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Fig. 1 Statistical graph of annual mean algae concentration

in four reservoirs from 2016 to 2019
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Tab. 1 Monitoring results of 10 water quality indicators in reservoirs from 2016 to 2019

NH;-N TN TP
KB et/ FREDKEE/ GRR/ O RBERRL RN/ AR/ RERRL kIS AR/
A (mg+ L1 % A (mg+ L) % o (mg+ L1 A~
PP K PR 41 0. 02~0. 33 100. 0 30 0. 64~2. 05 20. 0 41 0. 010~0. 096 75.0
MPZE KR 33 0.02~0. 59 100. 0 33 0.16~1.78 97.0 33 0.013~0. 084 94. 4
KU LLK 43 0.02~3.25 95. 3 42 0.15~2.57 86.0 43 0.010~0. 110 75.9
KEEILKE 42 0.02~0. 13 100. 0 40 0.33~3.86 51.2 42 0.010~0. 103 72. 4
it 159 0.02~3.25 98.7 145 0.15~3. 86 64.1 159 0.010~0. 110 86. 2
BOD;s DO i
KEEI R/ I Ak g / BHR/ R R Ak v g / BHR/, HEAR R/
A (mg+ L1 % A (mg+ L 1) % A (mg+ L1
TR K PR 41 2.0~3.7 100. 0 41 4.4~9.7 97./6 — —
HRE K 33 2.0~3.2 100. 0 33 4.6~7.3 97.0 — —
KUK 43 2.0~3.6 100. 0 43 4,0~8.2 90.7 43 1. 43~5.59
KEEILAKE 42 2.0~3.9 100. 0 42 2.4~8.8 95. 2 42 4.74~116. 52
it 159 2.0~3.9 100. 0 159 2.449. 7 95.0 85 1. 43~116. 52
TOC CODpgy 2-MIB GSM
KR BEACRE/ RERREE/ REAGRE/ TEDMREE/ o REACRE/ TEDEREE/ O REACRY/ ThbwRE/
A~ (mg+ L) o (mge 175 A~ (ng+ L1 A~ (ng+ LY
TR K PR 40 0.9~1.9 41 0. 50~2.::30 41 1.00~6. 14 41 1.00~8. 33
HRE K 33 1.0~2.7 33 0. 38~4. 44 33 1. 00~3. 50 33 1.00~16. 29
KU L 7K P 43 1.0~3.6 43 1.62~4.12 43 1. 00~128. 39 43 1.00~12, 57
KLk 42 0.6~3.9 42 1. 60~3. 01 42 1. 00~168. 28 42 1. 00~25. 63
it 158 0.6~3.9 159 0. 38~4. 44 159 1.00~168. 28 159 1. 00~25. 63
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Fig. 3 Monthly average turbidity of Fenghuangshan and Dajingshan reservoirs from 2016.to 2019
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Fig. 4 Change of monthly average mass concentration of odorants in reservoirs from 2017 to 2019
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Tab. 2 Correlation analysis of monthly mean algae density and other water quality indicators in the reservoifs from 2016 to 2019

20162019 4 Hys s e

o
G MFE K 2R P ARoK R RUELLK PR KgAK 4 K AR AR CRIX A3 7K )

F& IR AH S 0.128 —0. 800" —0. 045 0. 344 —0. 012
TN Sig. (W) 0. 692 0. 002 0. 889 01,273 0.938

ES 12 12 12 12 48
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Analysis and solution of algae problems in drinking water sources in Zhuhai City
LING Yanchen'?,SU Yuliang® , HU Kewu’ , YUAN Hanhong® , WU Bin® , HUANG Hongbo® ,FANG Li*,
WU Jie* , HUANG Tianyin' , AO Xiuwei’ , SUN Wenjun®

(1. College of Environmental Science and Engineering , Suzhou University of Science and Technology
Suzhou 215009,China; 2. School o f Environment , Tsinghua University , Beijing 100084 ,China;
3. Zhuhai Water Environment Holdings Group Ltd. . Zhuhai 519000 ,China)

Abstract: The water supply system in Zhuhai City presents the characteristics of multiple water sources. The Xijiang River is the

main drinking water source,and various reservoirs are auxiliary water sources. The reservoirs are responsible for the important
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function of water storage and water diversion. The water supply system combing the river and reservoirs in Zhuhai City makes
the water quality not only affected by point and non-point source pollution in the river basin, but also interfered by the internal
source pollution in the reservoir, which leads to the difficulty in controlling the stability of the water quality. The water quality
of reservoirs in Zhuhai has gradually declined in recent years,and the algae content of the water body has continued to be high.
The trend of eutrophication is becoming more and more obvious. However, there is still a lack of theoretical research into the
impact of complex water supply system on algae in water sources,and technical guidance for algae control is therefore difficult
and highly needed.

The single factor analysis was used to compare the measured data and the regulated values of national standard, which aims
to evaluate the water quality of four typical reservoirs (Meixi, Zhuyin, Dajingshan and Fenghuangshan reservoirs) in Zhuhai City
from 2016 to 2019. The water quality characteristics and the spatial and temporal distribution of algae density in each reservoir
were analyzed by the statistical method. The correlation between algae density and 10 water quality indexes (total nitrogen, total
phosphorus, 5-day biochemical oxygen demand,ammonia-nitrogen, total organic carbon, permanganate index, dissolved oxygen,
2-methylisoborneol, geosmin, and turbidity) was studied by the bivariate analysis. The stepwise regression analysis was used to
study and establish a regression model for preliminarily predicting the water quality of the reservoirs,with algae density, taste
and odor compounds as dependent variables,and other environmental factors mentioned above as independent variables, respec-
tively. Considering the current operational and problems of water plans in Zhuhai City, suitable solutions for solving the algae
problems were analyzed and proposed from two perspectives: pollution source control and process-transformation.

The water quality of the reservoirs in Zhuhai City basically conformed to the standard of/Class III surface water bodies
from 2016 to 2019. However, the contents of total nitrogen and total phosphorus in some‘reservoirs exceeded the standard. From
2016 to 2019, the average algae density in the four reservoirs were 17. 90 million cells/L in Meixi reservoir, 18. 78 million L.™! in
Zhuyin reservoir, 9. 43 million .”! in Fenghuangshan reservoir and 108. 39'million L."! in Dajingshan reservoir, respectively. Un-
der the influence of climate and water environment quality, the increase of-algae density mostly occurred in spring, while the
content of taste and odor compounds in the reservoirs were higher in autumn and winter, which could reach 5 times of the maxi-
mum odor threshold. Regression analysis showed that the water .quality factors affecting algae density in Zhuhai reservoir in-
volved total nitrogen and organic matter. The permanganate index was positively correlated with algal density,while total nitro-
gen and 5-day biochemical oxygen demand had negative correlation with the algal density. In addition, turbidity, organic matter
and ammonia-nitrogen may contribute to the formation of-taste and odor compounds in the reservoirs. And ammonia-nitrogen
was the dominant factor and positively correlated with geosmin, Taking the monthly mean algae density of Zhuyin reservoir as
the dependent variable while total nitrogen as, the/independent variable, a well-fitting regression model was established (R* =
0.911, P<<0. 001,7=9). Furthermore,taking. geosmin as the dependent variable while turbidity, permanganate index ammonia-
nitrogen as the independent variables,a‘well<fitted regression model was developed (R*=0. 911, P<C0.001,n=>54).

High algae density, high taste'and odor substances were the main water pollution problems in Zhuhai City. Ammonia-nitro-
gen and organic matter were the key.factors affecting algae density and the production of taste and odor compounds in the reser-
voirs, algae problems in drinking water sources in Zhuhai City can be effectively solved by source control combined with the end
treatment of ozone-activated carbon or other advanced treatment technologies.

Key words: multiple’ water resource;algae problem;taste and odor substance; stepwise regression analysis;advanced treatment
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