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Occurrence of 2-methylisoborneol in typical drinking-water source reservoirs located
in Changjiang River catchment in later spring
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Abstract: There is a very high risk of odorous compounds contaminating drinking water sources in the Changjiang River
catchment in later spring. However, the key drivers for the odorous compound occurrence are still unclear. In May 2024, we
investigated nine drinking water source reservoirs across the upper, middle and lower reaches of the Changjiang River. We
measured four odorous compounds: 2-methylisoborneol (2-MIB), geosmin (GSM), B-cyclocitral (CYC) and B-ionone (ION).
We also measured associated environmental factors. The results are clear: 2-MIB is the most common odorous compound,

with an average concentration of 35.5 ng/L across the 32 samples from 9 reservoirs (59.4% exceeding the detection threshold
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of 10.0 ng/L). GSM posed a lower risk, with an average concentration of 2.9 ng/L and only 12.5% exceeding the threshold
value of 10 ng/L. CYC (averaged at 18.2 ng/L) and ION (averaged at 7.2 ng/L) exhibited minimal odorous concerns.
Pseudanabaena sp. was identified as a likely major producer of 2-MIB, with its cell density showing a significant positive
correlation with the concentration of 2-MIB. However, the presence of 2-MIB in two reservoirs without detectable
Pseudanabaena indicates more complex 2-MIB sources in some reservoirs. 2-MIB levels positively correlated with the trophic
state index (TSI), demonstrating that eutrophication directly promotes 2-MIB production. The rainfall amount in the seven
days leading up to the sampling (RF7) was negative relative to the 2-MIB concentration. This clearly demonstrates that short-
term weather conditions influence the odorous situation in reservoirs. Despite generally mesotrophic conditions, the
widespread 2-MIB exceedances highlight a persistent risk in these reservoirs. It is vital to reduce external nutrient loads and
optimise aquatic food webs to ensure drinking water quality.

Keywords: Changjiang River catchment, drinking water source reservoir, mesotrophic, 2-methylisoborneol, Pseudanabaena.
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Table 1 Geographical characteristics of the 9 investigated reservoirs.
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K28 122.51 25.00 97 25.7 70 1754.81 16.28
=Rk 21 1.10 12 7 14 152 3.057

e PN COEE R B S BT B I, AR ERE.



100°0'0" 4= 110°000" % 120°000" 4 130°0'0

L; <",'s ; | \Q -
””:V I no-? -
31{{;%4 4?7 W& 2} 3(5*& v
ke 2> || &SPk || ok g T ﬂ”Z i
S s | GG i
2

29°0'0" 1k

i L) P

220004k
b4
X
s
»
M

: i ETHG || P———

A o FH ;l( w:%” ?’ AT || et gL
— KT, PN st “'}“iu {_

% ‘% £ 153 -’}\ -’}i‘l"‘!jw

0240 480, iAo [
Bl 1. K BEE T R
Fig.1 Locations of the 9 investigated reservoirs in catchment of Changjiang River.
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Y98 = R VRN E 1) Chl-a {8, VABEGIN3Z YST I AR R R A (A1 88 I 2y SR IR 22 o
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Fig.2 Concentrations of 2-MIB, GSM, CYC and ION in the 9 investigated reservoirs.
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AW, o BKELLEEHFFEY 711478 (EF3). BRAVEEIWENERSZ, FEE
FERZMIREKZKME. 9 FEAKEEREEBEYETIHERN 2.620 mg/L, ZFHZEFFE, WKB/MIK
N FHTAKE (9.221 mg/L). FliK/KE (4536 mg/L). KHW (2.448 mg/L). K HH (2.021 mg/L).
LM (1.979 mg/LD KFi# (1.680 mg/L). JH LhFE#E (0.901 mg/L). ZRILWT (0.632 mg/L) FHiailE 7K
FE (0.166 mg/L). Hrf, PHLAKESEREY)ERE GG, FEFAEDNRE 2 E (15m EED WKRENE
¥ (Fragilaria) W7 ST WEIRKERAEDERIC, FalEE AR, REREK
FEARE /D AN 223 (Leptolyngbya). MR &, FEESTEETR, A KEL 2 BKESFZTTAEY
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(0.251 mg/L). W #El] (0.242mg/L). &1 (0.048 mg/L) #R#E] (0.026 mg/L). /KJE & 2 EH#E]
SAEY RN A BiKKEE (1.500 mg/L) KW (0.824 mg/L). JF LLi7E#E (0.685 mg/L) £LMH]
(0.259 mg/L)~ FHL T (0.165 mg/L)« X Fi# (0.097 mg/L). K Hi# (0.091 mg/L). ZRYLiH (0.058 mg/L)
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Fig.3 Cell abundance of different phyla and dominant genus of cyanobacterial, and the percentage of the genus in all samples.
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2024 4 1 ~ 5 FHIA], 9 PFRKPERISE R B TR Y], B RIEIE H R SRR AR B R
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mm), T 7K I8 R B AR A, (X 152.4 mm.
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Tab.2. dominant genus in the investigated reservoirs.

FHLO

7 & WAKE AWy KEM K RikAE FliEE  ARIH  OKFE O REWE
i fo B 0.428 0.147 0.134 0.346 0.154 0.274
A 0.063
. 2L 0.063 0.209 0.093 0.043
W]
(e £ 0.156 0.147 0.074 0.037 0.032
VLR 0.228 0.114
K F 0.172 0.051 0.249 0.681 0.060 0.100
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Fig.4 Daily air temperature and rainfall in the 9 investigated reservoir catchments.

KAERT 7 REBEW & (RF7) Wt F KRB IS FIK S MR K o Gt i R, &K
RF; FERZEZES, REMERE (509 mm), KT, i KE. LR RITHIK 2 (23.4~33.1 mm),
AR N T 10 mm, E*fﬁlﬂ@?@?\j 53 mm, KFHMN 4.5 mm, FHLEAKN 4.4 mm, BEKKZEN
N 0.6 mm.

AEIKEBEEEK ., KBS ZEEmER, HESAK S AN, 9 BKENKBHEALE - EER,
9 JEKEE 5 HAMIIIMEN 21.5 °C, HEEURKICARIZKKEE (24.1 °C). ZRILH (23.4 °C). JH L PE¥#E

(229 °C). KHM (22.9 °C). FHLHOKFE (22.7°C). KAW (21.5 °C). KF#l (20.9 °C). LA
(18.3°C). #uif/KE (16.4°C).

KHRERT 7 RIREIME (WTy) BE R KKE . LRI, 2298 26.3 °C. 25.1 °CHl
24.9 °C; BURNLHGATSIF KT, 43 %N 14.6 °C. 14.0 °C. FEFRH KR, RF7. WT7 BB E KB
ML, %ﬁﬂ’]ﬁﬂﬂ% S AR EFEIRESHSE R, (HIX S 4R IR K AR A BR A RN
ARG, BEXT K EE BERYI R 007 A R A PR AR B, 5 BRK 2 B R A R 1] R A B A AR SR I BE ML
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Wiz AR, %/KEDO M WT HERBENEMNSENRSE (B S, KHEH. FiK/KZERMZIHGR
B B I 2 B AE , K FEM 6 m LU R KAk DO BIMK T 3 mg/L (IEABIE, 18.5m L N#E—25
F% 1 mg/L LL R REVIRES s BiZK/KE 14 m BUF DO FF4EET 3 mg/L, JKJZ 6 m 4 DO A& 1 mg/L;
A 14 m RERBIK 25.7 m JEHEIN DO H4ERFTE 3 mg/L LA FHIBEUKE . [ERERNE, KRIL
WL L PG AT K B DO SRl A AE AR R B T A T KRR R, 23 “R” BR[04
KN DO I RMEMIAERE, BEaMmiREAEESR: KEPMMOPBRE KT 0.6~07 m);
HRRMKKE. FILEEMmEES OKF3~5m); H4A& 4 BEKE DO MALT 10 m BLRIRKE.
KU S R EoR, HEMESKENRZKEREHENT 18.0~31.4°C; 1HKEKRBRKMENT 8.5~
19.1C. BREMERIBZEN48CLIA (REKEN23.9 C, JKZF (82m) /KiEHN19.1 T), K%
BOKEHCHIHENADE, XRKEZENT89~178 CxiH (H s5a).
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Fig.5 In-situ physical and chemical conditions of the 9 reservoirs during the water sampling.

9 JEIKFE I8 72 A Chl-a W SA AL T HBARKF, HANBIKEHBRFmE (B Sb). TP KkEAN
T 0.004 ~ 0.205 mg/L Z [8], “FIME N 0.036 mg/L. KFHFHINIIKE TP KE R H M, S~ 0.205 mg/L. #
N R S KBS b 2 B, TP IREEMME AT 0.007 ~ 0.090 mg/L 2. [/, 9 Hi/KFEEMIE A
0.030 mg/L, HKREV/MKKN: KFH# (0.064 mg/L). KHB (0.043 mg/L). F/KKE (0.033 mg/L)
LG (0.033 mg/L). ZRITH (0.029 mg/L) ¥iH/KE (0.028 mg/L)+ FHLI/KE (0.018 mg/L) JF 1L
PUHE (0.015 mg/L) KT (0.008 mg/L). LJZ 2 JZ/K4EF DTP /+F 0.005 ~ 0.035 mg/L 2 [8], T
{4 0.019 mg/L, DTP/TP HIELAEATF 42% ~ 76 %, “TIIMEHN 62 %.

TN RESEAR R, NT 0.68 ~ 1.96 mg/L Z[A8], “TIMEN 1.19 mg/L, i 1E H I Rl KK PR 1 R
2o HNHEGERARKBETIMICH L 2 ZKHE, 9 BEKE TN BEANT 0.78 ~ 1.41 mg/L 217, “Fi{E
115 mg/L, PLRHW (1.41 mg/L) AW (1.32 mg/L) xR, 3 mE AR AKKE, HN1.31
mg/L. BARMEARITH, 4 0.78 mg/L. )22 JZ/KMAH DTN B{EANTF 0.75 ~ 1.29 mg/L 2[4, “FHME
4 1.01 mg/L, DTN/TN fIEAE AT 72% ~96%, “FHIME N 88 %. £ DTN #1, X LANO;-N AF. LEZE2
JEZ7KARH NOs-N #ME AT 0.23 ~ 1.11 mg/L 28], “FHMEA 0.67 mg/L, NO3-N/DTN AT 21 % ~
88 Y%, “PIMEN 67 %: HAPREAKIKEER & HHRAL, 10821 %, HRES LR, HHh 44%. Sk
= K, O 88 %.

TE A KA CODMn HFEBMRIKICAK B (4.13 mg/L). KHM (2.42 mg/L). FEKKE (2.34
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mg/L). LM (2.31 mg/L) FHLIIKE (2.10 mg/L). JEiLv§iF (1.62 mg/L)+ AF# (1.35 mg/L).
ZHITH (0.95 mg/L). HiF/KEE (0.72 mg/L).

Chl-a WEEWH B ME N ER, REBME (126 /L) BEETREEHMHE (9.6 ng/L) FEEY
B (1.7 pg/L) . HAp, REKMH Chl-a & HHIMEKFW (57.5 pg/L), 8 2 SEZ L0 (20.7 pg/L)
( 5b); WERE S B IESTIOKE (15m, 27.4 pg/L), X 5% M @AM BN REEY .
LJZE 2 FiKAK Chl-a ¥{H B & EMRK GOV K FEM (31.0 pg/L) FHLHKE (16.0 pg/L). LI (14.7
ng/L) FEAKAKEE (13.8 ug/L) RHM (8.2 ug/L) ZRITM (5.7 pg/L)~ FFILPEH (5.0 ug/L) KFi
(4.1 pg/L)~ i K%E (1.4 pg/L).

%K EE SD KRN AR KW (0.95 mD ZLH (1.35m). Flik/KE (1.80m). K EM (2.45
m). RITH (3.40m). JHELPEHE (3.50m) ST H/KE (3.60m). KT (4.52m) A /KZE (4.80
m). %2 Sm H7KE EC B BMRAR N LLHET (386 puS/em) K75 (359 pS/cm) . K Hi#l (306 puS/cm)
FHLAKE (244 uS/em) FEK/KEE (147 pS/em) ¥#aiAKZE (120 uS/em) ARYLH (117 uS/emd. JHih
VA (104 pS/em). KFH (97 pS/em). EC HIZE[A 3 AR FE — BRI b R BT AN [F/K 238 1) N 257 30
LRI I EZE S
3 g
3.1 KILRIGKIRIKEE 2-MIB EERIEMEHT

ATEIE R I, A8 R AR AT A 2 A OH 257K 2 2-MIB Y 3 Bk . R A& 4 Fh Rk, 2-MIB
RBAR IS B i, VTR K IR K P Hh B 2 5 7 AR SE S R SRR . % 2-MIB HIAEYISRIR, B
W52 22 W BE AT RE SR 1 T2k 1, AT AE K [ W 3 . Juttner 1 Watson HSCHRZER th it 38 1 KB B =4 2-
MIB FIZEBI00, SR, FETRAENILKENFRZRRIET T, , DUEARIEEEE, RaEEsn
AEE 2-MIB (W EZA=H B, R I8 dr S48 I HERR 22 I 2-MIB SRIREO, 1 Ja ik 557 SR AH G,
B IO T R R PR BE 5 77 S R B A 85 B AE AR DG, I TR D ey ] DAHE BB H S R A o 2 Lk 7=
WRE= A, (RE R>0.7, P<0.01, W3 HMAFGKMMAMEE. M., R, o kK msgs
J& (3. WHEMmMME (FP) MBI (FN), RJ5E XA SFWRIE: 0T ROREE L &4 T
AT, WA B 1 AT AR B B A o UL, R RI KA FP I, RO R A KA
[ 2-MIB SRI5 , i 22 B s M35 UARSE SClk ARG 77 2-MIB [RGB, T3 3R 138 B4 CYC A1 IONB2>
31, Bk, HERT 2-MIB & 0] A8 2 d Al P2 4 (R=0.83, P<<0.001, FP=21, FN=21). X —%5it 53%A]
TEWIT K B (PRI 0 R BUAH ELEDAIE , 33k — 25 5 T 5 0 R AR YT T Wi b X K YRR PR S R AR ol 11 o 2
fEH.

363 YA K P rh R B R AN A S 2-MIB (451 R

Tab.3. Relationship between 2-MIB concentrations and the cell density of dominant phytoplankton genus in the investigated
IEeServoirs.

R P FP FN LR B
e 0.72 0.0034 21% 0% LR A W
TR 0.74 0.0025 21% 14% LR A W
R TER 0.85 0.0001 29% 7% FP &
e I B R 0.83 0.0002 21% 21% -
K E 0.73 0.0031 29% 36% FP &

AWFFUAE O BEK PR At 6 BaA7AE Bt e . B 6 15 H, RIRANIRER R 115 £ 2 e 4 e o P2 A 2-
MIB ¥ FEL AL AR F ( R?=0.83, P<<0.001), IX—45 it — P 30 FF 2-MIB 3 B L ¥ d l BE AR A
R B AR, HWTTTROKE M ah R — 800 JR10, WAFAER KR T 2-MIB, {H2 Bt A
KBRS PR A AE, X — BRI REREA 3 A (1) AR AR RS t 197> 2-MIB 85 35 302 B 7
K () BERFEBBURS, KT EREREACRER: (3 B PEsn N mT G147 €77 ik LR R
XN, BRI R PR U S B 2-MIB AR, L S Bk B R 7 7 2 R A B 7
RUZETAT RERE 5B 7R Bt R R A IS DL T

,,.",,l R=0.83, P<0.001
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Fig.6 Relationship between cell density of Pseudanabaena and 2-MIB concentrations in the investigated reservoirs.
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SRR RS 4% 1) ) BB b . 8 T (PCAD 45 R B oR, A K 2-MIB # & 5 TN, TP, CODmn
EEFRESHRIEL, 5SD gkt (K 7). X—4&REREESRNEE: BRI FREHKEFBHE
LA 0 2-MIB R, T Fifi 7K 7K A5 37 AR S 45 v 1 7K B L B B 3 R P 1K) 2-MIB B AR 7] /8

B IR R 2-MIB (152 1A 1T R A2 100 o 18 428 {1 £ 108 98 5 7 S R B 2 I 2 K Sk S o J R 55 N IR 36 3R B, &
TR P o AU 0 1% 7 388 1 A KR R 235 (P<0.01): FERUIRE Y 0~230.4 mg/L N, REIEFE IR SR
WE R, MBHRE >1.28 mg/L Ml A2 5 A KB, Olsen 5 Nt 923645 H B s I 42 ik
Xt 2-MIB 7= k3% A WE s m, BRI S IMER# 2 S5 2-MIB 3RE & ZE A EB, X5 K kKR
K FR ORI ) R S o R B S U B AN A SR I 5 e — BB, AR, E SRR AR IRAIEE KERAE
THE =R TS 5 WA RIL, KEFRIGN T Ha I E 2-MIB 1178 . R IREE TP
WP 0.024 mg/L IS, BB fh s 56 4 i % B2 15 0.03% 106 cells/L, 58RK M 15.9 ng/L () 2-MIB. X
—UFRUH: (1) BEEE” FRAERRNE R RE; (2) BREFRII, KPR &M
e [F] R 5 R AR I A K ARWE s (3D JKEETE LR R BIMLHI RN = A S R A m B S 44 . [,
TEH) 8 SR T B 4% SRS, WL AHB L MBI R E I FEEM .
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Fig.7 Relationship between 2-MIB concentration and environmental factors in the investigated reservoirs.
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Fig.8 Relationship between 2-MIB concentrations and trophic state index in the investigated reservoirs.
FERETEIIE], KR 2-MIB B B KRB S KK CODmn R FZ 2 BLIEAI R (R?=0.25, P<<0.05). 5 SD 2
SAHK (R?=0.44, P<0.01) (7). X—REFFIERW], 2-MIB IR E AL 3 5 RALK P8 7R R 1
KRy (OIERBE R AV REE .. KR SRR EY RS RAREN 5. Hbh, 2-
MBQE%RE@W%(ED R YR o N T R BT K P v BRI A A AR R R, LA T

RECLHRTE R A I TVE K HOKMRESE . BAABLHIEA FHR AR R
E?mﬁi2Em%mﬁﬁﬁﬁﬁ%mﬁ%%&ﬁﬁﬁﬁﬁTu5%MB¥%W§%E%%@W%G¥
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IR &S TR A R R B AR K S R 40 5 e s ) R0 B AR AR 2 5

RIEHAPL A ILER (B 8), 4iFr 2-MIB IREMKT 10 ng/L FIMRBREBIE, 7Zf TLI #&=HI7E 30 LA
To X—BMEXRIESE, KBRRESFWEiEEE M RN, ANEEFRIMAEN. SRS s
Fr A o) 2 7K P S A B 4 1Y) R B
3. 3 R& ETEAEHXT 2-MIB B9

AR AR A 2-MIB [ F Er= i, HM#EsE SRR TR CBRNIEER TR SR, EHH
T H B 8B A IR B IR ALl H 5 2-MIB IR FE AL 1) 8 R R AL Z RGN SCHRBRTR A,
A RENRE A K AR KR 25 CAAB, hERE IR DL LR E IR0 46407, Wu i
K B 2-MIB 4 JE AR R I, 2-MIB & BEUEH IR AR50 154 RAA, B S AIKE 6 AW,
UL R HIRE 5 m KIR—MFE 22 ~26 CZla], BT HROEEEKIEERE. AMIARR, K
YLK IR K e K AR AL F A& 5K, FARMRRREL K. KEEH. BEEL, BEEmERK 2 A
IKEEAN, HR T AKERE Sm R ENT 21.2~26.4 CZIa, ¥EF T B OEERE . 765555167
M, KEESEEM N AR T ASCRR: RETEHEOL 2R E RIS IR, RN R
BRI . EAEZME, MAEEFEEE (TLI>50) B, A EEN S48 A RITEE ., /N
WESEE, SRERBUAENFM X —ESMFERRE T R EFR. 5 BKEE S H IR o5
3T KT SR ) R
4 4518

1S5 18] B 50 R I AR RS TR 8 9 PR KK EE B R W (1) KA RRYIIR 2-MIB b2 1% X 15
TK IR K 2 25 25l A7 AE B 7K 3R U GEBAR R 59.4% ), GSM B KR T BE 26 B K B Kk A GREFR R 12.5% )5
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