criteria.
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Table 4: PAH standards in drinking water.

[ PAHs | MCL in pg/pL (EC) [ MCL in pg/pL (USEPA)
MNaphthalene - -
Acenaphthylene - -
Acenaphthene - -
Fluorene - 00002
Phenanthrene - 0.0002
Anthracene - 0.0002
Fluoranthene 000003 -
Pyrene - 00002
EBenzo (a)anthracene - 0.0002
Chrysene - 0.0002
Eenzo (b)fluoranthene 000003 00002
Benzo (k)fluoranthene 000003 0.0002
Eenzo (a) pvrene 000003 00002
Indeno(l.2 3-cdpvrene 000003 0.0002
Diben=zo{a hlanthtracene - 00002
Benzo (ghi) pervlene 000003 -

MCL - Maximum contaminant level, EC - European Community, USEPA — United States
Environmental Protection Agency.

The World Health Organization set 0.2 pg/L as the maximum permissible limit for total
PAHs in drinking water while that of benzo(a) pyrene (0.1 pg/L).[27]
Al-Paruany [28] studied the groundwater in Baghdad and concluded that there is a mixing or
interaction between groundwater and surface water with the Tigris River throughout Baghdad
city. This mixing or interaction may be a major source of aromatic compounds in the
groundwater wells adjacent to the Tigris River in the Dyala Bridge and Adhamiyah districts
and other sources represented by human and industrial activities. In addition, other natural
factors such as geology (lithology) and climate parameters (runoff, temperature, and humidity)
are also included. Finally, the results of this study reflect the effects of industrial origin and
may provide basic data for the remediation of PAHs in the location, especially in the Diyala
Bridge district.

4. Conclusions

The results of this study showed that twelve PAHs were detected. The results indicated no
discernible correlation between the occurrence or composition of PAHs found in the water
samples and variations in well depth and lithology.
In this study, In most cases, the values obtained in this work were about 100 to 1000 times
higher than the set standards. The mixing or interaction may be a major source of aromatic
compounds in the groundwater wells adjacent to the Tigris River in the Adhamiyah region and
adjacent to the Diyala River, as well as other sources represented by human and industrial
activities, In addition, other natural factors such as geology (lithology) and the interaction
between groundwater and surface water (Diyala River ). Generally, The concentration of PAHs
in groundwater sources in the Diyalal Bridge and Adhamiyah districts is high. So, more
attention to PAHs risk assessment for the well water sources is recommended when used for
drinking.
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