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Abstract 
The present tudy aims at quantifying and asse sing the rganic and inorganic pollutants 

In the off hore 'ediment of the Zakum Field, bu DhabI, U E. T\\ enty-six sampling 

tatiol1. \\ere ele ted to cover the maximum area of the field. ediments samples were 

.ubJect d to a variety of analyse including mechanical analysis, Total Organic arbon 

(T ) analysi , Tota I Petroleum Hydrocarbon (TPH) analysis, twenty congeners of Poly 

hlorinated Biphenyl (P Bs) analysis, sixteen different Polycyclic Aromatic 

Hydr carbon (P H )  analysis and eight heavy metals analysis. For a comparison 

purpose ix old marine eabed core samples which collected from Zakum Filed between 

1 966 and 197 were analyzed for TPHs, PCB & PAH's. 

The average TOC o� analyzed in the study area is 4.76 % which higher value than other 

regional studies. The average TPH in Zakum Field is around 22.7 ppm, which is 

con i tent with previou tudies in the area. No significant correlation observed between 

TPH and grain ize di tribution. The a erage concentration of PCBs in the study area is 

13.5 ppb, which i slightly above the level recorded previously in the region (i.e. belm; 

- ppb). 

The total PAH's concentration in Zakum Field area ranges between 0 and 31.5 ppb. 

PAHs values increase towards Northwestem area with the minimum concentration in 

the central part area of the field.The A erage Total petroleum hydrocarbon concentration 

in the old seabed cores is 17.4 ppm. While the average concentration of PCBs i 39.9 

ppb and the total poly Aromatic hydrocarbons is 20.9 ppb. 

Eight heavy metals elements have been analyzed in thi study i.e. Cr, u, Fe, Mn, Ni, 

Pb,V and Hg. The highe t detected concentration is Fe with average of 23.6 ppm. The 

VI 



lo\\e't detcmlined concentration i i \"ith average of 0.035 ppm. In generaL the heavy 

metal conccntrati ns in the study area arc 10\ compared to previous studies in the 

regIOn. 

Iligh concentration of pristane relative to phytane in most of the sediment indicates 

biological hydrocarbon input from a manne biological source except station no. 1 1  

which indicate petrogenic source. 

The site related operation in the Zakum field offshore area found maintaining minim 

adverse effect to the marine environment. 
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CHAPTERl 



INTRODUCTION 

1 .1 BACKGROUND 

Since ear ly civ i l ization some 4000-5000 years ago, people have been 

attracted to the shores of the Arab ian Gulf. Before the tenth century AD, the 

Arabs had estab l ished a trade network extending from the Gulf eastwards as 

fa r as Ch ina  (Price, 1 993). The Gulf marine environment is becoming 

increas ing ly  Important i n  fulfi l l ing the socia l ,  economic, development and 

strateg ic  objectives of  the reg ion .  The Arabian Gulf  plays a particu larly vita l 

ro le  i n  provid ing most of the populat ion with desal inated water (fresh water) .  

F isheries a re a m ulti m i l l ion-do l lar  industry. The Gu lf's coastal and marine 

env i ronment harbors conta in  many sign ificant mangroves and ind igenous 

species s uch as b i rds and other wi ld l ife species, which are of nat ional and 

i nternationa l  importance. The Arabian Gulf  is  b lessed with d iverse natura l  

resources ( i .e .  o i l  and g as) that  p lay a pivotal role in  the regional  prosperity 

and susta inable development. Discovery of o i l  in the Gulf  in the ear ly 1 930's 

and 1 940's h as improved s ign i ficantly the economica l ,  social, demographica l ,  

ag ricu ltura l ,  u rban ization development i n  the gu l f  countries . 

The Arab ian  Gulf  countries a re wel l  known for their la rge petroleum and gas 

reserves. Proven recoverable petro leum reserves in  these countries a re 

estimated to represent 44 % of the world recoverable reserve (UAE report ,  

2002) .  The Safaniya (Saud i Arabia) and Zakum (UAE) are considered among 

the la rgest known offshore oi l  fie lds i n  the world .  Most o i l  prod uced from the 

Gulf  reg ion is exported via sea and local  refi n ing and consumption constitutes 

only a smal l  proport ion of the total production .  
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I n  addi tion to huge 011 and gas production and treatment faci l it ies, the Arab ian 

Gulf  countries have bui l t  world-class refin ing ,  petrochemica l ,  ferti l izers ,  and 

energy i ntensive i ndustries such as primary a luminum,  i ron ,  steel and water 

desa l i nat ion p lants .  They have, consequently had to face the mounting 

env i ronmental problems associated with these industries. 

Manne po l lut ion can be defined as " the I ntroduction by man,  d i rectly or 

Ind i rectly, of sUbstances or energy i nto the marit ime area which results or is 

l i ke ly to resul t  i n  hazards to human health , harm to l iving resources and 

marine ecosystems, damage to amenit ies or interference with other  legit imate 

uses of the sea" (Subbarin i , 1 989).  Some potentia l  pol l utants, such as o i l  and 

l itter a re h igh ly  vis ib le .  However others ,  such as toxic chemicals and heavy 

metals a re i nvis ib le ,  h idden from view. There is a lways a rea l  concern that 

damage could be done to marine l ife before the source of any problem is 

d iscovered .  Di rect pol l ution can occur through del i berate d isposa l  or through 

accidental l oss of substances at sea whi lst ind i rect pol l ut ion can result  from 

land-based activit ies .  

The  Arab ian Gu l f  i s  one of  the busiest tanker routes i n  the world (AI- L iha ib i  

and AI Omaran ,  1 996) . The major sources of pol l ution i n  the Gulf  countries 

a re related to o i l  and gas production operations, crude oi l  sp i l ls and leakage,  

natural gas leakage and flar ing , pol lutants associated with the refin ing 

operation ,  i nc luding refinery wastes and industria l  products, by-products and 

wastes arising ma in ly from the petrochemical industry (Literathy, 1 993) .  

The la rgest tanker spi l l  i n  the U nited State h istory occurred i n  1 989 when o i l  

tan ker Exxon Valdez grounded and spi l led over 1 1  mi l l ion ga l lons i n  Alaska . 

Dur ing the last decade,  two major catastrophic oi l  spi l ls have occurred i n  the 

Gulf  because of m i l itary confl icts. The Nowruz oil well b lewout in 1 983 
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releas ing more than 2 1  mi l l ion ga l lons of crude oi l  During the Gulf war i n  

1 99 1  more than 740 Kuwaiti o i l  wel ls were fi red , spi l l ing an estimated 1 0 . 8  

m i l l ion barrels o f  crude o i l  i nto the Gulf  (Tawfiq a n d  Olsen, 1 993) .  Although 

the tota l volume of spi l led oi l  may sti l l  be d isputed , it represented the world's 

largest o i l  sp i l l  ( Price , 1 998) .  It is anticipated that oi l  pol lution is widespread on 

the Arab ian Gulf reg ion a nd has seriously endangered the ecosystem 

(Douabul  and AI-Shiwafi , 1 998) .  

UAE is one of the important oi l  and gas prodUCi ng and exporti ng countries 

that p rovides la rge suppl ies of energy to the world markets .  The exploration of 

o i l  started i n  the 1 930s and was fo l lowed by crude o i l  export i n  the early 

sixties .  The fi rst shipment of oi l was from Umm AI Shaif offshore oi l  fie ld on 

1 963 .  At p resent, UAE occupies a s ign ificant posit ion among oi l  developing 

and exporting countries and plays an important ro le i n  securing the growth of 

the g loba l  economy by provid i ng energy to the oi l  market. Proven recoverable 

o i l  reserves a re estimated at about 1 00 Bi l l ion barrels of o i l  ( 1 0  % of the 

world's tota l )  and 6 B i l l ion cubic meters of natural g as (UAE report, 2002) .  

Among the major threats to the mar ine environment i n  UAE is pol l ut ion 

resulti ng from the o i l  and gas exploration ,  extracting, transportation,  load ing of 

011 tanker and downstream processing in refin ing and petrochemical 

operation .  

Toxic waste is  a ha rmfu l  form of  pol l ution to  marine creatures . Once a form of 

tOXIC waste affects an organ ism, i t  can be qu ickly passed along the food chain 

and might  eventua l ly end up  as seafood (B iomagnification) ,  causing serious 

problems. Some of these pol lutants are chlor inated hydrocarbons, which can 
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cause toxic  and undesira ble health effects . Other o i l  products pol l utants can 

have var ious d iverse impacts on l iv ing organ isms from physical damage to 

carcinogenic effects. 

Sediments act as pol l utant s inks and provide an I ntegrated picture of the 

events tak ing p lace in the water column .  Studies have shown that some 

hydrocarbons compounds from spi l led petroleum persist in the sed imentary 

env i ronment for a substantia l  period i . e .  years (Choiseu l ,  et al., 1 998) .  Zakum 

Fie ld a rea has been chosen as case study to assess and eva luate the marine 

o i l  pol l ut ion i n  UAE offshore area and consequently the Arab ian Gulf  a rea .  

1 .2 ZAKUM FIELD 

Zakum o i l  fie ld  i n  one of the ten g iant offshore o i l  fields i n  the world .  I t  is 

located i n  the central part of the Arab ian G ulf about 90 Km northwest of Abu 

Dhab i  town (F igure 1 . 1 ) . The fie ld was d iscovered in Ju ly 1 963 and o i l  

p rod uction  from the Zakum Centra l Super Complex (lCSC) commenced i n  

N ovember 1 967 .  T h e  field  consists o f  six reservoirs .  The three lower zones 

be ing operated by Abu Dhab i  Marine Operating Company (ADMA-OPCO) , 

wh i le  Zakum Deve lopment Company (ZADCO) operates the upper three 

zones s ince 1 977.  

Zakum F ie ld h as three super complexes; lakum West Super Complex 

(ZWSC) , lakum Central Super Complex (lCSC) and lADCO super complex .  

The prime funct ion of the super complex i s  the col lection a n d  pre l im inary 
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treatment of reservoir fl u ids prior to del ivery to Das/Zi rko Is lands for further 

processing . 

1 . 2.1  ZWSC: 

The ZWSC is a series of i nterl i ned rig id p latforms stand ing i n  40-60 feet water 

depth approximately .  The reservoir flu ids are separated i nto crude o i l ,  gas, 

and water. Due to envi ronmental concerns, water is no longer dra i ned off at 

the separators ;  I nstead ,  it remains entra ined in the crude oil for treatment on 

the Zakum process p lant on Das Island .  The separated gas is dehydrated i n  

Gas G athering (GG I I ) p lant to  sufficiently low dew point for onward 

transm ission to Das Is land via Umm Shaif Super Complex (USSC) . The crude 

o i l  is transported via a new 30" main o i l  l ine approximately 93 Km long to Das 

Is land d i rectly .  The produced condensate is spiked into crude oi l  or sent to 

ZADCO Super complex via 6" condensate l i ne .  

The o i l  production faci l it ies on ZWSC include of two riser platforms, a col lector 

separator p latform (CSP) ,  and a p ipe fl are system emanating from CSP and 

cater ing two f lares located about 0 .8 Km away from the CSP platform . 

The o i l  p roduction ,  g as and water injection wells i n  the offshore fie ld are 

accommodated on wel lhead towers (WHTs) .  I ts own natural pressure i n  the 

reservoir  i n i ti a l l y  produces o i l .  A secondary recovery system of water and gas 

I njection is i ntroduced to the reservoi r  to improve production potentia l  and to 

overcome the depletion of pressure. 
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The Gas Gathering faci lities consist of two platforms, GG I I  and Gas I njection 

platform (G I P ) .  The G G I I  platform has a pipe flare which caters two pipe flares 

located a bout 0 .8  Km from the platform . One of these flares has been used for 

G I P  platform . G I P  compressed gas to five different wel l head towers via sub 

sea Imes . 

The water i njection plant uti l izes raw seawater. The process involves 

treatment of the seawater. Water init ia l ly  passes throug h a set of coarse to 

fi ne sand fi lters to remove any debris . Then it enters a deaeration tower to 

remove the access oxygen final ly; it is pumped with high  and medium 

d ischarge  pressure to  the water i njectors wells via several sub sea p ipel i nes .  

1 . 2.2 leSe: 

I t  is the fi rst super  complex insta l led in Zakum Fie ld on 1 967. It is located 9 

Km east of ZWSC, and consists of CSP, pumping p latform , and water 

i njection p latform . 

Al l  o i l  produces from North East, East, and South East sides of the Fi led are 

routed to ZCSC, CSP then to ZWSC oil production facil it ies via two 24" lines .  

The col lector separator  platform is provided with three fl are l i nes. S imi larly to 

ZWSC there is a water i njection platform contains two water modules and 

con nected with ZWSC water injection modules by series of  water i njection 

rad ia ls configuri ng the water i njection network throughout the fie ld .  

1 . 2.3 lADeO Upper lakum Field: 

The field is d ivided i nto four a reas (North ,  South, West & Centra l ) .  Each area 

comprises a number of wel l head platforms connected via sub-marine 
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pipe l ines to a n  area gathering station cal led "satel l ite" .  The satel l ite p latforms 

serve as first stage separation platforms Separated oil and gas are sent to 

the central complex via two l i nes .  In add ition ,  the satel l ites act as a centre for 

water I njection d istribution network. 

011 from the fi rst stage separation platform for the wel ls i n  the centra l a rea 

only IS pumped to jo in the rema in ing flows from the satel l i tes and Umm AI 

Da lkh  and transported via a 42" ma in  o i l  l i ne d i rectly to Zi rku Is land .  The gas 

p lant col lects a l l  the gases that were separated , recovers part to the 

conde nsate, before sending it to ADMA-OPCO, ZWSC gas treatment pant, 

(GG I I ) .  The recovered condensate is sp iked i nto ma in  oil l i ne .  

1 .3 STUDY O BJECTIVES 

The ma in  objectives of this study are to: 

• Assess the organ ic  and i norgan ic pol l utants which affect the 

marine environment. 

• Determine the source of petroleum pol l ut ion i n  the marine 

environment.  

• Assess the contamination trend(s) and determ ine its! the i r  

extent .  
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1 .4 THESIS ORGAN ISATION 

Chapter two reviews previous publ ished work on the organic and inorganic 

pol lutants in  the world as wel l  as in  the region.  Chapter three presents the 

materials and analytical methods used in this study. Chapter four  reports and 

discusses the resu lts of various analyses conducted in the study. The 

summary, conclusions and recommendation are included in the chapter five. 

F igure 1.1 Location map of the Zakum field 
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CHAPTER 2 



LITERATURE REVIEW 

2.1 Physical properties of the Arabian Gulf 

2 . 1 . 1  Depth and current movement 

The Arab ian  Gulf  is a very important navigational  and industria l  sha l low 

marg ina l  sea, located between latitudes 23 .9°-30 .25° N and long itude 48°-56° 

E and conta ins world's most deserts ( F igure, 2 . 1 ) .  The Arabian Gulf  is 

separated from the Gulf  of Oman by the Strait of Hormuz, wh ich is only 56 km 

wide at i ts narrowest point .  The Arab ian Gulf  slops gradua l ly from the shal low 

delta ic northern part to deeper waters in the south. The maximum width of the 

Gu l f  is 338 km, and the length to its northern Coast is around 1 000 km. The 

surface a rea of the Gulf approximately 2 .39 X 1 05 km2 , with an approximate 

volume of 8 .63 X 1 03 km3 ( Reynolds, 1993) .  The depth rarely exceeds 1 00 m 

a long the eastern I ran ian  coast and is only 36 m on average (Purser and 

Seibold ,  1 97 3) .  

The main current in the Gulf  is produced by a density g radient and reg iona l ly ,  

there is a s low a nticlockwise surface current covering most of the Gulf. Water 

of norma l  ocean ic sa l in i ty enters through the Strait of Hormuz at the surface. 

The increasing ly  sa l i ne  water becomes denser, sinks and flows down to the 

bottom .  After s ink ing, the sa l ine water exists the Strait of Hormuz below the 

incoming relatively low sal in ity water. (Reynolds, 1993) 
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2.1 . 2  Temperature and salinity 

I n  summer, the Gu lf reg ion experiences very h igh temperature i .e .  45-50 °e, 

whi le I n  winter, water and a i r  temperatures fa l l  dramatica l ly to 1 5  °e (Purser & 

Seibo ld ,  1973) .  

One Important feature associated with this set of condit ions is  Increased 

sa l i n ity, which is  commonly over 40 to 50 part per thousand across large 

a reas (Sheppard ,  1 993) and even exceeds 70 part per thousand in  remote 

lagoons and coastal embayment such as the Gulf  of sa lwa (Purser and 

Seibold ,  1 97 3) .  However surface sa l i n ity var ies between 41 parts per 

thousand and 43  part per thousand at Abu Dhabi  offshore, UAE (Al i and 

Thomas, 1 998) .  

The Northwest part of  the Gulf  is considered a lower sa l in ity region because 

m ost of the river i nflow into the Gulf occurs in  the northern end, primari ly on 

the I ran ian  side. The Gu lf receives freshwater infl ux from the Euphrates and 

T igriS rivers i n  I raq as wel l  as from numerous smal l  seasonal streams dra i n ing 

the Zagros mounta in  i n  I ran ( Hash im , 1 993) 

Ra infa l l  makes a neg l ig ib le contribution to the fresh-water budget of the Gulf, 

because the annua l  ra i nfal l  i n  the a rid cl imate of the Gu l f  region is very smal l ,  

of the order of  3 to 7 cm per  year  (AI madani  and AI  Sayed,  1 998).  The UAE 

has one of lowest n at ional  renewable water resource capacit ies, which on a 

per cap ita bas is eq uates to 64 m3 per year, only of the order of 1 % of the 

world average (UAE report ,  2002) . 
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2 . 1 .3 Winds 

Winds are i mportant to marine l ife from the pO int of view of temperature 

effects , but they are a l so Important in terms of the a i rborne part iculates 

transported by them. This materia l  conta ins a bsorbed hydrocarbon pol lutants; 

metal po l l utants from ind ustry were absorbed strongly to the dust, which 

therefore served as a transport mechan ism of pol lution to the marine 

env i ronment (Sheppard, 1 993).  

The most wel l  known , and d isreputable ,  weather phenomenon i n  the Gulf  is  

the Shama l .  The Wind sets i n  with g reat sharpness and force. The Shamal  

Wind often carries l arge amounts of dust and sand,  which are deposited i n  the 

water  of the Gulf. The Shamal  usual ly  occurs first i n  the northwest and then 

spreads southward during summer t ime ( Reynolds ,  1 993).  

2 . 1 .4 Sedimentation of the Gulf 

Sed imentation rates of bottom sed iments i n  the Arab ian Gu lf show marked 

reg iona l  d ifferences, depend ing on offshore morphology and type of sedi ment. 

Sediments at the bottom of the Gulf  vary from autochthonous calcareous 

frag ments mostly of b iogenic origin and rock fragments derived from beach 

rocks and submerged reef flats to a l lochthonous terrigenous detritus suppl ied 

to the area ma i n ly by dust storms and river deltas In the far northern areas 

and a long the eastern I ran ian s ide.  
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2 . 2  Biological environment of the Arabian Gulf 

The Gulf  as a whole is dominated by soft substrate ecosystems. E levation 

and depth contours between Kuwa It and the UAE are genera l ly  extremely 

g rad ua l ,  leading to a sedimentary environment, encouraging growth of sea 

grasses a nd algal beds.  Sea grasses represent an Ind i rect food source and a 

hab itat for both res ident fauna and temporary visitors i ncluding commercia l ly 

i mporta nt fish .  Sometimes overlooked is the fact they a lso stabi l ize f ine 

sed iments which otherwise would be very mobi le Thus,  they reduce water 

turbId ity and g reatly red uce long shore d rift of sed iments, with conseq uent 

effects of shore l ine stab i l ization ( Price et aI, 1 993).  

2 . 2 .1 Mangroves 

The m ang roves of the Gulf  a re s ign ificant not j ust bio logica l ly as important 

n u rseries for fish and shr imps but a lso h istorical ly .  The strong re lationsh ip 

between mangrove forests a nd ancient cit ies i n  the area ind icates that people 

here h ave long known the value of mangroves. They used the wood for fuel 

and bu i ld ing  materia ls  and the green leaves as fodder for camels and goat.  

Due to the unplanned coastal development, the mangroves are much less 

extensive i n  the Gu lf than formerly, and only about 1 25- 1 30 Km2 remain .  The 

shores of I ra n  conta in  most of the rema in ing mangrove, with approximately 90 

Km2 of mangrove vegetation ,  wh i le  less than 1 0  Km2 now rema in  along the 

Gulf cost of Saudi  Arab ia  and Bahra in ,  with the remainder found along the 

UAE coast l ine (Sheppard et al'J 1 992).  
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2 . 2.2 Fisheries 

The fi sheries of the Gu lf a re of considerable economic importance to the 

region ,  and they have provided a l ivel ihood for coastal communities s ince 

ear l iest h istory There has been an i ndustria l  fi shery sector in the Gulf since 

the early  1 960s.  The fi sh fauna of the Gulf  is  less d iverse than that of the 

adjacent I nd ian  Ocean but the Gulf  sti li supports more than of 500 species 

(Price, et aI., 1 993).  

The pearl fisheries of the G ulf were once world famous and g lobal ly  important, 

but decl ined after the a rrival of cultured pearls .  Sea grass beds are favored 

hab itats for juven i le  pearl oysters, whereas adults are found on rocks and 

other hard surfaces. 

2.2 . 3  Birds 

The Gu lf supports a d iverse marine b i rd community of g reat i nternational  

i mportance. H uge numbers of sea b i rd breed on the Gulf  offshore I sl ands,  

especia l ly  the Socotra cormorant. Other important species i nc luded 

oystercatchers, r inged plovers, lesser sand plover, l i ttle  stint, dun l in  and 

others ( Price et al., 1 993). 

The Gu l f  is  part icu la rly important for winter ing waders , passage migrants and 

breed ing seab i rds .  The i ntertida l  zone is est imated to support up  to 4 m i l l ion 

waders i n  winter, making the area one of the five most important regions i n  

the  world for winteri ng waders ( U N E P, 1999) . 

Offshore I sl ands provide major nesting s ites . For example,  I n  Abu Dhabi  

I s l and, the i ntertida l  zone i s  one of the l a rgest feed ing areas for wading  b i rds 
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I n  the Gulf. Over 2 1  species have been recorded , i nclud ing p lovers, 

g reenshanks ,  redshanks, curlews, whimbrel ,  reef and grey herons, 

turnstones,  g reater flam ingoes, oystercatcher, and godwits . 

2 . 2.4 Marine mamals 

Over 600 i nd iv iduals of Dugongs or sea cows were observed i n  the Gulf  of 

Sa lwah between Bahra in  and Qatar peninsu la  (Peen, 1 989).  These an ima ls 

a lso occur I n  s ign ificant n umbers among the is lands west of Abu Dhabi .  The 

estimated populat ion i s  around 7300 individua ls ,  making the i nner part of the 

Gulf area the most i mportant area for this species i n  g lobal  importance 

( U N E P ,  1 999) 

Other marine mammals of interest i nclude whales and dolphins of which some 

20 species are found in the reg ion ,  representing 25 percent of al l  known 

species in the world .  
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2 . 2  Physical, Biological and chemical properties of organic 

pollutants 

2.3 . 1  Polychlorinated Biphenyls (PCBS) 

Polych lori nated b iphenyl's (PCBs) ,  are a class of synthetic chlor inated organ ic 

compounds.  As the name Ind icates ,  it consists of a b iphenyl backbone, upon 

which a re 1 to 10 avai lab le posit ions for ch lor ine SUbstitution (F ig . 2 . 2 ) ,  g iv ing 

r ise to a total  of 209 d i fferent poss ib le substi tution compounds referred to as 

congeners .  PCBs are marketed based on their average level of chlori nation 

under  var ious trade names such as the Aroclor, Askarel and Clophen (0' 

Nei l l ,  1 99 3) .  

..,. '" 

6' 

2 3 /� LJ /4 
I 
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Fig ure 2 . 2: Basic Chemical Structure of PCBs after, Baird ( 1 999) 

PCBs have many attractive industri a l  properties; they conduct heat very wel l ,  

but do  no t  conduct electricity ,  and  they do not burn easi ly .  Furthermore ,  they 

a re chemical ly  stable and are not sol ub le i n  water. Therefore, PCBs ga ined 

W idespread use a l l  over the world as coolants and lubricants i n  transformers 

and other e lectrical equ ipment where these properties are essentia l .  For 

several decades,  PCBs were a lso routinely used i n  manufacturing wide 

variety of common products such as p lastics, pa ints, pesticides, carbonl ess 

copy ing paper; fl uorescent l ight ba l lasts (Ba i rd ,  1 999) . 
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They were widely used I n  a variety of industria l  appl ications ,  unti l  concern 

over pOSS ib le adverse effects on health and the environment, resulted in the 

U S Congress bann ing the manufacture of PCBs in  1 979. However PCBs 

contain ing materia ls  sti l l  in service at the t ime of the ban were not requ i red to 

be removed from use, and, therefore some are sti l l  i n  use. For example, the 

l ife expectancy of e lectrical transformers that conta i n  PCBs are thirty years or 

more ( E PA, 1 999) 

Despite the fact that these compounds have been banned in  many developed 

countries and the i r  worldwide production and use have drastica l ly  decreased 

In recent years, at present they a re sti l l  widely d istri buted and have become 

ub iq uitous contaminants of natura l  system.  Nowadays, PCBs are the most 

abundant ch lori nated aromatic contaminants in  the ecosystem (Borrel l ,  1 993) .  

I t  I S  the same propert ies that have a l lowed PCBs to accumulate and pers ist in  

the environment and thus continue to be detected long after manufacturing 

has ceased. Moreover ,  potentia l sources of PCB may due to past d isposal 

practices.  There are no natura l  sources of PCBs; therefore, a l l  PCBs a re 

re lated to commercia l  manufacture, use, storage, a nd d isposa l .  

PCBs a re h igh ly  persistent i n  the environment with reported ha lf- l ives i n  so i l  

and sed iment rang ing from months to  years ( E PA, 1 999). For  i nstance, the 

ha l f  l i fe of PCB 1 53 was found to be more than ten years ( U N E P ,  2002) . 

These chemica ls  usua l ly  b ioaccumulate i n  the food cha in ;  because of their 

relative i nso lub i l ity i n  water and high solubi l ity in  fats, moreover, PCBs are 

stored i n  body fat ( E PA, 1 999) .  
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2.3.2 Health Effect 

PCB's a re classified as a probable human carci nogen by numerous national  

and I nternationa l  health-protective organizations, such as the USEPA. the 

Agency for Toxic Substances and Disease Registry (ATSDR) and the World 

Hea lth Organ ization (WHO) (Baird, 1 999) 

Effects other than cancer in the l iver, blood, immune system,  nervous system,  

reprod uctive and other organ systems have been observed in various an ima l  

stud ies of  PCBs.  Lower bi rth weight was reported i n  some of  the i nfants born 

to mothers who consumed contaminated fish (EPA, 1 999). 

PCBs a re the only chemical fami ly  fu l ly regu lated under government act. This 

Includes the regu lat ion of any release of PCBs into the environment, inc lud ing 

a CCidental leaks or sp i l ls .  The USEPA establ ished a Maximum Contaminant 

Level  for d ri nking water of 0 .005 ppm, and the conti nuous chronic criteri a for 

fresh and sa l t  water of 0 . 0 1 4  ppb and 0 .03 ppb respectively ( EPA. 1 999) .  

2.3.3 Previous studies of PCBS in the Arabian Gulf region 

As ment ioned ear l ier, PCBs are main ly  imported and used as die lectric flu ids 

especia l ly  with e lectrical transformers. The occurrence of PCBs in  electric 

power stations a nd in  scrapped e lectrica l equipment and transformers i n  the 

Gu l f  represents one of the pol l ution problems. As a result of the war activities,  

the environment was exposed to different pol lutants such as industria l  

hazardous wastes from war damaged industries and d isposal sites, inc lud ing 

PCBs from destroyed transformers (L iterathy ,  1 993) .  However, during 
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prel im inary assessment of the Impact of dra i n ing of I raqi marshes on Kuwa it's 

northern marine environment PCBs were not detected i n  any of the samples 

(Saeed , 1 999) 

The l im ited data ava i lab le on the subject Ind icate re latively low levels of 

contam inat ion by PCBs compounds in the Arabian Gulf compared to other 

reg iona l  sea . The levels of PCBs in the northwest part of the region were 

genera l l y  below 5 ppb.  Levels comparable to these ranges have been 

reported from Bahra in ,  Oman,  Qatar and UAE ( U NEP,  1 999) . Table 2 . 1  l i sts 

ind iv idua l  PCBs congeners ana lyzed in this study: 

PCB 8 2,4'-diChloroBlphenyl 
PCB 1 8  2,2' ,5-triCB 
PCB 28 2,4,4'-triCB 
PCB 52 2,2' ,5,5'-tetraCB 
PCB 44 2,2',3,5'-tetraCB 
PCB 66 2,3',4,4'-tetraCB 
PCB 77 3,3',4,4'-tetraCB 
PCB 1 0 1  2,2',4,5,5'-pentaCB 
PCB 1 1 8 2,3' ,4,4' ,5-pentaCB 
PCB 1 5 3 2,2' ,4,4' ,5, 5'-hexaCB 
PCB 1 0 5 2,3,3' ,4,4'-pentaCB 
PCB 1 38 2,2',3,4,4',5'-hexaCB 
PCB 1 26 3,3' ,4,4' ,5-pentaCB 
PCB 1 87 2,2',3,4' ,5,5' ,6-heptaCB 
PCB 128 2,2',3,3' ,4,4'-hexaCB 
PCB 1 80 2,2',3,4,4',5, 5'-heptaCB 
PCB 1 70 2,2',3,3' ,4,4' ,5-heptaCB 
PCB 1 95 2,2' ,3,3' ,4,4' ,5,6-octaCB 
PCB 206 2,2' ,3,3' ,4,4' ,5,5' ,6-nonaCB 

PCB 209 2,2' ,3,3' ,4,4',5,5' ,6 ,6'-decaCB 

Table 2 . 1 PCB congeners 
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2.4 Polycyclic Aromatic Hydrocarbons (PAHs) 

PAHs are among the major components I n  crude o i l ,  and defined as a group 

of organ ic  compounds with two,  or more than two fused benzene r ings (Ba i rd ,  

1 999) PAHs have been contaminants of the environment ever si nce human 

l i fe first evolved .  However, the g rowing industria l ization of human society has 

I nvolved a n  I ncrease in  the i r  environmental pol lut ion management issue. 

Their  ub iqu itous environmental occurrence stems from many sources,  both 

natura l  a nd man made. As a general ru le ,  the PAHs are produced by 

combustion ,  which can be natural (e . g . ,  forest fi res , volca noes) or i nputs of 

PAH s  from human activities such as oi l sp i l ls  from d ifferent sources i . e .  

offshore prod uction platforms,  o i l  transportation a n d  combustion which pose 

serious and s ign ificant threats to a l l  coasta l habitats components such as 

mangroves (Teresa et at, 2002) . These substances have been shown to be 

widely d i stri buted i n  aquatic sediments, water, a i r ,  p lants and an ima ls .  The 

I nterest i n  th is g roup is derived from their wide occurrence and the possible 

I nd uction of cancer in organisms as a result .  

PAH s  a re re latively i nsoluble i n  water. Some of PAHs are present at ambient 

temperatures i n  a i r, both as gases and associated with partic les. The l ighter 

PAHs ,  such as phenanthrene, are found almost exclusively in the gas phase; 

the heavier PAHs, such as B [aJ P, are a lmost tota l ly  adsorbed onto part ic les. 

The larger PAHs h ave been found to bioaccumu lated i n  the fatty t issues of 

some mar ine org anisms (Ba i rd, 1 999) . 
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There are common parent PAHs that occur throughout the environment and 

may h ave h ighest toxicity, some of which are l isted I n  table 2 .2. 

1 Naphtha lene 9 Benzo(a)anthracene -
2 Acenaphthylene 1 0  Chrycene 
3 Acenaphthene 1 1 .  Benzo(b)fl uoranthene 
4 F luorene 1 2 . Benzo(k)fl uoranthene 
5 Phenanthrene 1 3 . Benzo(a)pyrene 

1 6 Anthracene 1 4 . Dibenzo(a, h)anthracene I 7 F luoranthene 1 5 . Benzo(g , h , l )perylene 
8 .  Pyrene 1 6 . Indeno( 1 ,2 , 3-cd)pyrene 

Table 2 . 2  Some o f  the commons PAH's i nd iv iduals 

2.4.1 Health Effect 

U S  Department of Health and Human Services (DH HS) has determ ined that 

benz[alanthracene,benzo[blfluoranthene,benzoUlfluoranthene, benzo[klfluoranthene, 

benzo[alpyrene, d ibenz[a, hlanthracene, and indeno[ 1 , 2 , 3-c,dlpyrene are known 

an ima l  carcinogens .  The I nternational  Agency for Research on Cancer ( IARC) has 

determ ined the fo l lowing: benz[alanthracene and benzo[alpyrene are probably 

carcinogenic to humans; benzo[blfl uoranthene, benzoUlfl uoranthene, 

benzo[klfl uoranthene and indeno[1 , 2 ,3-c,dlpyrene are possibly carcinogenic to 

humans; and a nthracene, benzo[g , h , ilperylene, benzo[elpyrene,  chrysene, 

fl uora nthene , fl uorene,  phenanthrene, and pyrene are not classifiab le as to their 

carcinogenicity to humans.  E PA has determ ined benz[alanthracene, 

benzo[alpyrene,  benzo[blfl uoranthene, benzo[klfluoranthene, chrysene, 

d lbenz[a, hlanthracene, and indeno[1 , 2 , 3-c, dlpyreneare are probable human 

carcinogens and that  acenaphthylene, anthracene, benzo[g , h , ilperylene, 

fl uoranthene,  fl uorene, phenanthrene, and pyrene are not classifiable human 
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carcinogenicity. Acenaphthene has not class ified for carcinogenic effects by DHHS,  

IARC,  or E PA (ASTE R ,  1 985) 

2.4. 2 Previous studies of PCBS in the Arabian Gulf region 

M any studies have been conducted on determination of PAHs in  the sediment 

of the Arab ian G u lf. Because of the Gulf cris is especia l ly d uring the Kuwait o i l  

fi res ,  the concentration of  part iculate and associated pol l utants increased . 

Levels  of PAHs were measured extensively during 1 991  i n  Kuwait and found 

with the ranged from 7 to 387 ng/m3 i n  ambient a i r  particu late ( U N E P ,  2002) .  

The contaminat ion screen ing survey conducted i n  1 998 revealed PAH 

concentrati ons in sediment from Kuwait of 97.7 ppb a nd from Saudi  Arab ia ,  

6 .9  ppb (AI-Majed et al. , 2000). The level i n  sed iment from Kuwa it i n  1 99 1  

found 30 .4  ppb; i n  Saudi  Arabia was 36 .4-76 1 ppb; i n  Bahrain was 47 . 5-97 . 5  

ppb ,  i n  UAE was i n  the range o f  1 0.9-2 1 . 8 ppb; i n  Oman was i n  the range of 

4 5-36 .5  ppb ,  and Marine sediment from the I ran ian coast was found to 

conta in 1 .63-6 .48 ppb PAHs ( U N E EP ,  2002) .  

2 . 5  Total petroleum Hydrocarbon (TPH) 

Determ inat ion of Tota l Petroleum Hydrocarbons (TPH)  provides i nformation 

on the contaminat ion of sediment with petroleum products. TPH is  a n  

estimate o f  the amount o f  hydrocarbons present between the carbons ranges 

from Cs to C40 . This range of carbon extends from the volat i le hydrocarbons 

compounds with the lower bo i l ing to the non-volati le compounds found at the 

h igher  boi l i ng  po int range.  
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Tota l petro leum hydrocarbon i nputs to the Gulf  are estimated to be 47 times 

hig her on an average basis tha n  the g lobal average. I nputs are main ly 

attri buted to chronic sp i l ls  from heavy tanker transport activities i n  the Gulf  

and from major spi l ls  such as those that occurred during the Iran- I raq war i n  

1 983 and the  Gu l f  war (AI-Ghadban e t  al. , 1 994). Although the Gu l f  has 

shown a la rge  capacity for short term self-cleaning after sp i l ls ,  long-term 

effects a re sti l l  unknown (AI Ghadban,  1 994) .  As oil degrades, these l ighter 

weight compounds are either volati l ized or degraded , leaving the heavier, 

larger  compounds that col lectively are referred to as the unresolved complex 

mixtu re ( Fowler et al. , 1 993) . In a rea near o i l  spi l ls i n  Kuwa it a nd Saudi  

Arab ia ,  the l i ghter com pounds were found to be substantia l ly reduced in  

sediments after a bout s ix months. However, the heavier compounds can 

persist for longer periods (Fowler et al., 1 993) .  

In the Arab ian G ulf, sediments i mpacted by the Gu lf War were restricted to an 

a rea with in  approximately 400 Km of  the source of  the sp i l l  in  Kuwait (Fowler 

et ai , 1 993) .  S u rface sed iments in th is area surveyed soon after the war 

contained 62 to 1 440 ppm of TPH .  However, off the immed iate coast of the 

UAE concentration ranged from only 0 . 1 to 7 ppm (AI Ghadban et ai, 1 994; 

Fowler et al. ,  1 993) .  

The most recent two stud ies ava i lab le on Tota l Petroleum Hydrocarbons 

concentrations i n  Zakum F i led area had values ranging from 2 . 7  to 55 .5  ppm 

(ADMA ES, 1 997) and 1 0  to 22 ppm (ZADCO EBS, 1 999). 
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2 . 6  Total organic carbon (TOC) 

Organ ic  matter in subsurface systems is a complex mixture of natural organ ic 

substances and a variety of synthetic compounds. The transport and fate of 

organic contam inants IS dependent on the nature and d istri bution of organic 

carbon i n  general Dispersions,  sorption and degradation are processes, 

which affect orga nic compound transport and fate. The estimation of their 

I nfluence of these processes depends heavi ly on the quantitative 

determ inat ion of fractions of organic carbons in the sediments and aquifer 

(Barcelona et a/. , 1 997) .  Organic  matter is present in water as ind ividua l  

part iculate or as adsorbed matter. Different factors may control the avai lab i l ity 

of the organ ic  matters and the heavy metal pol l utants . These factors inc lude 

var ious sediment characteristics, such as gra in  s ize d istribution ,  m ineral 

composit ion and organ ic  content (AI Ghadban et ai, 1 994). 

The organ ic  matter i n  the sed iment can be quantified by the total organic 

carbon (TOC) ,  and it p lays a n  important role i n  the accumu lation and re lease 

of d i fferent micro pol l utants. For this reason it is  important to have a clear 

p icture about the d istr ibution of the TOC in  the sediments i n  any given 

envi ronment. 

On ly  l im ited work has been done on the organ ic matter i n  the sed iments of the 

Arab ian  G ulf. Evans ( 1 966), i n  h is study of the recent sedimentary faces of 

the Arab ian Gulf ind icated that the sed iments of the northeastern parts 

conta i n  0 .83- 1 . 5 1  % organ ic carbon, whi le the sediments of the northwestern 

part of the Gulf  show lower organ ic carbon .  AI-Ghadban ( 1 994) , conducted a 

study on the total organ ic carbon i n  the sediments of the Arabian Gulf  and the 
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need for biological  prod uctivity i nvestigations, reported that the TOC of the 

Arabian Gulf  ra nged from 0 46% to 2 8 % In the bottom sed iment samples of 

the G ulf. 

In Idea l  situation,  h igher TOC values are associated with lower sediment 

part ic le s ize However, AI-Ghadban ( 1 994) found that i n  the Arab ian Gulf  

sed iment ,  such a correlation is  not evident probably owing to factors l ike the 

i nput of petro leum hyd rocarbons and water c i rculation.  However it is  apparent 

that TOC concentration can be considered as an ind icator of hydrocarbon 

pol l ut ion only when the TPH content is high (AI-Ghadban,  1 994) .  

2 .7 Heavy meta ls i n  the Arab ian Gu lf reg ion 

Trace e lements occur i n  d i fferent concentrations in  biolog ical systems. They 

m ay exert benefic ia l  or harmfu l effects on plant, an imal ,  and human l ife 

depend i ng upon the concentration.  These elements are i ntroduced into the 

env i ronment through various routes, smelt ing processes, fuel combustion and 

i ndustri a l izat ion . They fi nd thei r  way i nto aquatic systems,  rivers , lakes or  

oceans through  atmospheric fa l lout, d umping wastes, accidental leaks ,  runoff 

of terrestri a l  system and geological weathering (AI Yousuf, et al. , 2000). 

H eavy metals became a matter of concern beca use of their toxicity and 

tendency to accumu late in  food cha ins .  They are known as non­

biogegroda ble e lements and are toxic to d ifferent organisms,  plants a nd 

an imals .  

Several studies have been conducted on the concentration of trace meta ls  i n  

d i fferent location of  the  Arabian Gu lf reg ion .  Fowler ( 1 985) cond ucted a 

basel ine  study on pol lutants i . e .  beach tar, petroleum hyd rocarbons, 
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chlon nated hydrocarbons and heavy meta ls I n  Bahrain ,  UAE and Oman.  He 

concluded that Cd,  Cu ,  Pb ,  V and Hg  concentration in both oysters and 

sed iments were general ly low. AI Hashimi and Salman ( 1 985) cond ucted a 

study on trace meta ls  d istr ibution i n  the sed iments of the North-western Coast 

of the Arab ian G ulf. The results of trace meta ls  ana lysis revealed that the 

sed iment from the studied area cou ld be considered as being unpol l uted . 

Folwer, et. a!. ( 1 993) studied the petro leum hydrocarbons and trace metals i n  

near  shore G u lf sediments and  biota before and after the 1 99 1  war. This 

study was p lanned to determ ine the extent and degree of contamination by 

petro leum hydrocarbons and trace meta ls  that entered the Gulf  from the 

m assive o i l  spi l l  and o i l  fie ld  fi res in Kuwait . They concluded that 

concentrations of the oil - re lated metals Ni and V were s l ightly e levated in o i l ­

contam inated sed iments from Saudi  Arabia but  el sewhere in  the Gu l f, they 

were s im i lar  to thei r  previous leve ls .  

AI Mahmood ( 1 993) in  h is i nvestigation i n  the area from Abu Al i  to Tanaq ib  

a long  the  Saud i  Arab ian coast to  determine the level o f  heavy meta ls i n  

sediment i n  March 1 992 showed that concentration of  heavy meta ls  were not 

heavi ly i mpacted by the huge o i l  sp i l l .  S im i larly ,  Basaham and L iha ibi ( 1 993) 

ana lyzed sed iments samples col lected from the western Gu lf from Kuwait to 

Qatar for series of trace elements. Comparing the data with unpol l uted 

sed iments throughout the Gulf  and worldwide, they concluded that the effect 

of anthropogenic enrichment upon the absolute concentration of the elements 

is m in ima l .  AI Qubais i  (200 1 ) conducted an assessment of meats pol lut ion i n  

sed iment of the coastal area i n  U .A. E .  She revealed that the metals 

concentration on the offshore sediment have a min imum metal pol lut ion 
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accu mulation except for those of N i .  Table 2 .3  i l lustrates the comparative 

publ ished data for heavy metals in the Arabian Gu lf. 

Zakum 
Field 

f R I 

GR.Jl'.AT RIET 
�& Y,Al" EY .L1arghenta Pe.h 

Arabian 
Gulf 

Figu re 2 .1  Location map of Arabian Gu lf 
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I Heavy Concentration , ppm dlY weLght References 
meta l Refe rence Reference Reference 

1 2 3 
Cr  4 3 9 4 3 . 4 3  1 6 5 1 -0eshgoon l,M .,2002 

2-Fowler,S.W.et 
al, 1 993 
3- AI Arfaj, and 
Alam,1 , 1 993 

C u  37 9 I 2 9  5 29 1 -0eshgooni,M ,2002 
I 2- Fowler,S.W.et 

al, 1 993 
3- AI Arfaj,a nd Alam, 
1 993 

Fe 344 1  2 .59 1 826 1 - Fowler,S.W.et 
al, 1 993 
2- AI Hashimi and 
Salman, 1 985 
3- Basam andAI 
Lihaibi, 1 993 

I 
M n  1 93 . 7 1  1 1 0 .83 1 0 1  1 8  1 - Basaham,A. et 

I al . , 1 993 
2- AI Qubaisi,N .,2001  

I 3- AI Arfaj ,A .and 

I Alam, 1 993 

N i  29.7 1 4 9 25 .35 1 -0eshgooni, M .  ,2002 
2- Fowler, S .W.et 
al, 1 993 

, 
3- AI Arfaj a nd 

I Alam, 1 993 

I Pb 3 . 5 1  22 3 1  55.5 1- Fowler,S .W.et 
al,1 993 
2- AI Arfaj and 
Alam, 1 993 
3- 0eshgooni ,M . ,2002 

V 1 7 6 1 8.25 40 1 1 - Fowler ,S .W et 
al, 1 993 
2- AI Arfaj and 
Alam, 1 993 
3- Fowler ( 1 988) 

\ H g  (ppb)  7 5  7 . 96 1 - Fowler ( 1 988) 
2-Sadiq ( 1 985) 

Table 2 . 3  Comparative l i terature data for heavy metals i n  the Arab ian Gulf  
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CHAPTER 3 



I 

MATERIALS AND METHODS 

3 . 1  Sediment Sampling 

Seabed sediments (the top 5- 1 0  cm of seabed layer) were col lected from 

twenty-six sample stations on 1 ih of November 2002 throughout the Zakum 

Fie ld area,  Abu Dhab i ,  UAE.  The f ie ld area was d iv ided i nto eight sampl ing 

sectors to ensure maximum coverage representative of the study area (F igure 

3 . 1 ) . Al l  sed iments samples were taken by divers at each sample stat ion and 

I m mediate ly were sealed i n  plastic bags, refrigerated « 4 0c) and kept frozen 

prior to chemical  ana lyses. This is  to prevent any volati le compounds from 

evaporation  or chemical  degradation .  

For a compar ison purpose s ix h istorical marine seabed core samples ( i .e .  the 

top 0 5- 1 0  cm sediment) , which col lected from Zakum Fi led between 1 966 

and 1 978 (table 3 . 1 ) , were analyzed for TPHs ,  Tota l PCBs &Total PAH's.  

Core sample station Date of coring 

1 1 978 

2 1 978 

3 1 979 

4 1 966 

5 1 968 

6 1 970 

Table 3 . 1 Core sample station date of coring 
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Al l  samples were labeled with a un ique Identifier that was used consistently 

dUring var ious ana lyses. Oil samples have been taken from Zakum field for 

b ioma rker ana lyses. 

3 . 2  Grain size distribution analysis 

The objectives of determin ing the gra in  size d istri bution of sediments In this 

study is to correlate the level of contaminants to g ra in  size, and to determine 

the texture of the sed iments i . e . percentage of fine particles in  the sediment. 

The gra i n  s ize ana lysis was conducted using the standard sieving method as 

per R O P M E  (2000) procedure .  Sediments were dried prior to ana lysis in room 

temperature for 24 hrs. Sieve analysis was undertaken on 1 00 grams of the 

sample .  The s ieving is  carried out to let sediment samples pass through a 

series of standard test s ieves havi ng successively smal ler mesh size. The 

samples then were shaken for 1 5  m inutes, fractions reta ined on each s ieve 

were weighed ,  and their percentages were recorded.  Statistica l parameters 

of the mean gra i n  s ize were calculated using Folk's ( 1 966) equat ions. 

3 . 3  Determination of Total Organic Carbon content (TOC) 

A sample of 5 g rams is in it ia l ly i ntrod uced to an i norganic carbon removal 

stage,  where 1 0  % HCL acid is  added to the sample.  Tota l organ ic  carbon 

analyzer instrument L ECO CS 200 was used to oxid ize and detect the organ ic 

carbon by combust ion .  Analysis is  determined when carbon compounds are 

combusted i n  a n  oxygen-rich environment, result ing i n  the complete 

convers ion of carbon-to-carbon d ioxide. The carbon d ioxide generated from 
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the oxidation process is d i rectly related to the TOC in the sample. This 

instrument is used to s imu ltaneously determine carbon and su lfur employing 

induction heating fu rnace and solid state I nfrared detection system (Figure 

3.2). The fu rnace conta ins combustion tube, automatic cleaner and dust 

col lection system .  LECO CS 200 includes cal ibration l inear mu lti-point 

s imultaneous for a l l  carbon/su lfur detectors. The system is control led by 

windows based software in Pent ium PC tower and data transmission 

capabi l ity by RS232 outpour .  

F igure 3.2 Leco CS 200 ana lyzer 

3.4 Determi nation of ind ividual  Polych lori nated Bi phenyls 
( PC Bs)  by GC-EC D 

The ana lysis of PCBs was held in  the Centra l  laboratory un it (CLU)  at the 

U n ited Arab Emi rates U n iversity, AI Ain , UAE. The Central laboratory un it 

has NAMAS accred itation and is accredited to ISO 9001. 

F ive grams of the sol id sed iments was mixed with equal quantity of 

anhyd rous sod ium su lphate to absorb the water moisture in the sed iments 

then was placed in  an extraction th imble.  Approximately 70 ml  of the 
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extraction solvent ( 1 :  1 Hexane: Acetone) then used to extract the sample 

uSing a utomatic soxhlet extraction (2050 SOXTEC, FOSSTECATOR) for 

two hours (Bo i l ing 1 h rs and R ins ing 1 hrs) .  An a l iquot of the extract i . e .  1 

�lL was I njected to GC/ECD from GC auto sampler 2 m L  via l .  

G C  Specification and Condition: 

• Varine,  Saturn 3800 GC system,  equipped with E lectron Capture 

Detector ECD and Satrun 5 . 52 workstation .  

• GC column :  C P-Si l  8 , 30 m x 0 .32 mm 1 0 ,  df = 1  

• Carrier  Gas:  He,  1 . 5 m Umin  

• Temperature prog ram of the oven :  1 00 °C to 1 60 °c at 1 5  °C/m in  

for 2 m inutes, fo l lowed by  1 60 °C to  270  °c a t  5 °C/min for 30  

m i nutes. 

The ind ividua l  PCBs standard used (C-CCSEC, Accustandard) to p lot the 

ca l i bration curve concentration in  ppm vs. peak size. PCBs congeners 

retention t ime and the detection l im its i l l ustrated are shown i n  table 3 .2 .  
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P C B  Rete ntion time, sec 

PCB 8 20 075 

1-- --
PCB 1 8  2 1  8 1 7  

PCB 28 23 704 

PCB 44 25.865 

PCB 52 25 0 1 4  

I--
PCB 66 27 5 1 8  

PCB 77 29 8 1 5 

PCB 1 0 1  28.373 

PCB 1 05 3 1  968 

PCB1 1 8  30 777 

PCB 1 26 33 . 5 1 8  

PCB 1 28 34 564 

PCB 1 38 33 .052 

PCB 1 53 3 1 .695 

PCB 1 7 0 39. 1 32 

PCB 1 80 36 932 

PCB 1 87 33 896 

PCB 1 95 4 3 007 

PCB 206 49.361  

PCB 209 53.695 

Table 3 . 2  PCBs congeners retention time 
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3 . 5  Determination of Individual Polyaromatic Hydrocarbons 
by HPLC 

Analys Is of PAH was carried out i n  the Central Laboratory Un it at the United 

Arab Emi rates U n ivers ity, AI Ain ,  UAE , as per the mod ified E PA-83 1 0  

procedure Five grams of the sediment was mixed with equa l  quantity of 

a nhyd rous sod ium sul phate to absorb the water moisture in the sediments, 

and p laced in an extraction th imble .  The sample was extracted using 

a utomatic soxhlet extraction (2050 SOXTEC, FOSSTECATOR) for two hours 

and fi fteen minutes (Bo i l i ng 1 hr ,  R insing 1 hrs and evaporation 1 5  minutes) 

with a pproximately 70 ml of the extraction solvent ( 1 : 1  Hexane: Acetone) .  The 

extract then transferred i nto a concentrator and evaporates under n itrogen to 

reduce solvent to a bout 0 .5  ml  using TurbonVap Evaporator, Zymark 

apparatus.  Then 5 .0  ml  of Acetonitr i le was added and evaporated aga in  t i l l  2 

m l  reached . An a l iquot of the extract i .e .  20 /J.L was i njected i nto H PLC (F ig  

3 .3) ,  a nd the PAHs compounds were detected by u ltraviolet (UV) and 

fl uorescence detectors s imultaneously.  

HPLC specifications : 

• H PLC equ ipped with auto sampler, fl uorescence detector and UV 

detector (waters 2695 Al l i ance Separation Module,  Waters 474 

Scann ing  fl uorescence detector coupled with Waters 486 UV detector 

and water M i l l enn ium 32 Chromatographic Manager workstation)  

• H P LC column :  Chromosphere 3 PAH column ( 1 00mm x 4 .6 mm 1 0 , 3 

l-lm) 

• Mobi le  phase: Deion ized water and Acetonitr i le 
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• Gradient program for l iqu id chromatogram pump: 

Flow Temp. oC Time . Sec .  % H2O 

1 5 30 0 50 

1 0 30 50 20 

1 5 30 52 50 

% CH3CN 

50 

80 

50 

The 1 6  PAHs standard (Accustandard) and their retention t ime. which used i n  

the study, are i l l ustrated in Table 3 . 3  

PAH Retention time, m i n  

Naphthalene 4.24 1 

Ac enaphthylene 5.2 1 5  

Ac enaphthene 6 983 

Fluorene 7 . 407 

Phe na nthrene 8.866 

Anthrac ene 1 0 . 2 1 2  

Fluora nthene 1 2. 59 1 

Pyrene 1 4 053 

Benzo(a)a nthracene 20.747 

Chrycene 2 1 .668 

Benzo(b )fluoranthene 29.008 

Benzo(K)fluoranthene 3 1 .726 

Benzo(a)pyrene 34. 252 

Dibenzo(a.h)a nthracene 4 1 .442 

I Benzo(g. h, I)perylene 43. 372 

I ndeno( 1 , 2 , 3-c d)pyrene 45 . 575 

Table 3 . 3  sta ndard PAHs retention t ime 
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Figure 3 .3  HPLC 

3 .6  Determi nation of  Tota l Petroleum Hyd rocarbons (TPH)  
by FTIR 

The analysis of Tota l Petroleu m Hydrocarbons was conducted in the Central 

Laboratory U n it (CLU ) at the U n ited Arab Emirates U n iversity, AI Ain ,  UAE , as 

per the E PA based CLU SOP-SP-FTI R-01 procedu re .  20 grams of wet 

sed iment sample were acid ified to a low pH i .e .  2 with hydrochloric acid . 

Mangensum Su lfate Monohyd rate then added to absorb the water moisture in  

the sed iments. The petroleum hyd rocarbons were extracted from the sample 

using Hexane solvent.  Then the residue is d issolved in  fluorocarbon- 1 13. 

I nfrared ana lysis of the solution at absorbance about 2930 cm-1 was 

performed by N icolet Fou rier Transform I nfrared (FTI R)  Magna- I R  560 

Spectrometer (F ig .  3 .4) .  
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The determination of the concentration of TPH in the extract was made by 

d i rect comparison of the response against the cal ibration curve. 

u u () U ,. II 3 J 2 .. I 9 IJ O O O O ::Jf 2 G 

F igure 3.4 N icolet Fourier Transform I nfrared Manma IR 560 

3 .7  Determination of Heavy meta ls by Inductively 
Cou pled Plasma-Atomic Emission Spectroscopy 

( ICP-AES) 

The ana lyses of  the heavy metals (Table 3 .4)  were carried out  at  the Central 

Laboratory U n it (CLU ) at the U n ited Arab Emirates Un iversity, AI Ain,  UAE , as 

per the E PA-200.2 procedu re .  A portion of homogeneous sed iment sample 

was accu rately weighed i .e .  1 gram and d igested with acid (30 ml  of 

concentrated HCL and 10 ml of concentrated HN03) in a hot plate u p  to 

120 °C (to destroy the organic matter and solub l i l ized the recoverable 

elements) .  After cool ing the sample was made up to 100 ml volume with 

deion ized water. Then the solution was placed into Varian Vista MPX-CCD 

s imultaneous ICP-OES with auto fit backgrou nd correction (F ig.  3 .5)  via a 

nebul izer and result ing aerosol is transported to plasma torch where excitation 

38 



occu rs .  E lement specific emission spectra are produced by rad io frequency 

inductively cou pled plasma . The spectra a re d ispersed by a grating 

spectrometer, and intensities of the l ine spectra a re mon itored at specific 

wavelengths by a charged cou pled detector. The intensity of spectral l ine of 

an  element is proport ional to its concentration .  The analyzed element 

detection l im it (ppb) and wave lengths (nm) A. are i l lustrated in  Table 3.4. 

E lement Wave length (nm) 
Cr 267 .716 
Cu 327.395 
Fe 238 .204 
Mn 257.610 
N i  231 .604 
Pb 220.353 
V 292 .401 

Table 3.4 The wave lengths of heavy metals 

• 

I I I� 

Fig 3.5 I C P  I nstru ment 
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3.8 Determi nation of Mercury by Atomic Absorption 

The analysis of  Mercury in  the sed iments was carried out  in the Central 

Laboratory Un it at the Un ited Arab Emirates Un iversity, AI Ain ,  UAE, as per 

the E PA- 245 .2  method . 

F ive gra ms of the sed iment sample transferred to a closed glass bottle .  The 

sample was d igested with n itric acid , su lfuric acid and a d i lute potassium 

permanganate-potassiu m persulfate solution for two hou rs at  95°C . The 

d igestion oxid izes a l l  forms of mercu ry to Hg+2 . Then Hg+2 in  the sample was 

reduced with sta nnous ch loride to elemental  mercury,  which can detect by 

atomic a bsorption .  The measurement step is performed using Atomic 

absorption spectrophotometer GBC 906 AA with Hydride generator HG 3000 

(the hyd ride generator HG 3000) ,  (F igure ,  3 .6) .  

I 

Figure 3 .6  Atomic absorption spectrophotometer GBC 906 AA 
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3 . 9  Statistical analyses 

M icrosoft Office " EXC E L  2000TM software and " STATISTICA™ ,, 
were used 

to present the data as wel l  to perform the statistical analyses i . e .  Cluster 

ana lysis and correlat ion p lots. 

4 1  



1 � 

0530 28 .85 

4 I 

( 5 ) 
6 

2 -

9 

3 r25 6 
24 

23 ) r .. n ....... � 1V 

21 

0530 36 .75 

� 
CD 

G) 
@ 
26 
--' 1 3  

-" 

( 1 4  
--' 

® 
1 8  
� -' 

0 

0530 43 .21 

-(1 1  
I 1 2  ) 

'1s 

j km 
3 3  4 .95 6 . 6  1 .6 5  . 

F i g u re 3 . 1 Location map of sa m p l i n g  station 

-I � 
I 0 

� 

0 
l!? .-
L() 

0 � N 

g 
co � 
0 � N 



Station  Longitude , East Latitude,  North 
1 1 053° 24 .80 24° 
2 053° 28 .24 24° 
3 053° 34 . 20 24° 
4 053° 30 .08 24° 
5 053° 32 .72 24° 
6 1 053° 34.95 24° 
7 053° 43 . 2 1  24° 
8 1 053° 40 .02 24° 
9 1 053° 38 . 20 24° 
1 0  053° 4 1 .08 24° f----
1 1  053° 4 5 . 20 24° 
1 2  053° 48 . 2 2  24° 
1 3  053° 40 . 92 24° 
1 4  0 53° 44 .76 24° 
1 5  0 53° 46 . 44 24° 
1 6  0 53° 38 .60 24° 
1 7  1 053° 39 .80 24° 
1 8  0 53° 40 . 40 24° 
1 9  0 53° 35 .33 24° 
20 0 53° 32 .88 24° 

2 1  053° 2 9 .82 24° 

2 2  053° 2 4 . 44 24° 

23 0 53° 28 .85 24° 

2 4  1 053° 34 . 1 2  24° 

2 5  0 53° 36.75 24° 

26 1 053° 4 1 . 5 5 24° 

Table 3 . 5  Stations longitude a n d  latitude (using G PS) 
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53 . 96 
52 .75 
5 2 . 2 5  
58 .40 
55 .60 
53 .68 
57 . 43 
55.24 
53 . 50 
52 . 1 5  
5 1 .82 
52 . 1 0 
50 . 1 0 
48 . 50 
47 . 1 1  
48 . 1 0 
46 . 1 5  
43 .82 
48 .09 
45 .38 
43 .75 
47 . 58 
48 .60 
50 . 56 
5 1 . 50 
5 1 .65 



Station Longitude Latitude 
1 053° 32 .72 E 24° 55 .30 N � 
2 053° 37 . 1 8 E 24° 52 .85 N 
3 053° 38 . 4 5  E 1 24° 47 .60 N 
4 053° 40 .37 E i 24° 52 .45 N 
5 053° 46 . 40 E 24° 5 1 . 90 N 
6 053° 3 1 .70 E 1 24° 5 1 . 57 N 

Table 3 .6  Core sample stations longitude and latitude (us ing GPS) 
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CHAPTER 4 



Resu lts and D iscussion 

4.1  Mechan ical Ana lyses 

4 . 1 . 1 Sed iment Texture 

The texture of Zakum F ield sed iments of various sample stations is i l lustrated 

in F ig .  4 . 1 .  The majority of these sed iments a re sandy gravel .  As per (Folk ,  

1 976) Gravel in  th is context defined as a l l  sed iments reta ined on 2 .0  mm 

standard mesh sieve. Sand is al l  sed iments retained on 0 .0625 m icron 

standard mesh sieve . Moreover mud is al l  material passing through pervious 

sieves. 

IOO�----------------------------�r-----------------------, 
95 
� � ------------ n- -- �-------I 
8S 
80 
75 
70 
65 � 60 

Q) 55 

� 50 � 4S 
Q) 40 

� 35 
30 
25 
20 
1 5  
1 0  

5 o�JU���L)����AL����������������� 
I 2 3 4 5 6 7 8 9 10 I I  12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 

S3J1llle stations 

,_ Gravel% 0 sand% 0 o:uJ"lo ] 

Fig .  4 . 1  Sed iment Texture o f  Zakum F ield Area 
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4 . 1 .2  Gra in  s ize d istri bution 

The mean gra in  s ize of Zakum F ield samples is i l lustrated in Fig .  4 .2  in mm 

u n it ,  wh ich ind icated coarse to fine sand . However, in  few locations there is  

coarse sand to granu le  gravel gra in  size d istribution. The maximum gra in size 

located in  station no. 1 2  with gra in  size of 3 .9 mm,  which is consequently 

attributed to high level of gravel which exceed 60% of it 's textu re . The lowest 

g ra in  size fou nd on station no. 2 with grain s ize of 0 .1 mm,  the overal l  

calculated g ra in  s ize average in  Zakum Field stations is 0 .922 mm which is 

located in the coarse sand region as per Folk (1976) classification .  The 

detai led g ra in  size data are l isted in  Tables 6 .1 and 6 .2 .  

4 5  
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-en 2 c 
!"I: 1 5 ... 

(!) 
1 

o 5 
0 

A 

\ \ 
\ L"\ � �. 
\/ 0/ '---./ 

2 :: : :: - � 'C �. "2 � . '! J 
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F ig .  4 .2  Gra in  S ize Sediment of Zaku m F ield Area 
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I Sam�le �o I 1 I 2 II 3 I 4 I 5 I 6 I Ph i ( 0 )  I II Cu m u lat ive wt . % 
-2 . 0  4 .4 0.8 5 9  6 . 5  6.6 1 6. 5  

- 1  0 1 1  2 1 0 4 1 3 5 24 .2 1 3 .8 28 0 f- I- - - -- -- -
0 0  33 5 20 0 22.3 58.3 33 .2 4 3 5 

1 0 73.8 37 6 4 1 .2 _ 78 0 I- 75.8 59.0 --
2 . 0  96 2 81 6 82 . 3 87. 3  96.4 84 . 0  

3 . 0  99 7 97 6 98. 2 98.8 992 98 0 

4 . 0  1 00 . 0  99.8 1 00 0 99 3 99.8 1 00 . 0  

>4 1 00 0 1 00 . 0  1 00 0 1 00 . 0  1 00 0 1 00.0 

Parameters Statistical size para meters 
Mz 0 . 4  3 . 3  0 . 9  0 . 0  0 . 3  0 . 1 

0 1 1 0 . 3  1 . 4 1 5 1 1 2 0  

Sk,  -0 1 - 1 . 3 -0 .4  0 2  -0 1 -0 3 

KG 1 3  1 . 1 1 3 1 . 3 1 4 0 5  

I Percentage I Texture 
Gravel% 1 1  2 1 0 . 4  1 3. 5  24.2 1 3 .8 28 0 

sand% 88 8 89 4 86. 5  75 0 86 . 0 72 0 

mud% Q·L � 0.0 0 .8 O� I- O� 
g . 

Texture 9 Sand g.Sand Sand g. Sand 9 Sand g. Sand 

Table 4 . 1 G ra in  S ize Ana lysis of samples ( from sample no . 1 - 1 2 ) 

48 

I 7 I 8 I 9 I 1 0  I 1 1  I 1 2  

6 .0  4 0  2 0  7 0  1 0 0 50 4 -
9 5  1 1  5

_ � 7 1 4 5 1 2 3 60 4 I-
1 3 0 29 3 25 3 43 0 25 0 70A 
34 0 68 0 64 0 85 0 80 0 86 4 
78 0 92 5 95 7 98 8 97.5 96 8 
98 0 99 3 98 7 99 8 99 5 982 

1 00.0 1 00 0 99.7 1 00 . 0  1 00 0 1 00 0 

1 00 0 1 00 0 1 00 . 0  1 00 0 1 00 0 1 00 . 0 

1 3 0 6  0 6  o 1 0 2  - 1  9 
1 1 1 1 1 0 1 0 1 3 2 7  

-0.2 -0 1 -0 2 -0 1 -0 3 -0. 1 

1 .8 1 3 1 2 1 6 1 9 0 8  

9 5  1 1  5 9 . 7  1 4 . 5  1 2 3 60 4 
90 5 88 5 90 0 85 5 87 8 39 6 
0 0  O L --..2 3 0 0  0 0  0 0  ---

9 9 9 9 
g. Sand Sand Sand Sand Sand s Gravel 



I Sam�le no. I Ph i ( 0 )  
-2 .0  

- 1  0 

0 0  -- -
1 . 0 
2 0  

3 0  
4 0  

>4 

I Parameters I 
Mz 

0 
Sk 1 

KG 
I Percentage I 

Gravel% 
sand% 

mud% 

Texture 

1 3  

2 . 5  

7 0  

25 0 -
65.0 
95.0 

99 .5  
1 00 . 0  

1 00 . 0  

0 .6 

0 9  

0 0  

1 2 

7 . 0  
93.0 

0 .0  

g . 
Sand 

1 4  1 5  

6 .3  

9 3  0 .5  

1 4 0 2 . 3  - I-
3 1 .8 7 . 3  

� _ 53 3 

98 .8 99.0 

99.5 1 00. 0 

99.8 1 00 . 0  

1 . 4 1 .9 

1 3 0 7  

-0 .4  0 0  

1 4 1 . 2 

9 .3  2 .3  

90 3 99.5 

0 .3 0 .0  

9 
Sand sand 

1 6  1 7  1 8  1 9  20 

1 2 . 3  1 8 1 . 7 25 .0  35. 0 

1 4 3 6 . 2  4 . 3 3 1  7 4 5 3 

32 5 2 2 . 4  1 4 . 3  53.0 57 . 3  -_. --
70 5 64 . 0 57.7 89.7 86. 3 

95 3 96 0 94.3 99.0 98.7 _ 

99.3  99 6 99 0 99 .7 99 7 
99. 8 1 00.0 99 7 1 00 . 0  1 00.0 

1 00 . 0  1 00.0 1 00 0  1 00. 0 1 00 . 0  

0 . 3  0 6  0 8  -0.7 - 1  0 

1 . 5 0 9  0 8  1 . 7 1 .9 

-0 .3 -0 .2 -0 1 -0 4 -0 . 3 

1 9 1 3 1 3 0 .9  0 .9  

Texture 

1 4 . 3  6 .2  4 3  3 1 .7  45.3 

85.5 93.8 9 5 . 3  68 3 54.7 -
0 3  0 . 0  0 . 3  0 . 0  0 0  

g .  
Sand g. SancL_ 1I. Sand s .Gravel s .Gravel ---

Table 42 Gra in  S ize Ana lysis of samples (from sample no . 1 2-26) 
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2 1  22 23 24 25 26 

6 . 7  9 5  1 5 0 6 2  1 7 33 
2 .8  1 8 . 0  38 3 20 3 1 1  1 28 76 

20 4 30.7 71 5 26 7 r 27 6 _ 5 1  - -f-- -
60 4 47.3 86 3 5 1  7 72.6 87 07 
88.0 86 0_ 9� 89 3 _ f- 96 6_ 98 5 f- -
98 4 99.3 97 8 99 0 99 4 99.6 

1 00 0  1 00.0 99.5 99 .7 99 9 99 9 

1 00 0 1 00 0 99.8 1 00 . 0 1 00 1 00 

0 .8  0 . 7  -0 5 0 5  0 .47 -0 67 

1 0 1 5 1 3 1 8 1 1 9  1 69 

0 2  -0.5 0 2  -0 5 -0 1 9  -0 37 

1 1 1 . 1  1 . 3 1 5 1 48 1 30 

2 . 8  1 8. 0  3 8 . 3  20 .3  1 1 . 1  28 76 
97.2 82.0 6 1  3 79 3 88. 8 7 1  1 4  

0 0  0 0  0 3  0 3  o 1 o 1 -
g . 9 

sand Sand s.Gravel Sand g. Sand 9 Sand I 



A summary of gra in  size characteristics of the study area samples is 

i l l ustrated in  Table 4 .3 ,  which shows that 59% of the samples are formed of 

coarse sand with 73% of wh ich are poorly sorted. 

Percentage of 
Parameters Description samples 

Mz Granule 7 0/0 
Very Coarse Sand 1 4% 
Coarse Sand 59 % 

Med ium sand 1 7% 
Very fine Sand 3% 

a Very wel l  sorted 3% 
Moderately wel l  sorted 70/0 
Moderately sorted 1 7% 
Poorly sorted 730/0 

Sk1 fi ne -sekwed 1 0% 
Near symmetrical 1 70/0 
Coarse skewed 38% 
Strongly coarse 
skewed 350/0 

KG Very platyku rtic 3% 
mesokurtic 1 0% 
Leptokurtic 70% 
Very leptokurtic 1 4% 
P latykurtic 3% 

Table 4 .3 Summary of s ize characteristics of Zakum samples 

4.2 Total Organ ic  Carbon 

The concentration and d istribution map of TOe % in Zaku m Field area are 

i l lustrated in Fig. 4 .3  and 4 .4 respectively throug hout the 26 sampling stations. 

The maximum and min imum values were recorded in  station no. 7 and 1 5  

50 



with 0 .14 % and 14.96 % respectively. The average TOC % was 4 .76 % ,  

which i s  a h igher value than p revious studies in  the region (AI Ghadban ,  

1994 ) .  The concentration in  far field stations (Le .  no .  18 & 22) is also having 

relatively high value with 4.10 % & 4.82 % respectively .  F igure 4.4 shows a 

general  trend towards the north to the northeast area of relatively high TOC % 

as compared to the southeast a rea of the field , wh ich has the lowest TOC % 

concentration . 

Toe % 

Fig .  4 .3  

1 6 00�-------------------------------

1 4 00 �----��-----------------------
1 2 00 �----��-----------------------
1 0 0 0 +----------1 

8 00 +-----1 
6.00 +-----------
4 0 0 +------c� 
2 00 
O OO ���������������� 

Sampling Stations 

Variation i n  TOC % Concentration 
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Fig .  4.4 Distribution map of TOe % in Zakum Field 

Toe is genera l ly  inversely correlated with gra in  size; the smaller the gra in  

sizes the h igher  the TOe concentration (AI-Ghadban e t  aI, 1 994). However 

ins ign ificant corre lation coefficient found between grain size and TOe % in the 

study area ( i .e. r = 0.15699),  which may due to the mu lti-sources of TOe or 

the presence of und issolved dolomite (F igure 4.5) .  Th is resul t  is in agreement 

with other stud ies cond ucted previously in the region main ly due to various 

sou rce inputs of organic matters such as petroleum hydrocarbon in the Gulf 

(AI Gahdaben et aI. , 1994 ).  
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TOC vs. SIZE 

SIZE = .77289 + .03 1 43 * TOC 
Correlation: r = . 1 5699 

4.5 r--�-�-�--�-�-�----�� 

3.5 

2 5  

w 
N 
U5 

1 .5 

0 .5  

-0.5 

0 

0 
0 0 0 

o � -- 0 0 I-- 0 00  oc;Pf} 0 0 
u 

0 0 
0 

-2 0 2 4 6 8 1 0  1 2  

TOC 

Figure 4 .5  Scatter plots of TOe vs. g ra in  size 

4.3  Total Petroleum Hydrocarbons (TPH) 

0 

1 4  1 6  

'0-.. Regression 
95% confid. 

The tota l petroleu m hyd rocarbons concentration and d istribution map variation 

in  stud y  a rea a re shown in  figu res 4 .6  and 4 . 7  respectively. The maximum 

a nd min imum TPH concentrations values were recorded in station no.  1 and 

11 with 6 .14 ppm and 62.7 ppm respectively. The average TPH is 22 .7 ppm, 

which is  consistent with previous stud ies in the area ( i.e. ADMA EMA-1997 & 

ZADeo E M P, 1999). 

The inverse relationsh ip  between TOe and TPH in the study area may due to 

the mu lti-sou rces of TOe and the l im ited sou rces of TPH to petroleum 

hydrocarbons. 

The TPH variation in  Zaku m Field area is with in low l im its except for one 

isolated station ( i.e. station no.11 with 62.7 ppm), wh ich requ ired more 
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investigation to confi rm the h igh concentration as it appears may due to 

accidental spi l ls , Hence not due to chronic oi l pollution .  Northeast area 

seems to have more TPH concentration than other study areas. This may due 

to natu ral  seepage from the permeable reservoirs or operational spi l ls. The 

far field stations values show relatively lower TPH concentration with 1 5 .8 

ppm and 1 2 .8  ppm respectively.  General ly, the west area of the field shows 

relatively low TPH concentration among other sectors . 

TPH 

0 ,------------------------------
0 +------

50 +----------., 
·W f-----::::----

ppm 30 

Fig .  4 .6  

20 
1 0 

o 

Sampling Stations 

TPH variation in Zakum F ield 
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Fig .  4 . 7  T P H  d istribution m a p  i n  Zakum Field 

No sign ificant corre lation was observed between TPH and grain size 
d istribution (r= - 0 .0312) (figu re 4.8)  
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Fig .  4.8  
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TPH = 23. 1 46 - .4481 * S IZE 

Correlation: r = -.03 1 2  
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cPo 
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TPH V S .  Grain  s ize d istribution scatter map in Zaku m Field 
area 
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4.4 Polych lori nated Bi phenyl 's  (PCBs) 

The variation and the distribution map of the Tota l Polych lorinated Biphenyls 

(PCBs) in  Zakum Field a rea throughout the 26 sampl ing stations are 

i l lustrated in  F igu res 4 .9  and 4. 1 0  respect ively. The maximum and min imum 

values were recorded in  station no. 8 and 1 1  with concentration of 27 .52 ppb 

and 4 .30 ppb respectively. The concentration of 1 3 .5  ppb was the average 

value of total PCBs in study area . This is sl ightly above the level recorded 

previously in the reg ion i .e .  below 5 ppb ( U N E P, 1 999) .  F igure 4 .8  shows that 

the h ighest concentrations are located in  the northeastern and southeastern 

side of the fie ld.  

30 00�-----------------------------

25 00 �----� •• r-----�r------------

20 0 a +---_=__---1 
Tota l 1 5 00 
PCB S  

F ig .  4 . 9  

1 0  0 0  
5 00 
O OO ��������������� 

Sa mpling Sta tions 

Total PCBs variation in  Zakum F ield 
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Fig. 4 . 1 0  Tota l PCBs d istribution map in Zakum Field 
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Table 4 .4  shows the concentration of individual PCBs in  the study area in  ppb 

u n it . PCB- 1 80 concentration is the h ighest among the other individual PCBs 

with 62.02 ppb. I nd ividual  PCBs concentration and their interpretation are 

d iscussed in  the fol lowi ng sections.  
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Station PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB PCB Total 
no 8 1 8  28 52 44 66 1 0 1  77 1 1 8 1 53 1 05 1 80 1 70 1 95 PCB 

1 0 0 0 0 0 2.2 0 0 0 0 0 2.34 1 . 1 8  0 5.72 

2 5.5 5.22 0 0 3.74 0 0 0 0 0 0 1 .74 0 0 1 6.20 

3 0 6.32 3.61 0 0 2.09 0 3.71 0 0 0 1 .9 0 0 1 7 .63 

4 5.53 0 0 2.65 6.24 0 0 0 1 .22 0 0 2 0.99 0 1 8.63 

5 0 0 0 0 0 1 .67 0 0 0 2 . 1 3  0 2.76 1 .03 0 7.59 

6 4.58 5.32 2.8 0 0 0 0 2. 1 1  1 .24 0 0 2.31 0 0 1 8.36 

7 5. 1 9  8. 1 3  4.31  0 0 0 0 3.44 0 0 0 2.8 1 .08 0 24.95 

8 1 3.3 4 . 1 2  4 . 1 8  0 0 0 2.4 2.03 0 0 0 1 .49 0 0 27.52 

9 3.8 0 0 8.3 0 0 0 0 0 0 0 1 .37 0.95 0 1 4 .42 

1 0  0 0 0 0 2.33 0 0 0 0 0 0 2 .29 0.92 0 5.54 

1 1  0 0 0 0 0 0 0 0 0 0 0 3.3 1 0 4.30 

1 2  3.03 3.36 0 0 7 .21  0 0 0 0 0 0 3.1 0.88 0 1 7 .58 

1 3  0 0 4.69 0 3 . 1 4  0 1 .91 3.62 0 0 0 2 0.95 0 1 6.31 

1 4  4.83 0 2 .37 0 0 0 6.88 3.44 0 0 0 1 .51 0 0 1 9.03 

1 5  0 0 8.09 3.93 7 . 1 5  0 0 4 0 0 0 0 0.93 0 24. 1 0  

1 6  0 4 .43 0 0 0 0 0 0 0 0 0 1 .09 0 0 5.52 

1 7  0 0 3.44 0 0 0 0 3.54 0 0 0 1 .35 1 .04 0 9.37 

1 8  0 0 7.88 0 4 . 1 9  0 0 4.56 0 0 0 1 .82 1 . 1 4  0 1 9.59 

1 9  0 0 0 0 0 0 0 3.8 0 0 0 3.41 1 .27 0 8.48 

20 0 0 0 0 0 0 0 4.46 0 0 0 3.78 1 . 1 3  0 9.37 

2 1  0 0 0 5.72 1 .9 0 0 0 0 0 0 2.55 0 1 .88 1 2.05 

22 0 0 0 0 2.5 0 0 0 0 0 0 2.88 1 .06 0 6.44 

23 0 0 0 0 0 0 0 0 0 0 0 3 .92 1 .2 1  0 5. 1 3  

24 4 . 84 3 . 1 6  0 0 0 0 5.68 0 0 0 0 3.58 0 0.9 1 8 . 1 6  

25 2.47 0 0 0 1 .81 0 0 0 0 0 1 .7 1  3.44 0 0 9.43 

26 6.32 0 0 0 0 0 0 0 0 0 0 3.29 0 0 9.61 

Table 4 .4  PCBs concentration in the study area 

4.4. 1 PCB 8 

The variation and d istribution map of PCB 8 in  Zakum Field area at 26 

d ifferent stations a re shown in figu res 4 . 1 1 and 4 . 1 2 respectively. The 

maximum value was recorded in station no. 26 with concentration of 6 .32 ppb. 

The majority of PCB-8 was detected in the northeast side of the filed . PCB 8 

was not detected in the south side area of the field . 
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Fig .  4. 1 2  PCB 8 d istribution map in Zakum Field 
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4.4.2 PCB 1 8  

The variation and d istribution map of Polych lorinated Biphenyl 1 8  in Zakum 

Field area at 26 different stations are shown in figures 4 . 1 3  and 4 . 1 3  

respectively. The PCB 1 8  was detected i n  eight stations with a maximum 

concentration of 8 . 1 3  ppb recorded in  station no. 7 .  As shown in figure 4 . 1 3  

the far northeast side of the fie ld is characterized by high concentration of 

PCB 1 8  with h igh  spots in central and south side of the field . 

9 .------------------------------
8 �----��---------------------
7 �----��---------------------
6 
5 

PCB 1 8  J 
ppb 3 

Fig.  4 . 1 3  

2 
1 
O ��������������� 

Sampling Sta tions 

PCB 1 8  variation in  Zakum Field 
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0530 28.85 0530 36 75 0530 43.21 

Fig .  4 . 1 4  PCB 1 8  d istribution map in Zakum Field 

4.4.3 PCB 28 

The concentration and d istribution map of Polychlorinated Biphenyls 28 in 

Zakum Field area are shown in figu res 4 . 1 5  and 4 . 1 6  respectively. The 

maximum concentration was recorded in  station no. 1 5  with a concentration of 

8 .09 ppb. It is observed that the Northeast side area has the highest 

concentration among other a reas of the field . 
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PCB 28 distr ibution map in  Zakum F ield 

4.4.4 PCB 52 
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Fig .  4 . 1 7  shows the variation of Polych lorinated Biphenyls 52 in Zakum Field 

a rea at 26 different stat ions. The PCB 52 detected in  four  stations with a 

maximum concentration of 8 .3  ppb, wh ich recorded in station no.  9 .  
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Fig . 4 . 1 7  PCB 52 variation in Zaku m Field 

4.4. 5 PCB 44 

Fig .  4 . 1 8  shows the variation of Polychlorinated Biphenyl 44 in Zakum Field 

a rea at 26 d ifferent stations.  The concentration of PCB 44 ranges between 0 

ppb and 7 .2 1  ppb. The maximum recorded concentration was in  station no. 

1 2 . 
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Fig. 4. 1 8  PCB 44 variation in  Zakum F ield 
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4.4.6 PCB 66 

Fig. 4 . 1 9  shows the variation of PCB 66 in  Zakum Field area. The 

Polychlorinated Biphenyl 66 detected in three stations with a maximum 

concentration of 2.2 ppb, which recorded in  station no. 1 .  PCB 66 was 

detected only in western side area of the field . 

2 5  
2 

1 5 r-

PCB 66 
ppb r-

o 5 r-

0 � ---------------------

Sampling Stations 

Fig. 4 . 1 9  PCB 66 variation in  Zakum F ield 

4.4.7 PCB 1 01 

Fig .  4 . 20 shows the variation and d istribution map of PCB 1 0 1 in Zakum Field 

a rea . The Polychlorinated Biphenyl 1 0 1 detected in four  stations with a 

maximum concentration of 6 .88 ppb, which recorded in  station no. 1 4 . 
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F ig .  4 .20 PCB 1 0 1 variation in  Zakum Field 

4.4.8 PCB 77 

Fig .  4 . 2 1  and 4 .22 show the variation and d istribution map of PCB 77 in 

Zakum Field area throughout 26 sampl ing stations.  The Polychlorinated 

B iphenyl 77 ranges between 0 and 4 .56 ppb. The maximum recorded 

concentration was in station no.  1 8 . As shown in the d istribution map, the 

h ighly concentrated area is  located in  the southern part of the field .  
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Fig. 4 . 2 1  PCB 7 7  variation in  Zakum Field 
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Fig .  4 .22 PCB 77 d istribution map in  Zakum Field 

4.4.9 PCB 1 80 

0530 43 21 
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The variation and d istribution map of PCB 1 80 in the study area throughout 

the 26 sampl ing stations are shown in figu res 4 .23 and 4.24.  PCB 1 80 has 

detected almost in  al l  the sampl ing stations except one (station no. 1 5) .  The 
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maximum concentration was recorded in  station no 24 with 3 .92 ppb. The 

concentration trends observed towards the northeast and southwest sides of 

the fie ld .  The far field stations concentration of PCB 1 80 fol low the same trend 

of other  samples of the field . 
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Fig .  4 .23 PCB 1 80 variation in  Zaku m Field 
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Fig.  4 .24 PCB 1 80 d istribution map in  Zakum F ield 
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4.4. 1 0  PCB 1 70 

Figures 4 .25  and 4 .26 show the variation and distribution map of PCB 1 70 in  

Zakum Field a rea . The Polychlorinated Biphenyl 1 70 concentration ranges 

between 0 and 1 .27 ppb. The maximum concentration was recorded in  

station no. 1 9 . As shown in F ig .  4 .26 ,  the PCB 1 70 trend increases from the 

centra l  part of the field towards the outer part of the field . 
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4.4. 1 1 PCB 1 05, PCB 1 1 8, PCB 1 53 & PCB 1 95 

The PCB 1 05 detected in only one station with 1 . 7 1  ppb, which recorded in 

station no.  25 .  PCB 1 1 8 detected in  two stations i .e .  no. 4 & 6 with 

concentrations of 1 .22 ppb and 1 .24 ppb respectively. PCB 1 53 detected in  

only one station with concentration of 2 . 1 3  ppb,  which recorded in  station no. 

5 .  The PCB 1 95 was detected in  two station i .e .  no. 21 & 24 with concentration 

of 1 .88 ppb & 0 .9  ppb respectively (F ig .  4 .27)  
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Fig .  4 .27  PCB 1 1 8,  PCB 1 53 ,  PCB 1 05 & PCB 1 95 concentration 

4.4. 1 2  Other PCBs 

The fol lowing PCBs were not detected in  any  of the 26  sampling stations i n  

Zakum Field study area : 

PCB 1 38 PCB 1 28 
PCB 1 26 PCB 206 

PCB 1 87 PCB 209 
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4.5 Poly Aromat ic  Hyd rocarbons:  

The concentration and d istribution map of total Poly Aromatic Hydrocarbons, 

(PAHs) in  Zakum Field area are i l lustrated in figures 4.28 and 4.29. The total 

PAHs ranges between zero ( in case of not detected ) and 3 1 .5  ppb. The 

maximum va lue was recorded in station no. 2 1 . Total PAHs concentration 

trend increases towards Northwest area of the field , consequently the 

min imum concentration found in the central part area of the field . 
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PAHs d istribution map in Zakum F ield 
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Fig .  4 .29 PAHs variation in  Zakum Field 

4.5 . 1 Ind iv idual  PAHs 

Table 4 . 5  shows the concentration of ind ividual PAHs in the study area in  ppb 

u n it .  Acenaphthylene has the h ighest concentration among other ind ividual 

PAHs with 1 54 ppb, which may attribute to the physical property in particu lar 

adsorption to the study area sed iments . Concentration resu lts and 

interpretation deta i ls  are d iscussed in  the fol lowing sections. 
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1 0 1 2 . 7  5 0 0 0 0 0 0 0 0 30.7 

2 5 8 . 3  0 0 8 0 0 0 0 0 0 21 .3 

3 0 0 0 0 0 0 0 0 4 0 0 4 

4 0 5.6 0 9 1 1  0 0 0 0 0 0 25.6 

5 0 0 0 0 0 0 0 0 0 0 0 0 

6 0 5.2 0 0 0 0 0 0 0 0 0 9.2 

7 0 8.8 0 0 0 0 0 0 0 0 0 8.8 

8 0 7. 1 0 0 0 0 0 0 0 0 0 7.1  

9 5.3 6 . 1  0 0 0 0 0 0 0 0 0 1 1 .4 

1 0  0 6. 1 0 0 0 0 0 0 0 0 0 6. 1 

1 1  0 0 0 0 0 0 0 0 0 0 0 0 

1 2  0 0 0 0 0 0 0 0 0 0 0 0 

1 3  0 7 0 0 0 0 0 0 0 0 0 7 

1 4  0 1 5.6 0 0 0 0 0 0 0 0 0 1 5.6 

1 5  0 1 6 . 3  0 0 0 0 0 0 0 0 0 1 6.3 

1 6  0 0 0 0 0 0 0 0 0 0 0 0 

1 7  0 5.9 0 0 5 0 0 0 0 0 0 1 0.9 

1 8  0 1 6 . 1  0 0 4 0 0 0 0 0 0 20. 1  

1 9  0 1 5 .9 0 0 0 0 0 0 0 0 0 1 5.9 

20 0 5 . 8  0 0 0 0 0 0 0 0 0 5.8 

21 0 5 . 1  1 6. 1  0 0 0 0 0 0 0 0 31 . 5  

2 2  0 6 0 0 6 0 0 0 0 0 0 1 2  

23 0 0 0 0 8 0 0 0 0 0 0 8 

24 0 0 0 0 0 0 0 0 0 0 0 0 

25 0. 1 0 0 0.02 0 0 0 0 0 0 0 0.08 

26 0 0 0 0.06 0.1 1 0.03 0.04 0 . 1  0 . 1  0.03 0.07 0.59 

Table 4 .5  PAH's concentration 
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4.5.2 Na phtha lene:  

Figu re 4 .30 shows the variation of  Naphthalene in Zakum Field area through 

out the sampl ing stations. Naphthalene was detected in three stations with 

h ighest concentration of 5.3 ppb in station no. 9 .  
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a 

Fig.  4 .30 

4.5 .3  

Naphthalene 

I--

l-
I-
+-

- - - - ---- - - - - - - - - - - ---

Sampling Stations 

Naphthalene concentration in  Zakum Field 

Acenaphthylene 

The concentration and d istribution map of Acenaphthylene in Zakum Field 

area throughout 26 d ifferent stations are shown in figures 4 .3 1  and 4 .32 .  The 

concentration ranges between 0 ppb and 1 6 .3 ppb. The maximum 

concentration recorded was in  station no. 1 6 . Various high concentration 

spots of Acenaphthylene in the study area has been observed as shown in 

figu re 4. 32 i .e .  in south , southeast and far west sides. However, the central 

part of the field shows low Acenaphthylene concentration .  
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Acenaphthylene variation in  Zakum field 

0530 28.85 0530 36.75 0530 43 21  
Fig. 4 . 32 Acenaphthylene d istribution map in Zakum field 

4 . 5 . 4  Pyrene 

I" 
17 
1 6  

. .  
\ 3  
12 
\ I  
\0 

The concentration of the Pyrene in  Zakum Field area throughout the 26 

sampl ing stations is shown figu re 4 .33 .  The concentration ranges between 0 

ppb and 1 1  ppb. The maximum concentration recorded was in station no. 4 .  
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F ig .  4 .33 Pyrene variation in  Zakum Field 

4.5.5 Benzo(a) anthracene , Benzo (K) flouranthene 
, Ch rycene,  I ndeno(1 ,2 ,3-cd) pyrene , Benzo (a) pyrene , Benzo 
(B )  f louranthene , Phenanth rene, F luorene:  

8enzo(a) anthracene , 8enzo (K )  flouranthene,  Chrysene , l ndeno( 1 ,2 ,3-cd ) 

pyrene,  8enzo (a) pyrene, and were detected in station no. 26 only with 

concentration of 0 .03 ppb,0 .04 ppb, 0 .01  ppb,0 .03 ppb,0.07 ppb respectively. 

8enzo ( 8 )  flouranthene is detected in  two stations ( i .e .  no. 3 & 26) with 

concentration of 4 .00 ppb and 0 . 1  ppb. Phenanthrene is detected at three 

stations with h ighest concentration of 9 .0 ppb in station no. 4. Fluorene is 

detected in two stations ( i .e .  no. 1 & 2 1 ) with concentration of 5 .0 ppb and 

1 6. 1  ppb respectively (F igure 4.34). 
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Figure 4 .34 I nd ividual PAHs concentration 

4.5 .6  PAH not detected i n  the study 

l ftourene 

• Pheneanthrene 

o Benzo(K)ftouranthene 

o Chrysene 

• Benzo(B) ftouranthene� 
indeno( 1 ,2 ,3-cd) pyrene 

• Benzo(a) pyrene 

The fol lowing PAHs were not detected in any of the 26 sampl ing stations in 

Zaku m F ield study area: 

Acenaphthene Dibenzo(a, h)anthracene F luoranthene 
Anthracene Benzo(g , h , i)perylene 

4.6 Previous seabed core samples analyses results 

TPH,  PCBs and PAHs analyses were carried out for six old seabed core 

samples, which collected du ring 1 970's, for comparison pu rpose. Table 4 .5  

shows the concentration of  TPH , Tota l PCBs and Total PAHs.  The 

fol lowing sections d iscuss the resu lts interpretation.  
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Station TPH Total Tota l 
PCBs PAHs 

1 28 .4 37 . 1 3  0 

2 27.8 1 3.55 0 

3 1 7 . 8  1 1 .3 5 . 1  

4 8 .93 3.55 0 

5 8.09 6 1 .72 59 

6 1 3 .5 1 1 2 . 1  6 1 .4 

Table 4 .5  TPH , Total PCBs and Total PAHs of old seabed 
samples 

4.6 . 1 Tota l Petroleum Hyd rocarbons 

Total petro leum hydrocarbons concentration in  the old seabed cores from 

Zaku m F ield a rea ranges between 28.4 to 8.09 ppm in station no. 1 and 5 

respectively (figu re 4 .35) .  

T P H  cont 1 
ppm 

Sampling Stations 

Figure 4 .35 TPH concentrations of o ld Zakum Field seabed core samples 

4.6.2 Total Poly ch lori nated Bi phenyl 

Total polych lorinated biphenyl concentration in Zakum old seabed cores 

ranges between 3 .5  and 1 1 2 . 1  ppb in stations no. 4 and 6 respectively (figu re 

4 .36) .  
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ampling Stations 

F igure 4 .36 Tota l PCBs concentration of  o ld  Zakum Field seabed core 
samples 

4.6 .3  Total Poly Aromatic Hydrocarbons 

Total poly aromatic hydrocarbons ranges in Zakum Field old core samples 

between 0 to 6 1 .4 ppb. Sampl ing station no. 6 has the h ighest concentration 

of PAH among the other samples (figure 4 .37) .  

7 0  
�C 
5 0  
60 

T PAH �o 
20 
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Sa mpling Stations 

Figure 4 .37 Total PAHs concentration of Zakum Fi led old 

seabed core samples 
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4.7 Heavy Meta ls 

E ight heavy meta ls elements have been analyses in  this study i .e .  Cr ,  Cu ,  Fe, 

Mn ,  N i ,  Pb ,V and Hg.  Table 4.6 shows the resu lts of the heavy metals 

concentration which obta ined from the study area sampl ing stations.  The 

h ighest concentration detected was for Fe with an average amount of 23.6 

ppm, which may attribute to highly Fe l ithogenic source. On the other hand , N i  

has the lowest concentration with an average of 0 .035 ppm , which confirms 

the non-oi l  contaminants of the study area sed iments. 

Station Cr C u  F e  M n  N i  Pb 

1 0.04 0.01 4.1 6 0.08 0.01 0.01 
2 0.04 0.01 5.01 0 . 1 4  0.02 0.01 
3 0. 1 4  0.02 3.1 8 0.09 0.02 0.02 
4 0.06 0.02 8.80 0.22 0.04 0.01 
5 0.07 0.01 1 5. 1 8  0. 1 4  0.02 0.01 
6 0.04 0.01 3.42 0. 1 2  0.01 0.01 
7 0.02 0.02 2.81 0.08 0.01 0.01 
8 0.05 0.01 5.89 0.1 1 0.01 0.01 
9 0.09 0.01 1 6.42 0.23 0.02 0.01 

1 0  0.03 0.01 3.24 0 . 1 1 0.01 0.01 
1 1  0.03 0 .04 2.43 0.07 0.01 0.01 
1 2  0.02 0.01 2.55 0.08 0.01 0.01 
1 3  0.02 0.01 2.78 0.07 0.01 0.01 
1 4  0.02 0.01 1 .57 0.05 0.01 0.01 
1 5  0 .03 0.02 1 .59 0.04 0.01 0.01 
1 6  0.02 0.02 3.61 0.07 0.01 0.01 
1 7  0 .02 0.01 1 .51 0.03 0.01 0.01 
1 8  0 .02 0 .01  1 .52 0.03 0.01 0.00 
1 9  0.02 0.01 2.75 0.09 0.01 0.01 
20 0 .04 0.01 6.56 0 . 14  0.02 0.01 
21 0.05 0.01 7.45 0.1 2 0.02 0.01 
22 0.04 0.01 4.06 0.1 1 0.02 0.01 
23 0.03 0.01 5.22 0 .1 1 0.02 0.01 
24 0.03 0.06 3.56 0. 1 2  0.04 0.01 
25 0.05 0.06 48.73 0.28 0.03 0.04 
26 1 .85 1 .84 449.92 2.08 0.50 1 .30 

Average 0.1 1 0385 0.087308 23.61 231 0.1 85 0.035 0.060769 

Table 4 .6 Heavy metals concentration in Zakum Field area (ppm) 

4 .7 . 1  Cr :  
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0.04 
0.03 
0.02 
0.04 
0.09 
0.03 
0.02 
0.05 
0.1 2 
0.04 
0.02 
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.05 
0.05 
0.02 
0.02 
0.03 
0.04 
0.26 

0.044231 

Hg 
0 
0 
0 

0.022 
0.01 5 

0 
0 
0 

0.01 3 
0 
0 

0.01 2 
0 

0.020 
0.009 
0.009 
0.01 3 
0.01 6 

0 
0.01 2 
0.369 

0.26 
0.66 

0.38529 
0.029507 
0.052383 
0.072968 



The d istribution of Cr  concentration in  Zakum F ield area throughout the 26 

sampl ing stat ions is shown in figu res 4 .38. The maximum and min imum 

values were recorded in stations no. 26 and many stations with concentration 

of 1 .85 and 0 .02 ppm, respectively with Average value of Cr is 0 . 1 1  ppm. The 

Cr concentration is low compared to simi lar previous stud ies values in the 

region.  

2 
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1 
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Figure 4 .38 

4.7.2 C u  

a 6 
0 4  
0 2  

o � - -- - - _  .... _-- -- -_ ... 

Sampling Stations 

Distribution of Cr concentration (ppm) in Zakum F ield 
area 

The d istribution of Cu concentration in  Zaku m Field area throughout the 26 

sampl ing stations is shown in figures 4 .39. The maximum and min imum 

values were recorded in  stations no. 26 and 1 2  with concentration of 1 .84 and 

0 .0 1  ppm, respectively and a average value of 0 .09 ppm. The Cu 

concentration in the study a rea is low compared to previous stud ies in the 

reg ion (Table 2 .3) .  
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Figure 4 .39 Distribution of Cu concentration (ppm) in Zakum field area 

4.7 .3 Fe 

The d istribution of Fe concentration in Zakum Field area throughout the 26 

sam pl ing stations is shown in figures 4 .40. The maximum and min imum 

va lues were recorded in  stations no. 26 and 1 7  with concentration of 449.9  

and 1 . 5 1  ppm, respectively with average value of  23 .61  ppm. The Fe 

concentration in  th is  study is low compared to  previous stud ies in  the region 

(Table 2 .3) .  
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F igure 4 .40 Distribution of Fe concentration (ppm) in  Zakum F ield area 

4 . 7 .4 Mn : 
The d istribution of M n  concentration in  Zakum Field area is shown in figu res 

4 .4 1 . The maximum and min imum values were recorded in stations no. 26 

and 1 7& 1 8 respectively with concentration of 2.08 and 0 .03 ppm respectively. 

Mn average value is 0 . 1 85 ppm. The concentration of Mn in  this study is low 

compared to previous stud ies in the region .  

2 5 �----------------------------

2 �------------------------�· 
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t n Cont. ppm 
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Sa mpling Sta tions 

F igure 4 .4 1  D istribution of Mn concentration (ppm) i n  Zakum F ield area 
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4.7 .5  N i  

The d istribution of N i  concentration i n  Zakum F ield area throughout the 26 

sampl ing stations is shown in figu res 4 .42 . The maximum and minimum 

va lues were recorded in  stations no. 26 and 1 9  with concentration of 0.5 and 

0 .0 1  ppm respectively and a mean value of 0 .035 ppm. The concentration of 

N i  in  th is study is low compared to previous stud ies in the region (Table 2 .3) .  

fIi C o nt. ppm 

0 5  
a -t5 

o -t  
0 35 

0 3 
0 25 

0 2  
o 1 5  

o 1 
0 05 

a 
..... ---

ampling ra tions 

F igu re 4 .42 D istribution of Ni concentration (ppm) in  Zakum fie ld area 

4.7 .6 Pb  

The d istribution of P b  concentration in  Zakum Field area throughout the 26 

sampl ing stations is  shown in figu res 4 .43. The maximum and min imum 

va lues were recorded in  stations no. 26 and 1 8  with concentration of 1 .3 and 

o ppm respectively and a mean value of 0.06 ppm. The concentration is low 

compared to previous studies in the region (Table 2 .3) .  
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Figu re 4 .43 Distribution of Pb concentration (ppm) in  Zaku m Field area 

4 .7 .7 V 

The d istribution of V concentration in  Zakum Field area throughout the 26 

sampl ing stations is shown in figu res 4 .44. The maximum and min imum 

values were recorded in stations no. 26 and 1 1  with concentration of 0 .26 and 

0 .02 ppm respectively. V detected in a l l  stations with a mean value of 0 .04 

ppm. The concentration is low compared to previous stud ies in the region . 
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Figure 4 .44 Distribution of V concentration (ppm) in Zakum Field area 
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4.7 .8  Hg :  

The d istribution of H g  concentration i n  Zaku m Field area throughout the 26 

sampl ing stations is shown in figures 4 .45.  The maximum and min imum 

values were recorded in  stations no.  26 and many other stations with 

concentration of 0 .66 and 0 ppm respectively with a mean value of 0 .07 ppm . 

The southeast area of the field shows relatively h igher concentration than 

other sectors , which is may attributed to water circulation and sed iment 

texture in  that part of the study area. The concentration is low compared to 

previous stud ies in the reg ion (Table 2 .3) .  

o 

0 6 �--------------------� 
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O ���������� 
Sampling Stations 

F igure 4 .45 D istribution of  Hg concentration (ppm)  in Zakum field area 
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4 . 8  D isti ng u ish ing b iogenic hydrocarbons from 

petrogen ic  hyd rocarbons 

Characterization and d ifferentiation of hydrocarbons from different sou rces is 

an essential part of any oi l  pollution assessment study. After oi l  spi l ls ,  oi l  

hyd rocarbons often mix with other  background hydrocarbon sources in the 

impacted a rea .  One of the potential sou rces of hyd rocarbons contributing to 

the background is a biogenic hyd rocarbon .  Hyd rocarbons from both 

anthropogenic and natu ra l  sou rces including biogenic sou rce are very 

com mon in the marine and in land environments. Petrogenic hyd rocarbons 

can be ind icated by the d istribution of n- a lkanes in  a wide range from C 1 5 to 

C40 and the notable presence of the chromatographic UCM Wang et a l .  

( 1 995) .  B iogenic hyd rocarbons a re generated either by biological processes 

or in the early stages of d iagnosis in recent marine sed iments. Biological 

sources i nclude land plants, phytoplankton ,  animals ,  bacteria, macroalgae 

and m icroalgae. 

The d istinct characteristics of biogenic hydrocarbons includ ing much h igher 

abundance of odd n-a lkanes in the wide range of n- C21 to n- C33 and 

result ing in  unusual ly h igh  carbon preference index (CPI ) values, wh ich is 

defined as the sum of the odd carbon numbered Alkanes to the sum of the 

even carbon numbered Alkanes ( oi ls characteristical ly have CPI  values 

a round 1 .0) .  H igh CPI  and h igh pristane I phytane values. Also notable is the 

absence of the "unresolved complex mixture (UCM )" hump in the 

chromatograms. 
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I n  th is study pristane / phytane ratio ranges from 0.38 to 1 . 59 . CPI  values 

ranges from 0 .45 to 1 . 1 6  (Table 4.6 and figu res 4 .46-4.50) .  H igh 

concentrations of pristane relative to phytane in  most of the offshore 

sediments ind icate biological hydrocarbon input from a marine biological 

sou rce ( i .e .  phytoplankton / bacteria l )  orig in .  

Sam21es 25 1 8  1 5  1 1  9 4 
prt'J2h 1 . 59 1 .02 0 .95 1 .02 0 .88 0 .95 

CPI 0 .94 0 .49 0 .79 1 . 1 1  0 .95 0 .82 

Table 4.6  Parameters from Zakum Field sed iments 
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Figure 4.46 Sample no. 3 carbon number d istributions vs. frequency 
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Figu re 4 .47 Sample no. 25 carbon number distributions vs .  frequency 
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Figu re 4 .48 Sample no. 4 carbon nu mber d istributions vs. frequency 
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Figure 4 .49 Sample no. 1 5  carbon number d istributions vs . frequency 
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Figure 4 .50 Sample no. 1 8  carbon number  d istribution vs. frequency 

GC - F l O  chromatograms also provide a d istribution pattern of petroleum 

hyd rocarbons (e .g . ,  carbon range and profi le of UCM) ,  fingerprints of the 

major oil components (e.g . ,  i nd ividual resolved n-alkanes and major 
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isoprenoids) ,  and information on the weathering extent of the spil led oi l . I n  this 

study , high concentrations of pristane/N C- 1 7  and phytane/N C- 1 8  in  most 

offshore sed iments ind icate biological hydrocarbon input from a marine 

biological sou rce (planktonic or bacteria l )  orig in  (Shannungham,  1 985).  

Station no. 1 1  has lays in  the same pattern as the oi l  sample, which ind icates 

petrogen ic sou rce Figu re 4 .51 . 

Samples 3 7 1 8  1 1  
pr/nc1 7 0.96 0 .91  0 .93 0 .75 

ph/nc1 8 2 .93 1 .99 0 .83 0 .6 1  

20 0 �----------------�--�--�--�--� 

1 0 0 

... 
o 
l!: 
C> 
c ;g 1 0 
... 

0.. 

0 1  
0 . 1  1 . 0 

P h y t a n e / n - C  1 8  
1 0.0 1 4. 0  

20 
0.92 

0.4 

F igure 4 .5 1  Ph/nc1 8  vs. Pr/nc1 7 of  Zakum o i l  sample and sed iments extract 

4.9 Statistical Ana lyses 

Dend rogram is an appeal ing method of d isplaying relationships between 

mu ltivariate objects . The closest relationships are between nearest objects. 
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L inkage refers to how the d istance between an object and a cluster, or 

between  two clusters (as opposed to two ind ividual objects) is measu red . 

S ing le l i nkage reflects the simi larity of the two closest or farthest individuals 

(Rock, 1 988) .  The input matrix, s imi larity measure and l inkage method affect 

the appearance of the result ing dendrogram.  The most-widely used 

parameters for measu ring d istance are the correlation coefficient and 

Eucl idean d istance (equals the sum of squares of d ifferences of the N variable 

values between the two points ) .  

To study the s imi larities between stations, mUltivariate statistical analysis in  

the form of  cluster analysis which had been used . Classification is placing of 

variables into more or less homogenous groups, in  a manner so that the 

relationsh ip between groups is revealed . 

Applying the c luster and factor analysis for a l l  parameters on al l  sampling 

stations has resu lted in  the fol lowing dendrogram (figure 4 .50) ,  which mainly 

shows a h igh s imi larity between a l l  sampling stations except stations no. 25, 

26 and no.  1 1 .  The location of stations no. 25 and no. 26 is u nderneath the 

main  two production complexes i .e .  Zakum west super complex and Zakum 

Central  su per com plex which expla in the d issimi larity. Station no. 1 1  has the 

h ighest TPH concentration with other high pollutants concentrations, which 

support the d issimi larity from other stations throughout the field . 

The chemical associations of the various metals and pol lutants can also be 

assessed using mu ltivariate statistical analysis. The cluster analysis i . e .  s ingle 

l i nkage, Eucl idean d istance was performed on the data matrix comprising 1 3  
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variables and 26 observations (sampl ing stations) .  The obtained dendrogram 

(F igure 4 . 53 )  shows five clusters , six heavy metals i .e .  V, Ni ,  Pb, Mn ,  Cu ,  and 

Cr  with g ra in size d istribution as one cluster. Wh ich is clustered with TOC 

then to TPAH and TPCB then clustered to TPH at h igher l inkage d istance. Fe 

is the least cluster associated element in  this study. 

F i rst cluster elements are su pported by high correlation between them (Table 

4 .7 ) . The concentration of heavy metals in  this study is  not result ing from oil 

pol lution source as they have ins ignificant correlation factor. 

T ree Diagram for 26 Cases 
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Tree Diagram for 1 3  Variables 
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Size Cr Cu Fe Mn Ni Pb 
Size 1 
Cr 0.1 73509 1 
Cu 0 . 1 80665 0.9964 7 1  1 
Fe 0 . 1 7898 1 0.993644 0.995622 1 
M n  0.1 862 1 0.99068 0.989765 0.995703 1 
Ni  0 . 1 79776 0.995397 0.996892 0.994343 0.9939 1 3  1 
Pb 0.1 851 36 0.9975 1 1  0.999481 0.9962 2 1  0.9904 1 1  0.996 1 47 1 
V 0. 1 77 1 22 0.897426 0.880273 0.898705 0.9 1 5566 0.889758 0.88359 
Hg 0.025993 -0.03 1 35 -0.02049 -0.029 1 1  -0.0 1 682 0.0 1 1 25 -0.02738 
TPAII -0.3 1 442 -0.2 1 07 1  -0.22476 -0.229 1 7  -0.2 1 483 -0.2079 1 -0.2 1 667 
TPCB -0. 1 52 2 1  -0.1 1 1 55 -0. 1 1 765 -0. 1 3429 -0. 1 3 1 1 5  -0. 1 1 682 -0. 1 2043 
TOC 0.1 56986 0.024244 0.0226 1 7  0.033507 0.058908 0.04 1 777 0.020 1 74 
TPH -0.03 1 1 8  0.037369 0.03066 0.02084 0.0 1 4288 0.004494 0.024853 

Table 4 .7 Correlation matrix of di fferent pol l utants in  Zakum Field area 
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V HI? 

1 
-0.0725 1 
-0.1 832 0.057426 
-0. 1 40 1 8  -0.22639 
0 . 1 1 8867 0.230978 
0.058079 -0.34207 

TPAH 

1 
0. 1 40 1 38 
-0.1 1 806 
-0.43 1 75 

TPCB 

1 
0.1 99952 
0.0 1 4259 

TOC 

1 
-0.07873 -' 1 

TPH 



CHAPTER S 



S u m m a ry a n d  Conc l u s ions : 

5 . 1 Mechanical Analyses 

The sediment textu re of Zakum Field sed iments of various sample stations 

reveled sandy gravel s  from most sediment. In a few locations there I S  some 

coarse sand to g ranu le  gravel g ra in  s ize d istri bution .  The grain s ize 

characteristics of sampl ing stations revealed that 59% of samples are coarse 

sand with 73% poorly sorted . 

5 . 2  Total Organic Carbon 

The average TOC % in  the study area is 4 . 76 % ,  which is h igher value than 

other  studies for the reg ion (0 .46%-2. 8%). The trend towards the north and 

northeast s ides shows most of TOC % compared to the southeast area of the 

fie ld  I t  is observed that the s ite re lated operation in the super complexes i s  

n o t  s ign if icant to i ncrease the TOC % in its vicin ity, which resu lts from s ite 

practices i n  mari ne pol l ution prevention and control .  

5 . 3  Total Petroleum Hydrocarbons (TPH) 

The max imum and min imum TPH concentration values were recorded in  

station no .  1 and 1 1  with 6. 1 4  ppm and 62 .7  ppm respectively. The  average 

TPH in Zakum Fie ld study area is 22 .7 ppm , which is consistent with other 

studies in the area i . e .  22 ppm (ZADCO, 1 999). The TPH variation in Zakum 

field a rea is with i n  low l im its except for one i solated station ( i .e .  station no. 1 1  
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with 62 . 7  ppm) .  The Northeast a rea has h igher TPH concentration rather than 

other a reas of the field , which requ i red further I nvestigation .  The fa r field 

stat ions val ues show re latively lower TPH concentration with 1 5 .8  ppm and 

1 2 . 8  ppm General ly the west area of the f ield shows relatively low TPH 

concentration than other sectors of the fie ld .  

No  s ig nif icant correlat ion was observed between TPH with g ra in  s ize 

d istri but ion ( r= - 0 .03 1 2) .  This confi rms the fi nd ings of other studies i n  the 

area (AI L iha ibi & AI Omran, 1 996). Therefore, the observed d istr ibution of 

petro leum hydrocarbons associated with sediments is not governed by 

sedimentary characteristics;  instead , it may be control led by the prevai l i ng 

current i n  the area and loca l ized sources of inputs . 

5 .4 Polychlorinated Biphenyl's (PC Bs) 

The max imum and min imum values of Total PCBs were recorded in stat ions 

no .  8 a nd 1 1  with concentrat ion of 27. 52 ppb and 4 .30 ppb respectively.  The 

average concentration of PCBs in  the study Area is 1 3. 5  ppb. I t  is  s l ightly 

a bove the level recorded previously in the region ( i .e .  below 5 ppb) .  The 

h ighest concentrations are located in the northeastern and southeastern s ide 

of the fie ld .  There is no  si ngle source of h igh PCBs concentration around the 

ma in  offshore i nsta l lat ion i .e .  super complexes. The far field stations (no.  1 8 , 

22)  have relatively h igh concentration of PCBs, which ind icates the source of 

the PCBs is ma in ly  due to water current outside the fie ld .  
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PCB- 1 80 concentration IS the highest among the other individual PCBs with 

62.02 ppb The maximum value of PCB- 1 80 was recorded in station no 26 

with concentration of 6 .32 ppb. The majority of PCB-8 was detected In the 

northeast s ide of the fie ld .  PCB 8 was not detected in the south side of the 

field .  

PCB 1 8  was detected i n  e ight stations with a maximum concentration of  8 . 1 3  

ppb recorded in  stat ion no. 7 The far northeast side of the fie ld dominates the 

h ighest concentration of PC B 1 8  with high spots in central and south side of 

the fie ld .  The maximum concentration of Polychlorinated Biphenyls 28 in the 

Zakum Fie ld area is recorded in station no. 1 5  with a concentration of 8 .09 

ppb.  The Northeast s ide has the highest concentration among other areas of 

the f ie ld . 

Polychlor inated Biphenyls 52 i n  Zakum Field area detected i n  four stations 

with a max imum concentration of 8 .3  ppb, which recorded in  station no. 9 .  

The concentration of PCB 44 ranges between 0 ppb and 7 .21 ppb which is  

recorded in  station no.  1 2 . The Polychlorinated Biphenyl 66 was detected in 

three stations with a maximum concentration of 2 .2  ppb, which recorded In  

stat ion no .  1 .  PCB 66 detected only i n  the Western side area of the fie ld .  

The Polychlorinated Biphenyl 1 0 1 was detected i n  four stations with a 

max imum concentration of 6 .88 ppb, which recorded in  station no.  1 4 . The 

Polych lor inated Biphenyl 77 concentration ranges between 0 and 4 . 56 ppb. 

The max imum was recorded in  station no. 1 8 . The highly concentrated area 

with PCB 1 01 is  located i n  the southern part of the fie ld .  
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PCB 1 80 was detected I n  almost i n  a l l  the sampl i ng stations except one 

stat ion i . e .  station no. 1 5 . The maximum concentration was recorded in station 

no 24 with 3 .92 ppb. The concentration trends observed towards the 

northeast and southwest sides of the field The Polychlorinated Biphenyl 1 70 

concentrat ion ranges between 0 and 1 . 27 ppb. The maximum concentration 

I S  recorded in station  no. 1 9 . PCB 1 70 trend i ncreased from the central part of 

the fie ld towards  the outer part of the field PCB 1 05 was detected in  on ly one 

stat ion with concentrat ion of 1 .7 1  ppb,  which recorded in station no. 25. PCB 

1 1 8 was detected in two stations i . e .  no. 4 & 6 with concentrations of 1 . 22 ppb 

and 1 . 24 ppb respective ly .  PCB 1 53 was detected i n  only one station with 

concentration of 2 . 1 3  ppb, which recorded in  station no. 5 .  PCB 1 95 was 

detected in two stations i . e .  no .  2 1  & 24 with concentration of 1 . 88 ppb & 0.9 

ppb respectively .  PCB- 1 38, PC B- 1 26 , PCB- 1 87 ,  PCB- 1 28,  PCB-206, PCB-

209 were not detected i n  any of the 26 sampl ing stations in Zakum Field area .  

There is no s ing le  source of  h igh  PCBs concentration a round both super 

complexes (station no. 25 and no. 26) .  The reference stations (no. 1 8 , 22) 

have relatively high concentrat ion of PCBs, which indicates the source of the 

PCBs i s  not related to s ite operation which may due to water current outside 

the fie ld .  

5 .5  Poly Aromatic Hydrocarbons 

The tota l PAHs in  Zakum Field area ranges between zero ( in  case of not 

detected) and 3 1 . 5  ppb. The maximum value was recorded in  station no.  2 1 .  

Tota l PAHs trend increases towards Northwest area and with the min imum 
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concentrat ion I n  the centra l part area of the fie ld .  Acenaphthylene has the 

h ighest concentration among other ind iv idual PAHs .  

N aphthalene was detected i n  three stations with the hig hest concentrat ion of  

5 3 ppb i n  station no.  9 .  Acenaphthylene concentration ranges between 0 ppb 

and 16 3 ppb.  The max imum concentration recorded was in station no. 1 6 . 

Various h igh  concentration spots of Acenaphthylene i n  the study area are i n  

south , southeast and far west s ides. However, the  centra l part o f  the field 

shows low acenaphthylene concentration .  The concentration of Pyrene i n  

Zakum F ie ld a rea ranges between 0 p p b  a n d  1 1  ppb, which recorded i n  

stat ion no .  4 .  

Benzo(a) anthracene , Benzo (K) flouranthene, Chrysene , l ndeno( 1 ,2 , 3-cd ) 

pyrene ,  Benzo (a) pyrene,  were detected only i n  station no .  26 with 

concentration of 0 .03 ppb,0 . 04 ppb, 0 .0 1  ppb, 0 .03 ppb, 0.07 ppb respectively. 

Benzo (B) floura nthene is  detected in  two stat ions ( i . e .  no .  3 & 26) with 

concentration of 4 . 00 ppb and 0. 1 ppb. Phenanthrene was detected at three 

stat ions with h ighest concentration of 9.0 ppb in station no.  4 .  F luorene was 

detected in two stations i . e .  no. 1 & 2 1  with concentration of 5.0 ppb and 1 6. 1  

ppb respectively.  Acenaphthene, Dibenzo(a , h)anthracene,  F luora nthene, 

Anthracene . Benzo(g , h , i ) perylene were not detected in any of sampl ing 

station  in  the study a rea .  I n  genera l ,  the Poly Aromatic Hydrocarbon 

concentrat ion in study area is low compared to previous studies in the reg ion.  

5 . 6  Previous seabed core samples analyses results 

TPH .  PCBs and PAHs a nalyses carried out for s ix old seabed core samples,  

which were col lected d u ring 1 970's,  for comparison purpose. Tota l petroleum 
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hydrocarbons concentration i n  the old seabed cores from Zakum Field area 

ranges between 3 .55  to 6 1 . 72 ppm in station no. 4 and 5 respectively. Total 

polychlor inated bi phenyl concentration ranges between 3 .5  and 1 1 2 . 1 ppb i n  

station no .  4 and 6 respectively.  Total poly aromatic hydrocarbons 

concentration ranges between 0 to 6 1 . 4  ppb. Core sample station no. 6 has 

the h ig hest concentration of PAH among the other samples.  

5.7 Heavy Metals 

Eight heavy metals elements have been analyzed i n  this study i . e . Cr, Cu, Fe, 

M n ,  Ni ,  Pb, V and Hg. The ' Fe was the h ighest concentration ded uced in  th is 

study with a n  average concentration of 23.6 ppm. Whi le the lowest 

concentration detected was Ni with average amount of 0 .035 ppm. 

The m ax imum and min imum va lues of Cu concentration were recorded in  

stat ions no .  26 and 1 2  with concentration of  1 . 84 and 0 .01  ppm respectively 

and a mean value of 0.09 ppm. The maximum and min imum values of Fe 

were recorded in  stat ions no.  26 and 1 7  with concentration of 449 .9  and 1 . 5 1  

p p m  respectively and a mean value of 23 .61  ppm . Station no. 2 6  requ i red 

m ore i nvestig ation to assess the high Fe contents . The maximum and 

m i n i m u m  values of Mn were recorded in  stations no. 26 and 1 7& 1 8  with 

concentrat ion of 2 . 08 and 0 .03 ppm respectively and a mean value of 0. 1 85 

ppm.  

The m ax imum and min imum values of  N i  were recorded in stations no .  26 and 

1 9  with concentrat ion of  0 .5  and 0 .01  ppm respective ly and a mean value of  

0 .035 ppm . The m ax imum and min imum values of  Pb were recorded in  
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stat ions no 26 and 1 8  with concentration of 1 .3 and 0 ppm respectively and a 

mean va lue  of 0.06 ppm . The maximum and m in imum values of V were 

recorded in station no .  26 and 1 1  with concentration of 0 .26 and 0 .02 ppm 

respectively .  V i s  detected I n  al l  stat ions with a mean value of 0 .04 ppm . The 

max imum and m in imum values of Hg were recorded in  stat ion no.  26 and 

many other stations with concentration of 0 .66 and 0 ppm respectively with 

mean va lue of 0 .07 ppm. I n  genera l ,  the heavy meta ls concentrat ion in study 

area I S  low compared to other previous studies in the reg ion .  

5 . 8  Distinguishing biogenic hydrocarbons from petrogenic 

hydrocarbons 

I n  th is study a p ristane I phytane ratio ranges from 0 .38 to 1 . 59. CP I  values 

ranges from 0 .45 to 1 . 1 6. High concentrat ion of pristane relative to phytane in 

m ost off shore sed iments i nd icate b io logical  hydrocarbon i nput from a mari ne 

b iolog ica l  source ( i . e .  phytoplankton I bacter ia l )  orig in .  H igh  concentrations of 

pristane/N C- 1 7  and phytane/N C- 1 8  in most offshore sediments ind icate 

b io log ica l  hydrocarbon input from a marine biological source (p lanktonic or 

bacteria l )  o rig in .  Station  no. 1 1  has shows the same pattern as the oil sample 

which ind icates petrogenic source . 

5 . 9  Statistical Analyses: 

Apply ing the cluster factor analysis for a l l  parameters on a l l  sampl ing stations 

shows h igh  s im i la ri ty between a l l  sampl ing stations except stat ion no .  25 ,  26 
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and no .  1 1 . The location of stations no 25 and no. 26 is underneath the main 

two offshore production instal l ation complexes i e Zakum west super complex 

and Zakum Centra l super complex which confi rms the dissim i larity .  Station 

no .  1 1  has the h ig hest TPH concentration with other h igh pol l utant 

concentrat ions,  which support the d iss imi larity from other stations throughout 

the fie ld as wel l .  

The  chemical  associations o f  the various meta ls  and  pol lutants a lso been 

a ssessed us ing m ultivariate statistical ana lysis .  S ing le l i nkage, Eucl idean 

d i stance was performed on the data matrix compris ing 1 3  var iables and 26 

observations (sampl ing stations) .  The obta ined dendrogram shows five 

clusters, six heavy metals i . e .  V, N i ,  Pb, Mn,  Cu ,  and Cr with g ra in  size 

d istri but ion as one cluster. Cluster one elements are clustered with TOC %, 

which i s  c lustered to TPAH , and TPCB and they clustered to TPH at h igher 

l inkage d istance. Fe is the least cluster associated element i n  this study. The 

concentration of heavy meta ls in th is study seems to be not result ing from oi l  

pol lut ion source as they have ins ign ificant correlation factor with TPH . 
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