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Lakes in Hanoi play an important role in local human life. However, along with the economic and
social development, some urban lakes have been polluted, especially organic pollution. This paper
presents the monthly survey results for organic pollution assessment of ten selected lakes in Ha
Noi city: the Ho Tay, Truc Bach, Thien Quang, Ba Mau, Bay Mau, Hoan Kiem, Ngoc Khanh,
Giang Vo, Thanh Cong and Thu Le lakes during the period from March 2014 to February 2015.
The survey results showed that the Ba Mau lake was organic polluted at level IV whereas other
lakes were contaminated by organic matters at level III. Organic pollution may come from both
autochthonous and allochthonous sources. Compared with the results of previous studies, the water
quality of 10 lakes in the period from March 2014 to February 2015 has been improved thank for
the recent application of some positive solutions for lake environmental protection.

Hé thong ho ¢ Ha Ngi déng vai tro quan trong trong doi song cia nguoi dan. Tuy nhién, cing voi
sw phat trién kinh té xd héi, nhiéu ho trong ngi @6 da va dang bi 6 nhiém, dac biét la 6 nhiém hitu
co. Bai bdo nay trinh bay két qud khdao sdt 6 nhiém hitu co tai 10 ho trong thanh phé Ha Néi: ho
Tdy, Triic Bach, Thién Quang, Ba Méu, Bay Mau, Hoan Kiém, Ngoc Khdanh, Gidang V4, Thanh
Céng va Thii Lé trong thoi gian tir thang 3 nam 2014 dén thang 2 nam 2015. Két qua khdo sat cho
thdy hé Ba Mau bi 6 nhiém hitu co & mire 1V, cdc hé con lai bi 6 nhiém hitu co ¢ mire 1. O nhiém
hitu co tai cde ho cé thé do ca hai nguon cung cdp chat hitu co, ngoqi lai va ngi sinh. So véi két
quad quan trdc trude ddy, chdt heong mede 10 ho Ha Néi da dwoc cdi thién do gan day da dp dung
mot 56 bién phdp bao vé moi truong cho cdc hé.
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1. Introduction

There are about 120 lakes and ponds located in Hanoi
city, of which 17 lakes situated in the inner city. These
lakes play an important role for local human lives: har-
monize climate, regulate stormwater/rainfall, provide
place for human entertainment, and unfortunately are also
considered as a container for domestic wastewater for
Hanoi.

Previous studies indicated that the water of most lakes in
Hanoi is polluted and of which, some lakes (Hoan Kiem,
Giang Vo, Thanh Cong, Ngoc Khanh etc.) were seriously
polluted, e.g. very high values of BOD, COD were found
(Le, 1999). As other big cities in developing countries,
Hanoi faces problem of managing the domestic and indus-
trial wastewater. The untreated or partially treated domes-
tic and industrial wastewater which was discharged di-
rectly or indirectly to the lakes through the channels in the
city has caused lake pollution. Recently, some positive
solutions for lake protection such as lake embankment,
preventing untreated wastewater to the lake have been
taken. The application of these solutions may give an
amelioration of lake water quality. In this paper, we aim
to: i) investigate the present water quality of the 10 lakes
in Hanoi city from March 2014 to February 2015, after
application of these above positive solutions; ii) classify
the organic pollution level of these lakes.

2. Methodology

2.1. Study site

Ten lakes in the inner Hanoi city were selected for obser-
vation including Ho Tay (HT), Truc Bach (TB), Thien
Quang (TQ), Ba Mau (BaM), Bay Mau (ByM), Hoan
Kiem (HK), Ngoc Khanh (NK), Giang Vo (GV), Thanh
Cong (TC) and Thu Le (TL). Some characteristics of
these lakes are presented in Table 1.

Table 1. Some characteristics of 10 lakes observed

Lake name Code Water surface  Depth
area (ha) (m)
Ho Tay HT 446 2.0-4.0
Truc Bach TB 22 1.5-2.0
Bay Mau ByM 21.3 2.0-25
Hoan Kiem HK 12 1.5-2.0
Thu Le TL 9.9 2.0-3.0
Thanh Cong TC 6.5 3.0-4.0
Giang Vo GV 6 2.5-3.0
Thien Quang TQ 5.5 3.0-4.0
Ba Mau BaM 4.6 2.5-3.0
Ngoc Khanh NK 3.5 2.5

The climate in the study area, which is of tropical East
Asia monsoon type, is characterized by two distinct sea-
sons: rainy and dry season. The rainy season lasts from
May to October and cumulates 85 — 90% of the total an-
nual rainfall whereas the dry season covers the period
from November to the next April.

2.2. Method

Monthly sampling campaigns were conducted at 10 lakes
in Hanoi from March 2014 to February 2015. At each
lake, surface water sample was monthly collected at three
different points, then these three samples were well mixed
together to give one sample for laboratory analysis.

Water quality checker WQC-22A (TOA, Japan) was used
in-situ to measure temperature (°C), pH, conductivity
(uS.cm™), turbidity (NTU), and dissolved oxygen (DO,
mgL™"). Water samples (after well mixing) were filtered
immediately by a vacuum filtration through a precom-
busted glass fiber filterpaper (Whatman GF/F, @47mm).
Filtrates for DOC analysis were acidified and stored at
4°C. All filters and other filtrates were kept in a freezer (<
-20°C) after filtration until laboratory analysis.

Suspended solids were quantitatively determined on pre-
weighed filterpaper. POC was determined semi-
quantitatively by filtration of 100 ml water samples on
Whatman GF/F filters and then filters were weighed be-
fore and after calcination at 550 °C for 4 hours. DOC
concentrations were determined using a TOC-Vg (Shi-
madzu, Japan). Nutrients (N, P, Si) and chlorophyll a
were spectrophotometrically measured with an UV-VIS
V-630 (JASCO, Japan) by different methods described in
Le et al. (2005).

2.3 Classification of organic pollution level

To assess organic pollution level of 10 lakes in Hanoi, the
method proposed by (Hawke, 1962) was applied in this
study. Five organic pollution levels (level V is heavily
polluted) for surface water quality were given based on
concentrations of five variables pH, DO, BOD, NHj,
COD and SS (Tabel 2).

Table 2. Classification of organic pollution level for
surface water (Hawke, 1962)

Level Level Level Level Level
Levels / | 1I 111 v \%
Var.
pH 6.5-8.0 6.0-84 5.0-9.0 39-10.1 <3.9:>10.1
DO 7.8 6.2 4.6 1.8 <1.8
(mgL™)
BOD; 1.5 3.0 6.0 12.0 >12.0
(mgL™)
NH; 0.1 0.3 0.9 2.7 >2.7
(mgL™)
COD 10 20 40 80 >80
(mgL™)
SS 20 40 100 278 >278
(mgL™)
In which: level I. Good; level II: Acceptable; level III-

Slight pollution; level IV - Pollution; level V - Heavy
pollution.

3. Results and discussion

3.1. Physico-chemical variables

PH: Most of the lakes are in naturally slight alkaline con-
ditions with annual average pH value around 8, except for

108



J. Viet. Env. 2016, Vol. 8, No. 2, pp. 107-113

the HK lake where pH values exceed the value of the
Vietnam National technical regulation on surface water
quality QCVN 08:2015/BTNMT column A2.

DO: DO concentrations were in a high range from 2.5 to
7.0 mgL™" (Tab. 3). The annual average values of the DO
concentrations varied from 3.5 mgL™" (GV lake) to 5.0
mgL" (HK lake). Almost annual mean values of DO of 10
lakes were lower or equal than the permitted value QCVN
08:2015/BTNMT col. A2 (> 5 mgL™) (Table 3).

8.0
M Rainy season M Dry season

6.0
= 4.0 -
[oT+]
3
8 2.0

0-0 T T T T T T T 1
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Figure 1. Average DO values in rainy and dry season
of 10 lakes observed

The DO values remained almost low during all sampling
campaigns (in day) and insignificantly changed in season-
al variation (Tab. 3, Fig. 1). As known, DO concentration
depends on lake surface agitation, temperature, respiration
rate of living organisms and decomposition rate of organ-
ic matters (Mathur et al., 2008). Low DO values are relat-
ed to organic pollution and eutrophication as some lakes
in the world: Dal lake (3.0 - 8.2 mgL™) (Mushatq et al.,
2013); Manchhar lake (3.2 - 4.2 mgL™") (Channar et al.,
2014).

Suspended solids (SS): Most toxic heavy metals, organic
pollutants, pathogens, nutrients such as phosphorus and
appreciable amount of biodegradable organic materials
are associated to SS (Meybeck et al, 1989). The annual
average values of SS concentrations of 10 lakes were
from 11 mgL" (TL lake) to 61 mgL™" (BaM lake). The
high SS concentrations may relate to organic pollution
because they contain particulate organic carbon (high SS
concentrations related with high POC concentrations in
lakes observed) (Tabel 3).

NH,": NH4" concentrations varied in a high range from
0.01 to 20.74 mgL" (Tab. 3), where the highest values
were about 100 times higher than the permitted value of
QCVN 08:2015/BTNMT column A2 (NH,'< 0.3 mgL™).
The higher values in the dry season (winter and spring)
than wet season (summer and autumn) were observed for
most lakes, except the TC lake (Fig. 2). Afiq et al. (2012)
indicated that NH, " probably enters into the lake system at
higher concentrations in summer, but is rapidly assimilat-
ed by microorganisms and plants to forming organic ni-
trogen; in the winter, when metabolic processes are slow-
er due to the low development of the plant life and the
accumulation of degradation products, NH,  concentra-
tions are considerably higher.
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Figure 2. Average NH," values in rainy and dry season
of 10 lakes in Hanoi

Chlorophyll a (Chl-a): Chl-a concentrations fluctuated in
a high range from 0.1 to 73.3 pgL™ (Tab. 3), where the
highest value was obtained at the GV lake. The higher
values in dry season than in the wet season (in summer)
was observed (Tab. 3 and Fig. 3a). The pics of Chl-a in
almost lakes appeared along with the highest nutrient
concentrations, especially with phosphorus. This would
suggest that algal growth in these lakes was more limited
by phosphorus than by available light. Very high Chl-a in
these lakes also suggested that the growth, death, and
degradation of phytoplankton might be important sources
of organic matters, as the case of Taihu lake (Yin et al,,
2011).

3.2. Organic carbon
Dissolved organic carbon (DOC)

DOC concentrations varied largely from 2.5 mgL™ (at the
HT lake) to 28.4 mgL™" (BaM lake). The mean annual
DOC concentration was in the range from 5.1 mgL" (TL
and ByM lakes) to 10.5 mgL" (HK lake). It seems that
DOC values in dry seasons were higher than those in wet
season, except the TB and BaM lakes (Fig. 3b).
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As known, organic carbon is found under dissolved or
particulate form and is either autochthonous (produced in
situ by algal biomass production and subsequently re-
leased by lysis or excretion) or allochthonous (brought to
lakes from soil leaching, or domestic and industrial
wastewater) (Kim et al., 2000). When brought by domes-
tic effluent, a large part is biodegradable (> 50 %), these
inputs possibly lead to oxygen depletion due to respira-
tion of heterotrophic bacteria. Similarly, when autoch-
thonous primary production is high, due to ample nutri-
ent concentrations, organic biomass of organisms can
represent a large stock of biodegradable organic matter,
heterotrophic degradation of which can also lead to oxy-
gen depletion (Garnier et al., 2004). These two types of
organic pollution, can lead to reduce oxygen level down
to values inappropriate for aquatic life, fish in particular.
This is true for the cases of 10 lakes in Hanoi that organ-
ic pollution may come from both autochthonous and
allochthonous sources because very low DO values and
very high pics of Chl-a values were observed during the
study period.

Particulate organic carbon (POC)

POC concentrations in 10 lakes in Hanoi varied from 0.4
mgL™" (GV and TL lakes) to 5.1 mgL™" (HK lake). The
annual average values of POC concentration varied from
1.6 mgL" (TL lake) to 3.1 mgL" (HK lake). Previous
study (Parszuto and Kaliszewska, 2007) demonstrated
that the changes in POC are mainly related with primary
production, which is confirmed by a positive correlation
of POC and Chl-a concentrations. The same conclusion
was found in this study that POC in dry season was
higher than in wet season in almost lakes (except for TB
and BaM lakes), as the same seasonal variation of Chl-a
(Fig. 3c).
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Fig. 4. DOC:POC ratio in rainy and dry season of 10
lakes in Hanoi

In aquatic ecosystems, the majority of organic carbon is
under DOC form, whereas POC typically contributes
only 10+17% of the total. In this study, DOC:POC ratios
of 10 Hanoi lakes varied from 2 to 4, suggesting DOC
dominated organic carbon (Fig. 4).

As known, DOC:POC ratio can vary with season, depth,
and trophic state of the lake. This variation depends
more on changes in POC concentrations than in DOC
ones (Dunalska et al., 2004).

Chemical oxygen demand (COD)

112

COD concentrations in 10 lakes in Hanoi fluctuated from
2.0 mgL™" (TQ lake and ByM lake) to very high value of
344 mgL" (BaM lake). The annual average values of
COD in HK and BaM lakes were higher from 2 to 4
times than the permitted value of QCVN
08:2015/BTNMT col. A2 (15 mgL™) (Tab. 3). High
COD values were found in various lakes in the world:
Uluabat lake (India): 35.7 mgL" (Elmaci et al., 2008);
Pushkar lake (India): 31.7 - 39.1 mgL™" (Mathur et al.,
2008), Gulshan lake (Bangladesh): 49-112 mgL™" (Karim
et al., 2012); Quttina lake (Arab): 37 - 143 mgL’
(Manssour and Al-Mufti, 2010); Taihu lake (China): 49
mgL" (Yin et al., 2011).

COD in dry season were higher than in wet season as the
same DOC variation, and clearest expression in the BaM
lake (Fig. 3d). According to Zhou & Wang (2010), COD
concentration rapidly decreased during the purification
phase, but then rapidly increased in the decay phase
leading to water quality deterioration.

3.3. Classification of organic pollution level

The results of organic pollution levels for 10 lakes ob-
served were given in the table 4 with the as followings:
BaM > HK > GV >NK>HT>ByM>TB >TQ>TC>
TL.

Within 10 lakes observed, the BaM lake was classified
as organic pollution level IV, which was the most heavi-
ly contaminated by organic matters where very high
values of COD, POC and DOC were observed (Table 3).
The HK lake showed signs of organic pollution, espe-
cially in the dry season (POC: 3.3; DOC: 13.6; COD:
443 mgL™" and Chl a: 9.2 ug L™). Other lakes were or-
ganic contamination at level III. (Fig. 3).

Compared with the results from previous studies about
the COD concentration in lakes (the TC lake: 32 - 52
mgL™); the NK lake (COD: 96-102 mgL™); the GV lake
(COD: 134-156 mgL™); the BaM lake (COD: 97-104
mgL™") (Le, 2009), the present COD concentrations of
these lakes were lower than before, except the BaM lake
has been still highly polluted. This also proves that the
lake water quality in the period from March 2014 to
February 2015 has been ameliorated thank to the em-
bankment, dredging sludge, application of different wa-
ter treatment technologies, and preventing untreated
wastewater to the lakes (Trinh, 2010).

4. Conclusions

Based on the method of Hawke (1962) about the classifi-
cation of organic pollution level and the monthly obser-
vation results of water quality of 10 lakes in Hanoi from
March 2014 to February 2015, we found that the BaM
were classified as organic pollution level IV, other lakes
were organic contamination level III. Organic pollution
may come from both allochthonous and autochthonous
sources.

Compared with the results from previous studies, the
water quality of 10 lakes in the period from March 2014
to February 2015 has been improved, after the applica-
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tion of some positive solutions for lake environmental
protection such as lake embankment, dredging sludge,
application of different water treatment technologies,
preventing untreated wastewater to the lake were taken.
(Trinh, 2010). However, they are still organically pol-
luted, especially the BaM lake.

Due to the important role of urban lakes in human lives,
it is necessary to regular monitor lake water quality as
well as to enhance to apply effective solutions for protec-
tion of lake environment.
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