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Extended abstract

Introduction

Rivers are highly variable systems and one of the most important water ecosystems that play an important
role in the life of humans and other living beings and are easily affected by pollution. (Maanan et al.,
2015). The concentration of heavy metals in sediments is generally several times that of water bodies, and
heavy metals are not destroyed and decomposed during natural processes, therefore, heavy metals can be
stored in sediments and remain there for a long time. For this reason, surface sediments are one of the
main reservoirs of heavy metals and other pollutants (Islam et al., 2016). The Karoun River is not
immune from these pollutions and many wastes from metal, petrochemical and oil, cellulose and food
industries, domestic and hospital sewage and agriculture are discharged into this water environment. On
the other hand, this river supplies water for these industries and is a source of drinking water for cities
such as Ahvaz, Khorramshahr and Abadan. The fishes of this great river are one of the main sources of
nutrition for the people of the region, as a result of the presence of pollutants, especially potentially
fertilizing elements in Karoun, it can cause pollution of sediment, water and food and affect the life cycle
of this great river. damage (Rastmanesh et al. 2015). Considering the quantitative extent and diversity of
human activities in the Khuzestan plain and the entry of all kinds of effluents and sewage into the Karoun
River, investigating the pollution, pollutants and risk levels is an inevitable necessity. Therefore, this
research aims to determine the level of enrichment of elements, to determine the ecological risk and
dangerousness of pollution in comparison with the quality standards of sediments in the Karoun river in
the Weis basin to the beginning of Ahvaz city using geochemical data and statistical analysis. It was done
by XLSTAT2018 software.

Materials and methods

In order to evaluate the pollution of the sediments of the Karoun River bed, 22 samples were taken with a
boat from a depth of 0-10 cm and based on common methods in sedimentary geology Tucker (1988) and
Arzani (1997) of sediments was harvested. Then, the samples were prepared in the water and soil
laboratory of the Soil Conservation and Watershed Research Institute for the granulation test and
determination of the concentration of toxic metal elements. In order to investigate the state of sediment
pollution, the obtained concentrations have been compared with the standard values of ISQGs, severe
effect level (SEL), probable effect level (PEL) and global base values.

Results and discussion

According to the results obtained from the grading, the sediments of the river bed in most of the stations
have a granular texture and are of the type of mud, silty sand and sandy mud. These sediments have an
average of 0.62% organic matter in terms of organic matter. The results of the pollution level also showed
that the concentration of toxic elements As, Cr and Ni have values beyond the standard values of 1SQGs
and PEL. Based on the comparison between sediment quality criteria and standards, Karun River in the
studied area has clean sediments from the point of view of Cd and Pb elements. The results of calculation
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of enrichment factor showed that Zn element has moderate to significant enrichment. The enrichment of
Cu, Ni and Cr was in the range of moderate pollution. The semi-metal As is in the range of low to
medium enrichment and the two elements Cd and Pb have low enrichment. The average enrichment of
elements is Zn>Ni>Cu>Cr>As>Pb>Cd. Finally, the results obtained from the risk index showed that the
values of the risk index for all samples are in the low risk range (RI<150). The statistical analysis of the
samples showed that there is a significant positive relationship between Cr, Ni, Cu and AS with clay. So
clay particles are the main carriers of Cr, Ni, Cu and AS elements. A high correlation coefficient between
elements indicates a common source, mutual dependence, and the same behavior during transportation.

Conclusion

The current research leads to sufficient understanding of the geochemical situation and any change from
natural conditions and revealing the local and thematic enrichment of pollution levels for aquatic animals
and users, especially in the field of agriculture and food cycle in the Karun River in the VVays basin to the
city of Ahvaz. has been The results of the enrichment factor showed low to high pollution for selected
elements. The potential ecological risk values of all selected elements except As in sample 21 are in the
low risk range, and AS in sample number 21 is in the medium risk range . The risk index values for all
samples are in the low risk range . Based on the comparison of sediment quality criteria with the
standards, Karoun River has clean sediments from the point of view of Cd and Pb elements in the studied
period. So that 100 percent of the samples have a concentration lower than ISQG. Cr with 27% and Ni
with 100% has a concentration beyond the PEL pollution level and all the values obtained for Cr and Ni
elements have a concentration beyond the minimum concentration of the 1SQG pollution level. In this
way, there is a possibility of poisoning for aquatic animals and water exploitation by the toxic elements
Ni and Cr. Comparing the concentration of elements with the standards showed that in stations number
seven (subordinate to Mahi Shiban), 21 (east coast of KianPars) and 10 (Kouresh sewage), Cr and Ni
elements have concentrations beyond the PEL pollution level and more As. It is from the minimum level
of 1ISQG and the most polluted stations are in the study period. So, the maximum enrichment of Cr and
As has also happened in station number seven. Element clustering analysis showed that organic materials
are the main carriers of Cu and Zn elements and clay particles are the main carriers of Ni and Cr
elements. Also, in the case of Cu and As elements, clay particles play the main role. But the toxic metal
Pb has not shown any significant relationship with other elements as well as organic materials and clay
particles. So Pb element has a different origin than Cu, Zn, Cr, Ni and As elements. The results of
principal component analysis, while confirming the correlation coefficient and cluster analysis, showed
that Cu, Zn, Cr, Ni, and As are of anthropogenic origin, and Pb and Cd are of terrestrial origin. This study
has an important contribution in determining the origin, pollution and ecological risk of potential
fertilizing elements and can help in identifying pollutant sources and pollutant control.
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Table 1. Basic concentration of metallic and semi-metallic
elements in the earth's crust (mg/kg) (CCME, 1995; EPA,

2001)
Parameter ;gdg;cok Fortescue  Fortescue Rickwood
S (2014) (1992) (1992) (1993)
As 5 1.8 0.2 1.7-5
Cd - - 0.16 0.1-5
Cr 92 100 122 70-330
Cu - 55 68 14-100
Ni 47 75 99 23-200
S - 260 340 260-1200
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(CCME, 1995; EPA, 2001) (p,5sLS s p,5 ko) (somo
Table 2. Sediment quality standard values for major and
toxic elements (mg/kg) (CCME, 1995; EPA, 2001)

Sediment
quality As Cr Zn Cu Ni Pb Cd
index

LEL 6 26 120 16 16 31 0.6
SEL 33 110 270 110 50 110 9
1SQG 59 373 123 357 - 35 0.6
PEL 17 90 315 197 - 931 35
CBSQG 98 43 120 32 23 36 0.99
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2 Erichment Factor
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Fig 2. Classification of sediment texture based on Falk's
triangle (1974)
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Table 3. The results of analysis of sediment samples in the
Karun River from Veys to Ahvaz

Statistical Sand Silt Clay o.C
index %

Median 11.20 56.80 23.60 0.64
Average 23.20 55.90 20.90 0.62
Standard 7 55 5000 8.60 0.29
deviation

0.168-

Range 0.1-100 0-75.9 0-32.6 1647
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' Principal Component Analysis (PCA)

2 Analytical Hierarchical Clustering (AHC)
3 Kaiser—Meyer—OlKkin
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6 Sandy Mud



Y/ ces Sl ogill polie (S59dsST S b5l 5 (plentis) slaosls Julou

Lwsy il (Choopani et al, 2021) I
&e &S ol lis mls (¥ JS8) canl 51,8
Cr>Ni>Zn>Cu>Ph>As>Cd o jay yole clale
LZn 5 Cu Ni Cr As ole chalé anslin .ol
Ni 5 Cr yole SGo35 jles bL3,1 ke () 200
ol IS Zn g Cu yolie Ll el ) doys b
Lbdaﬁ.o.' S0 0 la ob.a..b @L?L..a‘ J..oL».C cdale Iy D)
3935 b awslie o lag] Sogll mhaw g jlxe 0 50
Sl oals &I 1SQGs 4 PEL SEL o, lasleal
Yoy f b b Ss o ol g oede (O Jgoz)
sls a5 Ni g Cr AS o yolie clale o3l
PEL 4 ISQGs o lailiwl polie 51 518 o olie

R WP RO PR VLW

st oy Gidu g (T 005 o0 liendiol
ogdle 4y o)z 390 0L 50 (o Slgw, (o,
LS)L"T dool> oy JAL...; osls L5)Lo—| oy
Sl 2 I ol g oy doys g 5l obie
(Al 9 Ske) S a4 GWlS slaasls
CA..»‘ o 00)51 ¥ J5J..> )b
Oy ‘5\4.29-)1.9 ‘_J.:Le QjLé.‘S ‘)..al.:.c j‘ G.a.su L;‘).g
caye &S Gysba o)l 3g2y bl e asls
5o Pb)..a.&)\)‘/?\ L:Cf).»a.,.c)é <\Y |).a..>Ls
3 ean cdale polae Lo (F Jouz) cwl jos

HAs BCd mCr mCu mNi mPb nZn

100 8433 44,

61.85
50
HSI 2 20
12
5.165.21 = 21033 1 :

100

Average in this research Local amount Average of shell

92l B g o5l ()5 ailsog; 50 (ome dine) g (e Ay

Sla b (p S 5hS o 8 o) polie clile (1 Silio anmlio —F S

Fig 3. Comparison of the average concentration of elements (mg/kg) with the average of the earth's crust and the local context in the
Karun River, from Veys to Ahvaz
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Fig 4. Comparison of the concentration of arsenic, chromium, nickel, copper and zinc elements (mg/kg) with the percentage of clay
in the Karun River, from Veys to Ahvaz
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Table 4. Concentration of toxic elements (mg/kg), percentage of organic carbon and percentage of clay in the surface sediments of
the Karun River, from Veys to Ahvaz

Element/Row As Cd Cr Cu Ni Pb Zn TOC clay

1 4.45 0.12 77.65 20.32 66.17 4.13 86.00 0.706 22.59

2 2.35 0.28 70.02 30.85 58.02 13.21 84.24 0.724 20.02

3 3.70 0.27 83.61 2311 76.10 1.94 56.6 0.774 24.84

4 5.06 0.21 87.61 21.95 81.30 9.72 65.97 0.168 29.65

5 6.41 0.26 83.32 22.57 78.12 8.05 59.33 0.454 26.44

6 2.24 0.19 84.91 22.83 77.26 8.00 56.31 0.640 26.44

7 8.24 0.22 100.00 27.90 98.58 6.40 69.21 0.510 36.07

8 5.87 0.28 88.42 24.57 81.96 6.47 59.33 0.510 28.04

9 2.27 0.22 62.63 14.87 51.39 7.79 35.79 0.200 10.40

10 6.34 0.20 98.87 28.71 97.59 9.78 73.04 0.656 32.86

11 5.65 0.33 90.50 25.17 83.09 2.83 58.46 1.110 26.44

12 4.93 0.22 94.48 26.89 93.13 10.26 66.21 0.740 32.22

13 3.66 0.13 75.45 20.27 69.05 1.57 48.38 0.570 20.02

14 5.79 0.22 92.98 24.86 91.03 11.19 59.58 0.538 31.25

15 4.14 0.14 83.97 23.28 78.51 22.06 56.61 0.689 29.65

16 7.04 0.20 85.61 23.19 82.87 21.8 51.44 0.555 23.23

17 3.09 0.25 84.18 24.08 77.85 3.85 57.85 0.642 26.44

18 3.56 0.18 26.77 16.37 56.51 6.41 59.41 0.303 16.81

19 5.75 0.11 92.90 25.49 87.80 7.01 63.39 0.521 29.65

20 6.46 0.13 71.33 19.34 62.67 10.61 43.37 0.706 20.66

21 8.57 0.28 98.35 27.80 94.30 8.90 70.87 0.724 31.25

22 8.04 0.25 85.71 29.94 77.02 14.57 79 1.647 29.65

Average 5.16 0.21 84.33 23.83 87.20 8.94 61.85 0.640 26.12

Standard deviation 191 0.06 10.71 4.06 13.22 5.41 12.19 0.300 5.97

Impact factor 0.37 0.28 0.13 0.17 0.17 0.61 0.20 0.470 0.23

Minimum 2.24 0.11 62.63 14.87 51.39 1.57 35.79 0.168 10.40

Maximum 8.57 0.33 100 30.85 98.58 22.06 86.00 1.650 36.07
Mean shell 5 0.6 84 26 34 29 60 - -

(Spark, 2003)
Local amount 2.1 0.33 34 10 20 7 12 - -

x5 5 boaiges ao 5 b olyon ()5 5hS 5 05 ee) (eios SI3ls CAAle 5 G, S lne (o dlin —8 Jga
Table 5. Comparison between sediment quality criterion and heavy metal concentration (mg/kg) along with the percentage of
samples in each criterion

As Cd Cr Cu Ni Pb Zn
1ISQG 5.9 0.6 37.3 35.7 15.9 35 123
PEL 17 35 90 197 42.8 91.3 315
The scope of this study
Min 2.23 0.11 62.63 14.87 51.4 157 10
Max 8.57 0.33 100 30.85 98.58 22.06 86
Percentage of samples in each criterion
Percentage of
samples < 1SQG 63.63 100 0 100 0 100 100
Between I1SQG —
PEL 36.37 0 72.73 0 0 0 0
Percentage of
samples > PEL 0 0 27.27 0 100 0 0
10 - s .
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Fig 5. Comparison of As concentration of surface samples of Karun River with sediment quality standards from Veys to Ahvaz




YyY/

s Shiow 05l pobie (So3elsST s (25l

losdssy slaosls Jlos

Koorosh to Kian Abad (the —

.

Menn

10

—  beginging
—N‘I ofAtvazcity)

11

il |"|"|

12
Sample No,

Seal b g o3l 40 sy CodnS glos lusliwl b (5,15 ailsog, (rdaw sbadiges Cr clale annlis -F K&
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Fig 7. Comparison of Ni concentration of surface samples of Karun river with sediment quality standards from Veys to Ahvaz
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Table 6. Comparison between stations with elements with
concentrations exceeding 1SQG and PEL pollution level

(As, Cr, Ni)

Element/Rank As Cr Ni
Rank 1 s21 S7 S7
Rank 2 S7 S10 S10
Rank 3 S22 S21 S21
Rank 4 S 16 S12 S12
Rank 5 S20 S14 S14
Rank 6 S5 S 19 S19
Rank 7 S10 S11 S11
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Fig 8. Changes in the percentage of clay and percentage of organic matter in the surface samples of the Karun River from Veys to
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Table 7. The average concentration of heavy elements in Karun River from Veys to Ahvaz and similar studies

References River/Area As Cd Cr Cu Ni Ph Zn
current study Karun 98 516 0.21 84.33 23.83 78.20 8.94 61.85
Rastmanesh et al., 2015 Karun 94 4.09 - 44.22 18.37 66.1 6.93 42
Gharibreza et al., 2020 Tajan 416 0.33 54.29 18 33.42 17.88 50
Nasrabadi et al., 2010 Haraz 345 3355 28.10 321 43.6 26.35 73.8
Gharibreza et al., 2019 Rozehchai 105 0.28 69.7 224 36 20 85
EPA, 2001 and CCME, 1995 1SQG 5.9 0.60 37.3 35.7 15.9 35 123

EAs =CGd Cr =E2Cu =Ni Pb EZn

ISQG = — e
Rozehchai River == —_—
Haraz == —————— =
Tajan = —_—
Karun 94 = - e
Karun 98 = —_—
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Fig 9. Comparison of the average concentration of heavy elements in the Karun River from Veys to Ahvaz, with similar studies
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Fig 10. Situation of the enrichment of toxic elements in the surface sediments of the Karun River from Veys to Ahvaz
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Table 8. Enrichment parameters of selected elements in Karun River from Veys to Ahvaz

As Cd Cr Cu Ni Pb Zn

Max 3.74 1.09 2.76 4,92 4.35 3.17 8.95
Min 1.07 0.33 2.35 2.61 3.60 0.26 4.18
Aveage 2.45 0.67 2.52 3.03 3.95 1.31 5.29
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Fig 11. Risk index values in the surface sediments of the Karun River from Veys to Ahvaz
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Table 9. Potential ecological risk values for each element in the surface sediments of the Karun River from Veys to Ahvaz

PER
Sample As cd cr Cu Ni Pb Zn RI
1 2117 10.91 257 12.70 16.54 2.95 717 76.01
2 11.20 2572 412 19.28 14.50 9.44 7.02 91.28
3 17.61 24.45 492 14.44 19.02 1.39 474 86.57
4 24.08 19.46 5.15 13.72 2032 6.94 50.50 95.17
5 3052 23.29 4.90 1411 19.53 5.75 4.94 103.04
6 10,65 17.51 4.99 14.27 19.31 5.71 4.69 77.14
7 39.22 19.94 5.88 17.44 24.64 457 5.77 117.46
8 27.96 25.00 5.20 15.36 20.49 462 4.94 103.66
9 10.81 2021 3.68 9.30 12.85 5.56 2.98 65.39
10 3021 18.22 5.82 17.95 24.40 6.99 6.09 109.66
11 26.89 30,28 5.32 15.73 20,77 2.02 487 105.89
12 23.46 2036 5.56 16.81 23.28 733 5.52 102.31
13 17.44 11.82 444 12.67 17.26 112 4.03 68.78
14 27,59 19.56 5.47 15.54 2276 8.00 497 103.88
15 19.70 12,66 4.94 14,55 19.69 15.76 472 91.95
16 3351 17.99 5.04 14.49 2072 15.57 4.29 11161
17 14.71 22.86 4.95 15.05 19.46 2.75 482 84.60
18 16.97 16.34 3.60 10.23 1413 458 4.95 70.90
19 27.38 10.45 5.46 15.93 21.95 5.01 5.28 91.47
20 30,78 1212 4.20 12.09 15.67 7.58 361 86.05
21 4082 2583 5.79 17.38 2357 6.36 5.91 125.66
22 38.30 2283 5.04 18.71 19.25 10.41 6.58 12113




VY Y o )led 0 ol

el Co e g owiige | VYA

ol e O Jgaz) ol ooliil (g (Shan
Gk 5l oesls g loy owyn il (elate
Shapiro-Wilk, ) osls  ogJly  slagyge;!
2w (Anderson-Darling, Lilliefors, Jarque-Bera

Bl dly 5 o Siod (o 0 1 Sumnrod g pd
5 9>ly 2555 oS piine Lo aiile polie oy Lo
51 .(Diop et al., 2015) wS o olo 1) alie L3,
syl Sloszes sl GRAG som polic o5 Lx
] ot 60l o] e Ll Lol i

o po leools  Sucod frad sl iegh ol 5o

05 wlog, adlllas 950 03 ;5 (1522) gy Sligsy 5 I o5 (s (5318 yolis (g ey (Forad 2 =V Joor
Table 10. Pearson's correlation coefficient of toxic metal elements, organic substances and clay sediments (n=22) in the study area
of Karun River

Variables As Cd Cr Cu Ni Pb Zn TOC clay%

As 1
Cd 0.132 1
Cr 0.629* 0.228 1
Cu 0.448* 0.426 0.686** 1
Ni 0.637* 0.182 0.987** 0.635* 1
Pb 0.229 -0.142 0.052 0.227 0.087 1
Zn 0.246 0.156 0.341 0.673* 0.270 0.042 1

TOC 0.322 0.248 0.228 0.557* 0.151 0.116 0.392 1

clay% 0.605* 0.148 0.940** 0.719** 0.930** 0.138 0.453* 0.269 1

*: Significant correlation at the 95% confidence level, **: Significant correlation at the 99% confidence level
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Fig 12. Clustering of toxic elements, clay particles, organic substances in the surface samples of the Karun River from Veys to
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Table 11. The results of the period matrix of the factors
obtained from the principal component analysis

Element The first The second The third
component component component
As 0.70 0.22 0.22
Cd 0.09 0.53 -0.57
Cr 0.96 0.18 -0.09
Cu 0.57 0.75 0.02
Ni 0.98 0.09 -0.05
Pb 0.09 0.18 0.87
Zn 0.24 0.70 0.02
TOC 0.06 0.82 0.08
clay 0.93 0.25 0.03
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