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Influence of crude and emulsified crude oil on some
properties of clay soil

Ali Hamdhi Dheyab

Abstract
Dept. of Soil Science and Water A study was conducted to evaluate a modified and direct applied method of
Resource, College of Agriculture, crude oil as conditioner after emulsification oil with irrigation water (oil: water
University of Basrah / Iraq emulsion). Clay soil was used to investigate the effect of three factor, the first

factor: Pulverization soil index (P), (measured by mean weight diameter of soil
clods ) with two indices, high (p1) and low (p2) with mean weight diameter
(MWD) (17.026 and 10.511 mm) respectively; the second factor: crude oil
applied method (C) with three treatment, control 0% (co), crude oil 0.5 % w/w
mixing with irrigation water (c1) and (c2) treatment, crude oil 0.5 % w/w mixing
with water and emulsified by add artificial emulsifying agent (Anionic
surfactant: Sodium Dodocyl Sulphate coconut fatly acid; third factor: initial
moistening (W) with two treatment, field capacity (w1) and saturation percent
(w1) mention to water volume which used to applied in Co, Ciand C, treatment
to soil. The results showed that the most of hydrocarbon compounds (with
percent 82 %) accumulated in 0 — 15 cm depth, while about 18 % of total
hydrocarbon compounds penetrate to 15 — 30 cm. Emulsification crude oil
with water increased significantly the diffusion and penetration of
hydrocarbon compounds at C, treatment from 0 — 15 cm depth to 15 - 30 cm
depth up to duplication compared with c, with c1 treatment with percent 68 %
and 36 % for 0 — 15 cm and 15 — 30 cm depth, respectively. It was observed
that increasing pulverization index from p» to p: and initial moistening level
from field capacity (w1) to saturation percent (w1) causes slight increasing of
penetrated hydrocarbon compounds percentage at 15— 30 cm depth for about
2 % and 3 %, respectively. The results showed c; and c, treatment causes
significant increase in mean weigh diameter (MWD) and soil porosity (f %)
associated with significant decreasing in soil bulk density (Pb) compared with
Co treatment, with significant superiority of c, treatment which, its effect
reached to whole of soil depth 0 — 30 cm over ci treatment which, its effect
restricted chiefly at 0 — 15 cm depth, also the results showed a slight decrease
in MWD and soil bulk density with slight increase in soil bulk density as
increasing initial moistening level from wi to w, level and at decreasing
pulverization index from p; to p2 level, this impact be happen chiefly in 0 — 15
cm depth at Co treatment

E-mail: alialmaliki302@yahoo.com

Key word: Crude oil, Pulverization index, mixture, Emulsifying agent, (Oil: water)
emulsion.

INTRODUCTION

Crude oil and its derivatives were used as hydrophobic properties of soil and reducing loss of soil by
conditioners to improve physical and hydrological erosion process since half century ago. Crude oil and its



derivatives applied improve soil structure through bonding
soil particles together which increased mean weight
diameter (MWD) of soil aggregates (De Boodt and
Bisschop, 1974 and Gabriels et al., 1975). Petroleum
hydrocarbons coated soil aggregates surface and
changed these surfaces from hydrophilic to hydrophobic
which lead to increasing the constant angle value between
water — solid phase and effect on the driving force of
capillary movement of water, this impact make soil
aggregates more stable against deterioration effect of
rapid wetting, which resulted an improvement in soil
properties represented in increasing soil porosity and
decreasing bulk density (Hartmann et al., 1983; Al —
Dubaki, 1983 and Al — Doori, 2002). Several studies
showed that hydrocarbon compounds have negative effect
on biological activity on soil chiefly at heavy levels by
reduced soil microbes number and enzymes activity in soil
(Voets et al., 1977; Tayer, 1976; Al — Ansari et al., 1998).
Abdul kareem (2002) suggested that safety level of
hydrocarbon compounds in soil shouldn’t exceed 0.5 %
w/w. Most petroleum hydrocarbons are low infiltration in
soil due to the high viscosity and highly absorptivity of
these materials by soil (lvshina et al., 1998); therefore all
pervious application methods of hydrocarbons to soil
aimed to reduced deteriorated effect of these compounds
on soil and plant through decreasing the concentration of
hydrocarbons on surface and microsites of soil by spraying
method to soil clods surface (Hillel, 1980); and by use
mechanical mixing soil with mixture of water and
hydrocarbons (Al — Ansari et al., 1998, Al — Atab, 2001 and
Abdulkareem, 2002), or a diluted mixture of petroleum
hydrocarbon with organic solvents spreaded to soil (Al —
Maleky , 2005 and Al — Saraji, 2006). However, above
mentioned methods are restricted to small area land, in
addition to that, petroleum hydrocarbons unlikely to form
stable mixture with water. Duck (1966) reported that water
and oil are immiscible liquids cannot form stable and
homogenous emulsion due to high surface tension and
capillary tension of water which make stress between oil
droplets to produced large oil drop then the emulsion
become unstable. Martin (1980) reported that water and oil
may be mixed to produced stable mixture by addition
emulsifying agents (surfactants) which reducing the
interfacial tension between the liquids, he also reported
that surfactant molecules consist of at least two groups ,
one soluble in soil (hydrophobic group) and other soluble
in water (hydrophilic group) so interfacial film formed
between oil droplet and surrounding water, which prevent
coalescence of oil droplet due to similar charges on the
droplets . Hermann et al. (2001) indicated that the stability
and homogeneity of Oil: Water (O / W) emulsion increased
with decreasing the oil droplet diameter to at least 2
micrometer depending on suitable concentration of
emulsifying agent (surfactant) in mixture volume. The
present study aimed to evaluate the effect of application of
crude oil emulsion in irrigation water (oil: water
emulsion) as modified method on soil surface at different
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pulverization index and moistening level on penetration
and distribution of oil through soil profile and their effects
on some soil physical properties (MWD, soil bulk density
and total porosity).

MATERIALS AND METHODS

This study was conducted at college of Agriculture farm
univ. of Basrah Karmat Ali location on alluvial clay soil
(clayey, mixed, calcareous, hyperthermic, typic
torrifluvents). Samples of soil surface (0 — 30) cm were
collected then physical and chemical properties of soil
were determined according to Black et al. (1965) and Page
et al. (1982), (Table 1). Two experiments were carried out,
the first aimed to evaluate the effect of crude oil
treatments, pulverization soil index factor and initial
moistening level factor on some physical properties,
(MWD, soil bulk density and soil porosity). The first factor:
Pulverization soil index. (P) (measurement of mean weight
diameter of soil clods) with two treatment, high (p1) and low
(p2) pulverization indices, at these treatment the soil which
used was collected from the form at 0 — 30 cm depth after
double cross plower by mild board plow followed with once
and twice harrow disk traffic for p1 and p2 respectively, with
MWD equal to 17.026 and 10.511 mm for p: and p2
successively , which be rating in Table (2) by using set of
sieves, the soil samples may be passed through,
according to the method described in (Hillel , 1980). (Table
2)

The second factor, crude oil applied method with three
treatments, control 0% (c0), crude oil 0.5% w/w (for dry
soil) mixing with water (c1) and crude oil 0.5% w/w (for dry
soil) mixing with water and emulsified by add artificial
emulsifying agent (Anionic Surfactant).

(Sodium DodOcyl Sulphate coconut fatty acid) (SDS) by
addition and mixing with equivalent volume of surfactant to
arriving SDS concentration in the mixture to 7mM,
according to Hermann et al., (2001), the properties of
crude oil which used described in Table (3). The third
factor, initial moistening level (W), with two treatments,
field capacity (w1) and saturation percent (w2) mention to
water volume added directly for (Co) treatment or mixed
with crude oil for c1 and c2 treatments. Soil columns which
used as experimental unit by using plastic cylinder with 20
cm diameter and 30 cm soil column length, glass wool was
used, and hold in the bottom of each cylinder, 11 kg of dry
soil used to filling and packing thereby the total
experimental units equal 24 unit (Table 3).

Resulting from multiplication of factorial combination: 3
crude oil treatment X2 pulverization indices X2 initial
moistening level X3 replication. After the factorial
treatment have been done, soil columns let to be dried to
complete the coalescence process, which all water
surrounding oil droplets lose in order to make continuous
film of oil around soil aggregates or soil clods (Martin,
1981). Then all soil columns were treatment with six of
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Table 1. Some physical and chemical properties of soil for 0 — 30 cm depth

Soil Properties Measurement units The value
Bulk density Mgm-3 1.22
Particle density Mgm-3 2.66
Porosity % 54.10
MDW mm 0.42
Sand 54.90
Silt gkg? 337.70
Clay 607.40
Texture class Clay
Field capacity 1 0.33
Saturation percent gmgm 0.50
pH 7.41
Organic matter kgL 3.61
Total carbonate gkg 326.78
ECe dSm? 5.29
L Ca? 10.01
= Mg?* 7.02
() Na* 25.22
S K* 2.38
« S04% mmoleL? 23.22
Cl 46.34
COz* 0.00
HCOs 2.47
Irrigation water
ECw dSm? 1.80
pr 7.00

Table 2. Rating method of MWD soil clods as indices for soil pulverization factor

Sieves ranges (mm)

M i: average of

Wi : weight of residual
soil (kg) on the sieves

sieves range (mm)

Xi: average of percentage
ratio = (wi*mi / 3 wi)

P+ P P P2
120 - 90 (120+0) /12 0 0 0 0
90-70 (90+70) 12 117 0 0.967 0
70 - 50 (70+20)/ 2 3.160 1590 1.940 0.971
50 - 30 (b0+30) /2 17.470 6.770 7.22 2.757
30-10 (30+10) /2 20.580 16.510 4.255 3.364
10-2 (22 40.080 52.500 2.486 3.207
<2 212 15.280 20.840 0.158 0.212

wi 97.740 98.220
2
MWD =} xi 17.02 mm 10.51 mm

*P1 high pulverization index treatment
**P2 low pulverization index treatment
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Table 3. Some characteristics of crude oil from Southern Rumiala s field / Basrah — Iraq

The characteristics The value
Specific weight at 21.1 C° 0.8562
Water content (v/v %) Nill
Sulphric content (w/w %) 1.90
Carbon content (w/w %) 4.48
Wax content (w/w %) 3.10
The pouring point (C°) -15.00
at21.1 C° 10.96
Viscosity (cSt) at37.8 CO 6.436
Initial boiling point (C°) 40.00
Total distillation ratio (v/v %) 48.50

wetting — drying cycles by allow soil to dry nearly to 60%
of field capacity content, then soil columns be moistening
to arrive up water content to field capacity level, then
disturbed and undisturbed soil samples were taken from 0
— 15 and 15 — 30 cm depth. Soil aggregates stability as
representing by Mean Weight Diameter (MWD)
determined by using wet sieving method (Black et al.,
1965); Bulk density and total soil porosity were determined
by standard procedures as explained in Black et al.,
(1965). For determination the effect difference between
crude oil and crude oil emulsion with influence of other
studying factor , pulverization index and initial moistening
level on penetration deeply and homogeneity distribution
of oil compound in soil depth , the second experiment was
carrying out by using the same procedures , steps and
treatments in the first experiment (above mentioned) just
without control treatment (co) , and without wetting — drying
cycles , then the soil columns was air — dried soil samples
were taken from 0 — 15 and 15 — 30 cm depth and kept at
frigid temperature. Total hydrocarbon compounds of crude
oil were extracted by a mixture of methanol — benzene
according to IOC / WMO, (1982) method by using Soxhlets
Discontinuous extraction, then spectroflurophotometer
was used to determination the concentration of total
hydrocarbon compounds.

RESULTS AND DISCUSSION

The influence of studying factors on hydrocarbon
compounds distribution at soil depth

The results in Table(4) referred to the distribution of total
residual hydrocarbon compounds through 0 — 30 cm
depth, which showed there was significant reducing (P <
0.05) in hydrocarbon concentration average at crude oil
emulsion treatment (c2) comparison with crude oll
treatment (c1) with reduction percentage 2.64%, this result
can be attributed to the effect of emulsification process to
increase the penetration and distribution of oil through soll

depth, where of decreasing the concentration of oil in soll
sites, which may be enhancing bioremediation of oil
compound by soil microorganisms (Voet et al., 1973; Tyler,
1976). Generally, most of hydrocarbon compounds were
concentrated at 0 — 15 cm depth with significant superiority
comparison with 15 — 30 cm depth with average 3053.6
and 1085.8 Mg kg?' respectively, this result can be
attributed to the highly viscosity and sportively of oil to soll
particles surface (lvshina et al., 1998), as well as, where
water infiltrated through 0 — 15 cm depth may be fluxed
through different size pores, thus be great total surface
area which able to trap oil in this depth chiefly at crude oil
treatment (c1) which recorded concentration averages
3413.73 and 781.13 Mg kg for 0 — 15 and 15 — 30 cm
depth respectively, with decreasing ratio 77.12 % for 15 —
30 cm depth comparison with 0 — 15 cm depth, whereas
the penetrating hydrocarbon compounds increasing
through soil depths at crude oil emulsion (c2), which got
averages 2693.53 and 1390.5 Mg kg* for 0 — 15 and 15 —
30 cm depth respectively, so that decreasing ratio of oil
concentration at 15 — 30 cm depth comparison with 0 — 15
cm depth lowered to 48.37 %, this result can be attributed
to the characteristics of stable crude oil emulsion be
formed of soil droplets less than 2 micrometer, which able
to penetrate and distribute through soil depths and soll
pores overly. Table (4) also showed that, three was
significant effect (P < 0.05) of interaction between initial
moistening, factor and soil depth on hydrocarbon
compounds concentration, the field capacity treatment
(wi1) at 0 — 15 cm depth showed highest concentration
average (3123.80 Mg kg?) with superiority over water
saturation treatment (wz) (2983.45 Mg kg?), while w2
treatment at 15 — 30 cm depth surpass significantly W1
treatment, the reason of this result because of excess
water volume which used at saturation (w2) than field
capacity (wi) might be enhanced the movement and
distribution of crude oil either mixed or emulsion to soil
depth overly. The hydraulic conductivity in soil might be
significantly increased directly proportional with increasing
water content from field capacity level to saturation level
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Table 4. The influence of studying factors on distribution of total hydrocarbon compound (Mg kg™) through

Initial moist. level (W)

Crude oil d Soil Field capacity (W1) Saturation (W2) Q'I *depth Average of
epths cm - - interact. .
treat. (C) (D) High pul. Low pul. High pul. Low pul. (C*D) crude oil (C)
(P1) (P2) (P1) (P2)
0-15 J— —_— —_— —_— —_—
Co 15— 30 e —— — — — —
c 0-15 3463.20 3522.70 3264.30 3404.70 3413.73 2097 43
! 15-30 773.20 713.70 810.83 826.80 781.13 '
C 0-15 2714.10 2795.20 2619.70 2645.10 2693.53 2042.00
15-30 1393.40 1210.10 1510.40 1448.00 1390.50
R .L.S.D for tetruinteraction R.L.S.D R.L.S.D
= 53.67 =39.76
(W *D) interaction Field capacity (Wy) Saturation (W2) (D) average R.L.S.D
D1=0-15cm 3123.80 2983.45 3053.63 (D)
D2=15-30cm 1022.60 1149.00 1085.80 =35.74
(W) average 2073.19 2066.22 R.L.S.D (W*D)=20.29
R.L.S.DW)=ns
(D * P) interaction High P (P1) Low P (P2) R LS D
D:=0-15cm 3015.33 3091.93 (P*b) _ 35 74
D2=15-30cm 1121.96 1049.40 '
(P) average 2068.63 2070.79

R.L.S.D(P)=ns

soil depth

because all soil pores became full with water and highly
conductor (Hillel, 1980). The results also showed that
there was significant interaction effect between
pulverization soil index and soil depth on hydrocarbon
compounds concentration; in soil depth 0 — 15 cm, low
pulverization index (P2) showed the highest concentration
(3091.93 Mg kg?) exceeded high pulverization index (p1)
(3015.33 Mg kg?), while in 15 — 30 cm depth, p:1 treatment
showed concentration (1121.96 Mg kg™) with superiority
over pz treatment (1049.40 Mg kg), this result might be
obtained as a results of variable in pore size distribution
between p:1 and p2 treatment so that infiltration rate of oil /
water mixture or oil / water emulsion through soil depth
may be affected with pores size distribution specially
macropores and mesopores which be found in pl
treatment higher than in p2 treatment ; these results agreed
with the results which was obtained by Siri — Prieto et al.,
(2007); Al — Atab (2001).

The influence of studying factor on soil structure

The results in Table (5) showed the influence of studying
factor and its interaction on soil structure representing at
Mean Weight Diameter (MWD) of soil aggregates, which
appeared significant effect (P < 0.05) for crude oil factor
(C) on MWD. Crude oil emulsion treatment (cz2) got highest
MWD with average (0.404 mm) and then crude oil
treatment (c1) with average (0.381 mm) with significant
superiority for c1 and c2 over control treatment (c0) with

the increasing ratio 15.79 % and 9.10 % respectively, this
results can be attributed to the role of hydrocarbon
compounds to do hydrophobic coating around soil
aggregates make them more stable against deteriorated
effect of rapid wetting during irrigation process (DeBoodt
and Bisschop, 1974; Al — khafaji, 1985; Holomes et al.,
2002). Consequently, this impact can be improved MWD
at emulsified crude oil treatment (cz2) got significant
increasing comparison with other treatment due to a
mention reason which related to high penetration and
distribution of oil emulsion through more of soil pores so
that more of soil aggregates were coated that lead them
stable against deteriorated effect of rapid wetting during
wetting — drying cycles. Table (5) also showed the was a
significant effect of interaction between crude oil factor (C)
and soil depth on MWD, the lowest MWD value be found
at cO treatment in 0 — 15 cm depth, with high and significant
difference in MWD value between this depth comparison
with 15 — 30 cm depth. While, at crude oil treatment (cy)
the difference in MWD values between 0 — 15 and 15 — 30
cm depth reported significant decreasing in 15 — 30 cm
depth comparison with 0 — 15 cm depth, whereas, at crude
oil emulsion (c2) the difference between these soil depth 0
—15 and 15 — 30 cm in MWD values reported least range,
the reasons of these results might be resulted from that the
deteriorated effect of rapid wetting. Which caused soil
aggregates deterioration must be happened with highest
rate in 0 — 15 cm depth at cO treatment because there is
no any conditioner added to this treatment. While, at c1
treatment the higher accumulation of oil compound in 0 —



Table 5. The influence of studying factors on MWD value (mm)through soil depths
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Initial moist. level (W)

. Soil - - - Oil *depth
Crude oil Field capacity (W1) Saturation (W2) - Average of crude
depths cm - - interact. .
treat. (C) D) High pul. Low pul. High pul. Low pul. (C*D) oil (C)
(P1) (P2) (P1) (P2)

0-15 0.340 0.336 0.341 0.328 0.336
Co 0.349

15-30 0.369 0.337 0.363 0.340 0.362
c 0-15 0.388 0.398 0.383 0.400 0.392 0.381

! 15-30 0.389 0.346 0.380 0.363 0.370 '

G 0-15 0.406 0.400 0.412 0.398 0.404 0.404

15-30 0.410 0.405 0.399 0.400 0.403

R.L.S.D for tetruinteraction R'L;S'D R.L.S.D
(C*D*W*P)=0.01 (C*D) ©
) = 0.004 = 0.003

(W *D) interaction Field capacity (W1) Saturation (W2) R.L.S.D
Co 0.355 0.343 (C*W)
Ci 0.380 0.381 = 0.005
Co 0.405 0.401
(W) average 0.380 0.376 R.L.S.D(W)=0.004
(D * P) interaction High P (P1) Low P (P2) (D) average R L S.D
D1=0-15cm 0.372 0.385 0.378 (.D) _ n's
D2=15-30cm 0.378 0.382 0.378
(P) average 0.378 0.382

R.L.S.D(P)=0.0025

R.L.S.D(D*P)=0.0036

R.L.S.D (P <0.05); D = Soil depth ; P (Pulve.) = Pulverization index ; C : crude oil treatment

15 cm depth than in 15 — 30 cm depth lead soil aggregates
in surface depth more stable than in subsurface depth
against the above action; Whereas, the increasing of the
penetration and distribution of oil compound through soil
depth even 15 — 30 cm depth lead soil aggregates of whole
soil column more stable. Table (5) showed a significant
effect of initial moistening factor upon MWD, the average
of MWD significantly decreased from field capacity
treatment (w1) with value 0.380 mm to saturation percent
(w2) with value 0.376 mm, this result might be resulted
from the variation in soil aggregates deterioration percent
which directly proportional with rate of immersion and
wetting of soil aggregates, which was higher at saturation
percent than at field capacity level (Hillel, 1980).
Consequently, the highest difference in MWD values
between W1 and W2 treatment showed at 15 — 30 cm depth
more than at 0 — 15 cm depth (table 5) because the
variation in the rate of immersion and wetting between W1
and W2 treatments so higher at 15 — 30 cm depth than at
0 — 15 cm depth, this result agreed with the result which
was obtained by Freeman et al., 1976. The results also
showed that the highest differences between W1 and W:
treatment in MWD values appeared at control treatment
(co), the values 0.355 and 0.343 mm respectively (table 5),
while the differences between w1 and w2 treatments which
interaction with either c1 or cz treatment reduced less than
significant threshold. The results also showed there was
significant effect of pulverization index factor (P) on MWD

values, high pulverization index treatment (p1) reported
significant decreasing comparison with low pulverization
index (p2) (table 5), this result might be resulted from the
percent of macro and meso pores in soil at P1 treatment
which higher than at pz treatment, so that the rate of
immersion and frontal wetting advance in p1 more than pz
treatment , this impact increased the soil clods and soil
aggregates must be deteriorated (Al — Alab, 2001). The
results also showed that the difference between p1 and p2
treatments in MWD values altered with soil depth, p2
treatment reported higher and significant increasing
comparison with P1 at 0 — 15 cm depth, as if be compared
with the same treatment (p1 and p2) at 15 — 30 cm depth
because the water flux was faster through top layer than in
deep layer during irrigation (Al — Saud et al., 1993).

The influence of studying factors on soil bulk density
(Pb) and Porosity

Results in Table (6 and 7) showed a significant effect (P <
0.05) of crude oil factor (C) on soil bulk density and soil
porosity percentage (f %), crude oil emulsion treatment (cz)
got lowest soil bulk density average (1.252 Mgm-)
associated with highest soil porosity average (52.90 %) ,
then crude oil treatment (ci) which reported soil bulk
density average (1.332 Mgm-3) associated with soil
porosity average (49.90 %) , while the highest soil bulk
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Table 6. The influence of studying factors on soil bulk density (Mgm-3) through soil depths

Crude Soil

Initial moist. level (W)

Oil *depth

oil treat. depths _Field capacity (W1) Saturation (W2) interact. Avgrag_tlaog
(©) cm (D) High Low High Low (C*D) crude oil (C)
pul. (P1) pul.(P2) pul.(P1) pul. (P2)
Co 0-15 1.473 1.424 1.457 1.470 1.457 1.420
15-30 1.397 1.370 1.393 1.377 1.384
C: 0-15 1.347 1.313 1.350 1.290 1.385 1332
15-30 1.237 1.357 1.397 1.363 1.338
C» 0-15 1.267 1.270 1.250 1.230 1.254 1952
15-30 1.230 1.237 1.260 1.267 1.249
R.L.S.
R.L.S.D for tetruinteraction D R. L(C)S D
(C*D*W *P)=0.023 (C*D) — 0.008
=0.0116 e
(P *W) interaction Field capacity (W1) Saturation (Wz) (®) R.L.S.D
average ®)
P1 1.325 1.352 1.338 “ s
P2 1.329 1.333 1.331 B
(W) average 1.327 1.342 R.L.S.D(P*W)=0.01
R.L.S.D(W)=0.0095
SN ) Depth
(D * W) interaction (W1) (W2) average R LS D
D1=0-15cm 1.349 1.341 1.345 (D) =ns
D,=15-30cm 1.304 1.343 1.324
R.L.S.D(D*W)=0.0095
(C * W) interaction (Wy) (W2)
Co 1.417 1.424 R.L.S.D
C1 1.313 1.350 (C*WwW)= 0.0116
Cz 1.251 1.252
(D * P) interaction (Py) (P2)
D1=0-15cm 1.357 1.333 (5* lp')':S O%l
D>=15-30cm 1.319 1.328

R.L.S.D (P <0.05); D= Soil depth; P (Pulve.) = Pulverization index; C: crude oil treatment

density average (1.42 Mgm-) associated with the lowest
soil porosity average (0.466 %) was obtained at control
treatment (co), the reason of this results might be resulted
to the same reasons above mentioned which related to the
effect of oil compounds to created hydrophobic surface
around soil aggregates lead them more stable against
deteriorated effect of rapid immersion and wetting , where
by the soil structure deterioration reduced and lead to
increased  soil porosity and decreased soil bulk density
consequently (Hartmann et al., 1983; Akpoveta et al.,
2012; Al — Maleky, 2005). While, the higher penetration of
crude oil emulsion through soil depth making excess of soil
aggregates and soil clods be coated with oil compounds
and became stable excessively more than other treatment
(co and c1). Tables (6 and 7) showed there was significant
effect of interaction between crude oil factors (C) and soil
depth on soil bulk density and soil porosity, whereas the
higher differences between soil depth 0 — 15 and 15 - 30
cm depth obtained at control treatment (co), these results
might be resulted from that the deteriorated effect of rapid

immersion and wetting during wetting — drying cycles on
soil structure could be occurred at 0 — 15 cm depth more
than in 15 — 30 cm depth due to the higher of water flux in
upper depth while, the difference in soil bulk density and
soil porosity values between 0 — 15 and 15 — 30 cm depths
were reduced when crude oil added especially at crude oil
emulsion (table 6 and 7) these results can be attributed to
ability of oil in cz treatment to penetrate and distribute
through soil depth and soil pores overly, this impact make
the structure of the most soil stable. Whereas, in spite of
the most oil was concentrated at 0 — 15 cm at crude oil
treatment c1 (table 4) but this property lead to reduce the
deteriorated effect of frontal wetting advance on soil
structure might be obtained at 0 — 15 cm depth, when the
most of soil aggregates and soil pores must coated with oil
and their surface became hydrophobic; this effect must be
reached also to 15 — 30 cm depth due to high
concentration of oil compounds at 0 — 15 cm depth at c1
treatment must be narrowed the pores and channel of soil
and lead to delayed the velocity of frontal wetting advance
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Table 7. The influence of studying factors on total soil porosity (f %) through soil depths

Initial moist . level (W)

Crude oil Soil i i ; O.” *depth Average of
depths cm Field capacity (W1) Saturation (W2) interact. g
treat. (C) (D) High pul. Low pul.  High pul. Low pul. (C*D) crude oil (C)
(P1) (P2) (P1) (P2)
c 0-15 46.40 44.60 44.70 45.20 45.20 46.60
0 15-30 48.50 47.50 48.20 47.60 47.90 '
c 0-15 50.60 49.40 51.50 49.30 50.20 49.90
! 15-30 49.00 53.50 48.80 47.50 49.70 ’
Ca 0-15 52.30 52.40 53.60 53.00 52.80 5290
15-30 53.20 53.80 52.40 52.50 53.00
R.L.S.D for tetruinteraction R'L;S'D R.L.S.D
) =0.40 =0.30
(P *W) interaction Field capacity (W1) Saturation (W>) (P) average R.L.S.D
P1 50.20 49.20 49.70 P)
P2 50.00 49.90 49.90 =ns
(W) average 50.10 49.50 R.L.S.D(P*W)=0.40
R.L.S.D(W)=0.30
(D * W) interaction (W1) (W2) al\:/)eerpatge R LS D
D1=0-15cm 49.30 49.50 49.40 (D) =ns
D2=15-30cm 50.90 49.50 50.20
R.L.S.D(D*W)=0.40
(C * W) interaction (W1) (W2)
Co 46.70 46.40 R.L.S.D
Ci 50.60 49.30 (C*W)= 0.50
C2 52.90 52.90
(D iP) interaction (P1) (P2) R LS.D
Di=0-15cm 49.80 50.40 (D*P)= 0.40
D2=15-30cm 50.00 49.70

R.L.S.D(P<0.05); D= Soil depth; P (Pulve) = Pulverization index; C: crude oil treatment

at second depth (15 — 30 cm), this result agreed with the
result which was obtained by (Toogood, 1977; Aiyad,
2004). Table (6 and 7) also showed that the increasing
initial moistening level from field capacity (w1) to saturation
percent (wz2) caused significant increasing at soil bulk
density average from 1.327 to 1.342 Mgm-3 respectively,
associated with the significant decreasing at soil of from
50.10 % to 49.50 % respectively, this result agreed with
result was obtained by Al — Shamy, 2013; who indicated
that increasing irrigation level to saturation percent must
be increased the velocity of immersion and frontal wetting
advance which caused deterioration soil aggregates to
primary particles which moved and filled the soil pores
there by soil bulk density must be increased and soll
porosity decreased consequently. The results also showed
the effect interaction between initial moistening treatment
w2 with high pulverization index p: got significant
increasing in soil bulk density from 1.325 Mgm-2 at w1l to
1.352 Mgm-3 at w2 associated with significant decreasing
soil porosity from 50.20 % at W1 to 49.20 % at w2
treatment (table 6 and 7). While, at low pulverization index
treatment pz, the variation in soil bulk density or soil
porosity values with increasing moistening level from wi to

w2 obtained least variance less than significant threshold,
these results might be resulted from that the large soil
clods can be deteriorated more than small soil clods by
influence of the high rate at immersion and rapid wetting
(Kuht and Reintam, 2004; Gomez et al., 2004). The results
also showed (table 6 and 7) that the effect of immersion
and rapid wetting on deterioration of soil aggregates and
clods which increased with increasing initial moistening
level to w2 (saturation percent) must be reached to the
whole depth of soil even 15 — 30 cm depth so that there is
no significant difference in soil bulk density or soil porosity
between 0 — 15 and 15 — 30 cm depth, while, at wl (field
capacity) treatment, the result showed significant
difference between 0 — 15 cm and 15 — 30 cm depth in soil
bulk density and soil porosity because the deteriorated
effect of immersion and rapid wetting might be restricted
specially at first soil depth (0 — 15 cm). The results also
showed there was significant interaction effect between
crude oil factor (C) and initial moistening factor (W) on soil
bulk density and soil porosity (table 6 and 7), whereas, the
highest soil bulk density value associated with lowest soil
porosity obtained at control treatment (co) which interacted
with w2 or w2 treatments, but cz treatment which interacted
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with w1 and w2 treatments obtained lowest soil bulk density
associated with highest soil porosity, while, treatment
combinations between c: treatment with w1 and w2
treatment have intermediate values compared with above
treatment combinations at cz2 and ci, these results might
be referred that deteriorated effect of immersion and rapid
wetting on soil structure and then on soil bulk density and
soil porosity must be reduced significantly even at high
moistening level (w2) if crude oil added as conditioner
specially crude oil emulsion . Table (6 and 7) also showed
that there was a significant effect of interaction between
soil depth and pulverization index (P) on the soil bulk
density and soil porosity values, the higher and significant
difference were obtained between P1and P2 treatments at
0 — 15 cm depth, while, at 15 — 30 cm depth, the
differences between P: and P2 treatments in soil bulk
density and soil porosity were reduced less than significant
threshold, this results might be referred that the highest
effect of deteriorated effect of immersion and rapid wetting
might be occurred at the surface soil depth (0 — 15 cm)
which enhanced by presence and dominance of
macropores and large soil clods at p: than p2 treatment
which caused increasing in soil bulk density associated
with decreasing soil porosity as the same reasons above
mentioned .

CONCLUSION

The results obtained from this study lead to the following
Conclusion:

1 — The emulsification of crude oil created stable
emulsion (oil in water) lead to increase the penetration of
oil droplets in soil depth even to 15 — 30 cm depth
for twice compared with crude oil without emulsify-
cation.

2 — The increasing of initial moistening level (from field
capacity to saturation percent) and pulverization index
(from 10.511 to 17.026 mm) lead to increase the
deteriorated effect on the studying soil physical properties
(MWD of aggregates, soil bulk density and soil porosity)
but addition of crude oil treatments caused significant
improvement on these properties, chiefly crude oil
emulsion which obtained higher effect reached for whole
soil depth.

RECOMMENDATION

The emulsification of crude oil can be used as modified,
preferable and directly method for soil surface application
at field conditions for a large scale of land with
irrigation water under wide range of field practices
representing at moisture regimes (field capacity to
saturation percent) and at disking operation degree
(pulverization indices from 10.511 to 17.026 mm for MWD
of soil clods).

REFERENCES

Abdulkareem MH (2002). Microorganisms and enzymes of soil treated
with bitumen and crude oil. Basrah J. of Agric. sciences 15(3): 237 —
250.

Aiyad HAS (2004). Effect of add fuel oil to soil on some physical
properties and its effect in rain water harvesting. MSC. Thesis, Soil
Sciences Dept — Collage of Agriculture. Univ . of Baghdad. Iraqg.

Akpoveta VO, S. Oskwe, F. Egharevioa, W.O.Medjor, 10 Asia, O .K
Izelyamu (2012). Surfectant enhanced soil washing technique and its
kinetics on the remediation of crude oil contaminated soil. Pacific
Journal of Sci. and Technology. 13(1): 443 — 456.

Al — Ansari AS, MA Faraj, MM Al — Jabiri (1996). Soil conditioner
(Bitumen) effect on nitrogen transformation in soil. IPA. J. of Agric
Res. 6: 221 — 231.

Al — Atab SMS (2001). Effect of soil aggregates on soil physical
properties, water movement and growth of corn plant (Zea may, L.)
M SC. thesis. Soil Dept . Collage of Agric — Basrah Univ. Iraq.

Al — Atab SMS (2008). Variation of soil properties and classification of
soils in Basrah governorate. PhD. thesis. Univ . of Basrah. Iraq.

Al — Doori NTM (2002). Evaluation of water transportation function in soil
treated with fuel oil. Ph. D. Thesis soil dept. Collage of Agric. Baghdad
Univ. Irag.

Al — Dubaki AA (1983). Effect of some oil delivers on soil moisture
characteristics and growth of corn plant. MSC thesis, soil dept.
Collage of Agric. Baghdad Univ. Iraq.

Al — Khafaji AA, SR Askar, SM Kasal (1985). Effect of fuel oil on
aggregates stability of poorly structure soil from Dalmaj project. J.
Agric. Water Resour . Res.: 71 — 87.

Al — Maleky SMJ (2005). Effect of fuel oil urea fertilizer on some physical
properties of the gypsiferous soil and growth of corn plant (Zea mays
L.) MSc. thesis. Soil and Water Sci. Dept., Collage of Agric ., Baghdad
Univ ., Iraq .

Al — Saraji AJK (2006). The effect of fuel oil application depth on some
physical properties of soil and growth of corn plant (Zeamay L.) MSC.
thesis. soil Dept . Collage of Agric. Baghdad Univ . Irag.

Al — Saud M, A Senzanje, TH Podmore (1993). Surge effect on soil
properties and infiltration. ASAE paper No. 93 — 2031. Stem cell.
Joseph. M.

Al —Shamy YAA (2013). Addition effects of soil conditioners and irrigation
level on physical properties of clay soil and water use efficiency for
corn (Zea may L.) under drip and surface irrigation. MSC. thesis. soil
Sci. and water Resources Dept. Collage of Agric, Univ Basrah.
Basrah. Irag.

Black CA, Evans DD, White LL, Ensminger LE, FE Clark (1965). Methods
of soil analysis. Am. Soc . of Agronomy No. 9, part | and II.

DeBoodt M, F De. Bisschop (1974). Basic aspects concerning the change
of some physical properties of soil, as a consequence of the use of
soil conditions: Transactions, 10 th International congress of soil Sci.
1: 174 - 180.

Duck EW (1966). Emulsion polymerization in Encyclopedia of polymer
science and Technology. H. F. Mark, Editor. vol .5. John Wiley, New
york.

Freeman BM, JW Black, KV Garzoli (1976). Irrigation frequency and total
water application with trickle and furrow system. In Agric. Water
Management, 21 — 31 Amsterdam: Elsevier Scientific publishing.

Gabriels D, M DeBoodt, R Vandervelde (1975). Stabilization of sandy
soils with bituminous emulsion and polyacrylamide. laboratory
experiment. Med. Fac . land Boww . Rijk Univ . Gent. 40: 1385 — 1397.

Gomez A, RF Powers, MJ Singer, WR Horwark (2004). Soil compaction
effect on growth of young ponderosa pine following litter removal in
California Sierra Navada . Soil Sci. Soc. Am. J. 66: 1334 — 1343.

Hartmann R, H Verplancke ana, M DeBoodt. (1983). Alteration of
hydrophysical properties of the soil by different soil conditioners and
its relation to water conservation. Faculty of Agric. Sci. state Univ. of
Ghent.

Hermann N, Y Hermar, P Lamarechal, DJ Clements (2001). Probing
particle — particle interaction in flocculated oil — in — water emulsion
using Ultrasonic attenuation spectrometry. Eur. Phys. J. E., 183 —
188.

Hillel D (1980). Fundamentals of soil physics. Academic press, New york,
London. PP: 624.



Holomes DJ (2002). The rate and effect of hydrocarbon in antarctic soil:
Preliminary results of an experimental fuel spill. 17th WCSS. 14 — 22
August. Thailand J., 65: 4 —12.

I0C / WMO (1982). intergovernmental oceanographic commission /
World meteorological office. Determination of petroleum hydrocarbon
in sediment. Manual and Guidec. No. 11. Unesco. Paris.

lvshina IB, MS Kuyukina, JC Philp, N Christofi (1998). Oil desorption from
mineral and organic materials using biosurfectant complexes
produced by Rhodococcus species. World J. Microbiol — Biotechnol.
14: (5), 711 - 717.

Kuht J, E Reintam (2004). Soil compaction effects on the content of
nutrients in spring (Hordeum vulgar L.) and spring wheat (Triticum
astivum L.). Agron. Res 2(2): 187 — 194.

Martin RC (1981). Water borne coatings (Emulsion and water paints).
Van Nostrand Reinhold Co. New york PP: 316.

Page AL, RH Miller, DR Keeney (1982). Methods of soil analysis, part (2)
2nd ed. Agronomy g — Wisconsin, Madison. Amer . Soc . Agron. Inc.
Publisher.

Dheyab 023

Siri — Prieto G, DW Keeves, H Raper (2007). Tillage system for a cotton
— peanut rotation with winter — annual grazing, impact on soil carbon,
nitrogen and physical properties. Soil and Tillage Research, 96: 260
— 268.

Talyer G (1976). Influence of Vanadium on soil phosphatase activity. J.
Envir . Qual. 5: 216 — 217.

Toogood JA (1977). The reclamation of agriculture soil after oil spills, Part
I: Research. Dept. of soil Sci . Univ of Alberta, A . | . P. pub. No. M —
77 - 11.

Voets JP, M Meerschman, W Verstraete (1973). Microbiological and
biological effect of the application of bituminous emulsion as soil
conditioners. Plant and Soil. 39: 433 — 436.



