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Abstract: Tidal flats in the North of Vietnam extend from Méng Cé1 — Quang Ninh to Kim Son -
Ninh Binh are studied sedimentation rates by %} and **Ra on CRS model, accurnulation of
pollutants include organochlorine pesticides, polychlorinated biphenyls, polveyclic aromatic
hydrocarbons.

On the tidal flats there are two sedimentary processes, which are accretion and erosion. The
accretion process is most on the top of tidal flats, sedimentation rates are range from 0.04-15.83
cmy/year, highest scdimentation rates are on deltaic tidal flats, the next is on estuary tidal flats, and
smallest sedimentation rate is embayment tidal flats. The erosion process are showed on 20-40cm
at Ba Lat tidal flat and some layers from 20 cm until end of cores on Cira Ddy tidal flats.

Accumulation of persistent arganic pollutants in sediment on the tidal flats show two tends,
the first trend is increasing on the tidal flats in recently years which are PCBs and PAHs, the
second trend is decreasing in recently years is organochlorine pesticides. The deltaic udal flats
have not clearly wrend of PAHs in sediments. The compounds of organic pollutants over 1ISQGs
level are 4,4°DDT, phenanthrene, flouranthrene. benzo [a] anthracene.

Keywords: Tidal flat, 210Pb, sedimentation rate, persistent organic poliutants, North of Victnam.

1. Introduction

The coast of the North of Vietnam extends
from Mong Cai, Quang Ninh to Kim Son, Ninh
Binh provinces. They are divided into three
areas base on tidal ranges, geomorphology and
sediments by which there are thiee type
environments: deltaic environments, estuary
environments and embayment environments,
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thereby also tdal flats are divided into three
types as are: deltaic tidal flat, estuary tidal fiat
and embayment tidal flat [1.2].

On the tidal flats distribute much resources
as bictic and abiotic resources, along coastal of
the North of Vietnam there are some
ecosystems as mangrove, coral reef, estuares,
embayment ccosystems with high biodiversity
and rich biotic resources. Today people from
coastal provinces and maintand do development
plan, extract coastal resources make risks to



14 D_H. Nhow 1 al. # VNU Joumnal of Science: Earth and Environmental Sciences, Vol. 30, No. 3 (2054) 13-26

coastal environments. Many activities of human
in mainland in the North of Vietnam increase in
recently bring pollutants to coast, poliutants in
sediments are showed that increasing by
time{3-51, pollutants in coastal sediment
relationship with increasing of industrial areas
more ten recently years [6]. During with
developmg of mdusma] areas, wastes and
en is i plete [71,
these reason high concentration pollutant in
coastal area.

A i of organic
pollutants in aguatic enwronmem by used *°Pb
and other radiotracer are usefully in tracking
environment change, they help us to know
sources, pathway, time and sedimentary
processes in coastal water body [8],
sedimentation rates and accumulation of
pollutants in coastal area are important
information in climate change, sea level rise
and human activities. This paper use *'°Pb and

organic p (or hlotine
pesucndes (OCPs), polychlorinated biphenyls
(PCBs), polycyclic aromatic hydrocarbons
{PAHS)) in sediments to understand, estimate
sedimentary processes, impacts from human
activities from mainland 10 tidal flats in the
North of Vietnam.

2. Material and methods

Seven sediment cores on the tidal flats are
collected in 2012 on fig, 1, the length of cores
are ranges 0-90cm in depth: on the Mong Cai
tidal flat (MC 0-90cm), Dong Rui tidal flat (DR
0-60cm), Cua Luc tidal flat (CL 0-57cm}, Cua
Cam tidai flat (HP 0-90cm), Thai Binh tidal flat
(TB 0-90cm), Ba Lat tidal flat (BL 0-9Gcm) and
Cua Day tidal flat (KS 090 cm). During

.nplingv choose the positions 10 aveid effects
of human activities and mixing disturbance of
nature, usually outside of mangrove forest and

inside sand bars where is quiet place for
deposition processes occurs.

Sediment cores were cut into 2 cm slices,
which were kept a 4°C until reaching
laboratory. In the laboratory samples were dry
by air-conditioner at 16°C, used agate mortar
and pestle for grinding for analysis *°Pb and
persistent organic pollutants.

Grain sizes were analyzed by sieves and
particle size analyzer CILAS 990 after removed
salts and organic matters by distilled water and
hydrogen peroxide (H.0-) 10 percent. Sediment
classification is according to Lisitzin (9]

The content of *'°Pb is determined through
it's daughter radionuclide P°Po with the
assumption of secular equilibrium, After
digestion of the sample, polonium is extracted
with 0.1% DDTC in chloroform from HCI
solution and then deposited on silver disc. **Po
is used as a tracer in the separation for chemical
recovery. Radionuclide *'°Po is analyzed using
PIPS detectors with 600 mm’ active area.
Unsupported “'Pb then can be calculated by
subtraction of **Ra from the total “°Pb activity
[10]. **Ra in sediments was measured directly
by gamma spectrometry.

The constant rate supply (CRS) model is
used to caleulate chronology of sediment layers
(1), and sedimentation rates (2). This model
was suggested by Krishnaswami ([11], later
have been modified [12-14]. Nowadays this
CRS model is used very common for
caleulating sedimentation rate in coastal and
estuaries

A(O)
t= —=)
/1 A(x) i
1: year,
*: constant = 0.03114;
A {0) is the total integrated Z'UPIJ“mi in
sediment core (ZlnPbglus:me“m, - 2Rgz)

A(x) is the integrated Z'K'Ph,x.m below depth x,
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Fig.1. Local sampling collected
di rate was calculated by (2) sediments, after that remove substance interfere
1 by pure copper, then clean up on the floisil
s=,_r column, final analysis on gas ch h
a "t (2)

3: sedimentation rate (cm/year)
I thickness of layer
1, and 1,.;: are the age (year) of the n and n-1
Yayers caleulated by (1).
Organochlorine pesticides (OCPs) analysis
by weight 20-100g dry sediment, use n-hexane
and soxhlet extractor drag OCPs out of

with electron capture detector (GC - ECD).
Total OCPs (lindan+ aldrin + endrin +
4,4'DDE + 44'DDD+4.4'DDT)
Polychlorinated biphenyls (PCBs) analysis
by weight 20-100g dry sediment, use n-hexane
to extract PCBs of sediments under microwave
extractor, after that remove substance interfere
by pure copper, then clean up on the silicargen
column, final analysis on Gas chromatography
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with electron capture detector (GC-ECD). Total
6 PCB = (PCB28 + PCB52 + PCBIOI +
PCB138 + PCB153 + PCBI180), total PCBs =
A*(PCB28 + PCB52 + PCBi101 + PCBI138 +
PCB153 + PCBI180) with A 1s coefficient range
from 3.5-8 (15].

Polycyclic aromatic hydrocarbons (PAHs)
analysis by weight 20-100g dry sediment, nse
dichloromethane to extract PAH of sediments
under microwave extractor, remove substance
interfere by pure copper, then clean up on the
silicargen column. use mix solvent n-hexane
and dichloromethane with volume ration 3:1
rinse silicargen column, final analysis on gas
chromatography with flame ionization detector
(GC-FID). Total PAHs=(phenanthrene+
flouranthrene+perylene-+benzo{aJanthracene+be
nzo[ajpyrene+pyrene-+triphenylene+benzo(elpy
rene).

3. Results

3.1. The characteristic sediments on the tidal

flats

In fig.2 and tab.1, the mean diameters (Md)
of sediments in the tidal flats change in depths,
reflect sedimentary environmental conditions
with time. At MC core on the Mong Cai tidal
flat distribute three sediment types which are

coarse aleurites, fine sand and coarse sands. At
CL core on the Cua Luc tidal flat with two
types of sediments which are coarse aleuntes
and fine sands. At HP core on the Cua Cam
tidal flat there are three sediment types,
distribution on the top of tidal flat is fine-
aleurites muds, in the middle and bottom layers
in the tidal flat distribute coarse aleurites and
aleuritic-pelitic muds. At TB core on the Thai
Binh tidal flat, there are two scdiment types,
which are most of coarse aleurites, there are
some layers fine-aleurites muds. At BL core on
the Ba Lat tida] flat, most layers sediment on
tidal flat are coarse aleutites. At KS core on the
Cua Day tidal flat, most of layers are coarse
aleurites.

Sorting parameter (So) reflects sedimentary
conditions, follows Track divided into three
states [16], well sorted (S 1.20-1.58),
moderately (Sp = 1.58 - 2.20) to poerly sorted
(Sy > 2.20). On the tidal flats sediments has
well sorted and moderately sorted appear same
with coarse sand, fine sand and coarse aleurites,
they reflect sirong conditions. The poor sorted
are belong fine-aleurites muds and aleuritic-
pelitic mud sediment, the sediments have poor
sorted refationship with weak conditions. On
the each tidal flat, it ranges from well to poor
sorted, it indicates for change of sedimentary
environment by Gme (fig.2).

Tab. 1. Statistical sedimentary parameters on tidal flats

Md (mm)
Cores i Average Sm.ld?rd Mini Maximum  Average Slar!dalrd
deviation
MC 0.052 0.725 0.224 0.119 1.297 6.381 2.280 1.497
CL 0.080 0.181 0.130 021 1.531 4.047 1.887 0.654
HP 0.008 0.057 0.024 0.015 2.284 3.088 3.262 0.380
TB 0.022 0.063 0048 0¢.012 1.740 3.557 2.991 0.408
BL 0.054 0.102 0.065 0.008 1.255 3.635 2.119 0.810
KS 0.051 0.084 0.066 0.007 1.233 3.588 2,108 0.848
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Fig.2. Distribution of Y E on the tidal flats
Tab.2. Sedimentation rates on the tidal flats
_Sedimentation rates (cm/year)
W rey DR 1P T BL [
1 Minimum .11 0.04 0.19 0.17 0.06 0.14
2 Maximum 1.31 0.34 235 14.42 15.83 0.64
3 Average 0.82 0.14 1.40 2.08 3.04 0.34
4 Standard deviation 0.37 011 0.65 3.105 527 0.15

From tab.l we see at the Hai Phong tidal
flat where is quiet, diameter of sediment (Md)
is llest, dynamic effect small
on sediment, most core positions were collected
in quiet so impacts from environment to
sediment small, they also reflect by sorting of
sediments from moderately to poorly at tops of
core, but some layers in deeper of tidal flats we
see well sorted that is in the past tidal flats
affect by strong condition, and there are no
deposition in these time.

3.2. Sedimentation rates on the tidal flats

Most of tidal flats at the time collect
samples show that are accretion, highest

sedimentation rate are on Ba Lat tidal flat (BL),
the next are on the Cua Cam tidal flat and Thai
Binh tidal flat (TB) (tab. 2 and fig. 3). In the
lower layers on tidal flats show that there is
erosion states in cores of Ba Lat and Kim Son
tidal flats (fig. 4). The states of accretion with
suddenly high sedimentation rates are seeing in
TB during 2005 and BL 2010, events high
sedimentation rate suddenly are shown by
results of me.,_-,Mky subtract *Ra at same slice
is small (fig.3), they are also shown by mean
diameter of sediments at that time is smaller in
the sediment cores (fig.2)
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Fig.4. Distribution sedimentation rates on the tidal flats.
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3.3. Org hlorine icides in sediy
tidal flats

In tab.3 and fig.5 the concentration of total
organochlorine pesticides (OCPs) show two
trends, the first trend of OCPs is increasing in
recently years on Mong Cai tidal flats (MC) and
Ba Lat tidal flat (BL), the second trend of OCPs
is decreasing in during time seeing on DR, HP,
CL, KS tidal flats. The highest of OCPs in

di is on Cua Cam tidal flat (HP), the next
are Mong Cai (MC) and Dong Rui (DR) tidal
flats, lowest of OCPs is on Ba Lat (BL) tidal
flat. The compound of OCPs highest is
4,4'DDT, there are some layers in past time
with 4,4'DDT over ISQG level of Canadian
quality sediment guide [17). The other
compounds are always lower than ISQG levels
(tab.3).

Tab.3. The concentration (ug/kg dry weight) of OCPs in sediment

Core  Total OCPs Lindan Aldrin Endrin 4,4'DDE 44'DDD 44'DDT

KS 169+124 0.11x004 005000 0.65 £0.51 0.14 £0.05 0,16 :0.08 077058
BL 097030 0.12:£0.00 0.06 +0 00 0.31 £0.09 0.11£0.02 0.15+0.07 044 +0.12
B 121021 0.10=0.01 0.05+£000 044+012 0.14 x0.00 0.15+0.03 0.51+0.12
HP 198+1.33 0.10x002 0.05+0.0! 0.58+0.18 0.11 £0.02 0.13+£0.07 1.03 £1.06
CcL 1.05+0.20 0.09+001 0.050.00 0.36 £ 0.08 010000 0.11£002 0432012
DR 178129 0.10+0.02 0.05 £0.01 059 +0.30 0.11+0.01 0.16 +0.08 1.12+1.29
MC 1864081 0.10+001 0.05 +0.00 0.58+0.23 0.11£0.01 0.28 +0.30 0.76 £0.29

15QG 032 - 267 207 122 1.19

e

i A - -i » /

/
%
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Fig.5. Distribution of total OCPs in sediments.

Tab.4. The concentration (ug/kg dry weight) of PAH in sediments

Cores PAHs Phenanthrene  Flouranihrene  Perylene f:lrl'llzr:c[:n]; B;n;zn[:]_ Pyrene
KS 93.73£31.63  61.77124.76  14.74198C 5794247 8.1542.13 1.4241.52  0:780.08
BL  92.73#35.]11  5851+2643  18.9035.62 4.60:0.82  10.36x4.70 0.60+0.00  0.67+0.08
TB  112.27424.12 68732264 26.44x2650 5.86+232  10.8543.05 0.60£0.00  0.80+0.32
HP  79.19434.89  68.73122.64 264442649 4.78+1.93 7.574751 0.60£0.00  0.77+0.10
CL  21688£139.27 822042666 518742396 10.5544.75 70.68x128.64 1204450  0.96:0.23
DR 475.012511.22 251.56£277.83 140.72%161.14 30.00%37.99 35.03+40.25 14.50£34.05 3.704.36
MC  106.544£39.86  61.75+21.85 289543429 8194247 7.6444.15 0.60:0.00  0.60£0.00

1SQG 86.70 113.00 - 74.80 88.80 153.00

3.4. Polycyclic aromatic hydrocarbons on tidal

flais

Polycyelic aromatic hydrocarbons (PAHs)
in sediments are showed in tabd4 and fig.6,
there are two trends concentration of PAHs.
The first trend of PAHs shows clearly
increasing by time seeing from Cua Cam (HP)
tidal flat to Mong Cai (MC) tidal flat. The
second trend is not clear from Thai Binh (TB)
to Cua Day (KS) tidal flats. These compounds
of PAHs have high concentration over ISQG
levels are phenanthrene, flouranthrene, benzo
[a) anthracene, other compounds are Iower than
ISQG levels. Two PAH which are triphenylene

and benzo [e] pyrene are equal or lower than
limited detection (0.6 pg/kg).

3.5. Distribution of polychlorinated biphenyis
in sediment on tidal flats

The concentration of polychlorinated
biphenyls (PCBs} in tidal flat sediment is low, it
is lower than 21.5ug/kg dry weight (ISQG
Jevel) (1ab.5). On all tidal flats, PCBs in
sediments are increasing during the time (fig.7),
and with PCB appear frequency common are
PCB 28, PCB52 and PCB 101 in layers of tidal
flats, other PCB include of PCB 138, PCB 152
and PCB 180 appear in sediment layers is not
frequency common.
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Fig.6. Distribution of total PAHs in sediments.
Tab.5. The concentration (ug/kg dry weight) of PCBs in sediments
Core 6PCB PCBs PCB28 PCB52 PCB101 PCB138 PCB 153  PCB 180
KS 0162006  1.19:049  0.042006  0.10:0.03 001001 0012000  0.02:0.01
BL  0.16:0.03 1185036 0.03x002  010:0.02 0.02:000 0.012000 001+0.01
TB 0.1920.06 1.40+0.53 0.07:0.08 0.10£0.03 0.02£0.01 0.01£0.00 0.010.01
HP 0.1520.13 1.03x0.96 0.0320.04 0.08£0.07 0.09£0.03 0.02£0.01 0.02+0.02
CL  028+022 200x).67 0.072013 009004 0.02+0.01 002001  0.03+003  0.040.09
DR 0.1420 06 1.00£0.40 0.0320.02 0.09:0.03 0.01£0.01 0.012001
MC 0224013 1.5210.93 0.03x0.02 0.14£0.08 0.01£0.00 0.0120.01 0.03£0.02  0.01x0.01
15QG = 215 - - - - - -
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Fig.7. Distsibution of PCBs in sediment.

4. Disscusion

Sedimentary processes on the tidal flats
show two states, accretion and erosion. Erosion
is showed on 20 - 40cr, 80-90 cm in depth on
Ba Lat (BL) and Cua Day (KS) tidal flats, they
rely on imbalance between radioactivity of
ZRa and *Pbyeyy,y in same slice with time is
less than 150 years, for erosion states show base
on radioactivity of Ra higher than
radioactivity of 2"’k"b,..mm_\- and mean diameter

(Md) of sediments bigger than accretion states.
Accretion states are the most in top of tidal
flats, there are some states with high
sedimentation rates suddenly in short time 2005
in Thai Binh tidal flat and 2010 at Ba Lat tidal
flat, if we compare the sedimentation rates on
the tidal flats in areas, the deltaic tidal flats are
higher than estuary and embayment tidal flats.
Erosion is cause of discontinuation of calculate
chronology of sediment on tidal flats in some
layers.
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Accumulation of persistent  organic
pollutants in sediments on tidal flats in the
North of Vietnam are increasing by time show
clearly with PAHs and PCBs, OCPs is show
both increasing and decreasing by
Increasing of PCBs, PAHs maybe relationship
with developing of industrial activities in
mainland, they are evidence by value of
industrial products in coastal provinces are
continuing increasc during the time (Fig.8),
scurce of PCBs only by human activiues, but
sources of PAHs in environment are complexes
include from nature and human activities {18],
for diagnostic ratio undersiand source PAHs
though Flouranthrene/(Flouranthrene + Pyrene).
If itis in a range < 0.4, PAHs source come from
petrogenic; 1f it is in a range 0.4 - 0.5, PAH

time.

23

source come from fossil fuel (petroleum)
combustion; if it range > G.5, PAHs source
come from grass, wood, coal combustion [19],
these ratio Flouranthrene/(Flouranthrene +
Pyrene) in sediments on the tidal flat in the
North of Vietnam range from 0.56 to 0.99.
Source of OCPs in sediment come only human
activity on the farm in agriculture, decrcase
trend over time of OCPs in sediments is seeing
on tidat flats, convention banning use persistent
organic pollutants are effeci on wide area from
2001, but until now we have been seen used
OCPs in agriculture farm in mainland [20],
these are reasons explain increasing trend by
time of OCPs at Ba Lat and Mong Cai tidal
flats.

Tab. 6. Diagnostic ratios in sediment on tidal flats in the North of Vietnam

Cores
Diagnostic ratios
MC DR HL HF __TB BL cD
Flouranthrene /(Flouranthrene 0 86- 0.95- 0.95- 0.90- 0.89- 0.95- 0.56-
+ Pyrene) 099 0.99 0.99 0.98 09 0% 0.98
L)
Bovd - - Phong
I © ThacBmh
. Nam Dinh

Ninh 8inh

Bavd 4
| - Guang Ninh

Millon YND

d0ed

1996 1997 1938 1339 2000 2001

s LL.MMJLI““

2002 2003 2004 2005 2006 2007 2008 2003 2010

Years

Fig.8. Value of industrial products of coastal provinces in the North of Viemam [21].
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5. Conclusion

On tidal flats in the North of Vietnam at the
di cores are collected, twe sedi v
processes are recorded erosion and accretion,
erosion is seen in past, accretion is seen on all
tidal flat at the time to collect samples.
Sedimentation rates range from 0.04 to 15.83
cm/year, highest sedimentation rates on deltaic
tidal flats then estuarine tidal flats, embayment
tidat flats is lowest.

Accumulation of OCPs in sediment on the
tidal flats have layers under surface higher than
ISQGs are 4,4'DDT in concentration at Cua
Cam and Dong Rui tidal flats. Trend increasing
by time are shown in the Ba Lat, Mong Cai
tidal flats, other tidal flats are shown decreasing
by time. Accumulation of PCBs in sediment are
shown imcreasing by time clearly at all tidal
flats, but they are lower than ISQGs. PAH have
some compounds are higher than ISQG, the
trends increasing of PAHs in sediments by time
are shown clearly from Hai Phong to Quang
Ninh provinces. Sources of PCBs and OCPs are
only relationship with human activities, source
of PAHs in tidal sediments comes from
combustion of coal, grass, wood are indicated
clearly.

Accumulation of organic  persistent
pollutants in tidal flats are shown increasing in
recently years, they are need to monitoring in
near future and plan to protect environment for
sustainable development of tidal flats in the
North of Vietnam.
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Tich liy céc chat 6 nhidm hitu co bén trong trAm tich bai tridu
Mién Bac Viét Nam

Ding Hoai Nhon', Trén Dirc Thanh’, Duong Thanh Nghi',
Cao Thj Thu Trang', Pham Thj Kha', Nguyén Thi Kim Anh', Phan Son Hai®
'Vign Tai nguyén vi Moi triromg bién, VAST, 246 Phé Da Néng, Hai Phong, Viét Nam
Vign nghién ciru Hat nhén, VAEL 1 Nguyén Tir Lc, TP. Pé Lat, Lam Béng, Viét Nam

Tém tit: Bai riéu Mién Bic Viét Nam trai dai tr Méng Cii — Quang Ninh 16i Xim Son —Ninh
Binh dugc nghién ciru tc d3 Jing dong trdm tich bing “°Pb va **Ra trén md hinh CRS, tich lily cia
cdc chét 8 nhidm bao gbm héa chit bio vé thuc vit gbe clo (OCPs), polychlorinated biphenyls (PCBs)

va hydrocacbon thom da vong (PAHs).

Trén bii triéu ¢6 2 hai qud trinh trm tich 13 bbi tu va x6i mdn. Qua trinh bdi tu Ia hiu hét wen dink
bé mat bai tridu, tie dd ling dong dao dong 0,04-15,83 cm/ndm, tbe 40 léng dong cao nhit 12 trén bai
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tridu chau thé, tiép dén trén bai tridu cira song hinh phidu va tdc 49 ling dong nhé nhée trén b widu
viing vinh. Qué trinh x6i mdn quan sdt thdy & 43 sau 20-40cm trén b tridu Ba Lat va mt vai 16p nr
20cmn cho dén diy cot khoan & bii tridu cita Ddy.

Tich lily ctia c4c chit hita co bén trong trdm tich trén béi tridu thé hién hai xu huéng, xu hudng thir
ubdt 12 ting Jén trong nhiing nam gin d3y weén bai triéu 14 PCBs va PAHS, xu buong ths hai 12 gidm di
trong nhimg nim gn ddy la héa chit bio vé thuc vit gbc clo. Bii tridu chau thé c6 xu thé khong 15
ring cia hydrocachon thom da vong trong wim tich. Més sé hop chit 8 nhidm hiru co bén vugt qui
ngudmg ISQGs 12 4,4’ DDT, phenanthrene, flovranthrene, benzo [a] anthracene.

Tir khda: Bii triéu, *°Pb, tde 48 ling dong trdm tich, cic chit 6 nhifm hitu co bén, Mién Bic Vit
Nam,






