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Abstract: Metabolites such as 2-methylisoborneol (2-MIB), produced by filamentous cyanobacteria in Lake Taihu, pose a
significant threat to drinking water safety. However, the spatiotemporal variation of 2-MIB concentrations in Lake Taihu
remains poorly understood. To clarify the dynamics and influencing factors of 2-MIB in key source water areas, this study
focused on Eastern Lake Taihu, combining monthly monitoring during the high-temperature period of 2023 with intensive
sampling in critical zones to analyze the succession of major odor-producing cyanobacteria, the spatiotemporal distribution of
2-MIB, and its driving factors. Monthly surveys indicated that Planktothricoides sp. dominated the odor-producing
cyanobacterial community in Eastern Lake Taihu. Compared to 2022, however, the peak relative abundance of the mic gene
in Planktothricoides sp. declined from 94.4% to 90.8% in 2023. The highest lake-wide 2-MIB concentration (306.3 ng/L)
occurred in July. Similarly, the peak concentration (507.8 ng/L) in the Taipu River Estuary—Dongjiaozi area was observed in
July, whereas the highest concentration (352.0 ng/L) in the Taipu River Estuary—Guajingkou area was recorded in August.
Intensive monitoring in critical zones identified July 13th as the date with the highest 2-MIB concentration (769.6 ng/L).
Concentrations in the Taipu River Estuary exhibited dramatic fluctuations, reaching a maximum of 2185.0 ng/L, significantly
exceeding those at Guajingkou or the inflow area from the main lake. Correlation analysis showed that water temperature is a
prerequisite for high 2-MIB events. Total phosphorus (TP) correlated positively with 2-MIB concentration, while ammonia
nitrogen (NHs-N) showed a significant negative correlation. Further analysis of wind speed during the 24 hours preceding high
2-MIB events revealed that speeds exceeding 3 m/s led to short-term rapid increases in 2-MIB concentrations in Eastern Lake
Taihu, likely due to sediment resuspension. These findings provide a theoretical basis for the management of 2-MIB in Eastern
Lake Taihu.
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1.1 RESHEEHERRE

FR ORI AT AR B 0 2R L2 8 R 0 ) — A K AL TS (30°58'~31°07'N, 120°25'~120°35'E), 4ibfi /K I8
MRKZ )y 162km?, FHIKIFEAE 2m. 2023 47 AZE 9 A, 1ER KM O —RE A K (TG
A O —ZR 28 MK 3R (TD) S AT ¥ 6 AN sihr, Fhit 12 gl BHAIFE 12 AN AL 2-MIB. /KJf .
HELL S mic BRI . [, 25 B& 3] 2-MIB R AR BRI ZY, PRI i R B AR K1 2-MIB ¥
I 23 AR AR S IR BN R, # TD ZK 30K 43 0 3 AN X33, 43 10 D i 0 [X 5 2R R 22 5 Ak COR Rk 7K 380
AT R X3 CARZEMEK IO FEEHK O ORI D, 388 5 NI A AL (TD+1~TD+5), I+F 7 A
11 HE 9 A 25 HAFEmEEN, WMyt A 1k, FB RN, IR %K
I XU AT B A5 SR (B D

TERE S RAEIAN, IR UCRAE SO R P, B 4% X GPS BT @ 6. Ak, 5 EEFIKIIK
MR, KA R, 8RR KT 0.5m /KEE CREERHE N B4 8 S 10 £). B SR
e SLKFE, 49 3L 5 500ml, fEFETE AR R LA A AT, FFTE M RIEN L % AT K A4 FAL )5
50 R T RASKAE mUKEE, A5 Soml A JTE T A R ey, T 2-MIB KRR, 5
1L KPR AETE & 1% S SHAF R MmN, H TR % E.
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Fig.1 Distribution of sampling sites in Eastern Lake Taihu

1.2 KRIFEREFR

Kk (WT). pH. ¥R (DO, HLF:2 (EC) A H(E % XK 4t ACHAT R AL AT I . At /K i 46
PRAESEEe = AT RN . B0 CTND SR AR I AR R I A 55 A0 23 e BEVE (HT 636—2012) Wl s &
(NH4™N) R G [T 2 6 6 (HI 535-2009) W52 5 AR Sh & (NOs-ND SR & 7 it ik (HJ 84—
2016) MIE; WAHRREHZE (NO2r-N) R e E i (GB7493—87) JE; Mk (TP) Lk (PO
-P) RFAHRE 5L (GB 11893—1989) lliE; 4¢3 a (Chla) KRNI N EE (SL
88—2012) WIiE: 2-MIB ZM (EVEKHAKRERY B L RE S 2-FERREERNT7%) (GB/T 32470—
20160, R F T 2% [ AR M 28 B — AR (il — s i5vE  (HSPME-GCMS) & & 43 Bl e .
1.3 FiFEMEE

F TP A A %5 58 KB A 1% 0 & SRR B 2 5, = N B D05 48h, 3T 0L 4 25
ZRM B, SV RS 30 mL. TR E BT, KRR SR RS, 0.1 mL



TR EOE T, A S EE (Pk DM1000) £ 10x40 £ FWEE, FERYE (P ES Lk KE
TR Y K 0.1 mL HHEE—SRE 1A (HI1216—2021) HHATRH RS % e it 5.
1.4 SF1

A EFRE 0.45um JEJEIE I8 500ml KA, HlUE 5 & 42 BRI JE I (f F FastDNA® Spin Kit for Soil
W7 % (MP Biomedicals, 35[®) #4T DNA %%Ex (FE R 7E-20°C FARTE) - DNA 3K B 55 4l B 4 F Nano300
AN FEE T BEATAG I CBLES, UMD . 4> DNA Bk 4 122 FHAE MR IR A 71T mid &7
Tl 4> DNA HHTH38 PCR ¥4 LU E mic %ﬁzﬁr“, BRI RS IR G U . qPCR BIMATLE
25uL [ NAK R, 4 12.5uL TBGreen® Premix Ex TaqTM II, 1pL L3514, 1uL Fi#E514, 2ul DNA
AR, 8.5uL ddH20.

W7 fE PE200 W ¥ P& R, AW &S W AT, 4 Sl 8 MIBQSF(S ' -
GACAGCTTCTACACCTCCATGA-3' )#1 MIBQSR (5’ CAATCTGTAGCACCATGTTGAC-3' )22, iXit
SIYERRYE N 12 Bk mib BAK P IRIF 0 35 A mic 3R FIA N NCBI %04 12 7 3515 19 23 S F 5101t
221, JEd# L PCR A1 qPCR B8 IE 1 510 f@ A, R 1 SI R s ya ) &g,

1.5 BB

AT AR ArcGis 10.6+ Origin 2023 1 IBM SPSS 26 #4817 BT (AL BE 41 S 4 B . R 7 e /R
5 Bff 7 e Y B AR R A W S T 1 — R R MK K IR R I 3 5 2-MIB R AR A4 2 ] 9 AH G
ArcGis 10.6 G H RAE SATPTMALE . {# ] Origin 2023 58 AT A T2k B 5 FA 2R B K125 . IBM SPSS 26 #
HT o i KRS R 1 15 2-MIB [FIAH G
2 #R
2.1 SEIRFERXHKIEREFEL
211 2EBTN AMINTE EF, TD 5 TG /KEKIRHLE 7 H &, 405 31.53°C 5 32.17°C. TD /K
WREEGRBERESE 7 He, 2509 1.07mg/L. 0.050mg/L; ¥I7E 9 AL, 25179 0.72mg/L.
0.032mg/L. TG /KIS A5 MBIk B H7E 8 A, 70708 1.40mg/L. 0.053mg/L; 3H7E 9 ARAK, 77l
4 0.76mg/L. 0.037mg/L. TD 5 TG /Kik pH 7 8 A, 2510 8.52 5 38.62. NZA LEE, TG 5
TD 7K 3 K P 858 K F AR AN BB B 4072 7 B, TD /K3 B 5 BB R B AR T TG /K384 3 £ F+ 0.20mg/L
0.008mg/L, {H/KIR5 pH 7£ TG /KIKM& 5 T TD /K3k, Z{H7 718 0.64°C. 0.1,

B 1 BRI BOR A R X K B BB Tk

Tab.1 Monthly monitoring of changes in water environmental factors in different regions of East Lake Taihu

TN NHs"-N NO;-N TP PO.*-P pH WT

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (0)
D 1.0740.13  0.03#.01  0.3620.14  0.050#0.016 0.003#0.001  8.39#0.14  31.53#0.27
A TG 0.87#0.09  0.03#0.02  0.03#0.04  0.04240.005 0.003%0.001  8.49#0.32  32.1740.27
D 0.82#0.10  0.0140.00  0.01#0.00  0.043#0.010  0.003%0.001  8.52#0.54  30.4720.47
8 TG 1404036 0.01#.00 0.000.00  0.053#0.010 0.003#0.001  8.6240.16  32.00+1.22
D 0.72#0.06  0.03#0.04  0.01#.01  0.032#0.011 0.003%0.001  8.36#0.32  28.1040.79
o TG 0.76#0.23  0.0520.07  0.05#0.04  0.02740.006  0.003%0.001  8.13#0.20  28.02+1.01
. D 0.87+£0.18 0.03+0.02 0.01+£0.01 0.041+0.014 0.003#.001 8.42+0.38 30.03+1.54

TG 1.01+0.38 0.03+£0.05 0.03+£0.04 0.0404+0.013 0.003#0.001 8.424+0.32 30.73%+2.13

2.1.2 ELKEIEN AKW TD /KEUKIR S A R BN P&, 7 35 8 H/KIRBAT 30°CLL |,
e EMIAE S A7 H, N33.9°C, MK a ikIEAE 19.4~44.Tug/L JEE N SN, H1EN 33.1pg/L. TN
5 NOs-N ik & 2 g A, HOAEHIIAE 7 H 31 H, TN IRELE 0.038~2.99mg/L 2 [M/7451k, ¥
fH 0.96mg/L; NO3-N K FETE 0.01~0.06mg/L Z [A135 4k, ¥{H 0.023mg/L. TP EIAEEHAAL4L, WKHE
SHIRBAE 7 A 17 H(1.12mg/L) 5 9 A 4 H(0.088mg/L), 84K FE 5 0.031~1.12mg/L, ¥J{H 0.061mg/L.
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Fig.2 Changes of major physicochemical factors in East Lake Taihu during high temperature period
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2.2.1 £MZFBTH WAL, AAM 7 A4 2-MIB &, % 306.3ng/L; 8 AUk, N 282.5ng/L; 9
A4y 2-MIB KL F 100ng/L (F 4a). =) &, 7 A5 9 H KM O —RZEH KK 2-MIB #KFE 53518
507.8ng/L+ 67.9ng/L, &3 KT AJME 10— TR LK 8 A KM O —&K 2 H K 2-MIB K E A
211.9ng/L, FRABNERBE 7 H. 9 A& (B 4b).
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Fig.3 Monthly change of 2-MIB concentration in East Lake Taihu
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769.6ng/L, $31HN 307.9ng/L (Kl 5a). ZS[A] L, Ky /K 2-MIB ¥R BE K FJRE O 5 KA RKIX
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Fig.4 High temperature period variation of 2-MIB concentration in East Lake Taihu
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Fig.5 Changes in the density of major olfactory-producing algae during the high-temperature phase
Gy IXIE, TD KR R . VP2 . R 22 B i K E I IAE 8 [T, 432K 8.95E+07cells/L
1.27E+07cells/L 1.73E+07cells/L; HNFLZEANAE 7 Ak th, % BN 2.78E+06cells/L; i #1835 % FE A8
9 HRFERT 7 H TG KISt [ 5 0077 22 95 | R 22 3 e R A 350 IAE 8 J 5 43 3l 1.64E+08cells/L
1.63E+07cells/L. 1.54E+07cells/L; W L2385 E R AR L IAE 9 H, A 7.06E+06cells/L; UIFLLEEFE 9 H
R
232 FEFBRE nmic BEEFERERTH Bdm@BENF, mc BRFFEERE
9.30E+04~2.30E+07copies/L U Nz, H5 2-MIB iRE2HLEHL (B 7). Mo, ZHKH 7 A.
8 H mic ZEHE M FE LA B NUFLE (HILWEE 60%), 9 HUBARENNFE (B 7).
2.4 SREBEAEKH 2-MBRESHERTFHXR
ST A S AT R B, R A B AR ORI AT 2-MIB K 5K (p<0.001). &% (p<0.001). A
(0.001), MEEE a (p<0.001). EAHIK (p<0.001) EBFIEMIC. KA -4 2EH/KEK 2-MIB #KE
A5 KR (p<0.05). THER %L (p<0.05). EHBE (p<0.01). pH (p<0.05) R B FE IEAMH, SR % (p<0.01)
2 RENAK,
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Fig.6 Changes in the density of major olfactory-producing algae in the TD (a) and TG (b) during high-temperature periods
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Fig.7 Correlation analysis between 2-MIB concentration and mic gene abundance in East Lake Taihu (a) and changes in mic gene

N

abundance percentage of 2-MIB-producing cyanobacteria (b)

] = I

el

=

L}

= NN
™=

:

=

NN am jas fom

B
&
-

oL ] 7 NO,K dan Jauz fan

. . Fiam jan jam

MOSF 2902 Tax [ass | a0 |os jan

i)

on e

CHa 012 | 042 | 040 | om0 |01 | 64T Chls sam [am o4 [0 [om | um

(LIS RN LA LA Bl BTN R MlLdan JoM jonjanjomw [on

BEA o1 [ess | o) [om | bas [ BCsax Jadam o fam o

DO RIE | ors [ ain (a2 400|410 DO a2 Jasd[anw |06 [ary a2

TOCH B8 [ orr ol {000 |t | ois 1TOC Samiam a0 fam|aes

TERFFEEEREEE P

T 2P RAP e G PE

& ;P o & ¢ <
Bl 8 ikl BUR KA (a) 5KV - AR (b) 2-MIB A G E

Fig.8 Correlation heatmap of 2-MIB correlation between the whole lake of East Lake Taihu (a) and the estuary of Taipu River-

Dongzanzui Watershed (b) in high temperature stage



teAh, % TD /K3 2-MIB 4 J8 HR3dE b T+ K% e 8 HA TR RAE AT 24 /NI N 1 /N S5 K P 35 R AT
ST, RIBURGENT 2-MIB I EE KN, 7 A 11 H 2-MIB iKREEZRRTHE, REERT 24 /NP 5 K RGE
1k 142m/s, HIES: 5 AN P RERET 3mis (EF9); 7 H 12 H 2-MIB KK 7 H 11 HFEE, KAt
AT 24 /NEERERAG, BN KGE 3.0nys, BN R ACFERE) Lems; 7 A 13 H 2-MIB K H
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Fig.9 Change in wind speed 24 hours prior to sampling during 2-MIB highs

3 g
3.1 RKMEEFRRES
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