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Abstract

Anthropogenic activities cause soil pollution with different serious pollutants, such as polycyclic aromatic
hydrocarbon (PAHSs) compounds. This study assessed the contamination of PAHSs in soil samples collected
from 30 sites divided into eight groups (residential areas, oil areas, agricultural areas, roads, petrol stations,
power plants, public parks and electrical generators) in Basrah city-Irag during 2019-2020. The soil
characteristics including (moisture, pH, EC and TOC) were measured. Results showed the following ranges
(soil moisture (0.03-0.18%),pH (6.90-8.16), EC (2.48-104.80) mS/cm and TOC (9.90-20.50%)). Gas
Chromatography (GC) was used to measure PAHSs in extracted soil samples. The total PAH range (499.96 -
5864.86) ng/g dry weight (DW). The most dominant percentage of PAHSs in (residential areas, oil areas,
agricultural areas, roads, petrol stations, power plants, public parks and electrical generators) in dry season
were (BghiP 36% , Chy 29% ,BkF 26% , BaP 18% ,BghiP 27% , InP 40% , BbF 19% and BbF 12%)
respectively, while in wet season the most dominant PAHs were (Pyr 22% , BbF 16%, BKF 32% , BbF 36% ,
BkF 38% , Pyr 26% , BbF 43% and Pyr 35%) respectively. According to some calculated ratios, the sources
of PAHs in Basrah soil were mixed between petrogenic and pyrogenic origins. The soil is classified from
weakly to heavily contaminated with PAHSs.

Keywords: Basrah, Gas Chromatography, PAHSs, Soil characteristics, Soil classification.

Introduction high-molecular-weight (HMW PAHs) with more
In the last three decades, urbanization,  than three fused benzene rings’.

industrialization, and agricultural modernization PAHSs sources are natural or anthropogenic. Natural
have increased anthropogenic activities that caused ~ sources include volcanic eruptions and decaying
environmental pollution *2. Among these pollutants ~ organic matter. Also, some plants and algae can
are Polycyclic Aromatic Hydrocarbon (PAHs)  create PAHs but in small amounts, which is not
compounds ®. considered a pollutant sources "%,

PAHs are the major group of ubiquitous pollutants, ~ The major source of PAHs in soils are
nonpolar organic compounds composed of two or  anthropogenic activities, especially in urban areas.
more aromatic rings. In general, they are  They come from oil and its derivatives and
characterized by slow migration, persistence, industrial waste °. Incomplete combustion of
lipophilicity and water insolubility. Therefore, they ~ organic  substances is  the  predominant
tend to accumulate and stay for a long period in  anthropogenic source that comes from vehicles,
soil. With the increasing number of benzene rings, industrial sources (refineries, factories, power
the molecular weight increases, decreasing their ~ plants, petrol stations and electrical generators),
volatility and biodegradability but increasing their ~ domestic sources (heating and cooking) agricultural
toxicity +*. sources (pesticides and open burning of straw) and
Some PAHs have low-molecular-weight (LMW  waste incineration'®!2. The major paths for the
PAHSs) with two or three fused benzene rings, and entrance of PAHSs to the soil are due to dry and wet
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precipitation from the air and adsorb upon the
organic matter of soil 3.

The major sink of different pollutants, including
PAHSs, are the top soil . They cannot be removed
or destroyed from materials that contaminate. These
compounds impact the soil structure and lead to a
lack of organic matter contents?®.

According to US-EPA sixteen PAHs compounds
has been identified as priority pollutants, namely:
naphthalene, acenaphthylene, acenaphthene,
fluorene, phenanthrene, anthracene, fluoranthene,

pyrene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, , indeno(1,2,3-c,d) pyrene,,

dibenzo(a)anthracene, and benzo(g,h,i)perylene .
The soil in Basrah Governorate suffers from severe
pollution with oil pollutants, especially polycyclic
aromatic hydrocarbons (PAHSs) in oil sites and
neighboring lands. There are few studies on
pollution by PAHSs in the soil in Basrah city # 12 1"
1819 and there is no enough studies illustrating
different sources of PAHSs in the soil. Therefore, the
present study aims to evaluate the levels, sources
and distribution of PAHSs in the soil from different
locations along with Basrah.

&3 Residential areas
M Roads

Materials and Methods

Study area

Basrah is the third largest province in Irag in terms
of population (2.532 million people) and the sixth-
largest in lIraq in terms of area (19,070 km2).
Economically, it is the economic capital that
includes the biggest oil fields, such as Rumaila and
Sheaibah fields. Iraq exports most of its oil through
Basrah ports, so its economy largely depends on the
oil industry. It has many ports, factories, petrol
stations, electrical generators, power plants as well
as road traffice.

Soil sampling and preparation

The soil samples were collected from 30 stations in
Basrah city including, eight locations (five
residential areas, four oil areas, four agricultural
areas, five roads, four petrol stations, two power
plant, two parks and four areas near electrical
generators) as shown in Fig. 1. The soil samples
were taken using stainless steel shovels from topsoil
at 3-5 random sites in depth range of 0-15 cm in
each station and mixed together to represent a
composite sample for each station during the dry
season (from July to September 2019) and wet
season (from December 2019 to March 2020),
placed in aluminum foil wraps, then the soil
samples were air- dried at room temperature and
sieved with 2 mm mesh sieve.
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Sample analysis

Five grams of soil samples were weighted in the
field to measure soil moisture. The weighted soil
samples were put into a previously dried and
weighted crucibles and then were dried in an oven
at 105 °C for 24 hrs. After that, the crucibles were
re-weighted to calculate the soil moisture in one
gram of soil as a percentage (%) 2°. Dried soil
samples were sieved with a 2 mm mesh sieve to
prepare soil solution 1:1 to measure pH and
Electrical conductivity (EC) according to®. Soil
solution 1:1 was prepared by mixed 100 gm of soil
with 100 ml of deionized water and the mixture was
put in a shaker for 30 min. pH measured by using
pH meter directly in suspended soil solution, then
filtered the soil solution wusing filter paper
(Whatman No.1) to measure EC by using Electrical
Conductivity meter

Dried soil samples were grinded finely using a
mechanical mortar, sieved through 63 pum, stored in
glasses vials until measure the percentage of total
organic carbon (TOC%) in soil using the burning
method 2! by placed 5 gm of soil in dried and pre-
weighted crucible and burned at 550°C for period 48
hrs, then were re-weighted to calculate TOC as a
percentage.

Dried and sieved soil were used to measure the
PAHSs according to 2222, Twenty grams of soil were
put in thimble and extracted using soxhlet
intermittent extraction with mixed organic solvents
(100 ml) methanol:benzene (1:1 v/v) for 48 hrs, at
temperature below 40°C. The combined extracts
were saponification for 2 hrs using (15ml) 4M

MeOH(KOH) at the temperature doesn’t exceed
40°C, cooled at room temperature. The
unsaponification fraction was extracted with n-
hexan (50 ml) using a separator funnel. The upper
unsaponification fraction with hexane
(hydrocarbons) was passed through a glass column
with a length of 20 cm. (the bottom packed with
glass wool, then about 10 g deactivated silica gel
(100-200 mesh), 10 g deactivated alumina (100-200
mesh), and 5g anhydrous sodium sulfate (Na;SO.)
at the top). The aliphatic fractions were eluted from
the column with n-hexane (40 ml), while the
aromatics were eluted with benzene (40 ml). The
samples were evaporated using a rotary evaporator,
stored until detection with a capillary Gas
Chromatography to measure PAHSs.

To determine the quantities and qualities of PAHs
in extracted soil, standard polycyclic aromatic
Hydrocarbon were employed to inject in Gas
Chromatography (Agilent/ USA 7890A). A carrier
gas was Helium was used in Gas Chromatography
with flow rate 1 ml /min using flam ionization
detector (FID). The temperatures for injector was
300 C° with split mode ratio of 50:1 and detector
temperature of 300 C". Column (model Agilent HP-
1 methyl silicon with dimensions (30 m.*320 pm
*0.25 pm) was used for aromatic compound
separation. Oven initial temperature 120 C° held
time 1 min, temperature rate graduated from 6
C’/min t0300 C’ hold time 11 min. The source of
PAHSs in soil were investigated according to some
calculated ratios as shown in Table 1.

Table 1.The Critical range of Diagnosis ratio of PAHs compounds? 2 24

Diagnosis ratio Source of PAHs
Pyrogenic Petrogenic Either pyrogenic or petrogenic
LMW/HMW Ratio <1 >1 -
PHE / ANT <10 >10 -
FLU/PYR >1 <1 -
IND/(IND+BENZO) >0.5 <0.2 0.2-0.5
BENZO A /BENZO A + >0.35 <0.2 0.2-0.35
CHR
Statistical Analysis: Minitab wver.19 software Results and Discussion

program was used to analyze data through the
Analysis of Variance (ANOVA) test to identify the
existence of local and seasonal significant variations
between the mean concentrations of PAHSs in soil
samples.
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The stations of the current study were chosen to
cover most sources of hydrocarbons in Basrah city.
Some soil characteristics including (moisture, pH,
EC and TOC%) were measured in thirty topsoil
samples along with Basrah city as shown in Table 2.
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Table 2. Soil characteristics in a different location during the dry and wet season in Basrah.

Locations Moisture%o pH EC (mS\cm) TOC %

Dry Wet Dry Wet Dry Wet Dry Wet
Residential areas 005 0.12 7.21 7.49  56.03 5298 1464 12.32
Oil areas 0.06  0.08 7.67 7.38 4235 4487 1585 1535
Agricultural areas 0.16 0.18 7.42 7.10 13.45 2547 1415 12.80
Roads 0.03 0.07 7.29 7.48  38.88 4930 10.76  13.60
Petrol stations 004 011 7.80 7.88  40.40 4114  16.05 1525
Power plants 0.08 0.08 8.08 7.06 10480 30.75 2050  16.80
Public parks 0.11 012 7.36 6.90 13.46 2.48 16.10 9.90
Electrical generators 004 012 816 718  37.37 2740 1650 12.80
Min 0.03 0.07 7.21 6.90 13.45 2.48 10.76  9.90
Max 0.16 018 8.16 7.88 104.80 5298 2050  16.80
Mean 007 011 7.62 731 4334 3430 1557  13.60
SD 004 004 036 031 28.76 16.40 2.72 2.16

The soil moisture levels were ranged from 0.03%
on roads in the dry season to 0.18% in agricultural
areas in the wet season. The soil moisture in the dry
season is less than in the wet season. This is due to
increasing the evaporation range in the dry season
due to high temperatures. The differences in soil
moisture among regions are due to different soil
capacities to save water.

The pH levels ranged from 6.90 in public parks in
the wet season to 8.16 in electrical generators in the
dry season. The results show that pH in most soils
was natural, but some region has slight alkaline
such as power plant and electrical generators. The
differences between soil pH is due to the chemical
reaction in soil and the mineral structure of soil 2°.

The levels of EC ranged from 2.48 mS/cm in
public parks in the wet season to 104.80 mS/cm in
power plants in the dry season. Higher EC in most
regions is due to the rise of groundwater in these
regions 2 and contamination with waste and
garbage compared with other regions?®. TOC levels
ranged from 9.90% in public parks in the wet
season to 20.50% in power plants in the dry season.
The differences in the percentage of TOC %
between the locations may be due to variations in
organic matter sources?’. The concentration of
individual PAHs along Basrah city is shown in
Tables 3 and 4. Total PAHs concentrations varied
from 499.96 ng\g DW in agricultural areas to
5864.86 ng\g DW in oil areas.

Table 3. The concentration (ng\g DW) of individual PAHs compounds during the dry season.

PAHs compounds  Abbrevi  Reside Qil Agricult Roads  Petrol Power  Public Electrical
ation ntial areas ural (n=5) stations plants  Parks generator

areas (n=4) areas (n=4) (n-2) (n=2) s
(n=5) (n=4) (n=4)

NAPHTHALEN  Nap 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

E

ACENAPHTHY  Acy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.21

LENE

ACENAPHTHN  Ace 0.00 54.09 0.00 0.00 0.00 0.00 0.00 0.00

EN

FLUORENE Flu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PHENANTHRE Phe 0.00 83.33 0.00 69.36 2.72 0.00 0.00 173.55

NE

ANTHRACENE Ant 0.00 118.40 0.00 51.83 26.53 0.00 0.00 110.16

FLUORANTHE Fla 86.53 173.65 91.18 275.20 189.41  0.00 88.72  768.76

NE

PYRENE Pyr 59.49 17131 8.61 14.98 20.50 0.00 0.00 456.27

BENZO(A)ANT  BaA 0.00 221.68 0.00 48.47 50.42 0.00 4322 354.44

HRAC

CHRYSENE Chy 48.57 1205.07 107.96 93.53 23433  729.02 52.60 227.52

BENZO(B) BbF 49.34 326.77  0.00 217.87 101.52 119.71 118.06 516.76

FLUORA

BENZO(K) BkF 137.72 29214  129.43 207.90 354.46  39.52 40.17  480.13

FLUORA
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BENZO(A) BaP 162.46 831.15 0.00 269.08 13421 180.02 46.84 281.16
PYRENE

INDENO(1,2,3- InP 38.74 231.85 110.11 84.46 338.18 801.58 106.21 142.17
CD)PYRENE

BENZO(G,H,I)P  BghiP 32241 43151 52.67 146.12  538.14 112.25 110.74 660.57
ERYLEN

> PAHs (ng.g?) 905.26  4140.93 499.96 1478.81 1990.41 1982.09 606.55 4181.71

Table 4. The concentration(ng\g DW) of individual PAHs compounds during the wet season

PAHs compounds Abbr Reside Oil Agricu  Roads Petrol Power Public Electrica
eviati ntial areas Itural (n=5) stations  plants Parks |
on areas (n=4) areas (n=4) (n-2) (n=2) generato
(n=5) (n=4) rs
(n=4)
NAPHTHALENE Nap 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ACENAPHTHY  Acy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.80
LENE
ACENAPHTHN  Ace 0.00 34.06 0.00 41.70 0.00 0.00 0.00 1.06
EN
FLUORENE Flu 0.00 35.46 0.00 0.00 0.00 0.00 0.00 71.14
PHENANTHRE  Phe 19.99 212.47 0.00 0.00 0.00 116.22 0.00 392.94
NE
ANTHRACENE Ant 38.79 160.15 0.00 8.97 0.00 197.77 0.00 378.95
FLUORANTHE Fla 48.44 600.70 47.38 177.47 281.19 750.51 0.00 474.45
NE
PYRENE Pyr 180.52  387.72 0.00 187.78 154.94 1235.17 0.00 1590.80
BENZO(A)ANT BaA  6.19 216.35 44.64 49.88 23.92 377.90 0.00 313.05
HRAC
CHRYSENE Chy 4134 385.13 51.66 126.01 41.65 528.96 0.00 330.93
BENZO(B) BbF 15187 121315 84.61 860.18 250.09 420.20 661.08 310.02
FLUORA
BENZO(K) BkF 138.19 671.29 168.35 286.94 931.21 266.24 374.45 209.53
FLUORA
BENZO(A) BaP 166.82  695.50 99.67 462.30 361.87 262.01 347.86 220.84
PYRENE
INDENO(1,2,3- InP 9.42 242.46 0.00 119.85 111.63 245.04 0.00 109.28
CD)PYRENE
BENZO(G,H,)P  Bghi  30.15 101043  30.15 85.23 305.54 272.18 157.10 170.65
ERYLEN P
> PAHs (ng.g?) 831.71 5864.86 52646 2406.32  2462.02 467219  1540.49  4579.45
Statistical ~ analysis showed  non-significant ~ were found in addition to the (Fla, Chy, BbF, BKF,

differences at (P>0.05) in the dry season among
locations for most individual PAHs except (BaA)
which showed a significant relationship. Still in the
wet season, the individual PAHSs (Fla, Pyr, BaA and
BghiP) showed a significant relationship at
(P<0.05) and the remaining compounds showed
non-significant relationships.

Statistical ~ analysis  showed  non-significant
differences at (P>0.05) between dry and wet
seasons for most individual PAHs in all locations
except (BbF and BKF) in oil areas and (Pyr) in roads
that showed significant differences.

The individual PAHs found in residential areas in
the dry season were (Fla, Chy, BbF, BkF, BaP,InP
and BghiP), while the remaining compounds were
not occurred. In the wet season the (Phe and Ant)
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BaP, InP and BghiP).

In oil areas, all individual PAHs compounds were
found in the dry season except (Acy and Flu), which
is not found, while all compounds were found in the
wet season.

In agricultural areas, six compounds (Fla, Pyr, Chy,
BkF, InP and BghiP) were recorded in the dry
season, while in the wet season only nine
compounds (Phe, Ant, Fla, BaA, Chy, BbF, BKF,
BaP and BghiP) were found.

All compounds were recorded in roads in the dry
season except (Acy, Ace and Flu), which was not
found, but in the wet season (Nap, Acy, Flu and
Phe), not found.

In petrol stations, only the (Nap, Acy, Ace and Flu)
not occur in the dry season, but in the wet season,
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the (Phe and Ant) not occur in addition to (Nap,
Acy, Ace and Flu).

The compounds in power plants in the dry season
were (Chy, BbF, BkF, BaP,InP and BghiP). In the
wet season only (Nap, Acy, Ace and Flu) are not
found.

In public parks the (Flu, BaA, Chy, BbF, BkF, BaP,
InP and BghiP) was recorded in the dry season, but
in the wet season only (BbF, BKF, BaP and BghiP)
occurred.

All compounds occurred in the soil near the
electrical generators except (Nap, Ace and Flu)

A
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which has not occurred in the dry season, but in the
wet season, all compounds occurred.

The distribution of the percentage of individual
PAHs is showen in Fig. 2. The most dominant
percentage of PAHSs in (residential areas, oil areas,
agricultural areas, roads, petrol stations, power
plants, public parks and electrical generators) in the
dry season were (BghiP 36%, Chy 29%, BkF 26%,
BaP 18%, BghiP 27%, InP 40%, BbF 19% and BbF
12%) respectively, while in the wet season the most
dominant PAHs were (Pyr 22%, BbF 16%, BkF
32%, BbF 36%, BkF 38%, Pyr 26%, BbF 43% and
Pyr 35%) respectively.
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Figure 2. Distribution of individual PAHs percentage in all locations in Basrah city during the dry and
wet season

The HMW-PAHs are predominant with high
concentrations, but LMW-PAHSs are not recorded in
most locations. The prevalence of HMW-PAHSs in
the soil in most locations is due to oil refineries, oil
fields, many power plants, roads traffic, vehicles
emissions, electrical generators, waste incineration
and other activities that depend on fuel combustion
at high temperatures that produce large amounts of
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PAHSs and these ubiquitous pollutants accumulated
on the soil*?8, The rate of biodegradation processes
by microorganisms of LMW- PAHs such as
naphthalene and acenaphthene are more rapid than
HMW-PAHs such as pyrene, fluoranthene, and
benzo(a)pyrene . As well as biodegradation
LMW- PAHs were evaporated faster than HMW-
PAHs due to the high vapor pressure of LMW-
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PAHs. This was correspondence with other
reports!30-31,

Some soils that had low levels of PAHs may be due
to microbial flora that degrade these compounds®.
Residential areas were much polluted with PAHs
because of transmission of these compounds by air
and deposit onto the soil, in addition to vehicle
movement, electrical generators and waste
incineration in these areas?.

In general, agricultural areas and public parks had
low levels of PAHs because these areas are far from
sources of PAHs. The concentration of total PAHs
in the wet season is higher than in the dry season.
This is due to the high temperature in the dry season
that increases the volatilization and biodegradation
rate of PAHs. The degradation rate reaches its
highest levels in the environments at the range of

temperature 20-30 °C Y. The classification system
of soil pollution according to 3% depending on the
concentration of total PAHSs, the soil was classified
as non-contaminated with the total PAHs <200
ng/g, weakly contaminated 200-600 ng/g,
moderately contaminated 600-1000 ng/g, and
heavily contaminated >1000 ng/g. According to
this classification, most soil samples were heavily
contaminated by PAHSs including (oil areas, roads,
petrol stations, power plants and electrical
generators), the soil samples from residential areas
were moderately contaminated and the soil samples
from agricultural areas were weakly contaminated
in both dry and wet seasons, except the soil samples
from public parks were weakly contaminated in the
dry season but they were heavily contaminated in
the wet season, as showed in Fig. 3.

(A) Dry

Season

Heawiby condam itec

Inlodoate kr cortam e ted

1ATeak by conbam Tuted
Hauoriam atd

(B) Wet Season

Cong, of y PAHs Compounds (nglg)

Hear iby o ovinm dnate d
Ivloderate kr cortam naded

PTeabkr cortum vated
Han cortam rated

Figure 3. The classification of soil pollution according to levels of PAHs compounds (A) in the dry
season (B) in the wet season

The PAH contamination can be related mainly to
petrogenic or pyrogenic origins. The occurrence of
LMW-PAHSs refers to petrogenic origin, while the
pyrogenic origin (combustion origin) includes
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higher concentrations of HMW-PAHs*. The
diagnosis ratio of PAHSs in all study locations in
Basrah city is explained in Table 5.
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Table 5. Diagnosis ratio of PAHs compounds in study locations

Locations LMW/HMW PHE / FLU/PYR IND/(IND+BENZO) BENZO A
Ratio ANT /BENZO A + CHR

Residential Areas  0.03 0.07 0.71 0.16 0.02

Sources pyrogenic pyrogenic  petrogenic petrogenic petrogenic

Oil Areas 0.07 0.62 0.98 0.4 0.29

Sources pyrogenic pyrogenic  petrogenic petrogenic or Petrogenic or
pyrogenic pyrogenic

Agricultural 0 0 0.93 0.18 0.2

Areas

Sources pyrogenic pyrogenic  petrogenic petrogenic petrogenic or

pyrogenic

Roads 0.07 0.26 1.94 0.31 0.16

Sources pyrogenic pyrogenic  pyrogenic petrogenic or petrogenic
pyrogenic

Petrol Stations 0.01 0.17 1.46 0.33 0.1

Sources pyrogenic pyrogenic  pyrogenic petrogenic or petrogenic
pyrogenic

Power Plants 0.02 0.15 0.25 0.66 0.35

Sources pyrogenic pyrogenic  petrogenic pyrogenic petrogenic or

pyrogenic

Park 0 0 0.44 0.33 0.11

Sources pyrogenic pyrogenic  petrogenic petrogenic or petrogenic
pyrogenic

Electrical 0.16 0.85 0.91 0.28 0.47

Generators

Sources pyrogenic pyrogenic  petrogenic petrogenic or pyrogenic
pyrogenic

The ratio of LMW/HMW in all locations were <1
refers to the pyrogenic origin of PAHs 24, Also, the
PHE / ANT ratio in all locations were <10 refers to
the pyrogenic origin of PAHs 2 %,

FLU / PYR ratio in roads and petrol stations were
>1 refers to the pyrogenic origin of PAHs, but in
remaining locations  were <1 refers to the
petrogenic origin?

IND/(IND+BENZO) ratio in residential areas and
agricultural areas were <0.2 refers to that PAHs
came from the petrogenic origin, in power plants
were > 0.5 refers to that PAHs came from the
pyrogenic origin, in the remaining locations were
between (0.2 — 0.5) refers to PAHs origin were
either petrogenic or pyrogenic?1%3

BENZO A /BENZO A + CHR ratio in residential
areas, roads, petrol stations and parks were <0.2
refers to that PAHs come from petrogenic origin.
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While in electrical generators were > 0.35 refers to
that PAHs come from the pyrogenic origin, in oil
areas, agricultural areas and power plants were
between (0.2 — 0.35) refers to that PAHs origin
came from either petrogenic or pyrogenic!22434

In this study, these PAHs diagnosis ratio showed
that PAHs sources in Basrah soil were mixed
between petrogenic and pyrogenic origin. Pyrogenic
sources were the dominant sources of PAHs in the
soil in the study area that come from vehicle
emissions and combustion sources®* such as the
emission from petroleum fields in Basrah. This was
in correspondence with other conclusions?2227 in
Basrah city. By comparing the results of the current
study with previous studies in Table 6, we find that
the concentration of PAHs in current study is higher
than the previous studies of212171928 byt lower than
the rest previous studies.
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Table 6. Comparison of the current concentrations (ng/g DW) of surface soil PAHs compounds with
previous studies in Iraq

Researcher hame Study area PAHs compounds
Karem et al., 2016 V7 West Qurna-2 Qil Field, Basrah 2.95
Khwedim, 2016 8 Rumaila Oil Field, Basrah 12600
Alawi and Azeez, 2016 % Al-Ahdab oil field, Waset 320
Al-Rudaini and Almousawi, 2018 % AL-nahrawan bricks factory, Baghdad 9684.8
Al-Saad et al., 2019 *2 Shatt Al-Arab River Delta, Basrah 41.98
Kadhim, 2019 ? West Qurna-1 Oil Field, Basrah 2.49
Al-Rudaini et al., 2019 5 AL - Zubaidiya Thermal Power Plant, Baghdad 21354
Al-Manmi et al., 2019 ¥ Sulaymaniyah 2765
Jalal, 2020 1° Basrah 17.16
Aoeed et al., 202128 Kirkuk 34.59
Current study Basrah 167.24

In general, Total PAHs concentrations in Basrah
city were very high. This is due to oil fields,
gasoline combustion in vehicles, power plants,
petrol stations and private electrical generators. In
addition to tire burning in many roads, near oil
companies and near Um Qasser port in Basrah city
during demonstrations in October revolution during
study periods that put out large quantities of
hydrocarbons in soil. All this caused severe
pollution with hydrocarbons, which have harmful
impacts on humans and the environment.

Conclusions

The soil in Basrah Governorate suffers from severe
pollution by polycyclic aromatic hydrocarbons
(PAHSs). Total PAHs concentrations in the study
area were very high compared to previous studies.
In general, the agricultural areas and public parks
have low levels of PAHSs, while oil areas and soil
near the electrical generators have high levels of
PAHs. The predominant compounds are HMW-
PAHs and have higher concentrations, but LMW-
PAHSs are not recorded in most locations, and their
concentrations are very little. The classification
system of soil pollution refers to that most soil
samples were heavily contaminated by PAHSs
including, (oil areas, roads, petrol stations, power
plants and electrical generators), the soil samples
from residential areas are moderately contaminated
and the soil samples from agricultural areas are
weakly contaminated in both dry and wet seasons,
except the soil samples from public parks which are
weakly contaminated in the dry season. Still, they
are heavily contaminated in the wet season.

Authors' declaration:

- Conflicts of Interest: None.

- We hereby confirm that all the Figures and
Tables in the manuscript are mine ours. Besides,

764

the Figures and images, which are not mine ours,
have been given the permission for re-
publication attached with the manuscript.

- Ethical Clearance: The project was approved by
the local ethical committee in Basrah University.

Authors’ Contribution Statement

Fadya M. Saleem collected the samples, samples
preparation, chemical analysis and final draft
writing.

Makia M. Al-Hejuje and Hamid T. Al-Saad
laboratory work, data preparation, statistical
analysis and final draft editing submission. All
authors discussed the results and contributed to the
final manuscript.

References:

1. Yang JY, Yu F, Yu YC, Zhang JY, Wang RH,
Srinivasulu M, et al. Characterization, source
apportionment, and risk assessment of polycyclic
aromatic hydrocarbons in urban soil of Nanjing, JSS .
2016 Nov. 3; 17: 1116-1125.
https://doi.org/10.1007/s11368-016-1585-0

Kadhim H A. Assessment of Environmental Pollution
in West Qurna-1 Qil Field at Basrah Governate, Iraq
.PhD. thesis. Biology Department College of Science:
University of Basrah, Irag; 2019.

Al-Rubaie KH, Fenjan HA and Mahmood, WA.
Evaluation of the Organic-Pollution Based on the
Determination of some Polycyclic Aromatic
Hydrocarbons(PAHS) in Tigris River Water in 2012
at Baghdad City , Irag. Baghdad J. Sci. 2014; 11(2):
399-406.

Wu H, Sun B and Li J. Polycyclic Aromatic
Hydrocarbons in Sediments/Soils of the Rapidly
Urbanized Lower Reaches of the River Chaohu,
China. J Environ Res Pub Health. 2019 June 28; 186,
2302 https://doi.org/10.3390/ijerph16132302
Al-Rudaini TKM, Almousawi IMH and Al-
Sammarraie  AMA. Environmental Assessment of
Polycyclic Aromatic Hydrocarbon Concentrations in



https://doi.org/10.1007/s11368-016-1585-0
https://doi.org/10.3390/ijerph16132302

Open Access
Published Online First: November 2022

Baghdad Science Journal
2023, 20(3): 755-766

P-1SSN: 2078-8665
E-ISSN: 2411-7986

10.

11.

12.

13.

14.

15.

16.

Soil at AL — zubaidiya Thermal Power Plant. 2nd
International Science Conference. J. Phys. IOP Conf.
Series 1294: 2019; 052010, 1-8.
https://doi.org/10.1088/1742-6596/1294/5/052010
Saleh SM. Farhan FJ, Khwedem AA, Al-Saad HT,
Hantoush AA and Hello A. Assessment of Polycyclic
Aromatic Hydrocarbons (PAHSs) in Water and
sediments at south part of Al-Hammer marsh,
southern Irag. Poll Res.; 2021. 40(1): 79-87 ISSN
0257-8050

Kuppusamy S, Maddela NR, Megharaj M and
Venkateswarlu K. Total Petroleum Hydrocarbons,
Environmental Fate, Toxicity, and Remediation. (e
book). Switzerland: Springer Nature Switzerland;
2020. 264p.
https://doi.org/10.1007/978-3-030-24035-6

Wang L, Zhang S, Wang L, Zhang W, Shi X, Lu X,
et al. Concentration and Risk Evaluation of
Polycyclic Aromatic Hydrocarbons in Urban Soil in
the Typical Semi-Arid City of Xi’an in Northwest
China. Int. J. Environ. Res. Public Health. 2018
March 27; 15: 607.
https://doi.org/10.3390/ijerph150406

Younus BM. Identification of polycyclic aromatic
hydrocarbons in groundwater in the wells of Al-
Zubair district near the Basra refinery, southern Iraq,
Mar. Bull. 2021 April;16(1): 12-24

Al-Saad HT, Al-Taein SM, Al-Hello MAR. and
DouAbul AAZ. Hydrocarbons and trace elements in
the waters and sediments of the marshland of
southern Irag. Mesop. J. Mar. Sci. , 2009; 24 (2): 126
-139

Cipa M, Marku E and Nuro A. Distribution of
Polycyclic Aromatic and Aliphatic Hydrocarbons in
Surface Water and Soil Petrochemical Industrial Area
In Ballsh, Albania. Int. J. Curr. Res., 2018 April 30;
10(4): 68179-68184 http://www.journalcra.com

Al- Saad H, Farid W, and Abdul-Ameer W.
Distribution and sources of polycyclic aromatic
hydrocarbons in soils along the Shatt Al-Arab River
delta in southern Irag. Soil water Res. 2019; 14(2):
84-93 . https://doi.org/10.17221/38/2018-SWR
Olgun B, and Dogan G. Polycyclic aromatic
hydrocarbon concentrations in soils of greenhouses
located in Aksu Antalya, Turkey. Water Sci. Technol.
2020; 81: 283-292
https://doi.org/10.2166/wst.2020.114

AL- Halfy AA, Qurnawi WS and AL- Hawash AB.
Evaluation of Qil Spills in Sandy Soil Of Rumaila Oil
Field Area in Basra, Southern Irag, Mar. Bull. 2021
April; 16(1): 47-66

Nwaichi EO, Wegwu MO, and Nwosu UL.
Distribution of Selected Carcinogenic Hydrocarbon
and Heavy Metals in an Oil-Polluted Agriculture
Zone. Environ. Monit. Assess. 2014 Oct 2;186: 8697-
8706. 6. http://dx.doi.org/10.1007/s10661-014-4037-
6

U.S. Environmental Protection Agency (US EPA).
Priority  Pollutants.  2011.  Available online:
epa.gov/scitech/methods/cwa/pollutants.cfm
(accessed on 5 October 2011).

765

17. Karem DS, Kadhim HA and Al-Saad HT. Polycyclic
Aromatic Hydrocarbons (PAHS) in the Soil of West
Qurna-2 Oil Field Southern Irag. Int. J. Mar. Sci.
2016 Dec. 5; 6 (48): 1-10
https://doi.org/10.5376/ijms.2016.06.0048
Khwedim K. Crude Oil Spillage and the Impact of
Drilling Processes on the Soil at Rumaila Oil Field-
Southern Irag. Iragi J. Sci. 2016; 57(2A): 918-929.
Jalal GK and Al-Khafaji SJ. Heavy Metals and
Polycyclic ~ Aromatic  Hydrocarbons  (PAHS)
Distribution in Conocarpus Lancifolius Plant Leaves
in Basrah, Iraq. Int. J. Glob. Sci. Res. (ISSN: 2523-
9376). 2020 Nov. 30; 11: 936-950
Estefan G, Sommer R and Ryan J. Methods of Soil,
Plant, and Water Analysis. A manual for the West
Asia and North  Africa region. ICARDA
(International Center for Agricultural Research in the
Dry Areas): Beirut, Lebanon, 2013; 243p.
Ball FD. Loss on ignition as an estimate of organic
matter and organic carbon in non-calcareous soils. J.
Soil Sci., 1964; 15: 84-92.
22.Goutx M and Saliot A. Relationship between
dissolved and particulate fatty acid and hydrocarbons,
chlorophyll (a) and zooplankton biomass in Ville
Franche Bay , Mediterranean Sea" .Mar. Chem.,
1980; 8:299-318.
23. Al-Hejuje MM, Al-Saad HT and Hussain NA. Total
Petroleum Hydrocarbons (TPHSs), n-alkanes and
Polynuclear Aromatic Hydrocarbons (PAHS) in
Sediments of Shatt Al-Arab River — part 2. Glob. J.
Biol., Agric. Health Sci. 2015 March; 4(1): 95-100.
Liu Y, Gao P, Su J, Silva EB, Oliveira LM,
Townsend T, et al. PAHs in urban soils of two
Florida cities: Background concentrations,
distribution, and sources. Chemosphere, 2019; 214:
220- 2217.
https://doi.org/10.1016/j.chemosphere.2018.09.119
25. Al-Hassen Sl. Environmental pollution in Basra City,
Irag. Ph.D Thesis, University of Basrah, lIraq; 2011
(in Arabic).
Cui G, Lu Y, Zheng C, Liu Z and Sai J. Relationship
between Soil Salinization and  Groundwater
Hydration in Yaoba Oasis, Northwest China
Guoging. Water. 2019 January 20; 11 (1): 175.
https://doi.org/10.3390/w11010175
Farid WA, Al-Salman AN, Ali WA, Al-Saad HT,
Mahdi S and Al-Hello AA. Polycyclic Aromatic
Hydrocarbons (PAHS) in the Surface Sediments of
Shatt Al-Arab River, Basrah City, Southern Irag. J.
Nat. Sci. Res. 2016; 6(8): 46-55.
28.Aoeed YH, Mohammed AB and Hameed AM.
Concentration of some Polycyclic Aromatic
Hydrocarbons in soil samples of Kirkuk province,
Irag. IOP  Conf. Series, 2021; 012023
https://doi.org/10.1088/1755-1315/877/1/012023
29.0bayori OS and Salam LB. Degradation of
polycyclic aromatic hydrocarbons: Role of plasmids.
Sci. Res. Essays. 2010; 5(25): 4093-4106.
30.Al-Saad HT, Al-Timari AAK, Douabul AAZ,
Hantoush AA, Nasir AM and Saleh SM. Status of oil
pollution in water and sediment from Shatt Al-Arab

18.

19.

20.

21.

24.

26.

217.



https://doi.org/10.1088/1742-6596/1294/5/052010
https://doi.org/10.1007/978-3-030-24035-6
https://doi.org/10.3390/ijerph150406
https://doi.org/10.17221/38/2018-SWR
https://doi.org/10.2166/wst.2020.114
http://dx.doi.org/10.1007/s10661-014-4037-6
http://dx.doi.org/10.1007/s10661-014-4037-6
https://doi.org/10.5376/ijms.2016.06.0048
https://doi.org/10.3390/w11010175
https://doi.org/10.1088/1755-1315/877/1/012023

Open Access Baghdad Science Journal P-1SSN: 2078-8665

Published Online First: November 2022 2023, 20(3): 755-766 E-ISSN: 2411-7986
Estuary and North-West Arabian Gulf. Mesopot. J. with Soil PAHs in Rebuilt Land from a Coking Plant,
Mar. Sci, 2017; 32(1): 9 - 18 Beijing, China. Int. J. Environ. Res. Public Health,

31. Al-Hijaj MH, Talal AA and Hantoush AA. Polycyclic 2019 Feb 25; 16, 670.
Aromatic Hydrocarbons (PAHS) in Waters from https://doi.org/10.3390/ijerph16040670
Northern Part of Shatt Al-Arab River, Irag. Mar. Bull. 35.Alawi MA and Azeez AL. Study of polycyclic
2019 April; 14(1): 11-21 aromatic hydrocarbons (PAHS) in soil samples from

32.Raheem SS, Al-Dossary MA and AL-Saad HT. Al-Ahdab oil field in Waset Region, Irag. Toxin Rev
Laboratory Study for Biodegradation of Oxymatrine 2016 June 24; 35(3-4): 69-76. :
Insecticide by Single and Mixed Cultures of Fungi https://doi.org/10.1080/15569543.2016.1198379
Isolated from Agriculture Soils in Basrah 36.Al-Rudaini TKM  and  Almousawi  IMH.
Governorate, lraq. Baghdad J. Sci., 2019 March 11; Determination Of Polycyclic Aromatic Hydrocarbons
16(1): 10-17. In Soil At Al-Nahrawan Bricks Factory. Pak. J.
http://dx.doi.org/10.21123/bsj.2019.16.1.0010 Biotechnol. 2018; 15 (2) 445-450

33. Maliszewska-Kordybach, B. Polycyclic aromatic 37. Al Manmi DAMA, Abdullah TO, Al-Jaf PM and Al-
hydrocarbons in agricultural soils in Poland: Ansari  N. Soil and Groundwater Pollution
Preliminary proposals for criteria to evaluate the level Assessment and Delineation of Intensity Risk Map in
of soil contamination. J. Appl. Geochem. Elsevier, Sulaymaniyah City, NE of Iraq. Water, 2019
1996; 11: 121-127 Octoberl7; 11, 2158

34.Cao W, Yin L, Zhang D, Wang Y, Yuan J, Zhu, Y. https://doi.org/10.3390/w11102158

Contamination, Sources, and Health Risks Associated

)l B ) G i A clBlal) Baseia Al oY) Al g S g ugd) LS pal) @ Ssi sabiaa g sS) 5
gl adls TG Jplea B Tasd e 408

Gl 5 el sl o slall S il ol
B 5l sl ke 1082

:dladal)
r,.m_du\ M\Jﬂ\ ‘_g Glalall saaxia MJLA}J‘}” ‘L\.I}.IJSJJA.\.@J‘ u_ﬂ_xs‘)..d\ L@.\A ).\.L\; A_a\_q_,ln.\mﬂ\ c_UL uAMJ.m.\S\ A_a\_ﬂ\aﬂ\ c_u.uu
lad) &S (3 de S50 gm0 (0 Conen (A A e (i) sl Aila 5,1 A g S 5 phgl) LS yally il oy

Al Ghlie Aok shlie ApSu 3l ) ciled Ghlie Ol ) a8l sall o3 Ciand s | 2020-2019 38 JA Gl -a)mm
oY Agaadl) Lygha ) ) Ll Galiad Cuad (Ail,eS Glalse Aale la i ol jeS Glhae a4y Gllaae Ade g lsd
Ll Lshajll) Cing) i A pallad ad o il Celaly (S (gl G SH Al Sl Ll gl s 5 el
S g smal) (5 S o il (104.80-2.48) il oSl Alua sl | (8.16-6.90) i souell Y1, (%0.18-0.03)
e 8 lEla saamiall Aila s )Y A s S5 uel) LS jall Gl (8 (GC) dsll Ll sila s SN Slea Janin ((%20.50-9.90)
(5864.86-499.96) s ¢ 51 S lElall sanwiall dla s )Y A 52 S 5 sel) LS all S 55 ) il < peldaly Aualavivaall 4 il
Ghlia ki hiia 1 hlia ) dul ol Shlie & 4 sie LS 4 guuna 3250 Aila 5, Y) Gl all ST Gila 055 a2\al e il
(BghiP 36% , Chy <uilS calall Juadll 8 (48l 568 il g dale e jiie ol 68 Cllase 358y Cllass Aale & )l 5d Al )
bl Jaadll 8 Lt | M8l e 299 ,BKF 26% , BaP 18% ,BghiP 27% , InP 40% , BbF 19% and BbF 12%)
Sl Jde (Pyr 22% , BbF 16%, BKF 32% , BbF 36% , BKF 38% , Pyr 26% , BbF 43% and Pyr 35%) i<
il &bl e & jidie jaaal) o) i A g aadl il 8 Ala 5,V LS el jalias 48 el Anbuall ALY e de gana (ubalyg
) L) 3asee Aifa 5 ) A 55 gl S yally g wadh ) s (5 s o B ) iy (3 al) Clies

Aol Caguad Ao il patliad Ale s )Y S yall |5l Wl e gile s S 5 peall sdgalidal) cilalsl)

766


http://dx.doi.org/10.21123/bsj.2019.16.1.0010
https://doi.org/10.3390/ijerph16040670
https://doi.org/10.1080/15569543.2016.1198379
https://doi.org/10.3390/w11102158

