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ABSTRACT   One meter water column of the Shatt Al-Arab estuary and 
Northwest Arabian Gulf was sampled at seven stations during a 14 months 
period (June 1993 - July 1994). Dissolved fatty acids samples were analyzed to 
examine water quality. After filtration, the fatty acids composition of the 
chloroform-soluble was analyzed in the dissolved fraction by gas 
chromatography. Stearic acid had the highest proportion of saturated acids in 
several samples of dissolved fatty acids followed by heptadecanoic acid and 
palmitic acid. Palmitoleic acid, oleic acid and linoleic acid were the most 
abundant unsaturated acids. The other saturated and unsaturated acids had 
medium to low concentrations. There were significant differences in total fatty 
acids concentrations of the seven sites. Regional average total fatty acids 
ranged from 1.95 µg/l in Summer 1993 to 6.46 µg/l in Winter 1993, while 
seasonal average total fatty acids ranged from 1.78 µg/l at station 7 to 6.69 µg/l 
at station 2. 

 
 
INTRODUCTION 
 

The measurement of pollutants in combination with biogenic lipids would be 
useful in the study of the distributions of pollutants, since all lipids can potentially 
act as solvents, transporters or sinks for pollutants (Parrish, 1988). There is great 
structural variety among the lipids, they are a large and diverse group of naturally 
occurring organic compounds that are related by their solubility in non-polar 
organic solvents (e.g. ether, chloroform, acetone & benzene) and general 
insolubility in water. The common feature of these lipids is that they are all esters 
of moderate to long chain fatty acids. In the aquatic environments, fatty acids are 
supplied by two major sources, i.e. natural processes (living organisms and their 
detritus) and human activities (domestic, industrial and agricultural wastes) 
(Matsumoto, 1981). Fatty acid analyses have been used to monitor changes in 
aquatic environment, and to characterize ground water communities. Also, 
analysis of its profiles developed from fatty acids methyl esters or phospholipids 

fatty acids has been applied to characterize biological communities in a broad 
range of terrestrial and aquatic systems (Banowetz et al., 2006). Fatty acids can be 
derived from planktons, benthic organisms, sea grasses and marsh plants (Rodier 
and Khalil, 1982). 

However, little is known on the features of fatty acids in Iraqi waters, but there 
are many works reporting fatty acids in many aquatic environments (Gomez-
Belinchon et al., 1988; Kattner and Brockmann, 1990; Parrish et al., 1992; 
Osterroht, 1993; Derieux et al., 1998; Mannino and Harvey, 1999 and Saliot et al., 
2002). The main purpose of the present study was to examine differences in the 
distribution of dissolved fatty acids and their concentrations along the Shatt Al-
Arab estuary and the North West Arabian Gulf. 
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MATERIALS AND METHODS 
 

Water samples were taken during the period of June 1993-July 1994 from 
seven stations along the Shatt Al - Arab estuary and the North West Arabian Gulf 
(Fig. 1) for the study of fatty acids in dissolved fraction. The sample (5 L) was 
filtered through a glass-fiber filter (Whatman GF/F) to separate the dissolved and 
particulate phases. The filtrate was extracted three times with 100 ml of 
chloroform. Also, the lipid extracts was roto-evaporated to dryness by a stream of 
pure nitrogen (Kattner and Brockmann, 1978). It was then saponified for two 
hours with a solution of 4N KOH in methanol: benzene (1:1). After extracting, the 
free fatty acids were released by 6N HCl extracted with petroleum ether. The acids 
extracts were then methylated by a solution of 14 % BF3–CH3OH reagent (Metcalfe 
and Schmitz, 1961). In the present study, a Perkin Elmer Sigma 300 capillary gas 
chromatography equipped with Flame Ionization Detector (FID) and splitless 
model injection was used. The fused silica capillary column was a wall Coated 
Open Tubular (WCOT) 50 m X 0.25 mm.i.d. Helium as a carrier gas (1.5 ml/min.). 
Operating temperatures for detector and injector were 350˚C and 320˚C, 
respectively. The column was operated under temperature programmed conditions 
from 50˚C for 4 min. to 280˚C for 30 min. with a rate of 4˚C/min. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Map of the Shatt Arab estuary and North West Arabian Gulf 
showing the sampling stations. 

 
 
RESULTS  AND DISCUSSION 
 

Dissolved fatty acids often showed a distribution with a maximum of  palmitic 
acid, palmitoleic acid, heptadecanoic acid, stearic acid, oleic acid and linoleic acid. 
Their levels were higher in winter than in summer as shown in Tables 1 - 5 and 
Figures 2 - 6, also their concentrations in the dissolved fraction varied from one 
station to others, whish might be due to varied abundance phytoplankton and 
higher aquatic plants. Quantitatively, palmitic acid has been found to be one of  
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Table 1: Concentration of dissolved fatty acids (µg/l) in water of Shatt Al-Arab 
estuary and North - West Arabian Gulf during summer 1993. 

 
Station 

7 6 5 4 3 2 1 Carbon Number 
0.01 ND ND ND 0.07 0.03 0.01 C13 
0.01 ND 0.02 ND 0.06 0.07 0.02 iso C14 
0.02 0.02 0.02 0.07 0.05 0.06 0.02 C14 
0.02 0.01 0.01 0.09 0.07 0.10 0.12 iso C15 
0.03 0.06 0.03 0.10 0.09 0.12 0.12 ante C15 
0.08 0.09 0.06 0.13 0.06 0.09 0.13 C15 
0.05 0.06 0.07 0.10 0.12 0.17 0.06 iso C16 
0.07 0.09 0.10 0.27 0.67 0.13 0.07 C16:1 
0.08 0.16 0.10 0.17 0.09 0.49 0.21 C16 
0.04 0.13 0.09 0.05 0.06 0.09 0.07 iso C17 
0.03 0.10 0.06 0.08 0.09 0.12 0.19 ante C17 
0.05 0.19 0.07 0.06 0.12 0.20 0.14 C17 
0.08 0.10 0.16 0.33 0.34 0.42 0.12 C18:2 
0.07 0.09 0.14 0.26 0.28 0.35 0.10 C18:1 
0.08 0.06 0.12 0.12 0.20 0.29 0.08 C18 
0.04 0.05 0.09 0.10 0.17 0.18 0.07 C19 
0.03 0.02 0.08 0.08 0.15 0.16 0.04 C20:1 
0.03 0.02 0.05 0.06 0.13 0.17 0.06 C20 
0.02 0.01 0.03 0.05 0.06 0.13 0.03 C21 
0.01 0.01 0.01 0.03 0.05 0.12 0.02 C22 

        ND: Not Detected 
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Fig. 2: Mean concentration of dissolved fatty acids (µg/l) in the study area during 
summer 1993. 



28                      H.T. Al-Saad, A.A. Hantoush, E.A. Mahdi and S.M. Saleh 
 
 

Table 2: Concentration of dissolved fatty acids (µg/l) in water of Shatt Al-Arab 
estuary and North - West Arabian Gulf during autumn 1993. 

 
Station 

7 6 5 4 3 2 1 Carbon Number 

ND ND 0.02 0.09 0.04 0.11 0.05 C13 
0.03 0.02 0.08 0.22 0.14 0.14 0.09 iso C14 
0.12 0.16 0.26 0.38 0.49 0.24 0.33 C14 
0.05 0.09 0.09 0.13 0.13 0.30 0.17 iso C15 
0.07 0.13 0.13 0.16 0.18 0.20 0.10 ante C15 
0.09 0.16 0.28 0.26 0.26 0.35 0.13 C15 
0.09 0.18 0.26 0.22 0.36 0.49 0.28 iso C16 
0.13 0.22 0.24 0.36 0.54 0.40 0.36 C16:1 
0.19 0.32 0.21 0.48 0.63 0.46 0.52 C16 
0.07 0.21 0.21 0.18 0.22 0.54 0.16 iso C17 
0.08 0.26 0.28 0.22 0.26 0.40 0.22 ante C17 
0.06 0.28 0.27 0.36 0.30 0.41 0.36 C17 
0.38 0.36 0.16 0.38 0.13 0.44 0.82 C18:2 
0.26 0.32 0.28 0.45 1.17 0.59 0.64 C18:1 
0.18 0.41 0.35 0.56 1.08 0.73 0.48 C18 
0.09 0.20 0.29 0.22 0.19 0.70 0.24 C19 
0.06 0.13 0.23 0.18 0.18 0.40 0.16 C20:1 
0.05 0.12 0.17 0.16 0.14 0.36 0.09 C20 
0.05 0.10 0.06 0.10 0.22 0.33 0.06 C21 
0.03 0.22 0.13 0.19 0.08 0.39 0.09 C22 

ND: Not Detected  
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Fig. 3: Mean concentration of dissolved fatty acids (µg/l) in the study area during 
autumn 1993. 
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Table 3: Concentration of dissolved fatty acids (µg/l) in water of Shatt Al-Arab 
estuary and North - West Arabian Gulf during winter 1993. 

 
Station 

7 6 5 4 3 2 1 Carbon Number 
0.03 ND 0.03 ND ND 0.12 0.03 C13 
0.08 ND 0.10 0.05 ND 0.12 0.09 iso C14 
0.11 0.06 0.15 0.05 0.14 0.32 0.06 C14 
0.07 ND 0.10 0.09 0.18 0.18 0.18 iso C15 
0.09 ND 0.14 0.09 0.19     0.20 0.24 ante C15 
0.13 0.09 0.22 0.16 0.36 0.40 0.27 C15 
0.16 ND 0.34 0.34 0.53 0.44 0.36 iso C16 
0.28 0.22 0.30 0.42 0.64 0.72 0.86 C16:1 
0.36 0.74 0.45 0.60 0.82 0.98 0.39 C16 
0.28 ND ND ND 0.64 1.22 ND iso C17 
0.27 ND ND 0.40 0.80 1.36 ND ante C17 
0.23 0.54 0.56 0.45 0.48 0.84 0.84 C17 
0.26 0.58 ND 0.60 0.84 1.28 1.14 C18:2 
0.33 0.49 ND 1.36 0.52 1.36 0.78 C18:1 
0.20 0.37 0.98 0.71 0.42 1.44 0.63 C18 
0.11 0.30 0.78 0.28 0.39 0.76 0.30 C19 
0.08 0.20 ND 0.16 0.24 0.42 0.24 C20:1 
0.07 0.30 0.30 0.12 0.17 0.28 0.18 C20 
0.02 0.21 0.20 0.02 0.06 0.18 0.15 C21 
0.01 0.18 0.17 0.03 0.04 0.12 0.09 C22 

ND: Not Detected 
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Fig. 4: Mean concentration of dissolved fatty acids (µg/l) in the study area during 
winter 1993. 
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Table 4: Concentration of dissolved fatty acids (µg/l) in water of Shatt Al-Arab 
estuary and North - West Arabian Gulf during spring 1994. 

 
Station 

7 6 5 4 3 2 1 Carbon Number 
0.01 0.01 0.01 0.02 0.02 0.03 0.04 C13 
0.02 0.02 0.04 0.08 0.06 0.08 0.20 iso C14 
0.03 0.04 0.03 0.04 0.09 0.11 0.12 C14 
0.02 0.07 0.08 0.06 0.10 0.10 0.08 iso C15 
0.02 0.17 0.07 0.17 0.09 0.11 0.06 ante C15 
0.16 0.12 0.18 ND 0.12 0.28 ND C15 
0.07 0.10 0.16 0.17 0.06 0.13 ND iso C16 
0.17 0.12 0.18 0.16 0.30 0.36 ND C16:1 
0.19 0.18 0.22 0.18 0.43 0.54 0.46 C16 
0.11 0.14 0.19 0.13 0.18 0.29 0.18 iso C17 
0.12 0.16 0.13 0.22 0.22 0.60 0.16 ante C17 
0.14 0.20 0.17 0.26 0.13 0.62 0.34 C17 
0.16 0.16 0.12 0.46 0.10 0.72 0.12 C18:2 
0.14 0.14 0.30 0.25 0.45 0.78 0.08 C18:1 
0.20 0.25 0.28 0.22 0.38 0.38 0.28 C18 
0.13 0.13 0.11 0.18 0.16 0.26 0.14 C19 
0.06 0.09 0.09 ND ND 0.18 ND C20:1 
0.05 0.06 0.06 0.17 0.13 0.17 0.26 C20 
0.03 0.05 0.03 0.12 0.10 0.11 0.18 C21 
0.02 0.02 0.02 0.06 0.07 0.06 0.12 C22 

ND: Not Detected 
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Fig. 5: Mean concentration of dissolved fatty acids (µg/l) in the study area during 

spring 1994. 
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Table (5). Concentration of dissolved fatty acids (µg/l) in water of Shatt Al-Arab 
estuary and North - West Arabian Gulf during summer 1994. 

 

Station 
7 6 5 4 3 2 1 Carbon Number 

0.01 ND ND 0.01 ND ND ND C13 
0.02 0.02 ND 0.01 0.02 ND ND iso C14 
0.08 0.04 0.16 0.03 0.34 0.19 ND C14 
0.02 0.20 0.04 0.26 0.07 0.02 ND iso C15 
0.03 0.04 0.07 0.04 0.06 0.03 ND ante C15 
0.07 0.06 0.09 0.06 0.12 0.07 0.02 C15 
0.06 0.09 ND 0.08 0.18 0.04 0.03 iso C16 
0.08 0.09 0.16 0.13 0.28 0.22 0.05 C16:1 
0.07 0.12 0.38 0.22 0.34 0.78 0.24 C16 
0.04 0.08 0.06 0.18 0.09 0.06 0.26 iso C17 
0.05 0.06 0.03 0.03 0.14 0.07 0.22 ante C17 
0.07 0.08 0.05 0.03 0.06 0.04 0.18 C17 
0.07 0.12 ND 0.05 0.22 0.28 0.29 C18:2 
0.08 0.14 0.18 0.16 0.38 0.94 0.18 C18:1 
0.07 0.10 0.12 0.21 0.25 0.31 0.22 C18 
0.01 0.02 ND 0.18 0.06 0.06 0.07 C19 
0.02 ND ND 0.05 0.03 0.03 0.02 C20:1 
0.01 ND 0.06 0.02 0.02 0.02 0.04 C20 
0.02 ND ND 0.02 0.01 0.04 0.01 C21 
0.06 0.09 0.11 0.26 0.11 0.12 0.14 C22 

ND: Not Detected 
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Fig. 6: Mean concentration of dissolved fatty acids (µg/l) in the study area during 

summer 1994. 
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Table 6: Concentration of total fatty acids (TFA) (µg/l) in dissolved faction in the 

Shatt Al-Arab estuary and North-West Arabian Gulf. 
 

STATIONS Regional 
Average 7 6 5 4 3 2 1 

Seasons 

1.95 0.85 1.27 1.31 2.15 2.93 3.49 1.68 summer 93 

5.05 2.08 3.89 4.00 5.30 6.74 7.98 5.35 autumn 93 

6.46 3.17 4.28 4.82 5.93 7.46 12.74 6.83 winter 93 

3.06 1.85 2.23 2.47 2.95 3.19 5.91 2.82 spring 94 

1.99 0.94 1.35 1.51 2.03 2.78 3.32 1.97 summer 94 

 1.78 2.60 2.82 3.67 4.62 6.69 3.73 Seasonal 
Average 
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Fig. 7: Regional (a) and seasonal (b) averages of total fatty acids (µg/l). 
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the major fatty acids in marine bacteria, cyanobacteria, eukaryotic algae, it 

has also been found to be the major fatty acid in sea foam, in the sea surface 
micro-layer, in dissolved and particulate matter and in sewage (Goutx and Saliot, 
1980; Matsumoto, 1981 and Parrish, 1988). The dissolved fraction of fatty acids is 
classified into three groups; the largest, consisting mostly of hydrocarbons and 
this reflects the anthropogenic inputs, the second was composed of some C15 - 
C20 fatty acids and represented the biogenic autochthonous inputs, especially 
those of algal origin, a third group was formed by the C21 - C30 and corresponded 
to the terrigenous distribution (Gomez-Belinchon et al., 1988). Micro-algae 
contain many of the major lipids classes and fatty acids found in other organisms. 
However, they are also the principal procedures of some polyunsaturated fatty 
acids (Behrens and Kyle, 1996). The increases of dissolved fatty acids may be due 
to intensified decay and decomposition of phytoplankton cells with a higher 
proportion of fatty acid containing lipids (Kattner et al., 1983). 

The concentration of total fatty acids that were given in Table (6) ranged from 
0.85 µg/l at station 7 during summer 1993 to 12.74 µg/l at station 2 during winter 
1993. Also, regional average of total fatty acids ranged from 1.95 µg/l in summer 
1993 to 6.46 µg/l in winter 1993, while seasonal average of total fatty acids ranged 
from 1.78 µg/l at station 7 to 6.69 µg/l at station 2 (Fig. 7). The salt content and 
lower temperature of most gulf waters would significantly reduce the solubility of 
lipid compounds (Parrish, 1988). The seasonal changes in fatty acids were related 
to both spring-bloom and summer biological production, therefore possible 
reasons for these seasonal variations are processes brought about by temperature 
variations including evaporation, bacterial degradation, adsorption as well as 
chemical oxidation. 

The decrease of unsaturated fatty acids in some stations is probably due to 
decomposition by photolytic and oxidizing processes (Goutx and Saliot, 1980). 
Saturated fatty acids are more resistant to the photolytic and chemical 
degradation (chemically stable) than their unsaturated counterparts. 

It can be concluded that the source of the dissolved fatty acids in the water 
samples are mainly biogenic from phytoplankton, zooplankton and bacteria. 
Levels of palmitic acid, palmitoleic acid, heptadecanoic acid, stearic acid, oleic 
acid and linoleic acid were higher in winter than in summer. The concentration of 
fatty acids was acceptable in comparison with other similar parts of the world. 
 
 

REFERENCES 
 

Banowetz, G.M., Whittaker, G.W., Dierksen, K.P., Azevedo, M.D., Kennedy, A.C., 
Griffith, S.M. and Steiner, J.J. 2006. Fatty acid methyl ester analysis to 
identify sources of soil in surface water. J. Environ. Qual., 35:133-140. 

Behrens, P.W., and Kyle, D.J. 1996. Microalgae as a source of fatty acids. J. Food 
Lipids, 3 (4): 259 – 272.  

Derieux, S., Fillaux, J. and Saliot, A. 1998. Lipid class and fatty acid distributions 
in particulate and dissolved fractions in the north Adriatic sea. Organic 
Geochemistry, 29(5-7): 1609-1621. 

Gomez-Belinchon, J.I., Llop, R., Grimalt, J.O., and Albaiges, J. 1988. Decoupling 
of hydrocarbons and fatty acids in the dissolved and particulate water phases 
of a deltaic environment. Mar. Chem., 25(4): 325 – 348. 

Goutx, M. and Saliot, A. 1980. Relationship between dissolved and particulate fatty 
acids and Hydrocarbons, Chlorophyll A and zooplankton biomass in 
Villefranche bay, Mediterranean Sea. Marine Chemistry, 8: 299 - 318. 

http://www.sciencedirect.com/science/journal/01466380
http://www.sciencedirect.com/science/journal/01466380
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235848%231998%23999709994%2345151%23FLA%23&_cdi=5848&_pubType=J&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=3bce0a31c2aa1b68feff88c4e4ffc602


34                      H.T. Al-Saad, A.A. Hantoush, E.A. Mahdi and S.M. Saleh 
 
 
Kattner, G.G. and Brockmann, U.H. 1978. Fatty acid composition of dissolved and 

particulate matter in surface films. Mar. Chem., 6: 233 – 241. 
Kattner, G.G. and Brockmann, U.H. 1990. Particulate and dissolved fatty acids in 

an enclosure containing a unialgal Skeletonema costatum (Greve.) Cleve 
culture (1990). J. Experm. Mar. Biol. Ecol., 141(1): 1 – 13.  

Kattner, G., Gercken, G. and Hammer, K.D. 1983. Development of lipids during a 
Spring plankton bloom in the Northern North Sea. II- Dissolved lipids and 
fatty acids. Mar. Chem., 14: 163 – 173. 

Mannino, A. and Harvey, H.R. 1999. Lipid composition in particulate and 
dissolved organic matter in the Delaware Estuary: sources and diagenetic 
patterns. Geochimica et Cosmochimica Acta, 63(15): 2219 – 2235. 

Matsumoto, G. 1981. Comparative study on organic constituents in polluted and 
unpolluted inland aquatic environments. II- Features of fatty acid for 
polluted and unpolluted water. Water Res., 15(7): 779 - 787. 

Metcalfe, L.D. and Schmitz, A.A. 1961. The rapid preparation of fatty acid esters for 
gas chromatographic analysis. Analytical Chemistry, 33: 363 – 364. 

Osterroht, C. 1993. Extraction of dissolved fatty acids from sea water. Fresenius' J. 
Analytical Chemistry, 345(12): 773 – 779. 

Parrish, C.C. 1988. Dissolved and particulate marine lipid classes: A review. Mar. 
Chem., 23: 17 – 40. 

Parrish, C.C., Bodennec, G. and MacPherson, E.J. 1992. Seawater fatty acids and 
lipid classes in an urban and a rural Nova Scotia inlet  (Document). Lipids 
27(8): 651 – 655. 

Rodier, L. and Khalil, M.F. 1982. Fatty acids in recent sediments in the St. 
Lawrence Estuary. Estuarine, coastal and shelf science, 15(5): 473 – 483. 

Saliot, A., Derieux, S., Sadouni, N., Bouloubassi, I., Fillaux, J., Dagaut, J., 
Momzikoff, A., Gondry, G., Guillou, C., Breas, O., Cauwet, G. and Deliat, G. 
2002. Winter and spring characterization of particulate and dissolved 
organic matter in the Danube-Black Sea mixing zone. Estuarine, coastal and 
shelf science, 54(3): 355 – 367. 

 
 

  الدھنية الذائبة في مصب شط العربأصل وتوزيع الأحماض 
  وشمال غرب الخليج العربي

  
  حامد طالب السعد، عباس عادل حنتوش، إيناس مھدي عوني و صلاح مھدي صالح

   العراق-قسم الكيمياء البيئية البحرية، مركز علوم البحار، جامعة البصرة، البصرة 
 

 واحد متر لسبعة مواقѧع اختيѧرت علѧى امتѧداد مѧصب    جمعت عينات مائية من عمقالمستلخص
ًشط العرب وشمال غرب الخليج العربي لمدة أربعة عشر شھرا خѧلال الفتѧرة بѧين شѧھر حزيѧران 

بعѧѧد . حللѧѧت عينѧѧات الأحمѧѧاض الدھنيѧѧة الذائبѧѧة لتحديѧѧد نوعيѧѧة الميѧѧاه. 1994 وشѧѧھر تمѧѧوز 1993
لوروفѧѧѧѧورم باسѧѧѧѧتخدام جھѧѧѧѧاز ترشѧѧѧѧيح العينѧѧѧѧات، شخѧѧѧѧصت الأحمѧѧѧѧاض الدھنيѧѧѧѧة الذائبѧѧѧѧة فѧѧѧѧي الك

سѧѧجل حѧѧامض الѧѧستياريك أعلѧѧى تراكيѧѧز الأحمѧѧاض الدھنيѧѧة المѧѧشبعة يليѧѧه . كروماتوغرافيѧѧا الغѧѧاز
بينمѧا سѧادت أحمѧاض البالميتوليѧك والأوليѧك واللينوليѧك علѧى . حامضي الھيبتاديكانويك والبالمتيك
وغيѧر المѧشبعة الأخѧرى أظھرت الأحماض الدھنية المشبعة . بقية الأحماض الدھنية غير المشبعة

ًأبѧѧدت الأحمѧѧاض الدھنيѧѧة الكليѧѧة اختلافѧѧا معنويѧѧا فѧѧي تراكيزھѧѧا، إذ . تراكيѧѧز بѧѧين المتوسѧѧط والقليѧѧل ً
 6.46 إلѧѧѧى 1993لتѧѧѧر خѧѧѧلال الѧѧѧصيف /م مѧѧѧايكروغرا1.95تراوحѧѧѧت معѧѧѧدلاتھا الموقعيѧѧѧة مѧѧѧن 
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