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Abstract: The concentrations of 13 polycyclic aromatic hydrocarbons (PAHs) in water, sediment and fish

samples collected from 6 locations in El-Menofiya governorate, Egypt were analyzed. Concentrations of

total 13 PAHs in water samples ranged from 226.9 ng l  at El Sarsawia canal to 1492.2 ng l  at El-1 -1

Menofi drain, which were predominated by three- and four-ring PAHs. The total PAHs concentration in

sediments samples ranged from 1197.79 ng g  dry weight at Bahr Shebin canal to 2701.55 ng g  dry-1 -1

weight at El Embaby drain, while it ranged in fish samples from 371.68 ng g  wet weight at El Sarsawia-1

canal to 2019.25 ng g  wet weight at Bahr Shebin canal. Four- and five-ring were the dominant species-1

in sediment and fish samples. Ratios of specific PAH compound including Phenantharene / Anthracene

and Fluoranthene / Pyrene were calculated to evaluate the possible sources of PAHs contamination. These

ratios reflect a pyrolytic input of PAHs in the area under study.
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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) are

classified as persistent organic compounds, and they are

a wide spread class of environmental chemical

pollutants in the aquatic environment . PAHs are[1-3 ]

ow lipophilic compound (log K = 3-8) with very low

water solubility  and therefore, their concentrations in[4]

water are very low  because they tend to rapidly[5]

adsorb on suspended material and sediment. PAHs are

subsequently introduced into the marine environment by

coastal and river runoff  and by direct dry and wet[6]

precipitation from atmosphere.  

PAHs are mainly of anthropogenic matter, as well

as natural sources . In addition to their presence in[7]

fossil fuels they are also formed by incomplete

combustion of carbon-containing fuels such as wood,

coal, diesel, fat, tobacco, or incense . Agricultural[8]

fires as well as cooking may also release PAHs.

Different types of combustion yield different

distributions of PAHs in both relative amounts of

individual PAHs and in which isomers are produced.

Industrial and domestic wastes are often another

important local source. 

Environmental risks associated with these

compounds are related to the carcinogenic character of

several individual hydrocarbons. PAHs toxicity is very

structurally dependent, with isomers varying from being

nontoxic to being extremely toxic. Thus, highly

carcinogenic PAHs may be small or large. One PAH

compound, benzo[a]pyrene, is notable for being the

first chemical carcinogen to be discovered (and is one

of many carcinogens found in cigarette smoke). The

USEPA has classified seven PAH compounds as

probable human carcinogens: benzo[a]anthracene,

b e n z o [ a ] p y r e n e ,  b e n z o [ b ] f l u o r a n t h e n e ,

benzo[k]fluoranthene, chrysene, dibenzo[a,h]anthracene,

and indeno[1,2,3-cd]pyrene. 

Because of their mutagenic and carcinogenic

properties, PAHs have been measured in a variety of

environmental matrices including air, water, sediment

and tissue samples. This work amid to determination of

PAHs in water, sediment and fish samples collected

from aquatic environment at El-Menofiya governorate

in Egypt. 

MATERIALS AND METHODS

Water, sediment and fish samples were collected

every two month, during the period from June2007 to

September 2008 from six sites as shown on the map

Fig. 1. The sampled site for the study was selected in
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Fig. 1: Location of sampling sites 

El-Menofiya governorate. Samples were taken from El-

Sarsawia, El-Bagoria, Bahr Shebin canals, in addition

to three drainage canal sites El-Embaby, El-Menofi and

Miet Rabiha drain.

Water samples (2.5-L) were collected in glass

bottles at the water surface and 50 cm below water

level from the six different sites. The bottles were

covered with screw caps and the samples were

immediately transported to the laboratory for analysis.

Water samples were filtered to remove sand and debris.

Sediment samples (about 2 kg each) were taken from

the same locations and time for water sampling at a

depth 5 cm of sediment surface. The water was

removed from the sediments by decantation and then

transferred to the laboratory. Samples were air dried in

dark for 48 hours before analysis.

Healthy and vigorous fish (Tilapia Nilotica) were

caught by fishermen about 2-2.5 kg from the different

sites at the same times as water and sediment

sampling. They were transport without sexing to the

laboratory. The soft parts of fish samples be removed

and a muscle tissue sample (20 g) was taken from the

dorsal muscle in aluminum foil and kept in deep

freezer until analysis.

PAHs were provided by Dr.Ehrenstorfer, Augsburg

in Germany. Standard solutions of reference materials

were prepared in hexane. A stock solution containing

the following PAHs was used for quantitation:

naphthalene, acenaphthalene, acenaphthylene, fluorene,

phenanthrene, anthracene, fluoranthene, pyrene,

chrysene, benzo[b]fluoranthene, benzo[a]pyrene,

dibenzo [a,b]anthracene and benzo[g,h,i]perylene by

dilution to create a series of calibration standards of

PAHs at 0.1, 0.25, 0.5, 1.0, 5.0 and 10µg/ml.  

All solvents used in this study were of HPLC

grade and were purchased from Alliance Bio, USA.

Anhydrous Sodium sulfate and potassium hydroxide

were of analytical grade, and purchased from El Naser

Pharmaceutical Chemical Co., Egypt. Alumina oxide,

80-200 mesh, PR grade (Aldrich, England) and Silica

gel, 100-200 mesh, PR grade (Aldrich, England). Both

Alumina and Silica gel were activated at 400ºC for 4

hrs. Prior to actual uses in a column, it was cooled in

a dessicator. Before use all, the glassware was wash

with tap water and detergent, hot water, distilled water,

and rinsed with acetone then with n-hexane. All

glassware used had glass or Teflon stoppers.

1 L of water sample was extracted twice with 50

ml of 30 % methylene chloride in n-hexane. The

combined extracts were dried over anhydrous sodium

sulfate, transferred to rotary evaporator, and evaporated

to about 1ml.

50 gm of air-dried sediment were weighted, and

homogenized in mortar. The homogenized samples

were placed in conical flask then orbital shaker was

used for shaking samples two hrs with 150 ml

dichloromethane, then the extract was dried through 50

gm of anhydrous sodium sulfate. The obtained organic

phase was evaporated to about 1ml using rotary

vacuum evaporator on water bath set at 35 ºC.

Each freeze-dried mussel sample was ground in

mortar with anhydrous sodium sulfate (2 g). The

mixture was then extracted with 60 ml of hexane-

acetone (1-1) (v/v) mixture. The mixture was filtered

and the tissue was extracted twice more. Organic

solvent fractions were combined and filtered through

filter paper with (1 g) anhydrous sodium sulfate. The

extract was then evaporated to about 2 ml using a
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rotary evaporator. The extract was transferred to a

round bottom flask and 100 ml of 10 % aqueous

methanolic KOH was added, and the mixture was

refluxed for 3 hrs in order to saponify the lipids. At

the end, the content of the round bottom flask was

transferred to separatory funnel and rinsed with 150 ml

of methanol-water (4:1) (v/v) mixture then extracted

with hexane to recover the nonsaponified lipids. The

hexane phase was concentrated down to 1.5 ml with a

rotary evaporator. 

Clean up and separation of water, sediment and

fish extracts was achieved through chromatography

with a silica/alumina column. Saturated aliphatic

hydrocarbons were eluted with 20 ml of n-hexane, and

then aromatic hydrocarbons were eluted with 30 ml of

a mixture of hexane and dichloromethane (90:10) (v/v).

The volume of the eluted fraction was reduced to 1 ml

and analyzed by a gas liquid chromatography equipped

with a flam ionization detector GC/FID.  

The same volume of solvents and anhydrous

sodium sulfate, which used in extraction of  

polycyclic aromatic hydrocarbon from water, sediment

and fish samples were subjected to the same

procedures as the examined samples to detect any

possible traces of the studies hydrocarbon in the

solvent or distilled water.

The aromatic hydrocarbon fraction was injected

into a gas liquid chromatography equipped with a flam

ionization detector GC/FID. GC analysis was conducted

on a HP-608 (Agilent, Folsom, CA) fused silica

capillary column of 30 m length, 0.53 mm id., 0.5 µm

film thickness. The oven temperature was programmed

from an initial temperature 70 (2 min hold) to 260ºC

at a rate of 6ºC/min and was maintained at 260ºC for

15 min. Injector and detector temperature were

maintained at 280 and 300ºC, respectively. Nitrogen

was used as a carrier at flow rate of 4 ml/min. 

Recoveries were carried out by the addition of

PAHs standards mixture at the three levels of 1, 5 and

10 µg.  The average recovery percentages of PAHs for

fortified samples at the three levels were determined

and calculated for all tested PAHs in each aquatic

system compartment. The overall mean of recovery

percentages were found to be 96.80, 91.26 and 87.67

% for water, sediment and fish samples, respectively.

All data were corrected according to the recovery

percentage values. Compounds were identified by

matching retention time against those of authentic

standard.

RESULTS AND DISCUSSION

Polycyclic aromatic hydrocarbons (PAH), are

known as prevalent contaminants in marine

environment. Their source, distribution and fate in the

environment have been studied intensively . [9-12]

The total concentration of 13 PAH in water ranged

from 226.9 ng l  at El-Sarsawia canal to 1492.2 ng l-1 -1

at El-Menofi drain table (1). The highest concentration

was observed at El-Menofi drain which obviously

related to combustion of fossil material followed by

atmospheric fallout, sewage outfalls and industrial

waste water discharge. The different location were

dominated by different compounds, varying from the

low molecular weight and more volatile acenaphthene,

to the high molecular weight and less volatile

benzo(g,h,i)perylene. In terms of individual PAH

composition in surface water, the sample were

dominated by three-ring PAHs (Fig.2.A). Almost all 13

PAHs in all location sites and the range of total PAHs

recorded in surface water was in the average range

with other published data .[14]

The total concentration of 13 PAH in sediment

ranged from 1197.79 ng g  at Bahr Shebin canal to-1

2701.55 ng g  at El-Embaby drain table (2). The-1

highest concentration was observed at El-Embaby drain,

which is surrounded by densely populated area with an

intense agricultural activity. In terms of individual PAH

composition in sediment, most compounds analyzed

were detected at all location site. PAH concentrations

in sediments samples are shown to be several orders of

magnitude greater than aqueous phase levels, because

degradation rates are typically slow, primarily due to

the lack of oxygen required to initiate ring cleavage.

The composition pattern of PAH in sediment is mostly

dominated by four-ring PAHs as shown in Fig. (2.B).

In comparison, water samples were dominated by three-

ring PAHs. The difference in contaminant abundance

by different PAH may be attributed to those PAHs that

can survive the down column transport will reach the

sediment bed, such PAHs are quite likely to be of a

relatively high molecular weight and hence more

resistant to degradation processes. In addition,

processes such as biodegradation will attack PAHs in

sediments, leaving behind those PAHs that are resistant

to degradation.  Transport of hydrocarbon to the marine

environment occurs both via surface waters and through

the atmosphere; in the water column PAHs are

associated with suspended matter  due to their low[15 ]

aqueous solubility and high octanol-water partition

owcoefficient (K ). 

The total concentrations of PAH in fish samples in

the same location were determined at 371.68 ng g  in-1

El-Sarsawia canal to 2019.25 ng g  in Bahr Shebin-1

canal with differences between location site table(3).

The concentration of PAHs detected in fish samples

were higher than those detected in water samples from

the same sampling location site this is attributed to the

fact that PAHs being lipophilic reside and accumulate

in  fatty  tissue,  by  gaining  entrance  into  fish  by
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Table 1: Concentration (ng l ) of PAHs in water samples.-1

Name El-Sarsawia canal El-Bagoria canal Bahr Shebin canal El-Embaby drain El-Menofi drain Miet-Rabiha drain
---------------------------- -------------------------------- --------------------------------- ---------------------------------- ---------------------------- -------------------------------------
Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE Nd Max Mean±SE Min Max Mean±SE

Naphthalene Nd 24.0 17.20±3.48 Nd Nd - Nd Nd - Nd 27.00 22.7±3.85 Nd Nd - Nd Nd -
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Acenaphthene Nd 39.2 26.20±12.5 Nd 15.58 11.33±4.25 Nd 53.36 46.43±6.93 Nd 97.60 58.52±13.46 Nd 154.5 117.4±37.1 Nd 47.90 41.95±5.95
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Acenaphthylene Nd 17.0 11.52±2.96 Nd 63.30 50.15±13.15 Nd 62.10 55.50±6.60 Nd 41.00 35.21±5.60 Nd 163.2 96.60±66.6 Nd 87.10 82.10±5.00
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fluorene Nd 10.0 7.63±2.37 Nd 9.00 7.62±0.69 Nd 11.96 8.02±1.98 Nd 36.70 27.64±9.05 Nd 153.8 100.1±53.1 Nd 102.1 63.05±39.05
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phenanthrene Nd 16.56 12.51±4.05 Nd 46.50 38.71±11.52 Nd 40.80 32.90±3.98 Nd 142.4 100.4±42.0 Nd 95.10 86.46±5.24 Nd 81.20 67.35±13.85
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Anthracene Nd 14.71 10.81±3.90 Nd 39.0 35.66±4.09 Nd 11.30 13.43±1.47 Nd 47.40 42.27±5.13 Nd 76.00 69.66±3.28 Nd 73.00 57.50±15.5
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fluoranthene Nd 5.80 5.03±0.22 Nd 16.6 12.29±2.97 Nd 26.20 18.40±4.05 Nd 78.00 50.86±15.05 Nd 37.10 35.40±1.19 Nd 50.00 38.70±6.38
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pyrene Nd 4.13 3.90±0.16 Nd 14.0 10.46±2.65 Nd 16.70 11.73±3.04 Nd 62.00 38.66±13.01 Nd 83.00 71.30±11.7 Nd 26.00 19.20±2.32
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chrysene Nd 4.01 3.22±0.40 Nd 6.60 4.07±1.29 Nd 6..90 5.13±1.42 Nd 29.60 27.7±1.80 Nd 27.00 16.26±5.39 Nd 25.70 16.81±4.60
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Benzo[b] Nd 4.77 4.10±0.66 Nd 9.50 2.75±2.40 Nd 55.00 29.73±13.50 Nd 21.60 17.86±2.92 Nd 18.00 12.06±3.20 Nd 19.30 13.17±3.58
fluoranthene
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Benzo[a]pyrene Nd 7.90 4.63±3.28 Nd 5.15 2.88±1.16 Nd 13.90 6.83±3.53 Nd 29.40 16.96±6.28 Nd 13.20 11.63±1.27 Nd 14.80 6.87±4.05
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dibenzo[a,b] Nd 3.40 1.98±0.52 Nd 3.62 2.57±0.68 Nd 12.60 9.23±3.36 Nd 17.20 15.65±1.54 Nd 14.30 11.88±2.41 Nd 5.74 5.22±0.52
anthracene
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Benzo[g,h,i] Nd 2.75 1.46±1.28 Nd 1.71 1.71±0.00 Nd 5.67 4.85±0.80 Nd 13.98 13.98±0.00 Nd 3.85 3.85±0.0 Nd 4.36 2.74±1.61
perylene
Total PAHs 226.93 437.60 454.80 1125 1492.2 932.13
Nd: not detectable. 

Table 2: Concentration (ngg  dry weight) of PAHs in sediment samples.-1

Name El-Sarsawia canal El-Bagoria canal Bahr Shebin canal El-Embaby drain El-Menofi drain Miet-Rabiha drain
---------------------------- ------------------------------ ----------------------------- ------------------------------ --------------------------------- ------------------------------------
Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE

Naphthalene Nd Nd - Nd Nd - Nd Nd - Nd 4.10 3.80±0.30 Nd 23.00 16.00±3.78 Nd Nd -
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Acenaphthene Nd 11.21 9.86±1.36 Nd 17.40 15.35±2.05 Nd 19.00 8.97±5.04 Nd 41.37 35.18±10.18 Nd 59.00 30.15±12.6 Nd 31.32 20.40±5.53
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Acenaphthylene Nd 13.00 9.18±3.19 Nd 24.50 20.35±4.14 Nd 3.40 3.20±0.200 Nd 44.16 32.58±11.58 Nd 23.00 20.33±1.76 Nd Nd -
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fluorene Nd 11.80 9.32±2.47 Nd 24.06 20.83±3.22 Nd 31.00 15.23±8.53 Nd 53.00 51.00±2.00 Nd 98.00 66.00±18.1 Nd 15.00 10.50±5.97
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phenanthrene Nd 49.80 27.56±12.21 Nd 69.00 62.00±7.00 Nd 49.00 31.33±9.83 Nd 140.0 139.5±0.50 Nd 94.00 48.80±16.9 Nd 37.50 22.94±6.83
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Anthracene Nd 46.20 19.76±13.21 Nd 55.00 44.50±10.5 Nd 39.00 29.33±8.57 Nd 135.0 127.5±7.50 Nd 63.00 34.00±12.5 Nd 36.01 17.75±9.46
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fluoranthene Nd 200.0 131.6±44.55 Nd 101.0 80.00±8.66 Nd 147.0 122.5±13.88 Nd 130.0 111.0±18.25 Nd 124.0 84.15±14.7 Nd 80.70 36.47±17.4
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pyrene Nd 86.60 52.22±16.93 Nd 76.00 58.00±7.62 Nd 99.00 82±13.65 Nd 121.0 89.00±15.84 Nd 74.00 52.75±9.26 Nd 37.10 19.32±6.44
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chrysene Nd 26.90 17.43±4.75 Nd 49.00 51.33±13.0 Nd 75.00 54.5±20.50 Nd 155.0 87.60±35.06 Nd 95.00 49.33±22.8 Nd 109.6 52.05±28.7
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Benzo[b] Nd 53.80 19.32±14.47 Nd 88.00 49.32±19.0 Nd 33.00 22.16±5.73 Nd 159.0 78.76±27.39 Nd 82.00 41.20±10.2 Nd 75.30 45.47±8.41
fluoranthene
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Benzo[a] Nd 159.0 95.80±63.19 Nd 37.00 28.23±6.46 Nd 9.49 9.29±0.19 Nd 102.0 59.52±14.51 Nd 136.00 63.00±24.9 Nd 40.70 40.73±0.721
pyrene
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dibenzo[a,b] Nd 35.74 22.12±13.62 Nd 18.50 14.05±4.45 Nd 8.90 7.65±1.25 Nd 94.50 48.84±24.37 Nd 358.0 229.0±128 Nd 157.8 155.6±2.15
anthracene
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Benzo[g,h,i] Nd 15.12 9.66±5.46 Nd 15.00 11.16±0.25 Nd 18.80 14.4±4.40 Nd 128.0 79.90±48.10 Nd 46.00 33.00±8.00 Nd 179.3 119.6±59.6
perylene
Total PAHs 1350.87 1370.68 1197.79 2701.55 2240.3 1597.06
Nd: not detectable.

ingestion, dermal absorption and respiration. Similar to

sediments PAH in the fish were mostly dominated by

the high molecular weight PAHs (4-6-rings), as shown

in Fig. (2.C). Several studies  have shown that[6 ,16 ,17]

fish preferentially bioaccumulate 4-, 5- and 6-ringed

PAHs rather than 2- and 3-ringed PAHs following

owincrease in K  and the more solubility of the lower

molecular weight PAHs .[16]

In water, sediment and fish samples the

simultaneous occurrence of isomer ratios phenanthrene

/ anthracene < 10 and fluoranthene / pyrene >1, in all

studied location except in fish sample collected from

El-Bagoria canal and in water sample collected from el

menofi drain, which indicates that the polycyclic

aromatic hydrocarbon are of pyrolytic (combustion)

origin  at most stations. To supplement this[18 ,19]

suggestion, the values of phenanthrene / anthracene can

be plotted against values of fluoranthene / pyrene for

water, sediment and fish samples Figs. 3, 4 and 5,

respectively . It is interesting to note that most of the[6]

PAHs measured in sediments samples collected from

the different location site in this study are of pyrolytic

origin. Also, the results suggest that PAHs from

pyrolytic origin, although partially transferred to bottom
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Fig. 2: (A) Concentration and composition pattern of parent PAHs in water, (B) Concentration and composition

pattern of parent PAHs in sediment, (C) Concentration and composition pattern of parent PAHs in fish.

1: El-Sarsawia canal; 2: El-Bagoria canal; 3: Bahr Shebin canal; 4: El-Embaby drain; 5: El-Menofi drain;

6: Miet-Rabiha.

sediment, are also readily accumulated in fish. Fig. 6

showed the pollutant enrichment factors in the sediment

samples (EF; sediment concentration / water

concentration). The figure showed that the highest EF

was 16 for four-ring PAHs pollutants at El-Sarsawia

canal. The enrichment factor in fish samples (EF; fish

concentration / water concentration) were showed in

Fig. 7. The data showed that the enrichment were

higher for four- and five-ring PAHs contaminant. This

may be due to the sorption of PAHs in aquatic

systems. The degree of sorption in aquatic systems of

hydrophobic PAHs contaminants is often related to a

compounds octanol / water partition coefficient . The[20]

solubility of aromatic hydrocarbons compound decrease

owas the octanol / water partition coefficient (K )

increase. PAH solubility decrease with increasing

molecular weight , because of this, the heavier[21]

molecular weight compound favours associations with

inorganic and organic suspended particles.
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Table 3: Concentration (ngg  wet weight) of PAHs in fish samples.-1

Name El-Sarsawia canal El-Bagoria canal Bahr Shebin canal El-Embaby drain El-Menofi drain Miet-Rabiha drain
------------------------------ ----------------------------- ----------------------------- --------------------------- ------------------------------- -----------------------------------
Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE Min Max Mean±SE

Naphthalene Nd Nd - Nd Nd - Nd 2.50 2.50±0.00 Nd Nd - Nd 12.19 7.35±4.80 Nd 2.18 2.18±0.00
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Acenaphthene Nd 4.40 4.40±0.00 Nd 1.89 1.89±0.00 Nd 16.63 10.07±6.56 Nd Nd - Nd 8.70 6.10±2.59 Nd 5.70 5.70±0.00
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Acenaphthylene Nd Nd - Nd 1.96 1.96±0.00 Nd 26.60 11.86±2.93 Nd Nd - Nd 95.00 31.58±21.7 Nd 80.00 26.49±11.94
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fluorene Nd 9.26 8.13±0.64 Nd Nd - Nd 4.05 3.06±0.98 Nd Nd - Nd Nd - Nd 6.44 6.44±0.00
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phenanthrene Nd 11.19 11.19±0.00 Nd 8.38 5.84±1.19 Nd 49.00 25.47±13.8 Nd 68.90 29.50±20.0 Nd 49.50 49.50±0.00 Nd 28.00 23.16±4.34
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Anthracene Nd 21.91 6.57±2.58 Nd 7.70 4.68±1.06 Nd 42.80 23.51±3.96 Nd 52.52 16.50±12.0 Nd 35.00 17.60±6.58 Nd 13.10 8.13±2.00
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fluoranthene Nd 109.64 35.19±18.71 Nd 112.0 61.70±22.8 8.37 268.0 173.2±28.3 Nd 96.50 55.21±15.3 Nd 261.0 80.30±45.0 Nd 78.40 55.50±6.98
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pyrene Nd 83.00 29.30±9.36 Nd 84.60 37.98±18.94 59.0 164.0 114.18±20.6 Nd 90.86 49.15±14.0 Nd 202.0 94.80±30.2 Nd 65.30 43.27±8.47
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 
Chrysene Nd 15.22 8.24±1.41 Nd 10.31 8.00±0.884 Nd 30.90 19.57±6.49 Nd 12.36 3.57±2.13 Nd 17.00 12.96±2.10 Nd 6.80 5.50±1.24
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Benzo[b] Nd Nd - Nd Nd - Nd 26.30 20.30±6.32 Nd Nd - Nd 18.50 13.50±2.25 Nd 62.40 32.88±15.7
fluoranthene
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Benzo[a] Nd 4.30 4.30±0.00 Nd Nd - Nd 43.21 16.60±4.87 Nd 11.31 5.77±5.53 Nd 9.46 7.55±1.87 Nd 16.12 3.55±2.13
pyrene
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dibenzo[a,b] Nd Nd - Nd 57.36 57.36±0.00 Nd 8.20 5.65±1.61 Nd Nd - Nd 38.60 14.75±11.9 Nd 319.8 72.27±62.1
anthracene
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Benzo[g,h,i] Nd Nd - Nd Nd - Nd 9.10 9.10±0.00 Nd Nd - Nd Nd - Nd Nd -
perylene
Total PAHs 371.68 466.6 2019.25 627.55 1079.3 616.07
Nd: not detectable.

Fig. 3: Plot of the isomeric ratios phenanthrene vs Anthracene (PHE/ANTH) vs fluoranthene vs pyrene

(FLA/PYR) for water samples.

Fig. 4: Plot of the isomeric ratios phenanthrene vs Anthracene (PHE/ANTH) vs fluoranthene vs pyrene

(FLA/PYR) for sediment samples.
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Fig. 5: Plot of the isomeric ratios phenanthrene vs Anthracene (PHE/ANTH) vs fluoranthene vs pyrene

(FLA/PYR) for fish samples.

Fig. 6: Enrichment factors (EF) for sediment/water of the detected PAHs.

Fig. 7: Enrichment factors (EF) for fish/water of the detected PAHs.

Conclusion: The total concentration of PAH in water

ranged from 226.9 ng l  at El-Sarsawia canal to 1492.2-1

ng l  at El-Menofi drain. The water samples were-1

dominated by three-ring PAHs .The total concentration

of  PAH in sediment ranged from 1197.79 ng g  at-1

Bahr Shebin canal to 2701.55 ng g  at El-Embaby-1

drain . The highest concentration was observed at El-

Embaby drain, which is surrounded by densely

populated area with an intense agricultural activity. The

composition pattern of PAH in sediment is mostly

dominated by four-ring PAHs .The total concentrations

of PAH in fish samples in the same location were

determined at 371.68 ng g  in El-Sarsawia canal to-1

2019.25 ng g  in Bahr Shebin canal with differences-1

between  location  site.  The  concentration  of PAHs
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Fig. 8: Enrichment factors (EF) for sediment/water of total PAHs.

Fig. 9: Enrichment factors (EF) for fish/water of total PAHs.

detected in fish samples were higher than those

detected in water samples from the same sampling

location site. In water, sediment and fish samples the

calculation of molecular isomers ratio phenanthrene /

anthracene and fluoranthene / pyrene, in all studied

location except in fish sample collected from El-

Bagoria canal and in water sample collected from El-

Menofi drain proved the polycyclic aromatic

hydrocarbon are of pyrolytic origin. The highest

pollutant enrichment factor in the sediment samples

was  16  for   four-ring PAHs pollutants at El-

Sarsawia canal. While the highest enrichment factor in

fish samples was for four- and five-ring PAHs

contaminant 
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