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Progress in the Removal of Pesticide
Residues from Fruits and Vegetables by
Ozone Technology

GUO Bo-ru, XIE Yun-fei, YU Hang, YAO Wei-rong”

(School of Food Science and Technology, Jiangnan University, Wuxi 214122, China)
Abstract: In recent years, ozone technology has shown good results in the degradation of pesticide residues, and is
considered a green treatment technology as it does not cause secondary pollution to fruits and vegetables. Its
application methods are mainly fumigation and immersion. This paper reviews the effects of ozone atmosphere
fumigation and ozone water immersion on the degradation of many pesticides commonly found in fruits and
vegetables, and the comparison of the two methods, and introduces the factors affecting the effect of ozone,
including gas-phase temperature and humidity, water temperature, ozone bubble size and pH.
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Figure 1 Ozone treatment system for gaseous phase used for laboratory purposes (Data from reference [#1)
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Figure 2 Degradation rates of three common pesticides in grapes under different treatments
(Method A: Storage of fresh grapes in air with 0.3 uL/L ozone for 36 d, data source reference[10] ; Method B: Fumigation of fresh
grapes with 1000 uL/L ozone for 1 h,data source reference[11]; Method C: Fumigation of fresh grapes with (900 + 12) uL/L ozone gas
for 2 h, data from reference [12])
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Table 1 Effects of pesticide residues on fruits and vegetables degraded by ozone gas
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Figure 3 Ozone treatment system for aqueous phase (Data from reference [''l)
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Table 2 Effects of pesticide residues on fruits and vegetables degraded by ozone water
B V&3] Visz iy R fip EE DN
R FoE s, TR E 2.5 mg/L RE/KIZIE 5 min HOE H1 86%. T T v F A 88% 120]
X DU Sk, BE 1 mg/L 54K 5 min DU SR IKIE 36.1%. REFEME 75.1% 21)
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Table 3 Comparison of the effects of gaseous ozone treatment and ozone water treatment
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Table 4 Relationship between gas phase humidity, ozone concentration and sterilization effect

AHXHE L eEE T REKE (mg/m?) AR
<35% 11.7 57.22
25 m3 % % A E — RAAVE A BHMER
50%~60% 8.2 100.0
60 min
>75% 6.0 100.0
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ISR EAXHRE N 40%- 60%A1 80%[1SLIG2H, R INBEE A X 3G iy, REARE 2
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— MR UL A K IR FE S R v DU R 255 AR 2R 1) A 1.4 mg/L [ 5K IPHE 3R
[ 15 min, BRZT 27%~34%MI5% B AR 245 1A 2.0 mg/L {55 K R v vl 4 4 25 2 BRReR
PEm R 30%~54% 1%, # H 3~4 mg/L [ BAEVKIZ ISR 15 min o] DAS R I 1A HLBER 2
B B FRAIK 50%~60%, FF H R AEIRE S, RIEREGEREK GEIT 15 min) JF BAE% AR+
BT LUE SR E AR 2 ERR R, 3 T 15 min AR AL A | 25 R B 3 1 1 AR 24 5k BE
(401, 33k e S50 A8 AT LA 13 BH 5 AR KR P55 R R AR 245 (1) o A8 3 b

R G SRAE SLEEUKIR E DR IR R FUR 25 L BR AR S IO T, RS BB In 5B 2 (1 1
BRAk 2855 . B4 10 mg/L LUK AL S min J5, WHZERTGSER L E HEERED
AR 2B, = EORWEIFI B AU 25 BR 2 53 1N 98.6% A1 94.2% . IR U1 SR 4k 38 it 5L 4K
(IR BEXT AR 2 1) 22 BR BN, FF H R EUKIR B B a2 PR AR 24 1 e B e 141,
422 REUKRE

FEAUKIERRS (REUKARE MBS GREUKTERR S A2 % BRI R
o — TR 78 5L SAUK B 22 3¢ b BRGRR SR A0 45 R R, 7230 minN 3 A AL B R B
T FRASALBE, 3X W] BEA2 R R il DD TE B3 S 3R 1 1) AR 247 5% BE i v, At m DA 25 288 7 B4R
KR BE AR RIS SUFIE 58 , R MBI R JJ A5 B3 , X P A 2 mT DA il B AR 25 0%,
A RAKAE BRI T A5 S UK AR R, 7RG 3 TR X —WF 45 e th 19 2 7 HEsg,
HABKAEAA, RIS R EUKAE, W SRmmE. S0, s A e E s i
R I 2 BT,
423 REFREE

RN GGE R, REER MR E RS B, MIE R T AR R R .
FRFER 5 mg/L ()R A A BB At 2 10 G TR R, 15min N, #INECA 2. 6 A1 10 mg/L
) G TR IR ) B KPR AR 0 N 92.31% 94.80%A11 98.32%1161, 45 sz 60, i F FIAERY
B KA A BEAR RIS (], AR A AR R SN 0.025 mg/kg B, SAEUKANEE S P47
% 84.4%; TMHREAEN 0.1 mgkg B, MFEIZFM T RIFEARRILT] 92.7%44,
4.2.4 RUMER

A BB AR MBI S Rk B & R AR 2548 B i K. FIFETE 1.5 mg/L
FAKIZE 30 min fHIL T, 3. Bl A6 SEERIIEE 1 R FRR 24 B Al 2R 22 AR K
[ B[R] 2 AN R AR 24 1 B iAo 22 B AR K. BRI RICR B R BUNTE SRR It T
FERREMG L by N F ARG T K FAREAW), JERMMEAR 20T R A 25120, T
WREGER S PR AR BRI A M A+ 4 B 3E 122,
4.2.5 IR B BEARA AR 1 5

181 F RAAUK B AR A 25T, SLAEUR AR 48 P2 AR ISR /N LB AR A 25 U R R R 5l
FEFE AL F A SCIRUE BHTEA RIVRFE T, SRR SIRTE BRI B ZEAR T A KRIERY, [,
SASIM RN gE T REE RN AR RN B 1% E4FrR, 5EA/NFS50 pmf) 5
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FEZKH M5 B I TR), AR T R Te 0 5ok, 8RR 1O, 50 R4 fF
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Figure 4 The state of ordinary bubbles, micro bubbles and nano gas in water (Data from reference [41)
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4.2.6 KN RAAPEARAR 25 RCR 1 R

IK IR R A K T VAR, RLAEAE20 °C N HIVAEE 912.07 mo/L, MR35 = A1l 4,
BRI AR P I 7R ) P R T AR, SR T SR SR P g V7 ek 3 B 7R, ) s i v o S 5 S
KSR, TEHT = 2S00, 55 il B 1) SR S8 /IR T PR 208 R B U8 B e ) S BRIV R
R A S8 A R S SR B DA DG, IR T A R T S KA E P2 AR T 2 R ik, T
B om SLEET R AR R PREE ST . SRTITE DK b 5 S 86 2152 0°C s 5o DU Bh oA AU AR 26 ) 22 2k
RWELF, JRRHEN R S, A REKTARRE . G0, NS5 RBTREAET
B o PRI BEER G SR PRI AR 2 I e AR IR, 78 BT SERR AT AN R R RAKIR B 7
IR K R, BSR4t . o AU, BRI A B ERIE], IR
B FRILH BRSO AR S AR AR, TR S BRI K.

5 AR TR SRR A2 R

Table 5 Effects of ozone degradation pesticides at different water temperatures

B IR &) bFR 75 2 SEUKIREE Rae fA iR SHE R
TR,
) 14 °C I DY A A 25 B fif 3 2 53l 09.36.2%
FREEXTRBE. 2 mg/LREKIE  14°C
Bk 24.8%. 19.7%. 44.3%; 20°CHI PURhRZiFEME 9
T #130 min 20°C
R HIN53.4%. 47.9%. 55.3%. 61.1%
R ]
39 mg/m® R 15°C.20°C.25°C iR N IRBRIE Rk B L, 10 R AR
A2 AR 4l
SFUKAEFE20 min - A130 °C 2 BE R P T T T v
EPS ST pH{H A451)7K 21 °CHl44 °C 21 °CI S B SR B FoN7.3%, 44 °CINfsa 7 149




rF 4L L6 min e 4 PR
7 0°C. 5°C\ 10°C.  0°C RFPURAL MR, Mk, iGE0E,
T | T IR | )
5 mg/l REK 15 °C. 20 °C.  HIHE AR S0 I P AR 5 4 T R8L %

YN B 3 S5 O R [27]
— %116 min, 25°C.30°C.35°C 81%. 85%. 82%, Wi RE/KIRERIHE N,
L
F140 °C AFPA HLBEAR 25 PR AR R IR B T a3
AT L7550 25 C R F#f#230%, 35 CF
AL N, &
HNT%; &0 LW 25 C T MR
fie BI% M Z ) 2 mg/lL REUK
R4 25 ‘CHn35 C 64%, 35 °C T 4100% (50]
BRE. PUT. & =i 15 min ] )
T HoAth 35 3% LR EE 0 AR BN R B R AR K
REANEER

4.2.7 pHAE X 5L R fiR AR 24 38R (1 5 el

RAUKBEMBRAGNMRIES pH K, 16 R E KA R R B BCR A 50 45 S AR
TAFRGE N F AR pH 1 AIBRIE 25 AT 1 52 SR KT A R ) 7 7 3 1) At
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