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Effects of Rare Earths Nitrate on Degradation of Chlorpyrifos Residue in Spinach
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Abstract: Spinach ( Spinacia oleracea L. ) is an important variety for the vegetable export in China. The chlorpyrifos residue in spinach is
directly related to the export trade of agricultural products and safety of consumer. In this work, the residue of chlorpyrifos was determined by
GC(Gas Chromatograph ) with NPD detector. The dynamic analysis of chlorpyrifos residue in spinach sprayed with rare earths nitrate was also
carried out. The results indicated that the different rare earths nitrate help to reduce the pesticide residue in spinach, whether 2 d before or
after spraying pesticide. However, different degradation efficiencies of chlorpyrifos were found when the spinach was treated with different
rare earths nitrate. After spraying, the concentration of chlorpyrifos residue in spinach decreased with keeping time delayed. For different
time of spraying, degradation effects of rare earths nitrate on chlorpyrifos residue in spinach presented diverse, on the whole, the effect of
spraying after pesticide application is superior to that before application. Cerium nitrate and neodymium nitrate showed the best degradation
effects on chlorpyrifos residue in spinach, and lanthanum nitrate and changleyizhisu took second place. On the basis of safety analysis for rare
earth application to farming, and consulting maximum residue limits for rare earth in vegetable food, as a result, applying rare earths nitrate as
degradation preparation for pesticide residues will be feasible and helpful for the security growth of vegetables.
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2007 4% 10 H 4 H R332 (5 ARy H AT 46 ) Fil
FEAET B AR M 2= K Jest o K IR TEIR , b
[HIAH 3.0 m?, Jth N HIEAT ML 1.32% , 355 N 60.0 mg-
kg™, B P,0596.7 mg-kg™, 5 K0 65.0 mg- kg™,
pH6.7 . Kb 20 em LA IH HIEFRIZH, 7R A
J I3 2 £ K e Y, SRS Il Bt A 0.2 kg (F1 &
fiti A 800 kg-hm?) & A AL, IRAIT-3&, FFATEK K- 3%
SR TFHEATIE 25 em ARER 20 em B FITEIA,
TRERD 4~5 k0, SRIEE L. MR TR A, T
11 A 5 HiffArmls, &0 18k,
12 i RARBERFE L

BE AL, 48% FL i , A1 R 53 (Chlorpyrifos ) [ 4k
SERFRN 0,0- . 4FH-0-(3,5,6- =G -2-NLhEdL)
T ACBERRTE , AR i 480 g- L7 il iy 22 H
Wi [C 25 4 /A 5] (DOW AGROSCIENCES), fH 3@ /b T.
J o1

fERHE , TREO 39.6% , La,05 FHXF21 & 99.99% , ffi
HEIE AL T A, il 4, TREO 39.5%,
CeO, FHXTALIE 99.95%, fu 5 BiE G AL T.) A7,
itlR%L , TREO 37.5% ,Nd,O5 FHXF 21 EF 99.90%, 65
B IRREAE T A, W RERAEER , TREO 30%, f1
ER B AR R A A7 FR A R AE ™
1.3 KA E
1.3.1 gt

IR AL 10 AAEBE, 73 2 F840 , WA 25 2Z il &
245 N AN 3R ERREE N 1A
W7, WA T AR 3.0 m,

FEWSEA 252 /i 2d(11 A 12 H)Fmifk 2z
J5 2d(11 J 16 H )43 5l #4740 b3 w3 K (O
M) 5t 0.06% R4 .0.06% 1555 .0.06% f IR .
0.06%# HREs MR . 11 A 14 H XA i 56 4 H w3 it
1 500 f5EFEME , S W 10 L,
1.3.2 FERREUEE

FEWTiEA 2 2/ 2d(11 A 12 #4505 44k
P, FWOEEAM(1L 14 H)Z 5% 4.6.8.15.22
d SRAEBE SRR, B BEALR AR 10 BR , HE ST BT
ABHGEH O LI A TALTFR R 3T o

Wit 252 )5 2 d(11 H 16 H)PATHY 5 b
M, FBUGEESEM (11 H 14 H)Z 5% 4.6.8.15.22
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FE A ATAL B - FH IO AR BN 50 3 0 SR i
10.0 g, ¥ A 100 mL BL.04, PSR 20 mL, SR J5 & T
BRSPS 15 min, 3 600 remin™ B.0> 5 min
Je B ISR W -, /D e R p e ik BA A
o 5 TR, F 301515 mL S8 e RS0 3 ¢,
et i rh (JOKBRIRENI K ), SR 5 H N, IR 25k
T, R E 78 28 10 mL, REI

SR 2544 : Varian GC 3800 S AL (NPD ) 5 7
FEFREE 230 °C, Rzl #8300 °C; 2 Ah R 4l
N,(99.999% ), fE ¥ 1.5 mL-min~'; {5, 3% 4} > HP-1
(30 mx0.53 mmx 0.88 wm) 7 9 E 404, F2 3 TH IR I
&, 7680 CLEEF 1 min, DL 15 °C-min™ B3R TR F
170 °C, 445 1 min, ZR)5 L4 10 °Cemin™ F}F] 235 °C, {4
+F 5 min,
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R R (% ) =[ X FRAE Sh A 25 5% BE 1 (mg kg ) -
AEPRRE SR 2GR B i (mg-kg™) 6T REAE S, AOAe 25%%
B & (mg-ke™)x100
1.3.5 $finhb o

>k H1 DPS2000 £l ik 38 52 4t 7t
PR, 25 S FUASCR H LSD k.
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WNZ5J5 55 6 d BURERS I , 0.069% fits 1 ff b BH 1) 3% 32 75
FEMER B Ol 3.14 mg kg, HLX IR (4.03 mg-kg™ ) BE
ik 22.1% ,0.06% i PR B KA 21.1% ,0.06% fiFf 1R il [
ik 13.9%,0.06% % *k 3540 Z %A% 16.9% . 2124 )5 %6
15 d BUFERE , 0.06% H 4kt AE 2% LX) BRFEAIG 33.3%,
0.06% s PR FEAIL 22.6% . BRI 25555 22 d BURRAG
W ,0.06% il B £l 1 0.06% i B il (0.47 mg -kg™) L X}
HE(0.77 mg kg™ )FEAIK 39.0%,0.06% % 5k 254t % (0.53
mg kg [ 31.2%, 1fij 0.06% il 244 (0.65 mg-kg™)
XA 15.6%
22 EBHERAZE, HEBEHEEBRRE L EERS
LR P R BN S O B2 NI
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AN I B4 i TR s %o 9 =58 v 1 73 SR L P e AR N T
T2 B () o g D, L A 10 24 s B ) P B, 73 200
FEPE R P (5% B e s D o 7RG S5 56 4 (RIS
JEEE 2 d)HUREARG I, WS - %o g i v %) 1 ST AL
A eI IR o P 0.06 9077 IR Hi Ah P A 3%
S R AT WL 5% BH A IR (3.28 mg kg ™), H X IR
(5.52 mg-kg™" )FFAIR 40.6% ; HIKIE 0.06 % IR L FFAI%
36.9% ,0.06% i Rl (1 B2 i 32 e 1K, AR 10.9% , 7E 2%
S5 6 d( RIS 54 4 d)BURERG I, 55t 0.06%
TS 2 000 1) 3 SE LR BR o 1.99 mg kg™, [N
57.5%;0.06% G54 .0.06%%; T 25412 1 0.06% Gl
Sl R AR5 R 51.3% . 39.7%F 35.5%., FI25 545
8 d( RPMS it ff )5 565 6 d) ICRER I | W5 it A 18 il i
PR PR AL WY A 26 A 2 0] D 35 v 75 SE L Y A Al R
KB ITE 60% L) (3 2), BIZ5)E55 15 d(HPmE
it S5 55 13 d) HURERGHIN , W it s R e s i
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Table 1 Effects of different rare earths nitrate by foliage spraying on the residue of chlorpyrifos in spinach(2 d before spraying pesticide )

SRR ] (Bt 24 )5 )/ 2555 i /mg kg
d M5 7K (X R 0.06%fit§ i 0.06% il T4 0.06% 7l Bl 0.06% 7 R 35 M 3%
4 5.150.09 5.23+0.90 4.08+0.68 5.58+0.59 * 5.47+0.54
6 4.03+0.08 ™ 3.47+0.10 " 3.14£0.04 3.18+0.09 3.35£0.04 "
8 1.680.27 1.20+0.07 ¢ 1.56£0.21 " 1.1720.03 * 1.730.23
15 0.8420.11 0.650.04 ™ 0.84:0.02 * 0.73£0.21 ™ 0.5620.05 ™
22 0.77+0.04 0.47+0.03" 0.47+0.01 0.650.02" 0.5320.03

T [FAT HRRIC AR ) - B on A 28 5 i

NG SR REAT  KEFEN 1962 BHAF, LU P
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Table 2 Effects of different rare earths nitrate by foliage spraying on the residue of chlorpyrifos in spinach(2 d after spraying pesticide )

e a] (Wi 245 )/

25k B it /mg - kg™

d M 7K (X HE) 0.06% il 4t 0.06% i fE 0.06% il R 0.06% % Ras i %
4 5.52+0.30 4.92+0.82 3.28+0.03 " 3.48+0.30 " 3.83+0.31 "
6 4.68+0.06 3.02+0.04 ™ 1.99+0.31 © 2.28+0.08 2.82+0.20 ™
8 2.55+0.08 1.0020.06 ™ 1.0020.15 ™ 1.0120.05 " 1.00£0.10
15 1.1720.16 0.6220.19 0.67+0.01 ™ 0.5720.01 " 0.750.12 '
22 0.8120.15 0.3820.08 0.48+0.12 0.4420.03 0.49+0.01 ™

51.3% 47.0% 42.7%F1 35.9%, HMEE] T 25545 22.d
(EPmEitafs + 555 20 ), BEiE R X055 Hh i 27 S8
USSR A LI TR ARASOR , BEAR 2R 39.5%~53.1%
X5 BAR IO ST T W e i T 0 T 3 P R SR A B
R I 25 SR

ULAh, 36 2 a5 eI, B 25 15 24 I 1sf [ 1) 2
Ko, Wt A RS %o g S v 2 R ML) ok ik 2 4 T 1
K, BEEH 8 d BB A, UG XZ )N, BV 5]
T 255 22 d, BEfRATIE 30%L 1

SEASIR) OB AR 1T 75, 2R 24 5T 6 d, MR B Al
B PR AL 8 58 B AU A B AR T AR 85 R
FIRHREN ; BN 25)5 55 8 d, A AR AR A JH I BAE A
RILAMDF A — KLk I 2 J5 X B AU R A Lk
M 225 LRARE  IHMREN RS R S h 34t
W) R PSR AR, LU AR AT 25 RS T 0

3 e

3.1 AEIBEHERE TR EXERPSHRBLEE
ARG

T P T M i PR s P TR S [+, HL X g e o
TEALIER B R A B2 R (R 1 IR 2)0 A
1M 2 MEERATLIE L, 2505 2 d Bt fE R
5250 2 d BUERHERA AR LL , B %R b i se
AR BRI i T )5 2 Rl R 25526 4.6 .8 d %
S PR S B AR A AR AR A s T 2 R 2 d Wit
fird M A - A AR B X LA SR ] ARt T AR b2
AR PR = A TRDRE AR JBE (L phy 3 Mt P s ) AN ] 1
SR T AR X R SR Y R R AT A W
WZES . BOE A RS - KA i g e 2y
R L SR HIZh i T Wi (9 75 3200 T 25 B , 764
SEIAE BB RO , (8 T fi W b A 4%t XA
E2303 465 N ] o2 (B IS 8 ot SV L 5
R UM L BRI 255 B, Z e B e X — IR Y
SO AR B I

3.2 M EEEEERR TR S MEIEN

i 2 AR B B AR —Ead
Ji B2 R AR 5 — Rl dR B 28 T AL T M, — i
i ik AR B f + BB DR L B 2
DURTEEHE, T ERM AR RS ookt
[T, H AT A — Lo g5 10, S A
IR, NI AR R MY B SR8 A it (acceptable
daily intake, ADI) 4 0.6 mg-kg™ 1A (LA ALY R
0.24 mg-kg™ A5 ), A 60 kg RE TR, BEAN
ADI 2y 14.4 mg(Fi 2840 ) o AR J S50 2o o) 5%
(R P S P R e w7 FENANC 7 NR 2 237 - S B R
PiRE eI LY/ e T o S N D2 N L N B) e
A 4.2 mg(Fi 15840 ) 3% o 4 3R I fm R H B IR e
TR S AN T N H B YRR AT
+ B g2 (LLEAYIT ) A 2.24 mg, 456 sh i 56 3
PR RMEPEM AR, e T Y& P i oK sk
P PR AR TR

IV TET WS it i R A e A T, ARIE R OT
RIS G 25 L, T8 00690 fi iR fif , 78 Mt it 2
JE5 T d WU Hr, NS HL EER Y La & N
0.097~0.102 mg kg™ (#74 La,05 0.228~0.239 mg-
k'), AR T GB2762—2005 (£l s Yy B it )
O E AR PR e R R KR B BR i 0.7 mg -
kg 1 A AERE SR 45 SR I, i TR 0.01% |
0.03% .0.05% KW 1=, 75 pH6.5 1Y T4 T AE Ky gk
S, HoHb B A AR S 43 2 0.611,0.658
F10.696 mg-kg™, tb At Fa 1 (0.554 mg-kg™) 53]
AN 10.3% ,18.8% K11 25.6% ., MIiX BLHF o8 45 Fok R
P T M i i R s - B AR X S i B A - S
BVl e A — g S (H A AR S R
T RHR B B, PR e 41 o i ™ B4 A 5 ]
B A O A R IR La 21.32%~
22.87%,Ce 39.08%~41.51% ,Nd 12.85%~14.57% ., 7]
DA R 2 DL il O E R R TR IR AW A
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TR ISR R B A R A A R RN H AR R A R AE
A 25 5% B A i 700, SR FH I TR i 1) iR A, A2
X R A AR R B CRE AP b R ek
FREABR &R 0.7 mg kg™, AN SRAEH AR 8 )
PRI N, B R A . B SRS X R
T BEERY BT AR AR K A R VEY) B -
SErP R -8R B RIS W O E BA T 1 Y
SR AR RS2 A, AN SRR KR e
FH AR SR TS G
3.3 THEET L PR SRR LIRS 4

2 SL I (Chlorpyrifos ) (N fL 2% £ 75 h 0,0-— 2
$£-0-(3,5,6- = -2-MLhe R ) AR ER , v+
A 3 AEREE, B 2 N5 A Ry mR R A 1 A
BEPRTER (MLIE L )8, G A T7Kfif . Komiyama S5 BF5Y
KB R ICER La™Fl Ce™RETEA BIA 4 (pHT.2,30~
50 °C) K2t DNA JKfi# A DNA B, e £ 1)
Wr 5" 3w P-O B R E LS P TR Lo R
Wb 5" — B AF —HE R (5 —AMP) Fil 5/ - 5 FF - R (5' -
GMP) (ALK i T 2844 FH o 285 SRR WY, e T AN % 18
T, Ce¥*%f 5'-GMP A 4119 Wi 244E J11 ,0.1 mmol - L™
1) Eu* X} 5'-GMP A — & B /K i Wr 24 E T , R W
T ICEE AR UK DNA PR AR SFER I oE
B, Ce™ T &A A RATEM T, A Ce™ J5
AHEVIHr Oligomers DNA , Ce* FERRYE Bk 444F 4R
AEZK MWL Oligomers DNA , {H iz AL [A] . Ce* X
Oligomers DNA %) ] W7 J& /K it U1, H 3458 Raman Yt
TS A 5T T HE BT Ce*t m] LUK fift W 24 Oligomers DNA
i SE I 3 AR IR —lREEE . PR AT LAY i T
T PR - 2 it LA R A% 3R ik i =3 rh R F 008, AR PT g

P IvE A B S LTRSS L R L A
R
4 i

FEDZARZG AL Al ORI, 78 B ETA 7 &0
T, BRI A LTS R AT 5% 3 2 AR R
)RR R I R ali 2 R 21T, BEE
A5 iR Ty ARG DL B O T T 2 A e 2 AR 24
B BEAE M HARRE 2275 [ PRk 7™ i B2 &) vh B9 VR Bk
ERE R, AR R AR 24 B R Bk B PR (Maximum
residue limit, MRL)ZZ 75 808 ™ 4% . 540 2005 4F3%
S T EE SR WA MRL A DATTAY 1 mg-kg™ BRI E]
0.1 mg-kg ™, HAHRIERLE 32 rh #EFEMEAY MRL
0.01 mg-kg™', BKHAf% MRL & 0.05 mg-kg'™, 3¢

TEALIRRG MRL 4215, AU T IR A RAR R
(i ek AN , 1 ELX R R (9 2 A A = S il 1
I EOR o BORA™ W AR 255k B R T A AR Z
WFFEHGE (B A b B RERS nl A7 A ARG 1 AN
Z I ABRFTLERAI, - [ A P X
TEALIREL B i BAT LB R, HL2 i i s
BRI T 29 RTMG ;  FERRRRG TR e |
ORI AR Bl , U 2Rt A 2% R R
Bo DRI, PR 22 A = R HEA T RH R - R A0
WA EAEEOR Lo nl AT 80, 0 AR AR b B
AT, XA 4,
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