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Formation mechanism of cyanobacteria bloom in urban lake reservoir

WANG Xiaoyi, TANG Lina, LIU Zaiwen, CUI Lifeng, XU Jiping, ZHAO Xiaoping
(Beijing Technology&. Business University, College of Computer and Information Engineering, Beijing 100048, China)

Abstract: The treatment and prevention of water bloom play a significant role in efficiently controlling
water pollution, and the key to solve this problem is to understand formation mechanism of water bloom.
Based on a further analysis for the formation process of cyanobacteria bloom in urban lake reservoir, and
the whole process is simulated in laboratory, orthogonal experiment and rough set theory are combined to
get key factors (DO, TP, TN, temperature and illumination) that can impact formation of cyanobacteria
bloom and used as input parameters in establishment of mechanism model for the formation of
cyanobacteria bloom in urban lake reservoir. Chlorophyll a is adopted as a characterization index for the
formation of cyanobacteria bloom. and based on mechanism of interaction, a model of the process applied
to describe cyanobacteria bloom formation in urban lake reservoir is structured. Meanwhile, the
parameters involved in this model, such as Gu., I,» 9, K, K, Duyxs m,, can be estimated and
nonlinearly optimized by improved PSO (particle swarm optimization), which can highly enhance the
model applicability and validation. The method provides an efficient approach for further study on

formation mechanism of cyanobacteria bloom.

Key words: cyanobacteria bloom in urban lake reservoir; formation mechanism; orthogonal experiment;
rough set theory; PSO
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Orthogonal experiment results and range analysis

(3*)

Table 1
for result of largest extant quantity of cyanobacteria

in urban lake reservoir

Serial ~ Illuminance Temperature TN TP Chl-a
number /1x /°C /mg+L~! /mg-L"! /pgeL™!
1 6000 20 0.5 0. 05 9.3
2 6000 28 2 0.2 34.3
3 6000 35 4 0.1 29.8
4 12000 20 2 0.1 21.7
5 12000 28 4 0.05 36. 7
6 12000 35 0.5 0.2 36.1
7 18000 20 4 0.2 28.2
8 18000 28 0.5 0.1 44. 1
9 18000 35 2 0. 05 37.1
kh=K;/3 24. 467 19. 733 29. 833 27.7
ky=K;/3 31.5 38. 367 31.033 32. 867
ks =K;/3 36. 467 34.333 31. 567 31. 867
R 12 18. 634 1.734 5.167
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Orthogonal experiment intuitive analysis diagram for result of largest

extant quantity of cyanobacteria in urban lake reservoir
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Table 2 Cyanobacteria bloom rough set analysis on

influencing factors in urban lake reservoir

Influence Contribution Influence Contribution
factors rate(important) / % factors rate(general) /%
TP 95.13 COD 75.42
temperature 93.75 pH value 64. 28
illuminance 91.87 electrical 52.79
TN 87.69 conductivity
DO 83. 26 SD 41. 55
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Table 3 Calibration result for parameter of

(14

mechanism model

Parameter Range  Calibration result

maximum growth rate, G 0.01—20 0.1007
saturation coefficient of light, I 0.01—20 0.01
optical coefficient,d 0.01—10 0.01
saturation coefficient of DO, K, 0.01—10 5.1014
saturation coefficient of NH3;-N,K  0.01—2 2

the greatest mortality, Dy 0.01—5 0.01

net loss rate.m, 0.01—1 0.01
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