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Abstract: Problem statement: After being dramatically hit by war events, Vietmas presently
experiencing a huge economical and social developriwever, very few data, relative to pollution
levels and trends, are available for the correadagament of critical areas such as coastal lagoons,
where many economical activities are linked to highue environmental featureSpproach: A set of
sediment cores from nine coastal lagoons of cekirtham (Lang Co, Truong Giang, An Khe, Nuoc
Man, Nuoc Ngot, Thi Nai, O Loan, Thuy Trieu and Détai) were sampled in 2008 and analyzed to
assess metal and (Al, Cd, Cr, Cu, Fe, Hg, Li, Mq,Pb, V, U and Zn) and As levels and historical
trends Results: Concentrations are generally low, with the exceptib As, which often exceeds ERL
guidelines and Ni that does the same at O Loasoine cases, concentrations-depth profiles account
for recent increasing trends but surficial values still low when compared to both international
guidelines and polluted sediments all around thddv&ediment grain size seems to affect the depth
distribution of a humber of metals and when noreedli to the content of silt and clay, values are
particularly high at Dam Nai and Thi Nai, due te thery coarse composition of surficial sediments.
Conclusion: Metal concentrations in lagoon sediments derigenfthe composition of rocks and soils
in the watersheds. However, recent increasing sreeed for further monitoring.
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INTRODUCTION at the central nervous system (Hg, Pb, As), kidraads
_ _ _ _ . liver (Hg, Pb, Cd, Cu), or skin, bones and teeth Q,
Since the industrial revolution, the anthropogenicc, Cr) (USG, 2011). The directive 2000/76/EC of
release of metals info the environment has chatig®d  £yropean community listed 13 elements of highest
biogeochemical cycles. Furthermore, high recenteBu  concern (As, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Sn and
may have led to accumulation in sediment and biitaa 1)) the emissions of which are regulated in waste
consequent threat to both animals and humans beinggcinerators. Moreover, Cd, Pb, Hg and Ni are idett
Metal contamination and pollution can arise fromna among the priority substances for the classificatid
sources mostly associated with areas of intensiviyater bodies according to the EC (2000) (Directive
industrialization (e.g., metallurgy, coal burningdavaste  2000/60/EC).
incineration, study and fertiliser productions,ackdlkali Sediments are the ultimate sink for many pollstant
plants, reaction catalysts) but there are hundoédsher including metals. Most of them display a strongnitff

sources including agriculture, urban sewages, ragew for particles and independently from source andspart

and transportation. . .
Some metals are necessary for humans in "miteaathway, once released into the environment they ar

amounts (Co, Cu, Cr, Ni) because they are co-fagtor involved on the biogeochemical cycles and conteilait

enzymatic systems, if present at higher concentrati the composition of suspended matter that, evepfuail
or other elements are carcinogenic or have tofectd, enter the aquatic environment to be stored intorseds.

Corresponding Author: Stefania Romano, CNR-Institute of Marine Scient&s,Gobetti 101, 40129 Bologna, Italy
Tel: +39-051-6398864 Fax: +39-051-6398940
130



Am. J. Environ. ci., 8 (2): 130-142, 2012

Legend
& Coal
Pori
Aurpont
159N = Ghd
B Bauxite
Dhamond (occ. ] \
2 Sapphire 2} \ il
B Flnorite Kon Tum D""’
B Rubw
0 Quartz n
& Pendot
© Core lacaton =
~r %5 fines
-8 %% sand

13*N|

depth
op Flcml-

LI* M

(=]
(=]

0
Q
5
g

108" H

v} - -
o T X §
= = |5 . =40
L E | . a &
o =40 * - |
mowos B
1T & -
E 1069 13 o
a0 E

Fig. 1: Locations of central Vietham coastal lagoand sampling sites. Grain size profiles (sandf@edcontents)
are also shown together with inland mineral httpotidediplo.com/maps/viethamdpl 2000/

This adsorption-settling process makes sedimentfidochinese War-related events (1945-1975) anchtece
an archive of information on the change ofeconomic growth. These areas are valuable and
environmental conditions and quality over time. Itimportant ecosystems, significant tourist attratgiand
follows that the study of sediment records can melp  sites for fishing and aquaculture activities; tlere,
only to monitor present concentrations but also tahey represent key environments for the sustainable
determine past levels, trends and potential toxioit — development of the Viethamese economy.
contaminants e.g., (Bellucei al., 2005; 2010; Frignani

et al., 2005; Giulianiet al., 2011 and references Stud - The nine | Fig. 1 located i
therein). Because of this, we studied sedimentscore>iUdy areas: The nine lagoons (Fig. 1) are located in

from nine lagoons in Central Vietnam. The aim was t the central Vietham provinces of Thua Thien-Hue, Da
improve the information about the impact on theNang, Quang Nam, Quang Ngai, Binh Dinh, Phu Yen,

environment that may have been caused by botKhanh Hoa and Ninh Thuan.
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They are diverse in typology, scale, shape, sizesubsampled at intervals 1-4 cm thick, with higher
inlet stability, water features, geographical cahtend resolution at the top. Sediment sections were kept
geology of their mainland (Cu, 1995). Their surfacefrozen until the arrival in the lab, then they wéeeze-
area ranges from 2.8-50.6 kmand determines their dried and homogenised before analysis.
rating into 4 categories (Cu, 1995): very small fDa Porosities were calculated according to Berner
Nai, DN), small (Lang Co, LC; An Khe, AK; Nuoc (1971), assuming a particle density of 2.5 giBrain
Man, NM; Nuoc Ngot, NN; and O Loan, OL), medium Size analyses were carried out by wet sieving, to
(Truong Giang, TG; and Thuy Trieu here referred asseparate sands, after a pre-treatment wjtD,HSilt and
Cam Ranh, CR) and large (Thi Nai, TN). clay fractions were determined with the Micromeriti

The lagoons are fed by water and particulateX-ray SediGraph.
materials coming from the mainland. The Kontum rilass ~ For metal analyses, aliquots of 0.5 g were extchct
that dominates Central Vietnam, is made of highdgra under reflux with 10 mL of 8N HN©and 3 mL H202
metamorphic rock of calc-alkaine nature, composgd b30% (modified from Belluccet al., 2002). Solutions
gneiss, amphibolite, schist, migmatite and lenses owere centrifuged and the supernatant solutionetiltio
marble (Lanet al., 2003). The presence of precious 45 100 mL with Milli-Q water. Extracts were analgze
minerals is significant: gold, diamonds, aquamagnd by ICP-QMS (Agilent 7500) fitted with a standard
zircon can be found in Quang Nam, Gia Lai and Kondouble-pass spray chamber and a v-groove neb(iEer
Tum provinces, bauxite is abundant in Dac Lac, hjtap power 1,400 W, sample gas 1.20 L mhirsample flow
in Gia Lai, limestone and silica sand in Thui Trieurate 500uL min™, dwell ime 20 ms, 3 points per peak).
andtitanium is present along the coast. In spit¢hisf, = Accuracy was tested through the analysis of Cedifi
mining activities are poorly developed; even thqughReference Materials NIST 2709 (soil) for leaching
after the “Mineral Law” (circular 1 of the ministrgf  extraction, resulting within the confident limit 85%.
natural resources and environment - MONRE - dagd 2Precisions, estimated by replicate analyses ofséme
January 2006), the number of licenses issued kgl locsample, were between 7-13%. All concentrations are
authorities to exploit mines has increased sigaifity  expressed with respect to dry weight.

(Dao et al., 2008; UPFM, 1999). Nowadays, mining at Statistic analyses were performed with the softwar
the industrial scale focus only on some non-metath  package Statistica.

as coal, apatite and cement raw materials. Broad

industrial activities, such as metallurgy or coahimyg, RESULTS

are not common in the area, but several development

programs are in progress (Perkins and Anh, 2010). Sediment features. Figure 1 shows the depth profiles

It is a general assumption that environmentalof sand contents in cores taken in 2005-2008. In
quality of the lagoons has been deeply affected ovegeneral, fine sediments characterize all lagoore gtx
time by anthropogenic pollution, as shown by highDN (with sand always > 50%) and TG (where the sand
concentration of oil, nitrate and coliforms in wate content reaches up to ca. 60%). The core from TN
(Dieu, 2006; Thom, 2006). However, Giuliagi al. shows an upward constant increase of the coarse
(2008) discussed the distribution of Polycyclic component (up to ~60% at the surface), whereaRkat C
Aromatic Hydrocarbons (PAHS) in the same studysand reaches a peak value (65%) between 35 anieh 20 c
areas and found very low concentrations. The higheslepth and remains 48% at the top. In synthesish eac
values were observed at the northernmost locationsore is characterized by a different grain size
(LC) indicating the predominance of local sourcescomposition and depth distribution. The sedimeainfr
instead of a widespread distributed contaminationDN is characterized by a high content of shell stest
While some cores showed recent decreases, at LC, T@anging from 3-18%) that weakens any interpretatio
NM, TN, OL and DN increasing or slightly increasing Table 1 show that carbonic content and C/N ratio

trends characterized the topmost sediment layers. in surficial samples of lagoon cores are comprised
the intervals 0.52-3.72% and 7.68-19.2, respegtivel
MATERIALSAND METHODS 8"°C values range from -26.5 to -22.3.

The TG Lagoon was sampled in June 2005 and th®etal concentrations: Table 1 summarize the results
other lagoons in January 2008 (Fig. 1). In alllisting minimum, maximum, surficial and median
campaigns, a manual piston corer was used to vetrie values for Al, As, Cd, Cr, Cu, Fe, Hg, Li, Mn; Neb,
the sediment. Cores were immediately extruded andri, U, V and Zn.
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Table 1: List of surficial, maximum, minimum and di@n concentrationug g') for metals measured in cores from nine Centratndm coastal Lagoons. Sediment grain size
composition (as percent content of sand and sit play), % OC, C/N§*°C (as %) and International Guidelines (TEL and P&ie) also reported

Lagoon Value Al As Cd Cr Cu Fe Hg Li Mn Ni Pb Ti U Vv Zn Sand Fines OC C/IN &“C
Lang Co (C) Surficial 29975 11.40 0.09 54.90 19.90 34180.01 55.0 580.0 31.10 32.10 575 11.00 53.7 64.100 8 92.0 1.91 10.7 -25.2
Minimum 29975 11.40 0.05 54.90 19.30 34187 0.01.055570.0 31.10 1840 564 8.36 522 641 520 684. nd. nd. nd.
Maximum 539815 15.70 0.09 82.40 27.80 47449 0.09.6 8820.0 45.20 32.10 956  11.60 70.3 82.6 12.10 694. n.d. n.d. n.d.
Median 39897 15.10 0.06 69.80 24.30 42110 0.023601.0 39.70 2040 727 10.00 623 769 9.00 89.8 nd. n.d. n.d.
Truong Giang (TG)  Surficial 9888 9.57 0.10 30.726.20 22084 n.d. nd. 3680 1430 17.40 505 1.3041.5 434 5950 405 0.61 9.45 -22.3
Minimum 9888 7.75 0.08 30.30 7.36 22084 n.d. n2B6.0 14.30 9.82 505 1.30 34.7 337 4280 39.8 nd. n.d. n.d.
Maximum 13964 11.50 0.10 36.90 16.20 25737 n.d..d. n368.0 18.00 1740 652 3.62 50.1 434 60.20.25 nd. nd. n.d.
Median 12096 9.46 0.08 3290 10.30 24100 n.d. . rB33.0 1590 12.00 601 2.46 415 36.7 56.10 943. nd. nd. n.d.
An Khe (AK) Surficial 47536 1.78 0.23 29.90 12583470 0.01 359 372.0 18.80 33.80 932  24.40 54@2.5 219 97.8 n.d. n.d. n.d.
Minimum 22133 1.20 006 13.00 510 17101 0.001129235.0 8.70 7.20 471 573 216 256 219 333. nd. nd. n.d.
Maximum 50833 22.80 0.25 91.80 28.00 59409 0.08.531143.0 48.10 48.20 1671 24.40 943 120.4 66.20.8 n.d. n.d. n.d.
Median 40958 1.78 0.12 28.30 10.90 33012 0.00%4 3876.0 16.50 27.30 911  19.00 50.2 53.4 36.60 463. n.d. n.d. n.d.
Nouc Man (NM) Surficial 19427 11.90 0.03 35.80.60lL 18676 0.02 40.8 3040 1650 19.90 513 172 134633 2290 77.1 0.73 109 -22.6
Minimum 13108 10.10 0.01 28.00 7.58 15225 0.01.332230.0 12.80 9.81 459 1.65 243 40,5 19.20 261. nd. n.d. n.d.
Maximum 20875 13.80 0.03 37.10 22.60 19576 0.08.44 311.0 17.50 21.00 567 2.68 36.7 65.4 38.80.880 n.d. n.d. n.d.
Median 17797 11.90 0.02 34.60 13.00 17970 0.02.6 3262.0 16.00 1650 515 2.01 337 543 2420875 nd. nd. n.d.
Nuoc Ngot (NN) Surficial 19206 3.86 0.03 20.00.8» 17853 0.01 25.7 399.0 7.43 17.80 310 176 642435 49.20 50.8 0.65 9.9 -24.1
Minimum 8778 3.15 0.01 13.20 6.68 9088 0.003 581380.0 4.26 8.97 214 1.67 185 27.3 1580 20.1 nd. n.d. n.d.
Maximum 34464 12.00 0.04 41.70 23.10 34629 0.02.91455.0 17.00 2840 428 3.68 742 782 79.90.284 n.d. n.d. nd.
Median 19459 4.09 0.03 21.10 13.80 17853 0.01 4 2&894.0 7.68 20.10 310 2.12 427 44.8 41.70 58.3 n.d. n.d. n.d.
Thi Nai (TN) Surficial 33257 16.10 0.05 42.00 3. 77579 0.01 44.2 1499.0 18.20 2380 588 6.44 367780 59.50 39.6 1.09 143 -25.2
Minimum 32024 13.70 0.04 42.00 13.00 49140 0.0042 651.0 18.20 22.10 579 6.44 62.4 70.8 55%9.63 nd. nd. n.d.
Maximum 53684 19.00 0.05 63.30 18.60 83207 0.0R.571499.0 29.70 24.30 975 11.80 725 78.6 59.5@.49 n.d. n.d. n.d.
Median 46076 1550 0.05 53.00 17.50 66311 0.00.0 6952.0 25.10 23.00 847  9.69 68,5 745 34.00 161. n.d. nd. n.d.
O Loan (OL) Surficial 64431 6.47 0.07 78.50 28.666261 0.01 58.1 856.0 6460 17.90 1843 855 88%.0 440 956 1.14 8.68 -24.0
Minimum 40076 536 0.05 59.50 17.40 47304 0.01.538559.0 36.90 12.70 1431 7.31 60.8 724 042 .695 nd. n.d. n.d.
Maximum 66156 9.94 0.08 81.60 3210 72176 0.01.65%934.0 67.80 18.20 2016 9.31 923 945 4.40.699 n.d. n.d. nd.
Median 63051 6.65 0.07 78.30 28.00 68448 0.01 45343.0 63.40 15.70 1867 8.41 85.8 889 268 397. nd. n.d. n.d.
Thuy Trieu (CR) Surficial 17774 13.80 0.12 9.11.586 14347 0.04 255 142.0 3.65 18.80 280 3.68 .42831.0 4280 51.0 3.72 19.2 -26.5
Minimum 9110 11.80 0.07 523 352 9922 0.03 13.®1.7 195 10.90 161  3.27 154 175 492 326 nd. n.d. nd.
Maximum 47180 20.10 0.14 26.70 9.71 29437 0.06.973%97.0 10.30 29.40 480 154 431 63.0 58.10.195 n.d. n.d. n.d.
Median 18461 16.40 0.10 9.48 6.52 16842 0.05 27153.0 3.72 18.90 278 5.12 285 30.7 4430 49.6 nd. n.d. n.d.
Dam Nai (DN) Surficial 17772 691 004 1570 6.643332 Idl 26.4 1950 7.06 19.80 334 199 .12636.1 77.10 16.6 052 7.68 -22.3
Minimum 8432 496 0.02 1150 4.17 7785 0.003 16145.0 5.26 10.20 213 1.99 216 219 61.10 123 nd. n.d. n.d.
Maximum 20937 9.46 0.04 18.40 8.04 15483 0.01 933221.0 8.45 23.00 342 513 29.7 427 85.10 828. n.d. n.d. n.d.
Median 17681 753 0.03 1640 6.67 13406 0.01 29550 7.11 18.50 314 291 266 364 77.10 19.2 nd. n.d. n.d.
International sediment quality guidelines
TEL (mg Kg* d.w.) 590 0.60 37.30 35.70 0.17 18.00 G5.0 123
PEL (mg Kg d.w.) 17.00 3.53 90.00 197.00 0.49 36.00 .301 315

n.d. = not determined; .d.l. = lower than detettimits.

Maximum surficial metal concentrations pertain to 250 1
OL (Ag, Al, Cr, Cu, Ni, Ti, V, Zn), CR (Hg), TN (As Terrestrial
Mn, Fe) and AK (Cd, Pb, U). The As maximum in the 001 Acroa
sandy surficial sediment at TN is particularly B
surprising, due to the general strong affinity of for ..
iron coatings and fine particles (Bellucet al., 2002; *Z_; o
Anawar et al., 2003). U values are close to natural ones D A NMO-1
(ca. 4pg g% Turekian and Wedepohl, 1961; Wong, 0 NN o o612
1983) at NM, NN, DN, but are slightly higher at LC, oL_1 © oo
TN and OL, whereas the concentration at AK is 501 Marine
surprisingly elevated (ca. 244 g™).

Metal concentration-depth distributions within the 0.0 ; . . . . .
nine cores display similarities and differenced thil e e L
be highlighted in the Discussion. 38C

DISCUSSION Fig. 2: Plot3"*C versus C/N ratio in surficial sediments

of nine Vietnamese coastal lagoons

Depositional  settings and organic matter origin:
Grain size patterns account for major changes @ th The plot of Fig. 2 accounts for different organic
depositional settings that may be due to the deereamatter contributions to the lagoons. CR shows the
(e.g., AK, DN e NM) or increase (e.g., NN, TN and highest value of C/N and the lowest&3fC, suggesting
CR) of water hydrodynamics over time (i.e., fronepe a prevailing continental contribution. Indeed, C/N
to surface sediments), or to anthropogenic aatwiti higher than 10 is considered as an indication of
increasing fine particles remobilization. Indeetie t terrestrial contributions (Cuntetal., 2006), whiled**C
change at TN could have been influenced by a beachalues for mangrove C3 plants vary from -33 to -24%o
nourishment close to the sampling site relatedht® t (Ziemanet al., 1984; Lallier-Vergest al., 1998). The
development plans in the area. same origin can be assumed for TN and LC, whereas
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OL, NM and NN have a mixed terrestrial/marine lower limit except for NN, where TEL is exceededyon
influence, with C/N10 and&'*C from -24 to -22%., at the bottom of the core (55-59 c¢m depth). TELitsm
characterising both marine algae and terrestrighl@dts  are overcome also by Ni at TN, OL and LC, Cr at TN,
(Fry and Sherr, 1983; Gearing al., 1984; Katoet al., OL and LC, whereas NM shows values close to
2008; Boonphakdeet al., 2008). On the other hand, threshold level for Ni and Cr. Moreover Ni at OL
values for TG and DN account for light marine iefige.  reaches levels higher than PEL. These situatioise ra
This high variability is typical of such study asea the possibility of occasional adverse effect ontdio
tropical coastal brackish water lagoons borderethilge  and suggest the need for a monitoring project and
rice fields (C4 plants) and characterized by tresence possibly, a reduction of the loadings to the lagoon
of ponds, shellfish aquaculture farms and mangrovéttention is also needed for those chemicals that d
plants. In addition, a mixed contribution, duerirision  not exceed the guidelines but show recent incrgasin
of saltwater in the lagoon during low tide and fromtrends (Table 1) that may account for a growing
paddy soils, mangroves and ponds, cannot be extlude anthropogenic pressure.

Trace metal levels and their potential toxicity: Most ~ Environmental factors driving trace metal patterns:
metal concentrations (e.g., Al, Fe, Mn, Cr, Cu, Vi, An R-mode Factor Analysis, extracted by PCA and
and Zn) are rather low, even below the background/arimax as factor rotation, was used to obtainrst fi
levels measured in soils and near-shore muds awxrder information about what parameter (among grain
reported by Turekian and Wedepohl (1961) and Wongize, mineral composition, redox conditions and
(1983). This, especially for Al and Fe, is a consagce  anthropogenic inputs) eventually drives the metal
of the analytical method (hot acid leaching) thaesl patterns. Four factors account for 81.3% of total
not account for the fraction contained in the alst variance and Table 2 lists their scoreefficients.
lattices of mineral particles. However, a compariso

with literature data obtained with similar methods  Taple 2: Factor score coefficients and Eigenvaléresn R-mode

shown in Fig. 3 for As, Cr, Hg, Ni, Pb and Zn in Factors Analysis on metal levels, grain size patarse
surficial samples of the lagoons. Reference datee we (geft’mf";c mean, 50”'”|9rd mode, é"t tar:o{/'ctlay Ptﬁflce
separated into three major groups, to account for Egggn)s'rom cores sampied in hine Lentral Vietiassta
different anthropogenic pressures and environmentat Factor L Factor 2 Factor 3 Factor 4
settings: industrial/urban areas (Tar)eleaJ., 2000; Zago gt 0.25 0.20 0.02 073
etal.,2001; Berget al., 2001; Bellucciet al., 2002; 2003; cLAY 0.77 0.34 0.18 0.07
Bertolottoet al., 2003; Adamcet al., 2005; Ferrar@t al., ~ Geometric mean ~ -0.63  -0.32 -0.20 -0.49
2006; McCreadyet al., 2006; Marmolejo-Rodriguezet ~ Geometic sorting ~ 0.28 ~ 0.14 0.18 -0.75
al., 2007; Harikumar and Nasir, 2010; Nikolaidisal.,  Mode &m) 058 047 -0.36 0.05
; i Be 0.62 0.71 0.16 0.01
2010), coastal areas (Taher and Soliman, 1999;dlauv 0.87 0.44 0.00 0.00
and Rognerud, 2001; Zabetogletal., 2002; Serican@t  Tj 0.88 0.20 -0.34 0.00
al., 2001; Preda and Cox, 2002; Bertolo#toal., 2003; Vv 0.94 0.18 0.06 -0.05
2005; Kishe and Machida, 2003; Cuong and ObbardSr 0.96 -0.03 0.12 0.11
2006; Farkaset al., 2007; Nobiet al., 2007; Romanet ~ M" 0.81 009 0.28 -0.30
al., 2010) and lagoons (Bellucet al., 2002). The values Fe 0.88 0-19 0-15 0.29
5 nad lag . : Ni 0.96 0.01 -0.14 0.03
measured in Viethamese lagoons are by far among thg, 0.93 -0.09 0.05 0.19
lowest (up to one order of magnitude) of the endéeé  zn 0.94 0.10 0.23 0.10
for all elements considered, being lower but corapler  As 0.02 -0.14 0.88 -0.17
to other coastal systems. This would suggestlavstiy A9 0.74 0.52 -0.17 -0.10
: : P Cd -0.06 0.91 -0.13 -0.06
low, if any, anthropogenic contribution. Pb 0.03 0.66 051 0.20
The potential threats to biota of Vietnamese lagoo 0.20 0.89 0.07 0.09
sediments can be evaluated through the comparison eg -0.16 -0.19 -0.23 0.00
measured concentrations with internationally acmgpt Li 0.73 0.16 0.55 0.17

Sediment Quality Guidelines (SQGs) that define @alu Eigen values; extracted by Pfigdpal components _
above which adverse effects can be observed (Ti3ble % Total  Cumulative  Cumulative

. Values Eigenvalue variance Eigenvalue (%)
Using Threshold Effect Levells (TEL_) and Probable 11.70 532 117 532
Effect Levels (PEL) for marine sediments (Burton,» 2.70 12.3 14.4 65.5
2002), which appear to be the most restrictive tmi 3 1.88 8.54 16.3 74.0
(Table 1), all As concentrations in Table 1 excéesl 4 1.60 7.28 17.9 81.3

134



Am. J. Environ. ci., 8 (2): 130-142, 2012

a0 1 I Boston Harbour (USA
As B Kirki Region (Greecs | Industrial areas [ Sidney harbour [.ﬁustrjalmj
| Yence ':rndu rial canads| 1800 - r
W Napies harbaus [Italy)
= neg EAus-trala} | 1 Mapies city
INaEIe ’l.\lbﬂur Itaty} 1150 c '—Hmrﬁni(mg%‘:arbour Chima)
60 4 I}\r}aﬂnm mrla msr.ncl {Wiatriam} r EI Martin riier (Marocco
ad Ligune 500 — ﬁngunan Sea (Maly)
& O Queansland EAustrnha] Fueensland l}nuérala}
Industrial areas @ Ugurian Sea [Italy) O Lake Victoria (Tanzania)
@40 - AT i . 180 O Thessaloniki l.’Grm:qu
'l\.'nelnameg?_agmns | 'iulﬂnr.lgaman I!Ian?; Inc!la:l
1 Coastal o | Neretva Channel (Croatia)
oa |
20 4 a0 W Vietnamese Lagoons
areas Lagoons o1 el st A
] il ] - Coastal areaspy | agoons
g+ . 0 L1 L—l eyt e — IR .
S "0 Sidney harbour -Al..lm-‘la:l
Hg mVenice fagoan industrial canats . lgan&h g;rbow Italy
8 Cost sty e Ni ARG e i)
. | mMapies harbour (taly) 250 (Meica)
Industrial areas areNs Sea
20 | E2 Ligurian Sea {ltaly) 00 ] L usensiand gngmrl
L O Lake Victoria (Tanzana) & 1 : gl Ll
11 4 | £ Barenis Sea {Norway) : wanﬁgaﬁgmﬁl,mﬁ.
150 : lNurat\'aC-nannul Croa
~ = |EVietnamese Lagoons . \pﬂgaa. El Na1run lakes {Egyp‘r;
| . | & Venice lagoan mudfiats 2 : o]
£ | g [ | mVistnamess Lagaans.
argas
gg_s | b Coastal areas Lagoons
Coastal areas 50 4 E
oM Bt o o T S s m
B Kirkl Region (Greece) 5000 W Kirk| Res mntcluce
= ustrial canal Industrial areas e A
Pb =E§ o5 n??ﬁ:-ur i -swﬁ @ gﬂ}n%ﬂﬁr&l canals
= Ll
2500 'IE:'R Haronr (LS 4000 4 _.m’.‘r'%"r“’"“ ool
1 Marabasco Mﬂxltﬁ':l
Queensland Ausiralia) Zn
1750 q‘urlnn Sea [l Ig'J a.s'ltt}uee-nslﬂs';: Auﬂt{alln;l
4 ran
O Eare ge? Sy - 3000 'Slwls'k:mna Tah‘zanm]
1000 &l hossauni.l G ol rwn! Sea (Mo xg
"= @ Ancathan Islansr;% i) E Dm'&:mglagmas
=3 Industrial areas W Meretva Channei ig? 2000 + gﬂn arEan Istanas [Innlg]
= g1 I Fiatrin 1akes (egy pt:l 1iadi E| Natrun lakes (Egypt)
500 £ Po meer {Italy) 3P0 rver (Haly)
1 1 Venice ia n muditats 1000 - E3Venic [agoan muurlats
250 - B Vetnamase Lagoons . I'u'lo'lrtalnu |
Coastal areas Lagoons Coastal areas Lagnens
o4 7 O I oy SN s T o+ ¢ SO SSRr— (1 SRR - L

Fig. 3: Values of selected metals (As, Cr, Hg, R and Zn) in surficial sediments of different eéaaiment:
industrial areas, coastal zones, lagoons

No factor accounts for TG samples because this corBactor 3 accounts for 8.54% of the variance andvsho
lacks of some parameters. Factor 1 accounts for c.aignificant loading (> 0.7) of As. This elementggpent
53.2% of the variance and represents the maiat high levels in most of the lagoons, could be
mechanism that drives the element distributionsh wit generated from natural processes (e.g. weathering o
the predominance of Ag, Al, Cr, Cu, Fe, Mn, Ni, Ti, metamorphic rocks or arsenic-bearing minerals by
Zn, V and clay content. These parameters aralissolution due to variations in redox conditiorzs
commonly associated with calc-alkaline mineralsreported in (Berget al., 2001), but also anthropogenic
typical of the area (NLA, 1995; Cu, 1995; Thetyal.,  activities can play a role because of deposits aifl g
2000), suggesting the presence of terrigenous snpummining wastes (Berget al., 2001; Matschullat, 2000),
with a rather constant mineralogical sedimentmetal smelting processes, ceramic production, timbe
composition. Factor 2 accounts for 12.3 % of thetreatment, burning of fossil fuel and/or arsenic
variance and is controlled by Be, Cd and U. In tisise, containing pesticides (Ngaat al., 2009; Yudovich and
while Cd and U may be associated to the use oKetris, 2005).
contaminated phosphate fertilizers (Al-Shawi andlDa Finally, factor 4 (7.28% of the variance) is
1999; McBride and Spiers, 2001) and thus can itelisa controlled by silt and negatively correlated with
specific anthropogenic influence, Be is mostly §dko  geometric sorting, thus indicating the influence of
terrigenous input, behaving as a vicariate elernéntl. course content patterns.
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Fig. 4: Depth profiles of actual (filled squaresidanormalized (to % content of Al, empty squares)centrations
(as pg @) of Cr, Mn, As, Cu and Hg in cores from LC, TC, BNd CR

The geochemistry of Central Vietnam is dominatedcore is representative of the relative lagoon, dswmp
by calc-alkaline rocks with high grade metamorphismlocations may have influenced the metal patterns. |
(Al-Shawi and Dahl, 1999; Thust al., 2000) that can this regard, it is important to note that, while tfirst
evidently influence the geochemistry of major elatee four cores are located near the tributary estutirg,
in sediments (Shimmield and Mowbray, 1991).remaining ones are far from a direct river influenc
Actually, the good relation Al versus fines or clay Consequently, a normalization vs. Al, considered a
content (Table 3) and many metals (Table 2) confirrmatural element linked to clay minerals, was penfedl
the hypothesis of a prevailing alumina-silicate unp in order to assess the influence of sediment coitipos
into four of the nine lagoons (AK, NM, CR, TN). On variations over trace metal depth profiles. Figdre
the contrary, LC, TG, NN and OL show an independenshows some examples relative to the normalization o
trend of Al and fines, with little variation of grasize  selected metals in some lagoons. In many cases, the
down core. Even though we have to assume that eactormalization strongly modifies the metal pattern.
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Table 3: K of Al vs fines and Al vs clay content in cores géed in
nine Vietnam coastal lagoons

Sample RAI vs fines R Al vs clay
LC 0.085 0.713
TG 0.019 0.017
AK 0.795 0.663
NM 0.729 0.630
NN 0.082 0.279
TN 0.880 0.812
oL 0.004 0.493
CR 0.962 0.976
DN 0.656 0.843

When metal values become more constant than th€luster

original ones, a similarity is evidenced that sigjgea
natural origin. On the contrary, when Al concernnat

suppliers of Zn, Cu and Pb with smaller amounts of
many other metals, such as Ni, Cd and Cr that lae a
found in road runoff and exhausts Fairfaxcounty)720
Nevertheless, the measured contaminant concemtsatio
previously discussed do not indicate a harmful
situation, with metal patterns mostly driven byurat
mineral composition of parent rocks. In these
environments different soil composition may cause
background variations among the lagoons.

It is interesting to understand which are the main
differences among the nine study sites. Thus, axeyp
Analysis was carried out using metal
composition and core samples as variables and ,cases
respectively. Because some cases, lacks of some

is nearly constant throughout the core the patterparameters, the statistical calculation indicated TG

remains the same, thus indicating a non-naturatirabon

and some DN levels are not suitable for factor ysisl

mechanism. When there is no relationship between thThe plot (Fig. 5) identifies two main groups, witbme

two parameters, the profile is oddly modified. laro

minor differences within. The distribution is mainl

case the depth distributions of most metals becomdriven by the metal contents, which previously have

linear, even if the correlation with Al is not sditally

significant, whereas, Hg and Cd fall in the second
third case, depending on the lagoon (Fig. 4). Meeeo
diagenetic effects cannot be excluded,
subsurficial peak often survives after normalizatfor

in that a

been described by factor 1 of the Factor Analysid a
secondly by As, Hg and Cd, Pb and U previously
described by factors 2 and 3.

In the first group DN seems differ more from
NM, NN and CR topmost levels, in the second group

all metals (included the redox sensitive Fe and .Mn)AK and CR downcore levels and OL differ more from

This feature is particularly evident in cores frau@,

NM, TN, CR where Fe and Mn show evident

subsurficial peaks (e.g., at 10-25 cm depth in &R
Fig. 4) that accounts for an accumulation of metals
subsurficial oxic layer.

Setting differences and trace metal sources: In
general, metals can reach the lagoons via direer ri
discharge, runoff of agricultural soils, roads andirban
settlements and atmospheric dry and wet deposttiois,
affecting the composition of sediment in the lagoon
Nowadays, the presence of industrial activitiesuado
the Vietnamese lagoons is still very scarce, bsidtuld

LC and TN.

As for DN, the shell content may have affected
the result distribution. On the contrary, the donsof CR
samples in the two main groups points out thatearcl
depositional change occurred in the recent yeaaemdy
shown by the strong change in grain size patteigh H
concentration of Ni, Cr and Fe, Mn and Ti (Table 1)
due to the presence of mafic and ultramafic miseral
(olivine, spinel, amphibole as intrusions locatacthe
margin of the Kon Tum Block) and occurrence of
Titanite and Zircon in the area as reported in baith
Shawi and Dahl (1999) and Dung (2006) could explain
the higher mutual similarity of some lagoons (LQ,,O

be noted that the area was once occupied by myilitarTN), moreover, high levels of Al, originated from K

bases during the war (Yourgy al., 2004) and many
different mines (gold, diamonds, ruby, bauxiteyifi)

feldspate, Plagioclase, could strengthen the grofup
LC, AK, TN and OL. However, it is probably the

are to be found in the mainland and along sometcoasigher concentration of As, Cd and Pb in AK and eom
tracts (Kusnir,2000; MWC, 2007). Moreover, all the levels of CR that drives the main differences ie th
lagoons host medium/little economic settlementsg, arcluster analysis (Fig. 5). The results, suggest #ta
heavily exploited for fisheries and aquaculturesome places both natural and anthropogenic prosesse
activities, as they have many artificial ponds fordetermined metal patterns and trends. Howeverntece
shrimps and mollusks and are constantly crossed bgymall increasing trends are visible, the most irtgoar
small motor boats. The hypothesized origin frombeing located at AK, NN and OL, even though

phosphate fertilizers for Cd and U (see aboveikadyl,

concentrations remain rather low. This may be due t

but also urban sources can be relevant. Indeedpbne recent anthropogenic influences. Regarding the high

the most important sources from
urbanization is linked to motor vehicles: roadwaysl
automobiles now are considered to be one of thys&ir
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Fig. 5: Two ways Cluster Analysis performed withtade&oncentrations in all evels of cores samplediginamese
coastal lagoons

Actually, hot streams are common in the area wthidle  designed to discriminate between urban relatedténpu
economic sectors, especially industries, are aery v and those linked to the productive and industrial
low level of development. However, it should beoals activities located in the area. It will be also wnant to
noted that the identification of productive proeesss assess the relative importance of soil natural
responsible for the input of metals to the envirenin composition in comparison with the influence of
needs further in situ investigations, specifically anthropogenic contaminants.

138



Am. J. Environ. ci., 8 (2): 130-142, 2012

CONCLUSION industrialization and urbanization, designing a

monitoring program is certainly advisable
Nine sediment cores taken from central Vietnam

coastal lagoons, were analyzed to understand patter ACKNOWLEDGEMENT
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