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1.1 EFFEKEEBRRREBEAR

AR ST R PR ATE A A A CHTVE TLA O
FHCA PR 75 R E R A B G AT ) BF 49
223k ZAF S B 56 1) — TOUI A K AR N T
PSRRI PR (Z1201820494198. 7)), [&]
1 R UL B HE 2T K 18 S S kB Ak ' 0
YRR o O T PR B S AT RE S AR AR ] Y 35 2
X4 P W A A T AR TR AR s K 2 S B )
X (REZS 1,168 {4 m’ , IEF Y 0.910 {2 m)
BCE TS ZRA T K B A T 22 PR R B ARl o
(PR S okl B @ NUESE I ELR A PN SN
TR BEFE A AN R AR 2 A, i R AR
/K A5 R BEOK R e o R Il 1y
VE PR BRI AR, BN RS 7K A 1) v i B2 ) 4R
gy, He k2 i R S R PR A 2 X K AT
PEATAL B IS IR AP 38 3 5 A2 25 B 2 H AR
AR HE A D138 RN — P M s A /N e
P KGN 5 5 m' DL ko A TRHME E i)
2019 4E5—6 A, 2 A H LS MR AR
R[] —25, TARRH N 8 h

1 MRRERMERIERERRE
Fig.1 Emergency disposal process and main device

1.2 RERRE

XF 2019 4 4—8 F F VLK P B PR AR 4 Sk
PRBE IR T AT IR A AR B SRR R IR
If], FERE VLK R IL B 3 R A (18 2) ,S1 %5
ML T ORI S2 5 0 e (S35 5 0 L, 4y
I B LK P A 25 0 AL BB SR (2019 4 4
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Fig.2 Map of the location of five sampling

stations in Nanjiang Reservoir

1.3 HARESLE

A HE 2 SH0K T 73 AL (YSI-Plus ) 3t
G Hic sk i (DO) JKIR (WT) (pH 484k
AL (ORP) 5 R Secchi #8124 5 7K 14 1) i35
WIFE (SD); it %k & a Jit & ¥k J& i J] bbe-
FluoroProbe"* BIZ I 5 ; /K Ak 2 46 45 ik 0 (TN) |
S (TP) W 5E 77 1k 2 B COR R K Wa I 43 B 7
1220 56 PRI A8 7 e L & N AT I .
HEVAC (TN SR 00 2o kR B0 90 e 5 41 53 Dok
FEWE, EE (TP) SR FHAHRR B /0 O BE I A o

TR R I BN TE KRR 2 (£90.5 m)
AREC T LKAE, A 15 mL 85300 [, S BT
UE 24 h DLE S FWE TR, Hedi 2 45 & 60 mL, il A
FRBE 7K VAR [P 2 DR AT, 78 10 x40 £5 1% B T A1)
FHO. 1 mL P 3 A8 4 T BOHE 3 17 b 26 38 At
W FIWEES % (hETOKEE) D&
CPEBOKIES: RS DHR AT,
1.4 HIELLIEINSHT

TR YRR IS O R AL S AR B (V) Y
R H B -
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Y= N/ Nx{, (1)
Y NARHRE N, WA @ R R SR EG N
DRE G AR ER IR SR KL S A R A
PITERAE s b BRI 2 Y > 0. 02 PR Fh
P NNHF
VR 2 Shannon-Wiener (H') ") Wy 2 %
(EXRIE
H = - P, InP, (2)
O H OB I ARG P g RE e o A
Pyt AR BN He ], G B AR
NN AN ARECH 0 P=n/N
5B Pielou F850() M

J= H'/InS (3)
Margalef 5 B (R) $8%" .
RZ(S—I)/lnN (4)

X H O Z RN R S D REVE I Bl 2 V
PILE PSS 48
i SPSS 22. 0 FRAF X R HEAT R R T7 22

*x1

438 (One-way ANOVA) il Kruskal-Wallis £ 56,
PLP <0.05 fEk 22 5 W 2 7K F; B8 245k
Excel 2010 % {1 #1 Excel 2020 % {4 4k #4 , {8 f]
Origin 2021 52 %2088 1 & T4E., Al CANOCO
for Windows 5.0 {4 X 1 WEAF 4 5 R 55 H 5 1Y
KERIATICAR M (RDA) |, 73 B i 4 B 47 %
Brlg(w+ 1) Heflo
1.5 EEFURKREDETH

FET R a JBUHEUR B S A W BE K A4 K
BTV (3R 1 i), HAAHE 22 FE 148 BOk X
KRS TR AT R 0 <H <1 RS
el <H' <2 Jyrpinge 2 <H' <3 NG Y,
H' >3 Niki5Y ;Pielou ¥4 0 < J<0.3 HET5
P 0.3<J<0.5 Fpigide 0.5 < J<0.8 75
g J>0.8 Hii5 Y ; Margalef £F 0 <R<1 HIE
159 1 <R<3 {5t 3 <R<6 Ji{54¢ R >
6 i IR KT

HHEEFUTMEREYFIEIRSIRE

Tab. 1 Lake eutrophication evaluation algae biological indicators and standards

P FRUE Evaluation criterion

PN AR WAESR TESR
Evaluating indicator Extremely Poor

poor nutrition nutrition

ZES BT TEESR a WEE
Poor-medium Medium Medium FRIT Extreme
.. .. . . Eutrophication L.
nutrition nutrition eutrophication eutrophication

25 28 BT VR
Mass concentration <0.5 <1.0
of Chl. a/(png/L)
przgiia
HEUBE <0.5 <1.0

Density/ ( x 10° ind. /L)

<5.0 <25.0 <50.0 <500 =500

1~9 10 ~40 41 ~80 81 ~99 =100

2 AR50

2.1 ®IKEELETF

2019 AFREVIOK PEK R EAL R 7 I3 2, N3k
2 A DA A ] 300 4 PR PR AR A S A
AAAIA] . RV R pH ik 48 ORP 52 3t Al
A IR o RS R I, Ak 3R U B
A TRERIHESEIZ W T R, 18 SRk 32 v B 02
R R 3. 94 £ B R I 4. 93 47 FA
FITZE AT R B ST KR R (9 e L
FrTBEPPABEIGH (P <0.05) , HykE
ERRBUR RS AT I8 I )5 B 8 S i
A/NEEER) LTt BB IR I AR T e R
Fif¥o Kruskal-Wallis #5562 I , 8 5 Air 0] B &Y
W RE R TBEHH(P<0.05), 5BE)EH]

FHICETEZSE (P >0.05) 85 U 5 W 5
He e, BT 19 25 T 8 A A, BT s I A 1
ZEF (P >0.05) HNERIT 20 R, Kl
(WT) JFE(DO) $R B B AT 225 = T8
g IR (P <0.05) ; pH S fb ik JiE
{2 (ORP) LA K48 3K ( Chl. a) fE45 MMM 22 5 A
BE(P>0.05),
2.2 BiLKEFHREMEREESEN
2.2.1 PRI YRR R AT E R

2019 4F 4 H 2= 8 AMIE], mTTK R SL 4 7E i
PRI 7 1762 J& 83 M (5 AT AL F) 5 Hor
LRI IR IR Z A 38 B, o AR 45.78% ;
FEBET TIRZ A 19 B, (5 HE 22.89% 5 BT 1A 15
i, (5 EE 18.07% s HIET ] 4 Bl L7 HE 4. 82% ; BRE
FI VBB TSR0 A 3 Ff 2 Ff L A, o3
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I 3.61% 2.41% Fi1 1.20% . 4GB
FEEHLI PR R ORI (1 3) . AT
TEBKAESE S, Y 25 KAk WG, VR ek 40 o
B, Y VR NER AL 14 Bl SR 4 17 11

Jg s A PR i A ) St 61 B SRR T 1T 47
J@ s RIS W i Y R R R 2, 3t 62 B,
FJE 61153 )&,

F2 2019 FEIKESENBHKEBLIER(FHE £ REE)

Tab.2 Physical and chemical indexes of Nanjiang reservoir in each monitoring period in 2019 ( Mean +SD)

HALA ¥ (X4 B B G

Physical and chemical factors Before restoration During restoration After restoration
S TP/ (mg/L) 0.11 +0.002 0.04 £0.02 0.05 +£0.02
B TN/ (mg/L) 2.06 £0.19 1.15+0.11 1.80 +0.06
W SD/m 0.50 £0.20 0.83 +0.12 0.58 +0.28
7K WT/C 14.43 +1.34 21.73 £1.72 24.33 +£0.71
%4 DO/ (mg/L) 9.69 £0.32 5.09 +3.09 6.34 £1.45
pH 8.60 +0.16 8.79 £0.49 8.90 £0.25
AL ORP/mV 151.58 £53.16 135.20 £10.85 166.86 +16.58
24 % Chi. o/ (ug/L) 95.54 +45.05 24.27 +12.04 19.36 +3.13

[IBa#l] Cryptophyta
S #3%] Euglenophyta
I #:%: ] Xanthopyta
RA B #I] Pyrrophyta
%3177 Chlorophyta

V. A%E# 1] Bacillariophyta
70, ZA¥#11 Cyanophyta

&
B N —
[} 60 o]
e
=
ﬁ‘: 50
&3
g 40
Ka
1]
g% 30
L
5 20
—
8 T
£ 10
Z % %_
Ay
0 /77
B et B85
Before During After
restoration restoration restoration

32019 F£RIIIKES BN
ERZ-b R TWE Sk
Fig.3 Species of phytoplankton in each monitoring

period of Nanjiang reservoir in 2019

ANTRIE 2 I 017 i e 0 0 S b L 4 7 Y 1
Fi(23)  SRIBIESE T ARSI A Sk ] 3 4N
KB EATI AT ALA 1 T, Sy ok 2l 22 3
( Aphanizomenon flos-aquae ,0.992) ; &5 Fp A # i
B9 Ff, AN ERFE R (Microcystis incerta ,0.232) )
PUE B, 3Rk EE ( Chroococcus ,0. 025 ) L3 E £
G, MK AR 22 AL P BEAR, D #BE O 0. 052
BEIEHEFA S T, B 22 B 0 00 3 e
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(Lyngbya 0. 683) , /K4 3R 22 3 ( Aphanizomenon
Sflos-aquae) i #E T4 0.120,
2.2.2 PR L T S B

T3 2203 W R W A8 52 Wi R i A ) AR ) R T
BERTBEIEH(P <0.05) , mATH S5 1BE+
WIFICM 22 5 (P <0.05)  (HAY W EAEBE
HOAT AR e 2 H 0 s B S A AR W i B
TEE P HIAE IS 8 (P <0.05) , HAB P A i)
Hm MRS (P <0.05) &4 alH, BR
T H G 25wl i 0 34T (18 2 ) %5 B 2B W i o
e ER A R o B S HITI ST 3k s R I b 3l 1 e A
WA R A . BB B RTIIPR
RV I A ) 5 B AR W) i ey, AR W M
#7(39.20 £0.52) x 107 cells/L; 1& & 5 9 4= W) =
H19.7 ~30.78 mg/L,E-I{H Jy (24. 64 +3.25)
mg/ L; B A 2530 PR AR A 4 1, 08 52 v 0 o i
R A= ) %5 B 0 A= 0 6 KR BE T B, 4 il Ry
(3.10 £0.28) x 107 cells/L F1(5.70 +3.73) mg/
L A 52 )5 30 7 e 1 7 8 A AR W b A
B EFF, A(5.50 £0.13) x107 cells/L F1(7.97 +
1.56) mg/ L (EAT) 8 1% T8 52 Wi 300 37 i A 4 11 2
YR

PRSI, W BT ] A4 A W B AR ) R e 4B
SRR G R A [R] IR0 1] 28 5 e 3 A W] I 22 5
i1 S FNIET 6 Wl g, 48 5w iE 1T A AR ) B o
S HT S A W 5 L 1 99. 85% , &5 52 vh 10 78 W e
RO R 79. 13% ) B 52 J5 W8 5] F 132
FEAIK o 66. 48% 3 1 S wif i ¥ 1 TR E W i S B 52
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BRI R 19 99. 03% MBS P I LU BB i Bl 9. 88% o IX WA 25 N 23 I i X
A 31.18% M SR MBI TAED R IR R BB ERRECR IO B35

F3 2019 FFHIIKERREENPERENREMEARREREE

Tab.3 Composition and dominance of phytoplankton in different restoration periods of Nanjiang reservoir in 2019

Il Wb &5 Bt B G
Phylum Species Before restoration  During restoration  After restoration
IKHETR 4235 Aphanizomenon flos-aquae 0.992 0.052 0.120
10 L7 Anabaena - 0.225 -
3R Chroococcus - 0.025 -
s W 2738 Lyngbya - 0.127 0.683
HEBEl'] Cyanophyta REHERE Microcystis incerta - 0.232 -
E B Oscillatoria princeps - - 0.020
H IR EE Microcystis wesenbergii - 0.056 -
[BREE Aphanocapsa - - 0.068
7k 0] Bacillariophyta PR FFEE Synedra acus - 0.036 0.041
JNBREE Chlorella - 0.038 -
s
ZE¥] Chlorophyta KUK Scenedesmus bijuba - 0.021 -
e =7 PRI R B,
Notes:“ —” indicates that this species did not appear in this period.
Y Y EE
Phytoplankton density/ (X108 cells/L)
7 6 5 4 3 2 1 0
S1
Be)E BEHT
After S2 Before
restoration restoration
S3
S1
Bt B+
During S2 During
restoration s3 restoration
S1
BE A B85
Before S2 After
restoration 3 restoration
0 5 10 15 20 24 30 35 40
FIFHEY Y E
Phytoplankton biomass/(mg/L)
B 1t%% Dominant species [ | HAh Others
B4 2019 ERIKESENARELSZHENENEERENE
Fig.4 Phytoplankton density and biomass at different stations of
Nanjiang reservoir in different monitoring periods in 2019
2.2.3  FULKIETRIE A 2 R 0.18 B IF Az, Jy 1.09 0. 27; 155 v 1B

H1 4 W, B9 LK J%E 7 JiF A ) Shannon-  Pielou ¥ 2] BEHE #dsc &,y 0. 59 +0. 04, 1B 2 i ]
Wiener ZAEVEFE B (H') (Pielou 5] BER 8 (J) Bk, 0. 03 £0. 013 B S i 1] Margalef + & i
il Margalef 5 FEAEE(D) YR B e T & ke 8408 0.40 ~0. 83, F1{E K 0. 66 +0. 13,25
Epa# ., BE iR Y ) Shannon-Wiener FHAN 4.01 ~6.35 ,SFI{E M 5.17 £0.67, A
ZRETE R B Ak, 7 0. 05 £ 0. 02, Bl KI5 2R, B E R Shannon-Wiener Z2 4+
Shannon-Wiener £ # 1 1 % fix =i, 7y 2. 17 = PE3E%L Pielou $5) FE A4 W Z R TE 2
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(P<0.05), 5BEENERARE(P>0.05);
Kruskal-Wallis #4620 , Margalef 35 45507014
SR E TR P (P <0.05) , 5B )5
ZEFARFE(P>0.05),

45000
40 000

[ IB&#i] Cryptophyta
EEH### 1] Euglenophyta
Il 7] Xanthopyta

=
~
]
=
° 35000 Mﬁﬁﬁm Pyrrophyta
é ﬁﬁl‘] Chlorophyta
W 30000 -ﬁﬁl‘] Bacillariophyta
F£C V)% #] Cyanophyta
> 25000
i
g'g 20 000
e
E"'—‘ 15000
= o
2 S 10000
=
EIR 7
g 0 v,
= BT BE BEE
[ Before During After
restoration restoration restoration

5 2019 FEIIKESENRZHEEDEDTE
Fig.5 Phytoplankton density in each monitoring
period of Nanjiang reservoir in 2019

26 [_IB&3i7 Cryptophyta
o 24 HEH# %7 Euglenophyta
» 22 Bl %57 (] Xanthopyta
£ 9 mmﬁl‘] Pyrrophyta
= N\J%43# 7 Chlorophyta
%g L ﬁﬁ[j Bacillariophyta
§§ 16 v/ )¥ 3] Cyanophyta
o 14
e 12
L 10
£E g
& 6
=
= 4
=2
0
B BEd BEE
Before During After
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E6 2019 FRilkESENHFHFEMENE
Fig.6 Phytoplankton density in each monitoring
period of Nanjiang reservoir in 2019

x4 2019 FEIIKESENZFEY S HFEEY
Tab.4 Phytoplankton abundance index of Nanjiang

reservoir in different monitoring periods in 2019

ZHEVEAREL &5 BEH BRE
Diversity Before During After
index restoration restoration restoration
H 0.05+0.02" 2.17£0.18* 1.09 +0.27*
J 0.03+0.01"  0.59+0.04* 0.30+0.07®
D 0.66 £0.13"  5.17£0.67* 4.25+0.32%

WP £ e, FATEIEA S HFEFERR 2R B %
(P<0.05),
Notes ; Mean + SE. Peer data without the same letter means significant

difference (P <0.05).

2.2.4  ARHFD 5 I AR SCHE B
BRI T 2 FAxf B 43 (DCA) 4551 12
ANHEF R A 1.9 <3, 8O0k 11 Rz A )
PETR (3R 5 ) A=y 5 PR DA 1 [R] 5 225k
JURZMHT(RDA) . RDA HEF 55 —3h 555 — iy
FRIEAE 70591 0. 459 F0 0. 174, SLfig B 1 P A
WEHER) 63.38% i 2 Sl Fh- PR35 B 1 A AH G
FEr 0 0.974 F1 0. 911, R B 55 145 A
T Z AN AHDC R 3% o 4 A HE Sl B 1 B4R
Y15 B0 58 DR 0 AH OGP S8 S 1 100% , 3% 1]
RDA HEFF R BEAR 4 b Sz Wk 77 e A ) 5 R B X 5
[ FR)AH A o
SR RIS KT R, KR (WT) G (TP) j2
SR 1) FEZAE R . RDA HEJF & 1
TN, 15 BT B0 K A2 R 22 % ( Aphanizomenon flos-
aquae ,SP1) 2% (Anabaena ,SP2) 5 B (TP)
TR, 5K (WT) 2 ARG ; HAb Py Fh i 5K
M(WT) IEAHS, 5 B8 (TP) Tk, Hok
18R 2235 ( Aphanizomenon flosaquae , SP1 ) 5 5L i
(TP) A 1EAH SR AR 2 , 2% WG B (TP ) 2 52 i 7K
HE R 22 B e O PR B R - (T 7)

&5 RDA SHiFHFEM TR
Tab.5 Phytoplankton species code in RDA analysis

B2 R4 YiFh
Phylum Code Species

SP1 IKAEH 223 Aphanizomenon flos-aquae
SP2 IR Anabaena
SP3 IR#E Chroococcus
Sb4 723 Lyngbya

e e

i %] Cyanophyta SP5 REMFEEE Microcystis incerta
SP6 E iy Oscillatoria princeps
SP7 H e M icrocystis wesenbergii
SP8 ek Aphanocapsa

fiE ¥ 1] Bacillariophyta SP9 AT Synedra acus
SP10 JNER#E Chlorelle

2331 Chlorophyta Lfk?;& orella )
SP11 WS Scenedesmus bijuba

http: //www. shhydxxb. com
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0.8 Sp5

-0.8
-1.0 1.0

E7 ®iLkEZFEYSIMEEF RDA 547 E
Fig.7 RDA analysis of phytoplankton and
environmental factors in Nanjiang reservoir

2.2.5 PRI KRR S AE

BT MR PRI Y) A ) % S | Shannon-
Wiener ZEMF5 %L Pielou $J74] BEFE B0 Margalef
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Changes of phytoplankton community structure and environmental factors
before and after emergency treatment of cyanobacteria bloom in Nanjiang
reservoir

XU Mengjiao'*, DONG Weizhen'?, ZHANG Zhen'?, ZHU Xuhua’, GUO Meihua’, SUN Xufeng®, LIU
Qigen]’2

(1. National Demonstration Center for Experimental Fisheries Science Education , Shanghai Ocean University, Shanghai
201306, China; 2. Centre for Research on Environmental Ecology and Fish Nutrion of the Ministry of Agriculture, Shanghai
Ocean Unversity, Shanghai 201306, China; 3. Nanjiang Reservoir Adminisiration of Dongyang City , Zhejiang Province,
Dongyang 322100, Zhejiang, China; 4. Zhejiang Weicheng Environmental Protection Technology Co. , Lid, Deging
313200, Zhejiang, China)

Abstract; In order to understand the effect of emergency treatment developed by the laboratory on
cyanobacteria of bloom in Najiang Reservoir and the water quality changes in the process of treatment, we
studied the water quality and phytoplankton structure changes before, during and after the restoration of
Nanjiang Reservoir. The results showed that the mass concentration of TN and TP decreased significantly after
restoration, and the dominant species changed from the only dominant species Aphanizomenon flos-aquae
before restoration to the after restoration: Lyngbya, Aphanizomenon flos-aquae, Oscillatoria princeps,
Aphanocapsa and Synedra acus. The density of phytoplankton decreased from (39.2 +0.52) x 10’ cells/L in
the early stage to (5.5 £0.13) x 10’ cells/L in the later stage of restoration;the biomass decreased from
(24.64 +3.25) mg/L before the restoration to (7.97 £ 1.56) mg/L after restoration. Shannon-Wiener
diversity index, Pielou evenness index and Margalef richness index were significantly lower in the early stage
than in the middle stage (P < 0.05). Redundancy analysis (RDA) showed that water temperature ( WT)
and total phosphorus (TP) were the main environmental factors affecting phytoplankton, and total phosphorus
(TP) was the key factor for outbreak of cyanobacteria bloom. The results above indicate that the emergency
treatment can reduce the nutrient salt of nitrogen and phosphorus in water and reduce the chlorophyll content,
and the effect of control on cyanobacteria bloom is significant in the short term.

Key words: Nanjiang reservoir; emergency treatment; phytoplankton; environmental factor; Redundancy

analysis
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