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Abstract. The coastal areas’ sediments are basins of metal deposition from natural and
anthropogenic sources. In this study, sediment samples were collected at 07 sites, to
estimate spatial variation, and the contamination levels of heavy metal(loid)s (As, Cd,
Cu, Cr, Pb, Zn), as well as to assess the ecological risks. Contents of Zn, Cr, Cu, Pb and
As in sediments have ranges of 16.0 - 69.7 (52.1 + 19.6), 11.9-48.1 (34.6 £ 11.5), 7.3 -
29.4 (21.0 £8.1),6.9 - 241 (19.4 £ 6.4), and 3.2 - 5.4 (4.0 £ 0.7) ng/g. The lowest
contents of 05 heavy metals were found in Phan Thiet site. Meanwhile, the highest
levels of 03 metals (Cr, Cu, Zn) occurred in Ganh Rai. Besides, As and Pb had the
highest values in Dinh An and Rach Gia sites, respectively. The contents of As, Cd,
and Zn were lower than threshold effect levels (TEL) in Canadian Sediment Quality
Guidelines for the Protection of Aquatic Life, while contents of Cr, Cu, and Pb were
exceeded by 1.1 - 1.2 times, 1.0 - 2.5 times, and 1.0 - 1.3 times, respectively. The
contamination factor (CF), and the Geo-accumulation index (lg,) were computed to
evaluate the pollution degrees of heavy metals in sediments. Besides, the ecological
risk factor (E;), and the potential ecological risk index (RI) were applied to assess the
ecological risk of heavy metals. The values of contamination factor (CF) showed that
As and Cd existed in the surface sediments at moderate or considerable pollution
levels, while Cr, Cu, Pb, and Zn occurred at low or moderate pollution grades. In
addition, the spatial distribution of CF values for 05 heavy metals showed that the
heavy metal contamination of Dinh An and Ganh Rai sites was greater than other sites.
According to the ecological risk factor (E;) and Geo-accumulation index (lg,), Cd
pollution grade in sediments was at zero or moderate levels, with moderate to
appreciable potential ecological risks. The potential ecological risk index (RI) values
proposed that moderate ecological risk were presented at Nha Trang, Dinh An, Ganh
Rai, and Rach Gia sites.
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1. Introduction

Heavy metals are serious environmental contaminants, because of their persistence,
accumulation, and toxicity in aquatic ecosystems. They occur widely in soils, water, and
sediments. Heavy metals are entered into the environment from natural and anthropogenic
sources, such as soil erosion, industrial discharges, agricultural activities, and urban
sewage. Heavy metals tend to accumulate in the surface sediments through adsorption and
precipitation (Xiao et al., 2019). Therefore, sediments are considered the final sink of
heavy metals. However, heavy metals in sediments might be also released into the
overlying water, depending on the changes in environmental conditions such as pH,
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oxidation potential (Eh), and salinity, posing potential ecological risks. For that reason,
heavy metal levels in sediments describe the pollution status of the nearby areas, as well as
evaluate the potential ecological risks. Various indexes have been applied to assess the
pollution levels, and the potential ecological risks in sediment (Niu et al., 2020), such as
contamination factor (CF), geo-accumulation index (l4), and the ecological risk index
(Er), the potential ecological risk index (RI). In the present paper, these indexes are
computed and combined to bring the scientifical information.

The Vietnam coast has a rich ecosystem, such as coral reefs, mangroves, sand dunes,
seagrass beds, estuaries, and coastal forests (Sekhar, 2005). For this reason, these areas
might create high economic values, related to tourism and fisheries. The rapid growth of
tourism is associated with the increase of urbanization in the coastal areas. The coastal
population might constitute 35 % of the total population of Vietnam (Sekhar, 2005). It
may cause pressure on the coastal environment, such as organic compounds, nutrients, and
heavy metals pollution. In this studied area, Nha Trang, Phan Thiet, Ha Tien, and Song
Doc sites are affected by coastal urbanization, port activities, and tourism. Besides, Ganh
Rai site is mainly influenced by industrialization. Meanwhile, Dinh An site is represented
by the Mekong river effects. In Vietnam, the heavy metal pollution in sediment has been
concerned in previous studies (Trinh et al., 2021; Le et al., 2019; Nguyen et al., 2016; Ho
et al., 2010; Ngo et al., 2009). However, these studies focused on heavy metal pollution on
a local scale. In this present study, the heavy metal levels in sediment on a large scale -
coastal southern Vietnam were provided, as well as examined the ecological risk.

The aims of this study were: (1) to determine spatial variations of As, Cd, Cr, Cu, Pb, and
Zn in sediments; (2) to assess contamination status and potential environmental risks of
sediments.

2. Materials and methods
2.1. Study area, sampling, and analysis

In the present study, 7 sites in coastal waters of south-central Vietnam were observed, 76
sediment samples were collected in two seasons during 2016 - 2021. Trace element levels (As,
Cr, Cd, Cu, Pb, Zn) in sediment samples were measured. In this work, the sampling sites are
located in South Central Vietnam, including the coastal bays (Nha Trang, Phan Thiet, Ganh
Rai, Rach Gia) and the estuarine areas (Dinh An, Song Doc, Ha Tien) (Figure 1).

Sediment samples were collected by the grab sampler, contained in the zip bags, preserved
in 4 °C for later analysis. Sediment samples were dried in an oven, and dissolved in the
mixture of HNOj3 and HCI, with a volumetric ratio of 1:3. These mixtures were placed in
the Teflon tubes, and digested with a microwave digestion (Mars 6). The solutions of
digestion were analysed for heavy metal contents.
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Figure 1. Map shows the studied areas
2.2. Contamination evaluation
2.2.1. Contamination factor (CF) and degree of contamination (CD)

The contamination factor (CF) represent the pollution level of an observed metalin
sediments. CF is obtained by dividing the individual heavy metal concentration in samples
(Csample) by the background concentrations (Chackground)- The background concentrations of
As, Cd, Cr, Cu, Pb, and Zn were 2, 0.102, 35, 14.3, 17, and 52 pg/g (Hakanson, 1980).
The CF can be classified into four levels: CF < 1 represents low pollution, 1 < CF < 3
represents moderate pollution, 3 < CF < 6 represents considerable pollution, and CF > 6
represents very high pollution.

CF = Csample
Cbackground

The contamination degree (Cq4) was computed to identify the pollution level of samples

from each site. The pollution levels were classified six classes, according to the values of

Cq: Cq <6, low; 6 < Cy4 < 12, moderate; 12 < C4 < 24, considerable; Cy4 > 24, very high

contamination (Hakanson, 1980).
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2.2.2. Geo-accumulation index (lgeo)

The geo-accumulation index (lgeo) Was applied to evaluate the contamination levels of

heavy metals in sediments.
Csample

lgeo = IO
geo g41.5 x Cbackground

The heavy metal pollution levels can be interpreted as follows: lgeo < 0, uncontaminated; 0
< lgeo < 1, uncontaminated to moderately contaminated; 1 < Igo < 2, moderately
contaminated; 2 < lge < 3, moderately to heavily contaminated; 3 < Iy < 4, heavily
contaminated; 4 < lgo < 5, heavily to extremely contaminated; Igeo > 5, extremely
contaminated (Muller, 1969).

2.3. Potential ecological risk index

The potential ecological risk index (RI) was introduced by Hakanson (1980). The
ecological risk factor of an observed metal (E,) is defined as: E, = T, x CF. E; and T, are
the ecological risk index and the toxicity coefficient of heavy metal, respectively. The
toxicity coefficients of As, Cd, Cr, Cu, Pb, and Zn are 10, 30, 2, 5, 5, and 1, respectively
(Hakanson, 1980). According to E, values, the potential ecological risk factor of a target
metal is categorized as follows: E; < 40, low; 40 < E; < 80, moderate; 80 < E; < 160,
considerable; 160 < E, < 320, high; E;> 320, very high risk.

The risk index of sammpling sites as follows: Rl = Y::=1 E£. The risk index classified as follows:
R1 <150, low; 150 <RI < 300, moderate; 300 <RI < 600, considerable; E,> 600, high risk.

2.4. Data analysis

Spatial differences of heavy metal concentration were detected with one-way ANOVA.
Pearson correlation analysis were used to explore the correlations between metals. The
significant level was set at p < 0.05. The statistical analysis were performed with Minitab 18.

3. Results and discussions
3.1. Contents of heavy metals in surface sediments

Heavy metal contents in sediments were showed in Table 1. Element contents in sediments
were followed the order: Zn > Cr > Cu > Pb > As > Cd. Contents of Zn, Cr, Cu, Pb, As and
Cd in sediments have ranges of 8.9 - 89.1 (51.2 £ 20.3), 6.2 - 64.4 (34.6 + 13.4), 4.1 - 46.9
(21.3+9.6),5.2-39.1(19.0+£7.3),1.6 - 79 (4.0+1.3),and 0.1 - 2.0 (0.4 £ 0.3) pg/g. The
significant spatial variations of heavy metal contents were exhibited. All of elements had
lowest values in Phan Thiet bay. The highest values of 03 metals (Cr, Cu, Zn) occurred in
Ganh Rai bay. Meanwhile, As and Pb had highest values in Dinh An estuary and Rach Gia
bay, respectively. According the results, the heavy metal contents in sediments in this study
were lower the limits of Vietnam National Technical Regulation on Sediment Quality
(QCVN 43:2017/BTNMT). However, the contents of Cr, Cu and Pb were exceeded the
threshold effect levels (TEL) in Canadian Sediment Quality Guidelines for the Protection of
Aquatic Life, by 1.1 - 1.2 times, 1.0 - 2.5 times, and 1.0 - 1.3 times, respectively.
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Table 1. Descriptive statistics for the heavy metal concentrations in sediments (pg/g) of
monitoring sites. S.D: standard deviation

Elements Monitoring sites Means Ranges S.D
Nha Trang 3.9 17-64 14

Phan Thiet 3.1 16-6.8 1.4

Ganh Rai 4.3 2.1-6.4 1.3

As Dinh An 5.3 40-6.6 0.8
Rach Gia 4.2 26-79 1.3

Song Doc 3.8 3.1-46 0.5

Ha Tien 3.4 2.4-45 0.7

Nha Trang 0.6 02-14 0.4

Phan Thiet 0.3 0.1-0.7 0.2

Ganh Rai 0.5 0.2-2.0 0.5

Cd Dinh An 0.5 01-12 0.3
Rach Gia 0.4 01-13 0.3

Song Doc 0.2 0.2-0.3 0.04

Ha Tien 0.2 0.1-05 0.1

Nha Trang 41.5 23.2-55.8 10.9

Phan Thiet 12.5 6.2-21.4 5.2

Ganh Rai 47.8 36.5-64.4 8.6

Cr Dinh An 38.9 23.7-54.3 9.0
Rach Gia 36.4 26.3 -48.3 6.7

Song Doc 33.2 22.9-39.4 6.4

Ha Tien 29.4 18.3-38.3 7.2

Nha Trang 26.0 15.7-35.8 6.8

Phan Thiet 7.2 41-125 2.7

Ganh Rai 29.2 20.3-43.1 7.2

Cu Dinh An 26.3 19.5-46.9 7.3
Rach Gia 24.4 16.1-39.6 7.1

Song Doc 19.1 14.2-31.9 5.8

Ha Tien 13.3 10.3-15.8 2.2

Nha Trang 22.7 16.7 - 39.1 6.7

Phan Thiet 6.8 52-88 1.1

Ganh Rai 22.7 16.2-31.1 4.9

Pb Dinh An 22.0 17.4-31.1 4.1
Rach Gia 23.2 14.7 - 28.4 4.2

Song Doc 19.7 14.2-27.6 4.4

Ha Tien 14.4 10.4-17.2 2.2

Nha Trang 65.3 45,6 - 89.1 14.1

Phan Thiet 16.0 8.9-21.0 3.0

Ganh Rai 68.8 58.1-88.7 9.9

Zn Dinh An 60.9 50.9 - 75.6 8.2
Rach Gia 54.7 30.9-74.1 12.6

Song Doc 525 41.2-63.1 7.6

Ha Tien 34.8 30.5-44.5 5.2
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Most of element contents in sediments of studied areas were lower than those of the
other regions (Table 2). All of element contents in sediments in this study were less than
in the subaqueous delta of Red River, Tra Vinh coast and Yangtze estuary. However, Cu
contents were greater in comparison with sediments of North Central coast and Tra Vinh
coast. In general, the contamination level of heavy metals in sediments in the studied areas
were less than the other regions.

Table 2. Heavy metal contents (ug/g) in sediments in period 2016-2021 in comparison
with those in some the other regions and the threshold levels

Regions As Cr Cu Pb Zn References
Red River, (Nguyen et
Vietnam i 599 26 32 64 al., 2016)
Duyen Hai port, 185 72.6 149
Tra Vinh coast, (16.5- @3 fé 2) (65.3- (82.9- ghgg]ﬂ) &t
Vietnam 22.8) - 85.2) 212) N
22.8 63.2 82.5

Yangize estuary 5%'162 7 (10.6- (174  (57.9- %*E‘)) etal,

' ' 34.9) 109) 107)
South Central 41 34.9 216 19.6 53.0 .
coastal areas of This paper

(1.6-7.9) (6.2-64.4) (4.1-46.9) (5.2-39.1) (8.9-89.1)

Vietnam

0,

_I@E\/Lalues exceeded 0% 504 60% 6% 0%
TEL? 7.24 52.3 18.7 30.2 124
QCVN 43:2017? 41.6 160 108 112 271

ICanadian Sediment Quality Guidelines.
2Vietnam National Technical Regulation on Sediment Quality (QCVN 43:2017/BTNMT).

3.2. Pollution assessment of heavy metals

The mean values of element contents in sediments in period 2016 - 2021 were used to
calculated CFs (Table 3). The contamination factor (CF) is computed to evaluate the
contamination status of single metals in sediments. The average of CF values of all
monitored sites was Cd (4.05) > As (2.02) > Cu (1.47)> Pb (1.14) > Zn (1.00) > Cr (0.99).
According to results, the average CF values were highest for Cd, and lowest for Cr. Based
on the classification of CF, the monitoring sites has considerable level for Cd, moderate
for As, Cu, Pb, Zn, and low for Cr. The results showed that Nha Trang, Dinh An, Ganh
Rai, and Rach Gia sites were considerable Cd pollution, with highest value in Nha Trang.
As, Cu, Pb, Zn contents in sediments exhibited as moderate contamination, due to average
CF values ranged from 1.00 to 2.02. Meanwhile, As contents in sediments of 07 sites
presented as moderate pollution. For Cu, Pb, Zn, CF values of Phan Thiet and Ha Tien
showed as low contamination. For Cr, CF values of Nha Trang, Dinh An, Ganh Rai, Rach
Gia sites were higher than 1, as moderate pollution.
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The estimated CD values of the monitoring sites were given in Table 3 by summing the
CF values, ranged from 6.09 to 13.84. According to the categorise of CD values, it
indicated that Nha Trang, Dinh An, and Ganh Rai were a considerable degree of
contamination. Meanwhile, the other sites were a moderate level of contamination. The
maximum of contamination degree was found in Ganh Rai. Additionally, this site was
recorded the highest CF values for Cd, Cr, Cu, and Zn. In general, CF and CD values
displayed that the high accumulation of Cd in sediments may give the considerable
contaminated degree for Nha Trang, Dinh An, Ganh Rai sites.

Table 3. Contamination factor of individual heavy metal and contamination degree for

multi-metals
L ocations CF values of each heavy metal CD
As Cd Cr Cu Pb Zn
Nha Trang 1.97 5.98 1.16 1.84 1.40 1.33 13.67
Phan Thiet 1.58 2.94 0.34 0.51 0.41 0.31 6.09
Dinh An 2.70 5.59 1.15 1.87 1.34 1.20 13.83
Ganh Rai 2.15 5.59 1.37 2.06 1.33 1.34 13.84
Rach Gia 2.12 3.82 1.06 1.69 1.42 1.10 11.21
Song Doc 1.90 2.25 0.97 1.36 1.25 1.06 8.80
Ha Tien 1.72 2.16 0.86 0.93 0.85 0.68 7.20

3.3. Ecological risk of heavy metals

For the environmental assessment, the geo-accumulation index (lgeo) Was computed and
given in Table 4. The observed lg, for metals in sediments were (0.08 ~ 0.85) for As,
(0.52 ~ 2.00) for Cd, (-2.1 ~ -0.1) for Cr, (-1.6 ~ 0.5) for Cu, (-1.9 ~ -0.1) for Pb, (-2.3 ~ -
0.2) for Zn. Based on the average lgeo Values, the pollution grades of metals in sediments
was as follows: Cd (1.32) > As (0.41) > Cu (-0.16)> Pb (-0.50) > Cr (-0.71) ~ Zn (-0.72).
Among the observed metals, only two metals As and Cd had average lge, > 0, categorized
as uncontaminated to moderately contamination. Meanwhile, the negative lge, values of
Cr, Cu, Pb, Zn suggested that the monitoring sites were not polluted by these metals.

Table 4. The estimated lqe, of heavy metals in sediments

Iqeo

Locations

As Cd Cr Cu Pb Zn
Nha Trang 0.39 2.00 -0.38 0.29 -0.10 -0.18
Phan Thiet 0.08 0.97 -2.14 -1.55 -1.89 -2.29
Dinh An 0.85 1.90 -0.39 0.32 -0.17 -0.33
Ganh Rai 0.52 1.90 -0.13 0.46 -0.17 -0.16
Rach Gia 0.50 1.35 -0.50 0.17 -0.08 -0.45
Song Doc 0.34 0.59 -0.63 -0.14 -0.26 -0.49
Ha Tien 0.19 0.52 -0.80 -0.69 -0.82 -1.13

The RI and Er values for the heavy metals in sediments are shown in Table 5. The
calculated Er values for As, Cr, Cu, Pb, Zn were less than 40, meaning that the risk posed
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by these metals was low. Meanwhile, the average Er for Cd was 121.43 (64.71 - 179.41),
indicating that Cd was the main contaminant, posed the considerable ecological risk.
Moreover, The Er indices of Cd in Nha Trang, Dinh An, Ganh Rai were relatively high (>
160), indicating that Cd might pose a high ecological risk. Overall, according to the
average Er values, the potential risk in sediments followed an order of Cd (121.43) > As
(20.19) > Cu (7.33) > Pb (5.71) > Cr (1.97) > Zn (1.00).

The RI index presents the potential ecological risk posed by contaminants. Sediments of
Phan Thiet, Song Doc, Ha Tien sites caused a low ecological risk (Rl < 150). Meanwhile,
RI values indicated a moderately polluted state in Nha Trang, Dinh An, Ganh Rai, Rach
Gia (150 < RI < 300). Besides, these sites also contaminated As and Cd, so that, the As
and Cd contamination in sediments might cause the potential ecological risk, and should
be considered in the environmental management policy for these sites.

Table 5. The estimated Er of heavy metals in sediments

Er values of each heavy metal RI
As Cd Cr Cu Pb Zn

Nha Trang 19.70 179.41 231 9.20 6.99 1.33 218.93

Phan Thiet 15.83 88.24 0.68 2.56 2.03 0.31 109.63

Dinh An 26.96 167.65 2.29 9.36 6.68 1.20 214.13

Ganh Rai 21.46 167.65 2.75 10.30 6.67 1.34 210.16

Rach Gia 21.24 114.71 2.12 8.45 7.08 1.10 154.69

Song Doc 19.00 67.65 1.94 6.80 6.25 1.06 102.71

Ha Tien 17.17 64.71 1.73 4.63 4.25 0.68 93.17
Conclusions

This study estimated levels of six heavy metals (As, Cd, Cr, Cu, Pb, Zn) in sediments at
seven monitoring sites, southern Vietnam. The results proposed that Zn content was
highest, while Cd content was lowest level. In comparision with other areas, the heavy
metal contamination in sediments of the monitoring sites were less than the other regions.
According to CD values, heavy metal contamination in sediments was occurred in Nha
Trang, Dinh An, Ganh Rai, and moderately level of contamination was existed in Phan
Thiet, Rach Gia, Song Doc, and Ha Tien. The measurement of Iy, indicated that the heavy
metal pollutions were mainly caused by As and Cd. The Er results showed that the
potential ecological risk of Cd was higher than the other metals. Based on the estimated
RI, Nha Trang, Dinh An, Ganh Rai, and Rach Gia demonstrated higher potential
ecological risks than the other sites. This study might provide the scientific information
for the heavy metal contamination levels in sediments and the potential ecological risks.
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Tom tat. Tram tich tai cac khu vuc ven bién 1a noi ling dong kim loai duoc phat tan tir cac ngudn
ty nhién va hoat dong dan sinh. Trong nghién ctru ndy, cac mau tram tich dwoc thu thap
tai 07 tram, dé danh gia phan b khong gian, mic d6 6 nhiém cua kim loai ning (As,
Cd, Cu, Cr, Pb, Zn), ciing nhu d& xem xét kha ning anh huong déi véi hé sinh thai.
Ham Iugng Zn, Cr, Cu, Pb va As trong trAm tich dao dong trong khoang 16,0 - 69,7
(52,1 +19,6), 11,9 - 48,1 (34,6 + 11,5), 7,3 - 29,4 (21,0 + 8,1), 6,9 - 24,1 (19,4 + 6,4),
va 3,2 - 5,4 (4,0 £ 0,7) pg/g. Tram Phan Thiét c6 mirc do cac kim loai trong tram tich
thap nhit. Trong khi do, gia tri cuc dai déu ghi nhan tai céc tram phia Nam, cu thé tai
cac tram Ganh Rai (Cr, Cu, Zn), Binh An (As), va Rach Gia (Pb). Ham lugng As, Cd
va Zn thap hon ngudng TEL (threshold effect levels) theo Chét luong tram tich Canada
véi mue dich Bao vé Sinh vat Thay sinh, trong khi ham lugng Cr, Cu, va Pb vuot
ngudng nay lan luot tir 1,1 - 1,2 1an, 1,0 - 2,5, va 1,0 - 1,3 lan. Hé s6 6 nhiém (CF) va
chi s6 tich Iy dia 1y (lge) duoc tinh toan dé danh gia mic do 6 nhidm cua kim loai
nang trong tram tich. Bén canh do6, hé sb rai ro sinh théi (E,) va chi sb rui ro sinh théi
tiém an (RI) da dwoc 4p dung dé danh gia nguy co dbi véi hé sinh thai. Céc gia tri CF
cho thay mirc d¢ 6 nhiém As va Cd trong tram tich & mirc d6 trung binh hodc dang ké,
trong khi Cr, Cu, Pb va Zn & mac 6 nhiém thap hoic trung binh. Bén canh d¢, gia tri
CF cho thay mic d6 6 nhiém kim loai ning cua Binh An va Ganh Rai 16n hon so véi
cac dia diém khac. Theo h¢ sb rui ro sinh thai (E;) va chi sé tich lity dia Iy (Ige), muc
d6 6 nhidm Cd trong tram tich & mac khéng 6 nhiém hoac trung binh, véi rai ro sinh
thai tir mirc trung binh dén dang ké. Cac gia tri chi s6 rui ro sinh théi tiém an (RI) cho
thiy Nha Trang, Dinh An, Ganh Réi va Rach Gia c6 mirc d¢ rii ro trung binh.

Tiur khoa: Kim loai ning, trdm tich, mac d6 nhidm ban, mic dé rai ro sinh thai, Nam
Viét Nam.
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