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Table 1. Geographical location and climatic characteristics of the studied refineries.
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Figure 1. The geographical location of the sampling areas.
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Table 2. Some of the physical, chemical and biological characteristics of soil in the five refineries (Numbers are

given as mean = standard deviation).
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Table 3. Aaverage concentration of 4 heavy metals in soil of the five refineries (mg/kg) and the average
allowable concentration of these metals based on the standards of Europe, the world and the Iranian

Department of Environment (2, 13, 18, 19).

) i NL
Ni Pb Cd T
Refinery
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Tabriz
Olgas!
1224+43.3 9+5 98+25 4.4+1.1 et
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Table 4. The correlation between microbial respiration (MR) and total petroleum hydrocarbons (TPH) with
soil organic carbon (OC), soil nitrogen (N) and the concentration of 4 heavy metals: cadmium (Cd), nickel (Ni),
lead (Pb) and chromium (Cr) in soil.

i A S
N Sos TPH Cr Pb cd Ni TR
Organic carbon Parameter
-0.5 -0.9%* -0.655 -0.502 -0.5 -0.7* -0.8* S
Microbial respiration
2 glacp S,
0.963** 0.905* 1 -0.22 -0.27 0.905*  -0.85* < oSk 5

TotalPetroleum hydrocarbons

/0 cl«.uﬁ Dl e a0 cl«.uﬁ NEPTISIENSes

oy tlgr sl U bea VT clil anslis
Ghle G s (K 3l il (S Sl chle oSl L iasy ol Sl Jol s
Dt e S 5 eSSl 0L addllas 5 5 A aslie Ol 5 Oler 5 Ll slasls (K
S8 e 03 L lale o 50 S sl S 5L Coble Sl 48 5l Ol o5 bl e
o=l glas,liliad @ a5 L Lzils el L;J:fo)'\.,l.}\ A Sb sladyes s Jgf 5 {‘)’:"S u:i‘*‘ ol 5l
o Do S Bl Do SeS S s Dl Sote bl skislyl ( Sle hale 5 oK VG
3 Bamn 53 O 508 ot ns 4 S5 L s Sl ppunslS Loy e olie i s 5
gl bl 55 0ol S ile 5L 15 s 5o S Dl3s e (P</00) sl oL
ez s e b WS e 0 oS S oS Ul oS kle Sl
Jole mie pl AEL 2dls o5 O3 g g 5 L] 035 bl S oS 5k UL (sladipu
ol S el sl - Ll 5ol L oiplnil amslie 390 5t Lol 00l 1
O 4 OF 35 womad 303 ol e 4 1y Sl gt ol clile Sl 48 sl 0l Ol Sk
glasSls 3 (7 8) 2530 baads (g)150S s, sy5me Ghlie ans Sl gladigad o psedlS 5 S5
3 s a8 bl e s K s Sl Jliie 31 5 i (O 5 a) asllas
sareie Ol cle & 59 Lyl 5 Sl slaslnlea s 350 Gl 3 55 e clils (P<0/40)
3 ol e (ST gbaaalas 53 b 5 o 53 S el Sl sy Sler S0l S 5eS
25 St 5 4 S Olgial DL SV Sl
5o S sl el S Sy s § s 0dh a5 YL
oo 3 sl do s PH (K Sl e M- S 5 Olghol OILT oKa VG w53 s S Kk
slrl s pH aSipl 4 a5 L.OY) cl S G 3S s amn o s Sl 1 St
(s (oS b (1) (5 Dlpdd il glol> S1* sk ) Sl Sl g 5 pse3lS B Sl A2
RS 5oL s o oml Dl s Ao B S S s
1- Itai-Itai
YA+


http://www.sid.ir

Ol Sed 5 (g3blam! yoa e 1,25

SalS Eel 5 5 A8 e L S S
GBIk 2alS (amaxr o515 (g S 03 Bl
le_{a.AJC\JLE.a AY0) 35 0 S5 L SL
= sy S chls 81l olas (Yerr)
o Ao, 5 b SL cdle Ll Slee - 5l SV
SrSedl ol e Ll o SAlS S sl
et ls Olsea Ll bedlEl S ol
oslial oy B e S35 W sy e S
3 S LSLAMKJ\JJ-ic‘ Seplaarg bosgd
SIS 5 5l (SLe s gdie sle 3LSL
o e ol 3l e sl s S olesle
LacSLst aias 5 il s il cils g 5 LG

OY) L, 513 a5 5,550

S 5 4

O oVl sl sy il 4 a5 L

slaSosll bl Ks glaollan Wy & o
o=l sl L3 e S sy g e
Al e a5 wal gl l oa LS
J5 Bl 5 el S 5 0SS A o SR
LSVl (gl s i 1 slacn S soden
e D a5 b el Csey Olghol 5 5l
535S 5 s by e ey S slaes VI
03 B Sl St e 4 baet VT sl ke
Slak=e 5Las 5 b dllas 5,50 bl
Glaassl 5 53,5 1,5 a5 5,50 b S
b sd Bl belKiVU den gl eomecn
ey i Sl el 1 5 S
03 s S ol el &S 35 o slgley Ol
Sleslan ) ULl e 355 pwy  GbLe ol
ol o Vb s des 5l S VL slaasl

S B o 3550 Gl

YA

Slaksw 5o J5ilS S ol 508 bl
Sl oI Ve gl a S LS
Al oS Lol o B e 0T JUis 4 5 555
Jlaaml o S JI o S (VU Jlie 5425 Lo
5 ALS sl 5l ab SLs I slge a0l
SLASLE Sl (ol 4l baddsad 53 S (6, 51>
45 550 Ol e Al il oS 508 S bl
laeds ¥l sy fdsas J oS 0550k e
ol i Gl by o S s i
Skt slad i I slse 3 5dmme e 3bcos 5L
TS A U3 & gbilen 3 dal 5
Slye bais Cii 4 o34l GlaSE s sl (6, Sell
L o sl Soodan asly 3,8 o5 5o 1
g SR O35 Gl 4 a5 Lot o ol 5
S oS VL Slie (S bl slasls 55 I
Cl 8 lapp S asdes 5l AU S ol o
Ol Sl JB chle cote b« 0 Kiags,
AY) ales ;S o il St JTslge Ao 5 K
L 0l oVl Sbt glad god 53 o ,Soe ki
3 Ao baise ple 4 Sl TPH Jlie o 508
S Olgiol 5 5l slaslKa VL slasl>
g SlRe o 5eS wzils [ TPH ks o 5 o
oS 5 Sl S sk e e Solew
AL Sl a8 il sz (8o ) 2 S
Sla il Koo b i Glao VT e
Cble 5 o K S e daily es ol S
e U AS Clil sy SLe K ol
5 s aallas S o aul 1) e Lasa Y
G e e Sl &S sl Glas (Yo oY) O es
Ay SUs s o S e s 5 g5 Al
cblale 5 Wl OLiS 50 (YN Y) Ol 5 Sl

ﬂwf;_‘gb\}'_lé}u_:.&dud;)).lﬁﬁﬂﬂ


http://www.sid.ir

&l

1.Adeniyi, A., and Afolabi, J. 2002. Determination of total petroleum hydrocarbons and heavy
metals in soils within the vicinity of facilities handling refined petroleum products in Lagos
metropolis. Environ. Inter. J. 28: 79-82.

2.Anyakora, C., Ehianeta, T., and Umukoro, O. 2013. Heavy metal levels in soil samples from
highly industrialized of Lagos environment. Environ. Sci. Technol. J. 7: 917-924.

3.Adesina, G., and Adelasoye, K. 2014. Effect of crude oil pollution on heavy metal contents,
microbial population in soil, and maize and cowpea growth. Agric. Sci. J. 5: 43-50.

4 Balba, M., Al-Awadhi, N., and Daher, R. 1998. Bioremediation of oil-contaminated soil for
feasibility assessment and field evaluation. Microbiol. Method J. 32: 155-164.

5.Carter, M., and Gregorich, E. 2008. Soil Sampling and Methods of Analysis. Candian Society
of Soil Science.

6.Kabata, A., and Pendias, A. 2001. Trace elements in Soil and Plant CRC Press, Boca Raton,
London. Newyork, Pp: 237-287.

7. Krishna, A., and Govil, P. 2007. Soil contamination due to heavy metals from an industrial
area of Surat, Gujarat, Western India. Environ. Monitor. Assess. J. 124: 263-275.

8.Kasassi, A., Rakimbei, P., Karagiannidis, A., Zabaniotou, A., Tsiouvaras, K., Nastis, A., and
Tzafeiropoulou, K. 2008. Soil contamination by heavy metals: Measurements from a closed
unlined landfill. Bioresour. Technol. J. 99: 8578-8584.

9.Khodakrami, L. 2009. Assessment of agricultural non-point pollution sources using GIS, RS.
M.Sc. thesis, Department of Natural Resources-Environment, University Technology Isfahan.
(In Persian)

10.Li, X., Poon, C., and Liu, P. 2001. Heavy metal contamination of urban soils and street dusts
in Hong Kong. Appl. Geochem. J. 16: 1361-1368.

11.Lars Jirup, L., and Akesson, A. 2009. Current status of cadmium as an environmental health
problem. Toxicol. Appl. Pharmacol. J. 238: 201-208.

12.Megharaj, M., Singleton, 1., McClure, N., and Naidul, R. 2000. Influence of petroleum
hydrocarbon contamination on microalgac and microbial activities in a long-term
contaminated oil. Environ. Contamin. Toxicol. J. 38: 439-445.

13.Mico, C., Recatala, L., Peris, M., and Nchez, J. 2006. Assessing heavy metal sources in
agricultural soils of an European Mediterranean area by multivariate analysis. Chemosphere
J. 65: 863-872.

14.Moreno, J., Bastida, F., and Ros, M., Hernandez, T., and Garcia, C. 2009. Soil organic
carbon buffers heavy metal contamination on semiarid soils: Effects of different metal
threshold levels on soil microbial activity European. Soil Biol. J. 45: 3. 220-228.

15.Margesin, R., Zimmerbauer, R., and Schinner, F. 2000. Monitoring of bioremediation by soil
biological activities. Chemosphere J. 40: 339-346.

16.Nayak, A., Raja, R., Shukla, A., Mohanty, S., Shahid, M., Tripathi, R., Panda, B.,
Bhattacharyya, P., Kumar, A., and Sawin, C. 2014. Effect of fly ash application on soil
microbial response and heavy metal accumulation in soil and rice plant. Ecotoxicol. Environ.
Safety J. 114: 257-262.

17.Schwab, J., Wetze, L., and Bank, S.M. 1990. Extraction of petroleum hydrocarbons from soil
by mechanical shaking. Environ. Sci. Technol. J. 33: 1940-1945.

18.Salvagio Mantaa, D., Angelone, M., Bellancaa, A., Neria, R., and Sprovieria, M. 2002.
Heavy metals in urban soils: a case study from the city of Palermo (Sicily), Italy. The
Science of Total Environment. 33: 229-243.

19.Santos, 1., Silva-Filho, E., Schaefer, C., Manoel, R., Albuquerque, M., and Campos, L. 2005.
Heavy metal contamination in coastal sediments and soils near the Brazilian Antarctic
Station, King George Island. Mar. Poll. Bull. J. 50: 185-194.

YAY


http://www.sid.ir

Ol Sed 5 (g3blam! yoa e 1,25

20.Thavamani, P., Malik, S., Beer, M., Megharaj, M., and Naidu, R. 2012. Microbial activity
and diversity in long-term mixed contaminated soils with respect to polyaromatic
hydrocarbons and heavy metals. Environ. Manage. J. 99: 10-12.

21.Xu, L., Wang, T., Luo, W., Ni, K., Lius, S., Wang, L., Li, Q., and Lu, Y. 2013. Factors
influencing the contents of method and as in soils around the watershed of Guanting
Reservior China. Environ. Sci. J. 25: 561-568.

22.Wang, Y., Shi, J.,, Wang, H., Lin, Q., Chen, X., and Chen, Y. 2007. The influence of soil
heavy metals pollution on soil microbial biomass, enzyme activity, and community
composition near a copper smelter. Ecotoxicol. Environ. Safety J. 67: 75-81.

YAY


http://www.sid.ir

ciences and Natural Resources

J. of Water and Soil Conservation, Vol. 23(1), 2016
http://jwsc.gau.ac.ir

Soil pollution of petroleum hydrocarbons and heavy metals
in five Iranian oil refineries

*Z. Alipour Asadabadi', M. Malekian’ and M. Soleimani’
'M.Sc. Student, Faculy of Natural Resources, Dept. of Environmental, Isfahan University of Technology,
*Assistant Prof., Faculy of Natural Resources, Dept. of Environmental, Isfahan University of Technology
Received: 01/27/2015; Accepted: 10/03/2015

Abstract

Background and Objectives: Changes in the pattern of land use through the process of
industrialization, infrastructure development and agricultural development is causing
environmental issues such as soil pollution. The soil contamination with heavy metals is a
serious and expanding problem. Heavy metals entering the food chain, threaten ecosystem and
human health. This study aimed to assess and monitor soil contaminants including heavy metals
and total petroleum hydrocarbons (TPHs) in soils of five oil refineries.

Materials and Methods: In the current study oil-contaminated soils from five refineries
including Abadan, Isfahan, Tabriz, Tehran and Shiraz were collected and physical, chemical and
biological characteristics of soils examined. Total petroleum hydrocarbons (TPHs) and heavy
metals (cadmium, chromium, lead and nickel) in soil samples were measured and the data was
ststistically analysed.

Results: TPH levels in contaminated soils of Abadan, Isfahan, Tabriz, Tehran and Shiraz were
6.4, 13.8, 11.5, 2.1 and 15.4 percent respectively and positively correlated with organic carbon
of soil samples. The values obtained here were higher than the national and international
standards. The highest concentration of chromium (mg/kg) was recorded in Abadan (83.3),
Tehran (212) and Shiraz (61.1) refineries. The highest concentrations of nickel (mg/kg) were
obtained from Tabriz (76.3) and Isfahan (122.1) respectively. The amount of cadmium and
nickel in soil was higher than the standards of Europe and the world. A significant negative
correlation was observed between heavy metal and hydrocarbon concentrations and microbial
respiration, suggesting negative effects of pollutants on soil microorganisms which may also
affect plants and other organisms.

Conclusion: In terms of heavy metals and petroleum hydrocarbon contamination, Tehran
Refinery is in a better situation compared to other refineries and this might be due to
an environmental action plan running in this refinery. Given the contamination of refineries
soil, it is recommended that environmental monitoring and industrial cleaning is taken into
consideration. It is also recommended to use filtering programs, including bioremediation of
soil in these areas.
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