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Abstract

The monitoring of lotic ecosystems is important for environmental health after
war crisis. This study aimed to detect the fate of the sixteen polycyclic aromatic
hydrocarbon compounds (PAHS) as priority pollutants in the water and sediment of
Al-Hussainya River in Karbala Province. The results indicated that the
concentrations in water samples ranged from 0.24-58.72 ng.L™ for each of the
benzo(a) pyrene and benzo(g, h, i)perylene. The concentrations in sediment samples
have been observed to be in a range of 0.36-119.06 pg.g™* for naphthalene and
benzo(g,h,i)perylene. Benzo(g,h,i)perylene recorded the highest concentrations in
each of water and sediment samples as compared with the other compounds. The
ratios of the specific PAH compounds were calculated to evaluate the possible
sources of PAH contamination. These ratios reflected pyrogenic and petrogenic
origins in both water and sediments.

Keywords: PAHs, Lotic ecosystems, Water, Sediments, Al-Hussainya River,
Pyrogenic, Petrogenic.
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1. Introduction

Several decades of political and social instability in Irag as a result of several consecutive wars led

to environmental degradations as indirect effects [1]. However, little environmental policy efforts
were made to remediate these issues [1]. Environmental degradation occurs due to negligence of
governments to develop and enforce water and air regulations, which are detrimental to local
communities [2]. In Irag, no such major study has been performed. Hassan and his colleagues [3-8]
started studying the effects of pollution in Euphrates River in the middle region of Iraq to clarify the
extent of environmental degradation that occurred in Iraq and to move policy makers to take the
environmental impacts of socio-political instability into account when making decisions that concern
war and peace. The environmental effects are devastating, yet it is difficult to obtain critical
environmental data. The organic polycyclic aromatic hydrocarbons consist only of carbon and
hydrogen atoms with two rings or more [9, 10]. PAHSs are naturally produced from the combust of
forests or from the volcanic activities, in addition to the fuel industrial products [11]. These
compounds are generated in the aquatic ecosystems due to the municipal incomplete waste
degradation and different types of fuel combustion from different industrial waste streams. Solubility
of PAHSs in water depends inversely on their molecular weights, whereas it has a positive relationship
with other characteristics such as vapor, pressure and lipophilic features [12]. The lipophilic
characteristic of PAHSs is key to their impacts on the health of human and other organisms, since they
can be accumulated in the adipose tissues, leading to toxic effects through carcinogenic and mutagenic
reactions at the cellular level [10,13].
USEPA identified the sixteen most toxic compounds of PAHs which are divided into two groups.
First, the low molecular weight compounds (LMWC) (2-3 rings) that include naphthalene [Nap],
acenaphthylene [Acpy], acenaphthene [Acp], fluorene [Flu], anthracene [Ant], phenanthrene [Phen],
and fluoranthene [Fla]. Second, the high molecular weight compounds (HMWC) (4 or more rings) that
include pyrene [Py], benzo(a)anthracene [B(a)A], chrysene [Chry], benzo(b)fluoranthene [B(b)F],
benzo(k)fluoranthene  [B(k)F], benzo(a)pyrene [B(a)P], dibenzo(a,h)anthracene [D(ah)A],
benzo(g,h,i)perylene [B(ghi)P] and indeno(1,2,3-cd)pyrene [InP] [14].

Several studies were conducted to estimate PAH pollution in a number of aquatic ecosystems in
Irag. Mohammed et al. [4] characterized sixteen PAHs in Euphrates River, with total concentrations of
6.45 pg/l and 167 ng/g in water and sediment samples, respectively. HMWC were dominant in
comparison to LMWC in both water and sediment samples. Hassan et al. [6] investigated the
distribution of PAH compounds in water and sediment samples from Al-Hilla River, They reported
that the total concentrations were0.226 pg/lin water samples, dominated by the low molecular weight
Acp, and 402.54 ng/gin sediment samples, dominated by the high molecular weight B(ghi)P [6].

Several studies showed that lighter PAHs dominated water samples, while heavier compounds
dominated sediment samples [6,15,16]. In addition, the high concentrations of PAHSs in riverine
sediments caused by the industrial activities are not easy to remove [12]. While, other studies
estimated heavy pollution from PAHSs in different habitats around the world [17-19]. However, the
current study aimed to identify the distribution and origin of PAH in the water and sediment of the
Euphrates River (Al-Hussainya River) which represents the ultimate water resource in Karbala city,
since such studies contribute to reduce the evident lack of sufficient information about such pollutants
in Iraqi rivers.

2. Materials and Methods
2.1. Description of the study area

The main water resource in Karbala city is Al-Hussainya River, that branches from the Euphrates
River at Al-Musayyib city (Babylon Governorate), about 30 km north of Karbala city (Figure-1). This
river passes through many agricultural, urban, and residential areas where its waters have many uses.
Six sites were selected along the river; site 1 is upstream, away of the urban area and characterized by
agricultural activities. Sites 2, 3, 4 and 5 are in the urban area. Agricultural and small industrial
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activities are found on both sides of the river at sits 2, 3 and 4. The river passes the center of the small
town (site 4) and Karbala city (sites 5). Site 6 is located at the downstream (Table-1).
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Figure 1- Map of Al-Hussainya River, middle of Irag. Star in the inset represents the magnified map
with sampling sites.

Table 1-Geographical coordinates and characteristics of the sampling sites

Sites  Longitude (eastwards) (nl_oariir:\L/j\?aLerfj) Features
1 44°13'48.00" 32°42'27.00"  Upstream, agricultural area and away of urban area
2 044-13'31.1" 32°41'33.0" Agricultural and small industrial activities
3 044-11'16.1" 32040'32.7" Agricultural and small industrial activities
4 044-09'32.3" 32039'57.4" Agricultural and small industrial activities
5 044-04'28.3" 32038'12.5" An urban area
6 044-01'50.6" 32°37'16.8" Downstream an urban area

The climate of the study area is semi-arid, continental, and characterizes by distinct two seasons;
dry in summer and wet in winter, while spring and autumn are considered as transitional seasons. The
temperature values range from 11°C to 50°C and the rainfall is limited in this area with an average of
< 100 mm [20]. The sediment of Al-Hussainya River is characterized by clay-sand mixture (the
proportion of clay is 50-70%) [21]. Physicochemical properties of the river were already studied by
Hassan et al. [22]. The water was slightly alkaline to alkaline, oligohaline and very hard (Table-2).
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Table 2-Some physicochemical features of Al-Hussainya River (Following [22])

Sites
Factor .
Abbrerzlwatlo 1 5 3 4 5 6
Air temperature (°C) AT 229+78  27.5+903  288+94  305+95  313+91 32349
Water temperature (°C ) WT 219459  222+56 225457 227458 23457 237456
pH pH 8064032 81+038  82+042  82+037  83+045  82+043
Electric Conductivity EC 120661+ 119103+ 119422+ 119519+ 110425+ 123547+
(us/cm) 37.84 496 156.2 154 126.8 91.8
Salinity %o S%o 077+009 076+0096 076+0.10 0.76+0.097 076+0.08  0.79+0.06
Water Flow cm/sec. WF 2156+5.18 2472+415 2519+686 2274+408 1972+486 18.76+4.85
o 13031 + 128.86 + 125.67 + 12753 + 128.56 + 126.89 +
Total Alkalinity TAlk 19.68 15.34 14.47 13.96 13.38 1456
D'Sso"’edg’;yge” (mg DO 83+219  812+205 83+186  850+186 868+234  7.84+233
. . 10234 + 100.49 + 100.54 + 105.21 + 101.91 +
Calcium (mg L") Ca 25.20 27.02 2775 2555 94.71£23.00 23.84
silica (mg L) Si0, 478+097 487+077 466+108  463+11  461+086 432+124

2.2. Sample collection

Samples of both water and sediment were monthly collected from six sites along Al-Hussainya
River from October 2012 to September 2013. Water samples were taken at a depth of 50cmbelow the
water surface by dark glass bottles (2.5 L) containing 60 ml carbon tetra chloride (CCl,) solvent.
Samples were then placed in an icebox after they were wrapped with aluminum foil [23]. Sediment
samples were collected using Ekman Grab sampler, placed in aluminum foil and kept at -20°C prior to
analysis [24].
2.3. PAH extraction

PAHs were extracted from water and sediment samples according to previously published methods
[23,24]. Briefly, riverine water samples were separated from the organic material with
CClsandevaporated by rotary evaporator with 9:1 acetonitrile: methanol. Sediment samples were first
dried, homogenized, mixed with 25 ml acetone and left in the dark overnight. The samples were then
centrifuged and the supernatant was transferred for separation with a mixture of 1:2 hexane: deionized
water. The organic fraction was stored in a 9:1 acetonitrile: methanol mixture until analyzed for PAHs
by high performance liquid chromatography (HPLC). After analyzing the concentrations of individual
{ﬂ.m‘ # 'hen } and P'ﬂ‘m‘f(#hn- + f{v)

Anmef {.fm #f ‘huu}

compounds, the ratios of Ant were used to determine PAH origin in

water and sediment samples [11]. The ratio is an excellent indicator for samples that

have either a pyrogenic ("1”*-"'("“””’;“’“ )> 0.1) or petrogenic (-'f”“”-"'{-’f”‘““"hf“ )< 0.1) origin. The
Flur{(Flur + %) ratio can be used to classify the PAH source as being petroleum (ratio < 0.4),
combustion of a liquid fossil fuel (e.g. Vehicle petrol; 0.4 < Flur{(Flur + Py )¢ 0.5), or combustion of

solid fuel (e.g., wood or coal; * tur{ (Flur + Py),, 0.5) [22,23].All obtained data were subjected to
statistical analysis using the Statistical Package for the Social Sciences (SPSS) software (version 22).
3. Results and Discussion

Sixteen PAHs were identified in Al-Hussainya River water and sediment samples during this
study. These compounds were selected because they are considered to be primary pollutants as
described by the USEPA [13]. The results are consistent with two previous studies conducted on the
Euphrates River and its branches [4,6].
3.1. PAHs in river water

It is critical to understand the distribution and fate of PAHSs in aquatic systems, because of their
toxic effects to humans and aquatic organisms [25,26]. The average concentration of PAHs in Al-
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Hussainya River water samples showed a range from 1.11+0.79 ng.L™" at Site 1 to 56.65+ ng.L™ at
Site 5, recorded for B(a)P and B(ghi)P, respectively (Table-3). However, concentrations in water
samples showed a pattern of greater concentrations for the lower molecular weight compounds, except
for the high molecular weight B(ghi)P which was also found in higher concentrations.

The elevated levels of B(ghi)P may be the result of increased vehicle and boat exhaust materials
deposited into the river [27]. The HMWCs (4-6 rings) had lower concentrations than the LMWCs,
except for B(ghi)P, which may be high despite their decreased solubility in water and their lipophilic
and hydrophobic properties. Similar results were previously found in Al-Hilla River [6] but not in the
Klang Strait [28]. Based on the relationship between the calculated ratios and the origin of PAHSs [28],
it can be implied that the present results reveal a consistent pyrogenic origin; the ratio for Site 1 (0.52)
reveals combustion of wood or kerosene, whereas the remaining five sites show combustion of vehicle
fuel (Table-4). The high level of human activities and the resultant pollution deposition of gasoline
and diesel exhaust might have led to the high concentrations of B(ghi)P along the riverine
environment [29]. The total PAH concentrations during this study ranged between 135.5 and 162.06
ng/l in sites 2 and 5, respectively. The higher concentrations at site 5 might be due to lower water
volume and flow rate, a similar pattern as that observed in Al-Hilla River [6]. In addition, the higher
concentrations in water samples at Site 5 might be due to the cumulative effect of PAH release from
the sediments and emissions from vehicle exhausts [29,30]. Values from the present study were higher
than those of Mohammed et al. [4] in Euphrates River and Al-Azawey et al. [8] in Al-Hilla River.
However, our results were comparably close to those of Kafilzadeh et al. [16] in Kor River, Iran. High
PAHs in the Kor River were attributed to possibly high volume of traffic and human activities on both
sides of the river,low water levels, and the absence of vegetation on the river banks, which exposes the
river directly to land-based and atmospheric pollutants that dissolve in river water [15,16,31]. In
addition, the presence of diesel-powered pumps used for farmland irrigation along the river may cause
leakage of diesel directly into the river water. In general, petroleum products are regularly dumped
into the river as a result of the lack of environmental awareness and education. Many studies attribute
water pollution to vehicle exhausts, drainage of untreated sewage, municipal and industrial wastes
where PAHs are dumped directly into the river, as well as agricultural activities [15,31,32]. It is
observed that most of the recorded concentrations of PAH compounds are well above the current
recommended values [33].

Table 3-The concentration of PAH compounds in the water samples (ng L™) during study periods.
First line (The range) and second line (The average + S.D.)

Sites
PAH Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Average
compounds
N 1298 -2259 10.77-0.68 11.37-23.61 15.86-8.42 11.6-21.24 14.51-24.99 19.49
ap 19.27+3.9 1588+3.71 19.28+491 2339+503 17.89+3.89 21.23+4.17 ’
AcoY 1.81-3.42 2.51-3.97 1.2-1.93 2.5-459 3.18-3.95 2.48 —3.85 29
P 2507 3.11£0.62 1.65+£0.31 3.47+0.89 357+0.40 3.12+£0.53 ’
Ac 22.89-28.26 16.71-26.58 32.43-38.85 32.02-43.8 27.03-0.62 30.56—40.08 11
P 25.7 £2.43 20.92 +4.17 36.8+2.67 4024+499 3503+52 33.96+3.84 ’
Flu 13.75-22.81 4.26-21.98 192-2245 7.04-2193 10.71-0.11 7.52-2158 1435
18.86 + 4.2 1269+7.71 1141+856 1354+£577 1513+355 1448 +6.57 ’
Ph 1.82 -2.47 2.90-3.43 1.41 - 3.65 1.97-452 223-3.26 1.46 -4.31 286
en 214+032 316+028 265+084 3.34+105 2.83+043 3.04+1.08 :
Ant 1.99 -3.42 1.67 -3.33 1.26 —4.09 1.21-3.81 051-361 0.84 -3.93 255
2.72+£0.56 2.6 +0.65 2.85+1.08 2.39+1.05 2.23+1.24 248 +1.24 ’
= 1.62-3.44 16-3.1 1.68 -2.78 204-436 2.03-3.45 1.92 -3.29 268
a 2.63+£0.76 2.71+£0.88 2.13+£0.52 3.22+£0.87 2.77+0.55 2.61 £0.57 ’
Py 2.43+0.75 3.46 £0.77 2.88 +£0.85 401+042 4.74+0.74 411+1.09 3.62
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1.73-3.25 247-421 169-374 348-447 3.69-491 273-4.82

Py 2.43+0.76 3.46 £0.78 288+0.86 4.01+043 474075 411110 4.62

B(a)A 4.1-5.95 4.73-6.49 2.37-522 164-458 1.02-524 3.31-6.05 453
4.96 +0.84 5.7+0.75 399+1.09 356+119 379+172 51+11 ’

41-595 4.73-6.49 2.37-522 164-458 1.02-524 331-6.05

Chry 283+097 242+076 27+081 345+085 3.32+129 3.42+1.07

3.02

B(b)F 1.58 -2.56 194-291 131-2.42 1.88-3.58 2.1-3.17 1.97-3.87 245
2.11+0.48 242 +0.49 1.8+0.53 256+0.67 273+042 3.07+0.77 ’

3.37-4.89 2.86 - 4.75 146-511 3.62-533 336-564 4.33-6.09

B(k)F 4274061 374+08  364+141 472+07 49+097 535+0.73

4.44

B(a)P 0.36 — 2.37 0.54-221 051-215 035-267 032-218 0.24-25 1.26
1.11+£0.79 1.17 £0.65 1.18+0.67 1.37+0.97 1.39+£0.7 1.37+£0.9 ’

1.5-2.54 1.3-1.76 157-328 161-295 205-4.69 214-351

DbA 1894043 163+023 239+065 2384053 312+104 284 +056

2.38

B(ghi)P 4943 -53.87 41.28-57.02 4551-52.76 37.69-2.67 5229-8.72 38.42-54.93 5161
g 5242+231 5249%+692 50.18+3.19 4832+6.57 56.65+298 49.63+7.11 '

InP 0.65-1.83 0.44-1.90 1.27-2.56 1.23-2.38 148-25 132-242 172
1.29+0.51 1.3+0.61 2+0.54 1.84+0.45 1.98+0.5 1.93+0.48 ’

Total PAHs 147.12 135.5 147.51 161.89 162.06 157.73

Table 4-Mean ratios of individual PAHSs in water samples

Station Ant/(Ant+Phen) Fla/(Fla+Py)
1 0.56 0.52
2 0.451 0.439
3 0.518 0.425
4 0.417 0.445
5 0.441 0.369
6 0.471 0.425

For seasonal comparison (Figure-2A), three PAH compounds(Nap, Flur and DbA) recorded the
lowest values in summer at site 2, while the highest values were recorded for Flu (sitel), B(b)F (site
6), B(K)F (site 6), B(a)P (site 4) and B(ghi)P (site 5). In autumn, the following compounds showed the
lowest values: Acp (at site 2), Flu, Phen, Py, B(k)F (site 3), B(b)F, B(ghi)P (site 4), Ant, B(a)A, Chrya
(site 5), and B(a)P (site 6). The highest values in autumn were observed for AcpY, Flur (site 4) and
DbA (site 5).0nly two lowest values were recorded in winter: for IND (site 2) and AcpY (site3), while
the highest values were recorded for B(a)A (site 2), Nap and Acp (site 4). PAH compounds that
recorded highest values in spring include Ant, IND (site 3), Phen (site 4), Py and Chry (site 5). The
temporal variations of these compounds are related to their source activates and the seasonal changes
in physicochemical properties of the river [6,33].
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Figure 2-Seasonal variation of PAH concentrations in the water samples (A) and sediment (B) during
the study periods

3.2. PAHSs in the sediments

Riverbed sediments are an important historical indicator of water pollution in that particular river
and the surrounding watershed over time, considering that the sink of most pollutants is the sediment,
which has impacts on the life of benthic communities [11]. PAHSs enter the sediments by adhering to
sedimentary particles. Sediments also act as a source of certain pollutants that reenter the water
column based on individual fraction physicochemical properties and environmental conditions [31].
Concentrations in sediment samples showed a pattern of greater concentrations for the lower
molecular weight compounds, with B (ghi) Pis being an exception as a HMW compound found in
higher concentrations. Furthermore, in this study, mean concentrations of PAHs in Al-Hussainya
River sediments ranged between 1.70+0.85 t0114.40+4.59 pg.g” for Nap and B(ghi)P, respectively
(Table-5). B(ghi)P also dominated the sediments of Al-Hilla River, another tributary of the Euphrates
River [6]. The results revealed a dominance of HMW over the LMW compounds, which might be due
to the physicochemical properties that allow HMWCs to persist in the sediments, whereas LMWCs
were more prominent in the river water samples, likely due to a greater propensity to dissolve in water.
The properties that allow HMWCs to persist in sediments include: (a) low solubility and lipophilic and
hydrophobic properties that increase as their molecular weight increases; (b) HMW(Cs tend to bind to
organic and sediment particles; (C)HMWCs are characterized by their stability and resistance to
biodegradation processes by microorganisms as compared to LMWCs [33]. Several studies confirmed
that HMWCs tend to dominate sediment contaminants [4,16]. The results show that the concentrations
were consistent among sampling sites, indicative of similar human activities along the stretch of the
river.
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Table 5-The concentration of PAHs compounds in the sediment samples (ng g*) during study periods
first line (The range) and second line (The average + S.D.)

PAHSs Sites
ds ; . : ) - - Average
compoun Site 1 Site 2 Site 3 Site 4 5 Site Site 6
Na 2.28—-451 11-271 2-3.98 1.31-2.93 0.84 —2.62 0.36-2.5 296
P 3.16 +0.87 1.86 £0.63 2.8+0.76 2 +0.63 2.05+0.74 1.7+0.85 '
AcoY 15- 2.38 1-2.46 0.87-2.06 1.24-257 0.84 -2.82 1.65-2.93 175
P 1.75+£04 1.6 £0.57 1.33+049 1.77+£0.56 1.8+£0.78 2.26 +£0.55 '

Ac 29.71-31.81 16.39-27.73 14.8-6.98 27.77-33.49 0.84-30.34 28.61-34.9 24.9
P 30.64+098 2254+546 1991+4.71 30.75+223 13.52+10.86 31.91+24 '

28.61-34.9 094-489 079-3.14 1.02-3.16 1.85-4.92 5.83-7.58

Flu 3191424  325+167 237+103 2434097  3.74+137 7+0.77 3.94

ohen 583 758 147 366 051 198 193236 324 488 094404
7+077 1814004 1154062 214008  3.84+07 2.49 +1.27 :

Ant 175-324 198 316 151292 234 45 312 365 194332
2344065 256+054 214065 34+102  347+04  2.62+0.68 :

i 206-381  206-381 212326 342-493 27457 27457 .
2844076  284+076 291+058 4124066 4124066 412 +0.66 :

. 27-457  324-499  198-5 1985 33254 221574 .
y 4124066  45+086 391+134 391+134 468409  433+145 :

B(a)A 4.14-6.82 417-529 417-529 1.82-4.87 1.47-5.08 2.85-5.59 422
511+1.15 458+048 458+048 382+1.28 3.78 £1.51 451+11 '

Chr 3.82 -6.57 4.6-5.44 425-945 6.93-9.35 8.36 - 10.65 7.09-11.22 733
y 488+1.1 493+039 686+196 8.12+09 9.77+0.97 9.45+1.57 '

B(b)F 2.85-49 2.85-49 1.27-372 3.17-3.73 3.17-3.73 2.39-4.32 31
3.51+0.85 3.51+0.85 284+1 3.41+0.23 3.41+0.23 3.51+0.74 '

B(K)F 5.3-951 5.3-951 4.99-6.27 52-757 511-6.2 3.74-8.84 6.23
6.96 +1.82 6.96 +1.82 56+05 593+1 5.71+0.45 6.62 +1.96 '

B(a)P 1.31-2.18 122-192 193-342 215-3.22 2.58 —3.82 2.4-4.09 253
1.73+0.41 156+032 273+056 2.74+0.43 3.2+047 3.21 £0.65 '

DbA 67.69-79.82  69.35-82.38 64.92-5.06 62.48-76.21 73.5-98.56 75.66 —88.8 7744
75.37 +4.93 78.3+5.64 70.29+3.98 70.77 +5.49 88.46 +9.72 81.46 +5.32 '

B(ghi)P 94.75- 08.56 ]ﬁ]%2953- 96.7-1145 99.38-17.84  108.81-118.82 ]ﬁ%%%_ 109.34
102.39+6.69 109.4 + 6.58 106.8+8.36  109.13+7.36 114.4+4.59 113.92+5.94

The results showed that the source of PAH pollution in the sediment was pyrogenic in origin as a
result of thermal decomposition of organic matter and the burning of fossil fuels, in addition to
contaminants originating from oil derivatives [11] (Table-6). The source of this pollution is attributed
to high traffic density, continuous incineration of waste material, and the effect of human and
agricultural activities, including diesel-burning pumps that pump water for irrigation of agricultural
lands lining the riverbanks. The mechanisms that draw the pollutants into the river and then into the
sediments are through to include runoff into the catchment area from wind and rain as well as the role
of industry, agriculture and other human activities [4,15,19,31]. Based on the total concentration of
PAHSs, the sediments can be classified as being highly polluted [34].

For seasonal comparison (Figure-2B), the results indicated that Flur (site 2), DbA (site 4) and Chry
(site 1) recorded the lowest values during summer. While AcpY recorded the highest values at site 6.
The lowest values in autumn were recorded for Nap (site 6), AcpY, B (a)A, B (b) F at (site 5), Flu,
Phen, Ant, Py, IND(site 3), B(a)P (site 2) and B(ghi) P (site 1). The highest values in autumn were
recorded for Flu, B (a) A, B (k) F, B (b)F (site 1) and Flur at site 4. The lowest values were recorded
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in winter for Acp (site 5) and B (K)F (site 6), while the highest values were recorded for a Nap (site 1),
B (a) P (site 6) and IND at site 3. Seven compounds recorded the highest values in spring, as follows:
Acp, Py, Chry, and B (ghi) P at site 6, Phen, DbA at site 5 and Ant at site 4. This temporal variation
was caused by the different seasonal climate change, the quantity and quality of pollution sources, the
rate of decomposition and accumulation by microorganisms, and, moreover, the total organic carbon
contents in sediment [4,8].

Table 6-Mean ratios of individual PAH compounds in sediment samples.

Station Ant/(Ant+Phen) Fla/(Fla+Py)
1 0.589 0.395
2 0.684 0.355
3 0.646 0.427
4 0.614 0.487
5 0.475 0.468
6 0.513 0.492

4. Conclusions

[ Lack of environmental regulations reflected in the traffic congestion as well as agricultural and
other human activities along Al-Hussainya River are the main sources of PAH pollution.

[0 Low molecular weight PAH’s concentrations were found in high values, while the other PAH (high
molecular weight) fractions existed in the sediments.

'l The higher concentration of Benzo(ghi)perylene were observed in both water and sediment
samples in comparison with the other compounds of PAHSs.

[0 The results indicated that PAHs are consistently found in high concentrations in Al-Hussainya
River, which would lead to classify it as being highly polluted.

[0 The origin of PAHSs pollution in Al-Hussainya River is pyrogenic.
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