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Abstract: In this study, 16 polycyclic aromatic hydrocarbons (PAHs) were measured in the waters of
Lake Habbaniyah, which are considered highly polluted materials. Three sites were selected in the heart
of the lake, each site had two stations, the surface as one and the other at the bottom at a depth of four
to five meters. The study lasted for 12 months from November 2022 to October 2023. The Level’s
PAHs were analyzed and measured by Gas Chromatography (GC). The study showed that the lake
water contains only five PAHs, and that the tricyclic aromatic hydrocarbons were within the
permissible limits, but the tetracyclic and pentacyclic compounds had exceeded the permissible limits. In
this study, the ratio (LMH/HMW) was less than (1), indicating that the sources of PAHs in the lake It
was mainly of thermal origin. Among the list of micropollutants noted for water quality pollution are
the group (PAHs) [17]. PAHs are hazardous organic compounds that contain aromatic rings fused to
their molecules [27]. These polynuclear compounds are a class of organic chemicals consisting of two or
more condensed rings that can be distributed in particles, sediments and water columns and do not
contain heterogeneous atoms or carry substituted groups [37].
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1. Introduction

Many PAHs have toxic activities towards a variety of microorganisms and invertebrates [47]. PAHs
have become a concern for ecosystems, health and carcinogenic properties, so many studies have focused
on the environment polluted by PAHs [57]. One of the important properties of these compounds is the
hydrophobic property and they are suspended in the water column or may settle in sediments, which
causes a decrease in the level of their biological presence when the suspended matter increases and
reduces their toxic risks to living organisms [6]. The sources of PAHs are waste and human wastes
that are associated with thermal processes, incomplete combustion of organic matter or industrial
activities accompanying incomplete combustion processes or during chemical manufacturing [77]. The
physical and chemical properties of PAHs are often found as white, pale yellow or colorless solids, and
their properties change with increasing molecular weight 87 and react with other pollutants such as
chlorine, sultur dioxide, ozone and nitrogen oxides to form dicyclic aromatic hydrocarbons (PAHs) [97].
PAHs can be divided into two main groups: the first group includes light or low molecular weight
compounds with two or three fused benzene rings, ranging from naphthalene to fluorine. PAHs in this
group are highly toxic to mammals. The second group includes PAHs with 4-6 fused benzene rings,
ranging from chrysene to indeno-1,2,3-cyclopropene. Most PAHs are lipophilic, but some PAHs are
soluble in water. However, they are highly volatile. On the other hand, PAHs with a large number of
rings are insoluble in water and tend to adsorb strongly on particle surfaces, especially nonpolar particle
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surfaces [107]. The resistance of PAHs to oxidation-reduction reactions increases with increasing
molecular weight (Nikhavhamby et al.), and the The number of rings affects the range of boiling and
melting points of PAHs and their fate in ecosystems depends on their physical and chemical properties
[107]. Humans are exposed to these compounds through ingestion of contaminated food and water, skin
contact, and direct inhalation of contaminated air [67.

2. Materials and Methods
2.1. Study Area and Samples

Three sites with six stations were selected, each operating two stations, one at the surface and one
at a depth of four to five meter. The location of study on the surface were given the cods (1, 2, 3) and
each the depths were given the numbers (4, 5, 6). The first site was south of the lake, which includes the
first station and the fourth station, and is located at the coordinates (P1=E43.5185, N33.2742). The
second site, which is located in the middle of the lake, includes the second and fifth stations, and is
located at the coordinates (P2=E43.4470, N33.3004). The third site, which is located north of the
previous site, includes the third and sixth stations at the coordinates (P3=E43.3963, N33.3264), noting
that all sites and stations are located in the heart of the lake, several kilometers away from the coast.
The selection of these sites and stations within Lake Habbaniyah came as a result of several reasons,
including the lack of scientific studies and research, especially for the heart of the lake, especially with
regard to productivity and PAHs, as most or all previous studies on the lake were within the coastal
area only and did not reach the heart of the lake. In addition, these sites and stations were selected
within the deeper areas of the lake, taking into account the nature of the area, the security aspect, and
the possibility of reaching the stations during the study period, which lasted 12 months.

250N

nETH

T

000N

. ‘ s (IR WETT TN | P—
- P32 | 43447 | 333004 —
o 25 6 10 L&_&"_

Yo e armve e “er aswe aveore

Figure 1.
is a satellite map showing the study area according to the Geographic Information System (GIS) program.

2.2. Sample Collection and Analysis

After cleaning the glass and plastic tools used by washing them with water and cleaning powders,
and sometimes we need to sterilize them, then wash them with distilled water, then dry them in the
oven. Samples were collected from the lake at its three sites and six stations at a rate of one sample per
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month during the study period, which lasted 12 months, starting from November 25, 2022 until
October 25, 2023, the study samples were collected from the layers close to the surface, about thirty
centimeters deep, for ten minutes. The samples were divided into two parts, the first from the surface
and the second from the bottom, at various distances. The first was at a depth of four to five meters. The
samples were collected using a 2.5-liter polyethylene container after washing it twice with sample water
at each station using a Phantom (CG) device.

2.8 Measurement of the Concentration of Aromatic Cyclic Hydrocarbons

Using Whatman filter paper (70 mm) to remove suspended solids, 800 ml of water samples were taken
and reconcentrated to a final volume of 2 ml with appropriate levels of N and analyzed by GC/FID.
After feeding into a 500 ml mesh, soxhite extraction was carried out. For detection of polycyclic
aromatic hydrocarbons (PAHs), 20 ml of normal hexane and dichloromethane (90: (v/v) respectively
and 10)) (v/v) mixture (30 ml) were added and PAHs of the following 16 compounds were detected.

3. Results and Discussion

The activity of human civilization and development and progress in all areas of life, especially in the
field of industry, has caused the release of pollutants into the environment. Water pollution is associated
with human activities, which represent a major source of PAHs. PAHs are often not found separately in
the aquatic environment, so they are viewed as a mixture. The total concentration of the mixture is used
to describe the amount of these compounds [117. In this study, we used the (GC) technique to measure
the levels of PAHs in water samples. In this study, (16) compounds were measured. Only five
compounds were obtained in lake samples, which are (Fluorene, Chrysene, Benzo(a) Pyren, Benzo(a)
Fluranthen, Benzo(a,h) Anthracene). There are (11) compounds whose result was (ND) because the
device did not sense their concentrations, although it measures concentrations at a rate of (pbb). The
five-ring PAHs (5 Ring) were the most abundant in the study, as their percentage was (65.87%),
followed by the PAHs (3 Ring) at a rate of (17.30%), and finally came the PAHs (4 Ring) by (16.82%)
and thus the lake was free of di- and hexa-ring compounds. High molecular weight PAHs (HMW)
prevailed, reaching (55.62%), while low molecular weight PAHs (LMW) reached (44.37%).

Table 1.

Concentrations of PAHs (ug/L) in the waters of Lake Habbaniyah at the studied stations.

Elements S.1 S.2 S.3 S. 4 S.5 S.6

Mean | Range M R M R M R M R M R

Flu. 19.99 15.5- 19.9 18.6- 21.8 16.6- 20.8 16.9- 21.8 15.8- 21.4 15.9-
28.6 24.9 36.6 25.9 25.7 28.9

Chr. 20.83 13.8- 20.7 13.6- 19.8 18.55- | 19.4 12.5- 19.6 12.9- 21.2 12.9-
27 26.8 27.5 28.6 27.2 26.9

B. ( a ) pyr. | 0.131 0.051- | 0.155 | 0.075- | 0.285 | 0.085- | 0.265 | 0.085- | 0.245 | 0.045- | 0.212 | 0.065-
0.251 0.455 0.645 0.525 0.085 0.456

B.(a)flu. | 2411 | 16.9- | 28.25 | 17.55- | 25.7 | 17.85- | 26.05 | 17.2- | 26.25 | 16.8- | 26.25 | 17.7-
37.9 38.9 39.55 37.9 38.8 36.8

B. (ah) | 60 50.8- | 54.2 | 514~ | 59.6 | 50.8- | 59.8 | 50.9- | 55.6 | 50.8- | 59.2 | 51.4-

Ant. 69.7 68.5 69.8 69.7 69.5 68.9

Petroleum-based pollution is characterized by a high proportion of low-molecular-weight (LMW)
polycyclic hydrocarbons with two or three aromatic rings, while high-molecular-weight (HMW)
polycyclic hydrocarbons with four, five, or six rings are of thermal origin [67].
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Table 2.

Average ratios (LMW/HMW) of PAHs in water samples at the studied stations.

Station. No. LM.W. H.M.W. L.M.H./H.M.W. | Origine
ONE 19.8 26.2 0.755 Pyrogenic
TWO 19.9 24.6 0.808 Pyrogenic
THREE 21.8 26.3 0.828 Pyrogenic
FOUR 20.3 26.4 0.768 Pyrogenic
FIVE 21.8 25.4 0.838 Pyrogenic
SIX 21.4 26.7 0.801 Pyrogenic

The PAH/PAH ratios shown in Table 2 are less than 1, indicating that the source of PAHs in the
lake is mainly thermal.
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Figure 1.
The percentage of PAHs in water samples of the Habbaniyah Lake sites during the study period according to the number of
episodes for each station.

3.1. Fluorene

The highest value of fluorine was recorded during the month of February at the third station, where
it reached (36.5 pg/L), and the lowest value was recorded in June at the first station, where it reached
(15.4 pg/L). We can attribute the increase to the rains during the winter season, which bring fluorine
from the air or from the lands adjacent to the lake, as fluorine is often produced by engines, gas turbines,
diesel, gasoline and kerosene engines, coke ovens and stoves. [127].

3.2. Chrysene

A compound consisting of four benzene rings that can be obtained in wastewater from
petrochemical, metallurgy, plastics and paint industries. The biodegradability of chrysin by living
organisms is slow, in addition to that it has a tendency to accumulate in aquatic organisms such as fish
[1387. The value of (MAC-EQS) is 19 pbb for all water bodies, so some stations exceeded this value as
shown in Table (1). The results of the study showed that the highest value of chrysin was (28.5 pug/L)
during September at the fourth station and the lowest concentration was (12.4 pg/L) in April at the
same station. The reason for the increase may be that high molecular weight compounds HMW - PAHs
are less volatile in the environment and get adsorbed on soot particles formed during incomplete
combustion and thus are less susceptible to breakage [147]. Also, solubility decreases with increasing
number of rings in the compound, as the relationship is inverse between solubility and number of rings
[157. As for the decrease in concentrations in the spring, it is explained that the increased exposure of
PAHs to light makes them more susceptible to fragmentation processes in their chemical composition,
torming new compounds that differ in physical and chemical properties such as oxygen, ultraviolet rays,
and solar radiation [167].
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3.3. Benzo [A] Pyrenen

PAHs contain five fused benzene rings. Benzo(a)pyrene is a highly toxic, mutagenic and
carcinogenic pollutant, and is classified by the World Health Organization as a probable human
carcinogen [177]. The role of chlorophyll in the photodegradation of benzo(a)pyrene is very important,
as it could be a strategy for cleaning up organic pollutants in aquatic environments. Dead algal cells
may act as photosensitizers and promote the photodegradation of PAHs [187]. Table (1) shows that the
highest values of benzo(a)pyrene were found in September at 0.82 pg/L, and the lowest value was 0.04
pg/L.during December at the same station (Station 5). The increase in the concentration of the
compound could be attributed to the decrease in water levels in the lake or to the amount of emissions
from car exhausts and the discharge of household and health waste directly into the lake or into the
Warar Canal. It could also be due to the geology of the area, environmental conditions, the nature of
aquatic ecosystems and the method of analyzing the compounds. All of these are considered influential
factors [197. As for the reason for the decrease, The concentrations of Benzo(a)pyrenene compound can
be attributed to the presence of aquatic plants that play an important role in removing PAHs from water
through absorption and accumulation [207. The levels of Benzo(a)pyrenene compound were higher than
the permissible limits according to (MAC-EQS) which amounted to (0.27 pbb).

3.4. Benzo [ a ] Fluranthene

From Table (1), we note that the highest value of the compound Benzo (a) Fluranthene was in
September and at the third station, where it reached (39.5 pg/L), and the lowest value was (16.8 pg/L)
at the second station during the month of November. The reason for the increase in the percentages of
the above compound is due to the nature of the water and the amount of organic materials present, as
the lake and the Warar Canal are located within or pass through agricultural areas and areas for grazing
sheep and cattle, so sheep and cattle waste may increase the organic materials containing the compound
Benzo (a) Fluranthene, in addition to the fact that it may be present in sewage waste, as this compound
exceeds the permissible limits according to [27], which amount to 5 pbb.

3.5. Dibenzo [a,h] Anthracene

An aromatic cyclic compound, soluble in organic solvents such as petroleum ether, industrial ethers,
dyes and benzene, but insoluble in aqueous solvents. Highly adsorbent to sediments and particles. When
discharged into water, it evaporates without decomposition. It also shows some bioaccumulation in
aquatic organisms without microsomal oxidase [217]. The highest value of (A,H) anthracenide benzo-p-
dioxin was at station 3 in September (69.8 pg/L), the lowest at stations 3 and 5 in November and the
lowest at station 1 in December (50.8 pg/L). This compound exceeded the permissible limit according
to [27], which is 5 parts per billion.

4. Conclusions

1- The lake water is exposed to many external influences such as low water levels due to drought
and lack of rain, in addition to its interference with human activities, which has affected all
environmental factors of the lake water and affected biological communities, including algae,
which are considered the main producer in the lake water. 2- In this study, (16) compounds
measured. Only five compounds were obtained in lake samples.

2- Tricyclic aromatic hydrocarbons were within the permissible limits, but the tetracyclic and
pentacyclic compounds had exceeded the permissible limits.

8- In this study, the ratio (LMH/HMW) was less than (1), indicating that the sources of PAHs in
the lake were mainly of thermal origin.
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