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Abstract—Accumulation of heavy metals (Fe, Cu, Zn, Cd, Pb) and arsenic in water and bottom sediments of 
the Srepok River in rainy and dry seasons has been assessed. Signifi cant seasonal variations in the concentration 
of elements in water have been found. The Fe, Cu, Zn, As, and Pb content of sediments did not depend on the 
season, and the concentration of Cd was higher in the rainy season. At certain periods of time, the concentrations 
of these elements in river water exceeded those recommended by the national technical regulations of Vietnam: Fe, 
2.3–9.5 times; Cu, 1.2–2.8 times; Zn, 1.2–4.5 times; Cd, 1.7–6.8 times; Pb, 1.1–17 times; and As, 1.1–3.7 times. The 
concentrations of all heavy metals and arsenic in the river water and bottom sediments of industrial zones tended 
to increase. The results showed, the examined elements can be divided into groups where their concentrations are 
closely interrelated. These groups are composed of Fe, Cu, Zn, and Pb in the river water, and of Cu, Zn, As, and 
Pb in sediments. The obtained data prove the necessity of monitoring the levels of heavy metals and arsenic in 
river water and bottom sediments of industrial zones.
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INTRODUCTION

The Vietnamese government defi nes the main vector 
of the country’s development as industrialization and 
modernization. More and more developed industrial 
zones and enterprises have appeared in recent years, 
the mining industry is working with greater intensity, 
and the rural handicraft model is expanding. As a rule, 
the consequence of these processes is pollution of the 
environment, including aquatic ecosystems. The rivers 
of Vietnam are experiencing a very heavy load, since 
they are receivers of direct and indirect waste streams 
from household, agricultural, industrial, and service 
human activities [1]. Most of these polluting streams are 
not treated, or they are treated in a very primitive way 
only before being discharged into rivers. That is why it is 
necessary to constantly monitor the environmental state of 
river basins, including heavy metal and arsenic pollution.

The Srepok River plays an important role in the 
agricultural, industrial, and household activities of 
people inhabiting the territory along which it fl ows. 

Its water is used to irrigate agricultural land where rice 
(26.457 ha), coffee (46.163 ha), fruit plants (1095 ha), 
and other crops (140 ha) are grown. About 14.4×106 m3 
of water is annually supplied for the needs of industrial 
enterprises, and 36×106 m3 of water is consumed by 
livestock. Thus, the Srepok River has not escaped the 
negative impact of anthropogenic activity. However, 
apart from annual monitoring at a small number of 
points four times a year [2], no comprehensive studies 
of the accumulation of heavy metals and arsenic in river 
ecosystems have been carried out.

Numerous studies have shown that the concentration 
and distribution patterns of chemical elements in river 
water and bottom sediments signifi cantly differ depending 
on the geographical location and seasons [3‒14].

It is known that heavy metals accumulate in aquatic 
organisms, affect them, and affect human health through 
the food chain. Bottom sediments in water bodies play 
an important role in the absorption of heavy metals by 
adsorbing suspended organic and inorganic particles. 
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In many countries of the world, determination of the 
concentration of heavy metals in water and bottom 
sediments is an obligatory component of water quality 
monitoring programs, which belongs to a number of 
priority ones [5, 9, 15, 16].

In this connection, the goal of the present study was 
to determine the concentration of such heavy metals (Fe, 
Cu, Zn, Cd, Pb) and arsenic (As) in water and sediments 
of the Srepok River.

EXPERIMENTAL

The subjects of the study were water and bottom 
sediments of the Srepok River in the region from 
the Hóa Phúc and Tam Thang industrial zones to the 
hydroelectric power station on the Srepok 3 reservoir. 
Taking into account topographic features of the region 
and distribution of waste sources, the sampling points on 
the river were divided into four zones:

(a) Zone 1 is located upstream of the industrial zones; 
it is slightly affected by wastewater from the city;

(b) Zone 2 is the part of the river within industrial 
zones; it is affected by wastewater from the Hóa Phúc 
and Tam Thang industrial zones and by wastewater from 
the city through small streams and rainwater;

(c) Zone 3 covers the part of river located downstream 
of the industrial zones to the hydroelectric power station at 
the Đray Hʼlinh reservoir (the distance from the industrial 
zones to the hydroelectric power plant at the Đray Hʼlinh 
reservoir is 7.5 km); this zone is partially affected by 
wastewater from the city and industrial zones;

(d) Zone 4 includes the HPP at the Srepok 3 
reservoir; it is located 17.4 km from the industrial zones 
downstream of the river. This sampling site is remote 
from the industrial zones and the city, so that the impact 
of wastewater from these sources is negligible.

Water and sediment samples were collected in the 
rainy and dry seasons in 4 stages: (1) October 2015 (rainy 
season); (2) March 2016 (dry season); (3) October 2016 
(rainy season); and (4) March 2017 (dry season). Water 
samples were taken at a depth of 30 cm using a bottle. 
Measurements were carried out both at the sampling 
site and in the laboratory; the samples were conserved 
by adding 2 mL of concentrated nitric acid per liter of 
water. Sediment samples were taken at a distance of 
5 cm from the river bottom using a sampling bucket. After 
sampling, the samples were stored in refrigerated plastic 
bags (<4°C) and sent to the laboratory for analysis.

Sediments were analyzed immediately after sampling. 
The samples were homogenized, then a part of them 
was placed in a stainless steel tray, the tray was placed 
in an oven for drying at a temperature of 40°C; the 
optimal drying time was chosen depending on the 
moisture content of the sample (as a rule, about 24 h). 
The dried samples were ground and sieved to remove 
particles larger than 2 mm in diameter. A 0.35-g sample 
was placed in a mixing vessel, and 45 mL of deionized 
water and a mixture of 4 mL of 65% HNO3 and 1 mL 
of 37% aqueous HCl (37%) were added. Samples were 
dried using MW680 microwave equipment; the sample 
temperature was raised to 170±5°C over a period of 
10 min and was maintained at that level for the next 
10 min. After drying, the fan was turned on for 5 min to 
absorb toxic gas and cool the containers. The contents of 
the cooled containers were fi ltered through a fi lter paper 
using a fi lter funnel, and the fi ltrate was diluted with 
deionized water to a volume of 50 mL. Each parameter 
was analyzed separately according to an appropriate 
procedure.

The following procedures were applied to determine 
heavy metals and arsenic in water: As: Vietnamese 
standard 6626:2000; Pb: SMEWW 3113B:2012; Cd: 
SMEWW 3113B:2012; Cu: Vietnamese standard 
6193:1996; Zn: Vietnamese standard 6193:1996; Fe: 
SMEWW 3111.B:2012. Heavy metals and arsenic in 
bottom sediments were determined according to the 
following procedures: As: EPA 3051A and Vietnamese 
standard 6626:2000; Pb: EPA 3051A and SMEWW 
3113B:2012; Cd: EPA 3051A and SMEWW 3113B:2012; 
Cu: EPA 3051A and SMEWW 3111B:2012; Zn: EPA 
3051A and SMEWW 3111B:2012; Fe: EPA 3051A and 
SMEWW 3111.B:2012.

All analyses were carried out in triplicate. The results 
were displayed as arithmetic mean and standard deviation 
(M±m). The data were processed using Microsoft Excel 
2010, SPSS, and Statistica.

One way analysis of variance (ANOVA) in combination 
with Tukeyʼs test for equal variance and Tamhaneʼs test 
for unequal variance to compare differences between 
metal groups by zone, season and sampling location. 

RESULTS AND DISCUSSION

Concentrations of heavy metals and arsenic in river 
water. The sampling points in the examined region of the 
Srepok River (through the industrial zones Hóa Phúc and 
Tam Thang to the Srepok 3 reservoir of the hydroelectric 
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power station) are distributed evenly. Therefore, 4 stages 
of sampling gave fairly accurate data on variation of the 
concentrations of heavy metals and arsenic in river water. 
The ranges of Fe, Cu, Zn, As, Cd, and Pb concentrations 
in the river water were 0.25–2.96, 0‒0.26; 0‒1.46; 0‒0.02; 
0.01‒0.03, and 0‒0.19 mg/L, respectively. In general, 
these concentrations widely varied depending on the 
season and sampling site; in some cases, the coeffi cient 
of variation approached 100%. This is consistent with 
the results of a number of other studies [14, 17–19]. In 
certain periods, the concentration of elements in river 
water at many points exceeded the requirements of the 
national technical regulation QCVN 08:2015/BTNMT 
by a factor of 2.3–9.5 (Fe), 1.2–2.75 (Cu), 1.2–4.5 (Zn), 
1.1–3.7 (As), 1.7–6.8 (Cd), or 1.1–17 (Pb).

Seasonal concentrations of heavy metals and arsenic 
in river water are presented in Table 1. As follows from 
these data, seasonal variations of the concentrations of 
particular elements are different. The difference in the 
concentrations of Zn and As in the rainy and dry seasons 
is not signifi cant at p <0.05. The seasonal differences in 
the concentrations of Fe, Cu, Cd, and Pb are statistically 
signifi cant. The concentration of Fe and Pb in the river 
water in the rainy season is signifi cantly higher than in 
the dry season, and the concentration of Cd in the rainy 
season is lower than in the dry season.

The patterns of seasonal variations of concentrations 
for each particular metal and particular zone vary 

signifi cantly. In this regard, it is interesting to compare 
the data for the Srepok River with those for the Nhuệ and 
Tô Lịch rivers of Vietnam and the Gomti and Sabarmati 
rivers of India. As shown in [17], the concentration of Pb 
the Nhuệ river water in the rainy season is higher than in 
the dry season, while the opposite trend was observed for 
other metals such as Mn, Ni, and Zn. Seasonal differences 
in the concentrations of As, Cr, and Cu in Nhuệ were 
not statistically signifi cant. The same study revealed no 
signifi cant seasonal differences in the concentration of 
heavy metals in the Tô Lịch river. Analysis of samples 
collected from other parts of the Tô Lịch river showed 
that the concentration of Cd, Cr, Cu, Ni, Pb, and Zn in 
the dry season was higher than in the rainy season [20]. 
Gaur et al. [21] studied the concentration of elements 
in the Gomti River (India) and found a tendency for the 
Cd, Cr, Cu, Ni, Pb, and Zn content of the river water 
to increase in the rainy season [21]. According to the 
data of [22], the concentration of heavy metals in water 
of the Sabarmati River (near Ahmedabad, India) in the 
dry season of 2013 was higher than in the rainy season. 
However, the concentration of Ni, Zn, and Cr in a number 
of zones was higher during the rainy season.

According to national technical domestic water 
quality regulations (QCVN 02:2009/BYT, 2009), the 
concentration of Fe in the Srepok river in the rainy season 
exceed the permissible limits. According to the national 
technical regulation on surface water quality (QCVN 

Table 1. Concentrations of heavy metals and arsenic in the Srepok River water in different seasons

Element Concentration, mg/L
rainy season dry season

Fe 2.084 ± 1.289 0.312 ± 0.065
Cu 0.150 ± 0.149 0.066 ± 0.072
Zn 0.808 ± 0.818 0.434 ± 0.480
As 0.011 ± 0.012 0.014 ± 0.007
Cd 0.015 ± 0.007 0.023 ± 0.008
Pb 0.114 ± 0.109 0.020 ± 0.010

Table 2. Concentrations of heavy metals and arsenic in the Srepok River water in different zones

Element Concentration, mg/L
zone 1 zone 2 zone 3 zone 4

Fe 1.033 ± 0.413 3.171 ± 1.845 1.251 ± 0.665 0.948 ± 0.455
Cu 0.019 ± 0.004 0.332 ± 0.105 0.122 ± 0.037 0.037 ± 0.023
Zn 0.153 ± 0.069 1.901 ± 0.454 0.561 ± 0.188 0.210 ± 0.057
As 0.028 ± 0.006 0.011 ± 0.002 0.003 ± 0.003 0.001 ± 0.000
Cd 0.015 ± 0.010 0.024 ± 0.004 0.012 ± 0.003 –
Pb 0.014 ± 0.013 0.097 ± 0.047 0.210 ± 0.128 0.033 ± 0.014
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08:2008/BTNMT, 2008), the concentration of all heavy 
metals and arsenic in the river water during the rainy 
season exceeded the values given in this regulation.

The concentrations of heavy metals and arsenic in the 
river water signifi cantly varied depending on the distance 
between particular zones of the river and sources of 
pollution (Table 2).

The data in Table 2 show that the concentration of Fe, 
Cu, and Zn in the river water of zone 2 is signifi cantly 
higher than in the other zones. There is no signifi cant 
difference in the concentration of these metals in zones 
1 and 4. The concentration of arsenic in the river water 
of zone 1 is higher than in zones 2–4. The Pb content in 
zone 2 is the same as in zone 3 but is higher than in zones 
1 and 4. Thus, there is a general trend: the concentration 
of elements in the river water in zones 2 and 3 (industrial 
zones Hóa Phúc and Tam Thang) is much higher. This 
indicates that these industrial zones have a negative 
impact on the river water quality.

According to the national technical regulation 
on the quality of irrigation water (QCVN 39:2011/
BTNMT, 2011), the concentration of Cu and Zn in zone 
2 approached the permissible limit; the concentration of 
Cd exceeded the permissible limit in zones 1–3; and the 
concentration of Pb exceeded regulation in zones 2 and 3.

According to the national technical regulation for the 
quality of domestic water (QCVN 02:2009/BYT, 2009), 

the standard values for Fe content in river water of all 4 
zones and for As in zones 1 and 2 were exceeded.

According to the national technical regulation for 
surface water quality (QCVN 08:2008/BTNMT, 2008), 
the concentration of Fe in river water of all 4 zones 
exceeded the permissible values for domestic water. 
The concentrations of As in river water of zones 1 and 
2 and Cu and Zn in zones 2 and 3 were also higher than 
the reference values for water for domestic needs. The 
concentration of Cd in river water in zones 1–3, as well 
as the concentration of Pb in zones 2 and 3 exceeded 
all values given in the national technical regulation for 
various types of water use, i.e., the river water is not 
suitable for any purpose.

Variations of the heavy metal and arsenic content in 
the river water depending on the sampling site are given 
in Table 3.

The data given in Table 3 show that the differences 
in the concentrations of heavy metals and arsenic in 
the middle of the river in the Đắk Lắk and Đắk Nông 
provinces are not reliable; i.e., these elements are 
distributed relatively evenly in the water fl ow. This can 
be explained by the fact that both banks of the river are 
similar in natural and economic conditions; in particular, 
there are industrial zones and fairly similar agricultural 
production structures on both banks. In addition, strong 

Table 3. Concentrations of heavy metals and arsenic in the Srepok River water at different sampling sites

Element Concentration, mg/L
near the coast, Đắk Lắk province middle of the river near the coast, Đắk Nóng province

Fe 1.684 ± 1.417 1.488 ± 1.417 1.601 ±1.329
Cu 0.134 ± 0.139 0.111 ± 0.126 0.133 ± 0.150
Zn 0.773 ± 0.799 0.628 ± 0.724 0.698 ± 0.775
As 0.010 ± 0.010 0.011 ± 0.011 0.013 ± 0.013
Cd 0.016 ± 0.007 0.016 ± 0.009 0.019 ± 0.008
Pb 0.097 ± 0.111 0.075 ± 0.084 0.089 ±0.110

Table 4. Coeffi cients of correlations between the concentrations of heavy metals and arsenic in the Srepok River water
Element Fe Cu Zn As Cd Pb

Fe 1.00
Cu 0.86a 1.00
Zn 0.85a 0.98a 1
As –0.20 –0.46a –0.38a 1.00
Cd 0.26 0.48a 0.49a –0.11 1.00
Pb 0.92a 0.94a 0.90a –0.45a 0.36a 1.00

a  Statistically signifi cant correlation was observed at p < 0.05.
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mixing of water in the river fl ow should be taken into 
account.

Very interesting interrelationships were found for the 
concentrations of various elements in the Srepok River. 
Table 4 contains the correlation coeffi cients for heavy 
metal and arsenic concentrations in the Srepok River 
through the Hóa Phúc and Tam Thang industrial zones 
to the Srepok 3 hydroelectric power station reservoir. 
These data indicate a a close relationship between the 
concentration of Fe, on the one hand, and concentrations 
of Cu, Zn, and especially Pb, on the other. The correlation 
coeffi cients for Cu and Zn and Cu and Pb are also very 
high. A close correlation was also observed between 
the concentrations of Pb and Zn. Thus, Fe, Cu, Zn, and 
Pb form a group of metals whose concentrations in the 
river water are closely interrelated. The concentration of 
As showed a negative correlation which is statistically 
signifi cant for Cu, Zn, and Pb, but at a low level.

Comparison of our results with those of similar studies 
showed that the concentration of Fe in the Subarnarekha 
River water (Swarnarekha, India) closely correlates with 
the Pb concentration [23], which is consistent with our 
data. A close correlation between the concentrations of 
Cu, Zn, and Pb was also found for the Khoshk River water 
(Iran) [27]. However, a number of other studies [22–24] 
noted only a moderate or low correlation between the 
concentrations of Cu, Zn, and Pb.

Heavy metal and arsenic content of bottom 
sediments. Sediment samples of the Srepok River were 
collected at the same sites as water samples, along the 
section through the Hóa Phúc and Tam Thang industrial 
zones to the Srepok 3 reservoir. The concentrations of Fe, 
Cu, Zn, As, Cd, and Pb were estimated at 2946.8±350.0, 
61.0±34.8, 164.6±136.3, 4.79±3.10, 0.80±0.59, and 
42.6±16.9 mg/kg, respectively.

In general, the heavy metal and arsenic contents of 
bottom sediments of the Srepok River are much lower 
than in the bottom sediments of the Tô Lịch river [20, 
25, 26]. The obtained values are within the permissible 
limits established by the national technical regulations 
for the quality of sediments (QCVN 43:2012/BTNMT, 
2012). The concentrations of heavy metals and arsenic 
in the bottom sediments in different seasons are given in 
Table 5. The seasonal differences in the concentrations 
of Fe, Cu, Zn, As, and Pb are statistically insignifi cant. 
The concentration of Cd in river sediments during the 
rainy season was higher than in the dry season. Thus, it 
is obvious that the heavy metal and arsenic content of 
sediments of the Srepok River lies in a fairly stable range 
and does not have signifi cant seasonal fl uctuations.

According to national technical sediment quality 
regulations (QCVN 43:2012/BTNMT, 2012), the seasonal 
concentrations of all examined elements (except for Fe 
which is not included in the regulations) in river sediments 
are within acceptable limits.

Table 5. Concentrations of heavy metals and arsenic in bottom sediments of the Srepok River in different seasons

Element Concentration, mg/kg
rainy season dry season

Fe 2919.2 ± 407.2 3020.4 ± 60.5
Cu 60.8 ± 32.5 61.4 ± 41.9
Zn 162.0 ± 133.9 171.2 ± 148.3
As 5.25 ± 3.31 3.54 ± 2.08
Cd 0.993 ± 0.562 0.274 ± 0.270
Pb 41.8 ± 15.1 44.5 ± 21.4

Table 6. Concentrations of heavy metals and arsenic in bottom sediments of the Srepok River in different zones

Element Concentration, mg/kg
zone 1 zone 2 zone 3 zone 4

Fe 2584 ± 265 2774 ± 201 3111 ±39 3317 ±238
Cu 25.9 ± 2.4 110.8 ± 7.4 73.4 ± 5.1 33.7 ± 5.9
Zn 61.7 ± 9.1 391.1 ± 13.5 136.5 ± 22.6 68.9 ± 7.9
As 3.92 ± 0.96 9.38 ± 1.88 4.37 ± 0.77 1.50 ± 0.30
Cd 0.753 ± 0.339 1.57 ± 0.57 0.525 ± 0.276 0.341 ± 0.188
Pb 25.8 ± 4.0 67.4 ± 6.7 42.80 ± 5.54 34.2 ± 8.2
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Table 6 shows variations of the concentrations of 
heavy metals and arsenic in bottom sediments along 
different zones (sections) of the Srepok River. In general, 
these variations are signifi cant. The Fe content in bottom 
sediments of zones 1 and 2 is lower than in zones 3 and 4. 
The highest concentration of Cu, Zn, As, Cd, and Pb was 
found for zone 2, and it was slightly lower in zone 3. The 
difference in the concentrations of Zn and Cd in zones 
1 and 4 is statistically insignifi cant, but a statistically 
signifi cant difference was observed for the concentrations 
of Fe, Cu, As, and Pb. The concentrations of Fe, Cu, 
and Pb in bottom sediments in zone 4 were higher than 
in zone 1, whereas the concentration of As showed the 
opposite pattern. Increased heavy metal content of bottom 
sediments from zones 2 and 3, as well as their increased 
concentration in the river water of the same zones, is most 
likely related to the operation of industrial enterprises in 
the Hóa Phúc and Tam Thang regions.

In accordance with the national technical regulation 
on the quality of sediments (QCVN 43:2012/BTNMT, 
2012), the concentrations of almost all studied elements 
in the bottom sediments of the examined areas are within 
the acceptable limits. Violation of permissible limits was 
observed only for Zn in bottom sediments of zone 2. The 
concentrations of Cu, As, Cd, and Pb in bottom sediments 
of zones 2 and 3 did not exceed acceptable limits, but they 
were signifi cantly higher than in the other zones.

Table 7 shows variation of the heavy metal and arsenic 
content of bottom sediments, depending on the sampling 
site. The difference in the concentrations of Fe, Cu, Zn, 
As, and Cd in sediments sampled from the middle of 
the river and at the coast in the Đắk Lắk and Đắk Nông 
provinces are not signifi cant. The Pb concentration near 
the coast of the Đắk Lắk province is higher than in the 
middle of the river, but these values differ slightly from 
the corresponding values near the coast of Đắk Nông. 
The invariance of the heavy metal and arsenic content of 
bottom sediments near the coast and in the middle of the 
river in both provinces correlates with the concentrations 
of the elements in the river water of these zones.

The correlation coeffi cients for the concentrations of 
heavy metals and arsenic in bottom sediments in different 
zones are given in Table 8. The concentration of Fe 
displayed a negative correlation with the concentration 
of As and Cd; however, the correlation coeffi cient is 
moderate. The correlation between the Fe content and 
concentrations of Cu, Zn, and Pb is not statistically 
signifi cant, i.e., it is not reliable. On the other hand, 
there is a close relationship between the Cu content and 
concentrations of Zn, As, and Pb, and Cu–Cd correlation 
is moderate. Close interrelationships were found for the 
pairs Zn–As and As–Pb, and the Zn–Cd correlation was 
moderate. The correlation coeffi cient for As and Cd is 
fairly high, and for As and Pb, moderate. Obviously, Cu, 

Table 7. Concentrations of heavy metals and arsenic in bottom sediments of the Srepok River at different sampling sites

Element Concentration, mg/L
near the coast, Đắk Lắk province middle of the river near the coast, Đắk Nóng province

Fe 2969 ± 357 2832 ± 301 2960 ± 367
Cu 73.6 ± 34.5 43.1 ± 27.7 54.0 ± 34.1
Zn 174.1 ± 139.2 121.7 ± 128.7 168.6 ± 140.2
As 4.03 ± 2.50 3.67 ± 3.35 5.90 ± 3.35
Cd 0.873 ± 0.645 0.337 ± 0.245 0.865 ± 0.570
Pb 50.2 ± 16.9 32.3 ± 9.2 38.1 ± 15.9

Table 8. Coeffi cients of correlations between the concentrations of heavy metals and arsenic in bottom sediments of the Srepok 
River

Element Fe Cu Zn As Cd Pb
Fe 1
Cu –0.05 1
Zn –0.22 0.94a 1
As –0.52a 0.80a 0.87a 1
Cd –0.57a 0.59a 0.71a 0.91a 1
Pb 0.10 0.93a 0.93a 0.71a 0.53a 1

a Statistically signifi cant correlation was observed at p < 0.05.
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Zn, As and Pb form a closely interrelated metal group in 
bottom sediments.

Our results were compared with those of a number 
of relevant studies. A close correlation within the group 
of Cd, Cu, Pb, and Zn (the correlation coeffi cient for Cu 
and Pb reached 0.97) was found for bottom sediments of 
the Nhuệ river [27–28]. The same metals also formed a 
closely interrelated group in sediments of the Gomti River 
(India); the Cu–Zn correlation coeffi cient reached 0.99 
[21]. It should be noted that the correlation coeffi cient 
between metal pairs varied greatly over the seasons. The 
correlation coeffi cient for Cu and Cd changed from 0.65 
in winter to 0.91 in the rainy season. The correlation 
coeffi cient between Zn and Pb was 0.77 in summer and 
0.93 in winter. Another trend is observed in the bottom 
sediments of the Rio Tinto and Odiel (Spain) or Cauvery 
and Cabini (India), where the correlation of Cu, Pb, and 
Zn was estimated at a moderate or low level [29‒32].

CONCLUSIONS

The results of our study of the heavy metal and arsenic 
content of the Srepok River water and bottom sediments 
led us to draw the following conclusions:

(1) At certain periods of the year, the concentration 
of heavy metals in river water at many points exceeded 
the values recommended by the national technical 
regulation QCVN 08: 2015/BTNMT: Fe, 2.3–9.5 times; 
Cu, 1.2–2.75 times; Zn, 1.2–4.5 times; As, 1.1–3.7 times; 
Cd, 1.7–6.8 times; Pb, 1.1–17 times.

(2) The concentration of a number of heavy metals 
in the river water varies signifi cantly with seasons: the 
concentration of Fe and Pb in the rainy season is higher 
than in the dry season, and the Cd content in the rainy 
season is lower than in the dry season.

(3) The concentration of heavy metals in the river 
water of the Hóa Phúc and Tam Thang industrial zones 
tend to increase relative to their concentration in the areas 
located before and after the industrial zones.

(4) In accordance with the state technical regulations 
for the quality of sediments (QCVN 43:2012/BTNMT), 
the concentration of all studied elements (with the 
exception of Fe, which is not included in the regulation) 
in bottom sediments is within acceptable limits by season.

(5) The Fe, Cu, Zn, As, and Pb content in bottom 
sediments shows no seasonal change, while the Cd 
content of bottom sediments in the rainy season is higher 
than in the dry season.

(6) In most cases, the concentrations of heavy metals 
and arsenic in the bottom sediments of zones 2 and 3 are 
higher than in zones 1 and 4.

(7) Increased concentration of heavy metals and 
arsenic in the Srepok River water and bottom sediments in 
zones 2 and 3 is associated with the activities of industrial 
enterprises in the Hóa Phúc and Tam Thang territories.

(8) The examined heavy metals and arsenic form 
groups in which their concentrations are closely 
interrelated: these are Fe, Cu, Zn, and Pb in the river water 
and Cu, Zn, As, and Pb in bottom sediments.
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