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Introduction

In recent decades, a broad spectrum of environmental pollution issues have arisen as by-products of enhanced and
magnified human activities (Sener ef al., 2023). Heavy metals, due to their strong physiological toxicity and non-
degradability, pose a significant threat to environmental security and the health of humans (Zarei et al., 2023).
Sediments, which are sinks of heavy metals in rivers, continuously discharge these highly toxic elements into surface
waters due to their high metal transfer capacity (Kang ef al., 2023). The ionic nature of heavy metals, mineral
material content and size of particles in sediments, and adsorption intensity of the metals are important characteristics
governing their distribution in sediments (Das et al., 2023). The Sirvan River, where the city of Sanandaj and
surrounding industries are located, has a wealth of urban and industrial wastewater often pouring into the river
without any treatment or exposure to environmental laws (Mashanir Electrical Engineering Services Company,
2018). Metals tend to have diverse physical and chemical properties regarding chemical reactions, toxicity, transport,
and bioavailability. This reinforces the need to conduct chemical fractionation studies to ascertain the source and
nature of bonding between heavy metals and sediments (Kang ef al., 2017). Sequential extraction of sediments,
which was conducted in five successive steps, separates resistant fractions (exchangeable, iron and manganese
oxides, and organic matter), representing the product of anthropogenic metal input, from the resistant fraction
(residual) responsible for the natural presence of metals in the Earth's crust (Zakir et al., 2008). Xue et al. (2023)
analyzed heavy metals Zn, Cu, Cr, Cd, Ni, and Pb in sediments of the Weihe River in China. They identified the
mean concentrations of As, Pb, Zn, Ni, Cr, Hg, Cu, and Cd as 15.42, 27.27, 88.05, 31.05, 75.00, 0.13, 29.47, and
1.05 mg/kg, respectively. Environmental pollution was assessed with the geo-accumulation index. Khalili ef al.
(2020) compared heavy metals within sediments in Haraz River with the Pollution Load Index (PLI) and the Geo-
accumulation Index (Igeo). They concluded that the PLI values in summer were below one, indicating low or no
sediment pollution, and PLI values in winter were above one, indicating sediment pollution in the Haraz River. The

present study was conducted to determine the total, resistant, and non-resistant levels of heavy metals Zn, Cu, Ni, Pb,
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and Cd and to assess pollution indices in sediment samples collected from six stations in the Sirvan River of
Sanandaj in summer and winter of 2023-2024.

Methodology

Sediment sampling was carried out in the Sirvan River (Gavehroud and Qeshlaq branches) at six stations. A sediment
sample was collected from each station by Van Veen grab sampler in this study. In the preparation of the samples,
the sediment samples were freeze-dried using a freeze dryer under a cold condition. The toxic heavy metals Zn, Cu,
Ni, Pb, and Cd were analyzed using the sequential extraction procedure (Tessier et al., 1979). There are five steps in
the Tessier procedure: steps 1 to 3 are the non-resistant fractions, step 4 is the resistant fraction, and step 5 is the total
concentration in the sequential extraction procedure. The metals were analyzed quantitatively by Atomic Absorption
Spectroscopy with flame and graphite furnace systems (D2 Thermo M5, Electron Corporation AA Series Model) in
the Instrumental Analysis Laboratory of the Caspian Sea Ecology Research Institute (APHA, 2017). A control
sample was taken and added to the device along with all samples. Data were normalized through the application of
SPSS software version 18, and analysis of variance (ANOVA) was employed to find the difference in mean metal
content over different seasons. T-test was used to find the comparison between mean metal content in resistant and
non-resistant fractions (Nasiri, 2009). In addition, heavy metal pollution indices in Sanandaj Sirvan River sediments,
including the Miiller Geochemical Accumulation Index (Ig), Contamination Factor (CF), Contamination Degree
(CD), and Pollution Load Index (PLI), were calculated.

Results

The bioavailable fraction is the percentage of heavy metals that, in the most favorable reduction and pH conditions,
can be released and become available to organisms for causing toxicity (Sundaray et al., 2011). Exchangeable
fraction is directly absorbed by aquatic organisms, while the carbonate, reducible, and oxidizable fractions can be
mobilized from sediments during environmental changes such as pH, temperature, redox conditions, and salinity
shifts (Wang et al., 2015; Ma et al., 2016; Huang et al., 2017). Overall, during the summer and winter of the year
(2023-2024), the mean levels of the studied metals in the resistant fraction (natural sources) were higher compared to
the non-resistant fraction (anthropogenic sources). This implies that the sources of heavy metals such as Zn, Cu, Ni,
and Pb are predominantly natural and geochemical with minimal contribution from human activities. Cd level during
summer was higher in resistant fraction (anthropogenic sources) than in resistant fraction (natural sources), while
during winter, it was nearly similar in both fractions. Besides this, the trend of average concentrations in both the
resistant and non-resistant fractions was also identical in all seasons: Zn was more concentrated, and Cd was least
among metals being investigated. I, values for Ni indicated a pollution class of zero, i.e., "unpolluted.". Zn, Cu, and
Pb were assigned to pollution class one, which is an "unpolluted to moderately polluted" status. Cd, however, was
assigned to pollution class four, which is a "heavily polluted" status. The results also revealed that Ni had the lowest
value of Contamination Factor (CF) and Cd had the highest CF value. Similarly, Cd exhibited the highest
Contamination Degree (CD) and the lowest was that of Ni. On the basis of Pollution Load Index (PLI), the total
metal concentration was highest in winter, and the non-resistant metal proportion in summer was lowest. Statistical
comparison by ANOVA revealed a significant difference between the mean total metal concentration in the summer

and winter months (p< 0.05). There was no difference observed in the mean concentrations within stations one to six
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(P>0.05). Further, a statistical difference (p<0.05) was observed between the non-resistant and resistant fractions of
the discussed metals based on the t-test.

Discussion and conclusion

In the current study, sequential extraction method was used to study the natural and anthropogenic sources of
metallic elements Zn, Cu, Ni, Pb, and Cd in the sediments of the Sirvan River. Environmental chemical conditions,
emerging pollutants, and physical parameters are the most important influences on local sediments' heavy metal
pollution (Zhang and Wang, 2020). Analysis of the total concentrations of the non-essential metals Pb and Cd in the
different stations and seasons revealed that Pb registered the maximum mean concentration of the non-essential
metals, particularly during winter. Anthropogenic inputs like boat traffic and urban, industrial, and agricultural
wastewater discharge are primarily responsible for the elevated concentrations of Pb in the sediments (Vieira et al.,
2016). Seasonal analysis of heavy metals during summer and winter sediments of (2023-2024) indicated that,
excluding Cd, the residual fraction of Zn, Cu, Ni and Pb was significantly larger than others. It reflects their source is
mainly natural and geochemical in origin instead of having minimal anthropogenic input. The residual fraction, due
to its silicate complexation, will be environmentally stable under variable conditions and will not be bioavailable to
aquatic life (Moore ef al., 2015). Conventional methods are unable to detect and differentiate this contamination
fraction. Therefore, in order to assess pollution and study the bioavailability of heavy metals to biological systems, it
is not sufficient to strive for measurements on total concentration alone. Based on the indices of contamination,
Contamination Factor (CF), Contamination Degree (CD), and Pollution Load Index (PLI), Sirvan River sediments
are exposed to heavy metal pollution at low to high levels. The I4, indicated that the heavy metals under
investigation ranged from unpolluted to highly polluted conditions. Generally, semi-essential and essential
components (Zn, Cu, and Ni) and non-essential component (Pb) in Sirvan River sediments are not believed to be very
hazardous on average. However, Cd with the highest figures in all the indices and reflecting high human impact in
the region may have deleterious effects on organisms in the study area. From the location of the study area and the
diversity of land uses particularly urban, industrial, and agriculture, it is evident that the region undergoes various
types of pollution, e.g., river sediment pollution with heavy metals. Therefore, efficient prevention, control, and
reduction management plans for heavy metal contamination of sediments must be carried out. Estimation of the level
of pollution of agricultural lands around the Sirvan River, nearby industries, and urban sewage networks will be
helpful in avoiding the entry of heavy metals into the food chain and reducing the level of contamination in these
areas. Generally, the Sirvan River sediments are not critical regarding heavy metal pollution by Zn, Cu, Ni, and Pb.
However, the high values of Cd's Contamination Degree (13.35) and Contamination Factor (20.60) indicate a
significant role of human activity in contaminating and accumulating the metal in regional sediments.
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Table 1: Location of sampling stations in the Sirvan River-Sanandaj catchment area

Station No. Station name Geographic coordinates
| Upstream of Qeshlaq 35°22'36" N
(before the treatment plant, under the bridge) 47°01"12"E
2 Qeshlaq River Branch - 35° 16/ 22" N
(before the treatment plant — near the airport) 47°26' 19" E
3 Qeshlaq River Branch 35°12'12" N
(downstream of the treatment plant) 46°59'33" E
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(3 km downstream of the previous station) 46° 53" 59" E
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Figure 1: Locations of sampling stations along the Sirvan River in Sanandaj (2023-2024)
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Table 2: Classification of sediment quality based on
geo-accumulation index

Pollution

Pollution status Igeo values
class
Unpolluted 0 <0
Unpolluted to 1 0-1
moderately polluted
moderate pollution 2 1-2
Moderate to high 3 2-3
pollution
high pollution 4 3-4
Highly to strongly 5 4-5
polluted
strongly polluted 6 >5
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Figure 2: Comparison of changes in the mean total concentration of Zn (mg/kg) + SE in the sediments of various
stations along the Sirvan River during the summer and winter seasons of 2023-2024
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Figure 4: Comparison of changes in the mean total
concentration of Ni (mg/kg) + SE in the sediments of

various stations along the Sirvan River during the
summer and winter seasons of 2023-2024
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Figure 3: Comparison of changes in the mean total

concentration of Cu (mg/kg) = SE in the sediments of
various stations along the Sirvan River during the summer

and winter seasons of 2023-2024
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Figure 6: Comparison of changes in the mean total
concentration of Cd (mg/kg) + SE in the sediments of

various stations along the Sirvan River during the
summer and winter seasons of 2023-2024
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Figure 8: Seasonal comparison of Cu concentration
changes (mg/kg) in Resistant Fraction (natural sources)
and Non-Resistant Fraction (anthropogenic sources)

sections across various stations during the summer and
winter seasons of 2023-2024
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Figure 5: Comparison of changes in the mean total
concentration of Pb (mg/kg) £+ SE in the sediments of

various stations along the Sirvan River during the summer

and winter seasons of 2023-2024
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Figure 7: Seasonal comparison of Zn concentration
changes (mg/kg) in Resistant Fraction (natural sources)
and Non-Resistant Fraction (anthropogenic sources)

sections across various stations during the summer and
winter seasons of 2023-2024
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Figure 10: Seasonal comparison of Pb concentration
changes (mg/kg) in Resistant Fraction (natural sources)
and Non-Resistant Fraction (anthropogenic sources)

sections across various stations during the summer and
winter seasons of 2023-2024
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Figure 9: Seasonal comparison of Ni concentration
changes (mg/kg) in Resistant Fraction (natural sources)
and Non-Resistant Fraction (anthropogenic sources)

sections across various stations during the summer and
winter seasons of 2023-2024
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Figure 11: Seasonal comparison of Cd concentration changes (mg/kg) in Resistant Fraction (natural sources) and

Non-Resistant Fraction (anthropogenic sources) sections across various stations during the summer and winter
seasons of 2023-2024
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Table 4: Reference values of heavy metals in sediments from different regions (ug/g)

Zn Cu Ni Pb Cd Reference
Earth's crust 67 39 55 17 0.10 Muller, 1969
Earth's crust 75 50 80 14 0.11 McLennan et al., 1979
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Table 5: Igeo values of heavy metals in the sediments of the Sirvan River during the summer and winter seasons of

2023-2024
Season part Zn Igeo Cu Igeu Ni Igeu Pb Igeu Cd Igeo
Non-resistant 7.880- 5.817- 6.378- 10.146- 7.313-
S‘;(‘)‘ger Resistant 1.771- 2.291- 2.283- 1.184- 0.310-
Total concentration 1.487- 2.009- 1.872- 0.454- 3.025
Non-resistan 1.611- 2.208- 3.188- 2.007- 2.220
Winter
2024 Resistant 0.083 0.230- 0.688- 0.172- 3.253
Total concentration 0.667 0.048 0.541 0.297 2.120
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Table 6: Contamination Factor (CF), Pollution Degree (CD), and Pollution Load Index (PLI) values for five heavy
metals in the sediments

Zn Cu Ni Pb Cd

Season Part CF CF CF CF CF PLI
Non-resistant 0.0005 0.002 0.001 0.00007 0.0006 0.0005

Summer Resistant 0.244 0.098 0.100 0.557 0.733 0.250

2023 Total concentration 0.324 0.130 0.150 1.156 20.600 0.684

Winter Non-resistant 0.286 0.107 0.040 0.244 2.220 0.231

2024 Resistant 1.560 0.774 0.493 1.533 3.253 0.263

Total concentration 2.797 1.023 0.571 2.452 8.333 2.016

Contamination Degree 5.211 2.134 1.355 5.942 35.139
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Table 7: Canadian environmental quality guidelines for sediments (ANZECC, 2000) expressed (ppm)

ANZECC (2000)

Heavy Metals
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Table 8: Comparison of total sediment concentration values in the Sirvan River during the summer and winter
seasons of the present study with other studies and the global average (mg/kg)

Present Present
study study Mashlak

Heztivly (winter (summer River
metals 2024) 2023) (2021)

Zn 145.83 5.70 48.32

Cu 41.41 0.84 13.64

Ni 35.00 0.68 18.72

Pb 2433 1.19 9.40

Cd 1.25 0.00004 -

Tajan Maharlou Ghﬁ;r;::od Global average
River River (2016) Kabata-Pendias
(2020) (2019) and Pendias (2001)
50.00 58.10 6.04 60
18.00 51.30 - 35.7
3342 104.90 0.36 17.80
17.88 8.00 0.90 25

- 0.10 0.03 9.53
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Table 9: Comparison of average heavy metal concentrations in the present study with those in the sediments of
selected rivers worldwide (mg/kg)

W'elhe Indus Ereniku Lijiang Kabul Global average
Heavy Present River . . s . .
metals study Basin, Rl\.fer, River, Rlv.er, Rl\.fer, Kabata-!’endlas and
China Pakistan Kosovo China Pakistan Pendias (2001)
Zn 75.76 88.05 - 157 129.33 94.7 60
Cu 21.13 29.47 71.7 70.6 31.72 - 35.7
Ni 17.84 31.05 128 3554 22.95 86.3 17.80
Pb 12.77 27.27 473 14.8 42.8 29.4 25
Cd 0.75 1.00 1.41 - 0.97 3.8 9.53
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