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ENVIRONMENTAL EFFECT OF OIL FIELD FIRES IN THE GULF
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ABSTRACT : "Black Rain" precipitated near Adana - 1500 km. north east of Kuwait City was col-
lected in the vicinity of the city of Adana (37° 00'N, 35° 20" E on 25 th February 1991 It is suggested that
"Black Rain" contained products from buming of fields which were trapped by an anticlockwise (cylo-
nic) atmospheric eyre and carried westwards. It is possible that the products onginated from the burning
oil fields. Little Jow boiling organic materials was present in the rain. But alkannes above C22 were de-
tected by GC and polynuclear arornatic hydrocarbons by their fiuorescence. The content of iron was sig-
nificant and the ram. d oor expectations. Was basic.

Precipitation of this nature has not i ly been recorded in the region and no local source can
be found. Rain samples contained from 80 to 800 mg/l of suspended material and their colour varied cor-
respondingly. The particular sample whose analysis is undertaken was ideed black: It was obviously oily
with a characteristic colour. It contained 675 mg/L suspended material of which 270 mg/L was extractab-
le and organic. Rain samples had pHs in the range 7.8 10 9.0 (whereas. at this time of the year. Normal ra-
in samples have pHs in the range 6.5-8.2) Under the circumstances it has been assumed that the cleagino-
& nature of thle 5 ipitation arosc from buming of Kuwait or northerm Iraq: oil fields (AVHRR satellite

ervations. X

KORFEZDEKI PETROL SAHAS! YANGINLARININ GCEVRESEL ETKILERI

i ~ TURKIYE'DEKI “SIYAH GAMUR"

OZET: Cevre Aragtirma Merkezi, Cukurova Universitesi tarafindan 25 Subat 1991 giini Kuwait
City'den 1500 km mesafedeki Adana gehn (37°00" kuzey ‘S3° 20' Bat) civanna yagan "Siyah Yagmur-
dan" numuneler toplandi. Siyah gamurun, yanmakta olan petrol sahalanndan gikan maddelerin saat yonii-
niin tersine donen (siklonik) bir atmosferik hava harcketine kaptlarak batiya siiriklendigi diistinildii.
Yagmurun igerisinde az miktarda kaynama noktas: diigik organik maddeler bulunuyordu. Ancak, GC ile
C22 iizerinde hig bir alkalin veya poli-nikleer aromatik hidrokarbon tespit edilemedi. Yagmur icerisinde

irgin oranda demir olup beklentilerin aksine yagmur Wiyiik Slgiide olagan 6zelliklerdeydi.

u gekilde bir yagig bolgede daha dnce hig kaydedilmemisti. Aynca civarda buna neden olabilecek
bir kaynak bulunamadi. Yagmur dmekleri 80 ile 800 mg/! asilt madde ihtiva etmekte ve bunlann renkleri
de konsantrasyona gore farkhihk gostermekteydi. Analizi yapilan dmegin rengi siyahti. Belirgin bir sekil-
de petrol ihtiva etmekte ve buna bagh karakieristik koku vardi. Igenisinde 675 mg/l asih madde vardi.
Bunlardan 270 mg/l aynlabilir ve organik cinstendi. Yagmur 6meklerinin pH degerleri 7.8 ile 9.0 arasin-
da degigmekteydi. (Halbuki o mevsimdeki normal yagmur Smeklerinin pH degeri 6.5-8.2 arasindadir).
Bu gozlemler 151inda yagmurun petrolli goriinimii Kuveyt veya Kuzey Irak'ta yanan petrol kuyulann-
dan kaynaklandi# kabul edilmigtir. (AVHRR uydu gdzlemieri. 1991). -

1. INTRODUCTION

It is suggested that "Black Rain" precipitated near Adana, -1500 kam north of
Kuwait City-on 25 th February 1991 contained products from buming oil fields
which were trapped by an anticlockwise (cylonic) atmospheric gyre and carried
westwards. It is possible that the products originated from northern Iraq. Little low
boiling organic material was present in the rain but n-alkanes above C22 were detec-
ted by gas chromatography and polynuclear aromatic hydrocarbons by their fluores-
cense. The content of iron was significant and the rain was basic.

Figure 1 shows the gas chromatogram obtained from a hexane extract of "Black
Rain" which fell and was collected in the vicinity of the city of Adana (37° 00" 20'
E) on 25th Feruary 1991,

Rain samples contained from 80 to 800 mg/1 of suspended material and their co-
lour varied correspondingly. The particular sample whose chromatogram is shown
in Figure 1 was indeed black; it was obviously oily with a characteristic colour. It
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contained 675 mg/l of suspended material of which 270 mg/l was extractable and or-
ganic. Rain samples had pHs in the range 7.8 to 9.0 whereas, at this time of the year,
normal rain samples have pHs in the range 6.8 10 8.3.

2. BLACK RAIN £ ‘

Precipitation of this nature has not previously been recorded in the region and no
tocal source can be found. Under the circumstances it has been assumed that the olea-
ginous nature of the precipitation arose from burning Kuwait or northern Iraq 0il - fi-
elds (AVHRR satellite observations, February, 1991). Comparison of the gas chroma-
togram of the "Black Rain" with that obtained under the same conditions from a
known sample of Kuwait crude oil having a characteristically low pristane/phytane
ratio shows the oil composition of the "Black Rain" to be consistent with its postula-
ted origin as a heat-treated (pyrolysed) crude oil. Traces of n-alkanes are readily ob-
served tough they are not significant til in C22. Thus, virtually all low boiling materi-
al has been removed. Peaks not seen in the chromatogram of the crude oil-nor seen in
chromatograms of other Middle East crudes-having residence times of 68.1 mins. and
50.7 mins., for example, must presumably have been formed by samples of "Black
Rain" contained up to 560 ppm of iron (Atomic Absorption Spectrometry). This sho-
uld be compared with concentrations of 3 ppm and 30 ppm which have been found
respectively in hexane soluble material and in asphaltenes from Kuwait, Turkish and
Iragian crudes (1). Should all the iron in the "Black Rain" have arisen from burning
crude oil, its high concentration would indicate that combustion was virtually comple-
te (2), One does not know to what extent evaporation of metal from the well head and
scavenging of ironrich Saharan dust sometimes present in our atmosphere contributed
to the iron content of the "Black Rain", The vanadium/nickel ratio of the material sus-
pended in the "Black Rain", was much lower than that usually found in Kuwait crude
(1,3). A previous study of tar residues from a burning oil tanker also found diminis-
hed vanadium: nickel ratios (1) and the phenomenon may be a characteristic consequ-
ence of oil fires. The "Black Rain" fluoresced. Emmission intensities, compared to
those of chrysene, indicated that hexane soluble material contained 4 m g/1 of polynuc-
lear aromatic hydrocarbons. No fluorescence by substituted benzenes could be detec-

ted; like the low-boiling material, such compounds had evidently been removed by .

the fire. Figure 2 shows that the wavelengths of the maximum excitation, 315 nm,
and of the corresponding emission maximum excitation, 315 nm, and of the corres-
ponding emission maximum, 365 nm, were much lower than those observed in Ku-
wait crude- but similar to the fluorescense wavelengths of samples of Iragian crudes
previously examined (1). It is possible that the larger polynuclear aromatic hydrocar-
bons became strongly absorbed on particles of soot. More practically, the observed
fluorescence by polynuclear aromatic hydrocarbons reminds one that the "Black Ra-
in" is very probably carcinogenic. Normal rain samples had dissolved silicate values
in the range 0.2-15.5 uM (varies seasonally) whereas the Black Rain contained 38.2
UM dissolved silicate (Auto-analyzer). This may indicate the transportation of a diffe-
rent type of aerosol particulate to the region during the Black Rain episode.

Perhaps the most interesting observation is the simple fact that "Black Rain" was
precipitated 1500 kms north west of Kuwait City and 500 kms west of northern Iraqa
few days after the oil-fields were fired. It has been estimated that smoke formation

Iraq rather than from Kuwait. It is obviously possible that similar weather patterns co-
uld carry "Black Rain" westwards in future, In fact, rain falling in mid-April was also
oily but not black.
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Figure 1: Gas chromatogram of the Feb, 25, 1991, bl-ack rain in Turkey
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Figure 2 : Gas chromatogram of the Feb. 25, 1991, black rain in Turkey

Figure 3 : Fluorescence spectrum of the black rain.
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