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Effects of PM and PM/BS on /the degradation of metribuzin and
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Abstract; This paper investigated the effects of potassium permanganate/sodium bisulfite (PM/BS)
on the degradation of pesticide metribuzin ( MET) under different pH conditions, and the changes
and toxicity evaluation='of disinfection by-products ( DBPs ) during oxidation and subsequent
chlorination. At the same time, potassium permanganate (PM) was used as a control group. Results
showed that PM/BS pre-oxidation increased the degradation efficiency of MET compared with PM
pre-oxidation. In the two pre-oxidation processes, the degradation efficiency of MET was the largest
under acidic conditions and decreased with the increase of pH, while the formation potential and
toxicity of DBPs increased with the increase of pH. It is worth noting that the degradation efficiency
under alkaline conditions was low, and a large amount of dichloroacetonitrile was formed, which

leads to a large increase in the formation potential and toxicity of DBPs. The reasons for this
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phenomenon were discussed in detail. Finally, it was concluded that the degradation of pollutants in
the PM/BS system needs to be controlled under acidic conditions, which can increase the
degradation efficiency and reduce the toxicity of DBPs.

Keywords : potassium permanganate/sodium bisulfite ( PM/BS) , metribuzin ( MET) , disinfection
by-products ( DBPs) , toxicity assessment.

Hb A FNHD T 7K (R A 24575 G 2 SRR PREE R, 7K AR PR rh 3k S5 Qe il T HA B IR Tz
ST, A A X A K (e (4 VS R B ( Metribuzin , MET , 4- 5036650 T J-3-H1 i -1,
2,4-=WR-5(4H) -Fi ) 2 e 1 1) R =R BR R 2 — RS TP AR 2 TR bR UE , B R TIREERR RE
FMET P, K8 S B S e e TR AR B Tz B P 2R E RGE TR EE K b MET 195%
BATKF-1R3A 25.15 g L7 BRI, 3 4 5 B FH /K A B0t A (TR D038 b g T 7 ) R REA S 25 B
RZGFR Y, It HAE AL R TP 5 5 8 WGEFERI 7= 9 ( Disinfection by-products, DBPs) . Rl | 4 25 1 2Bk
— HA SR

R R TG Y I AL E ) 2 R IE . R K AAE T A R K Ak et A R PG o sk B A AR
PR il 45 A A HLTS YL B AR BRI ( potassium permanganate, PM) 1 R & ULAY AL AT LU 4 24
YR A B 0T AR 9 5 B0, o s TR 0/ IU i B2 S04 ( potassium permanganate/Sodium bisulfite, PM/BS) & 4t
A DATE 2R GR IF [R] P9 R AT DL, A A T G 1) 2 00 3 23 L H At Dy vk 4R 1ks e ) 1) R WL 8 DRSO
f5 (AR EGH M B B AAR TT %) Ah  PM/BS ZR G0 HA R (9 AL B T 9 HLnT LA fE R RERE PM
AALIA DL B DFFEIESE 7R BS 16 AL PM gy B v I 0708 R4 S0 = (Mn () ) ARZ8 S 1Y
Mn (1) HA TR A SE A | Rt b a HLs e

MET AR T T R EEIEIE RN, B BT 25U T PM/BS RGERFESF MET K G405 #AY
DBPs Ak NI AR A SCHE S T ORTR pH S5 T ARG MET BYREMRRB0R , DL R TR AL DBPs
G R AR A R . EEEAFSY (1) PM/BS I PM AL R G2 ™ MET MIRE#; (2) AR pH 254
T PM/BS Hil PM Xt MET BFEAE 5 (3) AR pHa& i F AL 5 AL e h DBPs (948 s (4) FETIUA
ffa A R TR A2 B DBPs A EEVETRAR.

1 B BL5 7 ( Materials and methods)

11

MET M meilunbio ( HUE K3 ) W 3K M\ FE 2546 T. Reagent Co. ( H7VE 1) 2K45 =5 56 R B . HTIR MR |
N, N-Z LR R T g (DPD) M B RUT HEfik (MTBE ) BEFR | JC/K B R §1FT IR SR 4 (5% 1 P50 LB
TR E4NI H J&K Chemical Co. (P EILET) . M Supelco $875%5 4 = H J5€ ( Trichloromethane, TCM) | 5,
Z. ) ( Dichloroacetonitrile, DCAN) (1, 1-—54-2- i (1, 1-Dichloro-2-propanone, DCP) 1,1, 1-= & PN i
(1,1, 1-Trichloropropanone,, TCP) | =S fifi 3 F! ¢ ( Trichloronitromethane, TCNM ) ) DBP 45 HER . (4
T2 I F Thermo Fisher Scientific ( Waltham, MA , USA) ). i & HiAth i 4k 272 5 2= /D40 #r g, ¥ il db 5
P2EIRHR 28\ (P E AR ) B4 A Milli-Q F 48 (Advantage A10, Millipore, Billerica, MA , USA ) 345 4l
7K (18 MQ-cm).
1.2 STk
1.2.1  [EARSZE

FEFRSCIRTE R 24 °CF 100 mL 4EJE B 2517, pH (IS E R 5.5—8.5. % W) pH 2% v (i 1]
2 mmol - L™ 2 5 B & 85 #i 4 4k 5 PM (50 pmol - L™') 8 PM/BS (50/250 pmol - L") A& H
5 wmol -L™" MET Ry H , LIE FH PM 5 PM/BS R Ge R MET. LUHE & B9 B[] [ BB 1 mL #E 5,
100 pLEYBRACERBREATE K SRS IE L 0.45 wm 2 UEERLE U8 , 38 520 = SO AH (435% (HPLC ) U & 5% B2 1) MET
1.2.2 JHFERI =P R

TEHEIE I o AP AL F] PM (50 pmol - L") 8, PM/BS (50/250 pmol - L") #i 48 4k 40 mL MET
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(3 mg-L™") W, #E 1958 FE 30 min J50K4 40 mL A S GRS B HAT PTRE fof B 5110 W€ 25 35 30 (9 35 0
B e B KUK R BN £ VA T A BB AR R O 20 mg - L', PM/BS K & H Y BS S ik i
R, 2 AR, FH DPD S HEF T ARSI , 5 PM X H AT SN T2 R 5 B T TORAEAE 24 C I RS AR
o ,24 h 5, FPUIRIN AR A K 2 11 I 7. FE T USEPA J59% 551.1 RS RUE i it AT 0 A BUR EUH T2 8 =4,
ABEEEI U 20 mL AR S B BRSO, A 6 g JC/KBRBR AN, 2 mL MTBE, #& % 10 min, &
10 min, 3202 A PUAIE A @ SOF LA A BRI 2% ( GC-ECD) #4743 #r.

1.3 srbrrik

VS pH JH Leici pH 31 ( HE Fif) I H. TOC-VCPN 43414 ( Shimadzu, H A< ) FH 5 A0 75 W A 175 i
A HLIK (DOC) HeFE .

i B £ Atlantis C18 #1:(4.6 mmx250 mm,5.0 pm) &Y UV 1200 3K 280 nm fY Agilent 1200 41
HPLC R G MET. A s M i 309% 846 7K (A A1) F170% H B ( C M) 4R, 53N 0.5 mL min™". JEGHA
FUR 100 wL, HERAAFFZE 40 C.

i FHBC 48 A L 7 4 25 A8 1 28 (ECD) A1 HP-5MS 4 (30 m x 0.25 mm, 0.25 pm &5, Agilent
Technologies , USA ) B S AH 4,354 ( Thermo-electron Finnigan , Waltham , MA , USA ) Z4t DBPs.

2 R 51118 (Results and discussion)

2.1 PM PM/BS [&fi#

T BGUE BS Ha5E PM A AL LIS U 0 T AT 1, (] MET YESREREH L5 9, 16 pH6.5 BRI,
FFLAMAANGIN BS(250 wmol - L") XF 50 wmol - L™ PM 4846 MET B 520 . (8] 1 #5538 T 76 [F] S A4 £
T MET 9 25 BRABCRE . SMAd ] PM,MET(5 pmol - L") (FEAR 30 29% , BS (250 pwmol - L") YRR 1]
PAZBEATE, TAE 10 s BRI E AT 4L & A 1.92% [ MET. $E K sz vy s ] 32 A % 31 oE— 2 1 R
fift , FIFE PM/BS R4 MET ROFEfFAE 10 s sl B8 A (14 B[] PN 52 B [RI A, 78 PM/BS 2R 46 vt W 22 2]
TCS F1 BPS HIM AR S0 53 ek BAESe BS AT LITEAL PM LA i [ 75 4% 490 4 P4 it
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Fig.1 Degradation of MET by Mn( VIl) in the absence and presence of sulfite

pH AT LLEEN PM K PM/BS R G HH/KBYE TN, DLW AR & rf B AR A 9 i H s B2 R,
pH Xt B A8 R B S o B BFSE T W0 pH (5.5—8.5) Xt PM & PM/BS(50/250 pwmol -L™") 45
MET AR 895200 & 2 i 76 pH =5.5.6.5.7.7.5 .8.5 BT 1 min 9 PM/BS Xf MET Y £BR 343
HH 62% 92% 82% 72% . 70%.BE# pH {EAHEIN, MET 25 B 558 Jin 4% )5 FEAK. A6 pH {4 6.5 B, J2BR
FIRF 92% 78 pH {H>7 I, EZHZFM 929% FFER] 70% . 5% —45 R Al fie & TAEMRYE SR, PM U
P AE pH=7.0—8.5 B} MET [ M RIEAK 0] fE /2 i T W B AR A 3h 55 8 M BRIk (pK, = 7.2) 1" i
PM/BSHA 22 (438 AL PEAR A T BS 346 PM A2 00 Mn ( 1) DL B2 BRR AR ) by SRR 36 [ 38 IR AR
(1) Fims R RR SR (16 AL BEAT T BS 1& 4k PM SO b (B 44 (9 A8 2. [ B i 25 44 F Min (T ) 19 05 Al 3R A
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Fig.2 Effect of different pH conditions on degradation of MET by PM/BS system
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2.2 PM.PM/BS Fi% 4k

Kl 3 JE7R T 1E MET WAL FI&ALd #2 b pH X DBPs JE 8BS I NS I TS LR B S 1R 2R F i 79
AL R RIS 5 225 ALt FE b DBPs (A4 il ER, 9 H PM/BS T4 2 i DBPs 142 it KF PM
A PR A5 T B 094224 pH (M 6.5 344 %) 8.5 i), DCANTCNM H1 TCP # AW i, DCAN iy
B . pH (H M 6.5 #nE] 8.5 BF, DCAN HY AL i 78 & Ak it B i AL 0.2 pg - L7148 i 2]
21.8 pg-L™',PM FEALJG M 0.9 pg- L7 N3] 61.3 weg-L™', PM/BS HiEAL)G M 5.4 pg- L7 38 fn 5]
114.7 pg-L™' X ATBESE MET Fil4E 1k b & ki 5 i, DCAN 7K fit 5 DCAN YA 7= [R5 A (B e 45
4F ,DCAN FIE S L DCAN 7K 88 5 O3 S8 DCAN [ J3 Kk st 58 38 i > . TCP 7 A [A) pH 4514
T HIE S DCAN AL, BT LA TCPAZERRPESEAE T DBPs BYAE s 3G . X T TCNM , s {4 34t 2
DBPs (W4 i Bl pH B3E N3 in R 12140 T, PM/BS Bl 4k & DBPs (194 il K F PM
id AR DBPs A, I AE BRI A5 F T AR .
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Fig.3 Effect of MET on the formation potential of DBPs after pre-oxidation at different pH conditions



53] PR . e PR A0/ IV AL I A 1 i 11 2 1 7 0 1) A OB 4 S T PRI 5 1003

DCP (A i B pH (B B3 g2, DCP 1] AgE Ak A= i TCP, TCP R /K fg A= i TCM'™ | il
2T DCP R REREE AL A TCP XA RE T M4 DCP 5 TCP Ffiz5 pH B9748 1k H BUAR S A% 28 1k B A,
PM/BS Fil g bt B n] 23341 DCP TR 8% 71, {0 PM S R AR B ZERR T 51 PMY/BS T Ak a] LAss
TCM A i, PM el FRNURRAER TCM A3 B SR, BBCPE 2500 T, AL BRI REAR T TCM 19 28 1 . A7
FERTEOL T TCM 7E2R8E 3 FLUEHE DBPs FALIE Bl %) A v S Ak =40, Houk 1 B S0 o X 28 o i 34
hn, 2R £ DBPs ' AW, DCAN Fil TCNM 2 A4 58 i DBPs Hoife B8 Bk T B A T899 i
K R A A X B R 6 2 S AL R TE] A4 34 i, DCAN A1 TCNM 237K fit Ak TCM ™ (B 7 Bt 45 1
DCAN F1 TCNM FAE BN TCM FAE 7™ AR, BERTBMESS 1 T 2530 DCAN Fi TCNM 7K fig %4k

ARG MET 7ERRYE S50 T P4 AL JG B R (HUR2E R DBPs (2020 Ui B R i i A 1)
FEYIANSE DBPs R TTSRY. 081 45 14 B 21, 2045 5 T DBPs AU HTIKA). OCF PM A PM/BS B fif
MET FEZ 1Y 3 Rk At , 40 B A0 T L4k (1) B2 3L 4k, —SCH, JE F1 1% 24 i 1T Jm = MR A 110 480 A N 4 3 110 24
fifge o) A L Y L IR A ) 58 N-DBPs (942 i, Bl DCAN A1 TCNM. p It o] LAAEWEmei: 218, [ o
Al e E VA LA A P B AR KRR Y DCAN Fll TCNM. M4 T |, BT AL AL = 3=
2.3 JHERIYEEEVEAL

BT LIRS, R RIFPZE DBPs (938 I AT /D mT DAEA T AUAS 53 M BF 58 AL Ok $2 fik 255 5 B
AL DRI, 38 5B B AP DBPs B92E S8R 55 451> DBPs #FlAE IS 9 25 P (AR I I 8 i Sk T8 40 M 35 Pk 45
KU Cytotoxicity index ( CTI) FigZ B MEFE AL Genotoxicity index( GTI) ABT W R AT /R AT (3) F1(4) A7
PAEAFEAN ] DBPs 114 20 g 7 PR AE (% C1/2X) F135t % 3 PE (. Genotoxie potency (Bt 1Z B ERL 1) , Hi
Plewa FIILABAFGE A B3

1
CTI = Y, [%c1/2x xC,] (3)
GTI =Y [ ! x C, ] (4)

Genotoxic potency,

K, % C1/2X AR R Bk o kIR T HAE o 2 SR A st A 2t ¢ IREE A1 DBPs (1)
Al (nmol ™) ;X 3 TCM . DCP . TCP..DCAN# TCNM.

WK 4(a) s, ZEARR pH 508 T M (b 2 v 1y CTI {H (PM/BS 1 PM) 22 f0AR K. Bl pH 1
Jn, CT A 2 25 38 0. B 51 AR H A AR 244 F CTT AR R el o 5 R 1 B o i, & 31
XFEES EFE AT TCNM AT DCAN, JE H2 DCAN FEBR M 451 T A= i it B 8 s T oA R 2419 DBPs,
CTI +4 H DCAN FE 8% 1Y DBPs e 3= S ™. GTI 25 R 4 4 (b) iR . W% pH 880, GTI {E
HEhn B ABCR 2 FARES T QI {E I s A W& AE pH 50— @i, R BT E AL F AR, AT L& B
CTI 1 GTI HMEREN/ NHEFFE R EAE . PM/BS 3 FE>PM o 8> S Akt A8 X A AH [R] 464244 F PM/BS TR
A A= BRI BRI R e T PM TR A

() 55

—a— blank
—*—PM
—a— PM/BS

: 75 7.0
CTI(X 107 CTI(X 107

4 R[] pH %M T MET S Ab)S s
(a)CTI{H; (b) GTI{H
Fig.4 Toxicity value after MET pre-oxidation under different pH conditions
(a) CTI values; (b) GTI values.
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3 %5 ( Conclusion)

BS AT LA AL PM DABN 0 (A5 4L ) MET (1) R, B ff R e R 25 T B pH = 6.5 BH A B R (H, 24
pH [H KT 6.5 B, WA 5 pH A3 fin i B3 1. AR PRI DR R, AR R R A0 TSR Tl i AR 33 in s &2
St B DBPs B4 s, 9 H PM/BS Tt fbid #2 DBPs M4 it KT PM f AL F2 (B4R 3 &
S22 pH (E M 6.5 3% 8.5 I, DCAN \ TCNM 1 TCP A AW fin, DCAN f88 finJt Jy B  wi ik
ZMF T BEAE AL, DBPs WA LA i, IR 25 1 A I A Ak ™ ) )2 DBPs RRTIRY , 7] g 2 0k
(A 24t I 020 DCAN A TCNM 5942 % AR CTL AT GTL XA i 1) DBPs $E4745 & MR PEAS , CTI A
GTI BB R B/ INHEF ARG . PM/BS 23 72 >PM i # >t 72, BLREE pH (B3 i 34 b stk 251
'~ ,DBPs A0 S 22 MR A5 5 1 B ALRNVE R, PM/BS R TS ey 75 BRI IR I 4 0F T
HEAT , BR RIS R AFRCR , LREREAIR DBPs MY FE1E.
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