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1 E 2021 FAFKERT — K E AR KRR S, 254 R KEERER M, MFIRBREHE . IRBE
YR ARG RS HOAT T RGN . R RBR)Z R A HT ik (FPA) X WRBR S R B EAT T 174N, &% &
A4 (PCA) A G 73 BT 25 J % S S RN Rk W B E A7 G B . AEBe2EMih ek o h £ 5, il
43.6% 1 29.1%, Hoh, BFFHE % &K (5.58%10° 40 i -mL ™) A 3] 4 1 2 (GSM), 2-F 5L J % B (2-MIB).
BEmE . TR, SR 2408 TUREE . 2,6-T TRIEE . 2.4-55 RIS Q FRILLR A R . MRS FPA 0 AT, Z0 T K K
FH 7K IR Sy 58 270 (14 o R IR £ A o 0 b SR L BRI S 2 P IR R R e s (480 B A K T U a0 A i A St B
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PRI, PR, RIRE R SRR SR . BRI Y AR R AR SC PR R AN R W]
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IKAE 10 PP 2 AR Y (E OO/ BEmE . T B, 2-FMMEE . 2,6-T R . 2,4-P8 0%
W 2,4-%8 TmTE . R W R B-IAAT AR ) B MRLBR R AR SR E o A B SR Sy TG b Ay e R R R £
JI IR [ B AL 540 2 %5
1 MEFEE
1.1 Wi S R EE

AWFEGET 2021 4F 3—10 H #4717, LK E R EKBIKPE, B4 3 100x10° m*, H ik 524
1.95x10* t, HERN; A T2y 8x10%, 7K IR HH & /R VLG K T AR FIIH T o b 85 i M AK TR A o 58 A5 T
A a5 H JF R 1 OB 55 10 S M S A TSR AE . B B A 500 mL A R €9 38 3 0 R B A ) B A
a3, A T ECE VR L BT A E B, i 304, HORAEMLE M AEKE LIRS
mib . fE 15 A S mL Lugol” s % W FH T [ # 28 GERX M), 2% T mA 10 mL
HgClL, JH TR I AR (UK AE &) T A R A TR I DR IR AR TR T 2 h Wk S g & . £07HK
A KRS EOLE 1,

FT1 LAAKEERKRSH

Table 1 Basic water quality parameters of Hong Sheng Reservoir

K BTHE bR TN/(mg-L™") TPAmgL"') NH,~N/(mg'L"') COD/(mg:-L"') BOD(mg'L") pH OD/(mg-L™")

LIFKIE 1.53 0.09 0.54 22.52 2.93 7.2 8.99
VRS %1 1.50 0.30 150 30.00 6.00 6.9 3.00
SD(brifEfk2%) 0.02 0.15 0.68 5.29 217 0.2 424

1.2 EHRFAMR

12 Fob WELIR A 7 2 2% 1) oA O A B 2(4E FE>95%), Hoh 3% 2 P 2tk &9 (-1 3 7 2%
B RBRE) R 10 FREE QECEE . PR . TWE. 2. RKHE . 2. BT ERE . 24-58
WIS . 2,6-T- A 2,4-58 251, $ Sigma Aldrich 24 &) (3£ E) R . WL E & 04 B s 20 b7
2% NaCl, KI, HgCl, fl Na,SO, W H [ 25 5 (&K fb 2= i A BR A |l . #B4lisK (18.2MQ em) B Milli-Q
LR GA =

*®2 BRUMRELRER

Table 2 Basic information on odorant substances

EY MELIAR ) 5 AL 2P| ML/ (ug L) ¥ HBR/(ng L™

+RE 0.003 0.830

Gy / + BB/ AE R
2- 3L 5 g e 0.001 0.470
W £a JEER M) 4.500 1.420
B ity N7 3.000 6.290
W TR ) PRk () 1.000 0.430
L £ R 3.000 13.750
2-2F I AR R MR GE ) 0.021 8.330

BEALEY

2,4-BF IS fa IR G 5.000 70.550
2,4-3% "I (EYEUS 0.029 9.210
2,6-F ZHimE VIS 0.080 60.610
2 H oS 4.500 10.870

B-IA i R VGRS 500.000 3.350
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1.3 PRAREFFAEIFfh

FPA(flavor profile analysis) F T i BUBR FEAE D, 1~12 B 7 A~ s50br B2 O i R B A 1 LR 5
JE (1 MRBR A, 2~4 59 MRGREE , 6~8 Jy i AR MLBR SR E , 10~12 Jy o ZUMRLBR 53R &) 7RV Al o 72
o, BRI ES B 2> 4 4 GRS R KA LR AT o AN [ B R A PRI A A R I 3K A
BRI, JFX AR S AT IR, FRIE R S AE AT R RRETE 45 C ) i E 1
H2L, bR TBRRAIFIK A . PR EIKAFE G S BV AT PPAL , CRIE DA Y B2t A ot 44
B A 3N 53 43 310K WL SIS R RN B R AT 0P A O A AR Sy B Al 5 2R B0
14 FEIRIKRYIRSH

i FH T00 2 [ AH 1 26 B &5 & SO 633 /5 i (Gas chromatograohy-mass spectrometry) 15 X} 61 45 - bk
% (Geosmin), 2-H 3 5 # B (2-Methylisoborneol), 1F CL %\ BEmE | T-HE . 20 . KHEE . -7
B B-IRAFREIE . 2,4-8F TREE . 2,6-T BRI 2,4-5% TR BEAE N D98 AE LUK ) I E AT A =
BrC78, K [ A o A5 BRUET 24 AR A K RE /NI TR BB 23 (8] vp (65 G5 30 min), FFFRELEHEFEKFES
B 25 R0 ] I B A GC-MS [ HEFE R, X RRLBR 4y BTt A 5 2R BB (250 °C, 2 min), GC il B 2
J¥: 5W) (40 °C, 2min), SRSSLL (8 C'min') i FE & (240 Comin ) J5 {345 2 min, RETEEPENEE T
WA R AT AR AR 12 FhAR S A M R A, mH R (R7>0.99).
1.5 EEITH

fiff I 3058 (BX 51 Olympus, H %) 76 2045958 F . HI'1 mm 77 WE AL 4 71 804 (1801-G20, 3%
[ Wildco 2 F)) #EATHE2E4 SS AR M2, S 2 MO8 BE R i LI EAT WA T 8. A0 M B AR Y
FESL, 7E 100 mL K FEP AT Lugol’s I WK, ~ A ZRUTTE 24 h J5 (6] F g W, WO IS &8 09 ¥k 46 35 W
10mL, FEFAE 10K, SERTHR S . Wede 3 00 1 mL W 4a A s i A1 80 iPRIE B 5 g,
P BN B B
1.6 HIELESE

F 53 43 i (principal component analysis) FH 4387 25 B2 BUBR 9 Ji K 6k W ST k6 o A0 S P43 Bt
H5 B e B A ML [ 0 1 200 S48 PR ARG Y0 281y BE I ) BT 55 98 28 22 ) 1) SQ R AR BE 1Y, PCA g 4% b LR ) I
T I A A B A s R AR A0, A 2 (BT VA 43 B ORI AR f RN = AR 432 1E A8 R A A 5 A 181
PCA T A $dl (0 52 1 4b BRI (] SPSS 26.0 3447 .
2 HRE5R
2.1 PRBR4FME

2021 4F 310 A, ZLTF/KERYWBE A R 2 T 20 8 AN A, KFE FPA NGB LR 3. i 3]

* 3 RREHEIEMEER
Table 3 Assessment of odor characteristics

AN TR SRARE S PR LA i (BRI - SRR

RAE H

1 2 3 4 5 6 7 8 9 10
2022-03-08 2/2 1/1.5 2/1.5 1/1 2/1 1/1.5 2/2.5 1/1 2/1.5 1.5/0.5
2022-04-12 3.5/4 2/3 2/2 2.5/2 2.5/1.5 2.5/1 3/3.5 2/1.5 2.5/2 2/1
2022-05-05 6/3 5/3.5 4/2 5/3.5 4/2 4/2 5/3.5 4/4 5/4 5/3
2022-06-12 7.5/3.5 5.5/4 4/2.5 5.5/4 4/2.5 4/2.5 7/4 4/3 6/3 6/4
2022-07-20 8/4 6/4 5/3 6.5/3 5/3 5/3 8/3.5 6/3 8/4 6.5/3.5
2022-08-28 8/2.5 6.5/4 5.5/2.5 7.5/2 6.5/3 5.5/3 8/3 6.5/3.5 8.5/3.5 8/3
2022-09-05 8.5/3.5 7.5/3 6/2 8/4 6/2 6/4 8.5/2 6/4 9/4 7/3.5

2022-10-16 8.5/4 7/3.5 6.5/2 8/3.5 6.5/2 6.5/3 8.5/3 6.5/3 9.5/3 8/3
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(FPA<4), Hy=A + Rk | &R JE K 7E LUFE

(5T H AT U PR T R AR S s 6r

B, PRI A Sk R [ O TR £

BFSE. PRI 4 TSR B ST AT . SR A

{3 T K P T Ak £ 6 46 S B SIE LSRR A 2 b o

Tk B0 o B AL, SRBE A3 A T K BIC A O fl A AN
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Fig.1 Odor intensity (fishy smell) at important

2.2 EAMEE
i 2 B, 7E R S B A KRR H A I 2
11 FpEads, A0 4 Fhatie (RAFEEE (dsterionella 3.0510° 1 g

sampling points

sp). /NI BB (Cyclotella sp.). % ¥ ¥ & s |

(Synedra sp.) M1 V- ¥ J& (Tabellaria sp.)), 2 Ff %1

ok B (K B J8 (Chlamydomonas sp.). S5 EK ¥ & = =

(Pandorina sp.)), 2 Fi s i (g 3% & (Sporoides g 1.5%10° -

sp.). K i ¥ & (Oscillarioides sp.)), 170 #f ¥ § 1.0x10° |

(Mt ¥ J& )(Euglena sp.), 1Fh B2 B (2 8 )8 ) i :

(Cryptomomas sp.), 1% H & (£ H #& J§) S0

(Peridinium sp.), BT 38 FUN IR 38 5 07 b o oAb 20 on® b a6
L G R A 2, R o e S e e e
10 ™SR A 1 [) A o 7 3549 (L A 50 I R 3 A 4 RHEHH

fk o K Y R ) T 7 A 20 1 3K B 2 RRUBENERL

6. 9 1.38x107 40 -mL ™. A4 WF57 50 2] Fig. 2 Changes in biomass of algal species

AT B8R AN /N IR ST v LA A A0 PR S5 o I AN R A AR, W0 2-2E R T L 2,4-0F T T A A R R
WLBRY I, T EkZhRAE T, ARBESR X AT 0T . R 2022 45 5 T3 A A DGR 2 B -
e 3 J8 VAT AP IR 5 0 R R LR ) ST OGP, AT 5 T AN DG T R AT O B /NI i R S R vk
WELIA ) I =2 B O 3R o

20214F SOH 9 Hoy HURE S 4R D0 2] 2 AF 38 . /D IR JE i = E il o 5.58x10° 41
fil-mL™ A1 5.18%10° 41 i -mL ™" A B AT /K R BUK A SFPIBE T , BIK T o] R A7 7E B A i w0
INER B o T B AN IR R T DL R AR IR (4~15 °C) FIIROG IR S T AR K, B & 7E & Ze vk B
1, K BEAR AT AT R R BLIELBR R] Y SE A A AT 4 5 BURE i ZKORE 4 IELIR B R R S IS A i % B A AR
A, S B RS IR ik B N 40 2 R 2 (R A e I RO F B4, (HX R B ARG AR Tk %
23 EERKRYIRDH

W 2P, FEKFE PRI 2] 12 Fh AR bR S5 Y b i 8 B, I 2 ik 2k & (2-
MIB. GSM) il 6 FiEERALG Y (FFlE . THE . 280 . 2,4-B8 IRIE . 2,6-T IR . 2,4-28 IR
PRI TR uk, HERR B-IRAriE i MR I . W&l 3 B, 2-MIB. GSM MRSy + i
BRI, e BUEDVR B BIAE 7—8 J1, 2 HIML S {H (Olfactory coefficient) i 1.3 £% 1 3.3 {5, 7E
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il 2 iy 6 M EESALS W, BREE . TRE. %
. 2,4-0F UM . 2,6-T M EE . 2,428 T
FigE 3 5 A R R . L 2,4-0F T T Y T R
FEfR, N 23.04pg L, 4N OTC{H (4.5pg L)
() 348 5 BE I A fi o 0T VR B Ol 17.24 pg LT,
2554 OTC(3.0 pg'L ™) 19 5.7 4% ; T 09 = o
w034 gL', BT OTC(0.3 ug'L™);
2% WE 1Y e e O TR MR 29 OTC(3.0 pg L") 1)
245 . ER 2,6-T a0 W (B 0 VK

(HQMB%L)WIM HIaZY AR

BN B 2,6-T M EEAN,
TmSm%TEE$Hﬁ¢%@M%H£O
24 ERSESHERMEDT

M 4 L5 50T (PCA) S5 SRl WL, B
P X £ IR IR TR B K, o HE 61.091%; T EEIR
Z, I 23.51%; 2SN 10.72%. Bt
ik 95.32%,

[, SR A G o B 4 7 B 2R A
6 Fi VB AE B AR ) Z IRl e Rl B4
AL, NAEETR . BRAFEE 5 PERE R 2,4-55
M REY], T/, 2,6-T A 2,4-5¢
TR S A T A SR R DA O K
M 2,4-BF AT . BRI 2,4-28 AT AR HL
7 IR R P MBI A I 58 T Y e B VR T
ik H OTC iy 2.4 %, XJ i Bk 09 57 ik A 1 2
M, 5 EIE 21.23%, (H IR Z IS EE S5 A
FNHY 11 b B A O, JOk 5% I R TR
O R . IR R JR ST A CRIE S (L

Wk 5 R, B T at vk B 5 /N IR i s A
AT PR 1Y 5% B 2 A O (>0.9), BT fig
INIR R RURATSEE I e A s [FIAERY, TR
Jo e E S A i AL BR s i A e Mt A
(r>0.65), T-WE N BE Hy A< 3 & A1 S BR 3 g 43 Wb ™=
Ao MWELSHRT LI 8 H 28 H 5 TR
FEAEAT LIS, e E A b A
AR R T REYE o % R REAE A BIF 5 P R4S F
HEMR R, RIS A R AT A IF 5 .
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Fig.3 Changes in mass concentration of main odor
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Table 4 Principal component analysis results
W L GERRNRIEN SEI AT 7 AN
Mt FREHEG FR/% Bt TEEF FR %
PR 3.665 61.091 61.091  3.665 61.091 61.091
T 1.410 23.505 84.596 1.410 23.505 84.596
LM 0.643 10.722 95317  0.643 10.722 95.317
2,4-BE IR 0.160 2.675 97.992
2,4-% IR 0.104 1.733 99.725
Lor S HBTHEIRRAIR SHE K ELRN
IR R /RN % B B
AT .
05+ AR Table 5 Pearson correlation coefficients of
s B o-Ne--\-- 24- 2% S typical odor contributing substance
A with related algae
3 o0
N " B IR R A
4 L2
sl o 2.4 Pi s B T
| ReTE, TR 0.957
%fj}é{%ﬁ 3—:% . -
_10 . . . INFRIE 0.928 —
-0.5 0 0.5 1.0 SRR . 0.709
PC 1 (61.09%) o
. KR — 0.65
4 SRARILIRYD AR KM SR
Fig. 4 Correlation analysis of algae and odorant substances
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Fig. 5 Changes in typical odor contributing substance concentration and the associated algal population
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D) REMKBEP R R R N EE, KN 5.58x10° 41 -mL!, /NIREEE R Z, EHN
5.18x10° 4 s - mL™",

3) PCA 45 R, ZERM B 6 s b, PREE . 2,4-28 IR () e ik v 00 ) . T
24-%:%%%(‘Jgamﬁi{;@ﬂﬁﬁiﬁf%) AW o iy A0 IR R () A OC, BREE 1Y) BT RR{E A K (61.091%),

FER Z (23.51%) . SSTEXT (0 R A DTHR A 10.72%, H JC i i R R UE .

4) "W;&EE%H{%?@FPH@ A P24 2-MIB FIl GSM R 28, ZETF/K PR 4 BRLBR | B3 Wk [n) 3 3 2
H P2 X i WK TSR A o AR )RR XOIREE . REEERE . R EE
INEREE A Kﬁ%%ﬂiﬂ?ﬁ)ﬁﬁ@ﬁéiﬁﬂo
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Analysis of algae-derived odor problem in Hongsheng Reservoir
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Abstract A serious drinking water odor problem occurred in 2021 at Hongsheng Reservoir, and the main
parameters such as odor characteristics, odor substances and algae were systematically investigated in
combination with the water sample collection and analysis during the same period. The odor hierarchy analysis
(FPA) was used to assess the type and intensity of odor, and the algae and odorant substances were correlated
with reference to results of principal component (PCA) and correlation analysis. Among the algal species, green
algae and diatoms were the most abundant, accounting for 43.6% and 29.1%, respectively. Among them, the
greatest density (5.58x105 cell'mL™") occurred in the genus Starry rod algae. Eight olfactory substances,
including earth odorant (GSM), 2-methylisobornyl (2-MIB); heptanal, nonanal, decanal, 2,4-heptadienal, 2,6-
nonadienal and 2,4-decadienal, were detected. According to the FPA analysis, the drinking water odor of
Hongsheng Reservoir was a strong fishy odor accompanied by a slight earthy and musty odor, and the highest
intensities of both odors occurred near the Lotus pond on the southwest side of the reservoir. PCA results
showed that saturated aldehydes (heptanal, nonanal and decanal) were the main odor substances that produced
fishy odors, but the influence of unsaturated aldehydes was still not negligible. Heptanal and 2,4-decadienal
could be associated with the growth metabolism of the diatom genera Stellaria and Chlorella, while nonanal, 2,4-
heptadienal and 2,6-nonadienal could be the metabolites of the green algae genera Chlamydomonas and
Solidococcus. Cyanobacteria are the only algae known to produce 2-MIB and GSM, and cyanobacterial
outbreaks were the main cause of earthy/moldy odor in water at Hongsheng Reservoir. More serious fishy odor
problem in Hong Sheng Reservoir could be‘caused by the abnormal growth of Spirulina, Chlamydomonas,
Chlamydomonas, Chlamydomonas; and Chlorella in the water.

Keywords drinking water; fishy odor; saturated aldehyde; odor characterization; principal component
analysis
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