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Abstract

In this study, the pollution of the Revenj River sediments with heavy elements has been studied.
Revenj River catchment with an area of 131 Km? is located 20 kilometers from the city of Torbat-e-
Jam (northeast of Iran). To investigate the contamination of sediments with heavy elements, 15
samples of sediments were taken from the area and analyzed by ICP-MS. In order to monitor the
contamination of Revenj River sediments with heavy elements, enrichment factor and contamination
factor were used. Chromium, nickel and iron with no enrichment have similar geochemical behavior
and originate from weathering and erosion of ultramafic rock units and have caused low pollution.
Arsenic and lead are low pollutant and copper is moderately pollution in the area. Shemshak
Formation has led to a focus on arsenic and lead pollutant at the beginning of the Revenj River
catchment. The passage of tributaries over the granite units and the confluence of these tributaries at
the end of the catchment with the Revenj River has led to relatively severe enrichment and
contamination of copper and lead in the sediments at the end of this catchment. The pollution load
index shows the concentration of pollution at the beginning and end of the catchment area, which is in
line with the previous indicators.

Keywords: Revenj River Catchment, sediment pollution, heavy elements, Torbat-e- Jam.
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Figure 1. Geological map of Revenj Catchment taken from 1: 100000 map of Kariz Now (Boubee de
Gramont et al., 1979)
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Figure 4. Map of pollution load index (PLI) and potential ecological risk (RI) in Revenj Catchment
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Table 8. Results of principal component analysis component matrix

Component
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Extraction Method: Principal Cormponent Analysis.
Fotation Method: Varimax with Kaiser Mormalization.
a. Rotation converged in 5 iterations.
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Introduction

Naturally, the release of heavy elements in the environment begins with the weathering of
igneous rocks, which during the above process can enter the water and sediment. In acidic
conditions, heavy elements are mobile and remain in the sediment or enter surface and
groundwater during the weathering process. In this study, the concentration of heavy elements
such as Arsenic, Chromium, Iron, Nickel, Lead, Copper and Zinc in the sediments of the Revenj
River has been evaluated. Revenj River located in the northwest of Torbat-e-Jam city with a
length of 24 km that originates from the heights and after irrigating the orchards and saffron
fields of Revenj, Samarghaveh, Nova villages, joins the opposite river and enters the great
Jamrood River. The access route to the study area is via Fariman-Torbat-Jam highway. The rock
units of the region include volcanic rocks, which include andesite, basalt, trachyandesite, tuff,
ignimbrite, and sedimentary units of limestone of Bahram Formation, dolomite and calcareous
dolomites with Devonian age and sandstones and shales of Shemshak Formation pointed out.
There is also a granite rock unit in the outcrop area.

Material and methods

In order to investigate the contamination of river sediments with heavy metals, 15 samples of
surface layer sediments to a depth of 30 cm in the riverbed were taken in September 2020 by a
special shovel for upstream to downstream of the river and transferred to Ferdowsi University of
Mashhad laboratory. Then, after drying, the samples were granulated by a vibrating device, and
finally, the sediments placed on a sieve at 1.5 @ for ICP-MS analysis were transferred to Zar
Azma Laboratory in Tehran. In order to process information and pollution assessment,
environmental indicators including Contamination Factor, Enrichment Factor, Pollution Load
Index and Ecological Risk Index were used. In this study, global shale was used to evaluate the
above indicators.

Results and discussion

The Contamination Factor indicates the degree of contamination of sediments with heavy
elements, which is obtained by dividing the concentration of the element in the sample taken by
the concentration of the same element in the global shale. The Enrichment Factor indicates the
extent of the effect of external factors on sediments. In the above index, global shale is used as
the base element concentration and Iron element is used as the reference element. Pollution
Load Index that is used to determine the level of contamination and is obtained by dividing the
concentration of each element in the sediment by its concentration in the reference sample. If
the above index coefficient is more than 1, sediment is pollution and if it is less than 1, it
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indicates no sediment pollution. The Ecological Risk Index was expressed by Hakanson in 1980
and indicates the degree of hazardous heavy elements in sediments

Evaluation of the above indices showed that chromium, iron, nickel and zinc had a
contamination factor of less than 1 and according to Hakanson (1980) classification have caused
little contamination in the sediments of the region. Arsenic, lead and copper are moderately
contaminated in local sediments. Enrichment Factor showed that the elements chromium, iron,
nickel and zinc were without enrichment according to Chen (2007) classification and the
elements of lead, copper and arsenic were in the range of low enrichment. The above results are
consistent with the contamination factor. The enrichment change map, like the contamination
factor map, shows the concentration of arsenic enrichment at the beginning of the basin,
chromium and copper at the end, and lead at the beginning and end of the basin. The results of
the evaluation of the pollution load index showed that at the beginning of the basin, sample 1
with a pollution load coefficient of 1.10 and at the end of the basin, samples 14 with a pollution
load coefficient of 1.37 and sample 15 with a pollution load coefficient of 1.18 are relatively
contaminated with heavy elements. Evaluation of ecological risk (Er) potential showed that the
average Er coefficient of the studied elements is less than 40 and as a result the amount of
ecological risk potential of heavy elements in the region is low. The average Er coefficient for
the above elements is As> Pb> Cu> Ni> Cr> Zn. Also, the study of the ecological risk index
shows the low coefficient of the above Index and the status of ecological risk in the sediments
of the region is low. In order to investigate the relationship between the elements with each
other, the statistical index of principal component analysis (PCA) was used. Principal
component analysis proposes a three-component model for the data of the study area. The first
component contains the elements chromium, nickel and iron, which have a strong correlation
with each other. The second component contains lead, zinc and arsenic, and the third component
contains copper. Although copper itself has formed an independent group, it has correlated with
the elements of the second component. The results show two different sources for the
concentration of heavy elements in the sediments of the region. These two sources include
ultramafic rock units and granite igneous units. The results of the study of heavy elements
showed that arsenic, lead and copper in the region have low enrichment and moderate pollution.
The elements chromium, iron, nickel and zinc based on the enrichment index have been in the
range without enrichment, so based on the contamination factor, the elements have caused little
pollution in the region. Due to the fact that ultramafic rocks contain large amounts of iron,
chromium, nickel, cobalt and manganese, so the enrichment and low pollution of iron,
chromium and nickel in sediments is based on weathering of ultramafic rock units in the region.
The presence of shale in Shemshak Formation can be a reason for enrichment and increase of
arsenic and lead pollution at the beginning of the catchment. Absorption of arsenic by soil
particles is one of the processes of immobilization of metals, so this can justify the
concentration of Arsenic concentration at the beginning of the basin. Due to the fact that acidic
units including granites contain the elements of lead and copper, and due to the fact that some
tributaries of the Revenj River pass through granite units and join the river at the end of the
catchment, so the high concentration of lead and copper in the above area can be considered due
to weathering of granite units and the transfer of the above elements by the tributaries of the
river to the mentioned area. Pollution load index indicates the concentration of pollution
downstream of the basin. The presence of artificial barriers and embankments downstream of
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the river has led to the accumulation of fine-grained sediments and the concentration of heavy

elements such as chromium, lead and copper, which has led to increased pollution in

downstream samples. Sediment pollution at the beginning of Revenj catchment is due to arsenic

and lead pollution in the upstream area. Low to moderate pollution of heavy elements in the

upstream area has led to low ecological risk potential and ecological risk Index in the region.

Conclusion

According to the enrichment factor and contamination factor, chromium, iron, nickel and
zinc have caused little contamination in sediments, but arsenic, copper and lead have moderate
contamination. Weathering and erosion of ultramafic units play a role in the enrichment and low
pollution of the above elements. Drawing a change map shows the concentration of arsenic and
lead contamination at the beginning of the basin. Shemshak shale formation plays an important
role in increasing arsenic and lead pollution at the beginning of the catchment. At the bottom of
the catchment, copper and lead are concentrated. Weathering and erosion of granite units has led
to the concentration and contamination of these elements. The results of potential and ecological
risk index in the region are low, which indicates that from an environmental point of view, the
Revenj River is one of the low risk areas from the perspective of sediment pollution to heavy
elements.

Keywords: Revenj River Catchment, sediment pollution, heavy elements, Torbat-e- Jam.
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