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Introduction

In Ha Noi there are 18 lakes ranging from 1to 526 ha, with a total area of 615.4 ha. Tay Lake is the largest, with an area of 526ha, capacity of 9,000,000 m3 and perimeter of 18,000m. All of the lakes of Ha Noi are used for wastewater and storm water storage in the rainy season, and also as a source of livelihood for about 100 fishermen.

Tay Lake is unique in that it still maintains a eutrophic situation (light pollution). All others are heavily polluted by wastewater. Nevertheless, in recent years the price of land in Ha Noi, specially land surrounding Tay Lake has increased so much that people living around the lake encroached on the lake for quick-profit. In addition, the number of hotels and restaurants grew rapidly, now providing 60% of total tax revenues to Tay Ho District. The physico-chemical characteristics of Tay Lake are changing rapidly. In ambition to prevent pollution and can be to use it as a swimming lake, the committee of city are trying set up a project with the expenditure aboat 70 millions USA. for to stop fifh-culture and construction two treated wastewater factories.

In order to understand the role of aquaculture in wastewater – remediation, we were caried out investigation Tay Lake from 1997-1998, to follow the application of the Department of Science, Technology and Environment of Ha Noi.

study methods 

Study site: Two lakes exposed to different degrees of pollution and cultural pattern. The Tay lake  is a largest and  to have highest productivity of all. The Truc Bach Lake is one of the seriouse polluted lakes, it’s fish raising is oly to prevent “ waterbloom”.

Sampling  fish and other biology - compositions: Samples of fish was taken from  fish-boat of “Fish cultural Company of Tay Lake”. Samples of plant, Phytobentos, Zooplankton and Zoobentos were taken  by Net No 64, No 38.

Samples analysis : Biologycal samples were analysed at Laboratories of Biology Faculty and chemical samples were analysed at Chemical Faculty of College of 

Natural Science,Vietnam National University, Ha Noi

results  and discussion Sources of pollution

From domestic sources

There are 605 households with a total population 18,000 people living on the border of Tay Lake. Waste water, nighsoil, and poultry dung often discharge directly into the lake. The hamlet lanes are narrow, Urban Environmental Company (URENCO) staff can not reach every household to pick up waste and to save money, many families throw garbage into the lake. Two large markets (Chau long and Buoi markets) and some public toilets are also important pollution sources. 

Primary sources of waste water discharge into Tay Lake and Truc Bach Lake are from 10 main drains, which discharge about 30,000 m3/day (Tab.2,3). The total volume of phosphorus represented by these flows is about 10,000-14,000tons/year, primarily entering Truc Bach Lake.

From Industrial sources

There are 51 factories and production units around Tay Lake, 17 of them occupying  part of the surface of the lake. Pollutants from paper factory and paper dyeing units include clorine, sulphate, nitrate, clohydric acid, sunphuric acid, and potassium. From beer, alcohol, wine factory and soft drink factories, pollutants include oil, sugar, protein and starch (Tab.1). 

Table 1. Quantity of hotels, restaurant and factories locates on surrounding area of  Tay Lake and Truc Bach Lake

	Quarters
	Total hotel, Rest. and factories
	Spreads lake on the

	
	Hotel, Restaurant
	Factory
	Hotel, Restaurant
	Factory

	Buoi
	5
	25
	1
	4

	Xuan la
	
	
	
	

	Yen phu
	35
	
	8
	

	Quang an
	27
	
	10
	

	Nhat tan
	2
	
	
	

	Thuy khe
	7
	13
	7
	13

	Truc bach
	17
	10
	7
	

	Quan thanh
	2
	
	2
	

	Total
	95
	51
	35
	17


From hotels and restaurants

There are 95 hotels and restaurants located around the lake, 35 of them occupying a part of the water surface. Wastewater and toilet waste often discharge directly into the lake. Pollutants include organic substances, soap and faeces. Table 4 illustrates that the degree of pollutants from juste one hotel can be large.

Table 2. Flow of wastewater of some main sewer discharges of Tay Lake and Truc Bach Lake

	Drainage
	Diameter of drainage (m)
	Average flow (m3/s) (m3/day)
	Discharge places

	Pham Hong Thai
	0.8 – 1
	0.071

(6,200)
	Truc Bach Lake

	Nguyen Truong To
	0.8
	0.067

(5,788)
	Truc bach  lake

	Ficus tree
	0.6
	0.119

(10,281)
	Tay Lake

	Plain
	0.8
	0.030

(2,592)
	Tay  lake

	Do
	3.5
	0.042

(3,628)
	Tay Lake

	Truc bach  paper factory
	0.3
	0.006

(500)
	Tay Lake

	Thang  loi hotel
	0.3
	0.004

(320)
	Tay Lake

	Tay ho hotel
	0.3
	(335)
	Tay Lake

	Quang ba guesthouse
	0.3
	0.002

(173)
	Tay Lake

	15 sewer on Thuy khe


	0.3 – 0.5
	(500)
	Tay Lake


From construction

Lime, sand, mortar and so on used in construction wash into the lake or are deliberately  poured into it with the purpose of saving money or expanding land.

From Agriculture 

There is 108 ha of agricultural land surrounding the lake. Pollutants include pesticides, chemical fertilizers, and organic fertilizers.

Phosphorus pollutants

Main drains discharge between 10,000 and 14,000 tons of phosphorous per year, mostly into Truc Bach Lake (Table 5).

Solid waste

The Tay Lake has district branch of the Ha Noi Urban Environmental Company with a staff of 20 workers. They pick up about 584 m3 of solid waste and 8,900m3 of water hyacinth annually. Plastic bags, which cause blockage pumps and tangles fish nets have become a big problem. 

Table 3. Average value of physic- chemical elements of sewage discharge to Tay Lake and Truc Bach Lake

	Physichemical   elements
	Sewer Nguyen Truong To
	Sewer Pham Hong Thai
	Sewer Plain
	Sewer Thang Loi hotel

	ToC

DO ((mg/l)/l)
PH

Muddy (mg/l)
Eletric transport   degree (s/m)
Na Cl (%)

BOD5 (mg/l)

COD (mg/l)

PO4 ((mg/l)/l)

NO3 (mg/l)
Amoniac (mg/l) 

NH4 (mg/l) 

Sunfit (mg/l) 

H2S ((mg/l)/l) 

HCO3 (mg/l) 

Phenol (mg/l) 

Mn ((mg/l)/l) 

Cd (mg/l)

Pb (mg/l) 

Hg (((mg/l)/l)/l) 

Bacteria (Number/10ml)

F.coliform (MNP/100ml)
	20.5

0.0

7.5

93

0.05

0.02

45

120

7.0

0

6.12

7.9

0.16

0.17

353

0.18

0.003

0.235

1.17

0.07

3,000

48,000
	20.6

0.2

7.43

70

0.05

0.02

37.5

95

0.58

4.84

2.1

2.7

0.06

0.064

330

0.1

0.005

0.229

2.0

0.08

430

4,500
	23.2

0.0

95

0.03

0.01

57.3

140

4.75

0.5

3.3

4.3

0.18

0.2

433

0

0.003

0.226

2.2

0.11

36,000

54,000
	21.4

1.4

7.9

91

0.05

0.02

63.2

126

1.7

0.4

2.1

0.20

0.21

220

0.1

0.004

0.225

1.71

0.095

      18,000


Table 4. Total phosphor from main drainage

	Drainage
	(Mg/l) TP/L
	Kg TP/ Year
	Discharge place

	Nguyen Truong To
	3,643 - 4,484
	7,684,463 - 9,456,621
	Truc Bach Lake

	Pham Hong Thai
	1,054 - 2,311
	2,385,202 - 5,229,793
	Truc Bach Lake

	Total P discharges

To Truc Bach Lake
	
	10,069,665 - 14,686,414
	

	Ficus tree
	631 – 1,570
	230,086 – 5,927,599
	Tay Lake

	Plain
	3,053 – 3,584
	2,888,382
	Tay Lake

	Do
	1,733
	943,098
	Tay Lake

	Paper Factory
	951 – 1,317
	173,619 – 240,352
	Tay Lake

	Tay Ho Hotel
	1,255 – 1,260
	153,455 – 154,066
	Tay Lake

	Thang Loi Hotel
	1,034 – 1,607
	120,836 – 187,697
	Tay Lake

	Quang Ba Guesthouse
	939 – 1,225
	59,301 – 77,352
	Tay Lake

	15 domestic sewers on Thuy Khe Street
	1,922 – 3,643
	350,812 – 664,847
	Tay Lake

	Total P discharges to Tay Lake
	
	11,585,761
	


Physico-chemical characteristics of water and bottom mud in two lakes

Table 5. Physic-chemical norms of water in Tay Lake and Truc Bach Lake

	Physic-chemical
	Tay Lake
	Truc Bach Lake

	Norms
	Rain Season
	Dry season
	Rain Season
	Dry season

	T0C 
	28.1-33.1

30.64

(28.2-31.2)
	21.4-23.7

22.38

(20.3-21.2)
	28.1-33.5

29.21

(27.0-30.5)
	20.6-21.9

21.36

(20.5-20.8)

	DO ((mg/l)/l)
	3.6-18.9

10.66

(2.0-11.7)
	6.5-18.6

10.1

(0-8.7)
	1.8-8.4

5.92

(1.7-3.7)
	0.6-5.1

2.62

(0-0.9)

	PH
	7.5-9.16

8.59

(7.38-8.86)
	8.07-9.13

8.85


	7.0-7.53

7.43

(7.3-7.61)
	7.41-7.82

7.61

(7.42-7.46)

	MUD (mg/l)
	66-89

77.23

(71-96)
	44-61

55.6

(56-72)
	71-79

71.6

(68-80)
	68-79

72.6

(65-80)

	Electric transport degree (mg/l) 
	0.02-0.05

0.004
	0.03
	0.02-0.03

0.028
	0.05

	NaCl  0/00
	11.5-35

16.17
	0.01
	0-0.01

0.0087
	0.02

	BOD (mg/l)
	11.5-35

16.7
	3.5-57.3

10.78
	20-39

27.7
	22.2-42

28.77

	COD (mg/l)
	30-80

56.5
	40-140

63.66
	70-130

82.6
	70-120

88.6

	PO4 ((mg/l)/l)
	0.44-3.2

0.708
	0.03-4.75

0.26
	0.7-1.94

1.23
	0.26-7

1.48

	 NO3 (mg/l)
	0.06-1.98

0.396
	0.066-5.28

1.405
	1.32-6.16

3.17
	0.01-5.1

3.58

	Ammonia (mg/l)
	0.02-3.06

0.795
	0.01-0.55

0.47
	0.55-4.0

1.33
	2-6.2

3.52

	HCO3 (mg/l)
	103.7-278.1

125.25
	89.06-433.1

134.4
	131.1-164.7

143.6
	192-354

239.1

	H2S ((mg/l)/l)
	0.021-0.042

0.0285
	0.021-0.19

0.031
	0.021-0.19

0.039
	0.01-0.17

0.042

	Bacteria 

( number/10ml)
	3-470

57
	10-36,000

2,977
	10-70

33
	15-3,000

849

	F. Coliform (MNP/100ml)
	0-22,000

3.547
	2-54,000

5,855
	680-14,000

6,220
	1,800-48,000

14,620

	Cd ((g/l)
	0.196-0.321

0.256
	0.215-0.325

0.244
	0.313-0.342

0.328
	0.21-0.23

0.224

	Hg ((g/l)
	0.242-0.422

0.35
	0.036-0.16

0.107
	0.315-0.423

0.356
	0.04—0.08

0.06

	Pb ((g/l)
	2.91-3.71

3.4
	1.75-2.35

2.09
	3.08-4.31

3.86
	1.7-2.1

1.96

	Mn ((mg/l)/l)
	0-0.008

0.0016
	0.003-0.007

0.004594
	0-0.011

0.0041
	0.001-0.005

0.0031

	Phenol (mg/l)
	0-0.009

0.003
	0
	0.05

0.018
	0-0.18

0.097

	Monitor (mg/l)
	0
	0.0005
	
	

	Wofatox (mg/l)
	0
	0
	
	

	Bassa (mg/l)
	0
	0.01
	
	


Table 5 shows that Truc Bach Lake is heavily polluted, while Tay Lake is only eutrophic.
Bottom mud in Truc Bach Lake was dredged last year, though some areas are still thick since the large number of plastic bags made it impossible to dredge. Content of Zn is 520-705 mg/kg, Pb is 220.6-331.5 mg/kg, pesticide DT 666< 0.001(g/kg, E. Coli  are 102-104Pcs/100ml. Heavy metals in mud of Tay Lake are lower, total of Fe, Mn, Cu, Zn. V, Ti are about 10-11mg/kg, lead (Pb) is 0.4-0.8mg/kg, Mercury(Hg) is 0.0-0.1mg/kg.

Biological compositions of the lakes

Phytoplankton

There are 106 species of phytoplankton in Tay Lake and 79 in Truc Bach Lake. In Tay Lake there are 6 divisions of algae. Chlorophyta are great in the rainy season (53%), and fewer in dry season (48%). In Truc Bach Lake there are 4 divisions algaes, Euglenophyta is greatest number. This suggests that Truc Bach Lake is heavy polluted.

Biomas of phytoplankton are between 6-30g/m3 , and an increase of 10 times compared to investigations in 1985. In Tay Lake Cyanobacteriophyta is greatest in dry season and Bacillariophyta is in rainy season. In Truc Bach Lake Euglenophyta always is in greatest number. Biomas of phytoplankton shows that Tay Lake is lightly polluted and Truc Bach Lake is heavily polluted.
Drifting plant

Some species of fern, and water hyacinth on the lake grow very rapidly. If uncontrolled, these plants could cover the surface of lake in one year. 

Phytobentos

Ten years ago, the lake still had 8 species of water plant (Dang Ngoc Thanh 1989), currently, there are none primarily due to turgidity.   

Zooplankton 

In Tay Lake there are 25 Zooplankton species belonging to three groups: Copepoda (4 species), Cladocera (8 species) and Rotifera (13 species). In Truc Bach Lake there are 9 species: Copepoda (1 species), Cladocera (28 species) and Rotifer (6 species).  Biomas of Zooplankton in Tay Lake is about 200 mg/m3 in the dry season and 8.7mg/ m3 in rainy season. In Truc Bach, the level is about of 2.9 mg/ m3. Both composition and biomas of Zooplankton in the two lakes are low and lower than investigations conducted in 1986 by between 10 and 150 times.

Zoobentos

In Tay Lake there are 16 Zoobentos species belonging to 5 groups: Gastropoda (4 species), Bivalvia (6 species), Decapoda (2 species),  Oligocheda (3 species) and Insecta (1 species). In Truc Bach Lake we discovered no single species, due primarily to high H2S levels. Zoobentos density in Tay Lake is about 400-600 bodies/m2. 

Fish

There are 35 fish species in Tay Lake, of which 27 are natural species, and 8 are introduced species. Annually, Tay Lake Fish Company releases between 3 and 5 millions fingerlings and harvests between 500 and 600 tons of fish, about 90% of these are silver carp. Silver carp feed on phytoplankton, thus preventing "water bloom"  and maintaining eutrophic conditions. While Truc Bach Lake there are only 11 species of fish, of which 8 are natural species and 3 are are introduced species and havests between 5-9 tons. They sat that fish culture of Lake was only prevented “waterbloom”.

Tay Lake has remained eutrophic due to its large area, its location on the city’s side and the fact that one third of the waste water entering the lake passes through Truc Bach Lake before discharging into Tay Lake. However, to maintain fish culture was a main factor. 

conclusion and recommendations 

1.
Tay Lake is a famous landscape feature of Vietnam. Many pollution sources are threatening it. We have to execute protection measures and remediation for the lake. Bio-remediation by aquaculture is appropriate to the economical circumstances of Vietnam.

2.  Solution proposed by the “Company for Exploitation and investibility of Tay Lake” and “Tay Lake Aquaculture Company” include 5 points:

- To maintain fish culture in a sensible structure of fish species with 70% of silver carp for control phytoplankton, 10-15% grass carp for control drifting plant, and 15-20% common carp or Indian carp feed on mud and zoobentos.

- To close some drainages of city

- To control drainages of hotels and restaurants, pre-treat waste water by growing lotus or water hyacinth in smaller lakes before discharging into Tay Lake.

- To construct shore barriers with a sewerage-system for collection of wastewater than discharge into To Lich River. Cost for this project is about 35 million USD, to use for construction and migration 18,000 people to out of their homeland.

-  To set up two new food chains in the lake:

To grow a band of water hyacinth 1.5-2m wide the shore from this band will be kept in place by bamboo stakes (bamboo stakes in water can last for about 100 years). Control water hyacinth by grass carp (1m2 water hyacinth need two grass carps). The water hyacinth participates the protection of the shore from waves and holds drifting waste for environmental staff to collect. These activities are from environmental. Budget for this solution are about 50 thousand USD 

 To raise Indian carp, which feed on mud and zoobentos.
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