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The purpose of the present study was to assess the concentration of Cd, As,
Cu, and Zn metals in water and sediments of rivers in the west of
Mazandaran province, Iran. The number of water and sediment samples was
36 taken from four stations from April 2019 to March 2020 and analyzed
with three replicates. Mean values of total environmental factors at the four
stations during winter and summer seasons were as T=11.21-16.46 °C,
salinity=3.58-6.47 g¢/l, pH=5.42-5.92, TDS=3.52-6.25 ¢/l, electrical
conductivity=6.27-11.12 pumho/cm, nitrite=0.01-0.03 mg/I, and nitrate=1.37-
3 mg/l respectively. The quality of environmental factors was found within
the normal range for water quality in Iran for different types of land use:
agricultural, industrial, recreational, and hot-and cold-water fish farming.
Mean values of total adsorption of cadmium, arsenic, copper, and zinc were
0.25, 0.77, 11.44, and 11.02 mg/l respectively in water samples, and 0.2,
3.83, 20.91, and 59.27 pg/g in sediment samples. The adsorption of all
metals was higher at the beginning of the cultivation season compared with
the non-cultivation season both in water and sediment samples. Safarood
river was the most polluted of all rivers. The concentration of metals was
higher than the permissible limit in water, but lower in sediments (except for
copper and arsenic) in all four rivers.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

decline in the biological activity of organisms
and in some cases as a severe loss of aquatic life.

The rapid progress of urban planning and human
activities such as industry, agriculture, and
mining increase the contamination of aquatic
ecosystems, especially rivers and lakes. Of these,
heavy metals are the biggest threat which pour
into lakes and oceans through contaminated
waters. As the contamination enters the
ecosystem, its effects can be observed as a severe
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Metal contamination in the water system is
usually dissolved in water and remains
suspended until eventual sedimentation or
adsorption by living organisms. Studies show
that heavy metal contamination negatively
impacts the physiology, nutrition, growth,
reproduction, and migration of living organisms.
It also reduces the diversity of marine species,
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leading to the consumption of contaminated
seafood and endangering the lives of living
organisms.

Environmental assessment and monitoring are
required to determine the source and
concentration of pollutants in  aquatic
environments. Water, sediments, and marine
organisms are analyzed to determine the level of
contamination. It is very important to calculate
the level of heavy metal adsorption for the
general health of the population and the
protection of the marine environment. The
present study aims to investigate the level of
adsorption of heavy metals in water and
sediments in the two seasons of growing and
non-growing agricultural lands. The guidelines
of the US National Oceanic and Atmospheric
Administration (NOAA) and the Canadian
Interim Sediment Quality Guidelines (1ISQGS)
were used to investigate the level of
contamination in sediments and compare them
with Iranian and global standards.

Materials and Methods

Regular sampling continued for one year from
spring to winter in 2019, in two seasons of
growing (summer) and non-growing (winter) of
agricultural crops near the four rivers of Safarud,
Shirud, Kazemrud, and Sardabrud in the cities of
Ramsar, Tonekabon, Abbasabad, and Chalous in
western Mazandaran Province in northern Iran.
The seven factors of salinity, temperature,
soluble materials, electrical conductivity, pH,
nitrite (NO.), and nitrate (NO3s) were measured
in each study station. The levels of cadmium,
arsenic, copper, and zinc in the sediments and
water were determined at each station by induced
coupled plasma optical spectroscopy (ICP-OES),
and the final concentrations of elements were
reported in mg/kg drywt. The contamination
index, geoaccumulation index, ecological risk,
enrichment factor, and the potential ecological
risk factors for all the metals were calculated.
The level of contamination for all metals was
also calculated.

Table 1 Results of the main indicators of metal pollution in the sediments of the studied rivers and determining
the level of pollution

River Cd As Cu Zn Pollution status
i Safaroud River 0.66 0.41 0.72 0.73 Low pollution
8 o Shiroud River 0.66 0.37 0.33 0.59 Low pollution
S = Kazemroud River 0.66 0.24 0.43 0.59 Low pollution
35 Sardabroud River 0.66 0.15 0.35 0.57 Low pollution
@ = Cultivation 0.83 0.45 0.50 0.63 Low pollution
Non-cultivation 0.50 0.13 0.42 0.61 Uninfected
o Safaroud River -121 -2.83 -1.05 -1.04 Uninfected
@ § Shiroud River -1.21 -2.6 -2.2 -1.34 Uninfected
S 3 § Kazemroud River -1.21 -2.86 -1.85 -1.35 Uninfected
S §& Sardabroud River 121 -371 -2.08 -1.38 Uninfected
g' Cultivation -0.85 -1.98 -1.59 -1.24 Uninfected
Non-cultivation -1.58 -4.02 -2 -1.32 Uninfected
Safaroud River 20 4.12 3.64 0.73 Low risk
=. M  Shiroud River 20 3.73 1.67 0.59 Low risk
= % Kazemroud River 20 241 2.18 0.59 Low risk
§ % Sardabroud River 20 1.53 1.79 0.57 Low risk
X 2 Cultivation 25 4.55 2.54 0.63 Low risk
Non-cultivation 15 1.35 2.09 0.63 Low enrichment
Safaroud River 1 2.97 0.59 0.92 Low enrichment
0@ Shiroud River 1 2.69 0.27 0.75 Low enrichment
3 § Kazemroud River 1 174 0.35 0.75 Low enrichment
£ 3 Sardabroud River 1 1.10 0.29 0.73 Low enrichment
3 Cultivation 1.25 3.28 0.41 0.80 Low enrichment
Non-cultivation 0.75 0.97 0.34 0.77 Low enrichment
z Safaroud River 0.66 0.41 0.72 0.73 Non-toxicity
§ @ Shiroud River 0.66 0.37 0.33 0.59 Non-toxicity
% = Kazemroud River 0.66 0.24 0.43 0.59 Non-toxicity
3 = Sardabroud River 0.66 0.15 0.35 0.57 Non-toxicity
2 2 Cultivation 0.83 0.45 0.50 0.63 Non-toxicity
< Non-cultivation 0.50 0.13 0.42 0.61 Non-toxicity
Pollution rate index (Cd) Low pollution  Low pollution  Low pollution  Low pollution
Modified  Pollution  Index
(mCd) very low very low very low very low
Environmental Risk Index (RI)  Low risk Low risk Low risk Low risk
Total Toxicity Index (TU >) Non-toxicity Non-toxicity Non-toxicity Non-toxicity

Environment and Water Engineering

ol owiige 3 S jlasore

Vol. 8, No. 2, 2022

\f’\ ULMMJL Y o)Lo.{:: A o)jb


bshahmorady@gmail.com
Typewritten text
334


YYo

Evaluation of Heavy Metals in River Estury

Results

Cd, As, Cu, and Zn had low levels of
contamination. All four rivers also had low levels
of contamination. All four river mouths were
uncontaminated in terms of the level of
geoaccumulation for all the metals. In terms of
ecological risks, our findings revealed low levels
of threat to the environment by all the toxic and
non-toxic metals. As for enrichment factors, our
findings showed no enrichment for all toxic and
non-toxic metals (Table 1). The toxicity of all
metals in rivers was less than 1 during the
growing and non-growing seasons. The total

toxicity level for all metals was less than 4,
which indicates no toxicity in the rivers of
western Mazandaran. In fact, these metals are
naturally present in the soil, but agricultural
activities and chemical fertilizers have led to the
increasing accumulation of these metals in the
sediment. In general, metals with enrichment
power greater than 1 indicate the role of
anthropogenic activities in the enrichment of
these elements in the topsoil. Table (2) shows the
results of the Pearson correlation to determine
the relationship between environmental factors
and the absorption of heavy elements.

Table 2 Results of Pearson correlation to determine the relationship between environmental factors
and the absorption of heavy elements

Temperature  Salinity pH TDS Ec Nitrite Nitrate
Temperature 1
Salinity 0.083 1
pH -0.404™ 0.205 1
TDS 0.075 0.999™ 0.205 1
EC 0.078 0.999™ 0.205 0.999™ 1
Nitrite -0.427 -0.095 0.039 -0.096 -0.089 1
Nitrate -0.505™ -0.723™  -0.029 -0.721™  -0.724™  0.317" 1
Water (Cd) 0.493™ 0.315™ -0.013 0.310™ 0.306™ -0.251" -0.289"
Water (As) 0.611™ 0.102 -0.395™  0.102 0.110 -0.280" -0.504™
Water (Cu) 0.656™ 0.484™ -0.041 0.474™ 0.473™ -0.300" -0.534™
Water (Zn) 0.703™ 0.424™ -0.269" 0.418™ 0.421™ -0.228 -0.564™
Sediment (Cd) 0.882™ 0.315™ -0.453™  0.309™ 0.312™ -0.399"™  -0.630™
Sediment (As) 0.287" 0.486™ -0.300" 0.487™ 0.486™ -0.276" -0.544™
Sediment (Cu) 0.246" 0.078 -0.205 0.081 0.080 0.142 -0.077
Sediment (Zn) 0.082 0.134 -0.075 0.138 0.138 0.251" -0.075

NS) Not significant. p<0.01 **) Significant is 0.01 level. *) Significant is 0.05 level

Conclusions

The levels of heavy metals accumulation in the
water were found to be higher than permissible
levels according to global and Iranian standards.
Only Cd, and As accumulation in the sediments
was over the limit during the growing season.
The adsorption of all metals increases in water
and sediments with the onset of summer and the
beginning of the growing season. Cd and Zn had
the lowest and highest levels of adsorption in
water and sediments, respectively. A major share
of contaminating factors in the rivers studied
pertain to land usage change in the river banks,
direct discharge of residential, industrial, and
recreational centers’ waste and sewage, asphalt
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factories, excessive sand production, effluent
from fish and livestock farms, urban and rural
sewage and runoffs, dry waste production by the
tourism industry, and excessive use of
agricultural fertilizers and pesticides.

Data Availability

Most of the data used in this research are
presented in the paper. Data can be sent by the
corresponding author through email upon
request.
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Table 1 Physical and chemical parameters of water between the stations during cultivated and non-cultivated

seasons
Season  River Name  Temperature Salinity pH TDS EC Nitrite Nitrate
°C g/l g/l pmho/cm mg/I mg/I
> Safaroud 11.35+0.35 3.29+4.65 5.83+0.56 3.28+4.58  5.92+8.20 0.06+£0.02  3.70+1.61
§ 8 Shiroud 11.1940.25 6.86£2.05 5.91+0.50 6.83x1.79 12.02+3.22 0.03+0.01 2.55%1.14
& g Kazemroud 11.22+0.21 3.54+5.04 6.05+0.44 3.37x4.77 5.93+8.34 0.01+0.003 2451
§ g Sardabroud 11.09+0.18  0.62+0.59 5.89+0.53 0.16+0.57 1.22+1.15 0.04+0.008  4.23+0.26
S 5 Total 11.21+0.25 3.58+4.1 5.92+0.49 3.52+3.98 6.27+7.01 0.03+0.02 3+0.28
> Min-Max 10.8-11.80 0.10-1.50 5.16-7.05 0.18-9.80 0.3-17.10 0.01-0.10 0.94-4.65
Safaroud 14.92+1.16 9.81+1.19 5.33+0.56 9.52+1.13 16.78+1.80 0.01+0.008 1.52+0.29
- O ©  Shiroud 15.07+£0.47 8.14+£3.02 5.41+550 7.93+2.86 14.16+4.92 0.03+0.03  0.60£0.28
§ % § Kazemroud 19.38+1 3.85#541 5.55+0.44 3.70+5.18 6.53+9.02  0.005+0.003 1.52+0.68
S 3 & Sardabroud 16.45+0.61  4.08+5.21 5.39+0.53 3.83+4.85 7.01+8.70 0.02+0.03  1.84+1.04
=~ S Total 16.46£1.99 6.47+4.70 5.42+0.49 6.25¥451 11.12+7.91 0.01+0.02 1.37+0.78
Min-Max 13-2.50 0.1-11.40 4.69-6.76 0.2-11.10 0.3-19.2 0-0.1 0.94-4.5
> Safaroud 13.13+2.01 6.55+4.70 5.58+0.60 6.40+4.56 11.35+8 0.36+£0.031  2.29+1.38
o S Shiroud 12.13+2.03 7.50+2.59 5.66+0.55 7.38+2.38 13.09+4.18 0.32£0.028 1.57+£1.29
3 Kazemroud 15.30+4.26 3.69+5.08 5.80+0.50 3.53+4.84 6.23£7.43  0.009+0.004 1.99+0.96
Sardabroud 13.77£2.79 2.35%4.01 5.64+0.57 2.22+3.74 4.12+6.72  0.032+0.025 3.04%1.4
leferent *%x * **% * * *%x **k
. Rivers
Slg leferent ** ** ** ** ** ** **
Seasons
NS) Not significant. p<0.01 **) Significant is 0.01 level. *) Significant is 0.05 level
M/l csS e g e Jgad b Sldllas olKiws! oo o jo puSiw Sl3ls =Y Jgo

Table 2 Heavy metals in water between stations during cultivation and non—cultlvatlon seasons (mg/l)

Stations Cd As Cu Zn
Safaroud River 0.13+0.14 0.50+0.50 8+10.30 9+10.34
Shiroud River 0.13+0.13 1.17+1.43 10.99+13.45 13.08+15.22
Kazemroud River 0.61+1.12 0.47+0.48 16.31+24.12 12.96+19.25
Sardabroud River 0.15+0.15 0.95+1.09 10.46+13.69 9.76+11.06
Sig *% * *% *
Cultivation 0.51+0.77 1.54+0.89 22.87+16.22 22.37+12.43
Non-cultivation 0.003+0.0 0.15+0.0 0.01+0.0 0.03+0.07
Sig *% *% *% *%
Average 0.25 0.77 11.44 11.02

NS) Not significant. p<0.01 **) Significant is 0.01 level. *) Significant is 0.05 level

5 9g,0blS womd wyylhe oKyl jo sgesls LS
.)93 LAY “‘g/g 9 "/\V "/\q "/Y' WJ)JJ.J 05).51.)}“:
Wy, lho o] Ho Sl 3B Gax e (P<:/40)
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Table 3 Heavy metals in sediments between stations during cultivated and non-cultlvated seasons (19/g)

Cd As Cu Zn
Safaroud River 0.20+0.05 5.35+4.75 32.81+4.06 69.49+7.39
Shiroud River 0.19+0.05 4.85+3.32 15.09+3.49 56.36+7.52
Kazemroud River 0.17+0.05 3.144+1.75 19.63+6.35 56.33+9.33
Sardabroud River 0.15+0.05 1.99+1.41 16.11+2.67 54.75+3.89
Sig NS *% * *%
Cultivation 0.25+0.77 5.91+3.26 22.9345.15 60.48+6.26
Non-cultivation 0.15+0.0 1.75+1.73 18.90+10.25 57.98+11.58
Sig NS *% *% *%
Average 0.2 3.83 20.91 59.23

NS) Not significant. p<0.01 **) Significant is 0.01 level. *) Significant is 0.05 level

S3gl hans (0903 (st g anlllaed jge sladilssg, Slgw jo Sl3ls  Sogll Lol sla asls mbs -F Jsax
Table 4 Results of the main indicators of metal pollution in the sediments of the studied rivers and determining
the level of pollution

River Cd As Cu Zn Pollution status
i Safaroud River 0.66 0.41 0.72 0.73 Low pollution
8 o Shiroud River 0.66 0.37 0.33 0.59 Low pollution
S = Kazemroud River 0.66 0.24 0.43 0.59 Low pollution
35 Sardabroud River 0.66 0.15 0.35 0.57 Low pollution
Il Cultivation 0.83 0.45 0.50 0.63 Low pollution
Non-cultivation 0.50 0.13 0.42 0.61 Uninfected
o Safaroud River -121 -2.83 -1.05 -1.04 Uninfected
@ § Shiroud River -1.21 -26 -22 -1.34 Uninfected
S 3 § Kazemroud River -1.21 -2.86 -1.85 -1.35 Uninfected
S §& Sardabroud River 121 -371 -2.08 -1.38 Uninfected
§' Cultivation -0.85 -1.98 -1.59 -1.24 Uninfected
Non-cultivation -1.58 -4.02 -2 -1.32 Uninfected
Safaroud River 20 4.12 3.64 0.73 Low risk
=. M  Shiroud River 20 3.73 1.67 0.59 Low risk
= g Kazemroud River 20 241 2.18 0.59 Low risk
§ % Sardabroud River 20 1.53 1.79 0.57 Low risk
X 2 Cultivation 25 4.55 2.54 0.63 Low risk
Non-cultivation 15 1.35 2.09 0.63 Low enrichment
Safaroud River 1 297 0.59 0.92 Low enrichment
O Shiroud River 1 2.69 0.27 0.75 Low enrichment
3 § Kazemroud River 1 1.74 0.35 0.75 Low enrichment
® 3 Sardabroud River 1 1.10 0.29 0.73 Low enrichment
3 Cultivation 1.25 3.28 0.41 0.80 Low enrichment
Non-cultivation 0.75 0.97 0.34 0.77 Low enrichment
z Safaroud River 0.66 0.41 0.72 0.73 Non-toxicity
§ @ Shiroud River 0.66 0.37 0.33 0.59 Non-toxicity
% = Kazemroud River 0.66 0.24 0.43 0.59 Non-toxicity
3 = Sardabroud River 0.66 0.15 0.35 0.57 Non-toxicity
2 2 Cultivation 0.83 0.45 0.50 0.63 Non-toxicity
< Non-cultivation 0.50 0.13 0.42 0.61 Non-toxicity
Pollution rate index (Cd) Low pollution  Low pollution  Low pollution  Low pollution
Modified  Pollution  Index
(mCd) very low very low very low very low
Environmental Risk Index (RI)  Low risk Low risk Low risk Low risk
Total Toxicity Index (TU >) Non-toxicity Non-toxicity Non-toxicity Non-toxicity
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Table 5 Comparison of metal absorption with Iranian and world standards

Drinking Agriculture Hydrothermal fish Cold-water fish
Temperature No sudden change No sudden change 16 -30 9-17
Salinity 5.5-6.8 5.4-6.8 6-9 55-6.9
pH - - - -
TDS - - - < 200
EC 1000 3000 < 8000 -
Nitrite 50 - <02 < 0.02
Nitrate - - 2-5 <2
Reference Iranian Water Quality Standard (2016) ISIRI (2006)
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Table 6 Results of Pearson correlation to determine the relationship between environmental factors
and the absorption of heavy elements

Temperature  Salinity pH TDS Ec Nitrite Nitrate
Temperature 1
Salinity 0.083 1
pH -0.404™ 0.205 1
TDS 0.075 0.999™ 0.205 1
EC 0.078 0.999™ 0.205 0.999™ 1
Nitrite -0.427 -0.095 0.039 -0.096 -0.089 1
Nitrate -0.505™ -0.723™  -0.029 -0.721™  -0.724™  0.317" 1
Water (Cd) 0.493™ 0.315™ -0.013 0.310™ 0.306™ -0.251" -0.289"
Water (As) 0.611™ 0.102 -0.395™  0.102 0.110 -0.280" -0.504™
Water (Cu) 0.656™ 0.484™ -0.041 0.474™ 0.473™ -0.300" -0.534™
Water (Zn) 0.703™ 0.424™ -0.269" 0.418™ 0.421™ -0.228 -0.564™
Sediment (Cd) 0.882™ 0.315™ -0.453"  0.309™ 0.312™ -0.399"™  -0.630™
Sediment (As) 0.287" 0.486™ -0.300" 0.487™ 0.486™ -0.276" -0.544™
Sediment (Cu) 0.246" 0.078 -0.205 0.081 0.080 0.142 -0.077
Sediment (Zn) 0.082 0.134 -0.075 0.138 0.138 0.251" -0.075

NS) Not significant. p<0.01 **) Significant is 0.01 level. *) Significant is 0.05 level
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