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This study investigated heavy metal contamination in the sediments of the
Dez River and analyzes related environmental indices and
physicochemical parameters. For this purpose, 25 sediment samples were
collected from a limited area of the Dez River, spanning from Cham
Golak to Ziba Shahr in Dezful, and analyzed. The results indicated that
the pH range of the sediments was between 7.23 and 8.05, with little effect
on the concentration of heavy metals. Additionally, the organic matter
content in the sediments ranged from 0.28% to 2.54%, with the highest
values observed at upstream stations, likely due to the influence of urban
sewage, agricultural runoff, and industrial activities. A comparison of the
heavy metal concentrations in the sediments with the Earth's crust values
showed that the concentrations of arsenic (1.1 mg/kg), bismuth (0.65
mg/kg), and copper (27.92 mg/kg) were higher than typical concentrations
in the Earth's crust, while chromium and lead had lower concentrations
than the global average. Statistical analyses, including Pearson's
correlation coefficient, revealed a significant positive correlation (r =
0.786) between chromium and nickel, suggesting a common
hydrocarbon-based source for these two elements. Cluster analysis further
indicated that stations with lower pollution, located downstream of the
river with higher flow rates, were grouped separately. The results of this
study highlight the varied impacts of pollutant sources on the
concentration of heavy metals in the sediments of the Dez River. While
some metals like copper and arsenic have significantly increased in the
area, others like lead and chromium have lower concentrations compared
to global averages. This could be due to the complex combination of
pollutant sources, including agricultural, industrial, and urban activities.
These findings suggest the influence of diverse pollution sources,
including agricultural, industrial, and urban wastewater, on the heavy
metal concentrations in the Dez River sediments.
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Extended Abstract

Introduction

Water and sediment quality in aquatic
ecosystems are critical indicators of
environmental health. The accumulation of
heavy metals in sediments, influenced by
various natural and anthropogenic factors,
poses significant threats to aquatic organisms
and human health. This study investigates the
sediment quality in the Dez River region,
focusing on the concentration of heavy metals,
organic materials, pH, and their potential
environmental impacts.

Materials and Methods

The study was conducted in the Dez River
basin, where sediment samples were collected
from various stations along the river. The
concentrations of heavy metals, including
arsenic, bismuth, copper, chromium, lead, and
nickel, were analyzed wusing standard
laboratory techniques. Additionally, the
physical and chemical properties of the
sediments, such as pH, organic materials, and
electrical conductivity (EC), were measured.
The study employed various environmental
indices to evaluate contamination levels,
including enrichment factors (EF),
geoaccumulation  index  (Igeo), and
contamination factors (CF).

Results

The pH levels in the sediment samples ranged
from 7.23 to 8.05, indicating only minimal
variation. This stable pH range did not
significantly influence the concentration of
heavy metals, as evidenced by the lack of
strong correlations between pH and metal
concentrations. However, the alkaline nature
of the sediment may help limit the mobility of
certain metals like nickel and copper.

The organic material content in the sediments
ranged from 0.28% to 2.54%. The lowest
levels were found at stations 4, 21, and 22,
while the highest values were at stations 11,
13, and 14. The presence of high organic
material is attributed to urban and agricultural
wastewater, as well as the potential influence
of fish farming practices upstream, as
indicated by studies on wastewater and
agricultural runoff.

The study found that the concentrations of
arsenic, bismuth, and copper were above the
Earth's crust average, suggesting significant
contamination, likely from agricultural

chemicals and industrial runoff. Arsenic
concentrations (10.1 mg/kg) were notably
high, likely due to the use of pesticides and
fertilizers containing arsenic. Bismuth levels
(0.65 mg/kg) were also elevated, pointing to
industrial activities such as mining and waste
disposal as possible sources of contamination.
In contrast, chromium, lead, and nickel
concentrations were lower than the Earth's
crust averages, with chromium likely
originating from natural geological processes
such as rock erosion.

The EF values showed that nickel and copper
had minimal enrichment (EF<2), indicating
low contamination. However, arsenic
exhibited severe enrichment (EF=40-20),
suggesting significant pollution. Bismuth had
extremely  high enrichment (EF>40),
indicating intensive contamination. Lead and
chromium showed moderate enrichment,
confirming the presence of moderate pollution
due to anthropogenic activities.

The Igeo values indicated that arsenic and
bismuth fell into the “moderately to heavily
polluted” category, while the other metals,
such as copper, nickel, and chromium, showed
lower levels of pollution. Bismuth, with an
Igeo value of 3.33, was classified as highly
polluted, indicating significant anthropogenic
impacts. Arsenic's Igeo of 3.97 also suggested
severe contamination at certain sampling
sites, particularly in areas where agricultural
runoff was prevalent.

Bismuth and arsenic were found to be in the
“very high contamination” category (CF>6),
indicating extreme pollution. The
contamination factor for metals like copper,
lead, and chromium was lower, suggesting
less significant pollution. The highest CF
values for arsenic and bismuth were observed
at stations 4, 6, and 8, which are located near
agricultural and industrial zones.

Correlation analysis showed no significant
relationships between the concentrations of
heaviest metals, except for a strong positive
correlation between chromium and nickel
(r=0.786, p<0.01). This correlation suggests a
shared hydrocarbon source for these metals,
likely stemming from industrial activities.
Additionally, the pH exhibited a negative
correlation with organic material content and
EC, suggesting that higher pH values lead to
lower organic material degradation and
reduced conductivity.
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Discussion

The findings highlight the significant impact
of industrial and agricultural activities on the
sediment quality of the Dez River. Elevated
levels of arsenic and bismuth, primarily linked
to agricultural runoff and industrial effluents,
suggest that these metals are of primary
concern. Despite the relatively stable pH and
moderate organic material content, the
contamination levels, particularly for bismuth
and arsenic, indicate the pressing need for
pollution control measures. The lack of
significant correlations between pH and metal
concentrations suggests that while pH
influences metal mobility, it does not solely
dictate their concentration in the sediments.
Furthermore, the correlation between
chromium and nickel supports the hypothesis
that these metals share common industrial
sources.

Conclusion

This study underscores the significance of
monitoring heavy metal contamination in
river sediments, particularly in regions
affected by agricultural runoff and industrial
activities. The elevated concentrations of
arsenic, bismuth, and copper, coupled with the
high pollution indices, indicate that these
metals pose a significant environmental risk.
Further research is needed to assess the long-
term impacts of this contamination on aquatic
ecosystems and human health, as well as to
develop mitigation strategies for reducing
heavy metal pollution in the Dez River.
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Table 2. Contamination factor classification of heavy metals
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Fig. 4. Bar charts of enrichment factors
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Fig. 5. Bar charts of geoaccumulation index
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Fig. 6. Bar charts of contamination factors
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Table 3. The content of heavy metals and physiochemical parameters in the sediment samples
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Table 4. Enrichment factor of sediment samples
Bl | Soiwy | Ggommnn | oS | e | o | S

P-1 15.55 68.40 2.37 1.04 1.11 1.84
P-2 7.85 49.00 2.50 0.79 2.10 1.98
P-3 14.72 46.30 2.61 0.92 1.05 2.07
P-4 104.97 56.20 3.10 1.03 0.64 1.74
P-5 8.37 41.30 2.84 1.19 0.94 1.77
P-6 63.02 52.20 2.65 0.88 1.12 1.89
P-7 39.37 42.20 2.60 0.86 1.44 2.06
P-8 11.85 48.30 3.55 0.86 0.84 1.83
P-9 14.35 62.50 3.85 1.35 0.71 1.81
P-10 11.98 27.50 2.35 0.63 0.94 1.85
P-11 18.22 33.50 2.84 0.72 1.14 2.31
P-12 36.09 62.98 2.92 0.87 1.19 1.93
P-13 37.37 40.67 2.70 0.78 1.43 1.84
P-14 10.93 36.62 3.36 0.73 4.60 2.52
P-15 5.79 38.39 2.31 0.68 1.50 1.84
P-16 7.83 37.10 2.49 0.74 1.01 1.86
P-17 10.48 77.06 2.49 1.10 | 29.72 1.84
P-18 9.57 52.35 2.33 0.82 5.12 1.84
P-19 8.67 31.90 1.99 1.76 2.18 1.94
P-20 8.16 38.84 2.63 0.82 1.14 2.06
P-21 12.64 34.37 3.40 0.96 0.39 2.16
P-22 40.28 89.02 2.99 1.22 0.43 2.13
P-23 26.58 52.87 391 0.79 1.29 2.22
P-24 29.45 43.15 3.10 0.75 0.98 2.07
P-25 16.78 29.97 2.39 0.74 1.37 1.88
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Table 5. Igeo index

ol | Syl | gy | oS o e | S
P-1 1.42 3.49 -1.30 -2.48 -2.40 -0.5
P-2 1.13 3.49 -0.82 -2.48 -1.07 -0.35
P-3 1.42 3.07 -1.08 -2.59 -2.40 -0.43
P-4 3.97 3.07 -1.12 2,71 -3.40 -0.59
P-5 0.76 3.07 -0.81 -2.07 -2.40 -0.45
P-6 3.74 3.49 -0.84 -2.43 -2.08 -0.40
P-7 3.19 3.29 -0.74 -2.33 -1.59 -0.32
P-8 1.04 3.07 -0.71 -2.85 -2.82 -0.50
P-9 0.94 3.07 -0.97 -2.48 -3.40 -0.62

P-10 1.60 2.81 -0.76 | -2.65 -2.08 -0.33

P-11 2.19 3.07 -0.50 | -2.48 -1.81 -0.24

P-12 3.20 3.66 -0.79 | -2.54 -2.08 -0.42

P-13 3.17 3.29 -0.63 | -2.43 -1.81 -0.35

P-14 1.32 3.07 -0.38 | -2.59 -0.07 -0.24

P-15 0.55 3.29 -0.77 | -2.54 -1.40 | -0.33

P-16 0.55 2.81 -1.10 | -2.85 -2.40 | -0.46

P-17 0.60 3.49 -1.48 | -2.65 2.11 -0.57

P-18 0.83 3.29 -1.21 -2.71 -0.07 -0.47

P-19 1.18 3.07 -0.95 -1.12 -0.81 -0.29

P-20 1.04 3.29 -0.60 | -2.18 -1.81 -0.29

P-21 1.62 3.07 -0.28 | -2.11 -3.40 0.28

P-22 2.14 3.29 -1.62 | -2.92 -4.41 -0.63

P-23 2.30 3.29 -048 | -2.78 -2.08 -0.39

P-24 2.52 3.07 -0.74 | -2.78 -2.40 | -0.40

P-25 2.23 3.07 -0.59 2.78 -1.40 | -0.28

gy Baiga 0 (SS9 o L 5 Sy
Table 6. contamination factor of sediment samples

Bl | Syl | e | )8 o @y S5
P-1 4 16.66 0.61 0.27 0.04 0.47
P-2 3.26 16.66 0.85 0.27 0.10 0.67
P-3 4 12.50 0.71 0.25 0.04 0.56
P-4 23.33 12.50 0.69 0.23 0.02 0.38
P-5 2.53 12.50 0.86 0.36 0.04 0.53

P-6 19.93 | 16.66 0.84 0.28 0.05 0.60

P-7 13.60 | 14.58 0.09 0.30 0.07 0.71

P-8 3.06 12.50 0.92 0.21 0.03 0.47

P-9 2.86 12.50 0.77 0.27 0.02 0.36

P-10 4.53 10.41 0.89 0.24 0.05 0.70

P-11 6.80 12.50 1.06 0.27 0.06 0.86

P-12 13.66 | 18.75 0.87 0.26 0.05 0.57

P-13 13.40 | 14.58 0.97 0.28 0.06 0.66

P-14 6.73 12.50 1.15 0.25 0.22 0.86

P-15 2.20 14.58 0.88 0.26 0.08 0.70

P-16 1.50 10.41 0.70 0.21 0.04 0.52

P-17 2.66 16.66 0.54 0.24 0.90 0.40

P-18 2.60 14.58 0.65 0.23 0.20 0.51

P-19 3.40 12.50 0.78 0.69 0.12 0.76

P-20 3.06 14.58 0.99 0.31 0.06 0.77

P-21 4.60 12.50 1.24 0.35 0.02 0.78

P-22 6.60 14.58 0.49 0.20 0.01 0.35

P-23 7.33 14.58 1.08 0.22 0.05 0.61

P-24 8.53 12.50 0.90 0.22 0.04 0.60

P-25 7 12.50 1.00 0.31 0.08 0.78
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Table 7. Correlation matrix of parameters of sediment samples

EC pH Slolse | Syl | Sgonny o5 o o | S
EC 1
0
pH -0.771™ 1
0.000 0
Sl olge 0.404 -0.617" 1
0.045 0.001 0
S| 0.140 0.101 0.072 1
0.504 0.630 0.733 0
Ogomss -0.111 -0.108 0.214 -0.144 1
0.597 0.607 0.304 0.491 0
oS -0.120 0.069 0.375 0.020 0.012 1
0.567 0.744 0.065 0.923 0.955 0
e -0.331 0.301 -0.191 -0.116 | -0.049 0.122 1
0.106 0.143 0.361 0.581 0.815 0.583 0
o 0.034 -0.186 -0.014 -0.226 0.001 -0.295 | -0.029 1
0.872 0.373 0.948 278 0.995 0.152 0.892 0
Jss -0.192 0.090 0.462" -0.097 0.107 0.786™ | 0.381 | -0.151 1
0.375 0.090 0.020 0.644 0.610 0 0.061 0.471 0
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Table 8. heavy metals of sediment samples compared to crust
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