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Abstract. Samples were taken from three sites along the Tigris, Euphrates, and 
Shatt Al-Arab Rivers between November 2022 and July 2023 to ascertain the 

concentrations, distribution, and sources of PAH compounds and aliphatic 
hydrocarbons in water samples. Aliphatic (n-alkane) compounds' carbon chain 

lengths were measured from C7 to C38, and the total amount of n-alkanes in water 

varied between 48.09 µg/l and 276.98 µg/l. The heavy PAHs were fluoranthene and 
chrysene, whereas the light PAHs were carbazol and anthracene, with concentrations 

ranging from 45.16 to 1848.54 ng/l. The LMW/HMW, CPI, and Pristine/Phytoene 
ratios indicated that n-alkane hydrocarbons were primarily biogenic, pyrogenic, and 

at least petrogenic. Nonetheless, the LMW/HMW, Phenanthrene/Anthracene, and 
Flouranthene/Pyrene ratios showed that the primary sources of PAH molecules were 

petrogenic and pyrogenic environments. 

 

Highlights: 

1. Samples from Tigris, Euphrates, Shatt Al-Arab analyzed for PAHs, n-alkanes. 

2. n-Alkanes (C7–C38) ranged 48.09–276.98 µg/l; PAHs 45.16–1848.54 ng/l. 
3. Sources: biogenic, pyrogenic, petrogenic for n-alkanes; petrogenic, 

pyrogenic for PAHs. 

Keywords: water, Tigris, Euphrates, N-alkanes, polycyclic aromatic hydrocarbons 

(PAHs), and Shatt Al-Arab  

Introduction 
The environment is at risk of pollution from petroleum hydrocarbon compounds, 

which can harm soil, surface water, and groundwater. This can lead to several 

environmental and health issues [1]. Moreover, removing these pollutants from the 

environment is a practical concern. Garbage from households and businesses, as well as 

from public transportation, oil tankers, oil exchanges, and electrical power plants, is a 

significant source of these pollutants [2]. Furthermore, the disposal of heavy industrial 

waste results in the infiltration of various contaminants into the water of the river [3]. 
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It has been demonstrated that common water contaminants and hydrocarbon 

molecules negatively affect human and environmental health [4]. All aspects of the 

environment contain them, and they can bioaccumulate. The potent damaging effects 

of hydrocarbons [5].  

 

Hydrocarbon molecules from petroleum are a significant cause of pollution in 

aquatic environments. The class of hydrocarbons known as N-alkanes, which have odd 

and even carbon numbers up to 64, lack an alkyl branch or replacement. Numerous 

processes, including recent benthic biosynthesis, decomposition, and geochemical 

reactions, as well as sinking chemicals from the water column, allow N-alkanes to enter 

the sediments of the aquatic environment [6]. 

Interest in PAHs has been high due to their ecological risk, economic impacts, and 

impact on human health [7]. Environmental contaminants that are carcinogenic, 

persistent, genotoxic, and toxic are referred to as PAHs [8]. 

    Polycyclic hydrocarbons can be classified as either low molecular or high 

molecular. Because low molecular polycyclic hydrocarbons are soluble in water, volatile, 

and have two to three fused rings, they are vulnerable to degradation processes. More 

are polycyclic hydrocarbons with larger molecular weights. In contrast to four fused 

rings, they are less soluble, less volatile, and more lipophilic than low-molecular 

polycyclic hydrocarbons [9, 10]. PAHs may primarily originate from natural and man-

made events (e.g., combustion processes, petrochemical industry effluents, volcanic 

activity, forest fires, and oil spills) [11]. 

 

The purpose of thisstudyis toidentifytheorigins andsourcesofpolycyclic aromatic 

hydrocarbons (PAHs) and aliphatic hydrocarbons (N alkanes) in the waters of the 

Euphrates, Tigris, and Shatt Al-Arab Rivers. 

Methods 
Water samples were taken from the Shatt Al-Arab River, the Tigris and Euphrates, 

and three sites (Table 1). The study was carried out from October 2022 to July 2023. 

 

Table 1: The coordinates of the study station 
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Stations River GPS Coordinates 

Station 1 Tigris 31.0608 N 47.4347 E 

Station 2 Shatt Al-Arab 31.0037 N 47.4417 E 

Station 3 Euphrates 30.9322 N 47.2937 E 

 

Water samples from each of the three stations were collected using dark glass 

bottles at a depth of at least 20. Forty milliliters of chloroform were then used to keep 

them in place. The gathering of the samples was never impacted by rain. Hydrocarbons 

in a 5L water sample were extracted by mixing it minutes, per UNEP (1989). 

 Using an electric the remaining 1 liter was transferred to the separating funnel. 

Shuddered The separating funnel was left to separate the two levels after rigorous labor 

for fifteen minutes. After carefully passing the organic phase (lower layer) through a 100 

mL glass container, the sample was obtained. 

Helium is used as a carrier gas in liquid gas chromatography and has a linear 

velocity of 1 milliliter per minute with a flame ionization Detector (FID). The injector and 

detector had operating temperatures of 320°C and 320°C, respectively, for aliphatic 

separation. For two minutes, the column's initial temperature was kept at 40°C. After 

that,. "However, the column temperature was kept at 25°C as the initial temperature for 

one minute before rising by 3°C per minute to 320°C. The injector and detector operating 

temperatures for the PAHs separation were 320°C and 300°C, respectively. 

Hydrocarbon pollution indices: 

The source of hydrocarbons in aquatic settings was identified using the 

hydrocarbon contamination indices. The following is an illustration of these indices: 

1- Evidence used to determine the origin of alkanes (n-alkanes), including: - 

1 - LMW / HMW  

While most mostly sourced from terrestrial vascular plants. The total aliphatic 

hydrocarbon concentrations from C7 to C26 add up to LMW, while from C27 to C40 add 

up to HMW. Natural inputs from terrestrial biological sources are indicated by a ratio less 

than one, those from biological sources by a ratio greater than one, and petroleum 

sources by values around one. 
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2- Carbon Preference Index (CPI): 

The total concentrations of alkanes with odd carbon numbers to the total 

concentrations of alkanes with even carbon numbers is its definition. The hydrocarbons 

come from a petroleum source when the CPI value is equal to 1, while pyrogenic and 

carbonate-derived oils are indicated when the CPI value is less than 1. or minerals that 

have evaporated (sources of combustion).) Alkanes in aquatic settings have a biological 

origin when their CPI value is more than 1 [12]. 

CPI= ∑Odd / ∑Even 

3-Pristane/Phytane Ratio: 

The sources of aliphatic hydrocarbons (n-alkane) in aquatic settings were 

identified using the ratio of pristane concentration to phytane concentration. The 

hydrocarbons are of petroleum origin if the ratio is equal to one; if it is greater than one, 

alkanes in aquatic settings have a biological origin. It comes from combustion processes 

if the ratio is less than one. 

4- Unresolved Complex Mixture (UCM): 

Generally regarded as a mixture of several structurally that are incapable of being 

separated by a capillary GC column, UCM manifests as a hump in the baseline 

chromatogram. They are a result of both the human contribution of hydrocarbon 

compounds to the environment and the presence of complex petroleum hydrocarbons 

[13]. 

2- The following evidence was used to identify the source of polycyclic 

aromatic hydrocarbons: 

1 -The LMW/HMW ratio is the weight ratio of low to high molecular weights. 

is greater than (1); if the ratio is less than (1), the source is incomplete fuel 

combustion. LMW is the total of the light polycyclic aromatic hydrocarbons (2–3 rings) 

concentrations. HMW is the total of the heavy polycyclic aromatic hydrocarbon 

concentrations (four rings and beyond). 

2. The ratio of the anthracene to phenanthrene (phe. /anth). 

If the percentage then the source of the PAHs is petroleum, and if the percentage 

is smaller than the number (1), then the source of the PAHs is from burning fuel  
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3-The ratio of fluoranthene to pyrene (Fluo. /pyr.). 

If the percentage and if the percentage is smaller than one (1), then the source 

of the PAHs is petroleum [14]. 

Result and Discussion 
The results were displayed seasonally, with October and November representing 

the fall season, March and April spring season, June and July representing the summer. 

Symbolized the summertime. 

Water containing N-alkanes: 

Aliphatic chemical carbon chain lengths were determined in water samples C7 

through C38. In the Tigris station, the paired carbon chains C18 and C26 were more 

common, whereas in the Shatt Al-Arab and Euphrates stations, the paired carbon chains 

C18 and C24 were more common. In Figure 1, the percentage of each alkane component 

in water is shown. Phytane and pristine are among the other hydrocarbons found in the 

aliphatic portion. 

reported the lowest concentration of total aliphatic hydrocarbon compounds in 

water samples (48.09) in the summer, while the Tigris station recorded the highest 

quantity (276.98) micrograms/liter in the spring. Based on statistical analysis utilizing 

the ANOVA test one-way. 
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Figure 1 shows the proportions of aliphatic hydrocarbon (n-alkane) components in the 

study stations' water. 
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PAHs in water: 

In the water in the Tigris and Shatt al-Arab stations, the primary aromatic 

hydrocarbon compounds, benzo[ghi]perylene, and phenanthrene; in the Euphrates 

station, the primary aromatic hydrocarbons are pyrene, benzo[ghi]perylene and 

phenanthrene. According to figure (2). 

In the spring, the Tigris station recorded the highest concentration of total 

aromatic hydrocarbons (1848.54 ng/L) in water samples, whereas in the fall, the 

Euphrates station recorded the lowest concentration (45.16 ng/L). An analysis of 

variance (ANOVA-test one way) based on station-specific and seasonal data showed 

significant differences (p≤0.05). 
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Figure 2 Percentages of aromatic hydrocarbon compounds for water samples at the 

study stations. 

 

Indices of Hydrocarbon Pollution: 

Pollution indicators for N-alkanes: 

The CPI number and the LMW/HMW ratio both describe it. With most water 

samples having undetectable pristane and phytane values and only a few having both, 

the pristine/phytane ratio was harmful, as Table (2) demonstrates. A pyrogenic source 

of n-alkanes in the water samples was suggested by the overall values (for all stations 

during the study period) of the pristane/phytane ratio (0.09), which were less than one. 
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A little proportion of the water chromatograms in the baseline chromatograms showed 

UCM as a hump (Fig. 3).  

 

Table (2) lists the amounts of evidence of aliphatic chemical pollution in water samples 

from the stations under analysis during the study period, along with a description of 

the compounds' original source. 

 

 
Stations 

 
Seasons 

 
LMW/HMW 

 
Descriptions 

 
CPI 

 
Descriptions 

 
 

Station 1 

Autumn 2.17 Biogenic 0.2

6 

Pyrogenic 

Winter 2.98 Biogenic 0.1
7 

Pyrogenic 

Spring 5.29 Biogenic 0.4
5 

Pyrogenic 

Summer 1.64 Petrogenic 0.2
8 

Pyrogenic 

 
 

Station 2 

Autumn 2.07 Biogenic 0.2

5 

Pyrogenic 

Winter 3.23 Biogenic 0.1

5 

Pyrogenic 

Spring 3.57 Biogenic 0.3

8 

Pyrogenic 

Summer 1.77 Petrogenic 0.2
9 

Pyrogenic 

 
 

Station 3 

Autumn 3.65 Biogenic 0.2

5 

Pyrogenic 

Winter 2.70 Biogenic 0.2
7 

Pyrogenic 

Spring 3.30 Biogenic 0.5

8 

Pyrogenic 

Summer 1.65 Petrogenic 0.2
8 

Pyrogenic 

 

 

Chromatograms in certain water samples revealed the UCM zones (Figure 3). 
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Pollution indicators for PAHs: 

   The phenanthrene/anthracene ratios were employed to characterize the origins 

of PAH compounds found in water samples. Table Three. Because only a small number 

of water samples contained both fluoranthen and pyrene, and most had undetectable 

amounts of both, the ratio of fluoranthen to pyrene was harmful. Petrogenic is the 

source, as shown by the ratio values, which were smaller than one number at each 

station and, consequently, the ratio's overall values (for all stations during the period 

under analysis) (1). 

 

Table (3): Water samples from the stations under observation during the study period 

were evaluated for the presence of aromatic chemicals and their originating source. 

 

Stations  
Seasons 

 
LMW/HMW 

 
Descriptions 

 
Phen/Anth 

 
Descriptions 

 

 
Station 1 

Autumn 0.30 Pyrogenic’ 4.30 Pyrogenic’ 

Winter 0.10 Pyrogenic’ 2.50 Pyrogenic’ 

Spring 0.17 Pyrogenic’ 5.56 Pyrogenic’ 

Summe
r 

0.15 Pyrogenic’ 0.80 Pyrogenic’ 

 
 

Station 2 

Autumn 0.32 Pyrogenic’ 2.49 Pyrogenic 

Winter 0.30 Pyrogenic’ 6.17 Pyrogenic 

Spring 0.15 Pyrogenic’ 3.33 Pyrogenic 

Summe
r 

0.15 Pyrogenic’ 0.98 Pyrogenic 

 
 

Station 3 

Autumn 0.34 Pyrogenic’ 3.02 Pyrogenic 

Winter 0.43 Pyrogenic’ 18.00 Petrogenic 

Spring 0.18 Pyrogenic’ 4.00 Pyrogenic 

Summe

r 

0.14 Pyrogenic’ 0.96 Pyrogenic 

 

Discussion 

Water containing N-alkanes: 

An essential component of hydrocarbons, N-alkanes interact with the aquatic 

environment through various processes, including the biodegradation of plankton and 

aquatic plants, the biosynthesis of marine organisms, anthropogenic sources, and 

geochemical effects. The findings showed that there was a seasonal variation in the 
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concentrations of n-alkanes in the water, with higher concentrations in the spring and 

lower concentrations in the summer. High summer temperatures accelerated the 

evaporation of low molecular weight hydrocarbons and encouraged a range of microbes 

to biodegrade organic compounds [15]. 

The water samples contained n-alkanes with lengths ranging from C7 to C38. 

According to earlier studies, C24 is the main location of bacterial activity [16,17]. Even 

carbon number chains were found in water samples from C18–C26. Land plant 

chlorophyll has large molecular weight n-alkanes that may. 

Water containing PAHs: 

     The direct sources of PAHs entering surface water include shipping, air-water 

exchange, and dry and wet atmospheric deposition. Pyrolysis and combustion activities 

account for the majority of these sources could be. Together, these impacts reduce the 

concentration of PAH chemicals, increasing the prevalence of low molecular weight PAHs 

in surface water. This may also be due to the degradation of low molecular weight PAHs 

in the water column [19]. There were two main types of PAH compounds found in the 

water. 

 

Table (4): Comparison of dissolved PAHs (ng/l) and n-alkanes (µg/l) in water. 

Particulate) for the current study together with the others that have already been 

examined. 

 

 

 
Studied Areas 

 

n-alkane in water 

(µg/l) 

 

PAHs in water 

(ng/l) 

 
References 

 
Shatt Al-Arab  

 
6.50-14.23 

 
7.19-22.47 

 
[20] 

 
Shatt Al-Arab  

 
6.43 - 73.95 

 
0.14 -31.91 

 
[19] 

 
Shatt Al-Arab  

 
8.81’’ – 35.58’ 

 
5.81 – 47.96’’ 

 
[16] 
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Al-Chibayish marsh  
0.32 – 2.98 

 
2.435 – 37.780 

 
[15] 

River in Basra Governorate, 
southern Iraq 

 
0.877 – 13.462 

 
0.046 – 2.494 

 
[21] 

 
some rivers in Misan Province,  

 
- 

 
1667.15 – 5552.7 

 
[22] 

 
Shatt Al-Arab, Basra, Southern Iraq 

 
- 

 
5.085 – 30.255 

 
[23] 

 
Tigris, Shatt Al Arab, Euphrates 

 
48.09 – 276.98 

 
45.16 – 1848.54 

 
Current Study 

 

Indexes of hydrocarbon sources: 

The LMW/HMW ratio revealed both petrogenic and biogenic sources for n-

alkanes. As most CPI ratios show, the ratio of two isoprenoids, phytane to pristane, is 

another useful indicator of the alkane's pyrogenic origin. In contrast to phytone (2, 6, 

10, 14 tetramethylhexadecane), which is thought to be a characteristic of oil, pristane 

(2, 6, 10, 14-tetramethylpentadecane) is typically found in zooplankton and other 

animals [24].  

According to the ratios of LMW/HMW, Flouranthen/Pyren, and 

Phenanthrene/Anthracen, most PAHs originate from pyrogenic and petrogenic sources 

and are undetected biogenic  

 

Conclusion 
1. The study discovered that petrogenic and pyrogenic sources are the two 

primary sources of aliphatic (n-alkane) hydrocarbons. 

2. Polycyclic aromatic hydrocarbons with a low molecular weight Most polycyclic 

aromatic hydrocarbons come from petrogenic sources because they are more prevalent 

there than in pyrogenic ones. 
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