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Recently there has been a growing concern in the release of 
harmful organics into the envi ronment .  Carcinogenic polycycl ic 
aromatic hydrocarbons (PAH's) are a class of compounds of 
interset  due to thei r  possible harmful effects to man as well as 
organisms. Anthropogenic PAH~s may reach aquatic environment 
as a resul t  of both indust r ia l  and domestic ef f luents,  deposit ion 
of a i rborne part ic les,  surface runof f  and oil spil lage. Having a 
re lat ively low water so lub i l i ty  and high a f f in i ty  to sorb to the 
suspended part iculate matter, most of the PAH's int roduced to 
the aquatic envi ronment tend to accumulate in bottom sediments 
(Delaune et a l . ,  1981). Sedimentary PAH's may thus provide a 
record of the input  and h is tory  of these pol lutants (Wakeham et 
a l . ,  1980). Consequent ly,  the d is t r ibu t ion  of PAH's in aquatic 
sediments have received considerable at tent ion.  The purpose of 
the present work was to establ ish the d is t r ibu t ion  of PAH's in 
the sediments of the marsh region located southern of I raq. 

MATERIALS AND METHODS 

Sediment samples were collected from seven stations in Hor al- 
Hammar marsh (Fig.  I ) .  A van Veen grab sampler together with 
a phleger type corer were used to fu rn ish  these samples. An 
a r b i t r a r y  choice of surface (the upper most 2cm) and sub-sur face 
(about 10cm deep layer) have been taken. Surface sediments were 
carefu l ly  removed using a board bladed stainless steel spatula. 
Precautions were taken to minimize mixing dur ing  sampling. The 
samples were stored in g lass- jars and immediately frozen to -20~ 
Before analysis,  the sediments were f reeze-dr ied,  ground f inely 
in an agate mortor and sieved th rough 621J metal sieve. The 
procedure employed for the ext ract ion of PAH's from the sediments 
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Fi~lure I .  Samplin 9 locations. 

was based upon that described by (Risebrough et a l . ,  1983). 
Br ie f l y ,  sediments were soxhlet  ext racted with n-hexane,  the 
ext racts  were saponif ied and separated into groups by column 
chromatography of deactivated f lor is i l  (5% w l v  water ) .  The PAH's 
fract ion were eluted with 10, 30 and 50% methylene chlor ide in 
hexane. The fract ions were reduced in volume and analyzed by 
a Perkin-Elmer sigma 300 capi l la ry  gas chromatography.  A wall 
coated open tubu la r  (WCOT) fused sil ica capi l lary  column (50m X 
0.25ram i . d . )  with 0.22p film th ickness coated with SE30 (methy-  
s i l icone)(Supelco S .A . )  was used. Operat ing temperatures were 
300 and 310~ for injector and detector respect ive ly .  While the 
column was operated under temperature programmed condi t ions 
4~ from 70 to 280~ with an isothermal period (30 min) at 
the end. 

Recovery studies with for t i f ied samples indicated that the recovery 
ef f ic iency exceeded 85% for all compounds measured. Procedural 
blanks consist ing of all reagents and galssware used du r i ng  the 
analysis were per iodical ly  determined and the sample values were 
corrected for procedural  b lanks.  

Total organic carbon (TOC) and gra in-s ize analysis were per form- 
ed on representat ive sl ips of the bu lk  sediment samples in order  
to give a bet ter  appr isal  of PAH's residues. TOC was determined 
fol lowing the procedure of El-Wakeel and Riley (1957). Grain-s ize 
analysis of the sediment was carr ied out using the combined d r y  
sieve and pipette method (Folk,  1974). 
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RESULTS AND DISCUSSION 

Polycycl ic aromatic hydrocarbons concentrat ions observed in the 
present s tudy  are summerized in Table I .  In surface sediments, 
PAH's contents were found to va ry  between 0.59 ppb at station 5 
to 2.07 ppb d r y  weight sediment at station 4. As for sub-sur face 
sediments they were found to va ry  between 0.46 ppb at station 5 
to 1.42 ppb d r y  weight at station 4. The highest levels were at 
station 4 which may be due to numerous number of small boats 
moring the area. As a consequence the environment here is con- 
s tant ly  subjected to small spil lage of fuel oil as well as d i rect  d is-  
charge of engine exhaust .  This contention was f u r t he r  supported 
by the detection of both naphthalane and acetonaphene which are 
reported to be present in No. 2 fuel oil used ex tens ive ly  in this 
region (DouAbul et a l . ,  1987). Sediments adjacent to large urban 
areas may contain high concentrat ions of anthropogenical ly  der ived 
hydrocarbons (Wakeham and Farr ington 1980). Areal d is t r ibu t ion  
of PAHWs in marshes sediments indicates that contamination is local 
and thus suggest ing that t ranspor ta t ion of these pol lutants within 
the sediment is ra ther  slow. Recent evidence, however, showed 
that both biogenic and anthropogenic hydrocarbons may be t rans-  
ported to a considerable distance from a point source (Wakeham 
and Far r ington,  1980). Iraqi marshes receive water from both 
T ig r i s  and Euphrates Rivers whom ca r r y  tremendous amounts of 
suspended part iculate matter to which organic matter are sorbed. 
These materials are mostly deposited in the entrance of the marsh 
i .e.  station 4 (Fig. I)  as the water cur ren ts  of T ig r i s  and 
Euphrates River drops appreciably .  It is reasonable to presume 
that PAH's represent an important group of detr i ta l  organic matter 
t ranspor ted by these r i ve r ,  since they drain a considerable urban 
and indust r ia l  areas. The fate of the var ious chemical components 
of the detr i ta l  organic matter af ter  in t roduct ion to aquatic env i ron-  
ment depends upon thei r  so lub i l i ty ,  part ic le phase associations and 
the processes of dispersal for these car r ie r  part ic les.  

The persistence of PAH's in aquatic sediments seem to be related 
to t h e i r  molecular weight (Readman et a l . ,  1982). Thus,  low mole- 
cular  weight compounds tend to be volat i le and subjected to rapid 
microbial degradat ion,  hence they have shor t  residence time. On 
the other hand, high molecular weight PAH's have a high part ic le 
a f f in i ty  and low microbial degradat ion rate and hence tend to 
accumulate in sediments. The present resul ts are in a good agree- 
ment with these conclusions as the PAH's appears to be div is ib le 
into two groups ( I )  low molecular weight PAH's incorporat ing 
naphthalene, b iphenyl ,  acenaphtben~, f luorene, phenanthrene and 
anthracene; and (2) large molecular weight homologues include 
f luoranthene, pyrene, chrysen,  benzo(gh i )pery lene and benzo(a) 
pyrene.  Similar f ind ings were a r r i ved  at by Al-Saad (1987). 

Diagentic processes also produce a mixture of PAH's der ived from 
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polycyclic biogenic precursors originating from bacterial l ipids, 
terrestr ia l  higher plant terpenoids and unknown precursors. The 
marshes of Iraq are surrounded by grass and covered with 
aquatic plants which may contr ibute some PAH's to the sediments. 
Some evidence appear to indicate that PAH's present in soil and 
recent aquatic sediments are principal ly derived from natural 
grass (Youngblood and Blumer 1975). The presence of Benzo 
(ghi)perlyene, is believed to be produced primari ly by biogenesis 
from unidentif ied precursor(s) under reducing conditions (Wakeham 
et al . ,  1980). 

Grain size properties and organic matter content of the sediment 
may effect the t ransport  and preservation of organic compounds 
and absolute amount of sedimentary hydrocarbons (Wehmiller and 
Lethen 1975). However, the mean grain size (Md~) in stations 5, 
6 and 7 was lower than that in station 1,2,3 and 4 while average 
organic matter as indicated by (TOC) was the reversed. Thus it 
may be concluded that the settlement of the slit and clay particles 
enriched by organic matter along the course of the marshes 
sediments is the principal factor. Photo-oxidation may also degrade 
oil components (Lee, 1980). Intensive solar radiation coupled with 
relatively higher water temperature are characteristic features of 
the climate of the subtropical region of Iraq. Thus the rather low 
levels of PAH's encountered in the marshes sediments are expect- 
ed due to their rapid photolysis. 

The major conclusions that can be drawn from the present study 
are that the marshes sediments are presently contaminated with 
PAH's and the main source of these PAH's are both anthropogenic 
and biogenic. The low levels of PAH's may be due to processes 
brought about by bacterial degradation and photo-oxidation. 
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