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EVALUATING THE POSSIBLE USE OF PHYTOPLANKTON
AND ZOOBENTHOS FOR WATER QUALITY ASSESSMENT:
A CASE STUDY AT BUNG BINH THIEN RESERVOIR,
AN GIANG PROVINCE, VIET NAM

Nguyen Thanh Giao'

Abstract — The study aimed to evaluate
water quality at Bung Binh Thien Reser-
voir, in An Giang Province, Viet Nam us-
ing Shannon-Wiener species diversity index
(H’) and associated average score per taxon
(ASPT) calculated from composition of phy-
toplankton and zoobenthos. The water quality
index (WQI) was used as the reference for
the quality of surface water. The samples
of surface water quality, phytoplankton, and
zoobenthos were simultaneously collected at
11 sites during the dry season. The results
showed that WQI (57-88) classified water
quality from good to medium, H’ calculated
using phytoplankton species (1.12-2.71) pre-
sented water quality from medium to bad
where as, H’z calculated (0 to 2.07) and
ASPT (2-4.21) calculated from zoobenthos
species divided water quality from bad to
very bad. The findings revealed that as-
sessing water quality should not totally rely
on diversity indices (H’, ASPT), but com-
positions of phytoplankton and zooplankton
should also be taken into consideration.

Keywords: An Giang Province, biodiver-
sity index, phytoplankton, water quality,
zoobenthos.

I. INTRODUCTION

Water is essential for life and monitoring
changes in water quality due to the impacts of
socio-economic activities such as domestic,
agriculture, industry and services is an im-
portant task. The results of water monitoring
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can be used effectively to manage and im-
prove water quality. Thus, water monitoring
is now upheld by standards with environmen-
tal laws and policies in most countries. There
are several types of water quality monitoring
such as continuous monitoring, background
monitoring, flux monitoring, or impact mon-
itoring. Choosing the right monitoring indi-
cators make environmental monitoring more
accurate and allows for environmental man-
agement to be put in place effectively.

In Viet Nam, the central and local envi-
ronmental management authorities have been
monitoring the surface water quality mainly
using physicochemical variables. However,
observation of the environmental quality of
water using phytoplankton and zoobenthos
have been recently recommended since it
would help to quickly diagnose environmen-
tal properties with simple, inexpensive meth-
ods with less pollutants generated compared
to chemical methods. Certain environmental
management authorities in the Vietnamese
Mekong delta have been using phytoplank-
ton and zoobenthos for water monitoring
[1]. However, limited studies have been con-
ducted using physicochemical, phytoplank-
ton and zoobenthos to evaluate how these
methods could work for water quality mon-
itoring simultaneously together. This study
was carried out in Bung Binh Thien reser-
voir in An Phu district, An Giang Province,
Viet Nam, to assess the water quality using
physicochemical, phytoplankton and zooben-
thos testing methods. The findings of the
current study could provide important in-
formation for the selection of environmental
indicators for improved water monitoring.
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II. BACKGROUND

For monitoring surface water quality,
physicochemical parameters of the water and
biological organisms associated with water
environment such as phytoplankton, zoo-
plankton and zoobenthos can also be used
[2]-[10]. Physicochemical variables includ-
ing temperature (°C), pH, total suspended
solids (TSS, mg/L), turbidity (NTU), dis-
solved oxygen (DO, mg/L), biological oxy-
gen demand (BOD, mg/L), chemical oxy-
gen demand (COD, mg/L), ammonia (NH; -
N, mg/L), orthophosphate (PO3™-P, mg/L),
heavy metals and other metals (Fe, Al, Mn,
Cr, Cd), chloride (Cl7), sulfate (SOi_), pes-
ticides, antibiotics, or microorganisms and
bacteria such as E. coli and Coliforms
(MPN/100mL) have been often used for wa-
ter monitoring [11]-[13]. The selection of a
set of physicochemical indicators for water
monitoring depends on the characteristics
of the pollution source [4]. In addition to
physicochemical parameters, phytoplankton
is also selected as an indicator for the quality
of water since its diversity and abundance
are closely related to the characteristics of
water environment such as light, temperature,
nutrients, carbon dioxide, bicarbonate, pres-
ence of phytoplankton consumers (zooplank-
ton, fish) [4], [14]-[16]. Some phytoplankton
phyla such as Bacillariophyta, Cyanophyta
and Chlorophyta can be used to indicate
nutrient-rich and highly organic water envi-
ronments [5], [15], [17], [18]. Cyanophyta
can be an indicator for static water and an
organic-rich water environment. Dinophyta
or Pyrrophyta are used to indicate brack-
ish and saltwater environments [18]. Simi-
larly, zoobenthos for example, Oligochaeta,
Polychaeta, Insecta, Gastropoda, Bivalvia and
Malacostraca, can be used as water quality
and sediment property indication since they
have a relatively long-life cycle with the
affected water source and the bottom of the
water body [2], [6]-[8], [10], [19]. Water
quality affected by domestic wastewater, ur-
ban wastewater, aquaculture wastewater, and
landfill operation has previously been inves-
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tigated using zoobenthos detection methods
[6], [10], [14], [15].

III. MATERIALS AND METHODS
A. Site description

Bung Binh Thien is the largest freshwater
reservoir in the south of Viet Nam belonging
to three communes comprised of Nhon Hoi,
Quoc Thai and Khanh Binh of An Phu dis-
trict in An Giang Province. The water surface
area of the reservoir during the dry and wet
seasons are 200 and 800 ha, respectively.
The average depth of the reservoir is 4 m,
the average length is approximately 2,900
m and the average width is 430 m [20].
Bung Binh Thien plays a key role in the
socio-economic development of this area in
An Giang Province. For example, it provides
freshwater for domestic use, cultivation and
animal husbandry, and aquaculture. However,
it 1s now severely affected by waste from
those local activities (domestic, agriculture,
and aquaculture) as well as uncontrolled wa-
ter from upstream from Cambodia. For in-
stance, there is waste such as fast food foam
boxes, plastic bottles and pollutants attached
to sediment. In the future, Bung Binh Thien
reservoir is planned to become a conservation
area to maintain biodiversity and to serve as
a reserve freshwater for inhabitants in the
region for their daily life and other activities.
For this reason, Bung Binh Thien reservoir
is a good selection for the current research.

B. Water sampling and analysis

Water quality characterization including
physical, chemical and biological parame-
ters was analyzed. The physical variables
tested were temperature (°C), pH, total sus-
pended solids (TSS, mg/L), and turbidity
(NTU). The chemical variables are dis-
solved oxygen (DO, mg/L), biological oxy-
gen demand (BOD, mg/L), chemical oxy-
gen demand (COD, mg/L), ammonia (NHI—
N, mg/L), orthophosphate (PO; -P, mg/L)
and coliforms (MPN/100mL). The 10 water
samples (S1-S10) were collected inside the
reservoir and one sample (S11) was collected
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in the river (Binh Di river) directly connected
to the reservoir. The locations of sample
collection in Bung Binh Thien Reservoir are
shown in Figure 1.

The water samples were collected inside
the reservoir at the onset (S10), at the middle
(S4- S9) and at the end of the reservoir (S1-
S3). The water samples were also collected
at the positions close to the reservoir banks
(83, S6, S9, S1, S4, and S7) and at the
middle of the reservoir (S2, S5, and S8).
The samples were collected during the dry
season in January 2019. Temperature and DO
were measured in the field using handheld
meters. The other parameters of water quality
analysis and quality control were performed
using standard methods [21].

The surface water quality was assessed by
WQI following Equation (1) [22]: WQI =
%[1 S WQILWQILWQIL)?

100 5

(1)

Where WQI, is the WQI value of five
parameters (DO, BOD;, COD, NH; -N, and
POi’—P); WQI, is the WQI value of TSS;
WQI. is the WQI value of coliforms and
WQI, 5 is the WQI value of pH parameters
(ranging from 6 to 8.5).

The WQI value ranging from 0 to 100
divides water quality into five levels. Level
1 (100> WQI> 91) is excellent water quality
that can be used for purposes of water supply.
Level 2 (90>WQI>76), good water quality,
is also used for water supply for domestic
use but extra suitable treatment measures
are required. Level 3 (75>WQI>51), medium
water quality, is for irrigation and other sim-
ilar purposes. Level 4 (50>WQI>26), bad
water quality, is the water suitable for trans-
port and equivalent purposes while Level
5 (25>WQI>0), very bad water quality, is
considered to be heavily polluted water
and proper treatment measures are urgently
needed.

C. Phytoplankton sampling and analysis

Each sample of phytoplankton was col-
lected by filtering 200 L of water through
25pum mesh sized nets. The concentrated
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samples were placed in a 110 mL vial and
fixed with formaldehyde 2-4%. Qualitative
analysis was performed using a microscope
with 10X-40X magnification and images of
phytoplankton were taken to determine mor-
phological and structural characteristics and
classification according to Tien and Hanh;
Ho; Tuyen; Fernando, and Reynold [23]-
[27]. Quantitative analysis of the samples
were performed by counting individual phy-
toplankton according to the methods of Boyd
and Tucker [28]. The density of phytoplank-
ton was calculated by equation (2):

X x V. %1000
y=2-_"¢ 2
N x AxV, (2)

Where Y is phytoplankton density (indi-
viduals/liter); X is the number of individual
phytoplankton in the counted cells; Vc is
the concentrated sample volume (mL); N
is the number of counted cells; A is area
of counted cells (1 mm?) and Vt is water
volume collected (mL).

The diversity of phytoplankton was exam-
ined by calculating Shannon-Wiener diversity
index (H’) following Equation (3):

H - _ Zpi.ln(pz) (3)

where p;=n;/N; n; is the numbers of ith
individual; N is total amount of individuals in
the samples. Water quality is divided by the
three levels of pollution based on H’ values
with H’ greater than 3 indicates good water
quality or water is not polluted, when H’ is in
the range of 1 to 3, this shows moderate water
pollution. Finally, when H’ is lower than 1,
this indicates highly polluted water [19].

D. Zoobenthos sampling and analysis

Zoobenthos samples were collected by Pe-
tersen grab [8], with an open mouth area
equal to 0.02 m?. At each sampling point,
collecting benthic species samples were re-
peated five times. The collected samples
were sieved to 0.5 mm size to remove mud
and debris. After that, the sieved samples
were stored in nylon bags and fixed with 8%
formaldehyde. The collected samples were
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Fig. 1: Locations of sample collection
(Source: Google Earth image, 2019)

transported to the laboratory, at which they
were further processed to eliminate any or-
ganic matter and to retain only zoobenthos.
The collected zoobenthos were fixed with a
4% formaldehyde solution until qualitative
and quantitative analyses were performed.
For qualitative analysis, zoobenthos were ob-
served by microscope and with magnifying
glasses to determine the structural morpho-
logical characteristics and classification char-
acteristics following the taxonomy textbooks
of Quynh et al.; Thanh et al.; Hung; Hayward
and Ryland; Zamora and Co; and Carpenter
and Niem [29]-[34]. For quantitative anal-
ysis, the zoobenthos in each sample were
counted and the density was determined by
Equation (4):

D=x/8 (4)

where D is the density calculated by indi-
vidual per m?, X is the number of counted
individuals in the collected sample; S is the
sampling area (S = n x d), n is the number of
collected Petersen grab, d is the open mouth
area of the grab.

Data on species composition and density
of zoobenthos was calculated by Shannon-
Weiner diversity index (H”) using Equation 5
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[18]:
H — Zpi.ln(pi) (5)

The associated average score per taxon
(ASPT) was calculated based on the scored
table of BMWPY/FTNAM (Biological Moni-
toring Working Party-VIETNAM) [35] using
Equation (6) [1]:

" BMWP
ASPT = 2ic1 (6)
N
Where N is total families used for
calculating tolerance scale;, BMWP s
BMWPVIETNAM.

IV. RESULTS AND DISCUSSION

A. Physical and chemical characteristics of
water at Bung Binh Thien Reservoir

Table 1 presents the 10 physicochemical
water quality variables of the 11 sampling
points at Bung Binh Thien Reservoir dur-
ing in the dry season (January 2019). The
temperature in the reservoir was in the range
of 28.07+0.06 - 30.33+1.36 °C. A former
study reported that the temperature of water
in the Hau river and field canals in An Giang
Province fluctuates in the range of 29-30°C
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(average 29.7 £ 0.7°C) [9] which is in accor-
dance with the current study. The tempera-
ture at all sampling points is within a suitable
range for aquatic organisms. The pH of the
water was recorded ranging from 7.5540.03
to 7.85£0.01, which is slightly basic. The pH
measured in the reservoir was slightly higher
than the pH recorded in the water bodies in
An Giang Province (6.9 to 7.1) during 2009-
2016 [9], but still in a favorable ranges for
aquatic life, and the national standard rec-
ommends pH should be in the range of 6.0-
8.5. The pH and temperature do not greatly
fluctuate and this is a common property of
a tropical region [12], [36]. Turbidity levels
were found to be greatest in S10 (11.434+0.06
NTU) and S11 (9.034+0.09 NTU) since these
two points were in close relation to the river.
Prior study also found that turbidity was high,
ranging from 12.6 &+ 7.2 to 131.8 £+ 62.3
NTU in the river [13]. It was found that
DO ranged from 5.33+0.06 to 9.1740.38
mg/L. The significantly higher DO values
(p<0.05) were observed at the points in-
side the reservoir while the DO values sites
close to the river (S10) and in the river
(S11) were significantly lower (p<0.05). The
higher values of DO in the reservoir could
be due to the diverse and abundant presence
of phytoplankton and water hyacinth that
release and diffuse oxygen into the water
environment. It was found that DO values in
the present study were higher compared to
those of several other water bodies (4.0 to
5.2 mg/L) belonging to An Giang Province
over the period of 2009-2016 [9].The higher
DO concentration could indicate better self-
purification capacity of the reservoir. BOD
was in the range of 9.33+0.58-11.6740.58
mg/L, whereas COD was in the range of
14.334+0.58-17.67£0.58 mg/L. Both BOD
and COD are used as indicators of organic
waste concentration in water [37], [38]. They
were found higher at the end of the reservoir
where there are presence of human activi-
ties, such as restaurants and cafeterias. BOD
averagely accounts for 65.2 £+ 1.1% of the
COD indicating that almost 35% of organic
matter present in the reservoir are recalcitrant
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substances. The value of organic matter in
the reservoir exceeded the national standard
of 2.6 and 1.6 times for BOD and COD [39],
respectively, which could potentially pose a
high threat to ecological and human health.
Fortunately, DO levels are high and this gen-
erates a good environmental condition for the
decomposition of organic matter. BOD in the
reservoir (9.33+0.58-11.6740.58 mg/L) was
substantially higher than that in Hau river
and neighboring field canals (4.1-5.5 mg/L)
[9] indicating that the water quality in the
reservoir is more organically polluted that
the other water bodies in areas of An Giang
Province.

Ammonium concentration was not de-
tected (detection limit of 0.03 mg/L) in S1,
S3, S4, S5, S7, S8, and S9, although it was
detected in S2 (0.2 mg/L), S6 (0.04 mg/L),
S10 (0.10 mg/L) and S11 (0.22 mg/L). Or-
thophosphate was also not detected (detec-
tion limit of 0.03 mg/L) at any sampling site
except S11 (0.05 mg/L). During 2009-2016,
orthophosphate concentration was detected
in the river system of An Giang Province,
which ranged from 0.03 to 0.47 mg/L [9],
and was higher than that detected in the reser-
voir during the dry season. Coliform density
in the study site ranged from 1900+346.41
to 9300+£0.00 MPN/100mL. The coliform
density in S4, S8, S10, and S11 exceeded
the national regulation surface water quality
(allowable limit of 2500 MPN/100 mL) by
1.72 to 3.72 times [39]. A previous study
also found that coliform density in the river
networks of An Giang Province exceeded the
national regulation by 2.14-7.04 times [9].
This data revealed that the river water was
more seriously contaminated with fecal mi-
croorganisms than that of the reservoir water.
The source of the coliform contamination are
from human and animal waste and feces [1],
[40]. The overall result indicated that TSS,
organic matter, and coliforms has impaired
water quality in Bung Binh Thien Reservoir.
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Table 1. Characteristics of surface water at Bung Binh Thien Reservoir

Parameter Sl 52 53 54 55 56
Temp 292400  29.0£00 303201 29.3+0.0 2923£03 30103
pH 7.64£001 7.79£001 7.85x0.01 T7.81£0.04 756003 T.35£0.03
Turbidity 467006 33533006 328+0.04 4.33+0.08 625006 3.27£0.09
TSS 463x06 46706  440+10 30305 480£10 47706
Do 8.8+0.2 89+02 7.7£0.2 9.0+0.3 8.1x0.1 92+04
COD 173206 17.7+06 17.0+0.0 17.7+0.6 153206  15.0£0.0
BODs 113+06 11.7+06 11.0+0.0 11.7+0.6 10000 10.0£0.0
NHN 0.0x£0.0 0.2+0.0 0.0x0.0 0.0£0.0 0.0+£0.0 0.04x0.0
PO#-P 0£0 0=£0 0£0 0£0 0£0 0£0
Coliforms  1900£346  2400+£0 2200173 4300+0 2300£173  2300+0
Parameter 57 S8 S9 S10 S11
Temp 294403 303+14 296203 29.3+0.1 28.1+0.1
pH 7712003 774001  7.560.01 7.7+0.01 7.75+£0.03
Turbidity  5.33x0.05 6=x0.05 4.9+0.06 11.43+0.06  9.03£0.09
TSS 47.0£00 483x06 49706 33.0+1.0 33306
DO 8001 7.620.1 8001 6.1+0.1 33201
COD 16.0+£0.0 14 30 6 13306 173206 1530 6
BODs 10.0£0.0 93+06 10.0+0.0 11.3+0.6 10.0+0.0
NH,*-N 0.0£0.0 0.0+0.0 0.0x0.0 0.1+£0.0 022400
PO#-P 0.0x£0.0 0.0+0.0 0.0x0.0 0.0£0.0 0.05x0.0
Coliforms  2200£173  4600£0 23000 93000 93000

B. Water quality assessment using water  previous studies that reveal that the water

quality index

The water quality index (WQI) for sam-
pling sites at Bung Binh Thien is presented
in Figure 2. The WQI values classifies wa-
ter quality into two types: good (S1-S9)
and medium (S10-S11). According to the
National Environmental Protection Agency
[22] WQI (90>WQI>76) means good wa-
ter quality and the water could be used
for domestic supply but proper treatment
is required, whereas medium water quality
(75>WQI>51) could be used only for agricul-
ture and other equivalent uses. As previously
discussed, the water quality in the studied
area ranged from medium to good due to
the presence of relatively high concentrations
of TSS, organic matter, and coliforms. The
medium water quality was found in one site
in the river (S11) and one site receiving water
from that river (S10), since the water was
flowing from S11 to S10 during the sampling
time. This result was in accordance with
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quality in the rivers that make up the Mekong
Delta has been polluted for a long period of
time [1], [41].

120 - WQI
Medium

Good
Very bad

Excellent
=——Bad
100 A

S 2 8
. \ .

Water quality index (WQI)

e
L

Sampling site

Fig. 2: Water quality indexes at different
sampling sites

C. Water quality assessment using phyto-
plankton

A total of 912 species of phytoplankton
belonging to five phyla including Eugleno-



TAP CHI KHOA HOC TRUONG PAI HOC TRA VINH, SO 36, THANG 12 NAM 2019

phyta, Cyanophyta, Bacillariophyta, Chloro-
phyta and Dinophyta were found at the study
site. The number of species at the sampling
locations ranged from 36 to 114, where the
lowest specie number was found at site S11.
Total density of phytoplankton ranged from
13,082 to 121,452 individuals/L, and the low-
est density was found at the site S11. Total
density of each phylum was from 12,340
to 285,143 individuals/L (Figure 3a). The
percentage of Cyanophyta, Baccillariophyta,
Chlorophyta, Dinophyta, and Euglenophyta
were 44.0%, 34.1%, 16.7%, 3.6%, and 1.6%,
respectively (Figure 3b). The phytoplankton
of Cyanophyta, Baccillariophyta, and Chloro-
phyta were also found to dominate in the
constructed wetland areas [4] and rivers [15],
[16]. The total number of Chlorophyta, Dino-
phyta and Euglenophyta were relatively sta-
ble from sites S1 to S9, whereas the num-
ber of Cyanophyta and Bacillariophyta were
highly oscillated. This fluctuation was due
to the change in composition of the phy-
toplankton at each site probably relating to
environmental properties such as turbulence,
depth, and nutrient content. Phytoplankton at
site S11 was less abundant than the other
sites. Phytoplankton at the site S10 was also
less abundant than that of S1-S9, since S10
was more influenced by the direct connec-
tion to the river water at the sampling time.
The data of phytoplankton diversity and its
abundance corresponding with high turbidity
and dissolved oxygen in water was discussed
in the previous section.

The presence of Bacillariophyta in the
study area indicates that the water environ-
ment is nutrient-rich [18], and that these
phyla of phytoplankton are very important
for aquaculture [5]. Chlorophyta is a favorite
food for other aquatic organisms especially
fish and shrimp [17]. Cyanophyta is also
widely distributed in nutrient-rich water en-
vironments [18], and it can utilize dissolved
nitrogen from the air since it has the nitroge-
nase enzyme. Although, its fast growth could
lead to eutrophication and cause harm for
other aquatic species, and has been seen to
not be good for aquaculture [23]. Eugleno-
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phyta is widely distributed in static, high
organic matter and nutrient-rich water bodies,
however, it is not suitable as a food source
for other aquatic organisms since its cell
wall are hard and contains a high level of
mucus substances [17]. Dinophyta or Pyrro-
phyta often occur in brackish or saline water
[18]. They could release toxins which cause
harm to aquatic species, however, Dinophyta
and Bacillariophyta could be the main food
source for zooplankton and shrimp larvae
[18]. The occurrence of phytoplankton at the
sampling sites could indicate several prop-
erties relating to the water bodies being
tested, for instance, it indicates that there
is a nutrient-organic-rich water environment
which is taking part in the food chain and
food web, as well as facilitating nutrient
cycles in the water bodies. The compositional
data of phytoplankton was in accordance with
turbidity, suspended solids, organic matter,
and dissolved oxygen.

The calculated Shannon-Wiener diversity
index (H’) is presented in Figure 4. The
values of H” ranged from 1.12 to 2.71 cor-
responding to the quality of the water from
medium to bad. The medium water quality
was found at the sample sites S1, S2, S4,
S5, S6, S8 and S9. Bad water quality means
the water should only be used for water trans-
portation and equivalent purposes, which was
found at sites S3, S7, S10 and S11. The find-
ing indicates that there is an inconsistency
between the use of H and WQI in reflection
of the water quality at these sites, since H’
showed worse water quality (good to bad)
compared to WQI (good to medium).

D. Water quality assessment using zooben-
thos

A total of 6 classes and 17 families
of zoobenthos were detected at the studied
area. The six classes included Oligochaeta
(1 family, 3 species), Polychaeta (1 family,
1 species), Insecta (5 families, 7 species),
Gastropoda (2 families, 2 species), Bivalvia
(4 families, 9 species), and Malacostraca
(4 families, 4 species) were identified, of
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which Polychaeta, Gastropoda, Bivalvia and
Malacostraca did not or very rarely present
at sites S1-S9, but appeared at sites S10-
S11 (except Polychaeta). The Insecta and
Oligochaeta were in frequent occurrence and
dominant classes (Figure 5a). The species
of Chaoborus astictopus, Metriocnemus Kn-
abi coq belonging to the families Culici-
dae and Chironomidae, respectively, were the
most frequent occurrence of the class of In-
secta. For the Oligochaeta class, Branchyura
sowerbyi, Limnodrilus hoffmeisteri, Tubifex
sp (Tubificidae family) were the dominant
species. These species of the Tubificidae
were commonly found in the canals that are
being impacted by landfill and by agriculture
[10], and indicates the presence of heavy
organic pollution sediment [3], [6], [10]. The
number of species at the study sites ranged
from 1 to 19 species in which the lowest was

at site S6 and the highest was at site S11.
The lack of diversity in the species of the
zoobenthos in the sites from S1 to S9 (1-5
species belonging to 1-2 classes) compared
to S10-S11 (10-19 species belonging to 5-
6 classes) could indicate a significant differ-
ence in the properties of the sediments. It
was observed at the field that the sediment
at site S10 and site S11 was hard, light in
color and contained sandy materials, whereas
the sediment at site S1 to site S9 was soft
and muddy, dark in color, and contained
organic matter. In the previous discussion, the
WQI values indicated that the water quality
of the samples collected at sites S10 and
S11 was much more polluted than that at
S1-S9, however, the number of species of
zoobenthos at S10 and S11 were considerably
higher than those at S1-S9. This could be
because zoobenthos could be an indicator
for a sediment environment as previously
reported by [7], [10]. Future research should
also collect sediment sample for analysis of
its properties which could be used to elabo-
rate on the role of zoobenthos in indicating
environmental properties.

The density of zoobenthos ranged from
640 to 6,600 individuals/m?. The highest
density was found at site S3. This could
be due to the effect of waste discharging
from the floating restaurant at the site. The
density fluctuation was mainly caused by the
large change of individuals of Oligochaeta
and Polychaeta at each sampling point (Fig-
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ure 5b). The densities of Oligochaeta and
Polychaeta at the studied sites ranged from 10
to 270 and from 600 to 6,480 individuals/m?,
respectively (Figure 5a). Using the Shannon-
Weiner diversity index (H’) it was calculated
that the zoobenthos diversity at the Bung
Binh Thien Reservoir fluctuated from 0 to
2.07 (Figure 6a).The values of H’ inside
Bung Binh Thien Reservoir (from S1 to S9)
were lower than 1, this could indicate that
the water quality was very bad or heavily
polluted [42]. The water could only be used
after appropriate treatment methods are ap-
plied. However, the values of H” at S10 (1.88)
and S11 (2.07) revealed that water quality at
those sites were better than S1-S9. It could
also mean that the zoobenthos at site S10
and S11 were more diverse than those at sites
S1-S9. This was consistent with the data of
the composition of zoobenthos, where five to
six families of zoobenthos were discovered
at S10 and S11, whereas only two or three
families of zoobenthos were found at S1-S9.
This could be due to the difference in the
characteristics of the bottom sediments of the
study sites. Further study could adjust the
collection method by collecting the sediment
samples simultaneously for better data inter-
pretation.

The calculated values of ASPT based on
the BMWPY/ET for the 11 sampling lo-
cations were illustrated in Figure 6b. The
ASPT values divided water quality into two
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levels, one was bad quality or water quality
for transportation (S10 and S11), with the
other level being very bad quality or heavily
polluted (S1-S9).

The use of biological indicators including
using phytoplankton and zoobenthos for wa-
ter quality assessment showed some inconsis-
tency. In this study, the water quality index
was used as the standard quality for compari-
son andusing H’ calculated from diversity of
phytoplankton (H’p) and H’ calculated from
zoobenthos (H’z), and ASPT calculated from
zoobenthos present. The comparing among
WQI, H’p, H'z and ASPT is presented in
Table 2. The use of H’p for water quality
prediction could lower water quality to level
one or two, for example, from good wa-
ter quality to medium or bad water quality.
This could be due to the fact that phyto-
plankton diversity and composition depends
on several factors such as nutrients, organic
matter, light, bicarbonate and phytoplankton
consumers, such as fish and zooplankton.
Using the H’z and ASPT values this indicates
very bad to bad water quality whereas WQI
shows water quality from good to medium.
A previous study also indicated that the use
WQI for the assessment of the water quality
could result in lower pollution levels than
the use of H’z and ASPT calculated from
zoobenthos [10] since zoobenthos could be
affected by both the properties of sediments
and the water column [7]. However, using
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H’(for both p and z) and ASPT calculated
from zoobenthos lead to the same water
quality evaluation, which was also previously
reported by Giao [10]. Therefore, the use of
H’z (for both p and z) and ASPT should be
carefully considered, for example, the values
of H’z (for both p and z) of phytoplankton
and zoobenthos were calculated based on
the diversity of the species, but not species
abundance; The obtained ASPT values were
based on scoring the family of zoobenthos,
and sometimes predicting the water quality
may not be accurate since various species in
the same family may have different capability
of pollution tolerance [43]. The results of
the present study suggest that the Shannon-
Wiener diversity index H’z and ASPT should
not be solely used to evaluate water quality.
Instead, it should be used in combination
with physicochemical water parameters. H’z
and ASPT should be used for bottom sed-
iment quality assessment and not for water
quality assessment.

V. CONCLUSION

Water quality at Bung Binh Thien Reser-
voir during the dry season in January 2019
was polluted by suspended solids, organic
matter, and coliforms. The WQI (57-88)
values classified water quality from good
to medium, and 912 species belonging to
five phyla of phytoplankton comprising of
Euglenophyta, Cyanophyta, Bacillariophyta,

48

Chlorophyta and Dinophyta, of which Bacil-
lariophyta, Cyanophyta, and Chlorophyta
were dominant. The density of phytoplankton
was found to be from 13,082 to 121,452
individuals/L. The Shannon-Weiner diversity
index (H’) of detected phytoplankton (1.12
to 2.71) indicated that the quality of water
ranged from medium to bad. For zooben-
thos found, six classes including Oligochaeta,
Polychaeta, Insecta, Gastropoda, Bivalvia,
and Malacostraca were identified in which
the Insecta and Oligochaeta most frequently
occurred. The density of zoobenthos was in
the range of 640-6,600 individuals/m?. The
values of H’ of the zoobenthos present in
the samples ranged from O to 2.07 while
ASPT values from 2 to 4.21. Both H’and
ASPT values described water quality as bad
to very bad quality. There was inconsistency
among the water quality indices, therefore
utilizing the results of the present study it is
recommended that future assessment of water
quality should not totally rely on biodiver-
sity indices (H’, ASPT) but also include the
analysis of the composition of phytoplankton
and zooplankton with the participation of the
experts in the relevant fields.
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