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Figure (3): Comparison of the average concentrations of each heavy metal in surface soil between petroleum mulch-treated areas and
control areas, categorized by location or date of petroleum mulch application (in each diagram, left: Sedich 2006 and 2007, middle: Biahi
2002, right: Jagin 2005)
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Figure (4): Comparison of the average concentrations of each heavy metal in surface soil across regions, categorized by location or date
of petroleum mulch application (in each diagram, left: Sedich 2006 and 2007, middle: Biahi 2002, right: Jagin 2005)
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Figure (5): Comparison of the average total concentrations of heavy metals in surface soil between petroleum mulch-treated areas and
control areas across the entire study region

2 e G g e adlate pa > S la S5
S Lyl K Sl ke

st LS5 b 4 (7015) OKen 5 pie A
slaasl L3S o )lil Skt s (Ko Sl clale Gl
Sl bl 1l e e DLS 5 oS sl 0L 35 o]
OSan 5 s e s 5 S 1) K
Sk Sl 41 b slaghle b laadlas s 35 (YY)
Al e o slagdle 48 s S a5 L3S )
ol s bl sl b | S 3l clale
Sl Ble Gl L Sl Shags il L el
P A e s s edd kgl Gbla o S
Ll s e Dl i Ll L 5 (VYY) 0L
e e B s S bt S Shs 5 (S
Cpsby 03, Yl ey Olay LIS L oS L5 5 asT &K
Ol slaanle (AL 2ty Sl 5 58 e b g S
e e e
Al o 35 S Lol S am o

Cble s gl 4 ls 0L g semma s Slags il
o el el IS 5 e Sl s S Sl

J}J.J) eJ._.ZJ.:ukiéLa‘} dals dlal.\ﬂ :(.M.iuﬁ JJJ;- )’L‘-’
s ol i LS 5 sy Clsas S8 Olg s ()

st S S pobe al Esl gl 0353 i

sl

S5 ens 5 Lo
s B ST A e oS ol 0L eyl s
el ails Sl Y S ol b cble
Pl s el sl g5 M eddelnl bl & bl
S sUils o ol S0 lils ke (i
A3 0 s 3 b 5 LIS (5K o cpsn ST el
S 78 e 18 il 55 53 bl s g s e
bil, S5, Vs as ol Sy als dals o
RECHUS B INK SPR P SPI SR AU (FES g
53 pobis den Sl oLl A Sl e (pies el
Sl glabtan b K 5 Sl s S e SB
ol s mme 3150 (03 58 Pl s e e il
S a8 Jale g3 cpl ol 60 31 2 S5 4 il g5 e oS
Ghlie o il sl (38 o e Mo el G



AD bl @50 Aol gyl jaumlo (pSiuw Ol3ls cdale p S b Ol 1 b )

g5 ke Sl sl (g dle) O 50 0 Oland 3,5 0l
s el ddlae 4y o SUs 0555 Sbe 5SS
Al S et Al e Al LS 2ty oS Jl 5
(gl o a e o SR 50l el 03 SO 6
Slabasle o St o1y S Sl cble sl
45 ol 035 (SRl cl s ol ek 4 el
53 10 L andls adlate 6 5 St gy Sl e il
Sl s ol 5l 8 e Sl el dffw Aol B
S50 A58 15 B e el Doty e b 5 e
éu 03553 (s e (ol b S 5 sy e
Rl e oY bl gt o S (S ole 2l sl
3 VL sbe l chle ST 0 a8 558 e g S

2S5 Bld e s 80N

1. Akbarian, M. & Asadpour, R., 2025. Ecology and
Ecogeomorphology of Sphaerocoma aucheri Bois
in the coastal plain of Hormozgan province, Iran.
University of Hormozgan press, 187p.

2. Akbarian, M. and Nohegar, A., 2014. Assessment
the Afforestation projects impact in Controlling
Wind Erosion Pibeshk Area, Jask County.
Geographical Research, 29 (114), 179-190.

3. Akbarian, M., 2008. Guidelines for Sand
Stabilization Contracts: Mulch Application and
Tree Planting. Hormozgan Province Natural
Resources General Department, 15 pages.

4. Akbarian, M., Farhangdoust, T., Zakeri, A., 2004.
From Hamoun Basin to the Foothills of Taftan: A
Report on the Visit to Sistan and Baluchestan
Natural Resources. Hormozgan Province Natural
Resources General Department, 25 pages.

5. Akbarian, M., Shayan, S., Yamani, M., 2019.
Geomorphology of the western plain of Makkoran
(Sandy landforms and processes), University of
Hormozgan press, 161p.

6. Azoogh, L., Khalili Moghadam, B., Jafari, S.
(2018). Interaction of petroleum mulching,
vegetation restoration and dust fallout on the
conditions of sand dunes in southwest of Iran,
Aeolian Research, V 32, 124-132, DOI:
10.1016/j.ae0lia.2018.01.007

7. Baker, J., 2019. Organic Compounds in Soil and
Water.

8. Borah, G. and Deka, H., 2023. Crude Oil
Associated Heavy Metals (HMs) Contamination in
Agricultural Land: Understanding Risk Factors and

gS)J‘UJu‘j:dA LAML kJ'i‘ J)\JLSM..;oj)ﬁ Ls‘j}‘)‘ QL«)
Sl 5 & Lgl_aél_a ey Ol 2
alﬂﬁ@&aéu LS SaS Ul gaanle o gla iy,

e 5 S ol s J=B b (S

(YA @bmj'@j) das o i |y Glanle glaas
Flr oSiw Sl chle bl pedle ol S5 0L
S ralS Ol glaanle S (e3b5 e D 8
Al el 5 S Olele Pl 585 ool b B
(YO (Sam g 5 0L,SD 34l Ol glaasls 3 ilesS
i sl el (UG bl e Sl eslind
(A LSS 5 53D 355 0 (Slale (slsag aLS
s e S Rl b 33 (YY) Ol 5 (5 phar
Glaanle i 355 4 Lizls Oledl (S 0555 Sle 5 4l

@Lu

Changes in  Soil Biological  Properties.
Chemosphere, 310, Article I1D: 136890.

9. Ekhtesasi, M., 2010. Plants Suitable for Stabilizing
Sand Dunes and Sand Plains in Iran (Important
Sand-Stabilizing Plants in Iran). Yazd University
Press, 246 pages.

10. F.A.O corporate document repository, 1993. Dune
fixation: a tool for desertification control. Forest &
Wildlands Conservation Branch, Italy.

11. Gholami Tabasi, J., Jafari, M., Azarnivand, H.,
Sarparast, M., 2014. Investigation of the Effect of
Oil Mulch on Vegetative Cover and Sandy Soil in
Samadabad, Sarakhs. Desert Management Journal,
(4): 43-50.

12.Grath, M. J, 2002. Heavy Metals in the
Environment.
13.Gupta, S. K., 2016. Soil Pollution: Origin,

Monitoring & Remediation.

14. Homauoni, Ziba & Yasrobi, Shahaboddin. (2011).
Stabilization of Dune Sand with Poly(Methyl
Methacrylate) and Polyvinyl Acetate Using Dry and
Wet Processing. Geotechnical and Geological
Engineering. 29. 571-579. 10.1007/s10706-011-
9404-2.
https://doi.org/10.1016/j.chemosphere.2022.136890

15.Jafari, F., Kartoolinejad, D., Amiri, M.,
Shayanmehr, M. and Akbarian, M., 2017. Long
term effect of oil mulch on richness and
biodiversity of soil macro-fauna and vegetation in
Jask, Iran. Journal of Arid Biome, 7(1), 27-38. doi:
10.29252/aridbiom.7.1.27



IFe¥ Gliamno (PO (al) ¥ o3laud o s Jlw c(5lbly piummangST (oasditpo (iur gy ool aloxo
16.

17.

18.

19.

20.

21.

22.

23.

24,

Jafari, M., Tavili, A., 2010. Restoration of Arid and
Desert Areas. Tehran University Press, 396 pages.
Jafarian, V., 2006. Mulch and Mulching in Iran.
Rangeland and Soil Affairs Department, Forests,
Rangelands, and Watershed Organization, 24 pages.
Kardavani, P., Alaei, E., Moshiri, S. R., Rahimi, N.,
2013. Investigation of the Effect of Oil Mulch
Application on the Stabilization of Shifting Sands
and Vegetative Cover Development in Aran and
Bidgol. Plant and Ecosystem Scientific Research
Quarterly, 9(37): 101-112.

khalili moghadam, B. , Jamili, T. , Nadian, H. and
Shahbazi, E., 2016. The influence of sugarcane
mulch on sand dune stabilization in Khuzestan, the
southwest of Iran. Iran Agricultural Research,
34(2), 71-80. doi: 10.22099/iar.2016.3446

Morris, R., 2018. Hydrocarbon Contaminants in the
Environment.

Nateghi, M., 2000. A New Perspective on the
Desert. Rural Development Publications, Tehran,
229 pages.

Rahbar, E., Darvish, M., 2005. Review of Research
on Oil-Based Soil Covers. Iranian Journal of
Rangeland and Desert Research, 12(1): 63-71.
Rezaei, S., Behlouli, B., Aghaei, M., Haghani, G.,
Farahi, A., Mahdi, F. (2008). Evaluation of the
Efficiency of Poly Lattice Polymer Compared to
Oil Mulch in the Stabilization of Shifting Sands and
Plant Establishment. Forests and Rangelands
Research Institute, Tehran, 41 pages.

Rezaei, S., Behlouli, B., Aghaei, M., Haghani, G.,
Farahi, A., Mahdi, F., 2008. Evaluation of the
Efficiency of Poly Lattice Polymer Compared to
Oil Mulch in the Stabilization of Shifting Sands and

25.

26.

27.

28.

29.

30.

31

AF

Plant Establishment. Forests and Rangelands
Research Institute, Tehran, 41 pages.

Rezaie, S.A., 2009. Comparison between Polylatice
polymer and petroleum mulch on seed germination
and plant stabilizement in sand dune fixation.
Iranian J. Range Desert Res. 16, 124-136 (In
Persian).

Salehi morkani, M., Ghoohestani, G., Bagherpour,
M., Zare, S., Mombeni, M., Khalili Moghadam, B.,
2022. Investigating the Effects of Petroleum
Mulching on Soil’s Physico-Chemical Properties.
Desert Ecosystem Engineering, 11(35), 115-128.
doi: 10.22052/deej.2022.11.35.60
Sanchez-Hernandez, J. C., Sandoval, M., Pierart, A.
(2017). Short-term response of soil enzyme
activities in a chlorpyrifos-treated mesocosm: Use
of enzyme-based indexes, Ecological Indicators,
Volume 73, Pages 525-535,
https://doi.org/10.1016/j.ecolind.2016.10.022.
Shayan, S., Akbarian, M., Yamani,M., Sharifikia,
M., Maghsoudi, M., 2014. Affect of Sea
Hydrodynamic on Coastal Sand Masses Formation,
Case study: Western Makran Coastal Palin,
Quantitative Geomorphological Research, 2(4): 86-
104.

Williams, H. (2021). Environmental Pollution and
Its Effects on Human Health.

Wright, J. A., 2010. Environmental Pollution and
Control.

Wuddivira, M.N., Stone, R.J., Ekwue, E.l. (2013).
Influence of cohesive and disruptive forces on
strength and erodibility of tropical soils, Soil and
Tillage Research, Volume 133, Pages 40-48,
https://doi.org/10.1016/j.still.2013.05.012.



AY eyl 3 s Aol (5l jele (a3l cdalé p i gl Ol 1 Sl 3

An Evaluation of Petroleum Mulch's Impact on Heavy Metal Concentrations in Coastal
Sand Dunes of Eastern Hormozgan Province, Iran

Mohammad Akbarian,** "2/ Navazollah Moradi?

Received: 10/04/2025 Accepted: 26/05/2025

Extended Abstract

Introduction: Petroleum mulch is widely employed in Iran for wind erosion control, temporary sand dune
stabilization, and aiding plant establishment (Jafarian, 2006; FAO, 1993). Applied as an emulsion, it forms a thin,
porous layer upon dehydration, effectively stabilizing soil surfaces (Kardavani et al., 2013). However, petroleum
mulch contains hydrocarbons, organic compounds, and trace amounts of heavy metals, which present potential risks
of soil and groundwater contamination (McGrath, 2002; Wright, 2010; Gupta, 2016). Despite its demonstrated
efficacy in reducing wind erosion and promoting vegetation growth, the heavy metal pollution resulting from its
application necessitates further investigation (Azoogh et al., 2018). To ensure sustainable desertification mitigation
practices, a thorough evaluation of its environmental advantages and drawbacks is crucial.

Materials and Methods: This research was conducted in eastern Hormozgan Province, Iran, a region
geographically bordered by the Makran Mountains to the north and the Sea of Oman to the south. Sand dune
stabilization projects, employing petroleum mulch, were implemented in this area between 2002 and 2007. The
study aimed to analyze heavy metal concentrations in soil samples collected from both treated areas (those
subjected to petroleum mulch application and afforestation) and adjacent, untreated control areas. The elements
measured included vanadium (V), nickel (Ni), tin (Sn), arsenic (As), lead (Pb), chromium (Cr), iron (Fe),
aluminum (Al), cesium (Cs), manganese (Mn), cobalt (Co), and selenium (Se). Steps Involved in Research:

1. Mapping and Sampling: Sampling points were identified within treated regions and their
corresponding adjacent control areas. A crucial criterion for selection was that at least 15 years had
elapsed since the completion of the stabilization projects. Treated areas were defined by the combined
application of petroleum mulch and afforestation, while control areas exhibited identical
geomorphological features to the treated sites prior to any intervention. Three treated-control pairs were
selected for the study: Jagin, Sedich, and Biahi, located approximately 70 km, 100 km, and 150 km east
of Jask, respectively. A total of 18 soil samples were collected, comprising 9 from treated areas and 9
from control areas.

2. Laboratory Analysis: All collected soil samples were transported to the central laboratory at
Hormozgan University for the measurement of heavy metal concentrations.

3. Statistical Analysis: Data analysis was performed using SPSS, employing a two-factor factorial design
to assess the individual and interactive effects of treatment (petroleum mulch application) and site
conditions. Duncan's multiple range test was subsequently applied at a 5% significance level to compare
the means of the various data sets.

Results: Table 1 presents the variance analysis for the effects of location (representing elapsed time since
application) and petroleum mulch on heavy metal concentrations in topsoil. The application of petroleum mulch
significantly influenced the concentrations of lead (Pb), vanadium (V), nickel (Ni), iron (Fe), aluminum (Al),
cesium (Cs), manganese (Mn), cobalt (Co), and selenium (Se) at the 5% significance level. Over time, geographical
factors also had a significant effect on most elements, with the notable exceptions of chromium (Cr), arsenic (As),
and manganese (Mn). Furthermore, the interaction between mulch application and location significantly impacted
elements such as cesium (Cs), aluminum (Al), iron (Fe), tin (Sn), and vanadium (V), highlighting their combined
effects.
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Figure 3 illustrates the heavy metal concentrations across the three study locations (Sedich: 2006—-2007

application; Biahi: 2002 application; Jagin: 2005 application). The results indicate increased concentrations of
nickel (Ni), arsenic (As), vanadium (V), chromium (Cr), tin (Sn), cesium (Cs), aluminum (Al), iron (Fe), and cobalt
(Co) in Sedich. This elevation is likely attributable to the chemical composition of the petroleum mulch used. Biahi
exhibited distinct concentration patterns, possibly influenced by specific local environmental conditions, while
Jagin's results reflected a combination of petroleum mulch effects and other site-specific factors. Consistently,
control areas maintained lower heavy metal concentrations compared to their corresponding treated areas,
underscoring the role of petroleum mulch in elevating heavy metal levels (as further supported by Table 1).
Figure 4 further emphasizes the significant regional differences in heavy metal concentrations. Vanadium (V), lead
(Pb), aluminum (Al), and cesium (Cs) were highest in Jagin and lowest in Biahi, showing statistically significant
variations among sites. In contrast, elements such as nickel (Ni), tin (Sn), chromium (Cr), iron (Fe), manganese
(Mn), cobalt (Co), and selenium (Se) reached their peaks in Sedich, reinforcing the influence of regional variations.
Figure 5 visualizes the average heavy metal concentrations between treated and control areas. Elements including
vanadium (V), lead (Pb), nickel (Ni), chromium (Cr), aluminum (Al), arsenic (As), cobalt (Co), tin (Sn), and iron
(Fe) consistently showed higher levels in treated areas. This is attributed to the inherent heavy metal content within
the petroleum mulch itself. Interestingly, manganese (Mn) levels decreased in treated areas, which could be due to
its absorption by plants and microorganisms thriving in the improved environmental conditions. These findings
suggest that if these observed concentrations exceed established environmental standards, petroleum mulch could
potentially be classified as a significant pollutant.

Discussion and Conclusion: This study confirmed that petroleum mulch significantly impacts the concentrations
of heavy metals in surface soil layers. Our variance analysis revealed that elements including lead (Pb), vanadium
(V), nickel (Ni), iron (Fe), aluminum (Al), cesium (Cs), manganese (Mn), cobalt (Co), and selenium (Se) were
significantly affected by the treatment type (control versus petroleum mulch application) at the 5% significance
level. Notably, manganese concentrations decreased in areas treated with petroleum mulch, likely due to absorption
by microorganisms and plants in the improved environmental conditions fostered by the mulch.

Geographical location also played a significant role in the concentrations of most elements, with the exceptions of
chromium (Cr), arsenic (As), and manganese (Mn). Furthermore, interaction effects between mulch application and
location were observed for some elements, emphasizing the crucial role of local conditions in determining heavy
metal levels in the soil.

These findings are consistent with previous research. Moghadam et al. (2016) reported on the influence of
mulch chemical compounds on soil heavy metal concentrations, similarly concluding that mulch compounds can
alter these levels. Likewise, Gholami Tabasi et al. (2014) investigated the effects of petroleum mulches on soil
contamination and found a significant increase in heavy metal concentrations due to their application.

While petroleum mulch clearly contributes to elevated heavy metal concentrations in soil, it also offers
substantial benefits such as stabilizing sand dunes, reducing wind erosion, improving soil structure, and accelerating
soil formation (Akbarian & Nohegar, 2014). Jafari et al. (2017) observed increased richness, diversity, and
uniformity in soil macrobiofauna in treated areas, without significant negative changes to vegetation cover
compared to control sites.

In conclusion, the application of petroleum mulch undoubtedly raises heavy metal levels in the soil due to its
inherent chemical composition. However, it's crucial to note that it should only be classified as a pollutant if these
concentrations exceed established environmental standards. Therefore, policymakers and decision-makers must
carefully weigh both the positive environmental benefits and the potential negative impacts of petroleum mulch to
ensure its sustainable use in desertification mitigation efforts.

Keywords: coastal sand dunes, heavy metals, petroleum mulch, wind erosion.



