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Abstract: Heavy metals are dangerous for our environment due to their toxic and stable behavior in
nature. These metals can change the chemical properties of sediments because they move from their sources,
i.e., deposition sites, to stream of water. In this regard, mining activities are one of the major sources of
heavy metal pollution in environments around the mines. In this study, to evaluate the risk of heavy metals
(Cr, Ni, Cr, Zn, Pb&Mn) pollution, a dataset of stream sediment elemental concentration of the 1:100,000
scale Khoy quadrangle map was bult. Due to the fact that the sediment data represent upstream materials
of sampling locations, the sample catchment basin method was applied to portray the pollutions. Then uni-
element background concentration caused by lithology was calculated by the weighted average method and
was applied as a reference value for calculation of sediment quality indices such as Contamination factor,
Geoaccumulation index and ecological risk factor. In order to Participation in the Integrated quality indices,
the elements with multivariate statistical methods such as Pearson correlation matrix, factor analysis, and
hierarchical clustering were investigated. In this research, the study of contaminated basins showed that the
sources of contamination were mainly due to the geological features of the area, but in some cases, mineral
and human activities were very effective in spreading the contamination. Next, to prioritize the contaminated
areas amount sediment discharge was calculated for each basin and according to sediment contamination
level, Volumetric production potential and sediment discharge of each basin, those contaminated areas were
ranked TOPSIS method.

Keywords: 1:100,000 scale Khoy quadrangle map, Sample catchment basin, Erosion potential method,
Ranking of contaminated areas.

INTRODUCTION

Expanding heavy metal contaminants is a potential hazard associated with environmental and human
health problems. The dispersal of pollutants from their natural reservoirs to the atmosphere, soil and water
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is of most important adversely affects the human activities on the land and water ecosystem. Heavy metal
pollution is hidden, persistent and irreversible. This type of contamination not only reduces the quality of
water and food but also threatens the health and welfare of animals and humans through entering the food
chain [1].

The waterway system is the main way of transporting heavy metals. Because it can carry heavy metals
up to several hundred kilometers in its hydrological path in a short time. The waterway’s sediments are
known as sinks or secondary sources of pollutants due to the absorption of heavy metals. For this reason,
their studies are essential in assessing heavy metal contamination [2]. Soil erosion is one of the major causes
of land degradation and an environmental hazard. Soil erosion is a complex process with obvious and latent
environmental impacts that is itself a threat to human health [3]. If erosion occurs in basins with heavy
metal contamination, it will accelerate the distribution and dispersal process. Therefore, it is important to
consider the erosion factor to identify critical basins. The purpose of this study was to evaluate sediment
quality and identify potential sources of heavy metal contamination in the 1:100,000 scale Khoy quadrangle
map surface sediments. Factor analysis, hierarchical clustering, and Pearson’s correlation coefficient table
were used to identify the major sources of heavy metals. Cf, Igeo, Ef and RI indices were used to evaluate
the sediment quality, and to estimate the erosion and sedimentation rate; the EPM method was used. Then,
using sediment quality indices and sedimentation rates, the TOPSIS method for contaminated basins was
prioritized for further studies.

METHODS

Study area
The study area is situated in the northern part of the Alborz — Azerbaijan color mélange zone. 1006 stream
sediment samples, taken from the area covered by the 1:100,000 scale Khoy quadrangle map, were used.

Erosion
Equation 1 was used to calculate the volume of soil erosion in this method:
WSP=T.H.n. Z'? (1)

Where, WSP is the volume of soil erosion (m*/km?. yr), H is annual rainfall (mm), Z is erosion intensity
and T is coefficient of temperature, which is calculated by below function (Equation 2):

T=(t/ 10 +0.1) 3 ©)

Where t is the mean annual temperature (°C). The volume of soil erosion (WSP) in the drainage basin
varied from 494 to 1190 m*/km? .yr. The sediment production rate in this model is calculated based on the ratio
of eroded material in each section of the stream to the total erosion in the whole watershed area (Equation 3):

RU=4 (P.D) */ L+ 10 3)
Where P is the circumference of the watershed, L is watershed length (km), D is the height difference in the
watershed area (km). After calculation of the RU value, the spatial sediment rate is estimated by Equation 4:

GSP= WSP. RU 4)

Where GSP is the spatial sediment rate, WSP is the volume of special erosion, and RU is the coefficient
of sedimentation [4].

Functions of Pollution indices
The function for geo-accumulation index (Igeo) is Equation 5:

Cx
Igeo = Log, (TBX) (%)

The results are divided into six different classes of quality ranging from unpolluted to extremely polluted
where C_is the concentration of the element in sediment, B_is the geochemical background value, and 1.5
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is a correction factor due to changes that may occur in lithology [5].
Ecological risk index (RI) is calculated using Equation 6:

RI = Ty — (6)

Where, n is the number of element contents (in this situation have been taken into account 7 elements:
Cr, Ni, Cu, Pb, Zn, Cd and As) and Tm is the response coefficient for the toxicity of each element (Cd=30,
As=10,Cr=2,Zn =1, and 5 for Pb, Cu and Ni). The results are interpreted as follows: Rl <300 — low
to moderate; between 300 and 600 — high; and RI > 600 — extremely high. Cm is the m minor element
content in the sample and Cb represents the background value of the element m [6].

Enrichment factor is a useful tool to determine the degree of anthropogenic heavy metal pollution. EF is
calculated using the equation below, EF = (Metal/Fe) Sample/(Metal/Fe) Background [5].

FINDINGS AND ARGUMENT

Statistical Parameters

For the statistical analysis, factor analysis as amultivariate method was applied. The first factor represents
the siderophile elements, which include Cr, Ni, Co, and Mg. Factors II and III often indicate chalcophile
elements. The second factor presents Cu and V association. The third factor contains Fe and Mn with a
positive score and Zn and Pb with a negative score. According to the plot of the first-factor score map and
its comparison with the geological map, the relationship between the major faults and the geological units
of the serpentinized supersaturated rocks and dunite and pillow lava. Microgabbro with the first factor is
evident that represents mineralized chromite mineralization. Comparing the Second and Third Factors with
the Geological Map Relationship between Sub-Unit and Unit-Geological granites, limestones, schists and
amphibolites are evident with these factors that represent post-magmatic, mesosulfide and metamorphic
mineralization.

Pollution assessment

Results of chromium and nickel contamination analysis show that basins are polluted with areas
containing mineral potential and known mines (Figurel). The contamination has spread in the Aland section
to the southwest and northwest-southeast of the map. In the central part of the map due to the presence
of quartz, feldspathic and pegmatite dykes due to the abundance of faults in the area and amphibolite,
harzburgite and dunite rocks in lithology as well as Cr, Zn, Pb, Co, Cu, Y, V, Ni and Ga elements. This area
has polymetallic ore deposit due to ophiolitic zone with ultramafic host rock with chromium mineralization
potential. Southwest pollutants are related to the land area. In this area, intrusive masses are diabasic dykes
and its rocks are micro gabbro and pillow lava. There is a spectrum of Zn, Pb, Cu, Co, Cr, Ni and Ba
elements in the area indicating mesosulfide and chromium mineralization. Also, the presence of Koochak
chromium mines 1 and 2 in the contaminated basins may have an important role in the spread of the
contamination. The contaminated basins southeast of the map are located in Qeshlaq area. The rocks in
this area are made of harzburgite and dunite. The spectra of Zn, Pb, Ni, Cr, Co, Sc, Sr, Ba, Y and Ga in this
region have anomalies that may be due to intrusive masses. Several chromium indices have been identified
in this area. As a result, there is a possibility of chromium deposit and probably mineral activity in this area
has played an important role in spreading pollution basins. The Northwest Map contamination is located
in the Ghezel Dash area. This area is located in the ophiolitic zone with ultramafic host rock, which may
be a reason for chromium mineralization. The rocks of this region are amphibolite, harzburgite, and schist
and have intruded through numerous faults of quartz, pegmatite, and feldspar masses and the spectrum
of possible metallic mineralization of Zn, Pb, Cr, Cu, Co, Sc, Ga and Ni. It has a vein. There are several
metallic indices of Aghbashi Copper, Denbaki, Ghezel Dash 1 and 2 and surprises in the area, which may
help mineral activities in this area to spread pollution further. Pollution has also occurred in the Chaldaran
iron mine in Anbar, which may have contributed to the spreading of the contamination by expanding the
access to the external environment. Several contaminated basins are located in the eastern part of the center
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of the map which may be due to the high density of the fault affected by the intrusion of granitic mass
upstream of the area and the presence of low metamorphic limestones and conglomerates as well as the
presence of Zn, Pb, Sr, Y, Ga, Ba, Ni, and Cr elements.

Contamination rate of Cr & Ni
by Risk index

I ov contamination factor
[ ] Moderate contam ination factor
[ considerable contamination factor
Bl vers high contamination factor
A Metal Mine and Metal Index
("% SCB boundary

Figure 1. Composite contamination map of chromium and nickel based on ecological hazard index

CONCLUSIONS

In this study, the heavy metal contamination in stream sediments was investigated. The procedure
was carried out by catchment analysis and extracting the erosion and sedimentation rate of each sample,
through which the amount of contamination was estimated from the extent of contamination potential in
each basin. We also concluded that the elements of chromium and nickel in the regions of active mines such
as Khangah, Koochak chromium 1 and 2 and chaldoran iron ore are highly concentrated. Comparison of
contamination patterns around active mining areas with other metallic indices, which are in the exploration
phases, indicated the negative effect of mineral extraction programs on the spread of metal contamination.
This level of pollution, in addition to environmental degradation, is a threat to the health of the miners and
their host communities, and control measures should be taken to extract these mines. It has been said that
the origin of Cr and Ni contamination is terrestrial, so some human activities such as inorganic activities
have played an important role in spreading this contamination. Therefore, to prevent damage to the host
communities of contamination, the contaminated basins were prioritized by TOPSIS methods for further
studies and treatment of contamination, depending on the amount of sediment and contamination of each
basin. It is recommended that further controlling programs on mining and industrial activities must be
carried out in the recognized catchments.
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