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Abstract: Using daily survey and monitoring “black water event” (BWE) results in the sensitive area of Lake Taihu from April to
October, 2009- 2018, as well as the BWE analyzed data for relative meteorological, hydrological, chemical, and algal bloom
conditions, the characteristics and yearly differences of BWEs were summarized. A BWE control strategy was suggested. There were 75
BWE occurrences detected in the past 10 years. The average area of a BWE was 1. 35 km®, with a maximum area of 9. 20 km>. The
BWEs lasted for an average of three days, while the longest lasted 16 days. The BWEs significantly increased organic matter, total
nitrogen, total phosphorus, ammonia, and sulfate, among others. All the BWEs occurred at water temperatures over 20°C. All the
BWE occurrences started between May and September. The yearly BWE intensity (BWEI) varied significantly among years, with the
strongest intensity in 2017 and the second strongest in 2018. The BWEI was significantly positively related to yearly algal bloom
intensity (ABI) and average daily water temperature from May to September, while there was no significant relationship with major
nutrient indicators. This suggests that climatic variation among years will significantly influence the risk of a BWE in Lake Taihu. The
occurrence of a BWE was significantly influenced by a polluted river mouth. Almost all the BWEs occurred near river mouths, except
for five macrophyte-related BWEs. This suggests that sediment pollution and its resuspension could be strongly related to the occurrence
of a BWE. When considering degradation factors, a BWE could be classified as an algal-related BWE and a macrophyte-related BWE.
The algal-related BWE could be further classified into three types: river-related BWE, bloom transport BWE, and local origin BWE.
This research suggests that algal bloom control will be the fundamental countermeasure to decrease the risk of a BWE. Bloom abatement
treatments, including mechanical bloom cleaning, water current adjustment engineering, coast-away bloom cleaning engineering,
mechanical aeration treatment, and sediment dredging near river mouths would be effective methods to abate the risk of a BWE.
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IKAESE IR T ResR S TR 2 22 H AR 9 B R KUY
KT, ﬁﬁﬁiéﬁﬁﬁﬂmﬂi{ﬁﬂ@&zﬁ%&,
MRIRIET 7 FULHIE A Bz zﬁﬁzfi;ﬁﬂ
VG I RS S e B K, R T A i
kﬁw{zﬁﬂki{ﬁﬂ(;l:ﬁuﬂ;ﬁﬂ@u%lﬂﬁ@wk“ﬁm
B A3l 9172 XA i 3K 1B KBRS %ﬁ e
BT B AT P T A T A
FET-FTEKL ﬁﬂ'dﬂzzﬂﬁﬁ — ALK, (HAFZL

S

2.2 Wz RAERIKIR S K FURE

2009 ~2018 4F, Wiz A H , iz Kk E O
IX (7K T A8 AL 5 L A 20. 2 ~ 34.2°C, X #E W, K iR
20°C VA I AT RER W2 & A W G R B 02 R AR e
H 5172 K381 DO #4154 1. 95 mg-L™" ,NH, -N&
BN 2.70 mg-L™', COD W ¥ N 68.0
mg-L~" TP BN 0. 478 mg-L~" TN Hy¥I{H K
5.99 mg- L~ Fe** B TR EHIE R 0. 53 mg-L~".
5 TLLER #9 5 ~9 H Z4F W (EAH e, 20 A& s
WIDSEYERY 6 £, R AU S = T = 2 ~3 %
(F1). %T?ﬁﬂ?ﬁlﬂi%@tm?/&%%ﬂ MIX, &7
ER AR = T W0 X, RE Y 7 R R VR R 22 0 9 R
SSEHINER

AW X B HIZ A% O XA K B AT AR 22 5.
ﬁﬁﬂﬁﬂiﬁﬁﬂé’ﬁﬁﬂ@i%ﬁ?% M7 5T 5 A AT 150
BT 5 35 RMIKAARE IR b FE AR A 1 25 (] 22
SEARAT. 132 A 1 H BRKIR S AN L K
JET G bRl B S5 KA 35 LR IR W DG 17 Wk B e/ M R
TR BRAE DT, 4 4 B S R A TCie R A
OrhL R ETRIFE Y T R a W, 2013 AEE R
WIPE b X 7K /& TN, TP A1 Chla ¥ £ 435l 3. 96
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Table 1  Water temperatures and water parameters of the first day of black water events
; DO NH; -N COoD TP TN 2+
WX W H WT/C » ‘N » B B Fe »
/mg-L /mg-L~ /mg-L /mg-L /mg-L /mg-L
S Fieni | 20.2~29.1 0.41~7.10 0.04~7.81 21.0~65.5 0.061 ~0.280 1.06~8.01  0.22~0.75
UAS
¥ifE 24.9 2.74 1.77 30.1 0. 165 3.06 0.70
WP Fienie| 23.3~34.2 0~2.90 0.12~36.5 22.8~1148.4 0.115~10.40 2.62~120  0.14~1.93
¥ 28.1 1.52 3.65 109. 8 0. 800 10. 50 0.38
Fen e 21.4~30.5 1.38~1.71 1.56~3.89 64.3~64.3 0.312~0.722 2.88~7.05  0.24 ~0.87
m (%/H Ju(%
i 27.4 1. 60 2.67 64.3 0. 470 4.42 0.50
TR / / 0~23.82  13.9~711.1 0.130~6.770 -1.04 ~81.2 —-0.69~0.5
B FARAT B / / 1.1~96.3 1.8~39.4 2.5~62 0.55~28.7 0.3~2.8
5 Xz R AP 26.8 1.95 2.70 68.0 0.478 5.99 0.53
TLLER 10a ¥3{5(5~9 A) 27.4 7.69 0.42 / 0.176 2.85 /

mg-L™" . 0.259 mg-L ™" F147.39 wg-L~", i H3L
X 30 53514 2. 34 mg-L~" 0. 089 mg-L*I%uzl 49
gL EAGHT ARG 3 TS AR A AR
HR/D,
%%ﬁ&%&%%A@zLE%Em@W%
ERSF R BT AR B . i TR R AR W B — R AR, LA
PG DAY 3 bz 28 B2 3T K 5 s 2 2R
1 (zi%ul&khjzfﬁ/\/m 2] P %ﬁm
NH, -N{.COD'BP /Rl TN ﬁwﬂﬁwﬁ%ﬁsﬂ” igﬁ‘ff"gﬁ
@>w3m%mM)m*ﬁ@LWEM%s
%42m%mw?%%m:Jmﬁ%%ﬁ£MH

S K RINK B 26 T R b S| He 3B
@@@aﬁmwﬁm R (LR

‘fi/ﬁ)]{zlﬂmkﬁiﬁﬂc%ﬂﬂu T SR R AR ™ .

F2 AR 3 MERMZZORKER

Table 2 Water quality in different types of black water event zones

E#R/mg-L!

in the western coast of Lake Taihu/mg-L !

SN 36.50 8.82 16. 40
NH, -N fe/IME 0.07 0.55 0.12
Pl 3.56 2.71 3.62
B 1148.4 193.6 124.6
COD fe/IMA 22.8 23.5 28.7
¥ 112.8 79.3 66.4
SN 10. 400 2.509 1.575
TP F/ME 0.135 0.153 0.124
A 0.819 0.618 0.501
SN 120. 00 27.60 17.40
TN e/ IME 2.62 3.59 3.43
¥l 10.30 7.07 8.04
e KAE 0.898 0.582 0.533
s?- fe/ME 0.021 0.019 0.024
Pl 0.088 0.134 0.089
SN[ 0.77 1.93 1.71
Fe2* fe/IMA 0.10 0.11 0.14
¥ 0.26 0.40 0.46

Sh N 2 AT LU A48 hR iR ROk, R
H I XK R 1 2 ) S R A -
2.3 WZREMSGACRIE o F
U&K#Wﬂﬁﬂ%QMW%dew%m
{EEAT T%ﬁ%%w&%%m@@ﬁ&@%&ﬁ
R ECEVEE T W0V K A I ] (b g R SR g,
$ﬂﬁfﬁﬁ#$i%%%t_# 5&@7%@

@aﬁmmsdw%aﬁ%mi ﬁEﬁ¢m
%KX%%EE%E% mmjh H@HEEL

nﬁrﬂmﬁWM%m+Bﬁi%%ﬂKHum
2 P R LB A LA TR 19 2% 5 1 O o
P B S5 B2 4 TS 43 A, B SR SPSS

#7000 BRI, SR R DU 4 i 2 W E 4 KR K S S A

A, RILAR DY 4345 02 L PO 457 55 X Ta) (B4R S 1892
K HE ARG K SO T AR AS [R) 12 AL Y
IR ARGk 3.
2.4 JLRIIT 10 a SRAYAK B ATEEE AE L
2009 ~2018 4= AT e 1 AR 5L i R 44 (B2

AR 2 ] 22 LK. Hidh 2017 4E s dE KRR R K,

SEHE ABLIAE] 10 a PRYERK (I 3) . Bhik K
£ 55 B 58 bR ABL 1 5, 10 a “F ) {H K 3644
km® gL~ 1 2017 4F 035 511 858 km® - pg-L ™",
EZAEER 3 1522, 1 2009 ~ 2014 4EI{H (2 309
14 000
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Fig. 3 Annual algal bloom intensity and chlorophyll
a concentrations of Lake Taihu from 2009 to 2018
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km® - pg-L™") A9 5 £522. RN, 20K 14 4 S
I 2R 2R a A ( Chlay ) K4 IACF-4
{EL( Chla,, ) 2R, Bom 2017 4R 55 =

FF 1R

fH. Chlay 5 Chla,, 22 fb ¥ A7 BRI tban 5 ~9
A Chla, £ 2015, 2016 F12018 4= F B H B B A 5
{8 (E A0 AR Chlay , H934 5 AR 2.

£3 TRMZEBEMEZENS d WHEEER

Table 3 Meteorological and hydrological conditions of in five days ahead of the black water events

Wz TR KRR R Y
SR RARREAAR K, BARER, 5 d FYSE AR EFAE TR, 5 dFE RAEms AR iR, 5 d 7
UL 96,4 ~31.5C 26.8 ~29.6C BRI 26.0 ~28. 5C
KR IR B AR R K, KRR REIR , 5 d Pk 25. 7 KRG LT TR, 5 d FEOKE R4S L AR RLEER, 5 d°F
30,8 24.9 ~29.0C PR 24.7 ~26.9C
B s d BRI S d ERMERMER, & RS d SRR, %

H R K H¥H B 6.5 ~6.9 h, RANBAABE L

Az 2 H A AR I - e
HY H A 6.5 ~7.0 h, ZAER

A2 H R & A 1 e
H¥H B 4.8 ~5.7 h, &40

KA E FOEE RIS R KA R W, BT R, &iﬂﬁﬁ%
Lk BAERTS d PR RGE 3.4 ~6.4 m-s ' B4 HIRGEEIRE 2.6 ~5. 7 m-s ™' ; BAERATS d HFEHRHE 1.6 ~2.9 m-s ' A S

d H¥I R /NF 4 mes™!

S FAERTFSEMRIE, 5 d SFHAE 100. 3 ~100. 9 kPa

M4 TLLER fE4E4E 5 ~9 H b AR 14 4~
SRR KR FEBOK BTHe bR an sk 4. Bk TN T
BB Ra B, SR 2017 AFJL KT TN HBL T I8 A J
sl QUK TP Rz 8 , (R AL 2017 Emmﬂﬁ

HAR4FIH 50% . Wk L, 5 ~9 Hjl:iwéﬂ kA

SR AR 100 a 19 ¥ (8 0.4 m,g/’L-**
BODJ M 7E 2016 4F ik 5] 5 o AH 2017 4 (45 185 4T
ﬁfiﬂﬁ'@kﬁiﬁm{f; M%E’J%ﬁ%‘?@ﬁﬂ%%& 5
BOD E’JMHIE?%’ . ﬁﬁfiﬂﬁmﬁifﬁﬁ@ﬁ&ﬁm
by EC 25 (b R e 1 B 2014 4F A 5907

nS-cm 7 ,Eﬂfﬁﬁmjhf 2016 4F, A 386 pS+cm .
2009 <2018 4F EC.SO;” Z &M m i g, 55

RF 5 M EC 18 2016 @Hﬂfmﬂf&ﬁ“’%’ﬁ%‘; B
KA 4. 80, mjwﬁ}bkﬁﬂﬁﬁﬁ’iﬁ B’Jf%jfﬁk%
210 Jp A 5 ~ 9l Hukfk s02- mﬂj@:ﬂﬂmﬁ
K, 5 EC Eﬁﬁﬂﬁﬂi*ﬁﬂé
%Ttﬁﬂlﬁﬁﬁwﬂﬂ ;Il:iuﬁﬂﬂﬁmm{ﬁs 9

2 Y {E S 21, 4°C Y o R L BRAE 2018 AR
% 28.5C, = mﬁbﬂﬂf 2017 4F Al 3K BT
28.0°C.. T G L th B AE 2014 4F, Hy 26. 5CHL K

S JWIERAE S ~ 29 H kAL B A TF 3.214 ~3.729 m

Z [0 AEPRZ (B AH 25 5 KA 0. 515 m. 2016 4F 7t
JKAE 8 35 T HAB ARGy, W 2015 i s, 5244
FR) A AR 558 o] R — 2.

F4 2009 ~2018 FIL K 5 ~9 BKEEEKRIBREK IR FIEREE

Table 4  Average values of water quality parameters and meteorological and hydrological conditions in north Taihu from May to September

i TN TP NH,' -N BOD; T R R HE AL EC S02- WT WL RF
/mg-L™" /mg-L™'"  /pe.L! /mg-L7! /mg-L~! /pSrem™ /g /C /m /mm
2009 3.17 0. 160 0.59 3.40 5.29 555 68. 50 27.3 3.360 735.6
2010 3.11 0.127 0. 60 1.81 4.59 486 53.48 27.6 3.333 341.0
2011 3.05 0.170 0.51 3.09 5.44 529 80. 47 26. 8 3.370 789.2
2012 2.89 0.186 0.42 3.60 6.22 505 77.08 27.2 3.389 493.4
2013 2. 64 0.177 0.52 3.28 4.98 546 72.13 27.8 3.214 563.5
2014 2.70 0.142 0. 47 2.95 5.27 590 67. 66 26.5 3.417 682.6
2015 2.85 0.194 0.29 3.17 5.78 417 52.78 26.6 3.522 765. 8
2016 2.65 0.185 0.24 4.74 6.53 386 46. 30 27.3 3.729  1059.4
2017 3.19 0.254 0.32 4.41 7.67 468 57.66 28.0 3.219 694.0
2018 2.29 0.161 0.18 3.54 5.80 562 66. 43 28.5 3.294 546.2
E 2.85 0.176 0. 42 3.40 5.76 505 64.25 27.4 3.385 667. 1
FEHEZR S ~9 HE R EZER K. & 3 i
HEKBEIK B 2016 4 5 ~9 H FERTREIA1 059. 4 mm), vive
MG ARGy 2010 4FALA 341.0 mm, #1223 A5LL 3.1 S2WRIIZ 30 B 4F PR A i E 2 R

b R R AR PRI .

T2 BOFE R, I A HLAE AY HE AL i3 A2
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LEA BRI AN, & T2 B & P B 5T
KR O AE G K S W 3 il O
T MR AN AR ST 20T 9 a BIIZ K AR
TS 025 BT 7K AL ) 4R AR 1 5 4F R RUBE 9
Wz 5 JBE 2 B AT — 7 B SRR, AR, L4k &
B2 2017 AR POK B R, B — 52 1O A8 SR 1. 12
SERRRUEE b I Rh S5 T Wiz SF RS A 5 kA AT
ARA B AR,

T 10 AE KNz 10 e A 15 DUAE AR 3R K 1) 2% By
PEZ (R bR XR R Bl K AR B K
J Y5 Y AR P RS YR 38 ] RE XS T813Z B T BRI 3 B 7 A
e, NIEL 2 WTLUE T R R Z R AL A5
PSR 2009 ~2016 45 A A I 38 BE 30 2 A XoF
EAIRAY. 7 2017 ~ 2018 AF W7z 5% B S i 4 ) 5. oA
TRV R AE PRS2 9 BE A4 91, LR IE 10 4F 4K
Pt , XA RESZ M SR I 2R T (5 ~9 A1)
52 AR BROR AT T AHSCHE T, n gk 5.

R5 KPEERNZEESHXNEEFZEHEXE"

..-"-‘.

Table 5 Person correlation index between the black water event index and environmental factors

ABI Chla WT WL RF EC  mihfREbfe%  BOD;s NH, -N TN TP S0%-
BWEI 0.74* 0.61 0.72* -0.50 -0.16 0.07 0.58 0.32 -0.50 -0.08 0.50 -0.05
ABI 0.83* 0.37 -0.27  0.15 -0.27 0.83* 0.54 -0.43 0.21  0.83* -0.30
Chla 0.26 0.16  0.56 -0.50 0.91* 0.82° -0.72* 0 0.84™ —0.46
WT -0.51 -0.36 0.10 0.23 0.22 -0.29  -0.28 0.20 _~=0.08
WL 0.70*-0.64 * 0.12 0.31  [770.35  -0.17, =0/09 - 051
RF -0.46 0.42 0.68 * -0.39  -0.05 0._35‘“.."‘ =0.29
EC -0.47 10.40° 0,44 -0.15 -0.46/  0.74”
R A A B & [oisa™ | J06sT 0.09 0.8077-0.26
BOD; B 0.65° -0.18 0.73% -0/19.
NH,-N Y059 -0.48 ~ 0740
TN ‘ ) /ot J A vV 0.2 470.01
™ J 3 - / ‘ /] ‘. fj :f’ § '/ €1y 4 —0 15
1) %R P <0. 05 7k FR P <0.01 A FSS g

T S T VT i, SR T g | S
BWBI G, 1569 P 0 Sk A B AR FRIL 2 4\ GBI 2 A 25 Rt i
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Fig. 4 Relationship between BWEI and ABI or water temperature in Lake Taihu from 2009 to 2018
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