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1-Introduction

Contrary to the growing awareness of people and countries regarding the importance of natural
environments, especially wetlands, the accurate understanding of these vital and diverse habitats'
importance, function, and sensitivity is still very low. Wetlands can be considered among life-giving
systems that have absolutely no alternative. As fertile, rich, and unique ecosystems, wetlands can be
decisive in socio-economic strategic plans. Human activities can change the geochemical cycle of heavy
metals and thus cause environmental pollution. The creation of oil facilities, the drilling of oil wells, the
development plan of the Azadegan oil field, and the recent fires are among the environmental hazards
plaguing HurolAzim. Excessive entry of pollutants, especially heavy metals, into the study area and
considering the property of bioaccumulation of heavy metals in the tissues of living organisms, especially
aquatic animals, and the ability to biomagnify and accumulate in bed sediments, the risk of pollution of
these metals is very high. This study studied the pollution of arsenic, lead, zinc, nickel, vanadium, and

chromium metals. The creation of oil facilities, the drilling of oil wells, the development plan of the
Azadegan oil field, and the recent fires are among the environmental hazards plaguing HurolAzim.

2-Material and methods

HurolAzim, or the extensive Hoveizeh wetland, is located in the west of Khuzestan at the end of the
Karkheh River between the two countries of Iran and Iraq at the geographical position of 47 degrees and
30 minutes of east longitude and 31 degrees and 50 minutes of north latitude. This wetland, with an area
between 550 and 700 thousand hectares, is one of the rare wetlands In the country. The formations around
it consist of three: Aghajari, Mishan, and Gachsaran. The samples were taken from around the oil rigs and
had an approximate 5-10 meters radius. For this purpose, 16 samples were taken from 8 stations (2 samples
per station), with a depth of approximately 30-40 cm, and in a wholly flooded environment. As shown in
Figure 1, sampling was done from the southeastern part of the wetland.

In this study, pollution load indices (PLI), pollution index (CF), and modified pollution degree index
(mCd) were used to investigate the level of heavy metal pollution. In this research, SPSS23 software was
used to analyze the statistical data. The Kolomogrov-Smirnov test was used to determine the normality of
the data. The correlation coefficient is one of the most popular quantitative methods of data analysis (Chen
and Popovich, 2002). The correlation of metals with each other and with PH, EC, and granulation
parameters was determined in the stations. Cluster analysis is a widely used method in hydrogeochemical
analysis and environmental research. In this method, a quantitative scale should be selected based on the
similarity between the observations before analysis. These indicators (quantitative scale, distance,
similarity) are selected according to the cluster formation algorithm, spatial nature, existing variables, and
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measurement scale, and as a result of this operation, a tree diagram is drawn. In this diagram, similar
observations are often connected with certain intervals. The smaller the distance, the greater the similarity
between two connected clusters; the farther the distance, the less similar. (Guler et al., 2002).

Fig.1. location of sampling station

3-Results and discussions

pH and EC indices, which are among the physicochemical properties of soil and are effective in stabilizing
and releasing heavy metals into the environment, are measured by standard methods and are listed in Table
3. In all stations, the pH is slightly alkaline (pH=7.2-8). The highest and lowest pH values correspond to
stations St10 and St1, respectively, and the average pH equals 7.84. The highest and lowest values of EC
correspond to stations St7 and St3, respectively, and the average EC is equal to 696.9 (ms/cm). Areas
affected by Ca, Mg, Cl, sulfate ions (SO4), or other salts have high EC. In other words, the presence of
these ions in the soil pores increases the salinity or EC of the soil (Seifi et al., 2010). The highest
concentration of As (35.7 ppm) was observed in station St3. The highest concentration of Pb (64ppm) is
related to station St7. The highest concentration of Zn (141 ppm) was observed in station St7. The highest
concentration of Ni (75.59 ppm) corresponds to station St4. The highest concentration of V (172 ppm) was
observed at the St4 station. The highest concentration of Cr (132.6 ppm) was observed in the St2 station.
PH and EC values are in (ms/cm), and heavy metal concentration is in (ppm) in the studied area. A cluster
analysis dendrogram was drawn, once for metals (figure 2) and once for stations (figure 3), using Minitab
16 software based on the distance matrix and Wards method. According to the dendrogram of Figure 2, the
metals were divided into two clusters. Vanadium and Nickel metals are in one cluster, and Zinc, Lead,
chromium, and Arsenic metals are in another cluster. The placement of vanadium and nickel metals in
clusters close to each other is consistent with the Pearson correlation coefficient analysis.
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Fig. 2. Dendrogram of cluster analysis of studied heavy metals

Dendrogram
Ward Linkage; Euclidean Distance

5.754

3.83 4 l

Distance

1.92 |

1 6 2 8 5 3 7 a
STATIONS

Fig. 3. Dendrogram of cluster analysis of studied stations

4- Conclusion

Based on the average pollution factor (CF), arsenic metals have low pollution intensity, and lead, zinc,
nickel, vanadium, and chromium have medium pollution intensity. Based on the modified pollution degree
Index (mCd), stations St1, St2, St5, St6, St7, and St8 are unpolluted to slightly polluted, and stations St3
and St4 have low pollution. According to the pollution load index (PL1I), stations St1, St5, and St6 have low
concentrations of metals or no pollution, and stations St2, St3, St4, St7, and St8 are polluted. Considering
that sampling was done from the distances close to the oil rigs and their related excavations, part or all of
the pollution in the samples can probably be attributed to oil pollution. A positive correlation exists between
nickel, vanadium, lead, and zinc metals. A high correlation between metals may indicate a similar
contamination level and source for these metals. Based on the cluster analysis performed for the studied
metals, it was observed that the two metals, nickel, and vanadium, were placed In one cluster, and the
arsenic, lead, zinc, and chromium were placed in another branch. The placement of vanadium and nickel
metals in a cluster and at a close distance to each other is entirely consistent with the results of Pearson's
correlation coefficient analysis. Also, based on the cluster analysis performed for the studied stations, it
was observed that the stations (St3, St4, and St7) were In one cluster, and the stations (St1, St2, St5, St6,
and St8) were in another cluster. This division may be based on the Intensity of pollution in the stations if

the values of the combined pollution indices (CPI), the pollution load index (PLI), and the modified
pollution degree index (mCd) that were used to determine the pollution In the eight stations showed high
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levels of pollution in stations (St3, St4 and St7) and lower levels of pollution In stations (St1, St2, St5, St6
and St8); Therefore, it can be said with high confidence that the results of the pollution indices calculated
for the eight stations are consistent with the results of the cluster analysis.
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Table 1. Geografical coordinates of the studied stations

Coordinates station no.
N 31°12.471 5

E 47° 47.296

N 31° 11.697 6

E 47°47.698

N 31° 10.146 7

E 47°47.958

N 31°9.528 8

E 47°47.936

Coordinates station no.
N 31°18.066 1

E 47°46.789

N 31° 17.645 2
E47° 45.961

N 31°17.953 3

E 47°47.292

N 31°13.730 4

E 47°47.270
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Fig. 3. Location of sampling station
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Table 2. Pollution level classification based on pollution factor (CF)

variation range CF Intensity of pollution
CF<l Low
1<CF<3 Medium
3<CF<6 Much
CF>6 Very much
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Table 3. pH, EC values in (ms/cm) and concentration of heavy metals in (ppm) in the study area

As Pb Zn Ni \Y
4.1 20 101  61.07 129
9.6 35 93 5137 133
35.7 51 124 4937 129
215 58 104 7559 172
7.7 21 96 6371 149
33 17 73 3836 107
3.7 64 141 5332 139
4.5 60 93 5087 126
35.7 64 141 7559 172
3.3 20 73 3836 107
112 407 103.1 554 1355

Cr Fe EC pH Station
105.7 33840 145 7.35 Stl
132.6 33460 1.83 7.69 St2
123.7 31840 1.97 7.79 St3
118.1 37780 145 7.97 St4
7.1 37500 223 7.82 St5
98,5 21940 311 7.79 St6

101 35540 222 7.92 St7
130 30600 546 7.84 St8
132.6 37780 546 7.97 Maximu
m
985 21940 145 7.35 Minimal
115.8 328125 246 7.77  Average

115 St8 4 St6 St2 slolSinl 15 Zn 316 sl CF uolie
St7 5 St5 St4 St3 Stl slaolKim! 1o g o Fogll G
Ni 318 ol CF polie .ol oo Jawgio Sogll o sl s
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Lugie (Sogdl s lhls St oKl jo g o5 Sodl
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o (Sosll Bat Gl U 5 Sk, 85 55 ol ol
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Sy 5| axlllnes ygn Sl sl (CF) Sagll 55 il o
(F o) asS oo S 5
Pb>Cr>Zn>V>As>Ni

s

odaline St2 oS! o (132.6ppm) Cr clale - s
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25,5 o e (o CIVI) 5 s Cr(1I) .Cr(0))
VPN V- [ RS ) DN RO BRI P R WS g
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(Ukhurebor et al., 2021) 05 o Gl g oyl
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Fig. 4. pH histogram chart
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Fig. 5. EC histogram chart
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Table 4. Pollution factor index values in the study area

Cr \% Ni Zn Pb As Station
1.17 0.99 0.89 1.06 1.00 0.31 Stl
1.47 1.02 0.75 0.97 1.75 0.73 St2
1.37 0.99 0.72 1.3 2.55 2.74 St3
1.31 1.32 1.11 1.09 2.9 1.65 St4
1.3 1.14 0.93 1.01 1.05 0.59 St5
1.09 0.82 0.56 0.76 0.85 0.25 St6
1.12 1.06 0.78 1.48 3.2 0.28 St7
1.44 0.97 0.74 0.97 3.00 0.34 St8
1.47 1.32 1.11 1.48 3.2 2.74 Maximum
1.09 0.82 0.56 0.76 0.85 0.25 Minimal
1.28 1.03 0.81 1.08 2.03 0.86 Average
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Fig. 6. Pollution factor index values in the studied stations-Arsenic
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Fig. 7. Pollution factor index values in the studied stations-Zinc
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Fig. 8. Pollution factor index values in the studied stations-Lead
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Fig. 9. Pollution factor index values in the studied stations-Chromium
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Table 5. Values and levels of pollution load index (PLI) in the study area

Pollution level PLI Station number
Low concentration of metals or no pollution 0.58 St1
infected 1.18 St2
infected 2.97 St3
infected 3.16 St4
Low concentration of metals or no pollution 0.92 St5
Low concentration of metals or no pollution 0.28 St6
infected 1.11 St7
infected 1.00 St8

adlllasd jge dilaio ;o MCA a3l Sogll zolaws g polie -# Jgox
Table 6. Values and levels of mCd index in the study area

Pollution level

No pollution to very little pollution

No pollution to very little pollution
Low pollution
Low pollution
No pollution to very little pollution
No pollution to very little pollution
No pollution to very little pollution
No pollution to very little pollution

mCd Station number
0.9 Stl
1.11 St2
1.61 St3
1.56 St4
1.00 Sts
0.72 St6
1.32 St7
1.24 St8
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Table 7. values of the Kolomogrov-Smirnov test for the studied metals

Metal Statistic Df Sig
AS 0.231 7 0.15*
Pb 0.215 7 0.15
Zn 0.232 7 0.15
Ni 0.201 7 0.15
\Y 0.186 7 0.15
Cr 0.161 7 0.15

This is a lower bound of the true significance =

alllas 350 sloolSins] jo ganails g EC PH slo il )l b s Slils s (ygm (Ssad o o polie - A Jsux
Table 8. Pearson correlation coefficient values between metals and pH, EC and granulation parameters in the studied
stations

As Pb Zn Ni \Y Cr pH EC imasls
As 1
Pb 0.333 1
Zn 0.324 0.807" 1
Ni 0.200 0.192 0.183 1
\% 0.313 0.389 0.307 0.930" 1
Cr 0.389 0.307 -0.006 0.143 0.220 1

pH 0.232 0.616 0.264 0.087 0.398 0.116 1

EC 0.197 0271 0421 0334 0.366 0157 0.112 1
Grading 0.187 -0.353 -0.501 0.131 0.206 0236 0.427 0514 1
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