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Eutrophication in aquaculture ponds is one of the major issues related to both the environment and the health of
consumers. This study has selected and conducted a water-quality survey of nine freshwater aquaculture ponds in Ho
Chi Minh City. The empirical results showed that these ponds were seriously polluted with COD and BODs whose val-
ues did not meet the B2 column of the Vietnamese National Technical Regulation on Surface Water Quality (QCVN 08-
MT:2015/BTNMT). On the other hand, most N-NH," and N-NO, concentrations in the ponds met the threshold value of
B2 column. The values of the chlorophyll-a are greater than 10 pg/L, indicating that investigated ponds are in a state of
eutrophication. In addition, the results of the TSI calculations showed that most of the sites that are in hyper-
eutrophication state and phosphorus is identified as the eutrophication limit factor in these sites.

Phd dudng héa nguon nudc nudi trong thdy sdn la mot trong cdc van dé I6n lién quan dén cd mai trudng va strc khée ngudi
tiéu dung. Nghién ctru nay da lua chon va tién hanh khdo sdt chdt luong nudc cia chin ao hd nudi thdy sdn trén dia ban
thanh phé H6 Chi Minh. Két qud phdn tich cho thdy cdc ao ho trén bj 6 nhiém hitu co ndng vdi théng s6 COD va BODs déu
khéng dat chudn B2 theo quy chudn ky thudt qudc gia vé chdt lugng nudc mdt (QCVN 08-MT:2015/BTNMT). Vé mdt 6 nhiém
cdc chdt dinh dudng, ndng dé N-NH." va N-NO;, da s6 chi théa mén loai B2, thdm chi vuot ngudng quy dinh cia cit B2. Cdc
gid tri cta thong sé chlorophyll-a déu I6n hon 10 ug/L, chiing té cdc ao hd khdo sdt déu dang trong tinh trang phu dudng.
Thém vao do, két qud tinh todn chi s6 TSI cho thdy hdu hét cdc vi tri nghién cu dang & trang thdi siéu phd dudng va

photpho duoc xdc dinh la yéu té gidi han su pht dudng cda cdc vj tri khdo sdt néu trén.

Keywords:

1. Introduction

Located in the Dong Nai River Basin and the Saigon River
Basin, Ho Chi Minh City's freshwater aquaculture sector
has experienced rapid development in recent years to
satisfy the food needs of the people with small-scale,
dispersed production and diverse audience. Regarding
aquaculture, despite the rapid urbanization of the city
and the shrinking of aquaculture sector, the restructuring
of agricultural production has flourished by specialized
farming, the application of science and technology and
the strengthening of fishery extension (including marine,
brackish water and freshwater aquaculture). For instance,
prawn farming in Can Gio and Nha Be Province has in-
creased from 1999 to 2003 with more than 6,000 tons,
with thousands of shrimp farming households. According
to the Department of Agriculture and Rural Development
of Ho Chi Minh City (2008), in 2007, freshwater aquacul-
ture area reached 1,000 ha (716 ha in Binh Chanh Dis-
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trict, 145 ha in Cu Chi District, 131 ha in District 09. In the
city area, there were 34 fish hatcheries of different kinds,
supplying them to households in Cu Chi, Hoc Mon, Binh
Chanh, District 9, etc. Up to July 1%t 2016, there was a
total of 4,428 aquaculture households in Ho Chi Minh
City.

However, such development is accompanied by the pollu-
tion of aquatic environment on different levels, especially
the eutrophication phenomena caused by solid waste
sources, domestic wastewater and the leaching nutrients
from soil into lakes along with the diet of farmed species.
Eutrophication is a type of water quality degradation that
often occurs in water bodies with high concentrations of
nutrients in the lake, causing outbreaks of aquatic plants
(algae, water hyacinths and duckweed), increasing sus-
pended solids, organic matter, reducing oxygen content
in water, causing costly problems for the national econo-
my. This leads freshwater aquaculture sector to face chal-
lenges in meeting demands for good quality products and
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aesthetics of the urban water bodies (color and odor) and
should be studied to find solutions to overcome. Eutroph-
ication can cause competition between species in the
ecosystem, causing changes in the species composition of
the ecosystem. In addition, some algal blooms contain
toxic compounds. The consequence of eutrophication is
that the algae blooms are bloated and very toxic. Phyto-
plankton have a negative effect on the quality of the water
environment and adversely affect water quality. Blossom-
ing algae diminish light and, therefore, slow down the
growth and vegetation, and aquatic animals die off in
water-borne algae-infested waters, as well as reducing
the carnivores which need light to catch their prey. This
changes the dominant species that affect the balance in
the ecosystem. There have been certain studies on eu-
trophication in both natural and man-made reservoirs,
lakes and ponds in Vietnam (Bui, 2007; Nguyen et al,
2010; Nguyen et al., 2012; Nguyen et al., 2015) as well as
the water quality survey on rivers, lakes and canals in
general in Ho Chi Minh City (VEA, 2013; HEPA, 2016).
However, studies focusing on aquaculture ponds in Ho
Chi Minh City still remain limited and most of them only
evaluate pollution levels according to separate water
quality parameters without integrated impact assess-
ment.

Scientists around the world have proposed multiple pa-
rameters to assess the level of eutrophication of water
bodies such as nutrients, chlorophyll-a and clarity (Secchi
disk depth) for the Mediterranean region (Ignatiades,
2005; EEA, 2005), the Baltic sea (HELCOM, 2009), Taihu
Lake, China (Rui et al., 2014). Others rely on the TSI index
to define the trophic state for Liberty Lake, USA (Bell-
McKinnon, 2008), reservoirs from southeast Fujian,
southeast China (Jun et al., 2012), the inland lakes of Mich-
igan, USA (Fuller and Jodoin, 2016) and so on. These re-
ports initially assess eutrophication situation through
water quality parameters and TSI index, thereby making
remedies for treatment and protection of the water
sources.

In 1977, Carlson developed the TSI (Trophic State Index)
for the purpose of assessing the level of water nutrient
availability. This TSI indirectly assesses the quality of water
through the amount of total phosphorus (pg/L), chloro-
phyll-a (ug/L) and water clarity measured with Secchi disk
(SD) (m). The TSl is calculated as follows (Jun et al., 2012):

TSI(TP)=4.15 + 14.42 x InCyp
TSI(Chl-a) =30.6 + 9.81 X INCchi4
TSI(SD) = 60 - 14.41 x InSD

TSI=0.163 x TSI(TP) + 0.54 x TSK(Chla) +
0.297 x TSI(SD)
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where InCyp, INCcpia and INSD are natural logarithm of
total phosphorus concentration (ug/L), chlorophyll-a con-
centration (pg/L) and Secchi disk depth (m), respectively.
TSI value ranges from 0 to 100 and represents the nutri-
tional status of water bodies as described in Table 1.

Table 1. TSI range corresponding to the nutritional status of
water bodies

TSI range Nutritional status
0<TSI<40 oligotrophic

40 < TSI <50 mesotrophic
50<TSI<70 light eutrophic

70 <TSI<100 hyper-eutrophication

In addition, if the lake water has a TSI-P value of less than
40 then the lakes are of a poor nutrient type, usually
characterized by clear water with little algae, small phos-
phorus concentrations and in deep, highly oxygenated
waters all year round (according to West Virginia Depart-
ment of Environment Protection - DEP, as cited by Han-
sen & Christ, 2003). The medium nutrient lakes (TSI-P
values between 40 and 50) also have abundant algae,
with some areas of deep water being deprived of oxygen.
For lakes that have been eutrophic, water quality prob-
lems, such as seasonal harvests and water shortages,
have been reported. Some of the documents identify
waterfowl water when the TSI-P value is between 50 and
70. Currently, DEP determines that the water quality of a
lake is TSI-P > 65, corresponding to a total phosphorus
concentration = 68 pg/L (Hansen & Christ, 2003).

From the above issues, this study analyzed water quality
parameters of nine aquaculture ponds in Ho Chi Minh
City. The parameters included pH, DO, TS, turbidity, clarity
(by Secchi disk depth - SD), COD, BODs, TN, TP, P—POf, N-
NH,4", N-NO,, N-NO5™ and chlorophyll-a. In addition, TSI
index was also calculated according to three parameters
SD, TP and Chl-a aiming at evaluating the quality of these
ponds and to set the foundation for the improvement
and management plan of water sources’ quality in the
city.

2. Materials and methods

2.1 Sampling methods and analysis

This research surveyed and analyzed 54 samples of sur-
face water in six rounds of sampling, conducted from
August 2015 to January 2016 (dry season) with 9 samples
per round (one sample per pond). The investigated ponds
are mainly for small-scale aquaculture and for recreation-
al fishing. The activities are carried on throughout the
sampling periods of time. The locations were located
using GPS as shown in Figure 1 and Table 2 below.
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Figure 1. Sampling locations

Table 2. Sampling locations’ coordinates

Sam-  District Coordinates

ples Longitude Lattide

N1 02 106°46'38.32"E  10°46'14.31"N
N2 Binh Chanh  106°40'07.20"E  10°43'38.30"N
N3 Binh Chanh  106°40'54.83"E  10°43'43.08"N
N4 Binh Chanh  106°38'16.44"E  10°42'22.13"N
N5 08 106°40'37.00"E  10°44'35.10"N
N6 Binh Chanh ~ 106°38'20.50"E  10°42'21.12"N
N7 08 106°41'17.83"E  10°44'10.74"N
N8 Binh Chanh  106°39'09.32"E  10°43'03.36"N
N9 Binh Chanh  106°38'18.69"E  10°42'24.13"N

Sampling procedures and preservation were followed the
provisions of National Standard (TCVN) 5994:1995 -
Guidance on sampling from natural lakes and man-made
lakes (VEA, 1995). Analysis methods were as prescribed in
the National Technical Regulation (QCVN) 08-MT:2015/
BTNMT on surface water quality (VEA, 2015). Water sam-
ples were preserved at 4°C after adding H,SO,4 solution
for ammonia, nitrate, nitrite and COD analysis samples.
Each analysis was repeated 3 times. The data was then
processed with SPSS 16.0 software (SPSS, 2007).

2.2 Water quality assessment methods

Separate parameters were evaluated by comparison with
QCVN 08-MT:2015/BTNMT due to the fact that these
lakes are surface water and used as aquaculture ponds.
In addition, QCVN 08-MT:2015/BTNMT (A1 column) also
replaces an old version of national regulation on surface
water quality for protection of aquatic lives. The classifica-
tion of surface water sources for assessment and control
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of water quality for various purposes of water use is listed
below:

A1: Good for domestic water supply after appropriate
treatment, Conservation of aquatic plants and animals
and other purposes as A2, B1 and B2.

A2: For the purpose of domestic water supply, but
must apply appropriate treatment technology, or uses
as B1and B2.

B1: For usage in irrigation or other uses that require
similar water quality or uses as B2.

B2: Waterway traffic and other purposes with low
quality water requirements.

Moreover, this study also identified eutrophication limit-
ing factors based on the ratio of total nitrogen concentra-
tion to total phosphorus concentration (TN/TP) in water
bodies. When TN/TP > 16, phosphorus is considered the
limiting factor. Conversely, when TN/TP < 16, N is the
limiting factor (Yang et al, 2008). Methods of descriptive
statistics and hypothesis testing statistics were used
throughout the process of data analysis.

3. Results and discussion

3.1 Water quality assessment based on
separate parameters

Despite the parameters of pH, DO, P-PO,> and N-NOs
that meet A standard in QCVN 08-MT:2015/BTNMT (ex-
cept for P-PO,> at N9 has only reached B1, t < —t0.05:5)
the majority of surveyed parameters in the lakes just
meet B1 standard. However, there are some sampling



J. Viet. Env. 2018, 10(2):79-84

locations only reached B2, while some even substandard
B2. Total solids content of the ponds is relatively high,

with values range from 45 to 222 mg/L. Detailed values

are listed in Table 3.

Table 3. Detailed mean measurement of water quality of investigated ponds

N1 N2 N3 N4
pH 6.3 7.0 7.4 6.7
DO (mg/L) 6.1 6.3 7.7 6.7
TS (mg/L) 94 93 60 76
Turbidity (NTU) 29 20 27 38
Clarity (SD -m) 39.17 35.80 32.83 2817
COD (mg/L) 160.72 24191  339.75  230.72
BODs (mg/L) 64.17 10383 134.50 95.17
TN (mg/L) 2.73 3.02 4.02 4.06
N-NH," (mg/L) 0.88 1.30 1.55 1.26
N-NO2 (mg/L) 0.08 0.07 0.09 0.06
N-NOs (mg/L) 2.6 1.7 2.5 2.6
TP (mg/L) 0.08 0.1 0.20 0.21
P-PO,> (mg/L) 0.05 0.03 0.07 0.06
Chl-a (pg/L) 18.0 37.7 87.5 67.9

*Danish standard (see Bui, 2007)
3.1.1 Nutrient pollution

N-NH," concentrations fluctuate between 0.082 and 5.1
mg/L and usually peak at N7 sample locations. The pa-
rameters meet A2 standard (Cynas + € < 0.2 mg/L) at N1
samples, reach B2 standard at N2, N3, N4 and N8 (Cyya+ =
e <1 mg/L), but those of N5, N6, N7 and N9 exceed the
limit set by B2 (t >t s;5)-

N-NO, concentrations range from 0.01 to 0.35 mg/L.
Analysis shows that N-NO, concentrations reach A2
standard (Cyoz- = € £ 0.02 mg/L) at N1, reach B1 standard
at N4 and N6 (Cyoz- £ € < 0.04 mg/L). While the N-NO,
concentrations at N2, N5, N7 and N8 are at B2 levels
(Cnoz- = € < 0.05 mg/L), those at N3 and N9 are higher
than B2 allowance (t > tg 0s;5).

QCVN 08-MT:2015/BTNMT does not specify the limit set
for total nitrogen (TN) and total phosphorus (TP). There-
fore, this study referred to Danish standards, in which
eutrophication threshold for TN and TP are respectively
0.1 mg/L and 0.15 mg/L, as mentioned by Bui (2007). TN
values of the studied locations exceed the limit given (t >
to.os:5) ranging from 1.82 mg/L to 17.6 mg/L; however, TP
concentrations of most positions are below 0.15 mg/L,
except for N7 and N9 (t > tggs,;5). This proves that the
lakes are at risk falling into eutrophic state, mainly due to
the large amount of accumulated nitrogen.

3.1.2 Organic pollution

COD and BODs concentrations of these ponds are fairly
high; COD values are in the range of 91 to 572.903 mg/L.
All exceed the provision of B2 standard for COD (COD + ¢
> 50 mg/L) (t > 4 > tygs.5). The values of BODs concentra-
tions are also higher than B2 limit for BODs (BODs + € >
25 mg/L).

N5 N6 N7 N8 N9 QCVN 08 (A1)
6.4 7.7 7.5 8.2 8.7 6-8.5
5.1 10.0 7.5 9.4 10.1 >6
135 160 90 194 127 -
37 37 58 61 101 -
32.00 26.50 21.67 20.83 15.83 -
22996  287.79 32258 34243 27448 10
9933 115.00 120.67 146.67 11550 4
6.47 3.24 8.27 6.17 8.35 0.1*
233 2.60 3.21 1.38 1.60 0.3
0.05 0.06 0.07 0.06 0.09 0.05
1.7 1.6 2.0 3.1 2.1 2
0.19 0.22 0.33 0.39 0.54 0.15*
0.07 0.07 0.12 0.07 0.17 0.1
102.1 96.6 190.6 2429 359.3 -

QCVN 08-MT:2015/BTNMT provides no criteria targeting
chlorophyll-a, so the limit in this study is based on a re-
search result of Lampert and Sommer (1993), cited in the
study of Peerapornpisal, 1996, in order to predict phyto-
plankton’s growth level in lakes and ponds, inferring nutri-
tional status of the water bodies. Samples at N1 to N9
positions are all in the eutrophication conditions, since
the average Chl-a concentrations are in the range of 10-
100 g/L. Three locations N7, N8 and N9 are hyper-
eutrophic (Chl-a £ € > 100 g/L), in which Chl-a value at N9
reaches 359.35 + € pg/L.

In general, the samples at N9 are the most polluted, due
to the fact that many of their parameters are the highest
value among the lakes, the most notable ones are the
concentrations of Chl-a, representing a strong growth of
phytoplankton species; N8 is contaminated the heaviest
by organic matters, with COD value reaches 342.43 + 158
mg/L. Meanwhile, N1 is the least polluted; however, its
water quality is still being considered eutrophication since
Chl-a values exceed 10.

3.2 Eutrophication assessment

3.2.1 Trophic state index TSI

Analysis results in Figure 2a show that 12/54 samples,
accounted for 22.22%, are in the state of eutrophication,
and the remaining samples, accounted for 77.78%, are in
hyper-eutrophication conditions. Accreditation suggests
that N9, whose TSI value is 87.68 + 3.84 on average;
tooss = 11.27, p < 0.05) has the highest level of hyper-
eutrophication. The locations from N2 to N8 have the
average TSI value greater than 70 or approximately 70,
while N1 position is only at the level of eutrophication
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with an average TSI value of 64.47 + 3.01; tygs.5 =-4.51, p
<0.05).

3.2.2 Limiting factor

Figure 2b shows that the ratio of TN to TP is the lowest at
N8 in the second sampling round, reaching 5.54, and the
highest at N7 in the first sampling round, reaching 134.91.
The TN/TP ratios of 40/54 samples (74.07%) exceed 16.
The average TN/TP values of all samples are greater than
or of the confidence interval of 16. Therefore, phospho-
rus is considered the limiting factor of eutrophication of
these sample locations. This result agrees with the con-
clusion in the research of Nguyen et al. (2012) that phos-
phorus is the limiting factor in dry season.
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Figure 2. TSI (a) and TN/TP (b) results of the surveyed loca-
tions

4. Conclusion

After the survey in nine aquaculture ponds in Ho Chi
Minh City, it is concluded that all of the researched ponds
are under organic pollution (91 - 572.903 mg/L for COD
and 43-263 mg/L for BODs) and nutrient pollution (mainly
N-NH,4", from 0.082 to 5.1 mg/L, and N-NO, from 0.01 to
0.35 mg/L, with the proportion of samples exceeding the
standard B2 are 36/54 samples and 31/54 samples, re-
spectively). Eight of the nine lakes are in a state of hyper-
eutrophication (TSI average values are approximately 70
or greater than 70), while the remaining lake is in eu-
trophic conditions (TSI average value greater than 50).
The eutrophication of water bodies can quickly increase
the growth rate of algae (including toxic cyanobacteria)
and contaminate of water sources and aquatic organisms,
resulting in threatening consumers’ health. As a result, it
is urgent to propose measures, which can be based on
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the ratio of TN/TP, to handle and overcome the current
situation and to monitor the water quality regularly to
ensure public health.
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