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Abstract: Objective: Through experiments and analysis of the degradation effect of chlorpyrifos on the surface of apples by
acidic electrolyzed oxidizing water (EOW) under different conditions, a degradation pathway of chlorpyrifos was proposed
to provide theoretical support for apple producing and processing industries. Methods: The specific experimental method
used in this research was to use chlorpyrifos to simulate the pollution of the surface of apples at first, then to degrade the
chlorpyrifos by soaking and shaking the apples in EOW with different ACC (10, 50, 100 mg/L) and pH (2.80, 5.80). The
experiment used gas chromatography and GC-MS to analyze the residual amount of chlorpyrifos and degradation pathway.
Results: The experimental results showed that the degradation efficiency of chlorpyrifos on the surface of apples was
directly related to the reaction time and the concentration of available chlorine (ACC) when it was treated by strong acid
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electrolyzed oxidizing water (AcEW). As reaction time increased or the ACC increased, the degradation efficiency also
increased. When the available chlorine concentration reached 50 mg/L with the immersion time reached 15 min, the
degradation rate of chlorpyrifos reached more than 55%, which significantly differed with the control group in which apple
was immersed in tap water (P<0.01). When the ACC was 100 mg/L, the degradation rate of chlorpyrifos exceeds 70%.
Under same conditions, there was no significant difference between the AcEW and the slightly acidic electrolyzed water
(SAEW) in the degradation effect of chlorpyrifos (P>0.05), and there was no significant difference between the immersion
treatment and shaking treatment as it showed in experimental results (P>0.05). The surface treated with EOW had no effect
on the main quality indicators of the apple itself (P>0.05). According to GC-MS analysis, the degradation products
produced by the degradation of chlorpyrifosbys AcEW included chlorpyrifos oxide (CPO) and 3, 5, 6-trichloropyridin-2-ol
(TCP). The possible degradation pathway, as we propose, is chlorpyrifos—>CPO—TCP—small molecule organic
matter—inorganic matter. Conclusion: This results may provide a new method for the apple processing industries in
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eliminating pesticide residues.
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pH/HL T3 /ORP L& XA € [E Thermo 4\ Fl;
RE-52AA JiE§szEkar DI PRESCEIE & A R
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Table 1 Physical and chemical indicators of different EOW

EOW ACC(mg/L) pH

10 2.80
AcEW 50 2.80

100 2.80

50 5.80
SAEW

100 5.80
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30 m, EA% 0.25 mm, BEJE 0.25 pm); 25 malisE =
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230 °C; B iSAEFHEFRF: 35 C WIIEAEFE 1 min,
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1.63 min, JEiES1F: BB F 254 B TR (ED, SpUZk
R RS AR, B FURIEEE 200 °C, 32 M1HRE 250 C;
Ay = 4434, PR R e 40~400 m/z.
1.2.8 FEFRME  AcEW FE5: Y pH FIEA LA R
137 (oxidation reduction potential, ORP) & JH Thermo
Orion 5 star Y pH/HL 5 3/ORP 453X (Thermo
N EDHEATINAE ; ACC SR FHML Ly A T iz 10y SR 51
i edi A T C & e R 2,6- 5 My & 19 7
U7 R (TPC) 55 A0 >R FHARAAR- 1 Rk 18
T E SRR AN 2250 SER SR &
R VT (PAL-1, Atago, Japan) 52 ; B Vi & R
B i R FH R FL A7 Y7 2 SO A
1.3 B

B Pu Ab ¥R SR FH SPSS 16.0 4Kk 14 ( Statistical
Product and Service Solutions, SPSS) ., fF4H3C 46 H
B =R, R DO E R 2R . AbBR ] 22 FoR
FXE & EC (Duncan’s test) 22 5 FL 4%, & 25 /KSR
P<0.05,
2 HBRESH
2.1 EOW X¥ERFESLIERER
2.1.1 N[E ACC [ ACEW X 25 FE U (14 {4 fft 2050 S 5
m o BT ASE] ACC B AcEW 2 U3EIR 15 min.
P 1 FEoR AN [R] B AT 325 X6k 2 B P [ At 2 SR A 52
Wi o ARIEBEAL PR (TEAL B ) fOSE SR S I & A
968 ng/kg FEAEMR; 28 [ SR /KIZ UL 15 min Ji5 FEfE T
17.2% I HEEZEM (5% B R 82.85%); AcEW AhFHZ]
B ACC B3N, 75 58 W5 R fi 25 R, o 25 4
5, ACC 10 mg/L HREAR T 27.1%GRE RN 72.9%),
12001
10001
8001
600+

4001

FALWEE R (ng/ke)

2001

Bl 1 ACC XSERF M FEM AR

Fig.1 Effects of ACC on the degradation of
chlorpyrifos on apples surface

1 AR FRFROR 2257 B35 (P<0.05); K 2~3 [A),

ACC 50 mg/L B} & T 56.4% (5% B RN 43.6%),
ACC "N 100 mg/L AR T 72.3%GRBEHN 27.7%) .
Jr 225 A R, S AL Z Al A W P 2E A
(P<0.05) . SPFRIRMEYTEIEMSE 1t iEHE ACEW 119
A RS SE G I BEAIR, 5 ACC 2l 50 mg/L B 53
BEMI A B AR AT SR A i 2 7K (P<0.01) 6
2.1.2 ACEW FALBHR A a] Xf 745 FE 0 (14 5 At R R 19 5
m i ACC & 50 mg/L B9 AcEW(pH 2.80), 7&
ANEI AL AR . AR AnER 2 Fros. B
2 2 AT LA Y, AR I v Ab PR G 3R T 2R A0
(96863 ) ng/kg(100% ) ; 3 HL R 1M 1% 35 48 WL ok B8 [
% AcEW 1A B[R] i B T BAIG, AEIR VR ] ik
F| 5 min B}, FEARCR AT I8 B E /K (P<0.05) o TETE
VEALFR 30 min B} AcEW B4 X B3 51 W0 (14 [ A 58k 5]
69% LA In (R B8 2 31% LL R ) o 3256 4% M Ui il
AcEW PEMRSEI T B 7E M Y i B — b2
MR, B TR E R, SN BEAE T8 43 A T, BRAHAL
Rosiar,
2 AcEW )5 MR B FE MR 2 5% R
Table 2 The residues chlorpyrifos in apple after ACEW
treatment

ACEWALFRI ]
£z

Omin 5 min 10 min 15 min 30 min

FILMR R (%) 100°  73.0£5.2° 68.3+3.8" 43.6+1.6¢ 31.5+4.1°
1 AR AR 26 57 B35 (P<0.05); 3. F4[F],

2.1.3 AR Ve T 1 Xk B 41 WL fi 250 SR 11 5 1)

ACEW T2 {0 Ab BRI 55 725 A LX) |65 £t SIS 4 T 2 AL .
YR BE RSO AT T LUAR, S g R an &l 2 s, A
K 2 H AT LLE S, i pH2.80, ACC 50 mg/L /)
ACEW #r B IR AL IR AL T 15 min, X SE R HE
THBRECRZENIANI, TE i e (P<0.05) . i FlX
FhiE A IR, BT REJE i EOW AY AL 14 57 BT e 52
Mo YT D AEgs T, IR ALE e, 5
RS BE AR R . YA A AL T LIRS, &4
PRI & — 28l 1R, (E G IR S i AN
R FER RGN EOW MR 1k
1=, 1M H. SAEW 19 ie 2 P24 T AcEWP,
BIRFZIHALFEA] DI EOW 55 312 5% 2 T Py 422 ik 55

1200

1000 - 4
800 -
600 b

400 -

HIEMIRER (ng/ke)
o

200

kb B =Y
B2 TR BE D7 TR0 2 S Y R A8 R B R )
Fig.2 Effect of treatment type of ACEW on
degradation of chlorpyrifos
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Fe47, (HIEH T AcEW ik B, 5
2RI FE I A Sy A LA 0 A DAAE, T AT
AESE ML A 24558 BA I R RA SR o

2.1.4 A[E] EOW Xt B2 E M REMRAIR 52 BF5E
T AcEW Fll SAEW X BEFEME A R AR IR, SCoi4h 51
R (E 3), FTEAEEIRY ACC(50 mg/L) R EAR RF
HY ACEW %5 [k SAEW W iita s, FHoEmitE
AcEW F1 SAEW %5k B 241512k 33.6% 1 36.6%,
(B 12257 (P>0.05) .

120

100

| a
b
80
1 c
c

40 -

20 4

0. - - "

TCRWIALE AKKALFE AcEW  SAEW

13 ACEW Hil SAEW X #EFLIIARSICR 1) LA
Fig.3 Degradation effect of chlorpyrifos treated with ACEW

FESEMEGR F 4 (%)
3

2.2 EOW AIEXHER MRS

5T T EOW 27U A FHE IR 5 %) 52 R 14 o BT A
teisznm, Seim s R WoR (3 2), 7E ACC 25 50 mg/L
i AcEW 1 SAEW {2 A 3SR 15 min, X721
M Ve, Sl LR . TIEHEETEY) . P E R &
A s, B 2 A 00 W 3 M 22 5 (P>0.05) .
7E ACC & 100 mg/L 1) AcEW 4351721 15 min
30 min Ji5, ARG XIERNT Ve, By, EFE. 1
WEPEEDEY) . Al R AT | AR (3R 4), s = 8]
o EPE2ER(P>0.05) . B ACC 25 100 mg/L
JEFEIN Y AcEW 12YUALEE 30 min DAY, ANE5 | HL3E
SRR
2.3 SHME EOW A& 51

{#i ] AcEW (pH2.8. ACC 10 mg/L) X WA B
S 2 mg/L WEESEIREAT T RS, JTAE SN T[]
24 1 min Al 10 min B EUEE, $#E47 GC-MS 4387, 7E

3 AIEE EOW P3P AR A0 A 52
Table 3 Effects of EOW treatments on qualities of apple

SERM RS Tohab EE/S/e AcEW SAEW
Ve (mg/100 g FW) 4.4240.34°  4.57+027° 5.05+0.38° 4.64+0.26"

BB (mg/100 g FW)  43.28+2.29° 46.71+2.14° 46.55+2.37" 46.75£0.39°
A6 2 (mg/100 g FW) 0.63+0.08"  0.64+0.04* 0.53+0.06" 0.56+0.08°
THEEEIEY (%) 11.9+2.7°  11.2+1.6°  122+1.4°  12.1x0.4°

AHERR (%) 0.137£0.016%0.141+0.004°0.138+0.019°0.146+0.008"

4 ACEW [/ [ b B R[]0 39228 it B AR AR i 500
Table 4 Effects of treatment time of AcEW on qualities of

apple
RIS JoAbB  AcEW(15 min) AcEW(30 min)
Ve it (mg/100 g FW) 4424034 4.65+0.13° 5.30+0.35°
B (mg/100 g FW) - 43.28+2.29°  43.76£0.09°  47.00+£2.74°
HRHE(mg/100 gFW) 0.63+£0.08  0.46£0.07° 0.50+0.12°
TEHETEY SR (%) 11.942.7° 13.3+2.3* 11.7£1.3°

] E R (%) 0.137+0.016* 0.157+0.005*  0.140+0.006°

JZ N BF[E] 1 min B 5%, 7E &L 25 1 3 ¥l (Total ion
chromatogram, faj #K TIC) &% T 7% 4E 1 ( Chlorpy-
rifos; fAFK CP), i & B T[4 firt 7= 4 55 4E W S Ak )
( Chlorpyrifosoxon; Phosphoric acid, diethyl 3,5,6-
trichloro-2-pyridyl ester; f&#K CPO) N 3,5,6- =4Ik
WE-2-FiF (3,5,6-trichloro-2-pyridinol; f&j#K TCP). M
& 4 FHH, TCP WA BEETE] A 17.360 min, CPO {4
FA Bt [E] 26.641 min, CP M {4£ B B 6] 2fy 26.897 min.
& 5. 1® 6. E 7 43R CP. TCP. CPO HY 5% K
I NIST 05 Joi FEAr R4 R (PLRCEE>90% ) .

FES NV EFTE] A 10 min B, BB P E B g &
PLFEFCIE, T4ksE & BT TCP Fl CPO(I&] 8), TCP
1 CPO HMF-EE A3 17.347 min 1 26.599 min,
Z: NIST 05 JE 5 UE B &2 2~ TCP #1 CPO( VL i B
>90%) . MIE 4 FE 8 Al LA ), T 40 WAL o
pH2.8. ACC 10 mg/L 4 AcEW [ it Je, H /2 v i)
(] 1 min B 345 B3 A0 (A5 04, {H S BHTE] 10 min
B, REAEMRA TS O B4 s M RAEAE ™) TCP F1 CPO 1Y
o354 S FETE 10 min B BH 52 5T 1 min, 1509 [
SR TR A% AE TR .

(x1000000)
2.0 £ TIC
1.8
1.6 | Cp
L4 r CPO
o 12 ¢ 2
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