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Abstract: This study was carried out from 2011, 2012 and 2015 with 4 times at 10 stations of each
estuary from 7 estuarine ecosystems. They are Van Uc (Thai Binh river), Ba Lat (Red river),
Thuan An (Huong river), Cua Dai (Thu Bon - Vu Gia river), Soai Rap (Dong Nai river), Co Chien
(Tien river) and Dinh An (Hau river). The results showed that the physico-chemical parameters are
mostly met the standard limit for aquatic lives, except for COD. The salinity level of the estuaries
in Center and South are higher than the estuaries in North. Five algal divisions have been found in
these estuaries are Bacillariophyta, Chlorophyta, Cyanobacteriophyta, Pyrrophyta and Dinophyta.
Among of them, Diatom (Bacillariophyta) was the dominant division at all seven estuaries. The Diatom
was the dominant group in density at all surveyed estuaries. The highest H index was recorded at Ba Lat
(3.42) and the lowest registered at Soai Rap (2.85). The D index varied from 1.92 (Soai Rap) to 3.17
(Ba Lat). The single environmental variables that best correlated with H index was total N (R2 =0.805,
p<0.01) and the best correlation was between NO; and D index (R2 =0.778, p<0.05).
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1. Introduction

Phytoplankton is the major contributors to
the primary production in estuaries, coastal
lagoons, and other intertidal habitats.
Phytoplankton is important primary producers
and the basis of the food chain in open water,
some species on the other hand can be harmful
to human and other vertebrates by releasing
toxic substances (hepatotoxins or neurotoxins
etc.) into the water. Phytoplankton community
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composition responds sensitively to changes in
water quality, making phytoplankton a useful
biological quality parameter for water quality
monitoring. It would be better to analyze the
basic information of the phytoplankton in order
to improve water quality and prevent the
occurrence of water bloom [1].

The main objectives of the research were to
determine water quality and phytoplankton
diversity in the 7 estuarine ecosystems (Van
Uc, Ba Lat, Thuan An, Cua Dai, Soai Rap, Co
Chien and Dinh An), and to characterize the
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relationship  between and

environmental factors.

phytoplankton

2. Sampling estuarine ecosystems and methods

Samples were repeatedly collected in 2011,
2012 and 2015 with 4 times at 10 stations of
each estuarine from 7 estuarine ecosystems.
They are Van Uc (Thai Binh river), Ba Lat (Red
river), Thuan An (Huong river), Cua Dai (Thu
Bon - Vu Gia river), Soai Rap (Dong Nai river),
Co Chien (Tien river) and Dinh An (Hau river).
Two samples were taken from each station: one
for the phytoplankton and the other for physico-
chemical alalysis.

The water samples were colleted by a
batomet at the depth 50cm to 100cm [2].
Physico-chemical parameters: pH, Temperature
and DO were measured with a TOA model
WQC-24; Salinity was measured with a
ATAGO model SI0E; PO, , NH,* and NOy
concentrations were measured with SERA test;
COD, Total N and Total P were determined by
the method of TCVN 6491-1999 and TCVN
5988-1995 [2].

Phytoplankton samples were collected by
phytoplankton net No.64. Phytoplankton

samples were preserved in formaldehyde 4%
solution and examined in the laboratory of
Department of Botany and Microscope
Laboratory, Faculty of Biology, VNU
University of Science. The classification is
based primarily on the references number 3, 4,
5,6,7[3-7].

The species diversity were accounted
according to Shannon index (H’) and Margalef
index (D). The biological indices were
calculated according to the following equations
(8, 9]:

-H* = -3 piIn(py),

where pi = number of individuals of species
i/total number of samples

S = Number of species or species richness

- D =(S-1)/In(N),

where S is the number of species, N is the
number of individuals.

One-way ANOVA analysis of variance was
used to evaluate the relations between physico
chemical parameters and phytoplankton
diversity indices with Excel 2010 software.

3. Results and Discussion

3.1. Environmental factors

Table 1. Values of physico-chemical parameters recorded in the estuarines

Estuarines Water  Salinity DO pH COD PO, NH, NO; Total N Total
temperature (%0)  (mg/l) (mg/M) (mg/l) (mgl) (mg/) (mg/) P

’c) (mg/l)
Van  Min 24.28 5.04 2.62 771 14.00 1.08 0.25 7.38 1.00 0.08
Uc Max 29.61 6.56 440 7.77 83.53 2.20 042 11.16 1.39 0.09
Ba Min 24.26 2.47 1.96 7.72 12.12 1.08 0.27 6.76 0.63 0.05
Lat  Max 28.81 8.50 483 7.89 81.29 1.84 0.42 7.72 1.33 0.08
Thuan Min 24.56 9.22 389 545 1643 0.21 0.17 0.01 0.08 0.04
An  Max 30.32 30.66 8.13 7.51 78.53 1.88 0.48 5.44 1.13 0.40
Cua Min 24.85 4.33 287 7.60 16.70 0.69 0.18 0.05 0.48 0.05
Dai  Max 29.46 2990 6.80 830 79.30 1.86 1.17 342 0.90 0.48
Soai  Min 28.10 0.77 245 594 14.04 0.50 0.70 1.28 0.41 0.06
Rap Max 29.08 26.80 457 7.76 179.78 0.59 0.92 2.51 0.53 0.11
Co Min 28.30 0.14 2,62 752 6.24 0.28 0.53 3.96 0.55 0.09
Chien Max 29.02 1092 330 7.71 79.70 1.41 0.73 4.80 0.93 0.11
Dinh  Min 2791 0.02 230 7.50 72.17 0.40 0.66 3.76 0.53 0.11
An  Max 28.50 1026  3.08 7.77 94.51 0.56 0.92 4.44 0.78 0.14

QCVN 10 - 6.50 -
2008 30.00 >4.00 850 4.00 0.50
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The results of physicochemical parameters
recorded in different estuaries (Table 1) have
shown that water temperature varied from
24.26°C in Ba Lat estuary in Spring to 30.32°C
in Thuan An estuary in Summer. The salinity
was ranging from 0.02 (Dinh An estuary) to
30.66%0 (Thuan An estuary). Dissolved oxygen
(DO) was between 1.96 mg/L in Ba Lat estuary
and 8.13 mg/L in Thuan An estuary. The lowest
pH (5.45) was recorded in Thuan An estuary,
whereas, the highest was 8.30 in Cua Dai
estuary. The lowest (14.00 mg/L) and highest
(94.51 mg/L) COD were found in Van Uc
estuary and Dinh An estuary respectively. The
phosphate concentration was ranging from 0.21
mg/L (Thuan An estuary) to 2.20 mg/L (Van
Uc estuary). The lowest (0.18 mg/L) and
highest (1.86 mg/L) amonium concentration

3.2. Phytoplankton composition and abundance

were recorded in Cua Dai estuary, respectively.
Nitrate concentrations varied from 0.01 mg/L
in Thuan an estuary to 11.16 mg/L in Van Uc
estuary. Total N was between 0.08 mg/L in
Thuan An estuary and 1.39mg/L in Van Uc
estuary. The lowest total P (0.04 mg/L) was
recorded in Thuan An estuary and highest
total P (0.14 mg/L) was recorded in Dinh An
estuary.

Based on physico-chemical parameters, we
considered: the salinity level of the estuarines in
Center and South are higher than the estuaries
in North. The temperature, pH, PO43', NH,,
NOj, total N and total P were within the
acceptable levels and suitable for aquatic life.
The DO, COD levels of all estuaries were
higher than National technical regulations on
surface water quality QCVN 10 - 2008.

Table 2. Number of species of phytoplankton groups in the estuaries

Divisions Van Uc BaLat Thuan An CuaDai Soai Rap Co Chien Dinh An
Bacillariophyta 50 52 50 49 24 37 25
Chlorophyta 4 4 - 4 1 2 2
Cyanobacteriophyta 4 4 2 2 - 1 1
Pyrrophyta 6 6 6 - - - -
Dinophyta - - - 17 6 - -
Total 64 66 58 72 31 41 28

Note: - not found

The number of phytoplankton species in
each estuary was shown in Table 2. Ba Lat
estuary had the most abundant of algal species
with 66 species of four divisions. While there
was only 28 algal species had been recorded at
Dinh An estuary.

Five algal divisions have been found in
these estuaries are Bacillariophyta,
Chlorophyta, Cyanobacteriophyta, Pyrrophyta
and Dinophyta. Among them, Diatom
(Bacillariophyta) was the dominant division at
all seven estuaries. The propotion of this algal
group was from 68% (at Cua Dai estuary) to
90% (at Co Chien estuary).

Four algal divisions have been found in Van
Uc, Ba Lat and Cua Dai estuary. The green

algae (Chlorophyta) was absent from Thuan An
estuary. While Soai Rap estuary did not have
representatives of  Blue- green algae
(Cyanobacteriophyta); Van Uc, Ba Lat, Thuan
An, Co Chien and Dinh An estuaries lacked of
Dinophyta species. The Pyrrophyta has been
found only in Van Uc, Ba Lat and Thuan An.
Figure 1 showed the phytoplankton density
of each estuary. Van Uc and Ba Lat estuaries
(two estuaries at the North of Vietnam) had the
hight number of phytoplankton species (64 and
66 species respectively) but the density of this
group was low (under 15000 cell/ liter).
Whereas, Soai Rap and Co Chien estuaries with
respectively 31 and 41 algal species had much
higher density (more than 30000 cell/liter).
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Our study also showed that the Diatom was
the dominant group in density at all surveyed
estuaries. The density of this group was
generally higher than other groups from 3-8
times (Figure 2).

40000

35000

30000

25000

20000

CelllL

15000 -

10000

5000

0
VAN UC BALAT THUANAN CUADAI SOAIRAP COCHIEN DINHAN

Estuarines

Fig. 1. Phytoplankton density of the estuarines.
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Fig. 2. Value of phytoplankton diversity indices.

Figure 2 showed the phytoplankton
diversity indices of the estuaries. The highest
Shannon index (H index) was recorded at Ba
Lat estuary and the lowest registered at Soai
Rap estuary. The Margalef index (D index)

varied from 1.92 (Soai Rap estuary) to 3.17
(Ba Lat
diversity indices values of the estuaries in

estuary). The phytoplankton

North and Centre were higher than these
values of the estuaries in South of Vietnam.
The number of species, D index and H index
were similar variability.

3.3. Correlation analysis

Statistical between the

phytoplankton diversity indices and the physico-

relationships

chemical environment variables at the estuaries
were explored (Table 3). The single environmental
variable that was best correlated with H index was
total N (R” = 0.805, p<0.01), followed by NO5™ (R*
= 0.778, p<0.05) and NH," (R* = 0.647, p<0.01).
The best correlation was between NOs; and D
index (R* = 0.778, p<0.05), followed by total N (R*
= 0.606, p<0.01) and NH," (R* = 0.593, p<0.01).
This shows that nitrogen is an important
environmental factor for the growth of
phytoplankton. The abundance of phytoplankton
depends on the nutrient nitrogen in the water. There
was a weakly correlation between pH, temperature,
salinity, DO, PO,*, total P and phytoplankton
diversity indices (p<0.05).

Table 3. R* and p (T-Test) value

Physico-chemical ~ H index ~ D index

R value p value R value p value
pH 0.104 0.0011 0.315 0.0003
Water temperature ( °C) 0.099 0.0011 0.014 0.0003
Salinity (%o) 0.287 0.0011 0.205 0.0003
DO (mg/l) 0.365 0.0440 0.483 0.0481
PO, (mg/l) 0.192 0.0011 0.360 0.0044
NH,(mg/1) 0.647 0.0011 0.593 0.0003
NO; (mg/l) 0.778 0.0148 0.777 0.0131
Total N (mg/1) 0.805 0.0011 0.606 0.0003
Total P (mg/l) 0.307 0.0010 0.144 0.0011
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4. Conclusion

The physico-chemical parameters are
mostly met the standard limit for aquatic
lives, except for dissolved oxygen (DO) and
chemical oxygen demand (COD). Five algal
divisions have been found in these estuaries
are Bacillariophyta, Chlorophyta,
Cyanobacteriophyta, Pyrrophyta and
Dinophyta. The Diatom is the dominant group
in number species and density. Statistical
relationships between the H index, D index
and the

variables have shown that nitrogen is an

physico-chemical environment
important environmental factor for the growth
of phytoplankton.
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Moi tuong quan gitra chi sO mo1 truong voi chi s6 da dang
thuc vat ndi ciia mot s cira song Viét Nam

L& Thu Ha, Nguyén Thuy Lién, Bui Thi Hoa

Khoa Sinh hoc, Trjfdng DBai hoc Khoa hoc Ty nhién, DPHQGHN,
334 Nguyén Trdi, Thanh Xudn, Ha Noi, Viét Nam

Tém tit: Nghién ctru dugc thyc hién trong nam 2011, 2012 va 2015 véi 4 dot thu mau tai 7 cira
song, mdi cira song c¢6 10 diém thu mau. Céc cira song d6 1a ctra Vian Uc (séng Théi Binh), cira Ba Lat
(sbng Héng), cua Thuan An (song Huong), ctra Pai (song Thu Bén - Vu Gia), cira Soai Rap (s6ng
Pong Nai), cira Co Chién (song Tién) va cira Dinh An (song Hau). S6 liéu thuy Iy héa cho thdy tat ca
céc chi s6 déu phit hop cho doi sdng thuy sinh vat, trir chi sé DO va COD. Nong d6 mubi ¢ céc cia
song mién Trung va mién Nam cao hon mién Bic. C6 5 nganh thyc vat ndi da tim duoc & cdc cia
song d6 1a Bacillariophyta, Chlorophyta, Cyanobacteriophyta, Pyrrophyta va Dinophyta. Tao Silic
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(Bacillariophyta) 12 nhém wu thé. Chi sé da dang H’ cao nhét 12 ¢ cira Ba Lat (3,42) va thap nhat 1a &
ctra Soai Rap (2,85). Chi s6 da dang D bién dong trong khoang 1,92 (ctra Soai Rap) dén 3,17 (ctra Ba
Lat). Két qua phan tich tvong quan 1 bién cho thay chi sé H’ twong quan cao nhit véi tong N
(R? = 0,805, p<0,01) va chi s6 D twong quan cao nhat véi NO; (R* = 0,778, p<0.05).

Tir khod: Yéu té méi trudng, da dang thuc vat ndi, hé sinh thdi ctra song.



