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ABSTRACT

Sabkha soils in Kuwait are developed as a result of the intersection between the highly
saline groundwater table and the low ground surface. During the Iraqi occupation
of Kuwait, the Iraqi troops dug a large number of trenches including Sabkha areas
and filled them with crude oil. Crude oil is a mixture of mainly oxygenated and
non-oxygenated hydrocarbons (Yemashova et al., 2007). Six boreholes (B4 to B9)
along the oil trench in the saline coastal soils, in the northeastern and southeastern
areas of Kuwait were excavated to assess the extent of oil pollution in comparison
to the adjacent reference sites. Oil pollution in the soil matrix of the oil trenches is
significantly high in percent total petroleum hydrocarbon (TPH) and total extractable
matter (TEM) that penetrated through deep soils into the hard gatch layer. The highest
concentration of TEM and TPH was 11.74% and 9.91% respectively measured at B7
in the southeastern areas at a depth of 60 to 160 cm and the lowest concentration was
0.67% and 0.41% respectively at B5 in the northeastern areas at a depth of 35 to 110
cm. The study also concluded that the amount and depth of oil contamination in the
northeastern and southern coastal oil trenches should be considered equally important
for future remediation.
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INTRODUCTION

Soil contamination with crude oil can be a source of groundwater contamination and
reduces the usability of land for development (Davis & Jones, 2011). Many hypersaline
environments are often contaminated with petroleum compounds. Among these, oil
and natural gas production sites all over the world and hundreds of kilometers of
coastlines in the more arid regions of Gulf countries are of major concern due to
the extent and magnitude of contamination (Al-Mailem et al., 2012). Oil movement
is affected by the sediment properties and their variability, resulting in the complex
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distribution of oil in the subsurface (Bennett et al., 1993; Delin et al., 1998). Oil
residuals had caused some major changes in the chemical properties of soil in the
Momoge wetland in China (Wang et al., 2010).

Among the contaminated hypersaline environments, hydrocarbons pose a special
problem due to their sheer numbers all over the world and due to their high salinity
caused by salty brackish water generated during oil and natural gas extraction (Bonfa
et al., 2011). Sabkhas, with their picturesque features, constitute one of the most
common land features along the coastal plains and in some inland areas. Sabkhas are
generally sandy in texture with high salinity soils that are classified as Salids (Salids
are aridisols, which have a salic horizon that has its upper boundary within 100 cm of
the soil surface) according to the Keys to Soil Taxonomy (Soil Survey Staff, 1996a).
The coastal sabkhas are developed as a result of the intersection between the highly
saline groundwater table (resulted from salt water intrusion) and the low ground
surface. The coastal sabkhas are highly variable morphologically, lithologically,
geochemically and biologically. Sabkha soils in Kuwait are usually barren with an
exception of some halophytic plants that are common in the coastal areas (Omar et al.,
2002). The accumulation of salts in the top and subsurface soil layers of Salids is the
result of geochemical and hydrological process. Soil type Salids cover about 10% of
total area (about 1,800 km?) of Kuwait according to the Soil Survey for the State of
Kuwait project (KISR, 1999). As a part of this project, a soil information system was
designed and implemented to manage the soil survey data (Grealish ez al., 2004).

Trench warfare used by troops as shelters from artillery during World War 1 caused
severe damage to the European environment (Davis, 1998). It changed the landscape
due to the digging and trampling of grassland and the crushing of plants and animals,
thereby disturbing the soil. During the Iraqi invasion of Kuwait (August, 1990 to
February 1991), to impede any attack from the allied armies, the Iraqi Forces built
trenches and filled them with crude oil. These trenches extend along the southern
border zone of Kuwait (Figure 1) (Al-Ajmi et al., 1998). Their average depth and
width are 2 m and 2.5 m respectively and length is around 120 km (southern border
zone). Vegetation cover, wildlife species, soils and micro relief were completely
damaged by these oil trenches. The depth of oil penetration into the soils varied in
different areas and was mainly controlled by the nature of soils. Omar et al. (2006)
conducted an earlier study in Greater Al-Burgan area, which depicts the types and
extent of soil contamination resulted from the detonation and damage of oil wells
during the Gulf War.

The coastal sectors of the oil trench extend to several kilometers in the northeast
and southeast of Kuwait. Since sabkha areas have shallow water table and are subject
to wetting and drying during winter and summer, the oil trenches in these areas will
have negative impact on the hydrological process and cause damage to the sabkha
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ecosystem (Al-Sulaimi et al.,, 1993). Thus, it is necessary to assess the extent of
damage on the sabkha ecosystem in order to justify the need for future remediation.
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Fig. 1. Location of the oil trenches in Kuwait showing the northeastern coastal trenches and the study
sites with borehole (B4 to B5) and the southeastern borehole (B6 to B9).

Site characteristics of the study area

In the northeastern part of the country the sabkhas are dominated by laminated silt
and clay with high gypsum content, whereas the southern coastal plain is composed
of sands, carbonate grains and evaporites (KISR, 1999). The water table is at 120 cm
depth (Figure 2). In the southern coastal plain and in the local parts of Kuwait Bay,
the seaward (Gulf ward) side of the coastal sabkhas is skirted by offshore bars, oolitic
ridges and aeolian accumulations. In the northeastern coastal plain and the majority
of Kuwait Bay, the sabkhas are not separated from intertidal flats. The study areas are
located within the coastal sabkha ecosystem. The location of the study areas is shown
in Figure 1 and a vertical section of the southeastern study areas is shown in Figure 2.
The vertical section shows the location of the boreholes B6, B7, B8 and B9. Both B7
and B8 are located in the Aquisalids zones with very high salinity. The other boreholes
are located in a sandy soil (Torripsamments) with relatively less salinity. The vertical
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view is about 2 m high and is at a distance of 870 m from the seashore. The soil
contaminated with crude oil is within the sabkha area as shown in Figure 2.
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Fig. 2. Vertical view of the oil trench in the sabkha coastal area of Kuwait showing the
location of the four boreholes.

METHODS
Soil analyses

Six boreholes in the oil trench were excavated; (two in the northeastern zone (B4
and B5) and four in the southeastern zone (B6 to B9) to a 200 cm depth using a
backhoe machine (Figure 3). Table 1 and Figure 1 show the location of the coastal
study areas numbered from pits B4 to B9. At each location, three sites were selected
for investigation: the northern or eastern side of the oil trench (N/E) (control or
reference sites), the oil trench itself (OT) and the southern or western side of the
trench (S/W) (control or reference sites). General onsite investigation and soil profile
investigation in the borehole of the OT were made and soil types at different layers
were recorded according to soil survey of Kuwait information (KISR, 1999). Soil
samples were collected at soil layers in the OT for laboratory analyses at the Central
Analytical Laboratory (CAL) of Kuwait Institute for Scientific Research (KISR) to
assess the level of damage to the soil matrix. The spread of petroleum oil pollutants
in the soil matrix (depth), the nature of contaminants (i.e., oily soil, soot, tar mat or
sludge) and the thickness of oil-polluted horizons in the soil profile were recorded
to categorize the nature and extent of damage. At the reference sites from both sides
of the oil trench ((N/E) or (S/W)), soil samples were collected by using hand augurs.
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These sites, located 50 m away from the oil trench, were considered uncontaminated
control sites and used as reference samples for comparison purposes with the oil
trench (OT).

Fig. 3. A borehole showing crude oil contamination in the deep soil layer
in the coastal area of Kuwait.



Waleed Y. Roy, Samira Omar Asem and Meali Al-Burais 196

Table 1. Locations and coordinates of the study sites (B4 to B9)

Borehole Locality Coordinate
B4 Subiyah s
BS  Norhsubish 27 4IEN
e O
B7 Ras Al Himarah 42122 ;T: ggzg
B8 Ras Al Himarah 42122 ;g: ;g::g
B9 North Nuwaysib 42122 ;g: ;gzzg

pH, electrical conductivity (EC) and calcium carbonate (CaCO;) content were
determined according to USDA methods 8C1b, 8A3 and 6Elg (Soil Survey Staff,
1996b) respectively. A saturated soil paste was used to measure pH, using a pH meter.
Electrical conductivity was determined from the saturated paste extract, using a
conductivity meter. For the estimation of CaCO,, air dried soil smples were treated
with hydrochloric acid (HCI) and the evolved CO, is measured manometrically to
calculate the amount of carbonate, which is expressed as percentage equivalent of soil.
The total extractable matter (TEM) was determined using the USEPA method (1996).
The soil was extracted with dichloromethane (DCM) followed by evaporation, and
gravimetric analysis, which required the drying of the dichloromethane extract of the
contaminated soil. The following formula was applied to the results:

TEM= (weight of the residue (mg)) = (initial weight of the sample (kg))

Total petroleum hydrocarbon (TPH) was determined by infrared spectroscopy after
the organic solvent extraction of the contaminated soil (USEPA, 1978).

Data analysis

The data was analyzed by using a statistical package, IBM SPSS Statistics version
20.0 (2011). A two-way variance analysis (ANOVA) was carried out, followed by the
Scheffe Test (Post Hoc Test).

RESULTS
Oil trench-B4

The trench B4 was excavated at Subiyah in the northeast of Kuwait. On-site
investigation revealed the occurrence of gatch (limestone material) soaked with oil at
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a depth of 95 cm. The trench was dug to 180 cm; below that the material found was
similar to the 95 to 180 cm zone. The upper 95 cm zone was devoid of gatch; it was
of a refilled material rich in highly calcareous sand, presently contaminated with oil.

Visually, it was apparent that the calcareous sand was highly contaminated compared
with other depths, which also showed lower pH and CaCO, contents (Table 2). The
depths below 60 cm presented similar EC values and were related to relatively high

oil contamination. The relatively higher oil contamination (TEM and TPH) was at the
surface (0 to 60 cm); however, no substantial difference was observed with depth.

Table 2. Characteristics of soil samples collected from northeastern oil trench-4 (B4-Subiyah), oil
trench-5 (B5-North Subiyah) and control soil pits in Kuwait

Borehole Case Nature Depth *EC pH CaCO, "TEM °‘TPH
No. (Condition) (cm) (1S cm™) (Y eq) (%) (%)
Subiyah  Oil Trench B4 Oily soil 0-60 1400 8.35 20.40 443 376
Oily soil 60-95 2880 8.09 36.40 2.143 198
Oil-soaked 95-180+ 2620 775 1650 334 292
gatch
Reference Sites East 0-15 2230 834 1690 - -
(both sides of B4) g 1580 5150 832 1260 - -
West 0-30 220 8.65 1090 - -
West 30-50 2830 829 24.00 - -
West 50-150 4080 827 2590 - -
North Oil trench B5 Oily soil 0-35 1240 8.04 0.90 1.96 1.62
Subiyah Oily gypsic 35-110 2450  7.69 2.10  0.67 0.4l
soil
Oily gypsic 110-140 2490 767 050 076  0.59
soil
Oil-soaked 140+ 2660 8.03 1.20 093 0.77
gatch
Reference Sites East 0-10 1700 833 1330 - -
(both sides of BS) - g, ¢ 10-75 3380 813 050 - -
East 75+ 3840 8.20 5.60 - -
West 0-75 210 8.76 12.10 - -
West 75-110 320 8.65 1220 - -
West 110+ 440 8.78 8.50 - -
EC = Electrical conductivity
TEM = Total extractable matter

‘TPH = Total petroleum hydrocarbon
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The investigation of reference samples from both sides (50 m apart) of the trench
showed that, on the eastern side, the pit showed the presence of a gypsic horizon at
15 cm depth (Leptic Haplogypsids), which also resulted in high EC values. Below
80 cm, it was not possible to use a hand auger due to the presence of a gravelly zone.
Both the layers showed similar pH and CaCO, contents; however, the gypsic horizon
yielded higher EC values, which was expected in this horizon. The soil pit dug on
the western side showed calcareous sand (0 to 30 cm), laid down (30 to 50 cm) with
a well-developed calcic horizon and a gypsic horizon at 50 to 150 cm depth (Typic
Calcigypsids). Below 150 cm depth, a hardpan rich in CaCO, (Petrocalcic) was
identified. The gypsic horizon (50-150 cm) showed higher EC values. The eastern and
western pits divided the landscape into different soil classes. No oil contamination is
observed in the pits.

Oil trench-B5

The trench (B5) was also excavated in the north of the Subiyah area in the northeast
of Kuwait. A gypsic hardpan soaked with oil was identified at 140 cm depth. The
face of the excavated trench was divided into different depths, based on the level of
oil contamination and the soil material. The upper 35 cm was of recently deposited
sandy material contaminated with oil. The surface zone was highly contaminated. The
zone from 35 to 140 cm was an oil-contaminated gypsic horizon, where loosely held
gypsum crystals coated with oil were identified. The zone below 140 cm was an oil-
soaked petrogypsic layer. It seems that the trench was probably dug to a depth of about
140 cm, before it was filled with oil. The hardpan seemed to be undisturbed, but was
soaked with oil. Relatively higher oil pollution (TEM and TPH) was recorded at the
surface (0 to 35 cm) (Table 2).

The EC values followed an increasing trend with depth, being the highest at the
undisturbed soaked gypsic hardpan. The gypsic horizon also presented similar values.
The minimum EC was recorded at the surface (0 to 35 cm), which was non-gypsic
and lightly contaminated with oil. The trench was refilled with the gypsic material;
therefore, only traces of CaCO, were recorded. The pH followed the reverse trend: it
was lower in the oil-contaminated zones, compared with the freshly deposited lightly
contaminated surface soil. Gypsum is a soluble soil component; slightly higher gypsum
quantities may mask the EC and pH contributed by the oil contamination. Under these
conditions, it is only the TPH that showed the difference of oil contamination.

Two soil pits were made on both sides of the trench (reference sites) at a distance of
50 m from the center of the trench. On the eastern side, a gypsic horizon was identified
at 10 to 75 cm depth (Leptic Haplogypsids). Gypsum dissolution contributed to high
EC values at 10 to 75 cm and 75+cm depths (Table 2). Below 75 cm, gypsum crystals
were identified with a mixture of gravels. Up to 2 m depth, no calcrete layer was
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identified. On the western side, the pit was dug to 75 cm depth, and then hand-augered
to 150 cm depth. The entire pit was calcareous sand without any horizon development
(Typic Torripsamments); however, below 75 cm depth, relatively higher gravel
contents were observed. Both the soils showed contrasting soil features and soil types
with no sign of pollution from the crude oil. In the Eastern side, the high EC correlated
with the presence of gypsum, but no such horizon was identified in the western side.
Thus, the clean sand presented lower EC values.

Oil trench-B6

Oil trench-6 was excavated in north of the Nuwaysib area in the south of Kuwait. The
features recorded in this trench were different from others. In this trench, oil moved
preferentially upward into the refilled soil material. This preferential movement was
due to the soil heterogeneity in structure development. An irregular pattern of oil
contamination was observed; the trench was partially contaminated to about 1 m and
uniform oil contamination was recorded below 1 m. At 140 cm depth, calcareous
gatch was observed. However, it had become soft due to oil contamination, and the
gatch pieces were also found on the nearby landscape. They were part of the trench
excavation activity and remained intact. These CaCO, rich gatch pieces were very
hard to break. High EC was recorded in oil-soaked gatch samples (Table 3). High
CaCO, was recorded in the gatch zone below 140 cm depth. Relatively higher oil
pollution (TEM and TPH) was found at 20 to 140 cm depth, and oil-soaked gatch
showed lower oil pollution, compared with the 20 to 140 cm depth. The upper depth
(0 to 20 cm) was clean soil and showed the lowest values of TPH and TEM. Figure 4
shows the vertical section of a borehole in the Nuwasib area with oil contamination in
the calcareous gatch.
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Table 3. Characteristics of soil samples collected from the southeastern oil trenches-B6 (Nuwaysib), B7
(Ras Al Himarah), B8 (Ras Al Himarah), B9 (north Nuwaysib) and control soil pits

Borehole Case Depth EC® CaCO, TEM" TPH®
. Nature 1 pH o 3 o

No. (Condition) (cm) (1S ecm™) (Yo eq) (%) (%)

Nuwaysib Oil trench B6 Clean soil  0-20 950 8.52 9.50 0.06 0.04
Oily soil 20-90 480 8.53 8.40 6.05 4.80
Oily soil 90-140 760 831 7.00 6.82 5.32
Oil-soaked 140+ 1180 847 17.10 146 1.23
gatch

Ras Al Oil trench B7 Clean soil  0-40 3690 8.25 8.20 0.05 0.03
Himarah Oily soil ~ 40-60 3570 778 630 191  1.01
Sludge 60-160 4630 779 730  11.74 991

Reference Sites  North 0-10 17430 857 850  0.808 0.730
(both sides of B7) North 10-30 9590 8.44 1090 - -
North 30-150 5850 822 890 - -
South 0-15 24700 853 7.00 - -
South 15-50 4560 828 520  0.047 0.040
South 50-150 8650 833 810 - -
Ras Al Oil trench B8 Tar mat 0-5 3630 7.51 8.20 2.58 1.80
Himarah Oily soil ~ 5-20 2517 774 410 191  1.03

Sludge 20-80 2620 7.63 8.20 4.57 3.76
Clean soil 80+ 5910 7.94 2.0 0.03 0.02

Reference Sites North 0-3 31900 8.12 53 0.046 0.039

(both sides of B8) North 3-15 13890 872 9.4 - -

North 15-40 4190 8.05 2.6 - -

North 40-100 11180 820 125 - -

North 100+ 10460 822 9.2 - -

South 0-3 99400  8.85 7.90 - -

South 3-15 5860 826 190 - -

South 15-40 10330 850 9.50 - -
North il trench B9 Oily soil  0-40 330 8.18 930 397 3.55
Nuwaysib Oily soil ~ 40-120 540 798 1120 3.19 286

Asphalt 120-180 2760 7.73  2.20 323 2.88
Cleansoil 180+ 2470 7.89 1.80 0.04 0.02

Reference Sites ~ North 0-10 730 823 11.60 - -

(both sides of B9) North 10+ 240 8.35 1490 - -
South 0-15 290 8.14 1040 0.043 0.036
South 15+ 430 836 1220 - -

*EC Electrical conductivity
"TEM = Total extractable matter
°TPH Total petroleum hydrocarbon
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Fig. 4. Vertical section of a borehole in the Nuwasib area of Kuwait showing the hard
calcareous gatch (black arrow), oil penetration in the calcareous gatch (white arrow) and
hardpan at 180 cm (white arrow head).
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Oil trench-B7

Bore number B7 was made in the sabkha area, situated in the Ras Al Himarah coastal
area (north of Nuwaysib). The upper 40 cm was visually clear of any oil contamination.
A gypsum-rich zone was identified at 20 to 50 cm depth. The zone from 40 to 60 cm
was lightly contaminated with oil. Sludge was found at 60 to 160 cm depth and was
categorized as a highly oil-contaminated zone in this excavation site. The trench was
dug up to 160 cm depth and samples were collected. Later, the trench was filled with
water, and the water was leveled at 100 cm, showing the level of water table. This
masked the layers below 100 cm. Relatively high EC and low pH (Table 3) were
recorded in the sludge zone. In this site, oil-contaminated groundwater was observed.
The Sabkhas collect rainwater in depressions; hence, the rainwater runoff is prone
to oil contamination. The standing water attracts grazing animals; therefore, the oil-
contaminated water most likely enters the food chain through the animal’s body and
poses health risks to both animals and humans. The higher oil pollution (TPH and
TEM) was found at 60 to 160 cm, where the zone was identified as sludge. Heavy
metals were uniformly distributed in the oil trench.

The pits on both sides of the excavated trench were identified as Leptic
Haplogypsids. At both reference sites, the water table was observed at 160 cm depth.
In the southern side of the trench, a gypsum-rich horizon was identified at 15 to
50 cm depth, whereas on the northern side, it occurred at 10 to 30 cm depth. A
surface salt crust was present on both control pits and presented very high EC values.
Relatively higher pH values were recorded at the salt-crusted zones. The TPH and
TEM values from only one depth of each reference pit showed lower values than the
oil contaminated oil trench.

Oil trench-BS8

Trench number B8 was also excavated in the sabkha situated in the Ras Al Himarah
coastal area (north of Nuwaysib). The sabkha measured approximately 40 to 50 ha
and was devoid of any vegetation. Patches of white salt crust were found in this area.
A 0 to 5 cm thick tar mat covered an area of about half a hectare; nearby, signs of
an oil trench were found. The excavation was undertaken here and the excavated
trench revealed a 5 cm thick surface tar mat. A zone of 5 to 20 cm was found to have
soil material contaminated with oil, and a zone of 20 to 80 cm was found to have
highly contaminated soil material identified as sludge. The zone below 80 cm was
visually non-contaminated with oil and had gypsum-rich material. The water table
was observed at 100 cm depth. Visual oil contamination was recorded above the
water table. It was apparent that the trench was dug to the depth of the water table.
The water table was observed to be contaminated with oil. Such contamination could
be harmful and pose health risks. Relatively lower pH values were recorded (Table 3)



203  Crude oil contamination on the Sabkha facies of Kuwait

at oil-contaminated depths, the highest being in the non-contaminated zone (80 cm).
The gypsum-rich non-oil-contaminated depth presented the highest EC value and
showed an aggregate effect of gypsum dissolution and non-visual oil contamination.
As expected, the values of TPH and TEM were higher, where sludge was identified
(20 to 80 cm).

Both the soil pits on the northern and southern reference sites were classified as
Gypsic Aquisalids. Both showed a 3 cm thick surface salt crust and the highest EC
value was shown in the northern pit. A zone of 15 to 40 cm was identified as gypsic
horizon, and gypsum crystals were very apparent and flickered under sunlight. They
were identified as accumulations of about 3 cm diameter. The zone between 40 and
100 cm was a sandy gypsic horizon, where gypsum was uniformly distributed. Strong
effervescence was observed at this depth. The water table was recorded at 95 cm
depth. Identical soil features were recorded in the soil pit dug on the south control
site of the trench, where the water table was recorded at 80 cm depth. The pH values
of all the depths in both pits showed higher values compared with those in the oil-
contaminated depths and are associated to relatively higher salinity and sodicity in
the control pits.

Oil trench-B9

Oil trench number B9 was excavated along the Kuwait - Nuwaysib Road (100 km)
in north Nuwaysib area. Soil types in the surroundings of the oil trench were Typic
Torripsamments. The entire trench was contaminated with oil. A zone of 0 to 120 cm
was lightly contaminated with oil. At 120 to 180 cm depth, CaCO, concentrations
were recorded, showing a well-developed calcic horizon. The zone below 180 cm was
identified as CaCO, rich oil contaminated gatch. It was difficult to excavate deeper
than 180 cm; however, the gatch showed contamination with oil. The refilled material
of the oil trench was different from excavated material from the trench site (asphalt).
The features of the oil trench indicated that the trench was excavated to a depth of
about 1.25 m. Oil was filled in the trench that also got soaked into the calcic as well
as petrocalcic (gatch) horizons. The pH was higher in the lightly contaminated depth
(Table 3) compared with where it was heavily contaminated with oil. Similar values
of TEM and TPH were recorded at all depths to 180 cm (oily soil).

Both the pits on the northern and southern reference sites of the oil trench were
classified as Typic Torripsamments. The gravel was distributed throughout the profile,
forming an armour layer. The pit on the north side showed comparatively more gravel
contents. Moderate levels of CaCO, were observed at all depths of both the pits.
The pH values at all depths of the pits were higher than those recorded at all oil-
contaminated depths in the oil trench. They were related to higher CaCO,.
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DISCUSSION

Crude oil is an extremely complex and variable mixture of organic compounds, which
consists mainly of hydrocarbons in addition to heterocyclic compounds that contain
sulphur, nitrogen and oxygen (Dastgheib et al., 2012). Significant variation is found in
the soil pH, TEM and TPH between the control/reference sites and the OT (Table 4).
The Oil trench showed significantly higher values of TEM and TPH and lower values
in pH. The acidic nature of crude oil neutralized the alkaline soil and lowered the pH
level, particularly at higher concentrations in deeper soils. Some authors also reported
that the soil pH tends to shift to neutral values after the hydrocarbon addition to both
acidic and alkaline soils (Emerson, 1983; Vanloocke et al., 1975).

Table 4. Comparison of mean values of studied parameters in the oil trench and control sites

Mean Mean
QOil Trench (N=22) Control (N=29)
pH 7.99b 8.38a
CaCO, % 8.61a 10.29a
EC (uS cm™) 2353.50a 9796.00a
TEM % 2.81a .03b
TPH % 2.28a .03b

»*Varijants possessing the same letter at the same raw are not significantly different at P <0.05

From Tables 2 and 3 the percent concentration of TEM, CaCO,%, EC (uS cm-1) and
TPH in the soil profile showed the following order of contamination: B7 and B6 very
high, B8 and B9 moderately high and B4 and B5 moderately low concentrations. The
highest concentration of TEM and TPH was 11.74 and 9.91% respectively, measured
at B7 depth 60-160 cm and the lowest concentration was 0.67 and 0.41% respectively
measured at B5 depth 35-110 cm (Figure 5). The EC varied among boreholes it showed
the highest concentration in boreholes B7 and B8 (Figure 6). The mean values of soil
pH, CaCO; and EC showed a significant difference among the six boreholes (Table 5).
However, no significant difference was found in TEM and TPH among the boreholes.
This shows that the amount of contamination in the boreholes is equally important to
be considered for remediation.
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Fig. 5. The level of TPH and TEM (%) at different depths of six coastal oil trenches in Kuwait
(boreholes from B4 to B9).
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Fig. 6. Electric conductivity at different depths measured in boreholes from B4 to B9.
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Table 5. Differences among six boreholes in the oil trenches (B4-B9) for five parameters

Mean values

Borehole in the Qil pH CaCO,% EC (uS cm?!) TEM % TPH %
Trench and number of

variables (N)

B4 (3) 8.25a 24.43a 2300.00b 3.30a 2.88a
B5 (4) 7.86b 1.17b 2210.00b 1.08a 0.85a
B6 (4) 8.46a 10.50a 842.50b 3.59a 2.84a
B7 (3) 7.94b 7.27b 3963.33a 4.56a 3.65a
B8 (4) 7.70b 5.80b 3669.25a 2.27a 1.65a
B9 (4) 7.99b 6.12b 1525.00b 2.6la 2.32a

a, b: Variants possessing the same letter at the same column are not significantly different at P <0.05

The study showed no significant variation in the amount of pollution (TEM and
TPH) with depth in the oil trenches (Table 6) as well as with the EC. Therefore, all
depths are considered equally important for remediation planning of the oil trench.

Table 6. Mean values variation among three depths in the oil trenches for three parameters

Depth EC (uS cm™) TEM % TPH %
Shallow Mean (N=7) 1965.28a 2.1371a 1.6900a
Medium Mean (N=7) 2635.71a 2.6519a 2.1200a
Deep Mean (N=8) 2446.25a 3.5400a 2.9550a
Total Mean (N=22) 2353.50 2.81 2.28

a: Variants possessing the same letter at the same column are not significantly different at P <0.05

CONCLUSION

In the current study, efforts were made to find out the extent of soil contamination in
the coastal oil trenches in order to justify the need for soil remediation. This study
showed that oil pollution in the sabkha soil matrix ranged from 11.74% and 9.91%
for TEM and TPH respectively measured at B7 in the southeastern at a depth of 60
to 160 cm. This shows that oil contamination in the soil matrix of the oil trenches
in the coastal sabkha areas of Kuwait is significantly high and penetrated through
deep soils into the hard gatch layer. The study also concludes that the amount and
depth of contamination in the northern and southern oil trenches should be equally
considered important for remediation efforts. A remediation plan considering
available technologies to remediate the contaminated soil at sabkha oil trench can be
implemented. However, some mechanical operations in the sabkha sites need to be
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considered. This has been recommended by McGill & Nyborg (1975), who found that
wet sites are difficult to manage mechanically and thus create problems in conducting
reclamation operations. There has been also a concern that the surface water and
groundwater in these sabkha zones would be contaminated (Al-Sulaimi et al., 1993),
which requires further research studies and monitoring to assess the long-term impact
of oil pollution on the hydrological process of the sabkha ecosystem.
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