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TR 7K A ARy o ) vt 28 AR A A P R HASIN 5 9 RO I i

HEEY g R, Mt £ RS, TAH FRda ' RaE
(LR PR SHPEIREE P, WiV T9% 315211; 2.7 R KA S TAAIERE, Wil 770 315211;
3TN TTIK SRR, Wi TI% 315012)

BE: AWM, T AL Heik it fo e Mok R AR rm B, S0 A9 A KeRek A5 A T 2
FM, LP L2 E(GSM)Fe 2-F R F 3k BE(2-MIB)Z 4k A K WP 5% A S ) 64 d Ao ekt F. 22
W T X ARk R R o EAeAT A, BT BB BAE IR Rk R0 KRR R
Fott b b, B4 T IARRY RN AT ik, e, BET SREBAEREXRR RN R
Mo B AR 77 & 6 R AT, T A R KR SR vk B AR R R B A 2 i F A, AR A

IR A

KR Rk, £ RF2-FRGT AR, SAEMEK; BmlI K

hESSES: X524

TR K 948 42 5 1A 5 R B0 AR g B 0] 75,
HoH IR R R PRI K i B B SR pn 2 —. 2k
TE KK DAARHE(GB 5749—2022)M 7 T 7
TR IR AE AR 1SR 2R (GSM)FI 2- F JE S ¢t
(2-MIB), BRIEHI N 10ng L. T34 BF5E A1 AP
B X AR K MBI ) B 4 ) TS R 31 NI
FrRAE, HHr 80% /K IEAFAE SRR R] &, 1M H Hi
H AT 1R AL BT 2 (TR EE— UTE -1 I — 7
72X 2-MIB il GSM Y EBRECRA R, T3 L pr#
R 30954, T] st LA i the TT i 75 A TR A 4
JHEDRUBRE, 81 A 2 2 N SR AN SR O B2
FEEIE R SR YA O, TTRES KR B mIERS . i
RGN 2 G 20, DR T SR o g ke
14 22 R AR R A e ik R K Hp g MR 1) B AS SC 4t
XoF 1 R AR A X 7K r RELIA g I 1) 2 o i B R 1
HEAT T RS, BT T B R TR LR 4 Ay
DL AT, R MR S5 A 2 R ARG BRI TR
Sy AT B AR TN B AR

XERFRRRD: A

MEHS: 1001-5132 (2025 ) 01-0073-09

1 IRERMIBEHISRIR, SRR

L1 Rek R0 RIR

SRR () ) R IR, RHK R Y
WELIDR [ AL DA T Sk B 7K e Sk () A 2o 78 rh 34 7
A& 1), FEAFELL T ILASIT E:

(WTEAKEE . WA L S K I, AR o3I
IR 32 2 R TR A A K AR AR T
B AAE RIEP UK | W . T A I S A
1965 4, Gerber ZE P i 4y B 3240 T GSM;
1969 4F, Medsker VML R HhAr B Bl T
2-MIB. FfifSTEREZE B 1 IRRY BT, Horpi
WR F R, ARG N 22358 (Aphanizomenon) |
e 5 & (Pseudanabaena sp.) . Wi (Oscillatoria) .
MRICEEJE (Lyngbya)35. 16 H AR T, HHYIBIE )
Joz B, - 5 v A BILET L 2 A AR IR, X
AL o3 T B i 1) ok 7 rPORE IR 25 Rl R A AL
eEY, TRES MR AR A U6 LR k.
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(Q)JEI Ak Bl A BRI . KK K
AR, JRAEBE T2 A AL (AN R i
AALY . BRERENAE) AT RE S K R A B OB A
SRR 5.

() RITLRU il A My i AR A AR A8 T
MR EOR AR Y 2 E 5

WIS THHER" THBERFR A

LI N
w.v""' :\,wv ¥ .
- PIERIE G =

—

—

Ems] (kMR ANGE
B 1 RERMBREEERIR
1.2 ReR i 8 5 R Fokr At

TR 7 MR 5 PRL2 24 i X R 9y [t e 22 THT Y
32052, R RK P IR SE | IR
DAR UGy 3 R Horh, B i e iR )
(0 F2 2 8 A, AR AN 2 i DL 1.

&1 RAKFREYMESEREEHRY

R B S (LY SCHR

7R GSM, 2-MIB, [9]
2,4,6- =G i A ik

FIR. RAER —Ge . [10]

2k Al W [11]

LW NUS B-FTHEERE . W 3-C-1-BE . [12]

ZRIN-3-E Hi5-1-TE
2,4- MK B [13]
2-F -4, 7- M 58 = it
2-5¢ THE3-FASEE . [14]
2-S T FE-3-FH A FEnth e

PSR | B LR

THEER . Bk

e B R HSLRCT S [15]
SFEM . B R T [16-17]
Rk, A

ENGIEE SO RN ARl e (=
DCEEARE J2 B S B T 45 AR AR A ST A
BT P BORMITR. £ 2 BT 24
R T A AR DG AR v, B AR KT Hr IR 78 1)
TR TRERMR R T, HFK IR % R
PIIF L GSM Fl 2-MIB fc ki, HAF AT PR
fE. @It 2 n] IR R G LR 4 A4S B LA

GSM il 2-MIB X PIFHRERY) N 3, HARERR(E
brivg (350 m =R (LA ES S LS A ) | s X O S T
JBLR DIRAR A AR UOK 2 4 SR, L, 7EA
SCHA X LR 47 S5 F Ak B ARG I AT A s
BLEFXT GSM 1 2-MIB 33 P F 35 e 47 .

%2 AERRYRARA

Prife WELBA) I EE@_/I jc
(ng'L™H ®k
(R FHKAE A ) (LU=} 10 [18]
(EU) 1,2- LK 3
CHRAAOKBARIEY  2,4,6-=40K/ 200 [19]
(WTO) Vv S 300
(ER—Zk KK S 600  [20]
JhRiE ) (US) R 1000
CESRAOKBRMEY AR ZHER=Fs 100  [21]
(HA) GiES 200
(AR K DA GSM 0.0l [1]
) (GB 5749—2022) 2-MIB 0.01

2 EBRKHIRGEM RS RELE

GSM 1 2-MIB Wb FAEERREs s, I
PR RRRE, X8 AL KA B T2 A —
SREIR VAN DAY Y e = iR G B2 B NS S
YRR GSM 1 2-MIB. 5248 k75 (Advanced
Oxidation Process, AOP)/& PA¥23& H H3E(-OH) N F
BRI SA M & A N, il B TS g
Y Z RN BUR . PR S ML S Y 4
T 2 A IR R AR SO B SR AN
BHA | RA RIS HAR A = E AR
(4n Fenton 4k FNER 7 S AR X IR 5T 19 2Bk
PEA T IR S A B AR I R R AT B 43
2.1 BIBABEAR
2.1.1 ¥ FA T AME

i 5 AME(UV) Al A AL S (HL0,) IR A 1R
FHAE R E AR, UV AR HoO, 430, 8 H
HIHFIEH.

H,0,+UV — 2-OH. (1)

Tan ZPWESZG & fIdRsc s b iise 17 uv/
HO, 8 R, B H0, % (381, 2-MIB A J:BRAL
IO, e 0] ik 96.58%. Jo 5P UV/HL0, W fift
T GSM. 2-MIB. 4 Fh=piH Ll 6 FhxiftZm,
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HRUE, 2% YO LR 5 1y 8 S A A B R HAGI 5 YR ) DS Tt e 75

2-MIB 1 GSM HJFEfEZTT I8 90%, 45K KW
UV/H,0, 1] LA b 42 3 S5 R R 22 w7 4.
I, RGN I A i A R Y A A AR
71, Refl s L BRIIR ) .
2.1.2 RN FA T AR 3

BRERAR H H 3L (- SO, ) AALIR R LA 2.5~
3.1V, Has 5Ur2mIURIYGsE Y, UV BRGNS
R R ERER(UV/PS) ] =4 - SO, , - SO, HKk . A&
AR Sz A Jif- OH.

S,0; + UV — 2-S0;. ()

Xie ZFPYHE5E T UV/PS K & 55000 PDS, UV
TR R I REFRRCR, 45 REFHITE pH 7.0, 2-MIB 40
ng L AT, UV/PS R BB i i1 2
MAKZR. Y4fbAtEa 2 600s, PDS A 10 umol-L™
Bt UV/PS R Z X 2-MIB [ A%% F 86.0%. [F]HT
ISR P 1 SE IR T UV/PS R EA AR A
AT A SERR KR Y 2-MIB F1 GSM, 468
ARk /D 5 2 AT B AR T A T EE R )
(DBPs), X REIR KA % 2 HAAEEE L.
2.1.3 4 BEAR

TEANR IR, e RA RO, Al
TEEEYIRN, g A HE(CHARRERR(HOCT), i

S R AR SRR TR A AR, BB R R A K
P R

Cl, + UV — Cl +Cl-, 3)
£

HOCI + UV — Cl- + HO-. )

Kim 224 T UVICHA R 5 B AR & |
UV IR RIWAEBIRCR, 4583 254 nm 4b1) UV/CI
KA BIAE 40min A1 1h N4 GSM
2-MIB, FEFFCRICT RS IR R AR UV £
Z. Ma 2L Hi4E GSM I 2-MIB Jfi ik BE 4
100 ng' L™ 94T, UV/CLAE 5 min N 2[R A] &
90%, TAXfHH UV si& LT 60 min A gk 2% L
BRR, E—24E/R T-OH fil CI-%f GSM Fil 2-MIB
FFRIM DTSR, FEHH-OH 2 i B2 1Y RS I .

UV HIG IS B n] LARE s KR BT 3 ROCR,

SR A LTS I HLV T R 3, EA S K R A L
Wy SN2 B = Y e (THMEs ) R A LA L™,
IR UV AT LU Bl DX SERI =B e i, (E58 4
THEREAN IR R — DR

22 REBKASHEAK
22.1 RRAAE

AN AT, oT 5K Ao &L
JE, XA HLI A PR RS & E R,
SHEMIs Y Z RIS T B AL, R R,
A3 A EALRE S SR AL A 3, LSO
REFHR. TR BLREXT 2-MIB Fil GSM 255 £
BLJE-OH [AIHE4AA LI VE .

HAER: 15 Y+0s— PYEchEY),  (5)

[ 159+ O0H — F=¥sk H a4, (6)

PMERSE PRI 1k B AR P R AL BT X R T
FOKT B K BR#EAT T b F 25, Hodh Mk M) B
2-MIB Hl GSM [ i 2 BRI AT ik 98.0% il
49.3%. Chen Z5PWErfifscibrh, 1 4 ML B,
A REALTETE LU, X IR R R 2L PR CR
11T, AR AN sRAE e T 2-MIB
M GSM EBRECR, BRAEAFRREEN 1.0mg L
I, WA K 200 ng- L' (¥ 2-MIB il GSM
Ay IR 2 0.1 1 3.85ng L™

FLA R — R LKA BA AR, By
O et i iz F FK b3 T2, R A 5
TETK H B PR TR 351G, DR ok o H At 47
KRB G5 A AT LA 5 22 BR TS Y R AR,
D IGSE T AR PR R, [A] I 2 R4 1A A
IR T e .
222 EEAEBARESHER

() RABA AR, fEREIER b,
IS SR AL S U LAY A AR, A B 2
EREE S S iR

H,0, + H,0 — H;0" +HO, , (7)

0; +HO, — HO- +0; +0,. (8)

WL A AL T E BT B 12 R Ak A e
WELBA A o [ A, AL S B op HLAT SR PR, ()
i A P A P A AR YRR R T B LR 220 B0 7 B
R, R Beniwal 25552 ] O4/H,0, T 25347
TSR, EA R O BN . Oy/HL0, aht L
LEARBARIT T 2-MIB Fl GSM R IEIER 4 i Fl A
HLK A 25 BRACR DL R Bl = A R s, 445
FW] O3/H 0, T ETE BRI Y B A R AR £R AE
BT T HA B RCER.

IR OyH 0, BARFEARZIE I F R R AT, FF
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W T RS G B AU, EX S SRR R 1 Y )
SRR, 75 HA AL BRE RS, FESEbR
I, T BRI LA 1 T SR A A SR P A S
FHE.

Q) R A I B AR . R S H i 1k (Electro-
Peroxone, EP)f ARFHG T HILZE IR AR, %4
RIS TF r b 2s i, Bl s 5 PR . BAAR AN
LA DTV . Y L JIIE L A 2E s, PHAR 2 & A
AN, BAM S kAR IR . FERAMR T, H
T 5N T 7 A 3 S A o S RAE, T LA
PR R A BT LS R K B, it
BRI A ARNE TR MK iR A HLTS 4, AR
AR T KA pERER ",

30, — 20;, )

O3+ H,0 — 2:0H + O,. (10)

REESED T LR R - W T R
(EP-BAC) N ER T Z AR R /KGR EE b PR i 1
WRE T HeERET T4 ER, X2k 2-MIB /Y
ZBRFEIE 90%, HLiph KT AHRFRTE SR LAGHT bR
HEXT 2-MIB BYFRHI(<10ng-L™"). Yao 2 T
WAL A EP AN OK H 2-MIB 1 GSM 119
SR, BT TR RR R O5 YA . -OH AYF=A: |
2-MIB Fl GSM W EBRVASIRFRER IR IR, 4553
HH B B A 14 hn R AU B ) 2% 1 BB S [ AR
2-MIB 1 GSM WM, {HJE S FEOREIRFRER Y
JER, T EP #:X} 2-MIB #l GSM iy £ B% it T
WL AR, ARV RIRE T 05 4rff R
A MEEATR, IEHIRERER AT S s

B AL AR BT A e T A% B8 R LAk
2K B A P R R RCRAG . R Z£ | BE
FER SRR, (HRI A R BRI, i1
TEREAT AR R, AR 7 A 2R ) e T
iF— R .

() FLABA AN, UV LR O5 EAL i H:
RIGGEA AT P24 K- OH, X 28 [ty JLAE ALk 5
KT Y R . AT R R AR, SRAMR
PV FE AT DASR i S AU AL fb ke, DT a2 Ak 3
b AR ) R ] R TS Y B A

03+ UV — 0,+ -0, (11)

0 +H,0 — 2-OH. (12)

Berlt ZEPMPEAE T UV, O3 Fl Ox/UV X4 J8ikE

A GSM il 2-MIB AR MRACR, 4553 IH Bl
UV RSN 30 PR 40 I 1) o i SR AN B
FERE TR B 15.84 mg- L (9414 F, GSM Al
2-MIB 1255005118 65.7%F1 63.0%; TEBE UV
FFATR) R AT R B 254F T, O5/UV X GSM
2-MIB Y EFRZHIG AT IK 90% L) |, FEMSUR B,

0,/UV &l KIE 1)k B B4l T & FIE
KA. 53 TR AR S, %4
B AN A BT R H 25 M08 () 7K 5 R0 28 SR
PR, R RB AR —E R, RAAEK
ML RCRIEAE, FIFRANE, FEUB AR
SRAR R, HOZACFE T2 H Ak Je 4 A /N — 14
bk .

(4) R ERA IR . K S (Micro-
nano bubbles, MNbs) 27K FAFFEREBHHUINAE, T
2 M BIE I TR B AR AR P | V5 e FeBi A K
AT FIAE Y B2 S . B O; FIl MNbs 2547, 1]
DABE i 5L AR5 T TR AL BRI, T T4 o B AU FE
IRV BV AR, JE RS A K AR R A 452 B st
AL SRR ZS [RII MNbs 78 FHBR 4 3
T BRI R L, AT R A S A P

OH + 03 -0, + HO,, (13)
HO,” - H' +0;, (14)
0, +0;—0; -+ 0, (15)
0, +H — HO;-. (16)

F AP B4R AL G AR B R R AR A ok
SRR IAT TR EE, 358 T Ll i ik R 40 2
J5 B H BLAE R A GSM Al 2-MIB [k AR Ak, 45
RIS 54 TR SRR B 22 -
95.0%1 91.3%, IR FR WAL RE 1 RIRSET,
H R EMAOR S R R 5 TR A9 10 2 BRBE
NRFRAMGHUHIER.

TR RIS R A E A BRI AR R
— Pk IR SR, RS J2 BR ISR )
J, T ELAEMERE AR TR . i AKIE R AR R TR
HEF ST ZN A, 232 K.

23 AMFZBAEMLEKR
2.3.1 Fenton &/t

Fenton ki A a5 ek 7 (Fe™)
HEAL TR B AL B, ERRME AT, AR
F Fe™ JW A i -OH, X8 [ iy 3 HoAT o S8k,
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Al LSRR SR L)

Fe’"+ H,0, — Fe’ +OH + -OH. (17)

de Freitas 2P ™MESE 116 pH N 3, Fe™ Tl vk J¥
N 10 mg- L, HyO, R EE N 75 mg L (i fE
AL I UV SR B K FHYGHE T, Fenton 1.7
X} GSM Fl 2-MIB R fER AT IAF] 80%LA I-.
Fenton VA4 AL 5, SN PR HLOR 2% (A AH X T
{8, R EE B, HIZRY FWRE K,
ARFR G BK AT RERS GBI, I Had i Fe® ek
LTS K H ) COD Ff 77 A —Rki5 Y.
232 #E A

T 7R AT T ) P R P g A v B R Bh A g
TS P AR R ER, FEASURT LU P4
ARV ey 22 0] 1 S5 L TR, 18 BE A R0 A 3R
HHI A, KL ToHLY, $EFxa AL
S/ NER

Nam-Koong ZEPMIFST 1 8 A5 0 A [ 7K 3 o
(F 7K . RAS RIKFI RAS #E7K)H GSM F1 2-MIB
HIEBRAEST, 76 GSM Fil 2-MIB W) 44 kv i 4351

95 gL 1 100ng- L', 850 kHz & 15 min
BT, XF 3 Aok IEFTH GSM Al 2-MIB 1 R
RIIME 50% 75 A7, [RIHRIE T s S AR 7 %
GSM il 2-MIB MY EBRECR, S5A R i 75 1
R AR T AR 5 1 R SR

VR R (AP N R R 2o | R (SN ]
il FLUR SR PR, (R R B AR A R, REFER L
Xof R e B P2 K R A BLELAT — 5 1 JR B, 38T
5 A AR A AR FH A o LA Ah

BREPAEAR BB B Wk 3.

3 IRERMRE WA

TR K Hh IR 5 A o Bk E BRALAE gL,
AL M P A o 1 000 0 T 9 T B LA 1 o R
RIPE.

AR TIERE L . A RS- T
HAR(GC-MS)., LAk 22 AL AR VL A S 9 o e it
PCR 1% (qPCR) X WELIA 47 Jo Ay A 000 Jsst 342 R A e i,
AR AR Tk He g 2t WLk 4.

R3 BEBRERUEARBMERS

PRI Jiik {05 [ SCHR
FONKE FAVIERALE BEMACRE, HBERDT YT AL, A EHA —E ML, % pH  [22-23]
HoAR A 2l
SOV RRRE: BB, ERER )T, RO XKBESRE, 52 pH ER I [24-25]
JE PR
ELAVE KRBTSO R, AT A RS AR, A B T [26-27]
ey, NHIR
SN REENL  BEANERE R, AR B S, BERREOR, AEHLMAE  [28-29]
PSEES N £
REEGTEE WD T ZRTGHRRR, D TR R SREBERE T R IRCRAIR, S [30]
SR (ST 55 HAt A PEAR TR
REAME ek, BP0, REFEIR BB ANET T IRA B [32-33]
REEVESN BRI IREMERE T, XIKBRR) W RERE, wimiAs [34]
T NP
SRR T AL ORI 5, AR RO, BRI, BeRnaf 2ok [36]
SN R [
HAbmZ%  Fenton At FALHEARE, ROEEEN, RN AHGEHMKATRERABIG, %k [37]
SEMBAR (GROES VSEES
AR AT RGN, R AR ARG, BEFER, XTT [38]

i LS D3 JEE P

o VR R TR K AL B ELAT — S Y SRy BR
P
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78
R4 RRYBRAETF ARG E
Ry v oA, B,
MRS R RN MR, 1f Z MR B
H(FRA)  FRfAsA K, 52 F WL
Wik, EAE M2
MU BRAEMIR, BUARER MEZSRIRER,
(TON) I, B EEITEMK Tk, i
HH R IELBR iR PE2, BEAT Rk
KAEAEH
WLBRIZR AT BT XK o AR Rl 25 5 &% 2 A4 1Ak 2
W(FPA) KRS HEATRONG R, TR
WRREA, nTIRFEE A b LR A T
oraEtksve B EtERE RS
SO RBUE S, R RS A
EIRHEAR  m, BITRCR R, N ST A%
(GC-MS) &
M AR ARk T B, o o PR, N S PR A B,
7% RIWE i o BAR LA
LR R AP | ERR S X 514 T A S
PCR(qPCR) /KRBT REEE 30 45 ds il 2ok
FSliSES [

W3 RO E T RE T,
3.1 BESME

WEL IR 497 ot 119 JE B A AT T A e N 2 o A
IKAE, 38 2 PELBE RS 32 LJERSZ SR AN /K Hp B
Wy RE, EEAURELAT 3 R ikt

(1) MELIR 45 2 41 3% 1 (FRA) 2 3 1 180 28 b vE AL
FSER e, XTI SR | TR T A
IR, 27 Re TR AR UK S R R B, (HAE
Gy Z AN FIARBER A, H AR S AT #6 TIRLR )
R S, R M

(2) MR [ {72 (TON BT LA (R KA 1A T
R 2 A B S B i B A B AR s
RN, TR ELR AT S R E A
TON eSS RIRZER, Toiket:, itz B
MEA SOHEE . BRIV BT R

N=(4+B)/A,
R 4 FKEEAATR, mL; B N IR KAARFH, mL.

()R 2 VR A3 HT 1 (FPA VS 28 P K& I 2R 43 BT
HBOKFERIE IR G B KRE, FAIE B ST R
SEMERT BT [RE ot A RO, TR BN A R (2~12 )
TSR MR BRI BE. 12% J5 1 v] 38 B0 o 8 1 A 1)

(18)

TR, HATBSRAENME, SR ASEEKESHr
BRIEJS 2%, LT F SR F KSR WAL

BE TR AT B EZ AR &, BT
B P Ao ) A R 2, (R 45 SR A2 B o #r
NGB N ZE | ABEAE A AR E A 22 53 5
K, o B H A BT Iy vk 4l A DURR DR A T 45
A AER LA ] SRR,

32 AME#E-FEBABEAK

GC-MS J& HATRES malG A TR A ML
FE AT HT B TR vk, 5 AR A BB AR I
WELLR ) o S i B B T s E . W E
RN PR ZEBUE(LLE) . IR (P&T)
P PRI M A< HU(SBSE) . [EAHA<HL(SPE) . [EAH%
#EHL(SPME) 4 Jy 142!,

Wi PR B 3 SPME $5ARi%8: Thermo
Scientific™ ISQ 7000 GC-MS, ¥ 7% 2-MIB #il
GSM [ ERCE | RAE RN, R AR H o
USRI 049 F1 1.0ng L', W BB (4
TR REARE ) A PRI ZR (< 10ng- L"),
Ding 25" R TH 23 [& A 2K HU(HS-SPME) 5 {21 -
JoT R e R AR S T — R B A i, T IR
B AT KA R 5 FRARYI, U35 GSM.,
2-MIB., — A =FiBEDMTS). B-FFEREA p-
v

SAHETE- BT B AR LE LR B o 2
HBEMIS, BRSO AR S A 2
52 2%, AH i R A L AR A A B AR AR B 1
WELER A 0T, e T IR B TR 2R . 53 Ah,
GC-MS AL T @ a¥ensrsne i, A xon
SFEE AT R Z R G Y, I RS S p
FEORTFONHLZEAL, (EHAEIRAK . FREE MDA Tl
N A EAE Tz B R
33 BALFHBRE

H b 22 A% J g 2 1) T vl Al S B, K Al 2
3 B B AR A R LA S A LK R RSO, AT Sz B
R A2 Ay SERTE B BT, BRI
B IR R O sz 31 06, Hidb d b 25 A% R T
s | fRTH L o) Rk R R A R AU v A TR
g A 0

Xiao Z & T —Fh AT 2-MIB BREEKGINAY
A IR, TR R SO 1 H A2 A% R
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HRUE, 2% YO LR 5 1y 8 S A A B R HAGI 5 YR ) DS Tt e 79

AEAKM 2-MIB, FREF S0 TFHLRAY
(MIP)#HEZE G, MIP FTHERIESS & 2-MIB I
Aoy F 0 TP, FAZFAAD L Rk BoR 5
SH 2-MIB SRR, A5 B e T R R R LT
N ng L7 B9 2-MIB IR B A1 S ) R A
Mg, HY GC-MS s R & kity, BA
SEPRRFH R AT AT, AR R T — R T
TE B AR ) LAk 2R AR IR, (R )4 e o
Rz GSM [ T LR AR, 252 3REH GSM Y
IR 5~200ng L', SR MRS Sng L',
AR B H R AN GSML.
34 EBFRXZE PCR

KERIFKTEH A 2-MIB 325 220K At
WA, MFZRESR AR 2-MIB 24 CTRE
FEPR ], R T SER O i PCR (A4
Hiu o3BT 55 LR ST A DG 1 JRE Rl 2.

BREPREET 2-MIB THRERLE S, &
51 SRR IR K PCR LG, M TRT
2-MIB MIREREAE & PCR ek, HREARFIK
TEHBRE S, BAE 7% RS A — k. Lee %1
FIHHTFE A5 1% i 3L K 2-MIB F1 GSM 7 7
TxER PCR W7, S5ALUESE [ LR i I R 37 7K
T2, FIFH qPCR A 2-MIB F1 GSM A Al i
FERERIATHY, I H AR AT B o8 T R /K o 5
.

qPCR FE AR HRGH | I RS I /K AR S o
RESLA A F 2, MMTRERE B BUEAE ), IR T KR
i RIS L R B 4K

4 RESES

Bt 5 70 o A B SR PR 3 I AN RS R 3P A o 1Y
$Tt, KA LR PR R AT 2 L. ARST
T EAT N M TR LR o SRR 2- YRR SR A,
W T i PR AR AL LR S A B T A,
AL SN AT R A B SR I B S 1Y
AT, RS T RBRYI R A 0 Ml AR

(1)l SN E A B AL BERLR P 5T, 5 2%
SN TR BATHE— T, AR S A1k
EHARMISS, [ I E A A A 1 e IR 5 (1
HRIE =Y, AT R B R kA, LR
P R R T R AR B

Q) RAMAPKR IR EAR M T LG R
AAMBARE AR EIMR, R T REAH R
s TR AL A AL RE ST, H3ZIRT H AT
I F-Be A 261, B AR R S Y b TR P D B
ISAFFEAIENE, A frik— 0T,

()X TR Y B ORI B, H AT Y2
S TG - OB EOR, (H A AR dh
BPAL BRI 2%, DRI R SR i 2R 2R B Sy i o8 R v
AR BT TR AT HOA, AT IR o 52 P (R AG 0 7
AT LIS 2z N

BECHEk:

[1] GB 5749—2022. A&k FHK D AFRIELS).

[2] WANG CM, GALLAGHER D L, DIETRICH A M, et al.
Data analytics determines co-occurrence of odorants in
raw water and evaluates drinking water treatment removal
strategies[J]. Environmental Science & Technology, 2021,
55(24):16770-16782.

(3] ZHAl, R, BAER, 2. oK L ZXRIRYITTY
LB &R R OK TlkiT), 2008(1):
29-32.

[4] LEE J, RAIP K, JEON Y J, et al. The role of algae and
cyanobacteria in the production and release of odorants in
water[J]. Environmental Pollution, 2017, 227:252-262.

[5] ANTONOPOULOU M, KONSTANTINOU 1. TiO,
photocatalysis of 2-isopropyl-3-methoxy pyrazine taste
and odor compound in aqueous phase: Kkinetics,
degradation pathways and evaluation[J].
Catalysis Today, 2015, 240:22-29.

[6] GERBER N N, LECHEVALIER H A. Geosmin, an
earthly-smelling substance isolated from actinomycetes[J].
Applied Microbiology, 1965, 13(6):935-938.

[71 MEDSKER L L, JENKINS D, THOMAS J E. Odorous

compounds in natural waters. An earthy-smelling

toxicity

compound associated with blue-green algae and
actinomycetes[J]. Environmental Science & Technology,
1968, 2(6):461-464.

[8] MEL SUFFET I H, KHIARI D, BRUCHET A. The
drinking water taste and odor wheel for the millennium:
beyond geosmin and 2-methylisoborneol[J]. Water
Science and Technology, 1999, 40(6):1-13.

[91 ZHANG K J, LUO Z, ZHANG T Q, et al. Study on
formation of 2,4,6-trichloroanisole by microbial

O-methylation of 2,4,6-trichlorophenol in lake water[J].

Environmental Pollution, 2016, 219:228-234.

[10] 5k7k#E, LR, EA&H, 5 FREDAKBIR R



80 TR (PR ) 2025

K FEIRY ORI, FREER AR, 2023,
43(12):65-75.

(117 FER A, BRIEXL, Xk, A, R pg A S sk ) ot
TE TN B B A b ) A S e AR R DR 0], it
IKFEA, 2021, 15(6):6-12.

[I2ILIUT T, YU J W, SU M, et al. Production and fate of
fishy odorants produced by two freshwater chrysophyte
species under different temperature and light conditions
[J]. Water Research, 2019, 157:529-534.

(13] HWeA, IRPia, JKAESE, &5 JeT Tiss AR BREE Y
BRI LL A RAAE A B S A TR M IR IR 0], B
TR, 2016, 37(23):304-310.

[14] S F), Vi, 58, 5. FHEWIKIE ISR Y
J I R 5 PR BT D], BREE M A B S HOR, 2021,
33(6):44-47.

[15] BYRD J F. Applications of sensory analysis for water
quality assessment[D/OL]. [2024-06-12]. https://vtechworks.
lib.vt.edu/items/b818549d-eald-4056-8e54-a2c6748a727d.

[16] BXek#4, Rk, SUBRE, & EThisUHE T IR O
TR A R AR AR 40 T 1) S E (7], AR, 2023,
44(4):247-255.

(17] XUy, FRMSEE, SRAM, 2. HEAEE LI
RIS HT ). E R 2R, 2021, 21(8):224-234.

[18] 32020L2184. Directive (EU) 2020/2184 of the European
Parliament and of the Council of 16 December 2020 on
the quality of water intended for human consumption
(recast) (Text with EEA relevance)[S].

[19] World Health Organization. Guidelines for drinking-
water quality, 4th edition, incorporating the 1st addendum
[EB/OL]. [2024-06-12]. https://www.who.int/publications/
1/item/9789241549950.

[20] United States Environmental Protection Agency. National

primary drinking water regulations[EB/OL]. [2024-06-12].

https://www.epa.gov/ground-water-and-drinking-water/
national-primary-drinking-water-regulations.

[21] XA, AlBH, FEAT, 55 HARE R KK bR
HE KRR W EZKHEK, 2016, 32(8):8-10.

[22] TAN C Q, GAO N Y, DENG Y, et al. Degradation of
antipyrine by UV, UV/H,0, and UV/PS[J]. Journal of
Hazardous Materials, 2013, 260:1008-1016.

[23]1JO C H, DIETRICH A M, TANKO J M. Simultaneous
degradation of disinfection byproducts and earthy-musty
odorants by the UV/H,0, advanced oxidation process[J].
Water Research, 2011, 45(8):2507-2516.

[24] XIE P C, MA J, LIU W, et al. Removal of 2-MIB and
geosmin using UV/persulfate: contributions of hydroxyl
and sulfate radicals[J]. Water Research, 2015, 69:223-

233.

(251 WM. S50/ BRERER A AL BRI i IH 2 ™ P A
BURLREWFFE[D]. MR MR /RIE Tl K2, 2015,
[26] KIM T K, MOON B R, KIM T, et al. Degradation
mechanisms of geosmin and 2-MIB during UV photolysis
and UV/chlorine reactions[J]. Chemosphere, 2016, 162:

157-164.

[277MA L F, WANG C Y, LI H P, et al. Degradation of
geosmin and 2-methylisoborneol in water with UV/
chlorine: influencing factors, reactive species, and
possible pathways[J]. Chemosphere, 2018, 211:1166-
1175.

(28] Fhe, TREL RATEME R T2 X HLAY 25 BR8CR oHr
U], BB AR, 2021(10):62-66.

[29] CHEN S Y, DONG B Z, GAO K, et al. Pilot study on
advanced treatment of geosmin and 2-MIB with O3/GAC
[J]. Water Supply, 2019, 19(4):1253-1263.

[30] BENIWAL D, TAYLOR-EDMONDS L, ARMOUR J, et
al. Ozone/peroxide advanced oxidation in combination
with biofiltration for taste and odour control and organics
removal[J]. Chemosphere, 2018, 212:272-281.

(317 WM, B2, BRIK, 2. WLAEAL+ R P A HOARKE BEED
PR, A A TARUE ST RE, 2017,
37(9):100-101.

[32] ARHE, TEICHR, FEWkAE, A5, 5™ HO, ALK
FHKERFE AL BRI [T]. ok BEAR, 2023, 42(9):74-79,
209.

[33] YAO W K, QU Q Y, VON GUNTEN U, et al
Comparison of methylisoborneol and geosmin abatement
in surface water by conventional ozonation and an
electro-peroxone process[J]. Water Research, 2017, 108:
373-382.

[34] BERLT M M G, SCHNEIDER R C S, MACHADO EL,
et al. Comparative assessment of the degradation of
2-methylisoborneol and geosmin in freshwater using
advanced oxidation processes[J]. Environmental Technology,
2021, 42(24):3832-3839.

[35] SOYLUOGLU M, KIM D, ZAKER Y, et al. Removal
mechanisms of geosmin and MIB by oxygen nanobubbles
during water treatment[J]. Chemical Engineering Journal,
2022, 443:136535.

[36] oMk, RAANAR IR TR i ML Ry 5
AIREE S HLITFE[D]. Trm: 7RSI, 2023,
[37] DE FREITAS A M, SIRTORI C, PERALTA-ZAMORA P
G. Avaliagdo do potencial de processos oxidativos
avancados para remediacdo de aguas contaminadas com
geosmina e 2-MIB[J]. Quimica Nova, 2008, 31(1):75-78.



5513 HRUE, 2% YO LR 5 1y 8 S A A B R HAGI 5 YR ) DS Tt e 81

[38] NAM-KOONG H, SCHROEDER J P, PETRICK G, et al.
Removal of the off-flavor compounds geosmin and
2-methylisoborneol from recirculating aquaculture system
water by ultrasonically induced cavitation[J]. Aquacultural
Engineering, 2016, 70:73-80.

(391 By Mo (i v ) s /K b SRR [0, )AL,
2022, 50(17):134-136.

[40] XULE, sKEAE, 4Rt KPR A AT I I LT ).
FHFHE, 2018, 45(7):32-34, 38.

[41] 5Kbg, skfad, £5°, % MRZWIRE riETe K
K s B (0], 7=l SRR B 1R, 2014, 13(20):74-
75.

(42] W% . DRI MR RV K Lo ik W e itk g (0],
JKEAR, 2019, 38 TI) 1):11-14.

[43] ¥i%:. 5 SPME-GCMS 40k i K L
Yol b R AN 2- WIS E[T]. Bl S PRRBHE,
2022, 3(2):123-125.

[44] DING Z, PENG S F, XIA W W, et al. Analysis of five

earthy-musty odorants in environmental water by HS-
SPME/GC-MS[J]. International Journal of Analytical
Chemistry, 2014, 2014:697260.

[45] XUMS, XUJEZE, XU, 45, HREET5 0¥ T EERLAL
AR AT TR R [T]. BUARAL L, 2020, 40(6):29-32.

[46] XIAO J X, ZHU S M, BU L J, et al. Molecularly
imprinted heterostructure-based electrochemosensor for
ultratrace and precise detection of 2-methylisoborneol in
water[J]. ACS Sensors, 2024, 9(1):524-532.

(47] 2. Ak AR R AR D K BRI SRR B BT
D). dent: HE#FUEAERD), 2020.

(48] FRIGEER, Jidim, REF, 45 FETHOLE R PCRERH
KPR B RIFLSL 5T 2- F B S P () DA ke S
NI, B T AR, 2020, 14(11):3208-3215.

[49] LEE J E, PARK R, YU M N, et al. qPCR-based
monitoring of 2-methylisoborneol/geosmin-producing
cyanobacteria in drinking water reservoirs in South Korea
[J]. Microorganisms, 2023, 11(9):2332.

Advanced oxidation treatment and analytical detection for odorous substances
in drinking water: a review

GAN Huihui?, YU Mengfei', LIU Chengyin’, CHEN Xiaoyun’, LIANG Bin’,
WANG Nianbo', LU Dingnan"?, LUO Jiayue'?
( 1.School of Civil & Environmental Engineering and Geography Science, Ningbo University, Ningbo 315211, China;
2.Institute of Hydraulics and Ocean Engineering, Ningbo University, Ningbo 315211, China;
3.Ningbo Water & Environment Group, Ningbo 315012, China )

Abstract: With the rapid urbanization and industrialization, coupled with the increasing impact of extreme
weather events, the water quality of water sources is deteriorating. Consequently, there has been a growing
concern regarding frequent occurrences of drinking water odor problems. Among these issues, geosmin (GSM)
and 2-methylisobornol (2-MIB) are recognized as the most prevalent odor-causing substances in drinking water.
This paper primarily focuses on discussing the sources, classification, and standards associated with these two
types of odor compounds. Additionally, it introduces the principles, advantages, and disadvantages of advanced
oxidation methods for removing odor-causing substances from drinking water. Furthermore, this study
summarizes existing detection and analysis techniques for identifying such odorous compounds. Finally, it
presents an outlook on the prospects of advanced oxidation technology in both removal and detection of
odor-causing substances, together with proposals on future research directions. The findings presented herein
provide technical insights and theoretical support towards resolving odor problems in water quality management
while ensuring safe drinking water.

Key words: odor-causing substances; GSM; 2-MIB; advanced oxidation; detection technology
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