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Background and Obijectives: Oil pollutants are inevitable consequence of
rapid population growth and the process of industrialization. Their spread
in soil can affect many soil properties, especially aggregate stability.
Particle size distribution and aggregate stability are of the main physical
and hydraulic characteristics of soil that study of these indices is the basis
of soil conservation strategies and is one of the most important parameters
in identifying the status of soil structure. Iran is an oil-rich country and the
effect of different petroleum compounds on aggregate stability and stability
indices including mean weight diameter and geometric mean diameter of
aggregates in soils of different textures have not been studied so far.
Therefore, this study aimed to investigate the effect of different levels of
crude oil, kerosene, and gasoline as the three high-consumption petroleum
products on the stability of aggregates in three soils with clay loam, sandy
loam, and loamy sand textures.

Materials and Methods: In this study, the effect of 0, 1.5, 3.5, and 4.5%
levels of crude oil, kerosene, and gasoline on the stability of aggregates in
clay loam, loamy sand, and sandy loam soils was investigated in a factorial
completely randomized design experiment. Studied stability indices were
the mean weight diameter and geometric mean diameter of aggregates
deterimined using both dry and wet sieving approaches. Finally, the results
of the research were analyzed using EXCEL and SAS statistical softwares
and the means of each separate treatment as well as their interactions
compared using the Duncan's multiple range test at the 5% level.

Results: The results showed that the mean dry weight of aggregate
diameters in the loamy sand and sandy loam soils was significantly lower
than that of the clay loam soil by nearly 72% and 56%, respectively. The
reductions were about 78% and 69% for the dry geometric mean diameter
of aggregates. Furthermore, the dry mean weight diameter of aggregates in
the soils treated by kerosene and gasoline were more than that of the crude
oil- treated soils by nearly 17% and 25%, respectively. The mentioned
increaments were about 22% and 35% for the dry geometric mean
diameter. The wet mean weight diameter of aggregates in the loamy sand
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soils was significantly higher than that of the clay loam and sandy loam
soils by nearly 20% and 35%, respectively. Furthermore, the wet geometric
mean diameter of aggregates in the loamy sand soils was significantly
higher than that of the clay loam and sandy loam soils by nearly 91% and
12%, respectively. The wet mean weight diameter of aggregates in the soils
treated by kerosene and gasoline was significantly lower than that of the
crude oil- treated soils by nearly 32% and 8%, respectively. Furthermore,
the wet geometric mean diameter of aggregates in the soils treated by
kerosene and gasoline was significantly lower than that of the crude oil-
treated soils by nearly 34% and 14%, respectively.

Conclusion: Overall, the results indicated that the application of low levels
of petroleum products significantly increased the wet and dry mean weight
diameter of aggregates and geometric mean diameter of aggregates;
whereas, high levels reduced the above-mentioned attributes. The results of
this study can be used in both aspects of identifying and monitoring the
properties of oil-contaminated soils for their remediation and making
appropriate management decisions, as well as conservation of soils the
destructive erosion phenomenon.
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Table 1. Some basic characteristics of soils used in the research.

S
Soil bS5
p S 52 Sk Jsl s Attributes
Third soil Second soil First soil
S sl S
Sandy Loam Loamy Sand Clay Loam et
Texture
8.95 36 29.93 (e02)
Clay (%)
(Jaﬁ)b) \.»L:w
28.31 9.15 32.78
Silt (%)
62.74 87.25 37.29 (e02)
Sand (%)
T esle
0.477 0.341 0.885 (he02) Sl
Organic matter (%)
L3l et s
7.68 7.38 7.63 C ez o
pH of saturated paste
- s Ll o lae SO S colans LB
0.640 0.861 0.736 (e i) gl b S sl e o
Electrical conductivity of saturated extract (dS/m)
(P9 =l
2515 39.75 36.85 (o22) Jala S b5
Calcium carbonate equivalent (%)
30.17 37.90 31.10 (02 05 ) st e

Soluble sodium (mg/L)
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Table 2. Some properties of petroleum products used in the research.

SS Ml ahws /G555 Sl (A=15) S
Method / measuring device Amount Properties (unit)
Jessl8
Gasoline
Selys 42355 s
e e S s 3 . _
4.26x10 (456 g0 p SHLS)

Rotary viscometer 0T
Dynamic viscosity (kg/m.s)

Ssilatpms an) 55K s

ASTM D445-03 4.93x10° (5l o)
Kinematic viscosity (m?/s)
o5 Ss 864.7 (oo p 0 S5LS) J&s
Pycnometer Density (kg/m°)
Krosene
. Soels an 3 58
o 161x10° (6 e 0 51

Rotary viscometer L
Dynamic viscosity (kg/m.s)

Silaipms 41 5K s

ASTM D445-03 1.94x10° (436 5t o)
Kinematic viscosity (m?/s)
ForSy 830.0 (e a2 p S 5b8) J&
Pycnometer Density (kg/m°)
¢L>' L
Crude oil
45 8
akess — i
. Sl
(%) los b -
Torque ynamic ) i
rads viscosity Sl a3 S s

P e S s

Rotary viscometer 25.4 3.142 50.8x10° (W36 2 0SS

Dynamic viscosity (kg/m.s)

423 5.236 50.9x10°°
60.8 7.330 52.2x10°°
80.3 9.424 53.6x10°
Pycnometer Density (kg/m°)

Blods (6, S o3Il (zala3T Jpema HLid 5 Les) 318 mlee 433 YVO (glos 50 gr e b W0 L2 55 345 la S ples
Al the above mentioned characteristics were measured at a pressure of 640 mm Hg and a temperature of 26.5 °C
(normal laboratory temperature and pressure).
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i=1

GMW= exp[ifi.(lnai)] M)

55 LGS ol b s Lawsze O (ol 5 oS
W Sl ) g las Sla) Gleslul WSS s
boge i b sbaalasls s jlie fi 5 (ol
NG ai
Sl sl s atls ¢, Seldl s
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Table 3. Results of analysis of variance (three factors) for the effect of petroleum materials on the dry mean
weight, MWDy, and geometric mean, GMDy,, diameter of aggregates (mm) in texturally different soils.

Sl e g_’:i'L:A 35T a3 G ol
Mean squares Degrees of S fvariati
GMDysx MWD, GMDyy MWDy,  freedom ources ot vanation
sk sk skk kk L.Sk" k_',ﬁb
7.83 4.18 31.78 40.15 2 )
Soil Texture
ok ok ok ok 4o La 5
2.33 6.70 1.00 1.19 2 e
Petroleum materials type
sk sk ok sk 225 3
7.81 12.49 2.48 2.09 3 o C_’lw
Petroleum materials levels
*% *% *% *% =4 osle 5 S el i
0.994 0.942 0.346 0.220 4 SRS Sk e
Interaction of soil texture and petroleum materials type
*% *% *% *% R S el i
0.462 0.662 113 0.656 6 e e 5 Sl A _
Interaction of soil texture and petroleum materials levels
sk sk sk sk 225 3 FR
0614 1.39 0131 0.096 6 g C s e
Interaction of petroleum materials type and levels
PP oS sl
0723 o0ss7”" 0137  ou4” 12 e s £ S S S
Interaction of soil texture, petroleum materials type and levels
o
0.04 0.01 0.003 0.0002 72
Error

L I

L e DL 23 ) 50 el sk s sl e eS0T
*and ** show significance at 5 and 1% probability levels, respectively

Yy



V€Y Y D)Lo.n:’ ALY 0,92 4«5‘&9&,&7 cblas duw*h?)"

il 23l b S s Ciake) S S g, b Wl S 5 ke p aellns ;g0 i 3l yo - s S1—8 i

Table 4. Effect of studied petroleum materials on mean weight diameter of aggregates measured by dry sieving
method (mm) in texturally different soils.

S 3l se
oSl Petroleum material b
Mean Liss8 A st i Levels
Gasoline Kerosene Crude oil
QRIIA=Sike) s p) 5L
Clay Loam texture (Mean = 2.79 A)
2.07° 2.63) 1.69' 1.78"% 0
2.91°¢ 2.97f 3.08¢ 2.68' 15
3.124 3.27° 3.35° 2.73" 3
3.06 ® 3.15¢ 3.25°¢ 2.78 9 45
3.014 2.84°8 2.52°¢ o=SSks Mean
0.775C =, Sika) o s) opi 3L
Loamy Sand texture (Mean= 0.775 C)
0.803 0.924° 0.783° 0.703 f 0
0.782° 0.759 0.908° 0.679 ¢ 15
0.704 € 0.777°¢ 0.641" 0.694f 3
0.809 # 0.777°¢ 0.722°¢ 0.9272 45
0.809 A 0.763 B 0.751°¢ =SSke Mean
(L23B =, Sk) o2 p s 2Ly
Sandy Loam texture (Mean = 1.23 B)
0.684° 0.682" 0.699" 0.670" 0
1.36¢ 1.63"% 1.39° 1.07° 15
1.48" 1.81° 1.54¢ 1.10° 3
1.398 1.67° 1.62° 0.873¢ 45
1.45A 1318 0.928 =SSke Mean

S Plas s 4 g2 S (golasl 5 Sy bl O~ K s sl Oy b sy a3 S Ll Sl LSBJAU}A):#‘*

A s pae BVl A 53 0 Jw\da.dﬁ&ﬁb wals L O g3l 5l ealizad U golel a3l s S jnie S 58 (gobel G >

* For each soil, the means in each row or column followed by the same capital letter and the numbers in the body of
the table followed by the same lowercase letters are not statistically significant at 5% probability level using the

Duncan, s Multiple Range Test.
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Figure 1. Effect of different levels of oil treatments on mean weight (A) and geometric mean (B) diameter of
aggregates measured by dry sieving method and mean weight (C) and geometric mean (D) diameter of
aggregates measured by wet sieving method in texturally different soils (Columns followed by the same capital
letter are not statistically significant at 5% probability using the Duncan's Multiple Range Test).
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Table 5. Effect of studied petroleum materials on geometric mean diameter of aggregates by dry sieving
method (mm) in texturally different soils.

S 2l ge
oSl Petroleum materials s
Mean Je a8 ddw S ol i Levels
Gasoline Kerosene Crude ail
Q20 A =;Sike) s p ) L
Clay Loam texture (Mean = 2.20 A)
1.21°¢ 1.66 ¢ 0.808' 1.16"" 0
2.288 2.37¢ 2.50°¢ 1.97° 1.5
2.66 " 2.97° 3.02° 1.99° 3
2.66 " 3.01° 2.80° 2.18° 45
2504 2.28°8 1.83°¢ ke Mean
(0488 C =, Kila) os) oy i
Loamy Sand texture (Mean = 0.488 C)
0.491°8 0.571° 0.468 0.434 % 0
0.538 4 0.557° 0.630° 0.426 ¢ 15
0.434° 0.450 0.437 0.416 * 3
0.490 © 0.385°¢ 0.468 0.616 45
0.491 4 0.501 4 0.473 8 ke Mean
0.679 B =, Kike) s o) il
Sabdy Loam texture (Mean = 0.679 B)
0.332°¢ 0.280 ¢ 0.328¢ 0.389 ¢ 0
0.747°® 0.916° 0.701 % 0.625° 1.5
0.818# 1.04° 0.790 © 0.626 © 3
0.819 4 1.08° 0.875 " 0.499 45
0.829~ 0.674 8 0.535° ke Mean

S > Bl Jsus Sd S eolasl 3 S L;)UTJngi)A Sl Q):.dli;,&i:)faﬁé&u;rijltﬂ Soa 3)}»)3%

I Sl e M o3 0 ezl a3 oSSl sl i Oge3T 3l eslinal U (gylel il dimes S xie S sS ObT G

* For each soil, the means in each row or column followed by the same capital letter and the numbers in the body of
the table followed by the same lowercase letters are not statistically significant at 5% probability level using the

Duncan, s Multiple Range Test.
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Table 6. Effect of studied petroleum materials on mean weight diameter of aggregates measured by wet sieving

method (mm) in texturally different soils.

S 3l se
ik Petroleum materials ok
Mean Jossls dhs ol i Levels
Gasoline Kerosene Crude ail
(218 B = Kike) o 5} 3L
Clay Loam texture (Mean = 2.18 B)
1.26° 1.41° 1.44° 0.938"¢ 0
2.03°¢ 1.63 %f 1.77° 2.69° 1.5
2.35° 1.76 ¢ 1.35° 2.95°¢ 3
3.074 4.19° 1.72% 3.28"° 45
2504 1578 246" o=SSke Mean
(QBLA=Sle) o b il
Loamy Sand texture (Mean = 2.61 A)
1.41° 1.62° 1.06 1.54] 0
2.47°¢ 260° 1.78" 3.03¢ 1.5
3.17°8 430° 2.06 ¢ 3.15°¢ 3
3.394 3.15°¢ 3.10¢ 3.92° 45
2.92A 2.00° 2914 =SSks Mean
(194 C =, Sl) o2 o5 2Ly
Sandy Loamy texture (Mean = 1.94 C)
1.43° 1.21% 1.69¢ 1.40! 0
1.80° 1.60" 177" 2.05¢ 15
2.08% 1.53" 1.52° 3.17° 3
2.437 2.46° 1.84° 2.98"° 45
1.70® 1718 2407 =SSke Mean

S s Pl s S0y 55 oS (golusl 5 S Gl O~ s sl Oy b sy a3 b, Sle Sl a5 *

I s pme LM A 55 0 Ju»\éa.w); Sl assls dim a3l Sl eslanad U bl il dves S rie S S g5bl >

* For each soil, the means in each row or column followed by the same capital letter and the numbers in the body of
the table followed by the same lowercase letters are not statistically significant at 5% probability level using the
Duncan, s Multiple Range Test.
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Table 7. Effect of studied petroleum materials on geometric mean diameter of aggregates measured by wet
sieving method (mm) in texturally different soils.

S 3l

oSl Petroleum materials b

Mean Je a8 EW RGNS ol o Levels
Gasoline Kerosene Crude oil
Clay Loam texture (Mean = 0.935 C)

0.457°€ 0.587 % 0.548 % 0.241"¢ 0

0.698 € 0.654 % 0.863 ¢ 0.577 % 1.5
1.028 1.01% 0.617 % 1.43% 3
1.56 4 2.30° 0.698 1.70° 45

1.147 0.682 B 0.987 A oSks Mean
ATIA=,Se) o o5 il
Loamy Sand texture (Mean = 1.79 A)

0.868° 1.16 0.518" 0.9259 0
152°¢ 1.62°¢ 0.888°¢ 2.04°¢ 1.5
2178 3.16° 1.50¢ 1.84¢ 3
2.63° 2.05°¢ 2.24°¢ 3.60° 45

2.00°8 1.29°¢ 2.10° oks Mean
Sandy Loam texture (Mean = 1.05 B)

0.579 € 0.367 " 0.777°F 0.591 ¢ 0
1.03B 0.741°F 1.149 1.20% 1.5
1.06 8 0.587 ¢ 0.930°¢ 1.67° 3
1.53A 1.28°¢ 1.17¢ 2.15°2 45

0.745 © 1.00®8 1.404 oks Mean

S Plas s 4 g3 S (golasl 5 Sy bl O~ K s sl Oy b sy a3 Ll Sl LSBJAU}A):#‘*

A s pae BV A 53 0 Jw\da.dﬁ&ﬁb wals L Ogo3l 5l ealizad U golel a3l s S jnie S 58 (g)lel G >

* For each soil, the means in each row or column followed by the same capital letter and the numbers in the body of
the table followed by the same lowercase letters are not statistically significant at 5% probability level using the

Duncan, s Multiple Range Test.
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