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Abstract: Nine dissolved taste and odor compounds (T & O), namely DMS, DMDS, DMTS, B-cyclocitral, B-ionone, MIB,
GEO, IBMP and IPMP were investigated in three water areas ( Lake Shuiguo, Lake Guozheng and Lake Tangling) of Lake Donghu
monthly in 2014. According to the changes of the nine T & O compounds and related environmental factors of each month, relation-
ships of these compounds as well as the relationships with environmental factors were analyzed in this study. It was found that the
concentrations of the nine T & O compounds were higher in the summer and fall than in the winter and spring. The seasonal concen-
trations of DMS, DMDS, DMTS, B-cyclocitral and B-ionone were high and their concentrations all surpassed OTC ( Over The
Count) in the summer, while other T & O compounds made little contributions to the odor problems of Lake Donghu because of
their relative low concentrations. Low concentrations of B-cyclocitral and B-ionone can make water smell flavoury while DMS and
DMTS contribute fusty smelling, making the main odors that led Lake Donghu smelly. As for the distributions of odors, the yearly
concentrations of DMS, DMDS, B-cyclocitral and B-ionone in Lake Guozheng were all lower than that of the other two areas in
Lake Donghu. Based on the relative low concentrations of total nitrogen and chlorophyll-a( Chl.a) and the relative low influence of
human activities on Lake Guozheng, odor problem in this area is lighter than that of Lake Shuiguo and Lake Tangling. Meanwhile,

there were significantly positive correlations between concentrations of Chl.a and the three taste and odor compounds ( DMTS, B-cy-

« WOKAZS HA R B4 TE S 508 E 9 H (2015FB13,2014FBZ02) %EBl. 2016 — 03 — 03 Wi ; 2016 — 05 — 03 Y f&
PR, BT R(1991 ~) |, B WF5T A E-mail ; yufeihu@ ihb.ac.cn.
#x [EIEH ; E-mail; xieping@ ihb.ac.cn.



88 J. Lake Sci. (#ia#H3) ,2017,29(1)

clocitral and B-ionone) , as well as between concentrations of total nitrogen and the two odors ( DMDS and DMTS) in the study.
Besides, negative correlations were presented in concentration of dissolved oxygen ( DO ) with DMS and B-cyclocitral,
respectively, indicating that low DO concentration induced by decayed algae could aggravate odor problems. To manage the occur-
rences of taste and odor events in Lake Donghu, it is critical to control the growth of algae.

Keywords: Lake Donghu; taste and odor compounds; environmental factors; correlation
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A A U e ) R DR B M e R 2 E PR AR AE A R A G R A FEARZ R SRR
RYGE 1, GEO(geosmin , = R ) F1 MIB ( 2-methylisoborneol , —- F 3 3 3¢ 85 ) B Fb B R AL A W 76 W 2k A4
= b UL, TSk B-cyclocitral B—ﬂq‘?%%) . B-ionone ( B‘i‘% % 220 )  IPMP ( 2-isopropyl-3-
methoxy pyrazine ,2-5 P 5&-3-H S LML ) & IBMP ( 2-isobutyl-3-methoxy pyrazine ,2-57 1 F&-3-H & Rt %) A
TR B Wi 2 R A DGt 2 3 BUKM T4 520 | Bechard 45" £ 825 5130 1) & 8 FR 10 &
BUAE LR BOK AR R R ™ A T R DMS (YRR EE ) | DMDS ( — H1JRE ik ) Al DMTS ( 5 =i fif ) .
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km?  SPE KR 2.2 m, e KOKIE 4.8 m. R R ARG | Tl 5 A E I K 7K 5, 4 ) 1 44 1 XU IX
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1.1 RXF S8

DMS . DMDS .DMTS . MIB .GEO . B-Cyclocitral . B-ionone . IBMP J IPMP f{ 45 e 510 H Sigma 23 7], 3 F {4
TG P (Merck 2F]) BCE K | me/T VR TAedE MR IR RN ELE. T O BB ME RS RWY
BB AT L 2R MR GF/C I B Brentford 23 ). 7K A4 H A1 i 25 3 B 490 Jo >R FH IR 4341 4R ( Eclipse4660 , O1
AFHALER A T, 26 ) A (-5 ( P&T-GCMS, B HE GCMS-QP2010Plus, 85 H/A &, A ¥ #4743
Bt @i HP-5MSUI A3 3 B 40454 (30 mx0.25 mmx0.25 um).
1.2 BMRRESKFERFHNE

2014 4F 1— 12 A B A EIWIEAR) 3 ARAES (B 1 1907 FKSRI91 X :30.551111°N, 114.363611°F ;2°
FEFERFRHIX . 30.560833°N, 114.385278°K ;37 i T 1425 M1 X : 30.586667° N, 114.408333°E) K4 /K i LA F
0.5 m AL E 0.5 m 2L IR A /KA TR 515 3 ARE S COR B T2 ) B 20k A A Rl 58
RYIEE,H 1.2 pm LY GF/C JEREIVHT IEKAE  IEE A 40 ml B AR B TIZS SO0 i
R, FTA BT 4 h AT oE. RIS S IR A M0 ") 5 05 i I 2 K A 2438 A0, 38 B AR (TN) L B
(TP) BASA (NHS-N) K483 a(Chl.a) . KR (T,) A4 (DO) (HLFH (COND) #l pH SFHEFRTER AL
FH YSI 6600 22 50K B4 3G 22 .
1.3 KFREEREYRNE

% Deng S8 I 22 Whatman GF/C S I8 5 B /KRR Fh Y SRR B R R4 T 22
1.4 HiBSH

SR SPSS 22.0 SRS 85 E s 1 /K BRBE R -5 S MR R 142 () 43 A 0 1A T 40 A
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Fig.1 Schematic diagram of the sampling sites in Lake Donghu

2 BERE LM

2.1 JKIREIE ISR TR

FERF I AEAE F 2014 4F AR Chl.a Ve 245,
Chl.a B9 AP BLE 10 0 44.81 pe/L, H
P BARM HEAE 2 7,0 6.70 /L, Horh B fe
H I BAE 6 A A2 X, 735 68.63 pe/L. TN ¥ JE
EE R B, (07 1 A BB 2T
=E, M 1.59 mg/L. TP WEEFE 6— 9 A #wr, A
W R B 0.17 mg/L(9 J). NH;-N ¥ 1 iy K
A 9 H, o0 0.44 mg/L, 422 (11,12 H ) # B
KT 9 ARt KAE, T 5 A HBEH/ME (0.06 mg/
L). DO H Vi RME N 11.35 mg/L(3 H) , f/MA
H6.39 mg/L(7 H ), Z4F 1 BE U S BE R K. KR
Wit = o A8 Ak B AR Ak, Y L 5.51~31.20°C. pH
WA 5,39~ 10.20. 7K FR5E B Ab 8 45 v [ K AR F- 3
fHWNZE 1 Pis.

2 1 TSR] AR W K BRI DR 73 el K 24 B
Tab.1 Annual means and ranges of water quality

variables in Lake Donghu during the study period

S8 [ EPIE
T,/°C 5.51~31.20 19.97
DO/ (mg/L) 4.73~13.73 8.94
pH 5.39~10.20 8.75
H53%/ (S/em) 307~439 398.20
Chl.a/( pg/L) 5.58~68.63 28.33
TN/ (mg/L) 0.49~1.95 1.16
NH;-N/(mg/L) 0.02~0.62 0.25
TP/ (mg/L) 0.03~0.42 0.12

TEZS [ 3 A b, R WSRAE SR IIX (17) A7 ZE WX (3%) B4R TP W& 43 314 0.13 F10.12 mg/L,
SRS (2") Bk, 24 0.11 mg/L. [RIBSERARHAIX. Chl.a AF MR BE B AR, 24 21.91 pe/L. 2 X AR5 TN (Chl.a
K DO Wk BES R, 4350 1.28 mg/L.33.13 pe/L % 9.36 me/L, HAE T3 NH;-N WEEERAR, 7 0.22 me/L( 3K 2).

2 R HRIAR W& R AL SR T F 4R (E

Tab.2 Annual means of water quality variables at each sampling site of Lake Donghu during the study period

fi i TP/ TN/ NH;-N/ Chl.a/ ZERS 394 T,/ . DO/
) PN
(mg/L) (mg/L) (mg/L) (ng/L)  (pS/cm) C P (mg/L)
1 0.13 1.09 0.27 29.95 404.7 20.39 8.97 8.77
2 0.11 1.10 0.26 21.91 403.4 20.02 8.49 8.70
3 0.12 1.28 0.22 33.13 386.6 19.49 8.80 9.36
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FEXTZR WK AR A AR SRR s AR R, T LUBRN R 6 — 9 H JT 1) AR /K AR B IR Bt R e Rk, B Bk =2 52
At gt Bk AR S, B S VA B S . DI X A A1 R B, K I B 37 35 18 X S R R B AR, 7
LA YO RN SOk TR I X Ok 1 B R L 5 A AT X SR AR 22

9 RIS SRY R AP ER IBMP 7 6.7.8.9.10 M 12 H ARG INE] , HAT SR Y FAE 3 4 Rbe s i iy
BEAE . Bk DMDS K IPMP 41, Hofth 7 Ff Sy ST 4047 H 7 Y o 8 1 SR 4L OTC) (% . B 8 OTC 11
ST R DL DMS | B-cyclocitral & B-ionone ik @, Horh DMS & B-cyclocitral ¥ 4 4F 58 H S bR (A,
B-ionone WAL 1 AMKT 7 ng/L, Hidx 11 A~ A H. DMS DMTS . B-cyclocitral & B-ionone ¥ 7 5 2 3
H . BT B-ionone [ B-cyclocitral MR B AR TAE M, T DMS A DMTS EZHE Rk, FIbE 2
ZRIAHCR A TP R £ 2L DMS 2 DMTS Bk (% 3).

ISR RS (8] 43 A (3 4) 1, R FEMIX ) DMS 455 B4 B o 54.09 ng/L, & T 5840 X K 1722 1]
[X(49.17 }% 49.61 ng/L). DMDS FJAF -2 B o SRR X B 1K, A 4.96 ng/L, FRAR I S 37 22 W X R 5, 43
14 8.04 £ 9.23 ng/L. 3 i s K B-cyclocitral 45 F-F1k B 43 1124 14.27 12.39 Fl 16.12 ng/L. KSR X K
221X ) B-ionone 4E XM BE (24.43 1 32.53 ng/L) ¥ TE5ABI X (19.94 ng/L) . HoAth JLRI MR 5 78
3 AREEN A B ZE SRR A R AT L, SR XA S R ) A T LA 7 A4 A5

3 WECIIAI R 3 AL KA SR 5 H B9 (ng/L) A2 1L
Tab.3 Seasonal changes of taste and odor compounds concentrations at the 3 sampling sites of

Lake Donghu during the study period

A DMS DMDS DMTS B-cyclocitral ~ B-ionone IBMP IPMP MIB GEO
1 8.87 1.24 3.74 6.41 6.17 17.82 1.16 10.89 0.92
2 25.36 0.61 1.54 3.62 13.76 5.31 4.07 2.99 0.52
3 21.46 0.39 0.34 2.86 14.85 8.55 1.60 6.26 1.01
4 15.98 0.29 0.24 2.92 29.35 7.39 1.12 34.08 1.54
5 21.12 0.31 0.46 3.09 17.95 11.92 0.94 11.32 2.46
6 82.02 13.38 16.67 30.93 34.84 — 0.43 15.97 4.01
7 100.15 7.03 19.40 23.36 25.87 — 0.28 14.98 1.95
8 139.33 8.20 16.87 27.67 42.71 — 0.41 11.31 2.45
9 64.03 4.16 14.13 21.68 38.23 — 0.36 5.77 1.64
10 61.65 14.77 33.33 23.06 38.14 — 2.23 10.54 0.90
11 38.75 23.02 20.51 16.41 27.30 1.23 0.46 3.44 0.83
12 32.79 15.54 24.68 9.09 18.41 — 0.59 3.15 1.00
Y 50.96 7.41 12.66 14.26 25.63 4.35 1.14 10.89 1.60
OTC  0.3~1000 2200 10 0.5~19300 7 2~16 20 15 4

* A SERYIIT OTC {5 A SRR 10-13 ] 5 AF1E 3 ASOLAUR H 41 @ H OTC T RIZAR .
B A WEFTU IR 45 RAE 5 5 R ) AT (ng/ L)

Tab.4 Annual concentrations of taste and odor compounds at each sampling site of

Lake Donghu during the study period

7 55, DMS DMDS DMTS IPMP IBMP MIB B-cyclocitral GEO B-ionone
1 54.09 8.04 12.79 0.91 4.29 16.11 14.27 2.07 24.43
2 49.17 4.96 11.19 0.90 5.29 17.29 12.39 1.64 19.94
3 49.61 9.23 14.00 1.03 3.27 15.27 16.12 1.11 32.53

23 KBEERFEREYREFERYRZ BIHHEXXER
AT HTEE B (32 5) W], Rk b DMS ¥ B 5K iR 2 0 B 35 TE A DG (P<0.01) , 5 DO He i & i 3%
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HAHIE(P<0.05). DMDS ¥ 5 TP ¥ B 20 8 35 1EAH6 (P<0.01) , 5 TN ¥ B 52 g 35 1E AH 56 (P<0.05).
DMTS ¥ 5 Chl.a Fl TN ¥R B & 5 IEAHSE (P<0.05) , 5 pH & 5 3F HAHSE (P<0.05). B-cyclocitral & B-io-
none #¢J¥ 5 Chl.a ¥ HERIK I 4351 5 1 i 35 TE AR DG (P<0.01) 43501 5 TP Wk HE B35 1EAIDG (P<0.05) IR 51
FREN B EAMIE(P<0.01). B-cyclocitral HEERS DO MR 5 3% I (P<0.05) , 5 TN #e 5 2% B
FIEASE(P<0.01). [RIB 34T T 9 R Sk Bk BE Z MM OCE R (3R 6) , KB DMTS W E 5 DMS K&
DMDS ¥ B2 247 4% 2.3 IEAH G (P<0.01) |, B-cyclocitral ¥ EEYj B-ionone ¥R S .35 IEAH & (P<0.01) |, [A] i
55 3 Fh k2 R ) T 43 0 A TR A DG (P<0.01).

RS RIS OR Y BT ANK JBAR f 22 6] BAH 5O B

Tab.5 Correlations between water quality variables and taste and odor compounds in Lake Donghu

DMS DMDS DMTS MIB GEO B-cyclocitral  B-ionone IBMP IPMP
Chl.a — - 0.370" - - 0.527™ 0.853 ™" - -0.465 ™
DO -0.422" - — — -0.405* -0.367" — — 0.416*
pH — - -0.371" - - - - - -
NH;-N — — — — — — — — —
TP — 0.471 — - — 0.372" 0.407* — -0.355"
TN — 0.341° 0.336" — — 0.469 ** — -0.396 "
T, 0.707 ** - - - 0.649™  0.655™ 0.557*" - -0.626 ™
COND — -0.402* -0.493 ™ - - -0.594"  -0.738*" -0.532" 0.532*

* FR P<0.05, ** R P<0.01,“—" R LEEABE, FA.

& 6 AR WS B[] 1A 55 &

Tab.6 Correlations among taste and odor compounds in Lake Donghu

DMS DMDS DMTS MIB GEO  B-cyclocitral B-ionone IBMP IPMP
DMS 1
DMDS — 1
DMTS 0.433 ™ 0.764 1
MIB — — — 1
GEO 0432  — - - 1
B-cyclocitral 0.778*  0.479*  0.701™ — 0.400 " 1
B-ionone 0.544 ** — 0.419°* _ _ 0.698 ** 1
IBMP — 0.677 ™ 0712  — - 0.783 ™ -0.489" 1
IPMP -0.433"  -0.355" -0.514™" — - -0.527" -0.396" - 1
3 itig

3.1 BKYIRRKE

B T TARM R K A 3G 15 KI5 Y oh KRB B R B SOk et 2 5 R K R sk i R . 7E
BEFRMAKMET T ERY TG, ERRK S RGN VA BN, — Lo PR E M RETE S A K
ISR TR A AR R A A AN B AU T A RS AN W oI R P A A R LA SRR AR AR IR . AR 1980s B
ORI A8 5k b B TR AR AR A IR LR KR AN IR (TR VAR A A ) AR AR fHLR
ENINCEE S A Y R R TR I

FE LA KA ARG I 3 B AR AL 9, 5 UL B9 >4 DMS  DMDS F1 DMTS! "7 AR fff 7 ths 26 BH 76 2R 11 7K f
ALY 2R R R T, JUHUE DMS (£ 3) . R R, DMS . DMDS # DMTS 7] i S 25oK A=A Y 78
A K AR R R BET IR SR A AL A e A2 U FEIIA S E B IR KA | A A B T 0 i T
T H LA SE NS (DMSP) |, DMSP J&—Ffn] LA SE i 18 55 40 8 385 1R X BT IEAE FH R X 4 i A B 4R A1 B i 1k
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FW. Geid SR (UNROK SARTL TR LI BG4 i id i, DMSP AT RUEE AR IR DMS i — 205
LB DMDS 1 DMTS ™. K Sk MR fi & A L & s s SR i =R M R Bk e 2 — Y. A&
PSR T AR 35 15 K SR A KIS 76 DA T A T DA B P BRI, PR I T DAAE 80 1 T
AL DMDS, DMDS T LAE— Ak S DMS 2. PRt A 52 b DMTS 15 DMS J% DMDS 4351 3 8Lk 2 35 4R
KIRATTREZ H T BT A BRI 2" RAE f SRS X BT 2 IR 14 IR SR AH 1L 53 A0 B ) X 555
RZ ZWIX Y DMS e DMTS 4E-F- 3k FEZAR T 53 M PIANIIX, HAZ I X ARF-24 TN & Chl.a ¥4 3 4>
W X T AR 14, 2R AT R A A FR R R A AT 179 7 75 ok B VA 36 I 2 I DR 77 A, DT Pl i 28 2E K st
TR 5 A AL 7= A (1) DMS K DMTS ¥ BEARXSBAR ; HAH LA A SRAE 21 ) ORAE S R 8 1 i
RO, AT RERZ NG B (TR K R AR 16 5 K BOHERCSS ) TIREIN, 15 Qe Wkl 32 202 Tl b3 AR TR 157K &
Tl KT 7 BT 28% , W b LA BRI FArRE 91 AR IR A T A T X R I BR AL 28 S
BRI 255 LA IR SR DX A S5 A ) A B At AN IX 8582 B-cyclocitral FiT B-ionone 322152 H {4
BIRRARY B-1E N RAMIRk, TEBE A E K B P PR A PR YA OB T, 2R AR T 2k
S e A 11 ) B-cyclocitral F1 B-ionone AEAZ N3 W5 355 A9 6 e, DU 34 DMS F DMTS ) B, Xt fifg
BT AL B-cyclocitral 1 B-ionone 5 DMS .DMTS E#% 4156, MIB 1 GEO &R A Zh 4 1 Fll— S8 FE %
PSS E R | R 22 B K A IR AR 2T IBMP R IPMP K AR 8 e K R AR R rh
A W SR SR ) A3 A st AR TR g A Y B BT RGE TBMP K TPMP 5 b 4 5 A4 G s AR AR AT
DMS . DMDS & DMTS 3 FlBRAL ¥ F1 B-cyclocitral . B-ionone By BEF & , 4 314 50.96 .7.41 ,12.66 . 14.26 #
25.63 ng/L,HH DMS DMTS . B-cyclocitral FI B-ionone # H B AT K B{E. B-cyclocitral I B-ionone J&EL A
SR BAE T IR I IR AL B ), R RE S 1B A L8 S, (EL X 2 A /K AR St R BT RRAS O, A 32 S B gy Jo.
1fi DMS 2 DMTS ELA J 5Lk , B i B e B m] A5 AR /K 0 52 B AL R D SR ok, R AE S R e A
FeA I B BRI
3.2 RikiEh 5 RRMRBEVIEXHKIFERF

SERY) AN 52 BV HA IR A 5 52 B Z AR E Y R T 52 . Qi 551" 38 3 e R A rp R L S R A I
SHEER T Z AR5 TN B A DO AL/ S pH S5 38 5K A P iy S bRk B A A G AR
X LR A MY PREE DR AN BB S5 IR 28 P SR IO BE T, 38 RE RS L He 9 B R ST 43 i S5 AL

B EFOK R SRR KA ERIRE R, ESR BT 'SR R, DMS % 5
PR B A S MEZEK AT DMS Ve BE W] 455, 3% 15 DMS M#E R AR & . DMS MUK R #5 & #E A KA
AR Flux=K + C(C /KM DMS WREE K S 3eie R4, 5K RGBT 2 IEMSC) . DMS #h %
h38C KR  HAR R 2. (EIRTEIR R K R vh e 2 2R A AU AR A b, T (1) 36 2 B0 R W)
JHE TR, RO DMS ¥ 5 KRR B 8 38 IEAH 5 76 B 2 i IR DMS YK EE 80 E . B-cyclocitral Fl B-io-
none 45 Chl.a ¥ BEH) HAT i 5 IEHISE AT REE TR A1 B2t e A: ™ N7 Chl.a e BE AT LAVE AR Mk b s
FAE YR — AR, 1K R S A P A I R K R 4 AR, R S R R T B BE S A B I T4y
fifpid e dh 2 T E DO W FRAR , AN SEIE T 70 it 23 P R Bt S DR ) o B 8 R R OB, i T REJE A AL
Y SR RV S DO HREE S B HUHISE 45 TN TP W 5t B 3% T AR G M 5 . NH-H VR B 5 S ok )
W Z AR R I AH OCOC 2R, pH SR PREE IR 7% S AR A 65 00 114 A B AR /DN, 33 7T BB A5 7K TP s A 25 e IR )
J % B S P R K BRI A OC. MIB BEAS B 8 B ( Pseudomonas sp.) FIAFTH ( Enterobacter sp.) K& K
FHOCHE NS A RU MK PRSI B-cyclocitral I B-ionone ™ WITHZK 7 i A0 £ R 258 2 T e | R B 25 g o
SERRPIIR T R T A A R e SR P A A R TR T B S R A AR B 1 A A
PR 28, 23 S 7K T AR S S5 IR G A e B2 A 127 R Ik, A 2 6 v R 0 39 Y S A ) T 2 R B B PR R 4

AVEIRZE 5.
S Bl b B A B K BT TR BT R A 45 S, Rt TR RS BB R A R .
4 SE 3k
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