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ABSTRACT  
The oil lakes in southern Kuwait have accumulated oil that was 

spilled during the 1991 hostilities and have been exposed to pro-

cesses of surface degradation for the last decade. Long-chain nor-

mal alkanes are abundant in these oils, showing that biodegrada-

tion has not been a major factor, whereas the absence of most 

compounds with less than 10 carbon atoms suggests a significant 

role for evaporation. Evaporation has been simulated in laboratory 

experiments at 25, 30, 40, and 50°C and compositional changes 

monitored by taking samples periodically for gas chromatographic 

analysis. Evaporation is initially rapid but slows through time, and 

ultimately, most compounds with less than 10 carbon atoms are 

lost. For a given carbon number, loss proceeds in the sequence: 

normal alkanes > branched chains > naphthenes > aromatics 

(which is the opposite of water washing). GCMS data for hopane 

and sterane biomarkers confirm that oil in the lakes is derived from 

the giant Burgan oilfield and also show that these biomarkers are 

not affected by evaporation in either nature or the laboratory. 

Analysis of sulfur compounds using GC-FPD showed that oils 

exposed in the lakes were photo-oxidized and had reduced concen-

trations of benzothiophenes and increased volatile sulfur com-

pounds. A loss of volatile hydrocarbons from the free surface leads 

to compositional layering unless the oil is well mixed by convec-

tion or diffusion. In experiments to monitor the development of 

layering, low molecular weight compounds were rapidly lost from 

the surface, and a steep compositional gradient developed. The 

formation of a devolatilized, viscous surface "skin" tends to make 

evaporation a self-limiting process and also has significance for 

the design of sampling protocols in environmental forensics. 

Key Words: oil lakes, Kuwait, evaporation of oil. 

INTRODUCTION  
Crude oil may be exposed at the land surface in natural oil 

seeps or by accidental spills that occur during petroleum 
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production, storage, or transport. Subsequent degradation 
depends on local conditions but usually involves some com-
bination of biodegradation, water washing, evaporation, ox-
idation, and photo-oxidation. These processes have the po-
tential to produce considerable changes in both oil quantity 
and composition, and they can lead to traces of residual ma-
terial that are only detectable by sensitive analytical tech-
niques. Evaporation removes volatile components from any 
exposed surface and leaves denser oil because the small 
molecules are the most volatile and are lost preferentially. 
Evaporation becomes increasingly important with elevated 
temperatures and higher wind speeds (Fingas, 1996; Stiver 
and Mackay, 1984, Stiver et al, 1989). When an aqueous 
phase containing oxygen and nutrients is present, aerobic 
bacteria can degrade oils, and they remove compound types 
in a well-documented sequence starting with the normal al-
kanes (Connan, 1984; Volkman et al., 1983). The bacteria 
cannot live in oil and are active only where the aqueous 
phase is in contact with the oil. Liquid water is also needed 
for water washing of oil to be significant, and this degrada-
tion mechanism removes the most soluble components, 
which are the gasoline-range hydrocarbons, especially the 
aromatics (Lafargue and Barker, 1988; Lafargue and Le 
Thiez, 1996; Palmer, 1993). 

In 1991, large quantities of crude oil were spilled into the 
desert of Kuwait by the retreating Iraqi army (Williams et 
al, 1991). Explosives destroyed many wells, and although 
the large number of wells that were burning received most 
of the media attention, damaged wells also spilled a large 
amount of oil that spread across the desert and accumulated 
in depressions to give so-called oil lakes. High spatial reso-
lution satellite images showed that initially there were ap-
proximately 240 lakes up to a kilometer or more in diame-
ter, with depths that may have exceeded 2 meters. A decade 
later many still remain (Kwarteng, 2001). Photographs of 
selected present-day lakes are given by El-Baz and Al-
Sarawi (2000), and they also discuss the distribution of "tar-
Crete," which is a conglomerate consisting of surface sand 
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and gravel cemented by tar from hardening of petroleum 
droplets and soot. 

Because of the low rainfall and corresponding lack of wa-
ter, there are no standing bodies of water in southern Ku-
wait. Al-Ruwaih (1995) reported an average annual rainfall 
from 1960 to 1990 of only 105 mm, whereas for the period 
from 1955 to 1986, Al-Sulaimi et al. (1997) reported an av-
erage of 106 mm/yr. There were, however, considerable 
variations from year to year (the maximum being 242 mm in 
1976). Most rain falls from October to May, with January 
being the wettest month. Annual mean evapotranspiration 
for the period from 1955 to 1986 was 2266 mm, ranging 
from 67 mm in January to 324 mm in July. Average desert 
temperatures range from 7°C in January to 39.3°C in July, 
with high values approaching 50°C (Al-Sulaimi et al., 1997). 
The highest temperature ever recorded is 50.8°C (El-Baz 
and Al-Sarawi, 2000). In this high temperature, and envi-
ronment, with high evapotranspiration rates, evaporation is 
likely to play a dominant role in modifying the composition 
of surface oil spills in the desert. The lack of water implies 
that neither biodegradation nor water washing has an impor-
tant role in degrading oils spilled into the Kuwait desert. 

Previous studies by Fingas (1996), BuFarsan and Barker 
(1999), Barker and BuFarsan (2001), and others have docu-
mented evaporative loss as a function of time and have 
shown that a significant percentage of an oil can be lost and 
that this leads to changes in chemical composition and 
physical properties. To help understand the role of evapora-
tion in the development of the oil lakes, we have simulated 
evaporation of Kuwait crude oil in the laboratory at temper-
atures of 25, 30, 40, and 50°C, with an airflow rate of 100 
ml/min. Weight loss through time and changes in physical 
characteristics were documented. During the progressive 
evaporative loss, samples were periodically removed for 
analysis by gas chromatography in order to monitor sequen-
tial changes in chemical composition. 

EXPERIMENTAL PROCEDURES 
Sampling 

Oil samples were recovered from the margins of three oil 
lakes in southeastern Kuwait (Fig. 1) and were stored in 
glass containers. It was not possible to obtain samples from 
the deeper parts of the lakes because of the potential danger 
from unexploded ordnance left after the conflict with Iraq 
and not yet cleared. Before the war, oil wells in the vicinity 
of the sampled lakes were producing from the giant Burgan 
oilfield, and this field seems the likely source of oil spilled 
to form the lakes. A sample of Burgan crude oil was ob-
tained from a producing well located on the eastern side of 
the Greater Burgan oil field (and east of Lake 3) at 48°00' 
45" E, 29°  01' 53" N. It was shipped and stored in glass con-
tainers. 

FIGURE 1: Outline map of Kuwait showing the locations of the three oil lakes stud-
ied (1, 2. 3). The position of the Burgan oil field (solid line) and surface exposures of 
"tarcrete" (dashed line) are also shown (distribution of tarcrete was taken from El-Baz 
and Al-Sarawi, 2000). 

Laboratory Evaporation 

Evaporative losses from crude oils were investigated in 
laboratory experiments using the simple apparatus shown in 
Figure 2. In this system, air from a Gast Model 1398 com-
pressor was blown over the oil sample, and weight and com-
position were monitored as a function of time. Temperature 
was controlled at 25, 30, 40, or 50°C by an external water 
bath, and the air flow rate was controlled with a valve and 
monitored with a rotameter to give flow rates of 20, 50, or 
100 ml/min. Initial oil sample weights were approximately 
12 g, and examples of weight loss profiles are given in Bu-
Farsan (1999) and Barker and BuFarsan (2001). Composi- 

FIGURE 2: Schematic flow diagram of the system used for the evaporation experiments. 
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tional changes were determined by removing oil samples 
with a 100 p.l pipette at appropriate time intervals for subse-
quent gas chromatographic analysis. Typically analyses 
were made at 2, 4, 6, 8, 22, 48, 72, and 96 hours. 

Analytical 

Burgan oil and evaporated oil samples were diluted 2:1 
with methylene chloride and were analyzed by gas choma-
tography. Analyses were carried out using a Hewlett Pack-
ard HP5890A gas chromatograph equipped with a HP 
G 1 875AA Chemstation and data handling system for data 
acquisition and data analysis. A 30 in Rtx-1 Restek capillary 
column, 0.25 mm in diameter with a 25 p.m film thickness 
operating with a 100:1 split ratio, was used for all of the 
analyses. Peaks corresponding to compounds with less than 
nine carbon atoms are completely resolved in the chromato-
gram and were identified by a comparison with authentic 
samples and by interpolation of retention times based on 
boiling points. 

Compositional information for the biomarker fraction 
was obtained for four of the samples using a Hewlett-Pack-
ard 6890 gas chromatograph interfaced to a 6890MSD 
(mass spectrometer). The instrument used a split inlet (10:1) 
to introduce the whole oil to the capillary column (J&W, 
DB-1, 60 in X 0.25 mm  X  0.25 p.m), which used hydrogen 
as a carrier gas. Data acquisition was in SCAN mode (15-
550 amu) to facilitate the identification of potential oxida-
tion products and precursors. 

A Hewlett-Packard 11P5890A gas chromatograph equipped 
with a flame photometric detector (GC-FPD) provided in-
formation on the distribution of organic sulfur compounds 
in the samples. This instrument was equipped with a capil-
lary column identical to the one used for the GCMS, but it 
used helium as the carrier gas and the temperature pro-
grammed injection technique described in Wavrek (1992). 
Peaks resolved by gas chromatography were identified by 
comparing retention times with authentic standards and 
comparison to mass spectrometry data. All of the samples 
were analyzed with this instrument. 

COMPOSITIONAL CHANGES 
Introduction 

To document the role of evaporation in altering the com-
position of oil spilled in the Kuwait desert, it is necessary to 
know the original oil composition. The close proximity of 
the studied lakes to wells producing from the giant Burgan 
oilfield provided strong circumstantial evidence suggesting 
that the crude oil came from Burgan. We were able to con-
firm this by comparing sterane and hopane biomarker dis-
tributions in oil from the lakes with that from the adjacent 
part of the Burgan field. The laboratory studies (discussed 
later here) show that concentrations of the sterane and ho- 

pane biomarkers are not affected by evaporation, in common 
with most other heavy hydrocarbons. Oil samples from the 
lake margins and from the Burgan oilfield were analyzed 
by GCMS and gave essentially identical traces for steranes 
(m/z = 217) and hopanes (m/z = 191). The hopane data are 
shown in Figure 3. Also, the pristane/phytane ratios ob-
tained for Burgan oil and the oil in the lakes were the same. 
Based on all of this information, Burgan crude oil was as-
sumed to be the oil spilled into the lakes and was used as the 
starting material in the evaporation experiments. 

Evaporation experiments were first carried out with a 
Venezuelan crude oil to establish appropriate conditions 
(Barker and BuFarsan, 2001), and an airflow rate of 100 
ml/min was selected for all of the experiments with the Bur-
gan crude oil. 

Previous studies of evaporation from oil spills have docu-
mented weight loss through time (Fingas, 1995, 1996) and 
have shown an initial rapid loss that subsequently decreased 
through time. Results for the Burgan oil followed a similar 
trend with loss by evaporation slowing to lower rates after 
approximately 25 hours. However, the rate of loss never 
dropped to zero. A direct comparison with the data reported 
by Fingas was not possible because he reported airflow as 
velocity, and we recorded it in volume units as ml/min. 

Gasoline-Range Hydrocarbons 

Gas chromatograms of whole oil samples (Cl  to approxi-
mately C40) taken at various stages of evaporation clearly 
showed the sequential loss of light ends. Compared with the 
original Burgan crude oil, compounds with less than 10 car-
bon atoms were either completely removed or were seri-
ously depleted over the time/temperature conditions of the 
laboratory evaporation experiments. 

Molecules with more than approximately 15 carbon at-
oms showed no depletion by evaporation even for the long-
est experiments of 200 hours. This presented a convenient 
way of quantifying evaporative loss by using a long chain 
alkane as a reference peak. Normal C31  was selected. The 
choice of an effective internal standard was a compromise 
between reasonable peak size for a long chain and the fact 
that nC30  had a close-eluting peak. The percentage of a spe-
cific gasoline range hydrocarbon was then expressed by: 

Percent remaining = 	 (1) 

([peak area/peak area nC 
I  	 31 evaporated oil  < 100 
I  [peak area/peak area nC I 31 onginal oil 

where "peak area" is the gas chromatographic response for 
the compound of interest. 

The residual quantities of light hydrocarbons at constant 
airflow depended on temperature, time, carbon number, and 
compound type. Figure 4 shows evaporative loss through 



9 
3 5 	7 10 

A. 

11 

R
e

sp
o

n
s
e

  (
c
o
u
n
ts

  

B. 

Time (minutes) 

120 

100 

0 

P
er

ce
nt

  R
e

m
a

in
in

g
  

60 

40 

20 

	S 
BUFARSAN ET AL.: CHANGES INDUCED BY EVAPORATION OF CRUDE OIL 11 

FIGURE 3: Hopane (m/z = 191) distribution for the Bur-
gan oil and the oil lake samples. UCM, unresolved com-
plex mixture. Peak identifications are given in Table 1 

time for selected six-carbon compounds at 30°C. The hex-
ane evaporates the most rapidly and the benzene slowest. 
The six-carbon naphthene (methylcyclopentane) and the 
six-carbon branched chain compounds (2-methyl pentane 
and 3-methylpentane) were intermediate. Similar trends 

were also found at 40 and 50°C (Figs. 5 and 6). As expected, 
evaporation was more rapid at higher temperatures. 

The same trends were found for the seven-carbon com-
pounds, with the normal alkanes evaporating fastest, fol-
lowed by naphthenes and branched alkanes, and finally the 

TABLE 1. Compound names for numbered peaks in the mIz = 
191 spectrum shown in Figure 4. 

Peak Number 
	

Compound Name 

C23H42 tricyclic terpane 

	

2 
	

C24H42 tetracyclic terpane 

	

3 
	

18a(H)-22,29,30-trisnorneohopane 

	

4 
	

17a(H)-22,29,30-trisnorhopane 

	

5 
	

29,30-bisnor- 1713(H)-hopane 

	

6 
	

17c(H),21 3(H)-30-norhopane 

	

7 
	

173(H),21a(H)-30-norhopane (normoretane) 

	

8 
	

17a(H),21 3(H)-hopane 

	

9 
	

30-nor-29-methyl-17a(H)-hopane (C30) 

	

10 
	

1 73(H),21a(H)-hopane (moretane) 

	

11 
	

17a(H),21 3(H)-homohopanes 

	

12 
	

17ot(H),21 3(H)-bishomohopanes 

	

13 
	

17a(H),2 1 3(H)-trishomohopanes 

	

14 
	

17a(H),2 1 3(H)-tetrakishomohopanes 

	

15 
	

17ct(H),2 1 3(H)-pentakishomohopanes 

	

16 
	

C32-35 benzohopanes 

aromatics having the slowest evaporation rates. It is inter-
esting to note that this is exactly the opposite of the trend 
seen in oil degradation by water washing, where for any car-
bon number, the most water soluble aromatics are removed 
preferentially and the less soluble normal alkanes are re-
moved last (Lafargue and Barker, 1988; Palmer, 1993). 

30 
0
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FIGURE 4: Percentages of selected six-carbon compounds remaining in the Burgan 
crude oil after 96 hours evaporation at 30°C and an air flow of 100 ml/min (bz, ben-
zene; methcypen, methylcyclopentane; 3-methpen, 3-methylpentane; 2-methpen, 
2-methylpentane). 
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FIGURE 5: Percentages of selected six-carbon compounds remaining in the Bugan 
crude oil after 96 hours evaporation at 40°C and an air flow of 100 ml/min (bz, ben-
zene; methcypen, methylcyclopentane; 3-methpen, 3-methylpentane; 2-methpen, 
2-methylpentane). 

Biomarkers 

The effect of evaporation on selected biomarkers was inves-
tigated by comparing the composition for the Burgan oil with 
samples that had been evaporated in the laboratory to give ei-
ther a 10% or 30% mass loss. A sample of oil from one of the 
lakes was included in the group of oils studied (Table 2). These 
four samples were analyzed for hopane and sterane biomark-
ers using GCMS and for sulfur compounds using GC-FPD. 

The distributions of hopai3e peaks (as m/z = 191) are iden-
tical in all four samples, confirming that the Burgan field was 

TABLE 2. Oil samples analyzed for biomarkers. 

Sample 	 Source 

Kuw-1 
	

Oil from the Burgan field, Kuwait 
Kuw-2 
	

Degraded oil from Kuwaiti oil lake 
Kuw-3 
	

Laboratory-evaporated Burgan oil, 30% mass loss 
Kuw-4 
	

Laboratory-evaporated Burgan oil, 10% mass loss 

the source of the spilled oil that accumulated in the lakes 
(Figure 3). It also clearly demonstrates that evaporation of 
nearly a third of the oil in the laboratory did not change biom-
arker composition and that 9 years of exposure to natural 
evaporation and other degradation processes had no affect on 
biomarker distributions. Steranes were less abundant than the 
hopanes in the oils (Hauser et al., 1999), but their distribution 
patterns (for m/z = 217) were the same in all four samples. 

The FPD chromatogram for the oil lake sample, Kuw-2, 
shows reduced benzothiophene and dibenzothiophene com-
pared with the Burgan oil and evaporated samples (Figs. 7 
and 8). It also has increased hydrogen polysulfide peaks in 
the gas chromatogram. These compounds are presumed to 
form as a photo-oxidation byproduct of the resin and as-
phaltene fraction of the crude oils. The Kuw-3 and Kuw-4 
samples, with 30% and 10% evaporative loss, appear evap-
orated but not oxidized and have sulfur compound distribu-
tions that are identical to the Burgan oil. This shows that 
like the hopanes and steranes, these high molecular weight 
sulfur compounds are not affected by evaporation. 

STRATIFICATION DURING 
EVAPORATION 

During evaporation, light ends are lost from the exposed 
surface, and a compositional gradient is established from 

FIGURE 6: Percentages of selected six-carbon compounds remaining in the Burgan 
crude oil after 96 hours evaporation at 50°C and an air flow of 100 mI/mm (bz, ben-
zene; methcypen, methylcyclopentane; 3-methpen, 3-methylpentane; 2-methpen, 2-
methylpentane). 

Time (minutes) 

FIGURE 7: GC-FPD trace for an oil sample taken from the surface of an oil lake. 
DBT, dibenzothiophene. 
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FIGURE 8: GC-FPD trace for the Burgan oil. 

the oil surface to its interior. For evaporation to continue, 
the near-surface volatile compounds must be replenished, 
either by diffusion to the free surface or by mass transfer 
such as convection. If these processes are slow compared 
with the rate of evaporative loss, compositional gradients will 
develop in the oil column. The changing chemical composi-
tion caused by evaporative loss of light ends leads to changes 
in the physical characteristics of the oil. Barker and BuFar-
san (2001) found that the viscosity of the Burgan oil in-
creased and its density also increased (i.e., API gravity de-
creased). For a 30% weight loss, the density increased to 0.922 
(22° API) from an initial value of 0.876 (300  API), and vis-
cosity rose from 65.3 to 300.5 centipoises (Table 3). The in-
creased density and viscosity expected for the near-surface 
devolatilized layer will tend to exaggerate compositional lay-
ering by preventing circulation and probably decreasing the 
rate of diffusion. 

To investigate possible stratification in an evaporating oil 
column, a system was constructed so that oil samples could 
be obtained from various distances below the exposed sur-
face. There were nine sampling points, the closest ports be-
ing 1 cm apart and the overall vertical sampling distance be-
ing 15 cm. Each port was designed with a rubber septum to 
allow an oil sample to be withdrawn using a hypodermic sy-
ringe, and these samples were later analyzed by gas chroma-
tography. The apparatus, shown in Figure 9, incorporated a 

TABLE 3. Changes in density, API gravity, and viscosity of the 
Burgan crude oil with progressing evaporation (Barker and 
BuFarsan, 2001). 

Percent Lost by 
	

Density 	Gravity 	Viscosity 
Evaporation 
	

(g/mL) 	('API) 	(centipoise) 

Original oil 0.876 30 65.3 
12.9 0.893 27 120.4 
20.0 0.904 25 132.5 
30.0 0.922 22 300.5 

large side reservoir so that the level of the oil surface above 
the sampling ports did not change significantly as evapora-
tion progressed. Experiments were carried out at a room 
temperature of 21°C with a constant airflow across the oil 
surface of 100 ml/min. 

Marked compositional gradients developed very quickly. 
Figure 10 shows the vertical profiles for the six-carbon nor-
mal alkane, cycloalkane, branched alkanes, and aromatic af-
ter only 16 hours of evaporation. Although surface concen-
trations are reduced essentially to zero after 8 hours, the 
concentrations below 5 cm show no evaporative loss. After 
a further 92 hours of evaporation, the near-surface layer is 
severely depleted in light ends, but the deeper part of the oil 
column remains essentially unchanged (Fig. 11). Very simi-
lar compositional profiles were obtained for the C7  compounds 
with the normal alkane (heptane) dropping fastest and the 
aromatic (toluene) decreasing more slowly. As with the C6  
compounds, the seven-carbon naphthenes and branched chain 
compounds were intermediate. It seems likely that evapora-
tion produces a high viscosity, devolatilized surface "skin" 
that severely limits the rate at which volatile components 
can diffuse to the free surface. This suggests that evapora-
tive loss from oil spills will be a self-limiting process. 

Barker and BuFarsan (2001) used a simplified cone-
shaped model of the southern Kuwait oil lakes to show that 
the observed movement of the shorelines corresponded to 
considerably less evaporative loss than would be predicted 
from the laboratory simulations. They explained this as be-
ing due to the formation of a devolatilized surface "skin" 
that inhibited evaporation. The formation of a protective 
surface layer could be important in reducing the overall rate 
of evaporation in quiet environments such as the Kuwait 
lakes. In high-energy environments, for example, breaking 
waves at sea, stratification and the development of a protec-
tive surface "skin" are much less likely to be controlling 
factors for evaporative loss from oil spills. 
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AIR FLOW 

FIGURE 9: Schematic diagram of the apparatus used to investigate stratification in 
an evaporating oil column. S. sampling port with elastomer septum. Open circles also 
represent sampling ports. 

The rapid development of compositional gradients in oils 
exposed to evaporation requires care in taking samples for 
analysis. In particular, the depth of the sample, or the 
amount of oil commingled, could have a major effect on the 
composition obtained. If oil spilling and accumulation is ep-
isodic, then each "pulse" will be depleted in volatile hydro-
carbons at the top of the layer. A series of superimposed 
layers would then lead to a very complex compositional 
profile. Understanding this profile could be very significant 
in retrieving samples for forensic studies that aimed to re-
late an oil spill to its source. 

Percent Remaining 

FIGURE 10: Vertical profile showing percentages of selected six-carbon com-
pounds remaining after 16 hours of evaporation (bz, benzene; methpen, methylcyclo-
pentane; 3-methpen, 3-methylpentane; 2-methpen, 2-methylpentane). 

CONCLUSIONS • 
The oil lakes sampled in southern Kuwait have accumu-

lated oil spilled from the giant Burgan oilfield. This was 
confirmed by the similarities in steranes, hopanes, and pris-
tine/phytane ratios for the oils. Long-chain normal allcanes 
are still a major component of the residual oil in the lakes, 
showing that biodegradation has not played a major role in 
degradation, a conclusion consistent with the lack of water 
needed for bacteria to survive. The absence of water also 

Percent Remaining 
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FIGURE 11: Vertical profile showing percentages of selected six-carbon com-
pounds remaining after 92 hours of evaporation (bz, benzene; methpen, methylcyclo-
pentane; 3-methpen, 3-methylpentane; 2-methpen, 2-methylpentane). 
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implies that water washing has not had a significant effect 
on oil composition. Even the infrequent rain would lead to 
only a shallow water layer and a high oil/water ratio that 
would be inimical to biodegradation. 

Evaporation has the potential to be a significant process 
in degrading oil spills in the Kuwait desert, and laboratory 
simulation experiments show the potential for complete re-
moval of most compounds with less than 10 carbon atoms. 
The observed loss of light ends in the spilled oil is consis-
tent with evaporation having an important influence on the 
crude oil composition and can explain the composition of 
the oil lakes that have been exposed to the and conditions of 
the Kuwait desert for 10 years. 

Evaporative loss from the surface of an oil lake will lead 
to compositional layering unless the oil remains well mixed 
by convection or diffusion. Laboratory data for changes in 
density and viscosity and the direct observation of composi-
tional layering in laboratory simulations strongly suggest 
that stratification has almost certainly played a major role in 
limiting evaporation in the oil lakes of Kuwait. This obser-
vation may have broader significance for understanding 
compositional changes in spills and for developing sampling 
techniques to obtain representative samples for analysis. 

Laboratory evaporation experiments showed that for a 
given carbon number, normal alkanes were lost more rap-
idly by evaporation than cyclic alkanes and aromatics. This 
is the opposite of the trend observed for water washing, 
where the more soluble aromatics are lost preferentially. 
This suggests a method for distinguishing between oil deg-
radation dominated by evaporation or dominated by water 
washing. Unfortunately, in the case of the Kuwait oil lakes, 
all of the gasoline-range hydrocarbons had been lost, and it 
was not possible to evaluate the use of this technique. 
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