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Abstract
Water and sediment samples were taken near the sewage discharge point on
the eastern Red Sea Coast of Jeddah and analyzed for PAH and faecal sterols
like coprostanol, cholesterol, epicoprostanol and cholestanol. PAH were
separated from the sterols by column chromatography on alumina. The PAH
were estimated spectrofluorometrically and then further analyzed by GC-MS.
The sterols were derivatized by BSTFA into their corresponding trimethyl
silyl derivatives and then analyzed by gas chromatography and quantified with
standard sterols. In the water samples the concentrarion of these PAH ranged
from 1.5 to 6.5 µg l-¹ in eight stations. The concentration of coprostanol in
water samples showed a maximum of 12.3 µg l-¹ at station XVIII and
minimum 0.9 µg l-¹ at station XIX. Coprostanol sediment concentration ranged
from 89 at control site to 785μg g-1 at station XVIII closest to the sewage
discharge point. The analysis of the sediment samples indicated much higher
values for faecal sterols; it was found to be 785 µg g-¹ in sediment at station III
and 12.5 µg g-¹ in the water samples at station III. Coprostanol was detected in
all the sewage samples indicating the fact that the material from the sewage
discharge have spread beyond the study area. The PAH, however, did not
show any distinct increase in the sediment samples. The GC-MS of the PAH
indicated the presence of phenanthrene, anthracene, pyrene, 2,4 diisopropyl
naphthalene, methyl naphthalene, flouranthene, methyl anthracene and
flourene.
INTRUDUCTION
Sewage contamination caused by human activities in the coastal and the marine
environment has become an increasing concern for the last several decades. An
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estimated 0.7 billion tons of sewage waste sludge is generated annually in the sewage
treatment plants worldwide, where 21-16 million tons per year are dumped into the
oceans every year [1]. Sewage dumping causes massive nutrient loading in the oceans
ecosystem. Nutrient loading triggers algal bloom in the water leading to loss of
dissolved oxygen. After depletion of oxygen levels many organisms in the oceans die
from being unable to breathe properly. Petroleum and its refined products are
important contaminants in the marine coastal environment [2]. Petrogenic by-products
(coming from diverse origin) enter the marine environment from oil spill or from the
domestic or industrial waste discharge. Polycyclic aromatic hydrocarbons (PAH ) can
be of various types ranging from 3–6 benzene rings fused together. They are
persistent in the environment, and most of them being harmful or toxic to human.
Organic biomarkers have proved useful tools for investigating the potential impact of
waste water discharge into the oceans. Cholesterol is a constituent of human diet;
main sources being egg yolk, beef and shrimp products. It is a sterol found in the lipid
and cell membrane of the tissue and the transported through blood .Coprostanol (5cholestan 3-ol) mainly coming from the human faeces (~ 60% of the total sterols in
the human waste); has been applied successfully to trace the degree of sewage
pollution in diverse environment due to its source specificity and environmental
stability. This sterol is produced by anaerobic bacteria via a process of
biohydrogenation of cholesterol in the intestine of the human body; it has a low water
solubility and fairly stable in the anoxic conditions for several years. Its concentration
is unaffected by high temperature, by various treatments like chlorination or aeration
of overlying water and persist in anoxic conditions. The excretion of coprostanol
ranges 82-1272 mg/day per person. .Coprostanol is a very good indicator of faecal
discharge [3]. 5-α-Cholestanol is also found among the sterols but it is formed
naturally in the environment by the bacteria. The detection of sewage pollution in the
environment is therefore of considerable importance for health, and ecological
reasons.
The city of Jeddah has a network to collect urban waste. The collected sewage is
treated in several Sewage Treatment Plants (STP), however, due to rapid expansion of
the city and its population, the treatment capacity of STS is insufficient and great part
of the raw sewage is dumped to the coastal areas, creating a dramatic environmental
situation as observed in the Southern Corniche area in the city of Jeddah. The present
study was therefore aimed to determine the levels of PAHs and faecal sterols in
sediment and water samples along the coastal area south of Jeddah and to detect the
extent of dispersion of the sewage dumped to appreciate the geographic extension of
the problem and to provide a basis on which future monitoring of the pollutants or
assessment of the fate of environment in this area can be based.
STUDY AREA
The coastal area under investigation lies between 21º 16' and 21º & 22' N and extends
approximately 10 km south of Jeddah (Fig 1 and 2 ). The sewage discharge was
nearest to station III and the old discharge dumping site was near the station XVIII.
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Station XIX being the point of collection farthest from the dumping site. The lagoon
receives the effluent of sewage treatment station that discharges more than 100,000
m³ of treated and raw sewage per day. The lagoon is bordered by natural and artificial
barrier that limit water circulation and exchange with the open sea.
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Fig. 1. Study Area in the eastern Red Sea Coast of Jeddah.
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MATERIALS AND METHODS
A visit was arranged for the sample collection on December 2005 from the area
shown in the Fig. 2. An average of two samples was taken. Water samples for EOM
estimation were collected in 2.5 liter amber glass bottles. Glass vials were prepared
according to the standard recommendation [4]. The freeze dried sediment samples (ca.
35 gms) were soxhelet extracted using a chloroform/hexane mixture (2:1,v/v). The
solvent was evaporated under vacuum on a rotary evaporator and the residue further
dried under a stream of nitrogen; to give the quantity of extractable organic matter
(EOM). The water samples were treated with 100 ml of hexane and 100 ml of
chloroform and shaken for 1 hour. The organic layer was separated and dried over
anhydrous sodium sulfate and evaporated under vacuum at about 40o C; the final
evaporation (~ 1 ml) was completed under a stream of nitrogen. The dry extract was
then dissolved in a minimum quantity of chloroform and elemental sulfur was
removed by treating it with activated copper. The extract was saponified with 0.5 N
methanolic KOH and the non-saponifiable fraction was isolated by extraction with
hexane four times. The hexane extract was dried [5] and subjected to column
chromatography on silica (top) and alumina (bottom). The adsorbent was deactivated
by shaking it with water (3ml /100 gms) for one hour and then heating it in the oven at
80º C for one hour. The column was eluted with (i) hexane (ii) 10% haxane -90%
chloroform (iii) 50% hexane -50%chloroform and (iv) 10% methanol – 90%
chloroform. The first fraction contained aliphatic hydrocarbons, the second fraction
contained polyaromatic hydrocarbons (PAH), and the third fraction contained some of
the derivatives of PAH while the last fraction contained the sterols. The aliphatics,
PAHs and the sterols were analyzed by GC and GC-MS; PAHs were quantified
collectively with the help of spectrofluorometer taking chrysene as a standard. No
attempt was made to identify or analyze the PAHs derivatives from the third fraction
of the column. All the fractions were evaporated on a rotary evaporator under vacuum
at about 40º C and finally in a stream of nitrogen. After reconstitution of the second
fraction in 50 ml of hexane the PAH were determined measuring their fluorescence
intensity (excitation 310 nm and emission at 360 nm) [6] using a UVspectrofluorometer (Shimadzu. RF-5000). Standardization and quantification were
done with respect to chrysene.
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The last fractions from the chromatography column containing the sterols were also
evaporated to dryness and converted into their corresponding trimethyl silyl ethers by
treatment with bis-trimethyl silyl trifluoroacetamide (BSTFA) at 80º C for one hour
[7]. The trimethyl silyl derivatives were repeatedly evaporated with dichloromethane
until free of BSTFA. Samples were analyzed with internal standards octadecanol to
aid quantification. The sterol derivatives were analyzed by gas chromatography using
GC-Shimadzu 174–A, using a capillary column 25 m long and 0.3 mm i.d.
(Chromatopak CRA-7). The temperature program was designed in two steps; initially
40º C to 250º C at 25º C min-¹ and then 250º C to 300º C at 5º C min-¹. All the
solvents used were of HPLC grade. Identification of the compound was made by coinjection of the samples with authentic standards (SIGMA).The method detection
limit (MDL ) was determined by injecting the known standard sample of the faecal
sterols into the GC three times and noting the difference in the area and concentration
of each sample ; the method detection limit was found to be 0.042/ ppm.
RESULTS AND DISCUSSION

Fig. 3. A typical chromatogram indicating the mixture of hydrocarbons; m/z (324)
indicates the presence of C23H48.
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Aliphatic hydrocarbons were analyzed; these included mostly straight chain
hydrocarbons ranging from C12 to C32 chain of atoms. A typical chromatogram of
these compounds is shown in Fig. 3. Squalene, one of the components of these
mixture is believed to derived from the skin lipids, was most dominant among the
hydrocarbons at station XVIII. Since all the standards for these aliphatic hydrocarbons
were not available, it was difficult to quantify all of them, however they were
identified by GC-MS and their structure determined by comparison with NIST library
literature survey. Aldehydes of n-nonane and n-decane appeared only at station III
and IX in very low concentration probably as oxidation products in the marine
environment. Hydrocarbons from C11 to C17 were present in very small amounts both
in water and in the sediment samples. Among the olefenic hydrocarbons 1heptadecene, 1-octadecene and 1-tricosene were detectable at station V , VI , IX and
XI; whereas among the saturated hydrocarbons C20 to C29 were detectable in high
concentrations at stations nearer to the dumping site; C21 was present in most of the
stations with distinctly high concentration (with respect to other hydrocarbons).
However as a whole the amount of these hydrocarbons cannot be attributed to the oil
spill or pollution.

Fig 4. Calibration curve of standard sterols.
Polycyclic aromatic hydrocarbons (PAH) were estimated spectrofluorometrically and
then finally analyzed by GC-MS (Fig. 4). Concentration of EOM, PAH and sterols in
the water samples near the dumping sewage site are presented in table 1 and 2. Due to
the solubility and hydrophobic nature of these PAHs they tend to be greatly enriched
in inorganic and organic particles; further they are less subjected to photochemical or
biochemical oxidation especially if the sediment is anoxic, thus sedimentary PAHs
may tend to be persistent. These PAHs were detectable in all the water and sediment
samples except station XIX (a point farthest from the sewage outfall). It showed the
presence of naphthalene, phenanthrene , anthracene , fluorene , methyl naphthalene
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and methyl anthracene. Phananthrene and naphthalene were dominant in most of the
samples. Methyl naphthalene and dimethyl naphthalene are normally found in anoxic
conditions and may arise from a novel bacterial source. These PAHs ranged from
1.5 µg l-¹ to 6.5 µg l-¹ in water samples. Highest being at station XVIII, the old
dumping site, lowest at station XIX, a point farthest from the sewage outfall; next
highest was at station VI (3.8 µg l-¹). While in sediment samples these PAHs were
distinctly higher than in water samples, maximum at station XVIII (10.8 μg g-1) and
lowest at station VII (1.8 μg g-1) these were not detectable at station XIX, indicating
the fact that they do not dissipate to a long area. Although PAHs in excess of few
micrograms is considered as pollution; the average concentration in coastal waters
samples was found to be slightly higher than the standards set for pollution but still it
was not so high so as to cause immediate concern. Very high concentration of these
PAH has been reported by various groups of workers while investigating the intensity
of pollution due to oil spill or leakage [12]. Sediments near the Severn Estuary were
found to contain 6000 µg g-1 of PAH [13], while investigating the sediments along the
coast of Arthur Harbour, it was observed that these compounds were in the range of
9273–50,900 µg g-1 [14]. The domestic sewage pollution indicated more or less the
similar pattern as in our studies. A group of Italian workers studied the outcome of the
sewage waster water treatment plant in Venice and observed that the PAH ranged
from 1.1 to 4.6 µg l-¹ in aqueous and suspended solid particles [8]. When sewage
water dumping site was examined in Tianjin,China, it was observed that the PAH
content varied from 1.8 to 3.5 µg l-¹ [9]. Napththlene, anthracene, phenanthrene and
their derivatives have also been detected in the waste water discharge from Riachuelo
River, Argentina [10]. There are three possible sources of PAHs: biogenic, petroleum
or oil pollution or combustion process. The PAH concentration in our studied area
was so small that it can not be attributed due to oil spill or marine pollution. These
results suggest that that the degree of pollution by PAH was not of severe intensity.
Biomarker profiles indicate an anthropogenic origin of these hydrocarbons.
Table 1: Concentration of EOM and PAH in the water samples near the dumping
sewage site
EOM

PAH

mg l-1

µg l-1

III

3.5

1.8

V

2.9

3.2

VI

2.5

3.8

Station

VII

2.2

3.3

VIII

2.2

3.3

XVIII

3.8

6.5

XIX

1.9

1.5
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Fig. 5. Linear relationships between different forms of sterols
in seawater in the study area.
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Linear relationships between different forms of sterols are presented in Fig 5. The
linear relationships indicate a constant ratio between different components. To
evaluate the concentration of coprostanol (5 cholestan 3-ol ), Grimaldt [11]
introduced an index r* = (5 /5 + 5 ), values higher than 0.7 are characteristic of
urban sewage pollution. In the six stations the value of r* was either 0.7 or higher
than 0.7 (Table 2). The remaining two stations XIX and VII the value was found to
be nearer to pollution standards i.e. 0.64 and 0.66 respectively, indicating a definite
pollution in that area. Coprostanol was found to be maximum at station III (12.3 µg l¹), the next highest was at station V and VI i.e 9.3 μg l-1 each station (Fig. 6-7). As
anticipated it was lowest at station XIX (0.9 µg l-¹) a station farthest from the
dumping site indicating the fact that these faecal sterols mostly remain localized near
the dumping site. Epicoprostanol (5- ß-cholestan-3-α-ol) was also found to be present
and detected in all water and sewage samples. Its amount was however found to be
small compared to coprostanol or cholesterol.

Fig. 6. Typical chromatogram of standard sterols.
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Fig 7. Chromatogram of sample water extract.
Concentration of EOM, PAH and sterols in the sediment samples near the dumping
sewage site are presented in table 3 and 4. The sediment samples contained much
higher concentration of faecal sterols compared to water samples (Table 2 and 4). The
concentration of coprostanol in sediment varied between a minimum of 89µg g-1 at
station XIX and a maximum of 785 µg g-1 at station III. These values are in agreement
with the concentrations measured in the coastal areas suffering sewage dumping in
big cities of the world, for example in Cheasepeak Bay, Norfolk, coprostanol was
found to be 1600 µg g-1 from the sewage out fall [15] whereas in Hamilton Harbour in
Canada and in Sanagawa River in Japan the faecal sterols was estimated to be 934 and
867 µg g-1 respectively, indicating a high sewage contamination to the sea [16]. The
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delineation of coprostanol indicates that the concentration decreases as one move
away from the source. Cholesterol and cholestanol were also found to be in higher
concentration in the sediments but generally lower than coprostanol (Table 4).
Cholesterol is produced in marine environment and also accounts for its presence in
the faecal sterols while coprostanol is not thought to be produced by marine
environment but comprises 50-80% of faecal sterols. Epicorostanol is usually a minor
component in the human faeces, whenever it was dominant it was due to the marine
mammals like seal, penguin or whales etc. Present studies showed this stanol to be
minimum in the sewage effluent .Good correlation between cholesterol and
cholestanol and coprostanol were found. The wind currents were from North to
Southward direction and hence explaining the spatial distribution of these
contaminants in that direction. The survey of the area indicated that there was no run
off from farm animals or marine mammals entering the study area i.e. the presence of
faecal sterols mainly from the sewage dumping site.
Table 2: Concentration of cholesterol, coprostanol, epicoprostanol and cholestanol in
the water samples and the r* values near the coastal dumping site.
Coprostanol

Cholesterol

Cholestanol

Epicoprostanol

Station 5-cholestan-3- Cholest-5-en-3- 5-cholestan-3ß- 5-ß-cholestan 3-α- r*
ol
ol
ol
ol
µg l-1

µg l-1

µg l-1

µg l-1

III

12.3

9.8

5.5

0.6

0.69

V

9.3

10.1

3.5

3.5

0.72

VI

9.3

9.8

3.5

2.8

0.72

VII

4.5

3.6

2.3

2.1

0.66

VIII

2.5

3.1

0.9

1.3

0.73

IX

3.2

2.9

1.1

2.9

0.74

XVIII

8.2

9.5

3.5

1.2

0.70

XIX

0.9

1.1

0.5

1.1

0.64

r* = ( 5 / 5 + 5)
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Table 3: Concentration of EOM and PAHs in the sediment samples
along the coast of Jeddah
Station

EOM
mg g-1
5.1
4.8
6.9
5.2
6.1
5.9
6.5
1.8

III
V
VI
VII
VIII
IX
XVIII
XIX
nd = not detected

PAH
µg g-1
8.2
5.7
3.6
1.8
4.8
3.1
10.8
nd

Table 4: Concentration of cholesterol, coprostanol, epicoprostanol and cholestanol in
the sediment samples and the r* values near the coastal dumping site.
Station

Coprostanol
Cholesterol
Cholestanol
r*
5-cholestan-3- Cholest-5-en-3- 5-cholestan-3- Epicoprostanol
5-ß-cholestan-3-αol
ol
ol
-1
-1
-1
ol
µg g
µg g
µg g
µg g-1

III
785
V
325
VI
182
VII
178
VIII
389
IX
395
XVIII
465
89
XIX
r* = ( 5 / 5 + 5 )

650
238
156
64
142
189
376
41

155
85
31
57
114
125
115
27

106
73
51
95
110
115
101
21

0.83
0.79
0.85
0.75
0.77
0.77
0.80
0.76

CONCLUSION
Studies were carried out along the coast of Jeddah, near the sewage dumping site to
evaluate the intensity of pollution into the sea. PAH and faecal sterols like
coprostanol, cholesterol, epicoprostanol and cholestanol were estimated in the water
and sediment samples of the sea. Results indicated that the PAH and the faecal sterols
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were detectable several kilometers away from the dumping site. Concentration of
PAH and the sterols were much higher in sediment compared to water samples. This
situation arises as a result of an input from the sewage outfall, anoxicity, shallow
water depths and inadequate tidal flushing. Estimation of PAH was found to be low
and this can be possibly due the fact that these compounds are formed as result of
biogenetic processes and not as result of oil pollution. While faecal sterols were in
appreciable quantities. It was highest near the sewage dumping site at station III (785
µg g-1). According to the index proposed by Grimaldt [11] all the samples indicated
an unambiguous sewage contamination in the coastal area of Jeddah. This situation
can be detrimental to the marine organization of the sea and consequently can pose a
threat to human health via food chain.
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