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ABSTRACT

Tam Giang - Cau Hai lagoon plays an important oleoastal ecosystems of Thua Thien
Hue Province. The present study aims to deterntineettoxic elements (Pb, As, Hg) in the
surface sediment and to assess the ecologicabfiike selected metal in this area. Sediment
samples and water quality were collected at 9atatin rainy and dry seasons. Toxic metals
were determined following the USEPA methods 3050A rheasuring by atomic absorption
spectrophotometer. Concentrations of Hg, Pb andthAke study area were in the range of O-
2.64 mg/kg, 4.83-22.13 mg/kg and 1.18-6.24 mg/legppectively. The results showed that
concentration of Hg in sediment of most samplingssivere exceeded the National Technical
Regulation on Sediment Quality (QCVN 43:2012/BTNMWhile Pb and As were below the
regulated level. Ecological risk assessment presethtat investigated metals posed medium to
high risk to ecology. The estimated ecological iigkex (ERI) ranged from 43.9 to 582.9 with
the order of Hg>As>Pb. The highest ecological mgks found at the stations closed to the
Thuan An inlet and ship construction area.

Keywords:Tam Giang — Cau Hai lagoon, ecological risk asseagnoxic metals.
1. INTRODUCTION

The existence of heavy metals in the lagoon sedsnare caused by both natural and
anthropogenic sources. In past decades, the imegeaishuman development activities has been
accelerated the deliveries of metals into the eb#ésgoons. Estefan m. Fonseca, 2011 suggested
that high concentrations of heavy metals in theanrtunoff sediments can be considered an
important sources of heavy metal to the lagoon fb}. example, high concentration of Zn and
Ni found in Lagos lagoon was determined from indakareas [2]. The accumulation of toxic
metals in the sediment is the major threats tootiganisms in aquatic ecosystend$ [Several
studies showed that the high concentration of #a/ metals in the sediments such as Hg, Cd,
Pb were the causes of negative effect to aquagianisms by direct or indirect pathways.
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Therefore, the investigation of toxic metals disition and ecological risk assessment is very
important to understand the impacts into ecosystems

In Vietnam, the background data of heavy metalhélagoon sediments still limited,
and ecological risk assessment for Tam Giang-Cauadaon has not documented. Recently,
Minh VV et al., 2014 depicted that high concetrataf heavy metals in the sediments of some
estuaries of Central of Vietham, in which highesheentration of Pb was determined in the
sediment of Thuan An estuary, is a part of Tam Gi@au Hai lagoon [4]. Therefore, this study
focused to investigate the concentration of heaeyaia and assessment the ecological risk for
the Sam-Chuon area an important part of Tam Giasng4gai lagoon and tend to supply the
background data for the lagoon systems in Vietnam.

2. MATERIALS AND METHODS
2.1. Sediment sampling and preservation

Surface sediments and waters were sampled at gtati®ns (M1 to M9) in the Sam
Chuon areas of Tam Giang-Cau Hai lagoon (FigurelTtg water quality parameters such as
DO, pH, TDS, EC and salinity were measured by fiaktrument (Horiba-22, Japan). Surface
sediments were sampled by the sediment core salf@piée-Palmer), then wrapped and stored
in cool bag, moving to laboratory in the same da§.litter of water at each station was sampled
and contained in cleaned PET bottles for measurB3B@nd COD. Sampling was conducted
three times in March, May and August of 2016.

2.2. Samples treatment

Sediments samples were treat:
following the guidline of USEPA, methoc
3050A for As, Hg and Pb measured by AAk
(Atomic  Absorption  Spectrophotometer
Sediment after freeze dried was crushed ¢
sieved by size 0.5 mm. Weighing about 2 g
sediment and digested by acid solution in t
teflon bottles for analysis [5].

2.3. Ecological risk assessment

* Determination of contamination factor-CF _ . o
Figure 1.The diagram of sampling sites.

Contamination factor was used to
evaluate the contamination status of sedimenta# @alculated following the equation presented
by Hakansoras below:

CMe
CF= 1
Cp ( )

where Gy is the concentration of heavy metalg i€ the backgroundoncentration (used the
data by Turekian, 1961) as Table 1
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Table 1. Background concentration of heavy metals in sedinimg/kg).

Metals As Hg Pb Fe
Cs 1,9 0,08 15 29.600

* Enrichment Factor — EFEnrichment factor (EF) was calculated based onetiigation (2)
showed by Silva, 2011:

_(CMe/CFe)SamPle (2)
(Cpme/Cre)Background

* Geoaccumulation Index gd,
- 1o Ci - Io CF
gee — g1 (—1’5 < C,i,) = Ez (L_E) (3)

where: G is the concentration of heavy metals in sedimeBtss background concentration of
metals.

I

* Ecological Risk — ERER presents the ecological risk of each metal vaésutated follow the
equation: Ci

ER = Tﬁc—é = Tﬁ = CF (4)
Where: Tg: toxic level; C. concentration of heavy metals in sediment;; ®ackground
concentration.

* Pollution Load Index - PLI

PLI = V(CF, x CF, X - = CF,) (5)

* Ecological Risk Index - ERRadhouan El Zrelli, 2015):

ERI = Z ER, ©

where: ER is ecological risk of each metal; n imber of metals.

3. RESULTS AND DISCUSSION

3.1. Characteristic of water quality at Sam Chuon eea, Tam giang — Cau Hai lagoon

Water quality parameters play a major role in tbeumulation and resuspending of heavy
metals in the sediments such as pH, DO, EC, elpgleTa shows the value of the water and
sediment parameters at the sampling sites. In gerthere was no significant difference on
water quality at the sampling sites, most of theapeters was under the National Technical
Regulation of Vietnam on marine water quality f@uaculture activities at the coastal zone
(QCVN 10 MT:2015/BTNMT). These data are also of diffierence with the previous studies at
Tam Giang — Cau Hai lagoon [6], and coincided wiith results conducted at the Butrinti and
Ebrie lagoons [7].
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Table 2 Physio-chemical characteristics in the water sediment of Sam Chuon area,
Tam Giang - Cau Hai lagoon.

Site ; DO Sal% TDS  BODs CcoD LOI (%) in
P (mg/L) (ppY) (mg/L)  (mg/L) (mg/L) sediment
yp MinMax  7.983  49-67 130243 1826 1516 -9l 5.5-14.6

Avg+ SD 8.1+0.5 5.8+#1.3 18.1+5.7 22+10 1.6+0.1 4M2.6 13.7+4.3

Min-Max  7.9-9.0 4.5-7.3 17.4-23 18-26 1.7-21 10460 3.5-11.9

M2 Avg+SD  84+1.4 59+20 20.4+7.0 22+10 1.9+0.3 ¥5 8.6x4.5
M3 Min-Max  8.2-8.8 6.5-6.6 19.2-23.0 19-27 1.5-3.7 7133 2.3-9.3
AvgxSD  8.5+0.8 6.6+0.8 20.6+5.3 23+¥10 2.6%1.5 ¥23 5.4+3.6
M4 Min-Max  8.4-8.7 5.2-6.7 20.0-23.6 20-26 1.4-47 T7105.8 4.6-9.2
AvgxSD  8.6+0.4 6.0£1.2 21.6+4.5 23+8 3.0+£2.3 13.9¢ 7.7+2.6
M5 Min-Max  8.6-10.5 4.5-84 18.6-2.6 19-25 1.6-5.8 .2426.3 2.6-10.2
Avg+SD 9.9+2.7 6.5+2,8 21.5%6.4 2249 3.7£3.0 14.245 7.0£4.0
M6 Min-Max 8.6-10.8 4.0-6.7 20.8-23 20-26 11-44 11746 8.0-13.2
Avg+SD 9.4+3.0 5.3+1.9 21.9+3.2 2348 2.1+0.7 13. 58 9.7£3.0
M7 Min-Max  9.9-10.4 4.6-6.7 17.7-23.2 18-27 1.6-2.6 .0iB4.3 3.6-16.9
AvgzSD  10.1#0.6 5.6¥1.5 20.1+7.0 22+12 2.1+0.7 ns 9.1+7.0
M8 Min-Max  9.1-10.5 3.6-7.0 20.5-23.4 22-26 1.8-3.8 .21B5.6 4.0-10.5
AvgxSD 9.8+1.7 5.3%¥24 22.1+3.7 24+6 2.8+1.4 14.2+3 7.0£3.2
M9 Min-Max  8.2-10.2 3.4-6.5 15.3%23 16-23 1.3-1.9 145 4.0-7.7

Avg+SD 9.2+1.4 5.0+2.2 19.4+#4.1 19+5 1.6+x0.4 11.5%0 5.9+2.6

Characteristic of heavy metals in sediment is ddpenmany factors, however, this study
just considered pH and %LOI factors. Concentratib®sLOl in sediment of this area ranges
from 2.3 to 16.9 %. The highest of %LOI was deteedi at M1, M6 and M7, where directly
receiving the discharge from upland activities. S¢heesults are consistent to the data at
Bardawil-Egypt, but much higher than Cabiunas-Brazi

3.2. Distribution and variation of heavy metals inthe sediment

Concentration of As, Pb and Hg investigated fordhths (March, May and August) from 9
stations was presented in the Table 3. There wasiaion of heavy metals concentration in the
sediment of Sam Chuon lagoon in spatial and terhpdZancentration of As, Pb and Hg were
ranging 1.18-6.24 mg/kg, 4.83-22.13 and 0.0-2.64pectively. In which, As and Pb tend to
increase from March to Augsust, while Hg was foumdhest in March. The highest
concentration of Hg was detected at station M3, revlodose to the ship construction company.
This result might be explained that concentratibrHg in sediment mainly received from
upland sources. In comaparison to Vietnamese regulafor sediment quality
QCVN43:2012BTNMT, the concentration of investigatewtals was below the regulation,
excepted concentration of Hg at stations M1, M2,Ww&8e higher.
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In general, there was no significant relationshepween heavy metals and selected water
quality parameters, except for Pb with DO, EC aalindy in surface water. Pb also have
correlation with organic matter in the sediment.

Table 3.The variation of heavy metals in the surface sedim

Sites As (mg/kg) Pb (mg/kg) Hg (mg/kg)
March May August  March May August  March May August

M1 1.55 4.67 6.24 17.64 13.66 22.13 0.43 2.22 0.14
M2 1.58 2.47 3.31 14.79 7.67 13.65 0.37 0.74 0.26
M3 1.67 4.01 2.22 7.44 4.83 8.86 2.64 0.54 0.23
M4 1.18 4.07 2.39 5.55 7.97 6.47 0.62 0.51 0.14
M5 1.45 3.12 5.44 8.18 4.83 15.43 0.41 0.51 0.26
M6 1.45 4.17 3.13 8.60 6.24 7.75 0.35 0.60 0.12
M7 1.64 3.55 5.61 9.33 5.40 13.79 0.59 0.43 0.28
M8 1.67 3.95 4.42 6.90 6.26 15.21 LD 0.31 0.24
M9 * 3.10 4.24 ) 6.53 13.67 ) LD 0.08

3.3. The correlation coefficiency of heavy metasha surface water quality parameters

Table 4 shows the Pearson correlation of selecttdlsand water quality parameters.

Table 4.Pearson correlation coefficient of As, Hg, Pb amder parameters (n = 26, p < 0.05).

COD BODS5 DO Salinity EC TDS pH As Hg Pb
COD 1
BOD5 0.0005 1
DO -0.29  0.6521 1
Salinity 0.4377 -0.292 -0.724 1
EC 0.4533 -0.283 -0.723 0.9991 1
TDS -0.124 -0.306 -0.736 0.3112 0.3067 1
pH 0.2277 -0.124 -0.115 0.2043 0.214 0.147 1
As 0.2313 -0.08 0.2941 -0.002 -0.007-0.716 -0.023 1
Hg -0.156 -0.322 -0.285 0.1929 0.1707 0.3486 -0.186.097 1
Pb 0.461 0.1627 0.5822 -0.642 -0.654 -0.36 -0.178 0.4248 -0..076 1

3.4. Ecological risk assessement of As, Pb and Hg

In order to assess the ecological risk of As, Pt ldg at the study area, several indices
were calculated, including: contamination factoF)Cenrichment factor (EF), geoaccumulation
index (Igeo) and ecological risk index (ERI).

The contamination status of selected heavy metathé sediment of present study was
determined base on CF index, the contaminationedegt the sampling sites shows in the Table
5. There was a different contamination of seledtedvy metals, the order of contamination
factor of investigated metals was Hg>As>Pb. Mosthaf sampling sites showed that Hg was
medium or high contaminated, while As and Pd wewedr medium.

In overall, the highest EF of Sam-Chuon area wasvitlg 6.79, following was As and Pb.
Table 6 shows that the enrichment factor of Hgahaignificant higher than As and Pb, the order
of EF at sampling sites was M3>M5>M1>M7>M2>M6>M8>MbBhe higher EF of Hg was
close to the market, ship instruction area or affice (M3, M5, M1). This explained that the
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contamination of Hg in the sediment of Sam Chuagoda was contributed by the discharge
from human activities.

Table 5. CF and EF at the study sites.

Site CF value EF value
As Hg Pb As Hg Pb

CF | Group| CF| Group EHR Group EF Groyp EF Group CF u@ro
M1 | 4.15 2 11.65 3 1.51 0 1.51 0 8.05 2 0{82 1
M2 | 1.29 1 5.72 2 1.26 0 1.26 0 5.57 2 0|78 (
M3 | 1.39 1 14.17 3 1.64 0 1.64 0 16.[79 2 0156 D
M4 | 1.34 1 5.31 2 1.68 0 1.68 0 6.67 2 0|56 (
M5 | 1.76 1 4.89 2 3.21 1 3.21 1 8.94 2 1j16 (
M6 | 1.54 1 4.43 2 1.6% 0 1.65 0 4.16 1 0|54 (
M7 | 1.90 1 5.38 2 2.12 1 2.12 1 6.01 2 0|71 (
M8 | 1.76 1 2.29 1 2.67 1 2.7 1 3.48 1 096 (
M9 | 1.93 1 0.53 0 2.97 1 2.97 1 0.81 0 1/04 (

Note: CK1: Low pollution; KCF<3: Medium pollution; 3CF<6: High pollution;

Table 6.Caculation of J,and ER of selected heavy metals at Sam Chuontagoo

Site As Hg Pb As Hg Pb
lgeo Lev. lgeo Lev. lgeo Lev. ER Lev ER Lev. ER Lev.

M1 | 1.13 2 3.54 4 0.25 1 21.85 0 465.92 2 5.04 0
M2 | 0.37 1 2.52 3 -0.32 0 12.91 0 228.96 1 4.p1 0
M3 | 0.47 1 3.82 4 -1.09 0 13.86 0 566.70 2 2.35 0
M4 | 0.42 1 241 3 -1.17 0 13.41 0 212.40 1 2.p2 0
M5 | 0.81 1 2.29 3 -0.66 0 17.56 0 195.52 1 3.16 0
M6 | 0.62 1 2.15 3 -0.99 0 15.36 0 177.30 1 2.p1 0
M7 | 0.92 1 2.43 3 -0.66 0 18.96 0 215.04 1 3.7 0
M8 | 0.82 1 1.20 2 -0.67 0 17.61 0 91.70 @ 3.15 0
M9 | 0.95 1 -0.92 0 -0.57 0 19.31 0 21.15 @ 3.87 0]

Note: * lgeo level: keo< 0: Unpollution; 1< ke,< 2: Low pollution; 2 < |,< 3: Medium pollution; 3 <{,< 4: High
pollution; 4 < lye,< 5: Very high pollution- *ER <150: Low risk; 150 <HRE< 300: Medium; 300 < ER: 600: High;
ER > 600: Extremely.

The geoaccumulation index was used to evaluatertpact of human activities. The order
of I4eo at study area was 2.16, 0.72 and -0.65 of Hg,n&lsRb, respectively. This result depicted
that the study area was strongly contaminated ofrétg anthropogenic sources.

In terms of evaluating the risk levels of seleategtals in the lagoon, ecological risk index
(ERI) was calculated. The result presented in tigld 7.
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Table 7.Pollution load index (PLI) and ecological risk exd(ERI) of heavy metals at Sam Chuon lagoon.

Sites As Hg Pb PLI ERI
ER Group ER Group ER Group PL Level ER Level
M1 21.85 0 465.92 2 5.94 0 3.11 1 49371 4
M2 12.91 0 228.96 1 4.01 0 1.81 1 245.88 K
M3 13.86 0 566.70 2 2.34 0 2.10 1 582.91 4
M4 13.41 0 212.40 1 2.27 0 1.4y 1 228.03 K
M5 17.56 0 195.52 1 3.16 0 1.76 1 216.p4 K
M6 15,36 0 177,30 1 2,51 0 1,51 1 195,16 2
M7 18,96 0 215,04 1 3,17 0 1,86 1 237,16 K
M8 17,61 0 91,70 0 3,15 0 1,3y 1 112,47 1
M9 19,31 0 21,15 0 3,37 0 0,88 0 43,83 d
Average | 16,76 0 241,63 1 3,32 0 1,76 1 261,71 3

Note: ERI < 100: Low risk; 100 < ERI < 150: Mediunski; 150< ERI < 200: High risk; 200 < ERI < 300: Very
high; ERI > 300: Extremely high risk.

The data presented that the ecological risk ofH#g,and Pb at Sam Chuon lagoon were
from low to medium, the order of ER for single etts was Hg>As>Pb. There was an
important significant difference between elementstations. The range of ER for As and Pb
was range from 12.91 to 21.85 and 2.22 to 5.9geds/ely. In terms of study sites, the ER
group might divided as follows: low risk: M8 and M@edium risk: M2, M4, M5, M6 and M7;
high risk: M1 and M3. This result also coincidedhwihe study conducted in Lagos lagoon, the
high risk of heavy metals is closely relative witle anthropogenic activities [2].

To calculate the overall toxicity of the study arélae pollution load index (PLI) and
ecological risk index (ERI) were used to assessnteegrated pollution levels of As, Hg and Pb.
Results of PLI show that pollution level of studga was polluted of As, Hg and Pb with the
average value of 1.76. Among sampling sites, tighédi pollution was detected at M1 (3.11),
M3 (2.10) and M7 (1.86). Meanwhile, ERI value hawide range from 43.88 to 582.91. The
extremely high risk was occured at M1 and M3, thedst risk found at M9 where closed to the
Thuan An estuary. ERI determined in Sam Chuon lageas higher than the similar lagoons in
the world [1, 2].

4. CONCLUSIONS

Contamination of heavy metals in the sediment isngportant problem for the lagoons.
Basing on the investigation results from Sam Chlagoon, concentration of heavy metals was
met the criteria standard of Viet Nam for the seatitmexcept for Hg at some stations. However,
calculation of risk indices showed that Sam Chuwgobn are polluted by Hg, As and Pb. The
higher of ecological risk was occurred at the steticlose to the anthropogenic activities, and
Hg presented the highest ecological risk in thdysarea.
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