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ABSTRACT

buring 6-years monitoring program, 5 of persistent polysromatic
hydrocarbons (PAR), phenanthrene, chrysene, pyrene,
benzo-3,4-pyrene and benzo-8,9-perylene, were surveyed in the
coastoal waters of Saudi Arsbia in the Red Sea. 118 surfece weater
ssmples were collected from 47 fixed stations during the period
1982- 1987 and analyzed spectroflucrometrically. The results showed
that pyrene is the dominant constituent representing in the
majority of samples more than 50X of the total -PAK fraction.
Concentrations of more than 3000 ng 1 ' were detected in some
asreas, Constancy of concentration ratios for some PAN compounds
indicatea the source of oil pollution in the areas. it was found
that the frequent fllegal discharge of ships and tankers bilges
could be the main source of oil pollution in the studied areas.

INTRODUCTION

In many of oil pollution monitoring and studies in the
marine environment, the measurement of total hydrocarbon
contents (THC) in different elements of the marine ecosystem
has been taken as an indicator of the 1level of oil
contamination. In fact, among - the measured total
hydrocarbons, biogenic fraction is usually existing in a
respectlve proportion. Sometimes, this fraction exceeds
quantitatively that of the anthropogenic one which 1is the
real contaminant looking for (Awad, 1982; Love, 1970 and
ACKMAN, 1968). However, the designation of o0il pollution
level in the marine environment by total hydrocarbon
concentration is relative and to some extent misleading.
From the other side, while much of the weathering petroleum
hydrocarbons is usually lost during in the marine
environment, the polyaromatic (PAH) fraction resists

degradation and is retained in sediments and fatty tissues
and hence will accumulate as it passes up the food chain
eventually to man (Dacker, 1981).

Following many major oil sgills, the fate of oil in the
marine environment has been monitored for long durations and
the results show a consistent trend, that is : the major
portion of the ocil is eliminated rather rapidly, but some of
the PAH constituents appear to persist for 1longer periods
(BOEHM et al, 1981; NEFF et al, 1976 and BLUMER et al,
1970) . Consequently, when it was decided to evaluate the oil
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Analytical methods

Collection and analysis of 1_m depth water samples for
measuring the total concentration of dissolved/dispersed
hydrocarbons were carried out precisely following the
recommended procec. e of MAPMOPP (IOCWMO, 1976). Heavy
Arabian crude oil which is one of the most possible types of
0il to be found all over the investigated area, was
considered as reference for expressing oil residue in
waters. this is carried out by measuring fluorescence
emission intensities of the produced pure water ¢€Cl4 -
extracts at 382 nm wave 1length when an excitation wave
length of 310 nm is used.

Concentrations of the five selected polyaromatic
compounds were measured spectrofluorometrically using the
conditions mentioned in SAWICKI al, 1960. The used
excitation wave lengths are 252, 264, 330, 381 and 380 nm
for phenanthrene, chrysene, pyrene, benzo-3, 4-pyrene and
benzo—8,9—pery1ene respectively. 1In the same order, the
concentrations of these compounds are measured at
fluorescence wave lengths : 364, 381, 382, 403 and 419 nm.
The used instrument is BAIRD Fluoripoint spectrofluorometer,
Ratiometric RC 200.

RESULTS AND DISCUSSION

The goal of the present work is a step in our trials to
evaluate the level of o©il pollution in seawater taking PAH
constituents as reference instead of the traditional THC
which could be to some extent 1leading to unconvencing
statements. previously, a squalene index calculation was
proposed (AWAD, 1982) and PAH constituents were measured
(AWAD, 1987) in fish for the same aim.

BY the examination of results grouped in table 1 for both
THC and total PAH contents in waters, it seems that there
is a sort of linear correlation between the mean values of
the two measurements. Except in area A, the mean total PAH
fraction concentration represents almost the same percentage
in the corresponding measured THC for areas B, C and D
(0.84%; 0.90% and 1.05% respectively). However, the
correlation might be 1in relation with the nature and
composition of the dominant source of oil pollution in the
areas. In fact, while ballast waters is the main source in
the waters of the area A, illegal frequent spillage of ship
machine bilges is well known in the other three areas. On
the other side, the steady slight gradient in the magnitude
»f PAH fraction concentration from area D to area B might be

n accordance with corresponding mean temperature gradient
n the same direction , from higher to lower latitude,
ence, the removal of light spilled oil constituents from
iters is faster in southern areas than in the northern

1es.
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Zonal concentrations distributions for the five

considered PAH compounds are represented {n Fig. 1 !or area
A and Fig. 2 for area C according to results included in
Table 2. From the obtained results, it 1is obvious that
pyrene is the main constituent in the PAH fraction and its
magnitude of concentration is proportional to the
corresponding total PAH fraction concentrations. Taking into
consideration that pyrene concentration is about 15 times
more in areas B and D than in area C, it represents almost
the same ratio of the total detected PAH concentrations in
three areas. Moreover, the ratio of measured mean
concentrations of phenanthrene, chr¥sene and pyrene 1in the
m

waters of these areas are nearly similar (1 : 4.4 : 12.5; 1
: 5.1 : 6.7 and1l : 6.3 : 8.5, for areas B, C and D
respectively). In the waters of area A, neither the ratio of
pyrene concentration in total PAH fraction nor the ratio of
the above three PAH constituents concentration (1 : 2.4 :
3,5) are similar to these found for the other three areas.
This observation confirms the difference in nature of the
main oil pollution source existing in areas B, C and D in
one group and that dominating in area A. Since pyrene is not
abundant in crude oil but is produced during the high
temperature p{rol sis of oil in internal combustion engines,
its pyesence in high concentrations reaching more than 3000
ng 1 in the waters of area B and D {is a sufficient
indication for the nature of o0il pollution source in these

areas.

The potential of the magnitude of various PAH
constituents concentration along the studied coastal waters
could be shown in Fig. 3. From this figure, the waters in
areas B and D are the most polluted waters by petroleum
hydrocarbons coming essentially from ship bilges spill. In
fact, the presence of the main navigation routes in areas B
and D could elucidate the nature of o0il pollution situation
in their waters.

CONCLUSION

Survey of oil pollution along the coastal Red Sea waters
of Saudi Arabila taking 5 persistent polyaromatic
hydrocarbons as reference indicates that pyrene 1is the
dominant PAH constituent all over the areas of study; it
represents more than half of the total PAH <fraction in all
areas especially where the main navigation routes are
existing. The presence .of pyrene and to 1lower extent
chrysene iT high concentrations ranging from 200 to up t
3090 ng 1° for the first and from 40 to more than 700 n
1- for the second compound, 1is a sufficient indicator fo
the nature of o©il pollution source 1in the areas, which i
the discharge of ships and tankers bilges. Comparing ti
concentration ratios of some compounds in the correspondi:
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detected total PAH fraction in the 4 studied areas, it was
able to prove the homogeneity of o0il pollution source in
three of them. NO relationship could be found between the
measured concentrations of total hydrocarbon contents in

waters and PAH fraction.
ACKNOWLEDGEMENTS

The author is deeply grateful for the staff members of
the Fisheries Research Center of Saudian Ministry of
Agriculture for facilities during the Ibn Majed cruises, and
to Mrs Awad for her assistance.

REFERENCES

Ackman R.G., R.F. Addison and C.A. Easton, 1968. Unusual occurance of squalene in a figh, The
Euchalon, The Leichthys pescificus. Mature (London) 220, pp. 1033, 1045 and 1287.

Awad K., 1982. Rapport des hydrocarbures biogenes et exogenes dans des poissons soumis a des
conditions de contamination chronique. Revue Internationale d’Oceanographie medicale, 66-67, pp.
91-101.

wad K., 1987. Aromatic hydrocarbons in some organisms of
Marine Sciences, 1§, pp. 114-116.
(umer M., G. Souza and J. Sass, 1970.

Marine Biology, 3, pp. 195-202.
>ehm P.D., D.L. Fiest and A. Elskus, 1981. Comparative weathering pstterns of hydrocarbons from

the “Amoco Cadiz® oil spill observed at a variety of coastal environment. Inter. Symp. “Amoco
Cadiz™ : fates and effects of the oil spill. Brest, Franze, NOV. 1979, pp. 159-73.

acker J.C., 1981. Potential health hazards of toxic residues in sludge, in : Sludge-health risks
of land spplication. Ann Arbor Sci. publ. Inc., pp. 85-102.

JOC/WMO, 1976. Guide to operational procedures for the 1G0SS pilot project on marine pollution
(petroleum) monitoring. UMESCO, Manuals and Guides, ll°7, 50p.

10C/WM0, 1981. Global ofl pollution, Results of MAPMOPP, the 1GOSS pilot project on merine
poliution (petroleum) monitoring. 10C, UNESCO, 3I5p.

Love R.M., 1970. The chemical biology of fish. Acad. Press, pp. 143-287.
Neff J.M., B.A. Cox, D. Dixit and J.N. Anderson, 1976. Accumulation and release of petroleum

derived aromatic hydrocarbons by four gpecies of marine animals. Marine Biology, 38, pp. 279-89.
Oudot J., P. Fusey, M. Van Preat, J.P. Feral and F. Gaill, 1981. Hydrocarbon weathering in seashore
fnvertebrates and sediments over a two-year period following the Amoco Cadiz oil Spill :
influence of microbial metebolism. Environmental Pollution, Ser.A, 26, n°a, pp. 93-110.
Sawicki T.R., Heuser and T.W. Stenley , 1960. Ultraviolet, visible and fluorescence spectral

enalysis of polynuclear hydrocarbons. International Journsl of Afr pollution, 2, pp. 253-272.

coastal Red Sea. Indian Journal of

Rydrocarbon pollution of edible shellfish by oil spill.

45



. _ 00.LT  (SET L861
S0°1 ozey 9Zvb | 89Z6-LEE 747 Wy | T16-0 9 9 OELST  00TY a
06°0 L7105 z 9Lz |este-0 S b9 Lot | 28E1-0 173 91 INTIAY/TVIOL

. . . - . - 10Vo91 [3:19%4 / S
121 7°£68 7°98¢ |€81€-0 £°v8 e 662~0 A z reeest | tozezy o}

. . . . 105691 | (¥ToTH
€8°1 8°L52 1°9v1 vES-0 L9 8 0Z~0 1A¢ € b9l | .Blozh ¥

I ; A . _ WE0eLT | JEZoTy | ¢ 9861
90 6°Z6b 8°Zve | 9L9T-0 6°€92 st |zeeT-0 74 t visest | itouzy o] cBeY

o)

. - - - . . - W9TelT 19ToTY ¢
SE°0 6°0€Z 8°SLT | 608-0 1°€11 86 LBE-Y 1 £ Tl | zeoTh o)

. . . ) _ WSToll | J0ZoTV | ¢
$5°0 L-v8e Z°1Le | 96€T-0 £°L9 6v 822-0 z v TBSuOT | LesoTy o)

) e . 1 ctamare ECoIT | L1000V LB61
80 6692 $TOV | SBIL-SbL T 6Lt | 6T8-8IT 9 9 TebeBl | Ecoms a
80 8Ly 87100 |[L£91-~6T 17 €01 | zie-on 4y 61 ADNEIAY/TIOL .

]

. . 9°06 - . . - 1961 | W V066E [
L0 z-sLE v |Lett-e1t L°09 €769 TLT-81 L v lerulz | Lzzome v

. . . _ . . R 6€02Z | 12006€ ,
ST°0 6°LET 9°0Z1 | 8£e-61 L9 S°08  |£r6Z1-61 8 v L9612 | 05.8E by

. - . - . - . 1500€2 18S08¢€ £ €861
8v°0 ¥ 009 7°90L | LE9T-6bT 8°921 LY [eTe-g8t81 6 v vezz | lozoas v 2861

v

. . . _ . _ 1SToET | (0VeBE
2800} £°L91 2°50Z | 8Iv-T¥ 6°18 e | v2z-e S v 180057 | “160.8E Yy
65°0 6°21C | LTSz | €189 | Loz L | ts-se 3 € (0urz | 1EPolE | Ty

..n.m uwew aburex ‘a’'s | uesw abare- N'3IP] 3 buoy
. potIad

JHL uT T.ﬂ Bu 1 bd SOTAIRS |, sUOTIERS e

HYd TeI03 To apras uetqrIe oN eN | sajeuTpIco) suoz | wemy
3o % HYd Telol Aneoy se DL

*ISECO TTqRIV Tpnes BuoTe srejem wes pex ut
FIUDIUOO {Hvd) uoqIEDQIPAY STIMOTR pue (DHI) TVICI JO UOTINAIIISIQ - | BIqUL

46



H 0 o0 0 0 0 0 0 0 V8L  6BCT  OLPE YOLL~0 | PTTZT By 0SS WEZT-BZT | T°6 €66 LOV BITT-EV a
”_ 8°0 L€ 22T S1-0 [T ¥I1 9°§ 0§1-0 L € TP 2°00Z 9LEZ-0 | ZTeT Ltz € Th FIYI-O 80T 809 €62 ¢£L5-0 | ebezase
m » / TeaqL
b0 £°¢ (T $°6-0 | 9°0 9°€ €7 O1-0 ! 6°L9 8'2LY ¥'TYT 9LEZ-0 | €°LT BOET S°99 L9¥=0 8°€T 86 T'E€S OvE-D SO
I 61 2'v 1z €190 | 6'€ bIT 1°6  2b-0 SS B8'9¥T  p08 CEb-0 | L'€T S°G9  9°%¢C ¥0Z°0 S°ST  L'0F LT 2L1-0 &)
| S0 1°€ 9T O1-0 (€T v6 9'¢ OST-0 [ L°S8 99y L°C6T IbST-0 | 9°8 €°€b G'6T  PTHI=D 6t 95T SET  £LE-0 £
’, 'z 9'S ¢'v S1-0 [2Z'S L°9T 26 8S-0 { 8°LY T°1ST Y8 EIS-0 | L0 6°%F ¥°9E or1T=-0 g°€C L6L 6T 0LZ~0 [46]
M v'0 81 't S0 |92 6'vI L T&~0.| T'OL €°2I¢ 06T Z90T-0 | ¥°¥1 9°09 6 812-0 S°IT SO vt £€Z-0 D
«. 0 0 0 0 0 1] 0 0 v oL 90Tz €80 OGLS-OLY | S°L1 sZ9 L0L  00ST-L9T ! 1°9 L9t ShT £€¥-L9 g
o o o 0 o 0 0 0 €8S L'(BZ €82 LOT1-0 | 8% 6'66 T°L6 £€ero 1°9T  $°611 €°99 poc-0 | obwiaar
, / T
w 0 0 0 0 o o0 0 ) V89 Z°0TZ 9°SEC 999-Z01 | S°8T €°6$T 97661  €€v=LT | TI'€  £°ST  ¥°ST  8E-0 Sy
0 0 0 0 0 0 0 0 T S'68 IS €fz°c | p'BE 979 €9 T02~61 | v'6T Z°9¢ PEL €80 by
f 0 o 0 0 0o o© 0 0 L°8S L0V 6°TP LOTT-0 [Z°6T €°0L ¥°SET  vOE~LB | 1°Zz S°€6T 6°SST ¥05-0 €y
6 0 0 0 o o0 0 ¢ §'LE bUeoT Lt L9-0 }0'ts 6'6S €80T  T0Z-Iv [S°6 LTET v 6T 95-0 e
0 o 0 0 0o 0 0 0 L'95 Ty LYl sw-0 | 0 0 0 0 €°Ey 6°59 60T 581-89 Ty
v -a's uesw abuex # % "0's uwesw abuex %+ °'Q0s uean  afarex ‘ t g's  ueaw  efex $ Qs | uwew abues
suatArad-¢ g~ozUBQ a auaxid-y’ ¢~ozmreq aueid . awesATp awmnpuersyd oz
ﬁ 1-T B UT Spunodino Hyd TEMPTATERT JO UOTIRIIUBIUGD

spunodind  BOqIeIATPAY

* (H¥d Te303 8yR Ul uoTieXiueducs ;o obvaisozad sy 8T § )
sTIeunTedtod PATSPTISUCO anTy 3 Jo soweuTuopaxd @ATIVIEN - Z STQRL




38 39 ,

> R v Yanbu' N
e T T (A Lo ) T
: (o - Ay |+ e 1
23°% -
2t i
[ Jesa [ ® iAgl o | o [os]
S %) 0 £ (3 IO X s
L ' N ) . {/Jeddah‘

Fig.1l.- Zonal distribution of individual PAH concentration in area A
(Ph : phenanthrene; Ch : chrysene; P : pyrene
B3,4P : benzo-3,4-pyrene; B8,9P : benzo-8,9-perylene;

T.PAH :

total polyaromatic hydrocarbon, all in ng 11y,
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Fig.2 - Zonal distribution of individual PAH concentration in areas
C and D (Ph : phenanthrene; Ch : chrysene; P : pyrene;
B3,4P : benzo-3,4-pyrene; B8,9P : benzo-8,9-perylene;
T.PAH : total polyaromatii hydrocarbon, all in ng 171).
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Fig.3 - Relative camposition of PAH alwrz the studied areas.
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