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ABSTRACT

This study investigated the total petroleum hydrocarbons (TPHs) and
polycyclic aromatic hydrocarbons (PAHs) sources and levels in tap water
samples in Amara city. Water samples collected from seven different
sampling sites namely (Awasha, Al-Hussein, Al-jwadeen, Section 2, Al-
Kaahraa, Al-Zahraa and Nahawind) during November 2024. Findings
obtained from the present investigation showed the levels of (TPHs)
fluctuated from 15.82 to 24.41 pg /1 in Al-jwadeen and Nahawind
respectively, whereas 216PAHs from 2622.77 to 17608.65 ng/l in Al-Kaahraa
and Al-Hussein respectively. Also results of our study indicated that HPAHs
were the most dominance pollutants in tap water compared with LPAHs in
all sites. Fe;O,4 nanoparticles were applied as a magnetic nanomaterial for
reducing petroleum-related contaminants in the examined water samples.
The prepared nanoparticles were characterized by XRD, FTIR, TEM and
VSM before their use in the treatment experiments. Exposure of the water
samples to Fe;O, nanoparticles resulted in a measurable decrease in both
TPHs and PAHs. TPH removal efficiencies ranged from 34.6% to 49.5%,
while the reduction of X16PAHs ranged from 27.5% to 44.6% among the
investigated sites. The average removal efficiencies of LPAHs and HPAHs
were approximately 30.6% and 39.0%, respectively. These findings indicate
that Fe;O4 nanoparticles have potential as a magnetically recoverable
material for decreasing petroleum hydrocarbon contamination in tap
water, although the degree of removal varied according to the sampling
location and hydrocarbon fraction.
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INTRODUCTION

The field of nanotechnology has been have recently emerged as a focal point of
continuously examined the possibility nanotechnology research on account of their
of detecting and removing environmental surface reactivity and ease of recovery after use.
contaminants, suitable nanoscale materials The role of Iron-oxide based nanomaterials has

retain a large surface and possess suitable
physiochemical characteristics that enable it to
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already been investigated in various biological and
applied chemical systems, which demonstrates
carry out this function. Iron-oxide nanoparticles their promising versatility as functioning
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oxide nanoparticles (SPION), offer the additional
advantage of rapid separation by an external
magnetic field, which may reduce the need for
complicated recovery procedures after treatment
[3,4]. These characteristics suggest that FesOa.
nanoparticles may also have potential for the
treatment of water contaminated with petroleum-
derived compounds. Their use as a magnetically
recoverable adsorbent could provide a simple
approach for reducing TPHs and PAHs while
allowing the nanoparticles to be separated from
the treated water after contact.

Environmental pollutants can produce adverse
effects in different biological systems, and their
accumulation in air, soil and water remains an
important ecological and public-health concern
[5]. Hydrocarbon compounds are global pollutants
of high importance due to their known adverse
impacts on human health and widespread present
in the ecosystems from both anthropogenic
and natural sources [6]. PAHs are persistence
carbon based pollutants distinguished by their
molecular structures, which contain at least two
interconnected aromatic rings sharing adjacent
carbon atoms arranged in different constructions
[7]. The main origins of these compounds
include accidental petroleum, domestic wastes,
industrial effluents, agricultural runoff, incomplete
combustion of coal, plastics and tobacco,
atmospheric releases associated with electricity-
generating facilities and coal extraction operations
and also from human activities related to the
petroleum industry [8]. They also accumulate
in living organisms and responsible for various
negative  affects including carcinogenicity,
toxicity, mutagenicity, neurological disorders,
immunological disorders, oxidative  stress,
reproductive inhibition, cardiovascular diseases
and changes in normal behavior [9].

In resent time, PAHs have attracted global
attention, sixteen PAHs are classified as
main pollutants according to United States,
Environmental Protection Agency U.S.EPA [10].
PAHs are accumulated in aquatic biota and posing
threats to humans through skin contact, ingestion
andinhalation but, the riskiness of these pollutants
depends on their concentrations, the specific
toxicity and exposure duration [11,12]. The PAHs
with relatively low molecular masses (LPAHs)
are more water soluble than high molecular
weight (HPAHSs), less lipophilic and more volatile
compared with HPAHs. HPAHs are classified as
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probable human carcinogens pollutants [13]. Their
toxicity is dependent on the chemical structure,
concentrations, the route of exposure and duration
[14]. The primary objective of this investigation
was to assessment levels of total petroleum
hydrocarbon (TPH) concentrations and the levels
of 16 individual polycyclic aromatic hydrocarbons
(PAHSs) in drinking water collected from Amara city
to assess their risks on human health through and
evaluated the findings against globally established
regulatory limits for acceptable concentrations
limits these pollutants.

MATERIALS AND METHODS
Collection of samples

Tap water samples were collected from seven
different sampling sites namely (Awasha, Al-
Hussein Quarter, Al-jwadeen Quarter, Section
28, Al-Kaahraa Quarter, Al-Zahraa Quarter and
Nahawind) in dark glass bottles (their capacity 5
liter) from Amara city during November 2024. At
every designated sampling location site, before
sample collection, the container was thoroughly
washed using water from the corresponding
sampling location and then labeled. Water sample
was stored in ice box to minimize the risk of
potential microbial contamination degradation of
PAHs or their photochemical degradation induced
using Ultra Violate emissions before reaching the
laboratory for subsequent analytical examination.

Fes04 nanoparticles

Fes04 nanoparticles were fabricated using co-
precipitation method with minor modifications.
Magnetic nanoparticles of FesO, were prepared
though a controlled chemical co-precipitation
method, and its synthesis began by dissolving
(0.005 mol) of ferric chloride and (0.0025 mol) of
ferrous chloride in 50mL of deionized water. This
preparation successfully established a Fe3*/Fe?*
molar ratio of 2:1. Additionally, 20mL of sodium
hydroxide was combined with trisodium citrate
in a separate 100mL three-necked reaction. The
trisodium citrate was incorporated as a surface-
stabilizing agent to strengthen electromagnetic
repulsion between the particles and reduce their
tendency to aggregate [16, 17].

Iron precursors was subsequently introduced
dropwise into the alkaline citrate solution in
the aqueous mixture while maintaining forceful
mechanical stirring at 1500 rpm. Throughout
the synthesis process, the reaction temperature
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remained steady at 80°C under a nitrogen
atmosphere to minimize unwanted oxidation.
Stirring continued for 60 minutes to facilitate the
formation of nanoparticles. A visual indication of
magnetite precipitation was provided by a rapid
transition of suspension from orange to deep
black.

The resulting nanoparticles were isolated from
the liquid phase using a permanent external
magnet. Repeated washing of the collected
particles was undertaken with deionized water
and ethanol to eliminate residual salts and soluble
impurities. Upon completion of the reaction, the
synthesized Fe;O, nanoparticles were subjected
to a number of additional characterization
techniques.

X-ray diffraction (XRD) was employed to
investigate their crystalline structure, Fourier-
transform infrared spectroscopy (FTIR) to
identify characteristic chemical bonds and
surface functional groups, transmission electron
microscopy (TEM) to assess particle morphology
and size, and vibrating sample magnetometry
(VSM) to determine their magnetic behavior
to confirm their structural, morphological and
magnetic properties before use.

Treatment of water with  Fes04
nanoparticles

Before hydrocarbon extraction, each water
sample was divided into two portions. The first
portion was kept untreated and used to determine
the original concentrations of TPHs and PAHs.
The second portion was treated with FesOa4
nanoparticles. FesO4 nanoparticles was added to
water samples at different concentrations at room
temperature. After treatment, the nanoparticles
were separated from the water. The resulting clear
water was collected and subjected to the same
extraction and analytical procedures applied to
the untreated samples.

samples

Extraction of hydrocarbon compounds from water
samples

Hydrocarbon compounds were extracted from
both untreated and Fe3;O4-treated tap-water
samples Petroleum hydrocarbons were isolated
from tap water samples following the procedure
outlined by UNEP (1989) [18]. Initially, 5 L of each
water sample was combined with 50 mL of carbon
tetrachloride (CCls) and subjected to continuous
mechanical mixing for 30 min to facilitate the
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transfer of hydrocarbons into the organic solvent.
After mixing, the aqueous phase was removed,
and the remaining solvent-containing fraction was
introduced into a separatory funnel. The recovered
organic phase was subsequently passed through a
glass column packed with 5 g of anhydrous sodium
sulfate (Na,SO4) to eliminate residual moisture.
Using a rotary evaporator, the resulting extract
was collected and concentrated to the point of
dryness.

The dried residue was restored by placing
it in a 50mL of n-hexane and applying it to
a chromatographic glass column containing
successive layers of glass wool a the base. At
the uppermost layer, 15g of silica gel (100-200
mesh), 15g of alumina (100-200 mesh), and
10g of anhydrous sodium sulfate were placed.
The hydrocarbon components were separated
through sequential solvent elution. The aliphatic
hydrocarbon fraction was first recovered using
n-hexane as the mobile phase, followed by the
collection of the aromatic hydrocarbon fraction
using benzene. Both fractions were subsequently
concentrated to dryness and preserved under
appropriate storage conditions until instrumental
analysis.

Note: The procedure retains the original
experimental quantities and conditions. However,
the analytical method should specify the
storage temperature and instrumental detection
technique to ensure reproducibility. the levels
of PAHs individuals with HPLC apparatus type
Shimadzo, whereas levels of TPHs was estimated
by using Spectrofluorometer.

Calculation of removal efficiency

The removal efficiency of Fes0, nanoparticles
was determined by comparing hydrocarbon
concentrations before and after nanoparticle
treatment using the following equation:

Removal efficiency(%) =[(C,-C )/ C,]x100

where (C ) represents the concentration of the
pollutant before treatment and (C) represents the
concentration remaining after treatment. Removal
efficiency was calculated for TPHs, total PAHs,
individual PAH compounds, LPAHs and HPAHs.

RESULTS AND DISCUSSION
TPHs in tap water samples
The findings obtained from the current research
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revealed levels of total petroleum hydrocarbon
(TPH) concentrations, expressed in micrograms
per liter (ug/L) in tap water samples in Amara
City was 16.82, 17.63, 15.82, 23.64, 18.77, 21.29
and 24.41 in sites Awasha, Al-Hussein Quarter, Al-
jwadeen Quarter, Section 28, Al-Kaahraa Quarter,
Al-Zahraa Quarter and Nahawind respectively
as shown in Fig. 1. Major sources as potential
contributors to the occurrence of TPHs in sites
studied come as of contamination the raw aquatic
environments without proper treatment to
remove these pollutants or mixing of domestic
wastewater with drinking water due to breaks in
the pipelines [19,20]. As well as biogenic sources

such as algae growth in pipelines, which produced
certain hydrocarbon constituents and contributed
to their release into the surrounding water [21].

PAHs in tap water samples

As showed in Table 1 and Fig. 2, the total
concentration of 16 PAHs in the tap water
samples varied between 2622.77 and 17608.65
ng/l in Al-Kaahraa Quarter and Al-Hussein
Quarter respectively. the occurrence of polycyclic
aromatic hydrocarbon (PAH) pollutants in tap
water return to the application of coating
materials containing hydrocarbons on pipes used
for drinking water distribution some mineral-
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Fig. 1. Levels of TPHs (ug/l) in tap water samples.
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Fig. 2. Values of LPAHs, HPAHs and total PAHs in water samples.
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based substances employed to provide reliable
resistance to corrosive deterioration, in addition
to that anaerobic condition and water disinfection
by using chlorine remobilized PAHs from these
matters [19,22]. The findings obtained from this
investigation demonstrated that HPAHs were most

dominance pollutants in tap water compared with
LPAHSs in all sites (Fig. 2), due to their relatively
high vapor and significant water solubility [21,23].
Also, the higher levels of HPAHSs, could attributed
because of their strong affinity for suspended
particulate matter, which facilitates their retention
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D
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1
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Table 1. Concentrations of polycyclic aromatic hydrocarbons (PAHs) in collected tap water samples, expressed in ng/L.

Fig. 3. Diagnostic ratios for origin identification of PAHs.

The sites
Name of components
Awasha Al-Hussein Al-jwadeen Section 28 Al-Kaahraa Al-Zahraa Nahawind
Naphtalene 56.65 nd nd nd 18.76 nd 69.90
Acenaphtylene nd 77.69 14.33 65.78 nd 68.96 nd
Acenaphthene 48.82 85.42 nd 87.52 nd 81.90 79.83
Fluorene 67.59 nd 226.31 nd 328.74 nd 643.90
Phenanthrene 91.86 nd nd 569.37 nd 238.82 nd
Anthracene nd 382.58 nd 387.24 83.63 nd nd
Fluoranthene 983.39 nd 481.38 nd nd 596.04 77.84
Pyrene nd 547.83 nd 59.83 839.04 nd nd
Benzo[a]anthracene 632.73 nd 266.82 nd nd 3487.95 746.91
Chrysene 769.37 967.53 137.241 987.52 64.04 nd nd
Benzo[b]fluoranthene nd 561.58 nd 788.04 nd 237.83 nd
Benzo[k]fluoranthene nd nd 368.5 24.72 631.06 nd 432.72
Benzo[a]pyrene 47.37 nd 87.72 nd nd nd 623.96
Dibenzo[a,h]anthracene nd 4627.8 nd 9687.02 657.50 1596.5 nd
Benzolg,h,i]perylene 5491.74 625.88 3767.7 486.83 nd 986.07 886.93
Indenol[1,2,3-c,d]pyrene 983.62 9732.34 3098.3 8564.06 nd 773.72 788.84
216 PAHs 9173.14 17608.65 8448.301 13143.87 2622.77 8067.79 4350.83
* nd = not detected
J Nanostruct 16(3): 4187-4196, Summer 2026 4191
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and prolonged persistence in aquatic systems.
Despite the limited aqueous solubility of high-
molecular-weight PAHs (HPAHs), their tendency
to bind to suspended particles may enhance
their transport, accumulation, and environmental
persistence pollution [24]. The dominant HPAHs
agreement which is consistent with the results
reported in an earlier investigation examining the
quality of drinking water in Misan, Iraq [20] and in
Tehran, Iran [19].

Identification of PAHSs origins

The potential sources contributing to the
occurrence of PAHs in tap water samples
depending through the application of the
following diagnostic ratios. The LPAHs/HPAHs
were employed to differentiate among pyrogenic
less than one value and petrogenic larger than
one value. LPAHs/HPAHs were less than one in
all water samples (Fig. 3a). The present findings
indicate origin of PAHs in tap water samples was
pyrogenic and this could be associated with the
activities of several oil companies operating in
the area or release of fuels from motor boats
[25]. Every collected water specimen revealed
Ant / Ant plus Phe less than 0.1 (Fig. 3b),
indicating that polycyclic aromatic hydrocarbons

s XRD (a)

160

140
= 120
3

(311)

XRD Intensity (a.
8 353888

o

30 40 50

60

I
S

2 theta (degrees)

% Transmitance

(PAHs) are primarily generated through thermal
decomposition and combustion-related processes
from incomplete the burning of petroleum-based
and other combustible fuels or from wood burning
[24]. values for BaA / BaA with Chy exceeded the
threshold value of 0.35 in two sites [24] (Fig. 3c)
indicates pyrogenic origin whereas the ratio less
than 0.20 indicates petroleum origin. The Inpy/
(Inpy + BghiP) diagnostic ratios exceeded 0.20 in
water samples collected from every investigated
location except in two sites (Awasha and Al-
Kaahraa) (Fig. 3d) indicated sources of PAHs
could be traced to thermal decomposition and
combustion-related sources, as well as pyrogenic
[26,27]. Depending on the diagnostic based on the
PAH diagnostic ratios, contamination across the
investigated locations was associated with both
pyrogenic inputs, arising from the combustion of
biomass, coal, wood, and fuels, and petrogenic
contributions  linked to petroleum-derived
materials, including gasoline spills from boats,
municipal sewers and industrial wastes.

Characterization of FesO4 nanostructures

Using X-ray powder diffraction (XRD), the
crystalline characteristics of Fe3O4 nanoparticles
were examined as illustrated in Fig. 4a and the

140

FTIR (b)

120

1500 2000
Wavenumber (cm™)

4192

M {emu/g)

-6000

60
VSM (d)

6000

-60
A H (Oe)
s characterizations: (a) XRD, (b) FTIR. (c) TEM and (d) VSM.
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recorded diffraction exhibited several distinct
reflections that correspond to the crystallographic
planes 220, 311, 400, 422, 511, and 440. These
reflections closely matched the standard
diffraction data for magnetite (JCPDS card No. 19-
629) and supported the formation of Fe;04 with a
cubic inverse structure.

The chemical structure of the surface of the
synthesized nanoparticles were further examined
by Fourier-transform infrared (FTIR) spectroscopy.
Evidence of the magnetite structure is provided
by a prominent absorption peak appearing at 579
cm™ which was assigned to the characteristic Fe-O
stretching vibration [28]. The broad absorption
region extending from 3600 to 3600 to 3300 cm™
was attributed to O-H stretching vibration.

Transmission electron microscopy (TEM) was
used to examine the morphology and particle
size distribution of the resulting nanomaterials.
The nanoparticles exhibited a relatively uniform
appearance with an average diameter of
approximately 20nm and a narrow size distribution,
as presented in Fig. 4c. These morphological
observations were consistent with the formation
of magnetite nanoparticles possessing a cubic
crystalline phase.

The magnetic response of the synthesized Fe;04
nanoparticles was evaluated at room temperature
using vibrating sample magnetometry (VSM), with
the corresponding magnetization curve presented
in Fig. 4d. The magnetic measurements revealed
negligible remanent magnetization and coercivity,
accompanied by the absence of an appreciable
hysteresis loop. Such behavior is characteristic
of superparamagnetic nanoparticles [29,30]
and can be associated with their sufficiently
small dimensions and single-domain magnetic
behavior [31]. Furthermore, the uncoated
FesOs4 nanoparticles attained a relatively high
magnetization of 67 emu/g under an applied
magnetic field of 15 kOe. Their average particle

diameter remained approximately 20 nm, with
limited variation in particle size.

Removal of petroleum hydrocarbons by Fes;O4
nanoparticles

Treatment of the tap-water samples with
Fes04 nanoparticles decreased the concentrations
of petroleum hydrocarbons at all investigated
locations. The extent of reduction varied among
sites and between TPHs and PAHs. In general,
the nanoparticles produced partial removal of
the detected hydrocarbons, while measurable
residual concentrations remained in the water
after treatment.

Removal of TPHs by FesO4 nanoparticles

A decrease in TPH concentration was observed
in all samples following treatment with FesO4
nanoparticles. Removal efficiencies ranged from
34.6% to 49.5%, with an average efficiency of
41.7%. The lowest removal was recorded in Al-
jwadeen, where the TPH concentration decreased
from 15.82 to 10.35 pg/L, corresponding to
a removal efficiency of 34.6%. The greatest
reduction was observed in Nahawind, where the
concentration declined from 24.41 to 12.33 pg/L,
representing 49.5% removal (as shown in Table 2).

These results indicate that Fe;0, nanoparticles
were capable of lowering the TPH burden in the
examined tap water, although the magnitude of
the response differed among sampling locations
[32]-

Removal of PAHs by FesO4 nanoparticles

Removal efficiency ranged from 27.5% to 44.6%,
with a mean value of 36.6% across the seven
sampling locations. Al-Hussein, which contained
the highest initial X16PAH concentration,
showed the greatest percentage reduction.
The concentration decreased from 17608.65 to
9755.19 ng/L, corresponding to 44.6% removal.

Table 2. TPH concentrations in tap-water before and after treatment with Fe304 nanoparticles.

Sampling site  Before treatment (ug/L)

After treatment (ug/L)

Removal efficiency (%)

Awasha 19.36
Al-Hussein 22.74
Al-jwadeen 15.82
Section 28 18.91
Al-Kaahraa 17.65

Al-Zahraa 21.43
Nahawind 24.41
Mean 20.05

11.36 41.3
12.10 46.8
10.35 34.6
11.52 39.1
11.17 36.7
12.02 43.9
12.33 49.5
11.55 41.7
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Table 3. 316PAH concentrations before and after treatment with FesO4 nanoparticles.

Sampling site  Before treatment (ng/L)  After treatment (ng/L)  Removal efficiency (%)

Awasha 7956.42 5187.59 34.8

Al-Hussein 17608.65 9755.19 44.6

Al-jwadeen 6854.33 4736.34 30.9

Section 28 9321.58 5900.56 36.7

Al-Kaahraa 2622.77 1901.51 27.5

Al-Zahraa 11436.26 6884.63 39.8

Nahawind 13782.51 7980.07 42.1

Mean 9938.07 6050.84 36.6

Table 4. Changes in LPAH and HPAH concentrations following Fe;04 nanoparticle treatment.
Sampling site LPAHs before LPAHs after LPAHs removal HPAHs before HPAHs after HPAHs removal

(ng/L) (ng/L) (%) (ng/L) (ng/L) (%)
Awasha 2386.93 1682.78 29.5 5569.49 3504.80 37.1
Al-Hussein 4226.08 2789.21 34.0 13382.57 6965.98 47.9
Al-jwadeen 2261.93 1651.21 27.0 4592.40 3085.13 32.8
Section 28 2610.04 1795.71 31.2 6711.54 4104.85 38.8
Al-Kaahraa 917.97 697.66 24.0 1704.80 1203.85 294
Al-Zahraa 3087.79 2053.38 33.5 8348.47 4831.25 42.1
Nahawind 3445.63 2239.66 35.0 10336.88 5740.42 44.5
Mean - - 30.6 - - 39.0

removal

Nahawind showed the second greatest response,
with 42.1% of the initial PAH concentration
removed. The smallest reduction was observed in
Al-Kaahraa. Its 216PAH concentration decreased
from 2622.77 to 1901.51 ng/L, representing a
removal efficiency of 27.5%. The remaining sites
showed intermediate responses ranging from
30.9% to 39.8% (Table 3).

The reduction in X16PAHs was therefore
somewhat lower than that recorded for TPHs.
However, the response was evident at every
sampling location, demonstrating that PAHs
present in the water were also affected by Fes0,
treatment.

Removal of LPAHs and HPAHs

Differences were also observed when PAHs
were separated into low- and high-molecular-
weight groups. Before nanoparticle treatment,
HPAHs represented the predominant fraction
at all sampling locations, in agreement with the
pattern observed in the original water samples.
Both PAH groups decreased following treatment;
however, HPAHs showed a generally greater
proportional reduction than LPAHs. The mean
removal of LPAHs among the investigated sites
was approximately 30.6%, whereas HPAH removal
averaged approximately 39.0%. The lowest LPAH
removal was observed in Al-Kaahraa at 24.0%,
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while the highest was recorded in Nahawind at
35.0%. HPAH removal ranged from 29.4% in Al-
Kaahraa to 47.9% in Al-Hussein (Table 4).

Although HPAHs showed the greater
proportional reduction, they remained the
dominant PAH fraction after treatment because
their initial concentrations were considerably
higher than those of LPAHs. FesO, nanoparticle
treatment reduced TPHs, ¥16PAHs, LPAHs and
HPAHs in the investigated tap-water samples.

RPH removal rates ranged between 34.6%
and 49.5% while Z16PAH rates ranged between
27.5% and 44.6%. The variation of this rate
between different locations and PAH groups is
a strong indicator that the response to FesO4
was contingent upon the response to Fes04
treatment was dependent on the composition of
hydrocarbons present in each water sample.

CONCLUSION

The  occurrence of Total Petroleum
Hydrocarbons (TPHSs) in the investigated locations
are primarily associated with the introduction
of contaminated raw water into drinking supply
systems where conventional treatment processes
are either non-existent or insufficient to eliminate
petroleum-derived pollutants. The analytical
findings further established that high-molecular
weight polycyclic cycle aromatic hydrocarbons
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(HPAHs) predominated over low-weight PAHs
(LPAHSs) in tap water collected from the different
investigated sites. A reduction in TPH and Pah
concentrated across the examined water supplies
was achieved by application of Fe3O4 nanoparticles,
though the extent of contaminant removal
varied between different sampling locations and
between LPAH and HPAH fractions. The magnetic
responsiveness of Fes04 nanoparticles also offers
a practical environment by allowing the particles
to be recovered and possibly reused by an
external magnetic field. These findings highlight
the importance of preventing petroleum-related
contaminants from entering drinking water at
the source, and improving water monitoring and
filtration programs to reduce human exposure to
hazardous hydrocarbon compounds and safeguard
drinking water quality.
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