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Abstract Aldehyde odor substances have always been detected in recent years in winter for JH
drinking water treatment plant in Hohhot city of northern China, which with the resource water from
Yellow River. Conventional treatment processes such as coagulation, sedimentation and other effects
on its removal are limited to control the aldehyde odorants, other treatment processes need to explore.

In this paper, potassium permanganate was selected for the oxidation of five aldehyde odorants,
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trans,trans-2,4-heptadienal (tt24hept), trans-2-octenal (t20a), trans,trans-2,4-octadienal (tt24oda),
trans,trans-2,4-decadienal (tt24dda) and p-cyclocitral (f-cyclo), which were detected with high
frequency and concentration in JH plants. The oxidation removal, kinetics and mechanism were
investigated. The results showed that at 20 °C and pH=7, the removal of the five aldehyde odorants
was over 75% after 30 min of oxidation by 2 mg-L™" potassium permanganate. According to the
kinetic analysis, the oxidation of the five aldehyde odorants by potassium permanganate belongs to
the pseudo-second-order dynamic process, and its pseudo-second-order rate constants were
5.25x10%, 2.66x10*, 4.50x10*, 2.71x10* and 5.37x10° L-mol'-min™', respectively. The higher
number of carbon-carbon double bond and the lower amount of methylene presented in the structure
of an aldehyde odor substance cause the higher reaction rate constant. At the same time, the oxidation
process will produce new in-site manganese dioxide, which promoting the oxidation effect of
potassium permanganate on the aldehyde odorants. Finally, through the spiked recovery experiments
by the raw water of JH plant, it was verified that the theoretical reaction equation could provide the
corresponding theoretical basis, and guide the production of the problem of aldehydes in drinking
water treatment plants.

Keywords potassium permanganate, aldehyde odorants, oxidation kinetics, manganese dioxide.
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T R K AR P RESE IR A 24 = . BT E K TR EE . UTUE L o 8 S R B 6 LA B S K
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4K ) Z2 R AT JROK EA T TAL B, 73 A ALY, FEAIK CODyy, S5 FE b B S IR 4 I3 (1) 480
FRAL B AR, I BER Z B AR AL T B-IR R WS 1 AL R B AR Jiittner 45 (1 SCI0 12, B-FRFriG
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A G SR A BOR S BRR . SK AT L R TS = N BT T R AR R B AL Bk T BT I R A AR
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HIKE] 90%, I H SR 5 - Ar B B 0 R B AF & R s Ji 2¢O i, R I 8l
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1 M5 )7 (Materials and methods)
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A, B-IIFFIG I . S -2- M e DL [E Alfa Aesar 28 A, o0 (0% 4l, 25/, MEBES S B LR 1;
fi (CH;0H) 1 H Thermo Fisher Scientific 23 7, (4,3 4l ; & fif B2 ¥ (KMnO,) . T /K & i A 51 12 54
(Na,S$,05-5H,0) . s A8 (NaCD Il B AL 5t AL T, #4073 Hr 4l BEIR — %0518 (NaH,PO,) I B [ 24 £E A fk,
IR A BRA R, a0 alis 8T UK IRCA FEFIT AR T JH A ROK ), = EOK B AR I & R DOC:
23 mg-L", CODy,: 3—4 mg-L", pH: 6.9—7.4.

3 IR RN ie N s

Table 1 Basic information of five aldehyde odorants

Vs K YA 4t ML/ (pg L) CAS WA/ (pg L)
Substance name English name Constitutional formula (OTC) Initial concentration
. trans,trans-2,4-heptadienal O
R -2,4- 58 T (t24hept) /\N\/ 5 4313-03-5 100
-2 trans 2-octenal VAVAVAVAN 3 2548-87-0 50
P2 (t20a) Ie} o
. trans,trans-2,4-octadienal O
2 -2,4-F IaEE (t240da) \/\/\/\/ 10 30361-28-5 250
trans,trans-2,4-decadienal 0
W > > R4
S, -2,4-5% (t24dda) \/\/\/\/\/ 0.3 25152-84-5 50
/O
PRp feyelocitral 3 432257 20
iy (B-cyclo) o

FEAT 5 SR ISk U8 A H A 5B H A\, A5 GCMS-QP 2010 Plus; H sl A a8 1 A
5 [ Gerstel 23 7, 15 MPS 2; 50/30 pm DVB/CAR/PDMS SPME # B3k Il [ 25 [ Supelco 23 7], H5
SAAB-57329U; #4714 4% W I 42 32 7 SR AR A 3 i 15 A PR W), 78-1 785 8 Al 7K il 4 AN 2% W B i
Milli-Q /A ], 5 Integral 5 purification system.

1.2 SEE ik

MELIR A7) SO 0 G TR B R 3 1 R g . 25 T B R FH /K WRBR i 9 A R o, BT AR B A MR ) 5 11
0 4y Ve FBE 58 R AE 45 A WEL BB Y 5 ~ 20 47571 Rl PN, [) s AT LA AR SIE 5 43 BT A3 48 A i i A0 tt24hept,
t20a Fll f-cyclo YA 7E 15 7€ v Bl N . {HJ2: tt240da F tt24dda 1 4f ¥ & R 4% FH MR BI(E 20 % A7 T 95 e 1
RN, JIT AT 3K 79 i ) Jo 00 e vl B A BT A v

AL A T A, B 2 g NaCl(450 °C 4t 2 h) IR A 1 mL 0.1 mol-L™" 2 W4 117 #5 4%
TR IR AN I (NayS,05-5H,0, aq), 5 . 76 548 47K AY 250 mL & DT I AR @RI iR (WL 1)
B LR Y 5, TG 1P Rk fe iR 10 min, B 4 mL AE 5 T 10238 i, 7 B AR A PTEE 162 M RE G
e B O 5 2% B, AR, DU RE SR O min B AORESL . SR 2 mg L AL AL R 4 (KMnO,), JTF

GIHET, 28 BI7E 30, 60 . 120 min BURERFI (A 514 BTAE 15 min PIHLICRE ) . HURE S8 BUS , SR FH 9023 -[51 A
TR B (HS-SPME ) #4725 X, IR €3 - B 1% 56 A (GC-MS ) 0 7 A il P MR 49 Joit g e 2. 4 5
WA, AR BARP i S ALSOR, T A b3l ) 2= 500

Bl 1S vk S A S 0 AR [R], (H IR R (R 315 A SOV IR S 10 min LY.

SAACHLIR BT 250 A6 S A& A 4liK 19 250 mL B VTR 43 50 10 gL' A 45 MELIA 47 S5
i N 2 1 7] NayS,05-5H,0(aq), ZRE TA 1 mg-L ™' KMnO,, #itF 2 h 5 BURE43 7.

SRR 2 AFAT, YI7E 20 °C, pH=7 (BEFRSZ i WM 1) 1Y 2544 T AT
1.3 afrrik

HS-SPME 45424 il B 65 °C, iIiF4 3 min, XX 30 min, f# W} 3 min.

SMERE(GC) &4 B E AL E T (AR T 99.999%), JE5E A 50.1 kPaj i i 21l 75 2k £k ek
FE4 36.2 cm-s™'; BN 21.1 mL-min'; AE 3 A 1.01 mL-min™'; AN SERE; HERIERIRE N 40 °C, ##
£ 3 min, A 8 C-min' FHE ZE 120 C, LA 5 C-min' FHE E 130 C, FH-LA 15 C-min”' FHE E 250 C, ££
FF 5 min; PEEE TR Ky 240 C.



428 7N 54 1t 2 43 %

i (MS) 44 i 73 U8 (ED ; B TREFE N 70 eV; B TUR IR Jy 230 °C; 32 IR Ky 230 °C. ff
F A0 (SCAN) s M, FIE 3R 438 MR B8 7, SR A4 B 7520 (SIM) 5 it SIM A= 5 Fh
SIS LI ) R R 285 A B B 1) DL 3% 2. I B MR g R FH AR 2 1 A T 5
25 FPREISELR Y T RAE BS T A B4 i ]

Table 2 Characteristic ions and retention times of five aldehyde odorants

ISR JFTfir L TFARF ] /min £5 3} ] /min B B I /min
Taste and odor compounds m/z Start time Terminal time Retention time
tt24hept 81%, 53,39 16.41 17.77 16.895
t20a 41%,55,70 15.00 20.00 16.660
tt24oda 81%, 39,41 12.00 14.00 12.660
tt24dda 81%, 41, 67 22.83 24.26 23.335
p-cyclo 137%, 152, 123 12.00 13.50 12.767

T NERIE R T, A W Z % BT Note: * the characteristic ion, and the rest are reference ions.

2 5B 54718 (Results and discussion)

2.1 KMnO, %A fh i S R A7 o Y 5 SR

¥ 2 mg' L' By KMnO, 5 £ B2 MR 5 K2 I 2 h )5, B4R 1(a) . (b) fios, 20 R T
KMnO, b 45 AN [FI RS LAY 5 1) S A B 35 RN 25 B 8. SEU0 i 8 1 25 H4H, AR 1(a) 28 LS5 R AT LA
Ff, RV 2 h NS FPEE SRR Y IR A 48 LS. KMnO, 5 20a 1 tt240da 19 2 b HY, i8I0 2 T 1,
3. 5 min I} Y t20a 94 BE LK 4, 8, 15 min I} tt24oda A& B2, 118 1(a) A %1, K2 10 min N, t20a Fil
tt24oda # A fk 50% LA b, MR BT B3R 0, JBRACRAE; 7 30 min J5 4 B S ARR Py o vk 32
] A, T PRAREE B-cyclo MREEFE 60 min A AT V-4, (€ 1(b) Frn W5, KMnO, X 5 Ffi e i
) R ) 4R AL 22 B R 15> 75%, Hidh t20a., tt24dda Fil -cyclo F22 (R 3 1>90%.

b
. 100 98.71 9495 98.72
1LOF — 88.96
08} —&— tt24thept 80 76.61
—e—t20a .
- —k—tt24oda i
= O6p —o—tt24dda s oor
—#— B-cyclo g
L lank [
04 —<— blank a0k
02F
20F
ok %
1 1 1 1 1 1 1 O
0 20 40 60 80 100 120 tt24hept t20a  tt24oda  tt24dda  B-cyclo

{/min Taste and odor compounds

B 1 KMnO, % fk 5 RISk Y) iy 5 (a) 71 2 h LR (b)
(MELIR 4 Joi 40 B 1R+ tt24hept 100 pg-L Y,
t20a 50 pug-L™, tt240da 250 ug-L " tt24dda 50 pg-L™', S-cyclo 20 pg-L'; KMnO, ¥ & 2 mg-L™")

Fig.1 Oxidation trend diagram (a) and 2 h removal rate (b) of 5 aldehydes odorous substances oxidated by KMnO,
(Initial concentration of odorous substances:tt24hept 100 pg-L,t20a 50 pg-L ' tt240da 250 pg- L™, tt24dda 50 pg- L',
B-cyclo 20 ug-L™'; KMnO,:2 mg-L™")

2z |, KMnO, 1 RL7E 56 B 8] PN 25 B3 75% LA B 5 FhEERIRBRY) 5, K, KMnO,, #] DL W X i
ISR ) I3 5 | K ) ¢ i LR i) e
2.2 KMnO, A LmES LR 5t 1) S AL 3 ) 5

H1 T KMnO, X 5 il 28 B ) Jot 147 ELAT 8y 5 B o8, AR 4k I I i 1 48 Ak 3 1 2 5. i BLDA
KMnO, Ak tt24hept F i, TEANA 23 584k 8 J1 2% BT F R 2. KMnOy, 5 R 280 LY 0 I g kPR — 2%
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Je st Jir L SE A KMnOy 84k tt24hept 19 Sy D Z 90O, W) HGE R Al LT (1) 267

d
d—f:—k-C‘[KMn04] (D

T, kR BB AR EL, B L - mol ™ - min”'s [KMnO, 1 FWAR £ 1 KMnO, B EE, 51430 mol- L™
CHR AR Z T tt24hept FYHE L, B A mol- L.
SRy fit e J3E BA T I 3 24y AR A I — A g, ol v — e s iy A 1 R B 0 S K T g — R g ) R
SEHG AR T KMnO,, BRI IRk B0 w5 T H AR B A BT vk B (=8 %), IR, KMnO,, v JB TR 5 48, 4
kops = k- [KMnOy,] 2

kons i KMnOy 55 S WK ) J51 52 I3 1) AR — 2 oy 3 258 B, B Ry min ! FX(2) 4 A (D), 1EF
TUARTY 5 S5 XK 8 Ry, i AR (3):
C(p

In—= = —kgy -t (3)
n C bs

A, ¢ ROR IR G AT R ¢ W2, BTN s; C ()R RTE ¢ B Z t24hept B9 ¥, P07 K mol- L
Co#e7 tt24hept IPTLR MR B, B A mol- L.

= (3) AT, OB A RS P 2 ¢ RIS Y tt24hept e 5, BRI o 2R (] 05 SR A5 ks O 1R

K2 /R T 0.5—2 mg-L' KMnO, ¥ ¥ F %4k tt24hept B Th— 240l &, BARS RN 3 s 18
KMnO, i 8 A LT, KON R 22 NI4T tt24hept e S50 3R M6 HEAE Y 18R X6 ORI HE T 7 i 2] 2 80 1R
TP A 56 56 2R, Ui i IR A1 481k tt24hept 4 S Xt tt24hept J&— 28 S .

*

In(C/Cy)

=30 0.5 mg-L™! KMnO,
1.0 mg-L™! KMnO,
1.5 mg-L™' KMnO,
2.0 mg-L™! KMnO,
Fit line

|
&~
T
4 * o n

=5r

0 2 4 6 8 10
t/min

B 2 4% KMnO, ¥ &4k tt24hept (9 Lh—2 zh 724 1) i £k
Fig.2 Pseudo-first-order kinetic regression curves of tt24hept oxidation by different dosage of KMnO,

&3 45 KMnO, ¥k T4k t24hept (1905 — 2 a8l 1% B4
Table 3 Pseudo-first-order kinetic parameters of tt24hept oxidation by different dosage of KMnO,

o TRTEyE——

[KMnO] /(mol L™ Regreiﬁriiiation kobs /min” Linearffi%:eﬁrfjtfi]ifﬁcient
3.165x10°° lnC% =-0.14887+0.0173 0.1488 0.9956
6.329x10° 1nC£0 =-0.3165¢+0.0247 0.3165 0.9979
9.494x107° lnC£0 =-0.4867t+0.0685 0.4867 0.9952
1.266x107° 1[1C£0 =-0.6457t+0.0168 0.6457 0.9951

HRHE 2 3, Llkop WAL FR, [KMnO, R A8 A b1 OC T 3K (2) AT LG, 25 R Q& 3 B, NI 3 & i
KMnO,, ¥ B 55 Ph— 20 5 07 3 58 8 U AR R AP R OC R, B Rl R B 48U AL tt24hept [ 521 X e i 2
1) S0 G AR S — 2. pl b, O AU B A R N, R S R AR k=5.248%10* L-mol ' *min”'

MG B, BB AT KMnO, 81k t20a, tt240da. tt24dda. f-cyclo AT 2% S v 8l 7721 H( DE
F4). B 4 P HUR SIS 1Y LR A7) JBT S 7 R B LE B-cyclo iy — MBI S, 3 B 0 T (tt24hept,
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tt24o0da, tt24dda) SN R H B T — M EE (120a).

0.7p

@] kobs
06 —— Linear fit of &gy
0.5
T
g
E04
2
K
0.3
kops=5.248 X 10*[KMnO,]
0.2 R*=0.9997

o1 . . ) -
3.0X107° 6.0X10°  9.0X10° 12X107
[KMnO,]/(mol-L™")

@ 3 [KMnO4] Ej kab:E/‘] fﬂ’%l#léj%
Fig.3 Fitting curve of [KMnO,] with &,

R4 KMnO, Ak 5 BRI 5 10 h — G I8 8l ) 2 KK

Table 4 Kinetic constants of pseudo-second-order reaction of KMnO, oxidation of five aldehydes odorants

Taste anzﬁoliﬁci%cﬁfmpounds #L-mol™ min™)
tt24hept 5.25%10*
t20a 2.66x10*
tt24oda 4.50x10*
tt24dda 2.71x10*
B-cyclo 5.37x10°

2.3 KMnO, B ALRESS LR ) 5T (%) S AL AL AR

KMnO, X} i KRR JE K 45 B HLY B AL R BRAICR AR LT, TCie R4t ARk a5 2 5 40
T A LTS G, R A HLTS Gk BEAR . KMnO, WI LUE & BLHEEHEAT AR F I i 41
it SUEE (C=C) F W1~ 1), AR G- db o BRE | 1 . 193 45 A ML TS ey RN S5 AR 1 o 120 21, AR S Y 5 () %
LN FN E WLR ) 5, 5 RURE . IR SE AN R, B 8 KMnO4 iV A Ak, FLnT LUK B4R &5 19 25
2%, 4 t20a Fl tt240da 7E 10 min N H%E AL 2B 50%. EALEh 1245256 v, 3 i X 52 56 B s kA 7 1m0 )3 4
BEIT L5 G ISR G Y 4 A I IES W) T (9 28540 5 2 vy 3 238 480, 7T LR BEL: tt240da L t20a 25 1 MHikhik
XU, HC S 7 3 R H K L t20a B, BB RUBRE R 1 AN R ST TR B9 I T AL, P ) SR A R R
e B BB AL H OB 2, KMnO, 5 B Y S by 3R R BCEE B K 5 tt24hept [ tt24oda 2 14> W T KR
(—CH,—), HJ N 5 B tt24o0da K, o0 FH 302 — b AR B R 1 J5 7 141, DR LI 2 )
St rh 7 H AL H B>, KMnO, 58 1 B 3 38 1 00 K. A 4 B L M 1 S ML R ) o 1 A Ak ]
AbFRPERT, AT LR SR A T 2 A B

HR, 78 pH HPE 21T, KMnO,, BE B 7K Y B3 JEPE ) 503 SRR A 25 — k4G (MnO,) (X 4):

MnOj; +3¢” +2H,0 — MnO, | +40H" 4

AR A MnO, 4 P J3T 4 00 7E 3 4 R B0 4801 I 218 MLk 4y 5T v /) 1 P BIL AR — 2 A 1 o AR 7S
MnO, B A5 AMEAAE R, TR G A Ak 5 4 R B0 4L Tl i A — 2 MinOy B BRI LU R I AR, T A5 280 b
W B K rp A AL 22 2 DA R B 5  AT DAUE B 3 — D0 ) 5 B, D R HE 4E Pk B KMnO,, %Al fL %
B Ak G W B A e W1 i A A AR IR, JEHEN A HLY KR MnO, R B L4 G4, HAf
TE T8 T T8 5 B e B PR A0 48U Ak, 2 — 3 TR B 2% 5 AL A T

AW T UE MO, 7E A HR 5 77— PR EIE T, B RTTE SO AR RN T i 5 i B Qe
2 &, 70 1 mg-L™" KMnOy J& , /55 i IR BF 9 I 3 58 20 7% 16 R 8 25 28 MinO,. A&l 4 s, i A 48
MnO, JZ i 2h J& 5 FPEEEY) R ) F 5N 13.73% — 37.66%, H —H T tt24hept. tt24oda., tt24dda Y2
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B 0 T HAB Y B, X RN AE RV FE PR T KMnO, AL BR, MnO, R 2 1 — & i AL al e bt
VR SRR B PR A FH AL RIS A T IR AR AT

100
80

60

Removal/%

40 F 37.66

tt24hept t20a tt24oda  tt24dda  B-cyclo
Taste and odor compounds

Bl 4 KMnO,(1mg L") FE5# Ak KA 245 MnO, VW 2 h J7 5 PSS T 1) 25 B
Fig.4 The removal of five aldehydes by the in-site MnO, for 2 h

2.4 SEFRN A
Zi I, S50 45 3] KMnO, A Ak 1 R i S LR ) i 1 S8 Ak 3l g 200 0 IR nT LUAR s ) ) 2448 S 4
7=, B (3) AR Al 453K (5), B Al sRAS AR e BN KMnO,, 48 A 2 WL 4 i 1) BRAE 36 27 Iy 5

C(t
CSO) — o kot — pkIKMnO4}1 (5

P tt24hept A5, KMnO, $ N8 2 mg-L™' i, HA4R AL t24hept () 5 2 AR (X 6), If T AR J itk
7 AR B R It £

CC_(:) = @ 325X10X1.266x107 _ ,~0.66471 (6)

A5 IOV AT R T TH AR K T 3 SRR S 40 2% 28 3 e iy it 202 3 JH Tk 45
B AL SN an &l 5, OV TR S min B, t24hept {SURI 4% 4.4%, FEAN A AL RV AERT 5 min P2 FEAR 58 AL
B3 0 B 20 5h, 2% Ik 220 B tt24hept ¢ JBE HE 1) o T 22 06 S 7 A £ A RTISF 2005 157 19 tt24hept W5 LE, HLIE
TSN s [v) P 800 abt 2 B R B /N . 3k 16 W i K A R DR (I A R A R S A L ) AR S
tt24hept 354+, T J5 B 25 H B 0 JE A B9 B AR I8 /D, KMnO,, AL tt24hept Y S5 I 32 L5 W0/, 52 b3 R
i 24 3 30y R A i B S 0 i . DRI B e B N R T LAASEADL S K A S PR S T tt24hept Y MR JEE
Pl B s [R] 1) A2 Ak, R TR S S0 B AR S I SE 56 b R BRIFUK SR AE R, BNR T B X tt240da. tt24dda
B-cyclo 5 3 B REAE LR A Jot SE PR 48 Ak i Bt A AR A7 i FUL5 B2

1.0 —4— Theoretical curve
—QO— Actual reaction curve
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Fig.5 Theoretical curve and actual reaction curve of KMnO, oxidation tt24hept concentration ratio with time

in 0~5 min under raw water condition
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AN SE (7)) AT, SRR B 35028 [KMinO, 145 S0 P IS [] A 8 T Ji rp R ) J5i 9 9 JEE [ K.
ARG T 25 AF 8 2 AR AL R HE T JROK A BRI 1C Y, ROV AT A 3K T vl A 17 [ B 194 265 B A5 I 4 4K
FHZK A AR Z2 R IRR Y ST, IO 24 S 4 HY fieddli 5 A9 S8 A0 ) (REAT A% 25 B e 2 PP Y IR P 50, P J31)
TIEE BRI LR 5 A 5 o, SR RO R AL, A5 33 LA

120 (7) FTA3 3] KMnO, 56 A [ 52 bz o [a] R 480 A0 45 ek ok A I 2R R AE IR R W) B 19 25 B 6. LA
A5 T L B 45 MR 49y 5400 a4 J3E Sy 91, A 31 4ol 24 WL DR J 9 2 2 2 ML (L LA BT ol T ) B AR
KMnO, $ it Koof 7 4 52 7 ], 3% s.

F5 KMnO, F: I UK R LR TR 4 ik 2%
Table 5 Reference of KMnO, to remove four aldehydes

MELR ) I3 WITRHRE/ (ng L) AL A /min AL/ (mg L)
Taste and odor compounds Initial concentration Oxidation time Oxidative dosage
tt24hept 100 40 0.50
tt24oda 250 60 0.50
tt24dda 50 70 0.50
p-cyclo 20 120 1.00

3 458 (Conclusion)

AT T e R R AR Ak 5 RS LR BT AR 5, 15 20 AN N 458

(1) KMnOy ¥ )2 )2 -2,4-5F — 45 & (tt24hept) . [ -2-FJ [ (20a) . [, -2,4-F i (tt240da) |
2,2 -2,4-5% — Js B (tt24dda) Al B-A AP A5 E ( B-cyclo) 3X 5 s S HRAE ML) I ¥4 A3 B4 i SR AL RCR: : I
IV 30 min - 47, AL ZBRFCI>T5%.

(2) 38 3L [ 507 & B, 78 pH=7, 20°C 45144 R, KMnO, Ak 5 ik 5 Rl 2485 AiF L 49y o A1 2
W IEF A T T BN )R I @ T AR B KMnO, 5 5 Rh S IR 5 RN 4B — 203N 12
5.25x10%, 2.66x10%, 4.50x10*, 2.71x10* , 5.37x10° L-mol "*min"".

(3) KMnO,, A At it 72 23 2 BUHTAE 25 MOy, X i S ML AT HLY AT — 28 1 S BR AR, KR RAE
13.73%— 37.66%.

(4) B 2 N J7 A8 o] DAAR 4F MBS0 R K 4578 F , KMnO, 43 51 A 4k tt24hept, tt24oda. tt24dda FlI
B-cyclo iX 4 FiE S RRAE BRR ) S5 1) S 7 13 A2 . T X F KMnOy4 A Ak t20a 1Y S, FRIE 7 F2 (48L& F2
AN, T B — BT A S PR 2, A RE A 048 T A = R AT ARSI ST 45 SR, 7R AL
(] ¢ 1K AR BR ) 5 B v S Co R A 00 T, BRI RT A5 2104 o) E A WA A7 o 1k B ML B AT )38 B R
PR e it

S & 3k (References)

[1] ZHAOY Y, YUJ W, SUM, et al. A fishy odor episode in a North China reservoir: Occurrence, origin, and possible odor causing
compounds [J]. Journal of Environmental Sciences (China), 2013, 25(12): 2361-2366.

[2] SUNDL, YUJW,AN W, et al. Identification of causative compounds and microorganisms for musty odor occurrence in the Huangpu
River, China [J]. Journal of Environmental Sciences (China), 2013, 25(3): 460-465.

[3] LIX, YUJW, GUO QY, et al. Source-water odor during winter in the Yellow River area of China: Occurrence and diagnosis [J].
Environmental Pollution(Barking, Essex:1987), 2016, 218: 252-258.


https://doi.org/10.1016/S1001-0742(12)60317-9
https://doi.org/10.1016/S1001-0742(12)60012-6
https://doi.org/10.1016/j.envpol.2016.06.069

2 HH TR R S5 A R B AR K FH K H S LR 9 S5 A 38 SR B s 1 R A 433
[4] 2=, 2080, T4, & R TR0 w5 Tl /K IR f R ik [n] 51 119 T Ak B A i R 3F D). 48 7K HEJK, 2015, 51(S1): 25-29.

[51

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

LI X, WEI W, QIAO L, et al. Discussion on the application of pretreatment technology for fish smell in Yellow River water source
during low temperature period[J]. Water & Wastewater Engineering, 2015, 51(Sup 1): 25-29(in Chinese).

WU W, TAO N P, GU S Q. Characterization of the key odor-active compounds in steamed meat of Coilia ectenes from Yangtze
River by GC-MS-O [J]. European Food Research and Technology, 2014, 238(2): 237-245.

WU N, GU S Q, TAO N P, et al. Characterization of important odorants in steamed male Chinese mitten crab (Eriocheir sinensis) using
gas chromatography-mass spectrometry-olfactometry [J]. Journal of Food Science, 2014, 79(7): C1250-C1259.

WATSON S, SATCHWLLL T. Chrysophyte odour production: Resource-mediated changes at the cell and population levels [J].
Phycologia, 2003, 42: 393-405.

WENDEL T, JUTTNER F. Lipoxygenase-mediated formation of hydrocarbons and unsaturated aldehydes in freshwater diatoms [J].
Phytochemistry, 1996, 41(6): 1445-1449.

WEE J L, HARRIS S A, SMITH J P, et al. Production of the taste/odor-causing compound, trans-2, Cis-6-nonadienal, within the
synurophyceae [J]. Journal of Applied Phycology, 1994, 6(4): 365-369.

RIBALET F, WICHARD T, POHNERT G, et al. Age and nutrient limitation enhance polyunsaturated aldehyde production in marine
diatoms [J]. Phytochemistry, 2007, 68(15): 2059-2067.

MIRALTO A, BARONE G, ROMANO G, et al. The insidious effect of diatoms on copepod reproduction [J]. Nature, 1999,
402(6758): 173-176.

JUTTNER F, WATSON S B, von ELERT E, et al. B-cyclocitral, a grazer defence signal unique to the cyanobacterium Microcystis [J].
Journal of Chemical Ecology, 2010, 36(12): 1387-1397.

KA, B ), B TR A SR A IR R ) B B AT AR I A Bl g % [T R R A (A AR R IR, 2011, 42(4) 1 1161-
1166.

ZHANG K J, GAO N Y, LI L. Kinetics of oxidation of odorant B-cyclocitral by potassium permanganate [J]. Journal of Central South
University (Science and Technology), 2011, 42(4): 1161-1166(in Chinese).

XA SC, R, whIE A, S oK 8 LB SLOR Ay B 1 A BRI (0] kR, 2020, 14(4) - 1-7.

LIU X W, YAN HM, HAN Z S, et al. Research on the removal of 8 typical taste and odor compounds from source water by oxidation
methods [J]. Water Technology, 2020, 14(4): 1-7(in Chinese).

B, oK, I, A5 UK T A R RS LR 4 B A S AL R BR (7). R AR, 2020, 39(5) 1 1254-1261.

LIAO Y, ZHANG H X, LI L W, et al. Removal of two typical sulfides odorants by different oxidants in drinking water [J].
Environmental chemistry, 2020, 39(5): 1254-1261(in Chinese) .

TR, B, EAER. R R B AL 25 B h = AR S D 2 (] MG R Al a4, 2011, 43(12) 2 48-52.

XU Y P, YANG J K, WANG Z G. Kinetics on triclosan oxidation by potassium permanganate in drinking water [J]. Journal of Harbin
Institute of Technology, 2011, 43(12): 48-52(in Chinese).

T R, ZRWEAR. A R A R TS e A B -GO/MS AR (1. wh 25 K K, 1999, 15(5): 13-15.

MA J, L1 G B, LI X D. Removal of organic micropollutants from water by permanganate pre-oxidation-GC/MS analysis [J]. China
Water & Wastewater, 1999, 15(5): 13-15(in Chinese).

YAN Y E, SCHWARTZ F. Oxidative degradation and kinetics of chlorinated ethylenes by potassium permanganate [J]. Journal of
Contaminant Hydrology, 1999, 37: 343-365.

WIBERG K B, SAEGEBARTH K A. The mechanisms of permanganate oxidation. IV. hydroxylation of olefins and related
reactions [J]. Journal of the American Chemical Society, 1957, 79(11): 2822-2824.

BECK C B. Physicochemical processes for water quality control, Walter J. Weber, Jr. (with eight contributors), Interscience, New
York(1972). 640 pages. $19.95 [J]. AIChE Journal, 1973, 19(2): 413.

SUFFET 1 H, BAKER R J, YOHE T L. Pretreatment of drinking water to control organic contaminants and taste and
odor[C]//Pretreatment in Chemical Water and Wastewater Treatment, 1988: 15-39.

PR HE TR . 755 i PR 1 - A 3% P i BB P 25 R K PRk it (D] b5 b st Tolk ok, 2011,

PANG Y L. Study on the use of potassium permanganate in combination with powder activated carbon for the removal of taste and odor
in drinking water [D]. Beijing: Beijing University of Technology, 2011(in Chinese).

VEGA E, MARTIN M J, GONZALEZ-OLMOS R. Integration of advanced oxidation processes at mild conditions in wet scrubbers for
odourous sulphur compounds treatment [J]. Chemosphere, 2014, 109: 113-119.

Vet VL, B7%, 4% MnO2EAL KMnO4R AL I 26L& 4 (1], BRI5ERL 22, 2010, 31(10): 2331-2335.

PANG S Y, JIANG J, MA J, et al. Oxidation of phenolic compounds with permanganate catalyzed by manganese dioxide [J].
Environmental Science, 2010, 31(10): 2331-2335(in Chinese) .


https://doi.org/10.1007/s00217-013-2098-3
https://doi.org/10.1111/1750-3841.12511
https://doi.org/10.2216/i0031-8884-42-4-393.1
https://doi.org/10.1016/0031-9422(95)00828-4
https://doi.org/10.1007/BF02182152
https://doi.org/10.1016/j.phytochem.2007.05.012
https://doi.org/10.1038/46023
https://doi.org/10.1007/s10886-010-9877-0
https://doi.org/10.7524/j.issn.0254-6108.2019081303
https://doi.org/10.7524/j.issn.0254-6108.2019081303
https://doi.org/10.1016/S0169-7722(98)00166-1
https://doi.org/10.1016/S0169-7722(98)00166-1
https://doi.org/10.1021/ja01568a042
https://doi.org/10.1016/j.chemosphere.2014.02.061

	1 材料与方法（Materials and methods）
	1.1 试剂与耗材
	1.2 实验方法
	1.3 分析方法

	2 结果与讨论（Results and discussion）
	2.1 KMnO4氧化醛类嗅味物质的效果
	2.2 KMnO4氧化醛类嗅味物质的氧化动力学
	2.3 KMnO4氧化醛类嗅味物质的氧化机理探讨
	2.4 实际应用

	3 结论（Conclusion）
	参考文献

