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Controlling eutrophication by enhancing purification capacity in lakes

PU Pei-Min', L1 Zheng—KuiZ , WANG CIUO*Xiﬁl’lg3 (1. Nanjing Institute of Geography &. Limnology, Academia Sinica,
Nanjing 210008.China; 2. College of Environmental Science, Nanjing University, Nanjing 210093.China; 3. School of Geographical Science,
Nanjing Normal University, Nanjing 210097 ,China). Acta Ecologica Sinica,2005,25(10) :2757~2763.

Abstract: To determine the potential for controlling eutrophication in lakes by controlling external pollutant loadings and
through in-lake interventions, a dynamic model for total phosphorus (TP) and total nitrogen (TN) was derived. Based on data
of Chinese lakes and of .. Okeechobee in the USA the threshold concentrations, i.e. concentrations above which algae blooms
are formed, were determined as 0. 035 mg/L for TP for both lakes and 0. 35 mg/L for TN in Dianchi Lake and 1. 050 mg/L for
TN in Taihu Lake. According to the observed data the percentages of TP and TN loading that exceed the volume for
maintaining the concentration in the lake that is lower these thresholds and therefore would require nutrient control to prevent
algae blooms are 78% (both for TP and TN) for Dianchi Lake in 1995, and 69 % for TP and 56 % for TN for Taihu Lake in
1987 ~ 1988. However, the financial requirements for construction of wastewater treatment plants and sewer collection

networks, and for reducing non-point source nutrient loadings from agriculture are immense and the timespan required to
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achieve beneficial results in the receiving lake in a catchment as large as Taihu, Chaohu and Dianchi lakes, is very long.
Furthermore, the benefits are unlikely to extend to the entire lake for a very long period of time, if ever. for middle to large-
sized lakes. It is unrealistic to consider reduction of nutrient loadings to historical, natural levels to achieve natural remediation
to a healthy aquatic state. Also, the nutrient loading contained in the lake sediments is immense and not amenable to technical
solutions such as dredging, or chemical treatment to permanently lock the nutrients in the sediments. Therefore, this paper
proposes a bio-engineering approach to eutrophication management which uses a variety of in-situ techniques which enhance the
self-purification capacity of the lake. The purification capacity in a water body can be cost-effectively enhanced to the level at
which the nutrient concentrations are lower than the threshold concentration that produces algae blooms. Bio-engineering
techniques use combinations of solar energy, wind energy and related waves and currents, together with selected aquatic plants
and other aquatic species to improve the bio-productivity in the lake. The biological products, in turn, have economic value and
are removed from the lake for beneficial purposes. The technologies for immobilized nitrogen cycle bacteria for reducing TN,
the macro-bionics principles for mosaic bio-communities, the technology for remediation of the healthy aquatic ecosystems in
local areas, the desiccation technology for aqua-plants by solar and other natural energy. are referred to collectively as
Physical-Ecological Engineering (PEEN). This approach can be utilized for large and middle sized lakes, such as Taihu Lake,
Chaohu Lake, Dianchi Lake, etc. in China. Small parts of the total lake water surface (7 % for Dianchi Lake; 4 % for Taihu
Lake), are required for culturing water hyacinth through an optimized design and scientifically controlled management scheme.
Subsequently the biomass is removed and processed into an economic beneficial resource. Under these conditions the
purification capacity of the lake would increase about 4. 6 times for Dianchi Lake and 2. 1 times for Taihu Lake. The targets for
controlling eutrophication and restoration of a healthy aquatic ecosystem are for areas that are 3~4 times that of the water
hyacinth cultured areas in these lakes and therefore allow for algal management in areas of water intakes, recreational areas,
etc.. The benefits of these measures are achieved over a short period of time, and are targeted at designated areas that require
immediate protection. The cost is estimated to be much less than the equivalent costs of land-based control, and can be partly
recovered from the financial returns from selling the products of water hyacinth and mollusks. Additionally, these measures
create employment for the long-term operation of these measures. A framework is presented for the various steps required for
the control of eutrophication in Dianchi LLake and Taihu Lake.

Key words : physical-ecological engineering; immobilized nitrogen cycle bacteria; purification capacity of waters; remediation of

health aquaecosystem; Taihu Lake; Dianchi Lake
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a=B/S,. (5)
Y= Shatance/Sa.c. (6)
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Table 1 Total phosphorus Balance for Dianchi Lake (1995) and Taihu Lake (1987~1988)
(t/a) (t/a)
Input quantity Output quantity Store in Water Body
F *
Item . rom Sedimentation Aqua . R
Surf. atmosphere . Concent.
. Total biomass Outflow  Total Quant
inflow . (mg/L)
production
Wet Dry Rate Quant.
present 1018 1 2 1021 19. 4 931 10 80 1021 0.160 206
Target Dianchi Lake 231 19. 4 204 10 17 231 0.035 45 790(78 %)
present 1895 60 33 1988 5.08 820 126 1042 1988 0.069 323
Target Taihu Lake 682 5.08 416 126 140 682 0. 035 164 130669 %)
R % Required reduction or output by aquatic biomass and
occupying % in surface inflow; the same below
2 (1995 ) (1987~1988 )
Table 2 Total nitrogen balance for Dianchi Lake (1995) and Taihu Lake (1987~1988)
(t/a) (t/a)
Input quantity Output quantity Store in Water Body
F R*
Item Surf . rémh Sedimentation Aqua Concent
: : atmosphere Total Into air biomass Outflow Total ’ ’ Quant
inflow K (mg/L)
production
Wet  Dry Rate Quant.
8956 18 7 8981 16. 3 6143 1ot 100 827 8981 1. 659 2128
Present 0 ’ (80%) 209 o0
Diamehi 1980 16.3 08 o 100 170 1980 0.350 eI
Target Lake ' o (80%) (20%) ' oY ° (78%)
24926 2759 421 28106 0.56 2484 621 3334 21667 28106 2. 391 11176
Present 0 (80%) 209 ’
Taihu 14224 0.56 L0 275 3334 9515 14224  1.050 1910 13882
Target  Lake " (80%) (20%) oY Y ‘ (56%)
16973 1. 68" 1100 sozd 3334 9515 16973 1. 050 4910 11133
Target ‘ Q27%) (73%) 7 : (45%)
* INCB 3 s Enhanced release of nitrogen in
gaseous state to 3 time by using Immobilized Nitrogen Cycle Bacteria(INCB) technology
’ ’ 931t/39 6443t/80
[6]
& 1306t/a, 13882t/a, 69% 56%.
® — (7). http://www. sina. com. cn 2004/11/16

) . ,1992



10 2761
N 1000~2000 s 4000 400~800 s I 20~30
o o b 23 % ’
I 3 s 150d N
, 67km*  94km® , 4% , a Yy=1.97 (TP) 2.28
(TN, TP, TN .
C 1.2, (791. 5t /km* 6962. 0t /km?) (425. 1t/km®
6010. 7t /km*) , 1.86 s o ,
s 2m ] ’ o N /P 46,
. N/P  34.5, OK . .
N/P=10, s INCB s s
4
(3 s o N 1992
6.2g/(m* + d), 0.5kg/(m* « d),
13~21 s s
20km®  30km?, 300d ; INCB ™ 1 22km?(
(70X , « 4.6 ; ;
79% . .
: ( 1 ’ H (2) )
s ;(3) s 3 (D) s 95%)
5
1990 (Physiccal-Ecological
H H (1]
Engineering-PEEN)"! . RIBERIL N, P; 1 -~
M , RABEDRE , i
HiillIm Wave B E UK
, “ ? ( 1/4 WHabsorb N, Pits > protection o, WMINE
roots are carriers of & KPSy
~1/3 ), R bacteria; take out from reduction J&%ﬂﬁas'i
water, use them &, j&*’] ,E
’ ’ BREBEF
i, ft,
' ) LS AL BB . XENE
N s ; RIGEMEWEA B )
Technology of HHEK Remadiate
(2) INCB , s immobilized > Limit le—| submeraged
nitrogen cycle algae ?lnnts,
; bacteria enhances growth increase
effect of bacteria preliminary
(3) s N . production
J, limit release
s ; fN, P;
R ARL, L generate O,
2 . . \ fk, BB, W 2% B
SN ; B biodiversity
s o Mollusks eat algae & —> Enhance
biodetritus promote transparency
6 flocculation; take out
and use them
2
s « 3, Fig. 2 Scheme of the technical aproaches of remediation for the
15 km ( 29km?, 8km?, health aquaecosystem supported mainly by aquatic plants with
30km?) utilization of Waterhyacinth,immobilized nitrogen cycle bacteria and
G ) 3/4 mollusks



2762 25

’ I ’ ik . e BT
Caohai Ba; -
° Y m@z@m)\%u
. Purified water current
’ ° 30 Ja into city (J:liznncls HERT
. [~
/@ 5 WA
R R I Overflow in
flood periods
HE 10a 30% ~507 s - .
O a A A ?ﬁm i ﬁ”
. Nephridium
of Dianchi L.
C 4, 5km?* s
. s 40km?, 200km?
s o it
Outflow
7
Ik o
s OK s
. BHEE \m
Iso-depth
' ) W (m)
AL/ 7 L2 ekm
’ o ®
) 3 (x ”)
Fig. 3 Schema of locations with enhanced purification capacity
(“ Nephridium of Dianchi Lake”) and the circulation route for
o ’
purifying the cannels in Kunmin City
. % ( ) 4% ( ) s
(
. . Engineering in o ios
3~4 5 IZhuosha.n Bay - o Meilian Bay
KEOTR gy UM LE
N . @& Engineering in
PEEN [s1 | Engineering at !
i Dapu Gonghu Bay .
. Engineering at & .
Hiaomeikou N
» : S
b N N 4
' : ° Fig. 4 Locations for bio-engineering for nutrient control through
’ ° enhanced self-purification capacity in Taihu Lake
References:

[1] PuPM, Wang G, LiZ, et al. Degradation of healthy aqua-ecosystem and its remediation: theory, technology and application..J. of Lake



10

2763

[3]

L4]

[5]

[6]

[7]
[8]

(1]
[2]
[3]

Sciences2001,13(3):193~203.

Du H S, PuP M, Zhang S Z. et al. An experimental study on culture of Eichhornia crassipes (Mart) Solms on open area of Taihu Lake,
J. of Plant Resource and Environment, 1995, 4(1): 54~60.

Yang J X. The ab extra and indigenous fishes in Yunnan: Effective mode, extent and other issues. In: WUANG Song.,eds. et al.
Protection on the Biodiversity in China(2). Beijing :Chinese Environmental Science Press, 1996. 129~138.

Li Z K & Pu P M Dynamic modeling of purifying nitrogen pollutant by immobilized nitrogen cycle bacteria during Autumn and Winter
seasons, J. of Lake Sciences,2000, 12(4):321~326.

Wang G X, Pu P M, Huang Y K, ez al. Distribution and role of denitrifying, nitrifying, nitrosation and ammonifying bacteria in the
Taihu Lake, Chinese Journal of Applied &. Environmental Biology,1999, 5(2): 190~194.

Pu. P M., Wang G, Hu C, et al. Can we control eutrophication by dredging? J. of Lake Sciences, 2000, 12(3): 269~279.

Huang Y, Fang C, Pu P.er al. Aquatic Environment and Pollution Control in Taihu Lake. Beijing:Science Press, 2001.

Dianchi Lake

A Hyper-Eutrophic Lake in China, in Tropical Eutrophicated Lakes: Their Restoration and Management. Oxford and

IBH Publ. Co. Pvt. Ltd. (New Delhi), Science Publishers Inc. USA, March, 2005.

, s - - . ,2001,13(3):193~203.
, , .. . » 1995, 4(1), 54~60.
N N . C .
,1996.129~138.
, . . +2000,12(4):321~326.
, , .. N N . 21999,5(2):190~194.
, , s 7, ,2000,12(3):269~279.
s , T . : , 2001.

( ( ) 12006

{ ( ) . 1936
. ( Do s s N . .
( ( ) s A4,160 25 s 10 120
52-82, s o 0
40 ;712100 :029-87092511

E-mail: xb2511@yahoo. com. cn; xb2511@yeah. net
:http://XBNY. chinajournal. net. cn;http://xbnydxxb. periodicals. net. cn



