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Fig.1 Vertical schematic diagram of the

ecological floating bed
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Fig.2 2-D surface diagram of the

ecological floating bed
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Fig.3 Location of the demonstration project for
controlling dinoflagellate blooms
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Tab.1 Temporal and spatial variation of the water quality indices in the ecological floating bed area
N TS 1] WT/°C pH TP/mg:'L"'  NH,N/mgL" NO,-N/mgL' NO,-N/mgL' TN/mgL' COD,,/mgL"
IR B 28.240.1 9.52+0.04  0.029+0.003  0.038+0.007 0.0040.001 0.68+0.02 1.25+0.22 3.4320.56
= RN 279403 9.52£0.02  0.025£0.006  0.034+£0.005  0.004:+0.001 0.70+0.02 1.18+0.07 2.44+0.52
F R TFWE 282401 9.5120.01  0.018+0.004  0.035+0.005  0.003+0.000 0.69+0.01 1.11£0.19 2.1140.25
o TR 172602 876:0.12  0.035£0.005  0.113£0.015 0.013+0.001 1.72+0.11 2.36+0.10 1.87+0.44
z RN 17.320.4  8.74+0.01  0.044+0.006  0.135+0.007 0.0190.002 1.83+0.17 2.57+0.10 1.72+0.28
FIR R 17.3%0.2 8.75+0.11  0.038£0.005  0.197+0.034 0.022+0.002 1.63+0.16 2.00:£0.09 1.86+0.23
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Fig.4 Nitrogen and phosphorus removal rate

TP NH;-N

in different seasons

HZTEIR RGN THAS ) 25 5 % N-1.42%, B
N 4.85%. T LLE HE 227 R S A A 2 PR AR
HAHM, MEAENERFEEREEY SHMAEDT
AR o B 2R 8 AR KA DL BT, (E6 S0 1)
M EZRA A, HIOGE A, XS BN HF 5
D (R SCHE AN £ R 41, 2008) , X AR T ISR 5B
RMARRZE R . KEIEY R EICT, KIEE TR
KRBT RS FRERIRE T, B0 A 2
i S5 v IX AT RE R K AN A R AL B AR T H 5
) JE [l (Jauzein et al,2017) .

MBS IE] R PEAR LB A S R R 2R 1.18 mg/L 1
KA 2.57 mg/L, BEKRIK 117.80%, 1X -5 Z0EHY)
fIBET 25 ANAT 43 (Hu et al, 2010) ; 1T £EEE RN SR 22
FrE b, B 22N 11.52%, /N T KR 14.99%. HT A
5T HP R A R R LK, H R BRUR T DUR
KFEE FRem a5, XS SN LBRIE AT -
22 REFNIRETWK

ALY 25 B 2 K PR 855 0 B ) B A, i

73 BT 56 [X 45k CODy,, AR 4K, AT R F0 I 25 38 Ak X V7
PR CODy,, 25 B Z (520 (ZR N 45 ,2019) o A BTFIR
o R R FE B AL W 5. B TRIR N
CODy, ) 2= Bk F 515 38.33%, 3F Hi 7 K ) COD,,, i
J5 £ 3.43 mg/L F 44211 mg/L; 1M #kZ COD,, %=
BREFEAUN 0.53%.

IKAAEIS G HA RG22 AR  1IX 5 H 2
TP A KRG R ICE . 3E B IR A 78 2 6
I T AP A KRR & T KRR R A LA 1)
WRSCRE 77 s T AK ZEAEA R S ORI T R G WL BT
VR fRAE R, Rl CODy,, BFR AR 2 . TR, B DY
Zo i T PEAE P BB A TR ) ] DA R s I AN~ 1l
RZ, HK CODy,, 1 R AUR

c o
P

[ EEd  p&d

N
T

Fh % P8 K U/mg - L
COD,,
w
ELCERD
Removal rate

]
%)
T

IR B IR
415
Treatments

B5 ERFRBHBMIEHNEETL
Fig.5 Temporal and spatial changes in COD,,,
effected by the ecological floating bed
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Fig.6 Temporal and spatial changes in
dinoflagellates and total algae effected
by the ecological floating bed
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Tab.2 Temporal and spatial changes in the
proportion of dinoflagellate in total algae

i (1] 7] FHEE & EL/%
IR i 19.16

H7E FIRA 14.99
TR T 6.91
IR B 78.18

E IR 47.77
IR L 77.84

Jauzein %5 (2017) I\ NTE 8 FRERIRE T, H 5
XoF il A RSO 0 5 v AR 3 5 AR A g SRR AR
AHFF o FKERVPRIR A A F O & LE 5 3R 1 A A
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XA BA — € I ZFRAUR
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pH £ & 2 1IEAH 2% (P<0.001) , F W E & 5 5 T, 2k
AKESERE J138 58, A TR CO, IR B, Xt
I B F BB b~ 1l = A T R, S UK AR pHAEL
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Tab.3 Correlation matrix between water environmental factors and algae

A WT pH NH;-N NO,-N NO,-N TN TP COD,,, L FH

pH 0.999"* 1
NH,-N -0.912" -0.916" 1
NO,;-N -0.994" -0.994™ 0.880° 1
NO,-N -0.941° -0.946™ 0.979" 0.930" 1

TN -0.958" -0.958" 0.785 0.981°" 0.867* 1

TP -0.881" -0.882° 0.815° 0.900° 0.901° 0.918" 1
COD,,, 0.731 0.731 -0.648 -0.737 -0.667 -0.669 -0.451 1

KR 0.864° 0.865* -0.847" -0.875° -0.897° -0.820° -0.777 0.875" 1

F i -0.420 -0.406 0.261 0.372 0.196 0.371 0.247 0.014 0.046 1

¥ :*0.01<P<0.05;**0.001<P<0.01 ; ***P<0.001 .

Note:*, ** and *** respectively denote correlation coefficients of 0.01<P<0.05, 0.001<P<0.01 and P<0.001.
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Using an Ecological Floating Bed for Water Purification and
Dinoflagellate Inhibition

ZHENG Zhi-jie', PENG Bo!, HE Xin'?, HUANG Xiang-yang', WU Xiao-gang'?, CHEN Xiao-fei’

(1. School of Urban Construction, Yangtze University ,Jingzhou 434103,P.R.China;
2. Hubei Provincial Academy of Eco—Environmental Sciences, Wuhan 430072,P.R.China;
3. Engineering Research Center of Ecology and Agricultural Use of Wetland , Ministry of
Education,Jingzhou 434025,P.R.China)

Abstract:In March 2019, a combined ecological floating bed was constructed and tested in a tributary of
a drinking water reservoir to determine its effectiveness for water purification and dinoflagellate control.
The total test area was 1 056 m?> with the ecological floating bed covering 864 m? and composed of aquatic
plants (canna, windmill grass and duckweed) and animals (silver carp and bighead carp). On August
2 (summer) and November 10 (autumn) of 2019, water samples were collected upstream, downstream
and within the ecological floating bed for determination of water quality parameters. A push—flow model
was used to analyze the temporal and spatial changes of several water quality indices including pH, TN,
TP, and COD,,,. The water purification effect of ecological floating bed and its influence on algae growth
was explored based on the results, and the relationship between physicochemical parameters of water and
algae biomass were analyzed. During normal operation of the ecological floating bed in summer, the
removal of COD,,,, TP, NO,-N, TN, and NH;-N were, 38.33%, 36.05%, 26.77%, 11.52%, and 6.19%,
respectively, but in autumn TP, NH,—N and NO,—-N levels increased. The rapid growth of plants in sum-
mer effectively removed and partially controlled nutrients, while the death and decomposition of plants
and animals in the floating bed during autumn released nitrogen and phosphorus. The floating bed had a
significant effect on dinoflagellate control, but was more effective in the summer (73.95% reduction in
summer, 51.70% in autumn). The proportions of dinoflagellates in the total algae were 19.16% upstream,
14.99 within and 6.91% downstream of the floating bed in summer and the respective values were
78.18%, 47.77%, and 77.84% in autumn. Environmental conditions were more suitable for dinoflagellate
growth in autumn due to plant die—off and decreased algae biomass that weaken allelopathy and compe-
tition. Correlation analysis showed that total algae correlated positively with water temperature
and pH (P<0.05). Higher temperatures enhance algal growth and reproduction, increasing the rate of
photosynthesis. Photosynthesis converts carbonic acid (H,CO;) to bicarbonate (HCO5), increasing pH and
inhibiting dinoflagellate growth. Nitrogen and phosphorus levels in the water were negatively correlated
with total algal biomass, indicating that massive algal growth consumed nitrogen and phosphorus.

Key words: ecological floating bed; water purification; phytoplankton; dinoflagellates



