aV

shahid Chamran Adv. Appl. Geol. Autumn 2023, Vol. 13(3): 744-756

University of Ahvaz

Research Article

Determining the spread of aromatic oil compounds caused by gasoline leakage in the
Shazand well No. 7 and the role of the cone of depression around the well in
developing contamination

Fatemeh Zahed1*, Abdorreza Vaezihir 2, Zeinab Ahmadnejad 3

1- MSc. Graduated in Hydrogeology, University of Tabriz, Iran
2- Professor in Hydrogeology, Faculty Member in Department of Earth Sciences, University of Tabriz, Iran.
3- PhD in Hydrogeology, Geological Laboratory Expert, Lorestan University, Iran

Keywords: Plume, Groundwater, Shazand plain, Storage coefficient, Leakage of gasoline

1-Introduction

Today, one of the most critical problems and challenges in the world and Iran is the pollution of
groundwater resources. Groundwater accounts for only 4% of the world's water reserves, and like surface
water, they are exposed to various pollutants. Among the most critical pollutants that threaten the health of
water resources are oil pollutants, a clear example of which is the oil pollution crisis in industrial areas and
around refineries and petrochemicals (Mirzaii et al., 2012). the most important part of petroleum pollutants
is soluble substances such as gasoline and diesel, which include BTEX and additives such as MTBE. The
family of four BTEX is one of the most common aromatic hydrocarbons in refinery wastes and can
contaminate aquifers (Firmino et al., 2015). Also, MTBE is an additive added to gasoline to increase the
octane number (Fels, 1999). These hydrocarbons dissolve quickly in water and form plumes after entering
the underground water. These compounds have high toxicity and carcinogenic effects on human health and
the environment (Chiu et al., 2017). Of course, these compounds can be removed or converted into less
harmful compounds using chemical reactions (Liang et al., 2017; Gholami et al., 2018). In this study, in the
northern parts of Shazand Plain, a part of Arak city, due to the leakage of the 12-inch Malayer-Hamedan
pipeline, oil pollution was seen in well No. 7, which is located upstream of the plain. In the study area, after
drilling 13 Piezometers, the type of pollution and the extent of the plume were determined through
sampling. The gasoline pollutant contaminated almost 10 ha of the area during the spill and is considered
a severe danger to the agricultural lands downstream because this groundwater is not suitable for drinking
and agriculture.

2-Material and methods

In this research, 13 wells drilled in the study area were sampled in two stages (March 2021 and August
2020) and sent to the laboratory for analysis. The test related to BTEX and MTBE compounds was
performed based on the gas chromatography method. In order to investigate the pollution of the region, the
results of the laboratory measurements of BTEX and MTBE compounds were compared with the 1053
Iranian drinking water standard and the irrigation water standard.

3-Results and discussions

The results of laboratory tests show that five wells located around Shazand Well No. 7 are contaminated
with BTEX and MTBE compounds. This pollution is caused due to leakage from 12 inches Malayer-
Hamedan pipeline.
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4-Conclusion

Considering the nature and spread of pollution, it is suggested to calculate the speed of pollutant movement
in the groundwater before any action to clean it, and in this way to start the digging of cleanup wells and
related operations.
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Fig. 3. (a) Flow direction map for the study area and (b) A closer view of the flow direction map in the study area
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Table 1. The results of samples analysis (July 2020-March 2021).

Concentration of pollutants (ug/Lit)

No Month Benzen Toluene Xylenes  Ethylbenzene MTBE PAHSs
Well 7 Augst 5250 4830 B 11040
March  260.8 30 _ _ 1378.6 _
Augst 42800 9900 _ 475100 _
MW5
March 71215 2681 _ _ 48771 _
MW6 Augst 35020 9800 3020 _ 550400 _
March  3820.7 10214 562.3 40578.6 _
Augst 6690 1040 450 _ _ _
PB3
March  1046.1  193.6 72.6 104.5 21.4
Augst 41400 - -- _ _ _
Mw4
March 257 494
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Fig. 4. (a) The concentration of benzene in the groundwater samples, compared to drinking water and
irrigation water standards (b) The concentration of toluene in the groundwater samples, compared to drinking
water and irrigation water standards, and (c) The concentration of MTBE in the groundwater samples,

compared to drinking water.
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Fig. 5. Distribution of Benzene plume in the study area

4 Sbllas oogame,s LSV 5 adl coluw b ;05]1
L b slcwl 00,8 lag (b s cuds caws b B)b
Slese il el (5l odal Cowds Olelb] 4y axg
yicla.wqa)?ﬁ&«sjdf&wé&sdwloobél
Sl Goe ol plo tadibioo e YV 9 )V e ol @ (e
032D oy yndld b del 50 09y d2les o VY e )
;';T N 3 S e Llie VRO Lo ,as ‘O‘B’.”.] RN SN
axgi b aS Cool S5 @ a3l el ouis ooyl ddlate o))
oolo 5l a9 BB jlade 5435 9 Sogll clice (o &t 4
<l ghe Slblog bas plymel eldlnd g5 50 oanll
390 21 8,1 syl Bk 15 chlises Jguab 10 (o))
SialS (it ae Jgb 10  Sogll (b S edgume Carug
ashis s ;0 VYA L o a5 Slllas bl oyl

oeens g 4y (Vaezihir and Hajipour, 2020) ldlae
Jlis Voo jleds ol> )0 09340 sloooslUT £45 5 Syl Lico

Yot

3l ool il by e s 4 dooanll clale Ko jrals
o 4l e e Sl i 5 WIIT) V o Lot ol
ol e Jslme slooanUl ol jon ) (s ol bz o5
Como dy 5l0 )18 ois Lidse 5 5,90 a5 s cawd s
@ s e 3l oanll 5 09 o sapitS Cis Cews UL
S (oo I (Shiz GBS Css Gl Saen

s MWE o)los slealy b o (Sogll ol (328
Gy oo ablate 13 (lyr (egee Cuzr b o MWA
&y il gloolz plo s MWS ol 5V olads olz (Sl
BO U LI PRV E3 R E A P IR goyTﬁljo
Sl Sl 50 a5 cme oy allge Voo jles ol 2l bg 5
5 05,8l byye Sy obmyl iyl o Y o les ol
2l g s 55 0 By 4y (olat oo ol sl 4 e
g oo Voo lads ol

Al as S Sige slag S ojlul elulp piren



w

¥ oo,les Y 0,90 NFLY 5L A i (60,0, owlid yao; st:fuf/ﬁ-fsgb
Y
KA PRURY ) s Sldllas ;o 0 )ls Slaran g0 a8 5 plowil wijlis s
11 os S5 g ol Gilye allie (B by oo Seolszal o 0920 ool s 38 v (lolid 5l g
—a el sisu aS ol el Sl pbe g dlg bglas oS L - s ol 8 Jale 518 € 5l aS g oad olwlid i g9
1 (g0 5lnl S el 1) 039 al sl cdile bl 5l (Sl 5yl @l ploy 35 Ll

Budaie g Gl Wil Voo lels ol> Qly'c.ﬂ 30 oy oluS s
Al oo b8 Slalllas

&l

Askarzadeh Targhabeh, H., Bazarafshan, A., Hajipourfard, H., 2002. Investigation of Qil pollutants in the
underground waters of the Arak Refinery area. Journal of Environmental 29, No
32. 20.1001.1.10258620.1382.29.32.7.9

ATSDR, 1997. Methyl Tert-Butyl Ether. U.S. Department OF Health and Human Services, Public Health
Service Agency for Toxic Substances and Disease Registry.

Chiu, H.Y., Verpoort, F., Liu, J.k., Chang, Y.M., Kao, C.M., 2017. Using intrinsic bioremediation for
petroleum- hydrocarbon contaminated groundwater cleanup and migration containment; effectiveness and
mechanism evaluation. Journal of the Taiwan Institute of Chemical Engineers 72, 53-61.
https://doi.org/10.1016/j.jtice.2017.01.002.

Fels, J., 1999. Source-identification investigations of petroleum contaminated groundwater in the Missouri
Ozarks. Journal of Engineering Geology 52, 3-13. https://doi.org/10.1016/S0013-7952(98)00049-0.
Firmino, P.I.M., Farias, R.S., Barros, A.N., Buarque, P.M., Rodriguez, E., Lopes, A.C., dos Santos, A.B., 2015.
Understanding the anaerobic BTEX removal in continuous-flow bioreactors for ex situ bioremediation

purposes. Chemical Engineering Journal, 281, 272-280. https://doi.org/10.1016/j.cej.2015.06.106.

Gholami, F., Shavandi, M., Mohammad, S., Dastgheib, M., Amoozegar, M.A., 2018. Naphthalene remediation
form groundwater by Calcium peroxide (CaO2) nanoparticles in permeable reactive barrier (PRB).
Chemosphere 212, 105-113. https://doi.org/10.1016/j.chemosphere.2018.08.056.

Jalali, M., Samani, N., Rezaei, M., 2009. Monitoring oil spills and water and soil pollution in Tehran refinery.
The  first international  conference on  water resources  management.  Shahrood.
https://civilica.com/doc/83146.

Khodaei, K., Nassery, H.R., Asadi, M.M., Mohammadzadeh, H., Mahmoodlu, M.G., 2017. BTEX
biodegradation in contaminated groundwater using a novel strain (Pseudomonas sp. BTEX-
30). International Biodeterioration & Biodegradation, 116, 234-242.
https://doi.org/10.1016/j.ibiod.2016.11.001.

Li, J., de Toledo, R.A., Chung, J., Shim, H., 2014. Removal of mixture of cis-1, 2-dichloroethylene/benzene,
toluene, ethylbenzene, and xylenes from contaminated soil by Pseudomonans plecoglossicida. Journal of
Chem Tecnol. Biotechnol 89, 1934-1940. https://doi.org/10.1002/jctb.4279.

Liang, X., Guo, C., Liao, C,, Liu, S., Wick, L.Y., Peng, D, etal., 2017. Drivers and applications of integrated
clean-up technologies for surfactant-enhanced remediation of environments contaminated with polycyclic
aromatic hydrocarbons (PAHS). Environmental Pollution 225, 129-140.
https://doi.org/10.1016/j.envpol.2017.03.045 .

Ministry of Energy., 2009. Prohibition extension of Shazand Plain study area, Central Province Regional Water
Company, Basic Studies Office, Resources, Group, code 4120.

Mirzaii, A., Rahmani, H., Jadidi, A., 2012. Groundwater pollution and its management. The second
environmental planning and management conference, Tehran. University of Tehran.
https://civilica.com/doc/148207

Mosmeri, H., Gholami, F., Shavandi, M., Dastgheib, S.M.M., Alaie, E., 2019. Bioremediation of benzene-
contaminated groundwater by calcium peroxide (CaO2) nanoparticles: continuous-flow and biodiversity
studies. Journal of hazardous materials, 371, 183-190. https://doi.org/10.1016/j.jhazmat.2019.02.071

Yoo


https://dorl.net/dor/20.1001.1.10258620.1382.29.32.7.9
https://doi.org/10.1016/j.jtice.2017.01.002
https://doi.org/10.1016/S0013-7952(98)00049-0
https://doi.org/10.1016/j.chemosphere.2018.08.056
https://civilica.com/doc/83146
https://doi.org/10.1002/jctb.4279
https://doi.org/10.1016/j.envpol.2017.03.045
https://civilica.com/doc/148207
https://doi.org/10.1016/j.jhazmat.2019.02.071

w

& . PN . b
Yooyl AV 0,90 AF-Y 500 A i (60,15 ol (s Jl'ﬂfuf!/,s-;sﬁb
Y

Vaezihir, A., Mohammdzadeh Motlag, M., Bakhtiari, Sh., Nematollahi, R., 2021. Identification of LNAPL
phase of oil contaminations in the aquifer of Bandar Abbas Oil Refinery. Journal of Human and
Environment 59, 141-158. https://doi.org/ 20.1001.1.15625532.1400.19.4.10.8

Qobadian, S., Vaezihir, A., Golmohamadi, A., 2020. The study of oil-contamination groundwater due to
Shazand  Refinery, Journal of Environmental Scientia's Technology, 22, 49-59.
https://doi.org/10.22034/jest.2018.17977.2693.

Vaezihir, A., Ahmadzadeh, Z., Hasanpoursedghi, M., Fatehifar, E., 2017. Investigating the possible risk of
subsidence and karst formation on the west ethylene pipeline between Meandoab and Tabriz
Petrochemical. Journal of Advanced Applied Geology. 6(4), 89-99.
https://doi.org/10.22055/AAG.2016.12711.

Vaezihir, A., Hajipour, M., 2020. Determination of Characteristics, Extent and Pollution Source in well 7 of
Shazand Petrochemical Complex. MSc thesis. University of Tabriz.

Firmino P.I.M., Farias, R.S., Barros, A.N., Buarque P.M.C., Rodriguez, E., Lopes, A.C, dos Santos, A.B.,
2015. Understanding the anaerobic BTEX removal in continuous-flow bioreactors for ex situ
bioremediation  purposes. Chemical Engineering Journal 281, 272-280. https://doi.org/
10.1016/j.cej.2015.06.106.

Yoz


https://doi.org/10.22034/jest.2018.17977.2693
https://doi.org/10.22055/aag.2016.12711

