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ABSTRACT

N-alkanes have been an’alysed by high resolution capillary gas chromatography
in the dissolved and particulate phases of water samples collected over a
period of 13 months from Jun 1993 to July 1994 in differen{ environments of
Shatt Al-Arab estuary and North-West region of the Arabian Guif.

Several differences have regularly been observed between the dissolved and
particulate fractions.Furthermore, an -apparent source-related decoupling
between both phases has been found in the estuary.

N-alkanes distribution in dissolved and particulate were characterized by two
patterns. The first in the range of C13 to_C23 with high C17 and slight
predominance of even carbon n-alkanes which associated with biological
phenonﬁena, and the second in the range of >€23 with predominance of odd
carbon .n-alkanes of aquatic terrestrial plants input. Pristane and Phytane
were the most isoprenoids found in most samples suggesting biogenic origin,
while squalane and Unresolved. Complex Mixture (UCM) could have biogenic
and anthropogenic origins.

The result indicated that there was a distinct seasonal variation of n-alkanes
in the dissolved and particulate phases of the water of Shatt Ai-Arab estuary
and North-West region of the Arabian Gulf being lowest in all stations during

summer and highest in winter.
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INTRODUCTION

. i

Hydrocarbons, i.e. chemical compounds composed mainly of the glements carbon
and hydrogen, are the principal components of fossil fuels. Crude il and oil
products are the major sources of hydrocarbons but they are not  the only
source. Other sources exists which contribute to the hydrocarbons load of the
marine environment. These derive from incomplete combustion processes and
reéent biosynthesis. '
Due to specificity of biosyhthethic pathways, the number™ of “the ‘individual

- hydrocarbons synthesized by organisms is very much smaller than that found .

in crude oil or in oil products.

Améng aliphatic hydr(;éarbons synthesized by organisms, those containihg an odd
number-'of, carban’ gtoms. predominately. Olefins occur frequently and at relatively
Uhigh concentrations, whereas aromatic hydrocarbons are scare.

The main producers of biogenic hydrocarbons are phytoplankton' (Blumer et al.,
1971), benthic algae :(Youngblood and Blumer,1973), Zooplankton (Avogan and
Blumer,1968), bacteria (Han and Calvin,1969) and from terrestrial origin which

is mainly associated with higher plants metabolism (Simoneit, 1993).

Based on estimates of primary 'ﬁréduction and the proportion of hydrocarbons to
other cell constituents, the global input of biogenic hydrocarbons may far exceed
that of petrogenic hydrocarbons. However, not only are the molecular compositions
of the two sources different but also the input kinetics. Biogenic hydrocarbons are
generated slowly and o_ver.fast areas; their input thus matches the degradative
capacity of hydrocarbons-utilizing micrd—organisms (GESAMP,1993),

Estuaries are of special scientific interest to environmentalest world wide. They
constitutes areas of transport and deposition of continental inputs into the coastel
environments. The dyanamics of the fine-grained particles and particle-associations
in the zones of mixing waters with different characteristics are complex.

Once contaminants are introduced into the sea they are subject to complex physical
and chemical changes which depend on the physical and chemical status of the
contaminants. Each contaminant will be partitioned between the water as "dissolved"
and “particulate" phases. |

The knowledge: of dissolved and particulate organic matter in Shatt Al-Arab estuary
and the North-West Arabian Gulf is rather limited. Accordingly, the present study
aims at prvoviding‘a better understanding of the environmental components of this
estuary and its’ relation to that of the North Western part of the Arabian Gulf.

In this respect, assesment of the chemical nature, occurance and possible origin
of pe'groleum hydrocafbons in the area, was investigated through determination of
seasonal variations in n-alkanes dissolved in water and those in particulate matter

indicating the main ecological factors acting upon weathering of oil in the estuary.
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MATERIALS AND METHODS

Seven sampling sites have been selected from Shatt Al-Arab estuary and North

West Arabian Gulif for the study of N-alkanes in dissolved and particulate. The
sampling programme was carried for the period of Jun 1993-July 1994. Water
sampling (50L) were obtain approximately the 1m of the water column "in - well
-washed glass bottle from each of the seven stations (Fig.1).

The water samples were suction filtered as soon as possible (within 5h through
preignited 450°C) using preweighed 0.45um pore size whatman GF/F Glass Fiber
Filtér. Material passiﬁg through the filter were considered as "dissolved" ,with

the retained as "particulate". Dissolved hydrocarbons were extracted by solvent
extraction following - the procedure of UNESCO (1976): In this, 100ml of nanograde
carbon tetrachloride (CCLu) was used in two successive 50ml éxtractions and the
extracts were combined. To the combined extracts anhydrous sodium sulphate was
added to break any emulsion and to remove excess water. The CCI extract were
reduce in volume to less than 5Sml using a rotary evaporator The reduce extract
was carefully pipetted into a precleaned 10ml volumetric flask, making sure any
residual particles of sodium sulphate were excluded and evaporated to dryness by

a stream of pure nitrogen. The flask was then rinsed with fresh hexane and the
rinsing used to make the sample volume to exaétly 5ml. N-alkanes dissolved in
water were isolated by column chromatography (Typé LC column wi{h frit, stopcock
and inlet'joint 400mmX22mm. ‘supplied from supelco SA.) 20g of 5% deactivated
“florisil: was added to the glass’column. The extract was then applied to the head

of a column and eluted with 50ml of hexane to isolated the N-alkanes.

Before extracting suspended particulate matter, the particulate fraction on GF/F
filters were freezé-dried in a Edward K4 freeze-dryer vModuIyo. The extraction
procedure was based upon that of Gutox and Saliot(1980). The glass fiber filters
were placed in a pre- extracted cellulose thimbel and soxhlet extracted with 150ml
methanol :benzene (1:1) mlxturé for 24h. At 'the end of this period, the extract:
was transferred to a storage flask and the sample was further extracted with a
fresh solvent.The combined extracts were reduced in volume to ca 10ml in a rotary
'vacuum evaporator. It was then saponified for 2h with a solution of 4N KOH in 1:1
methanol:benzene. After extracting the unsaponified matter with hexane, the extract
was dried over anhydrous Na?_Sou , concentrated by a stream of N,.The concentrated
extract was cleaned up by column chromatography on 5% deactivated florisil. the n-;
alkanes was eluted with 50ml of hexane reduced to a suitable volume by a stream of
pure N, prior to analysis by capillary gas chromatography. For this study a Perkin
Elmer Sigma 300 capillary gas chromatograph equipped with Flame lonnization Detector
(FID) and splitless mode injection port was used. ‘

Quantification of peaks and identification of n-alkanes in chromatograms was achieved
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by Perkin-Elmer computing integrator model LC-100. The fused silica capillary
column used was a Wall Coated Open Tubular (WCOT) 50mX0.25mm.i.d. SE-30
(methylsilicone) (Perkin-Elmer). Helium was used as acarrier gas with a linear
velocity 1.5mi/min. Operating temperatures for detector and injector were 350
and 320°C respectively. The column was operated under temperature programmed
conditions from 60°C for 4min to 280°C for 30min with a rate of 4°C/min.

The Unresclved complex Mixture (UCM), which also called the unresolved envelop

was measured by planimetry.

_BESULTS AND DISCUSSIONS.

The composition of n-alkanes extracted from dissolved phase in water during the
five seasons is presented in Table 1. The seasonal variations of total n-alkanes

in these samples are shown in Table 2a and Fig.2a. The tota! concentrations of
dissolved n-alkanes in water varied from 0.94 pg/l at station 7 to 4.97 ug/l at
station 2'in summer, and from 2.86 pg/l at statjon 7 to 16.60 ug/l at station 2

in winter. In general the concentrations of n-alkanes were much higher in winter
than in summer. The average of n-alkanes in dissolved phase were always higher
(10.68 ug/i) at station 2 and lower (1.89 ug/l) at station 7 (Table 2b and Fig.2b).
Quantitative result of the analysis of n-alknes in the dissolved phase of water
presented in Table 3. .

The range of carbon chain length of dissolved n-alkanes were C13-C32. A number
of other hydrocarbons were present in the aliphatic fraction, including pristane,
range (0.04-0.97 pg/l) phytane, range (0.02-0.92 pg/l}, and squalane, range(0.01-
1.38 pg/l) Table 3. . )

Values of dissolved n-alkanes odd/even, Carbon Preference Index (CPl) from. C13
to C32 were calculated separately from each sampling section {Table 3), they varied
from 0.90 to 2.73. i

Representative gas chromatograms of dissolved n-alkanes from station 3 are shown
in Fig.3.

The n-alkanes dis{ribution were characterized by two patAterns, the first in the
range of C14 to C23 with high C17 and a slight predominance of even carbon
n-alkanes, and the second in the range >C23 with predominance of odd carbon
n-alkanes (Fig.3). On the cther hand, the anthropogenic contribution of
hydrocarbons was indicated by the presences of Unresolved Complex Mixture {UCM)
in all the samples range from 0.02 to 5.63 pg/l.

The composi'tion of particulate phase n-alkanes extracted from the water of shatt
Al-Arab estuary and North-West Arabian Gulf during summer 1993,autumn, winter,
~spring and summer 1994 is presented in Table 4. The seasonal variations of the
concentrations of the total particulate phase n-alkanes are shown in Table 5a and

Fig.4a. The total n-alkanes concentration was calculated by summing C13 to C32
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Table- 1~

Concentrations of Dissolved n~Alkanes (ug/L) in water of Shatt Al-Arab river

and Narth-West Arabian Guif

Carbon number

Statton 43 14 s 16 47 18 19 20 21 22 23 24 25 26 27 28 29 30 3 32
Summer 1993 .
1 0.01 0,02 0.04 0.06 0.20 0,08 0.18 0,06 0.14 0.06 0.19 0.04 0.16 0.06 0.20 0.04 0.19 0.05 0.03 0.02
2 0.02 0.16 0.19 0.18 0.25 0.27 0.23 0.18 0.28 0.31 0.3 0.29 0.39 0.28 0.42 0.30 0.25 0.26 0.19 0.l6
3 0.02 0,05 0.08 0.09 0.08 0.12 0.10 0.17 0.21 0.17 0.28 0.19 0.28 019 0.26 0.19 0.17 0.09 0.07 0.06
4 6.01 0.02 0.02 0.13 0.19 0.18 0.17 0.16 0.17 06.16 0.14 0,15 0.14 0.15 0.14 0.13 0.10 0.09 0.06 0.06
s 0.02° 0,01 0.04 0.03 0.06 0.09 0,09 0.08 0.07 0.19 0.10, 0.09 0.19 0.13 .0.13 0.05 .0.04 0.03 — . —
6 — — 0.02 0.01 ©0.17 0.16 0.0R 0.08 0.09 .07 0.09 0.04 0.06 0.07 0.06 0.04 0.04 0.03 —~  —
7 0,01~ 0.01 0.06 0.06 0.09 0,03 0.09 0.08 0.07 0.06 0.09 0.04 0.06 0.05 0.06 0,03 0.03 0.02 — —
Autumn 1993 X
1 -_ _— 0.04 .19 0,25 0,33 0,27 0,30 0.40 0,31 0,28 0,08 0,12 0,14 0,27 0.28 0.2% 0013 0,10 0.04
20,03 0,08 0.11 0,18 0.32 0.38 0.29 0.43 0.53 0.82 1.43 1.97 0.68 0.57 .20 L.14 0,98 0.76 0.28 0,18
3 0,05 v.14 [Tt O T T T P £ O LW L SO+ DA TN § I 17 (S | IR A O Y FURR | IO ISV EH A LI O S ¢ SN | IO SN 1O LS IO (SN 1 IR LTS ¢ R 4
4 0,01 0.04 0,09 0,018 0,37 0.25 0.0 0,55 0.65 0,48 0.62 0041 0.46 0.36 060 0.53 0.39 0.20 0.09 0,03
5 — — 0.04 0.08 0.29 0.26 0.23 0.24 0.26 0.16 0.23 0.20 0.28 0.26 0.34 0.25 0.14 0.11 0.07 0.04
[ — —~  0.06 0.22 0.28 0.30 0.24 0.30 0.25 0.26 0.21 0.27 0.22 0.25 0.l16 0.21 0.09 0.08 —
7 - — 0.02 0.03 0.18 0.22 0.17 0.20 0.18 0.16 0.17 0.10 0.12 0.09 0.16 0.19 0.11 0.08 0.06 0.02
Winter 1993 .
1 0.03 0.04 0.09 0.13 0.26 0,24 0.28 0.27 0.13 0,12 0.25 0.21 0.34 0.30 0.45 0,31 0.39 0.23 0.09 0.09
2 0,12 0.29 0.43 0,39 1.02 1.05 0.95 1.25 0.99 0.86 0.95 0.79 0.85 1.22 1.28 0.92 1.58 0.66 0.58 0.42
30,02 0.02 0.03 0.03 0.60 0.67 0.96 0.99 0.91 0.83 0.78 0.51 .0.50 0.52 0.63 0.95 0.55 0.37 0,20 0.12
4 09,03 0.02 0.02 0.14 0.41 0.39 0.52 0.61 0.63 0.46 0.58 0.61 0.55 0.39 0.68 0.65 0.58 0.46 0.36 0.25
5 0.03 0.01 0.03 0.08 0,12 0.18 0.20 0.38 0.22 0.25 0.24 0.28 0.30 0.30 0.33 0.29 0.27 0.20 0.18 0.10
[ J—— 0.04 0.04 0.74 0.20. 0.24 0.18 0.13 0.10 0.12 0.14 0.18 0.23 0.64 0.24 0.20 0.1z 0.11 0.08
7 — 0.02 0.01 0.13 0.24 0.26 0.20 0.16 0.2} 0.18 0.15 0.19 0.22 0.27 0.26 0.2l ©0.10 0.03 0.02 —
Spring 1994 )
1 - — 0.03 0.03 0.07 0.08 0.12 0.13 0.16 0.18 0.22 0.26 0.24 0.20 0.25 0.12 0.10 0.06 0.05 0.03
2 0,12 0.18 0.24 0.26 0.44 0.46 0.52 0.50 0.56 0.50 0.54 0.58 0.64 0.72 0.86 0,50 0.42 0.31 0.24 0.18
3 - = 0.05 0.05 0.25 0.21 0.09 0.29 0.24 0.19 0.21 0.31 0.24 0.26 0.29 0.24 0.20 0.14 0.07 0.02
4 0.02 0.03 0.08 0.09 0.16 0.18 0.22 0.23 0.26 0.18 0.28 0.19 0.24 0.20 0.23 0.20 0.13 0.10 0.06 0.03
5 — 0.05 0.03 0.17 0.05 0.08 0.15 0.22 0.17:-9.15 0.19 0.13 0.22 0.15 0.10 0.07 0.05 0.03 0.01 —
6 0.02 0.04 0.05 0.18 0.13 0.16 0.14 0.15 0.18 0.13 0,11 0.1 0.12 0.10 0.18 0.06 0.07 0.03 0.03 0.0l
7 - —_ 0.04 0.08 0.20 0.13 0.16 0.2l 0.12 0.10 0.15 0.09 0.06 0.04 0.95 0.03 0.02 0.02 ~ —
Summer 1994
1 — —_ 0.01 .0.03 0.08 0.11 0.10 0.11 0.i3 0.12 0.16 0.1l 0.19 0.1 0.11 0.11 0.06 0.03 0.02 0.02
2 —- — 0.09 0.19 0,39 '0.57 0.39 0.43 0.30 0.28 0.40 0.36 0,19 0.29 0.43 0.20 0.26 0.18 0.15 0.9
3 — — — 0.13 0.22 0,19 0,13 0.17 0.23 0.21 0.36 0,13 0.19 0.17 0.27 0.21 0.23 0.13 0.06 —
4 0,03 0.06 0.08 0.06 0.24 0.11 0.28 0.16 0.19 0.16 0.09 0.14 0.16 0.13 0.18 0.09 0.10 0.06 0.05 0.03
L J— — — 0,03 0,10 0.12 0,13 0.16 0.13 0.1l 0.16 0.16 0.16 0.09 0.1l 0.09 ©0.06 0.05 0.03 —
6 — — 0.02 0,03 0,11 0,12 0,06 0.10 0,10 0.12 0,13 0.11 0.08 0.06 0.08 0.04 0.06 0.05 0,03 0.02
7 - — 0.01 0,03 0.08 0.06 0.07 0.05 0,08 0.07 0.09 0.06 0.05 0,04 0,08 0.04 0.03 -0.02 0.02 0,01

= = Not detected.
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a) Seasonaj values of lotal n-ulkanes in Dissolved water of Shatt Al-Arab

estuary and North-West Arabian Gulf, June f993—JulY 1994,

»

Station ancentratnons in (pg/l)
“number -
Summer Autumn Winter Spring Summer
(1993) - (1993) (1993) “(1998) (1994)
1 " 1.83 3.87 25 2.33 1.66
2 1.97 12.37 16.60 8.78 5.19
L3, 22.87,. . . 8.31 . 10.19 - | 3.36 3.03
4 2,37 6.80 8.34 3.1 2.40
5 b 342 0 3.99 2.02 1.63
6 1.11 3.40 3.73 1.99 1.32
7 0.94 2.26 2.86 1.50 0.89

h) Regional average values of total n-alkanes in ‘Di'ssolved water of Shatt Al-

Arab estuary and North-West Arabian Gulf, June 1993-July 1994

Station number

Average concentrations (pg/l)

®

3.06
10.68
6.18
5.15
2.7
2.55
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Table- 3 -

Odd and even carbon number with Pristane, Phytane, Squalane, Unresolved Complex Mixture (UCM) and total
N-Alkanes {n Dissolved water of Shatt Al-Arab estuary and North-West Arabian Guif, June 1993-July 1994.

STATION oDD EVEN cpt PRI eny AL B0 2% sau wewm  ( TOTAL
(ug/L}

Summer 1993
1 1.34 0,49 2.73 0,19 0.10 1.90 1.05 0.80 —_ 0.06 1.83
2 2.58 2.39 1.07 0.17 0.20 0.85 1.4% 1.35 0.13 0.21 4,97
3 1.55 1.32 1.17 0.09 0.08 1.12 ~0.88 1.5¢ 0.01 0.08 2.87
4 1.14 1.23 0.92 0,12 0.09 1.33 1.58 2.00 0.02 0.12 2.37
5 0.74 0.70 1.05 0.05 0.04 1.25 1.20 2.25 — 0.03 1.44
6 0.61 0.50 1.72 0.12 0.13 0.92 1.41 1.23 — 0.02 1,11
7 0.56 0.38 1.47 0.06 0.05 1.20 1.50 0.60 — 0.03 0.94

Autumn 1993 - 3
1 1.98 1.89 1,04 0.20 0.41 0.48 0.80 1.24 _ 1.31 3.87
2 5.85 6.51 0.90 0.29 .37 0.78 0.90 0.97‘ 0.32 5.63 12.37
3 4.95 3.37 1.46 0.46 0.32 1.43 0.83 0.91 0.21 3.28 8.32
4- 3.77 3.03 1.24 0.30 0.28 1.07 0.81 1.12 0.11 2.67 6.80
5 1.88 1.54 1.22 0.20 0.24 0.83 0.68 0.92 —_— 1.42 3.2
6 1.89 1.51 1.25 0.19 0.29 0.65 0.86 1.03 —_ 1.38 3.40
7 1.17 1.09 1.07 0.16 0.20 0.80 0.88 0.90 _ 1.03 2.26

Winter 1993

1 2.31 1.94 1.19 0.20 0.23 0.86 1.30 1.04 0.18 2.31 4.25
2 8.75 7.84 1.11 0.97 0.92 1.05 1.05 1.14 1.38 4.69 16.60
3 5.18 5.01 1.03 0.42 0.53  0.79 1.42 1.26 0.62 2.48 10.19
4 4.36 3.98 1.09 0.11 0,21 0.52 3.72 1.85 0.42 1.38 8.34
5 1.92 2.07 0.92 0.09 0.12  0.75 1.33 1.50 0.36 .0.28 3.99
6 2.40 1.33 1.80 0.32 0.53 0.60 2.31 0.37 0.09 0.19 3.73
7 1.41 1.45 0.97 0.16 0.20. 0.80 1.50 1.30 0.18 1.26 2.86

Spring 1994 % '
1 1.24 1.09 1.13 0.‘07 0.06 1.16 1.00 1.33 —_— 1.02 2.33
2 4.58 4.20 1.09 0.32 0.42 0.76 1.37 1.09 0.62 3.12 8.78
3 1.65 1.71 0.96 0.18 0,16 1.12 1.38 1.31 0.18 1.20 3.36
4 1-68 1.43 1.17 0.14 0.15 0.93 1.14 1.20 —_— 1.98 3.11
5 0.97 1.05 0.92 0.04 0.02 2.00 1.25 4,00 + —— 1.07 2.02
[3 1.03 0.96 1.07 0.10 0.08 1.25 1.30 2.00 —— 0.02 1.99
7 0.80 0.70 1.14 0.‘1,& 0.11 1.63 1.11 1.18 o 0.73 1.50

Swnmer 1994
! 0.86 0.80 L7 — —_ - —  — — 006 166

-2 2.59 2.60 0.99 0.2] 0.13 1.61 1.85 4.38 0.09 2.08 5.19

3 1.69 1.34 1.26 — — —_— — — — —_— 3.03
4 1.40 1.00 1.40 0.1i8 0.08 2.25 1.33 1.37 0.06 1.31 2.40
5 0.88 0.75 1.17 0.08 0.10 0.80 1.25 1.20 —_— 6.12 1,63
[ 0.67 0.65 1,03 0.09 0.18 0.50 1.22 0.66 — 0.38 1.32
7 6.51 0.38 1.34 0.06 0.10 0.60 1.33 0.60 — 0.25 0.89

CPI = Carbon Preference Index.

~— = Not detected.
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Table- §-

Concentrations of Particulate n-Alkanes (ug/g) in water of Shatt Al-Arab river

and North-West Arabian Gulf

Carbon number

Station
14 15 th 17 18 17 20 2i 22 23 24 25 26 27 28 29 30 31 32
Summer 1993 . .
1 0.01° 0.,01: 0.09 0.08 0.14 0.20 ©.21 0,16 0.18 0.17 0.16 0.15 0.23 0.12 0.22 0.11 0.08 0.05 0.02 0.0z
2 - — 0.02 0.02 0.37 0.42 0.28 0.43 0.52 0.36 0.28 0.16 0.53 0.24 0.79 0.20 0.22 0.20 0.17 0.10
3 0.01 0,01 0.02 0.02 0.14 0.2} 0.19 0.15 0.31 ©.23 0.15 0.12 0,32 0.i8 0.45 0,20 0.le 0.14 0.13 0.05
4 0.01 0,01 0.02 0,04 0.2} 0.23 0.27 0.20 0.24 0.18 0.28 0.2l ©0.19 ¢.21 0.18 0.17 0.17 0.l4 — —_
.5 0.01 ¢.01 o0.01 0.09 0.12 0.16 0.16 0.16 0.19 0.14 0.17 0.20 0.23 0.14 0,17 C.14 0.09 0.03 "— —
e et — 0.02 0,02 0.17 0.03 0.10 0.14 0.15 0.14 0.16 0.18 0.16 0.14 0.16 0.13 0.12 0.10 ©0.02 0,02
7 — - 0.01 0.01 0.10 0.09 0.08 0.0% 0.09 0.17 ©0.18 0.15 6,19 0.17 0.20 0.]10 0.09 0.06 — -
Autumn 1993 '
1 0.03 D.03 0,19 0.08 0.22 0.24 0.34 0.30 0.38 0.29 0.32 U.206 0.35 0.28 0.39 0.2 0.27 0.1% 0.10 0,08
2 .10 0.25 0.31 0.42 0.60 0.67 0.70 0.67 0.59 0.56 0.91 0.70 0.84 0,73 0,56 0.63 0.25 0.35 0.24 0.21
3 0.04 0.12 0.21 0.25 0.42 0.59 0.48 0.42 0.38 0.29 0.48 0.42 0.46 0.50 0.63 0.54 0.50 ¢.38 0.33 0.2l
4 0.10 0.12\ 0.14 0.13 0.38 0.50 0.46 0.32 0.36 0.29 0.34 ©0.32 0.46 0.38 0.45 0.41 0.46 0.29 0.23 0.15
5 —_ 0.08 " 0.06 0.1} 0,28 0.26 0.22 0.23 0.26 0.24 0.21 0.2¢ 0.28 0.Z26 0.31 0.26 0.18 0.6 0.10 —
[ —_ —-— 0.03 0.03 0.18 0,22 0.29 0.25 0.23 0.21 0.26 0.18 0.27 0.16 0.18 0.13 0.16 0.08 0.09 0.06
7 -— —_ 0.04 0.06 0.12 0.10 0.19 0.18 0.13 0.16 0.14 0.10 0.12 0.17 0.20 0.1} 0.16 0.11 0.06 0.05
Winter 1993
1 0.01 0.01 0,02 0.31 0.62 0.59 0.52 0.51 0.53 0.40 0.44 0.49 0.25 0.32 0.43 0.37 0.27 0.10 0.05 0.0l
2 —_ _ 0.06 0.12 0.83 1.92 1.20 1.10 1.0% 1.8 0.73 0.68 0.43 0.58 0.77 0.48 0.32 ¢.l10 0.09 0.0°
3 —_ 0.09 0.15 0.27 0.7% 0.90 1.17 0.84 0.72 0.68 0.49 0.21 0.27 -0.36 0,57 0,37 0.27 0.21 0,09 -
4 - - .07 0.17 0.58 9,35 0.92 0.82 1.22 0.98 0.95 0.40 0.37 0.25 0.18 0.14 0.1l 0.06 — —
5 -_ 0.03  0.07 0.06 0.42 0.51 0,73 0,38 0.26 0.35 0.40 0.47 0.50 0.27 0.12 0.10 0.07 0.06 0.05 —
6 - 0.01 0,03 0.14 0,31 -0.36 0.39% 0.42 0.46 0.38 0.39 0.25 0.39 0.33 0.36 0.16 0.13 0.07 0.06 —
‘7 —_ 0.03 0,06 0,09 0,19 0.21 0,206 0.22 0.28 0.25 0,21 0,26 0.28 0,17 0,26 0,06 0,10 0,07 0,00 —
Spring 1994
1 @03 0.05 0.09 0.12 0.18 0,20 0.23 0.26 0.28 0.20 0.30 521 0.29 0.23 0.26 0.23 0.16 0.13 0.10 0.0¢
2 — -— 6,08 0,16 G.54 0.70 0.65 0.75 0.62 0.58 0.55 0.49 0.40 0.32 0.35 0.38 0.27 0.24 0.l6 0.0%
3 - _ 0,46 0,43 0,38 0.4 049 gl 'Q:\u G0 46 0,3 0.3 0.8 uLle B2 0,80 ui0 Bule u,ld
¢ 0,03 0,05 0,06 0,09 0,21 0,18 0.26 0,24 0,32 0,21 0,32 0,38 0,42 0.46 0.39 0.26 0.23 0,09 0.06 0.03
5 — — 6,03 0,06 0.26 018 6,24 0,28 0,23 0.20 0,20 Ot 0016 0.t 014 0013 [V 27 I VL Y VTP VI &
6 —_ - LTI T T (P L T (I T O S (B S | IO S | DAL TR | IR N EIOOPS T PR T G JC S TN N [N L 3 TN T S TS 1] [C TRV TN
17 — —_— 0,16 A8 0.20 0,16 0,14 0,16 0,10 0.22 0,18 0.16 0,10 0.06 0,09 0.02 0.03 0.02 — —
Summer 1934
] = — — —_ 6.15 0.12 0.20 0.29 0.39 0.23 0.15 0,10 0.i2 0.I15 0.22 0.10 0.05 0.03 — —
: == —_ 0,15 0,20 0.4¢ 0.59 0.6) 0.70 0.48 0.51 0.30 0.23 0.21 0.10 0,18 0.10 0.08 9.05 — —
3 = _— 6.09 0.13 0.38 ©0.31 0.28 0.32 0.47 0.26 ¢.28 0.22 0.09 0.l14 0.12 0.06 0.03 0.0f — —
4 — - 9,05 9.07 9.2 6.26 9.2} 0.2 0.30 0.22 0.2l 0.10 0.13 0.16 0.20 0.15 0.28 0.10 0.03 0.0G2
5 = = —_ —_ 0.0% .35 .20 0.28 &.42 ©.26 0.16 0,15 0.1} 0.12 0.08 0.05 0.03 0.03 — o~
4 = == = — 0,06 0.¥¢ 0.20 ©.28 ©6.40 0,38 ©.14 0.10 0.17 0.08 0.09 0.06 0.03 0.02 =~ =~
? = E=3 —_ — 3,08 0.12 o.18 0.2@ 0,23 0.20 0.18 0.12 0.09 Q.06 0.05 0,06 0.03 0.02 = ~—

—= = Not detected
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) Table- 5~
a) Seasonal values of total n-alkanes in pérticulate water of Shatt Al-Arab

estuary and North-West Arabian Gulif, June 1993-July 1994

Concentrations in {pg/g)

Station
number
Summer Autumn Winter Spring Summer
(1993) "(1993) (1993) (1994) (1994)
1 2.4 . 4.41 6.25 3.61 2.30
2 5.31 10.29 12.44 7.32 4.95
3 3.19 7.65 8.38 5.27 -~ 3.24
4 2.96 6.29 7.57 4.29  2.89
5 2.22 3.74 4.87 2.68 . 2.13
6 2.03 3.01 4.64 2.54 1.95
7 1.78 2.18 3.15 1.92 1.68

B) Regional average values of total n-alkanes in particulate water of Shatt

Al-Arab estuary and North-West Arabian Gulf, June 1993-July 1994

Station number Average concentrations {ug/g)

17
.84
.12
.27
.37
.05
.23

N W W oy o dE




" compour.ds. ‘A fange of 1.78'ug/g at station 7 to 5.31 ug/g at station 2 in summer
and a range of 3.15 ug/g at station 7 to 12.44 pg/g at station 2 during winter
(Table 5b and Fig.4b ). Higher concentrations of n-alkanes were observed in winter
than summer. The quantitative result of the analysis of particulate n-alkanes are
presented in Table 6. The distribution patterns of these n-alkanes showed some
variations between the sampling sites. The concentrations of pristane, phytane and
squalane are presented in T'a.blle 6, and they ranged between 0.03-0.98, 0.09-1.13,
and 0.02-0.63 pg/g respectively. Pristane and phytane were the most isoprenoid in
the samples suggesting biological origin. The odd to even carbon number ratio of
n-alkanes was calculated over the same range C13-C32. This gave values ranged from
0.79 to 1.49, which reflect different sources of n-alkanes in the particulate phase.
Typical gas chromatograms of station 3 are ilfustrated in Fig.5. Normal alkanes showed
a regular distribution pattern of the odd and even carbon numbers for compounds
between C13 to C32 with additional characteristics associated with biclogical phenomena;
abundance of C17 and C19 of algal origin and C25,C27 and C29 of terristrial plants
inputs was evident. The presence of UCM range (0.06-4.38 pg/g) may reflect the
anthropogenic (urban and petroleum related) inputs. '

The analysis of dissolved and particulate matter in Shatt Al-Arab estuary and North
West region of the Arabian Gulf has shown the presence of a wealth of hydrocarbon
markers providing information on the sources of organic matter. The basin of Shatt
Al-Arab estuary has been reported to receive annually considerable amount® of
hydrocarbons (Al-Saad and Al-Timari, 1993). Al-Saad (1995), and Bedair and Al-Saad
(1992} indicated that both biogenic and anthropogenic inputs are transported in the
form of dissolved and particulate adsorbed matter within the water column of this
economically important water body. g

The concentration of total n-alkanes obtained in dissolved phase ranged from 0.89 to
16.60 pg/i and for particulate phase from 1.68 to 12.44 pug/g. A summary of pertinent
concentrations of dissolved and particulate n-alkanes from a number of different
geographical areas are compared with those obtained in the present investigation
(Table 7 and 8} respectively. This data indicated that the area contains lower levels
of n-alkanes than other areas of the world.

Kennicutt and Jeffery (1981) observed that the aliphatic fractions of dissolved and
particulate materials in the Gulf of México were dominated by n-alkanes in the range
C16 to C32. Dissolved aliphatic hydrocarbons often showed a bimodel distribution
with a maximum of C19 or C20 which was likely to have a source of phytoplankton
and a second maximum at C32 which was likely to have a source of terrestrial plants.
N-alkanes have been found to account for 20% of total hydrocarbons in seawater
{Goutx and Saliot, 1980).
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Table - 6 -

Odd and even carbon number with Pristane, Phytane, Squalane, Unresolved Complex mixture (UCM) and total

N-Alkanes in Particulate water of Shatt Al-Arab estuary and North-West Arabian Gulf, June 1993-July 1994.

STATION oD EVEN  CPI PRI PHY Ry cu g sQU UcM TOTAL
giagees
Summer 1993
1 1,34 1.47 1.25 0.09 6.20 4.50 1.55 1.00 " 0.02 0.13 2.41
2 3.18 2.13 1.49 .33 0.40 g.82 1.12 1.05 0.63 1.82 5.31
3 1.88 1.31 1.43 0.09 G.11 0.81 1.55 1.90 0.02 C.42 3.19
4 1.57 1.39 1.12 0.21 0.23 0.91 1.00 1.90 0.02 (.32 2.9¢6
5 1,15 1.07 1.07 .10 0.11 0.90 1.20 1.45 —_— r.23 2,22
[ 1.10 0.90 1.22 0.13 0.09 1.44 1.30 0.33 —_— G.09 2.00
7 0.94 0.84 i1 0.14 0.18 0.77 0.71 g.50 _ 0.06 1.78
Autumn 1993
1 2.50 1.91 1.30 0.20 0.21 0.95 0.90 0.87 0.23 2.36 4,41
2 5.10 5.19 0.98 0.52 0.56 0.92 0.86 0.83 0.54 4.38 10.29
3 3.93 3.72 1.05 0.39 0.56 0.69 0.92 0.94 0.31 3.22 7.65
4 3.38 2.91 1.16 0.26 0.42 0.61 0.68 0.34 .21 2.89 6.29
5 1.90 1.84 1.03 0.19 .20 0.95 0,67 9.76 —_— 1.83 3.74
6 1.69 1.32 1.28 0.17 .20 0.85 0.94 3.90 —_ 2.33 3.01
7 1.16 1.0z 1,13 .08 0.49 0.88 0.66 .90 —_ 0.89 2.18
Winter 1993
1 3.1 3.11 1.00 0,52 0.50 1.04 1.19 1.18 0.20 2.36 6.25
2 5.52 6.92 0.79 0,72 1.02 0.70 1.15 1,88 0.31 4.21 12.44 .
3 4.45 3.93 1.13 0.98 1.13 0.86 0.73 0.79 0.03 2.48 8.38 !
4 4,40 3.17 1.38 0.42 0.47 0.89 1.38 0.74 -—_ 1.52 7.57
5 2.64 2.23 1.18 0.48 0.63 0.79_ 0.87 G.80 0.18 2.71 4.87
[ 2.52 2.12 L.18 0.26 0.43 0.60 1.19 0.83 0.29 3.46 4.64
7 1.67 1,48 f.12 §.09 0.13 0,69 2.11 1.61 0.09 1.56 3,15
Spring 1994
1 1.92 1.69 1.13 0.16 0,17 0.94 1.12 1.17 0.1{". 2,31 3.61
2 3.62 3.70 0.97 0.44 0.68 0.64 1.22 1.02 0.22 4.23 7.32
3 2.81 2.40 1.14 0.30  ...0.28 1.07 1.26 0.89 0.18 2.20 5.27
4 2.30 1.99 1.15 0.20 0.16 1.25 1.05 L1z 0.23 2.46 4.29
5 1.4] 1.27 1.1l 0.24 0.20 1.20 1.08 0.90 — 1.62 2.68
[ 1.31 1.23 1.06 0.14 0.13 1.07 1.28 6.92 — 1.41 2.54
7 0.94 0.98 0.95 0.12 0.09 1.33 1.66 1.77 — 0.93 1.92
Summer 194
1 1.28 1.02 1.25 0.23 0.13 1.76 0.65 0.92 — 0.15 2.30
2 2,47 2.48 0.99 0.36 0.45 0.80 1.22 1.31 0.08 2.36 4,95
3 1.74 1.50 1,16 0.16 0.52 0.30 2.37 0.59 —_ 1.24 3.24
4 1.53 1.36 .12 0.10 0,22 0.45 1.20 1.18 0.03 1.73 2.89
5 1.09 1.04 1.04 0.03 0.18 0.16 3.00 ¢.83 _— 1.06 2.1§
6 1.09 0.86 1.26 —_ 0.2¢0 — —_— §.70 —— 1.03 1.95
7 0.89 .79 12 — 0.16 — — 6.75 — 0.97 1.68

CPI = Carbon Preference Indéx .

—— = Not detected,
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Fig.5- Representative capillary gas chromatograms (GC/FID) of n-alkanes in

particulate phase from station 3 during four seasons
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Table -7~

Comparison of values of Dissolved n-alkanes in Shatt Al-Arab River and

North-West Arabian Gulf with other values of the world

Concentration

Location (pg/1) References

Tropical region of Atlantic 5.7 _ Marty & Sailot (1976)
North-Sea 2.4-7.2 Hardy et al.,(1977)
North-Atlantic (U,S.A) 14-60 Boehm (1980)
Villefranche bay (France) 0.13-44.60 Goutx. & Saliot (1980)
Mediterranean Sea 0.0-20.6 Ho et al., (1984)

Erbo Delta (Espain) 5.3-35 Comez Belinchon et al., (1988).
South Geo‘rgia (U.S.A) 2.06~10.14 Cripps (1989) '
Bermoda 0.40-1.31 Ehrhardt & Burns (1990)
Antratic bo4-11.1 Cripps (1992)

Shatt Al-Arab Estuary 3.20-8.40 Bedair & Al-Saad (1992)
Mediterranean 49-51

Shatt Al-Arab & NW Arabian Gulf 1.89-10.68

Ehrhardt & Petrick (1993)
Present study

Table-8-

Comparison of values of Particulate n-alkanes in Shatt Al-Arab River

and North-West Arabian Guif with other vaiues of the world

Concentration

Location (ug/g) References
Willenfranche bay (France) 0.02—12.0* Goutx & Saliot (1980)
North-West Atlantic 0.99* Boehm (1980) ‘
Erbo Delta (Espain) 16.0-290.0 Gomez Belinchon et al.,
South Georgia 1040 Cripps (1989) (1988)
Terranova Bay (Antratica) 13.0-103.0 Desideri et al.,{1991)
Shatt Al-Arab Estuary 1.48-5.80 Bedair & Al-Saad (1992)
2.23-8.84 Present study '

Shatt Al-Arab & NW Arabian Gulf

* = concentrations in {ng/i)
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Boehm (1980) and Goutg and Saliot (1980} examined seasonal variations in dissolved
and particulate hydrocarbons. They found that particulate hydrocarbons concentrations
were related to biological productxv:ty, while, dissolved hydrocarbons seemed to be
more of an indicator of poliution. » .

The n-alkanes distribution of dissoived and partlculate in the study area are
characterized by two patterns. The first in the range of C13 Jto C23 with high C17
and a slight predominance of even carbon n-alkanes, and the second is in the

range >C23 with predominance of odd carbon n-alkanes (Figs. 3 and 5). This mode
has also been observed previously in water and sediment of the same area (Grimalt
et al.,1985; Bedair and_Al—Saad, 1992 and Al-Saad and Al-Timari, 1993).

N-alkanes with odd carbon numbers lower than C21 such as C15,C17 and C19 are
commonly found in algae (Goutx and Saliot, 1980 and Youngblood etal.,1971), C20

to C28 model n-alkanes without carbpn number preference, maximi;ing around C23,
may be produced by bacterial activity (Grimalt et al.,1985 and Grimalt and Albaiges,
1990) and C25 to C32 odd carbon number n-alkanes are indicative of higher plants
(Simoneit, 1991). This may be considered as evidence for the aquatic biogenic orig{n
of n-alkanes in Shatt Al-Arab estuary and North-West Arabian Gulf. Many aquatic
plants are abundant in Shatt Al-Arab estuary and are likely to be the main source
of n-alkane in the estuary (Bedair and Al-Saad, 1992 and Al-Saad,1994).

The contribution of other sources of n-alkanes in our samples may be due tolhigher
land-based vegetation, reflected by the predominance of n-alkanes -with an odd
number of carbon atoms. This predominance is observed for the first time in the
present samples, and encountered in a more pronounced manner in the water probably
under the effect of aeoline contributions, and terrestrial inputs derived from plant
material (Al-5aad and Al-Timari, 1993).

The relatively high €17 may indicates that photo-syhthesis organism are the main
source of n-alkanes in this estuary. 4

Other evidence on the aquatic biogenic origin' of n-alkanes may be derived from
diatoms populations which contain a range of n-alkanes from C15 to C31. Diatoms
have been found to be the most dominant group of phytoplankton in Shatt Al-Arab
estuary (Al-Saboonchi and Al-Saad, 1988) and North-West Arabain Gulf (Al-Handal,
1988). Therefore it may be concluded that diatoms are the most likely source of n-
alkanes with even to odd carbon predominance encountered in Shatt Al-Arab estuary
and North-West Arabian Gulf. Therefore, the distribution of such alkanes can be
utilized as a potential marker for defining diatoms as contributors to marine sediments.
The isoprenoids hydrocarbons in the dissolved and particulate phase result mainly
from aquatic organisms either directly, in the case of pristane, from zooplankton
and from decomposmon of algae (Blumer and Snyder,1963), and phytane originating

from several types of bacteria and from deposition of algae (Simoneit, 1991},
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or these isoprenoids came indirectly from aquatic biomolecules such as chlorophyli
(Didyk et al.,1978). Chlorophyll from land-plant sources providing the high
molecular weight n-alkanes could serve as a source of some isoprenoids hydrocarbons.
Pristane and phytane were the most common isoprenoids obtained in the present
study. ‘ '

Weathergq petroleum product could also include pristane and phytane as natural
by-product. The ratio of these isoprenoids with C17 to pristane and C18 to
phytane for dissolved and particulate pﬁases are listed in Table 3 and 6 respectively.
These ratios involve both biogenic and anthropogenic compounds, and confirm the:
strong biodegradaﬁon of hydrocarbons occuring in the area (Cripps,1989).

Squalane was also present in some samples, which is presumably derived from
artifical sources, except for fossil fule product, rather than %rom natural sources.
Although squalane has widely been used everyday$ life, it has scarcely been found
in living organism {Cripps, 1990).

Al-Saad (1990} and Al-Saad a}nd Al-Timari (1993) concluded that presence of
squalane in Shatt Al-Arab estuary and North-West Arabian Gulf may.originated

from living organisms or from anthropogenic sources.

All chromatograms of the sampled analysed showed a measurable unresolved envelope
(hump). The material ‘in this envelope is often refered. to as the Unresolved Complex
Mixture (UCM). Concentration of UCM for dissolved and particulate samples are ’
listed in in Téble 3 and-6 respectively and shown in Figs.3 and 5. In general the
presence of UCM is normally associated with petroleum contamination (Gough and
Rowland, 1990). However, ther are possible sources of UCM other than human
activities like those synthesized by some anaerobic nonphotosynthetic bacteria

"(Han and Calvin,1969) and green algae which are widely distributed in natural
environment (Brook et al.,1977). At the same time microbial oxidation of hydrocarbons
in either the sedimenrt or water will f'*Educ_e the n-alkanes contents relative of UCM.
UCM detected in the present study could be related to the production, use and
transportation of petroleum products around the port area of Abadan (Grimalt et al.,
1985). Thus, the natural biogenic materials must be distinguished from the
anthropogenic components in order to reconcile possible sgurce.

Carbon Perference Index (CPl)} a measure of carbon number predominance of
homologous compound series is useful to make an estimation of plant wax contribution
versus fuel contamination. \ .
Reflecting biochemical specifity, the n-alkanes of plant wax show a pronouced of

odd carbon number predominance or CPi>1 , while fossil fuel hydrocarbons have
CPl=1 (Simoneit,1993). In the present samples n-alkanes ranged from C13 to C32,
while a definite odd carbon number predominance above C23. Almost all samples,
strongly suggest the predominance of wascdlar plant wax input. ‘This is in agreement
with (Bedair and AljSaad,1992; Al-Saad and Al-Timari, 1993 and Crimalt and



Albaiges, 1999}« ,Therefor‘e,"’ CPl more than one indicates more complex biogenic
sources, while with station 2, the pattern is easily obscured by :petroleum
contamination which tend to reduce CPl to unity. The odd and even carbon
number n-alkanes are present in equal amount in petrolum products such as
kerosine,diesel soots, engine oil and used crankase oil (Mazurek et al.,1891).
These artifical hydrocarbons sources contain a large proportion of UCM (Gough
and Rewland, 1990).

In station 2, even-carbon numbered n-alkanes were present as the major
consitutuents. This may again be explained by the contribution of hydrocarbons’
of artifical sources. Moreover, atmospheric fallot, oil washing from road,
disposal of crankcase ‘oil and industrial lubricants and accidantal or intentional
_:disch'arge of, fuel oil' are possible sources .of artificial ‘hydrocarbons to urban
‘river water (Bedair and Al-Saad, ‘1992 and Gough and Rowland, 1990).

One reason for the low concentrations of dissolved alkanes may be their poor
water soluwility as compared with aromatic fractions (Wan et al.,1990).

Dissolved alkanes may be removed by microbial decomposition too (Leahy and
Colwell,1990). Low n-pentadecane/pristane and n-octadecane/phytane ratio

often invoked demonstrate microbial hydrocarbon degradation,since normal
hydrocarbons are biodegraded more rapidely than those with a branched carbon
chain (Ratledge,1978). However microbial degradation play a limited role in
removing saturated hydrocarbons from nutrient-depleted water, which is not

the case in the study area.

Since microbial decompdsition could be a-slow process, other effective "sink"
must exist to keep hydrocarbon concentrations at the observed low levels
(Ehrhardt and Petrick,1993). In this respect Burns et al.,(1985) showed that
large " fractions of hydrocarbons input is transported from the surface seafloor
by rapidl.y sinking zoolplankton fecall péﬂets, and that a considerable fraction
of this hydrocarbon is biodegraded before the incorporation of the remainder

to the sediments.

Anthor potential mechainsm of removal is "photo-oxidation"., N-alkanes lacking
absorption band at sea surface solar UV frequencies (Ehrhardt and Petrick, 1993).
However Ehrhardt and Weber (1991) showed that the Anthraquinone-sensitized
photo-decomposition of n-alkanes is relatively effective. Of many photo-sensitizers
likely to be present, Anthraquinone and Fluorenone were demonstrated by their
characteristic mass spectra to occur in North-West Arabin Gulf water (Ehrhardt
and Burns,1993). This strongly suggest that photo-oxidation not only change the
composition of oil residues dissolved in surface water by structure-depended

preferential depletion, but also like to play an important role in removing dissolved



hydrocarbons from oligotrophic water bodies (Ehrhardt and Burns,b1393).

Small particles suspended in water are either biogenic (living or dead} or
originting from the breakih‘g‘ﬁapart‘of environmental degraded, floating lump

of oil. They may also be composed of mineral phases. Biogenic particles, i.e.
plankton, zooplankton and organic detritus, contain biosynthesized hydrocarbons,
as has. been shown by Blumer et al.,(1371). As the lipophilicity of biogenic
particles is higher than that of water, and lithogenic particles scavenge dissolved
lipophilic material from water and, upon sinking, mediate it$ vertical transport.
In the particulate phase, a value of Cpl greater than unity indicates a recent
biogenic contribution. The adsorption of petrogenic aliphatic hydrocarbons from
solution and/or the possible presence of microscopic solid oil residue did not
eliminated the biogenic signature in the particulate material.. This finding is an
evidence of decoupling of dissolved and particulate hydrocarbons and cooberates
with the result published by’ severa! authors (Boehm,1980; .Coutx and Saliot,1980;
Albaiges et al.,1984; Gomez-Belinchorn et al.,1988 and Ehrhardt and Petrick,1993).
There are major quantitative differences between dissolved and particulate
n-alkanes during cold and warm periods.

Levels of n-alkanes (biogenic and anthropogenic) are from two or four times as
higher in winter for both dissolved and particulate than in summer (Tables 1 and
5 and Figs. 2 and 4). Possible reasons for these seasonal variations are processes
brought about by temperature variations, including evapoaration, bacterial
degradation, adsorption as well as chemical oxidation.

N-alkanes in the environment are biodegraded primarily by the bacteria under
the effect of temperature. At low temperature the viscosity of oil increases, the
volatilization of toxic short chain alkanes is reduced, and their water solubility
increases (Leahy and Colwell,1990).Rates of ‘degradation are generally observed

to decrease with decreasing temperature . The rate of microbial degradation of
hydrocarbons is dependent, amongis‘t other variable, upon the availability of
nutrients and hydrocarbon degraders have to compete for these with other
planktonic organisms. There is, thus, reason to belive that microbial decomposition
of n-alkanes should be a relatively slow process under conditions of nutrient
limitation. Such conditions are often encountered during coid winter, making
degradation a slow process. On the other hand the intense sunlight may enhance
the importance of a different mode of decomposition i.e. photo-oxidation (Ehrhardt
and Burns,1990}.

Physical , chemical and biological removal mechanism will also reduce the
concentration of photo-oxidation products of n-alkanes product under the local
conditions, h'owever, their combined rates must be slower than the corresponding
rates of n-alkanes degradation. In a situation where the joint effect of removal

mechanisms is even less effective, concentrations of photo-oxidation product may



-

66

therefore reach considerable values relative to n-alkanes precursors, as has

been observed in Arabian Gulf water by Ehrhardt and DouAbul (1989). This

reduces the concentrations of n-alkanes during summer due to their rapaid

photolysis, their is a clear seasona!l variations in the average values of
suspended matter being at maximum in winter. Therefore, higher concentrations
of n—alkanes observed in the water during winter could be caused in part by the
decreased sedimentation of sorbed n-alkanes. The same conclusion was reached

by Douabul and Al-Saad (1985).

Accorrdingly the effects of temperature variations including bacterial degradation,

photochemical oxidation as well as adsorption are postulated to produce pronounced

seasonal variations of n-alkanes in Shatt Al-Arab estuary and North-West Arabian

Culf. ‘

As a conclusion

## N-alkanes distribution in dissolved and particulate were charaé_terized by two
patterns. The first in the range of C13 to C23 with high C17 and sligh
predominance of even carbon n-alkanes which z;ssociated with biological
phenomena, and the second in the range of >C23 with predominance of
odd carbon n-alkanes of aquatic terrestrial plants inputs.

## Pristane and phytane were the most isoprenoids found in most samples
suggesting biological origin, while squalane and UCM could have biogenic
or anthropogenic origins.

## Diatoms were likely source of n-alkanes with even to odd carbon predominance
encountered in Shatt Al-Arab estuary.and North-West Arabian Gulf, and
therefore the distribution of such alkanes could be utilized as a potential
marker for defining diatoms as contributors to aquatic sediment.

## An evidence of decoupling of dissolved and particulate hydrocarbons was
found in ShattAl-Arab estuary. ‘

# There is a seasonal variations of n-alkanes in dissolved and particulate phases
of the water of Shatt Al-Arab estuary and North-West region of the Arabian
Gulf. '
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