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1.1 KFISUEE

mt Hbk (Imidacloprid), 40fE =98%, FifEFb#E
B 2 A SR AT . &4 N0, 4R 95%,
A 5 5 e W SE SR TR AR o 9250 H VA R
F/K¥I N Milli-Q AbFR 5 B 4K CHFLR N
182 MQ-cm),
1.1.1 ©Co y #H& & JLHUIHTE K 2 MRS o
OB gL (HPLC) = %418 1260 R4, &
TR (IC): DX-600IC Bifhitk Y, SEEBzA
A o R R R - 5T B B A (HPLC-MS): HPLC:
4 1200 £51; MS: micOTOF-Q 1 10260 & 1
VUZHT AL« 5% pH it: PHSI-3F A pH i, -
RS BRI A TR A o

1.2 S FE

12.1 %Co v HH& %28 HCH— & W (Rt dansk
/KWW, HFBHAFE N,O 30 min EHF1, BT “Co
y SRR R TAR IR, Fricke FE TR
ZALE PIFIER,

122 &igkAeéeiE (HPLC) £ WAL
K (R =35:65, i N 1.0 mLmin ' {4
43y Diomand C18 (5 pm x 200 mm»4.6 mm), £
oA 25°C, HEREE N 20 L, R IVEK A 270 nm.

Nt DB TE 3 2 AH 3 v ) PR BE I [R] A 5.2 mins DA
b e R 2 V% D W T AR IR AR I, 5 B 2. fh
2 AR, WREE S TN 2 (B B RIFHILRER R,
RIETTFEN Y =81.96 X — 6.744, (R=0.999). [A 1,
R M 2P 5% 2 ] oy 0eg T AR SR SR Rk vk B, 3
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F#fiA % =[(C—C;)/Co]x100% (1)

T, Co A Ci 43 il i HE R J V4 R bk HRU B 1) ¢
o

123 HF &% (IC) % Kl BH & 7
TonPacAS11 (4 mm x 250 mm) Oifk:: eI N
50mmol-L " NaOH Y&V AIFEAi /K, K 8RR v,
Wik A 1.5 mL-min s 35 RN A Y 9 min; BEFE

HOH 20 uL. AEIUBHES 78 F TonPac-CS12A (4 mm
x 250 mm) L iERE, PELY 20 mmol-L" Ff R
VWL RRRRZ YL, WEN 1.0 mL-min™'; R
BEHAR ARSI 9.5 min; HEFEE N 20 uL.
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Fig.2 Relationship between the chromatographic peak area
with imidacloprid concentration

1.2.4 JakARE%-FEEK A 420 HPLC: ¥is)
2 7Kk EBIHD) =35:65; WE A 1.0 mL-min '
A Diomand C18(5 um x 200 mmx4.6 mm),
FEIR N 25°C s #EREEN 20 pL; KA 270 nm.
MS: K FH HLIE 55 B YR I IE 2 1A, BgiE ik
N 3.5kV,

2 FER5E
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] NoO VLRI PRI IEE B kAR 7K S (pH = 7 .01) |,
KPS mue i lER, KA, %R (2D
PEH-OHL egq M H = A& PRI 72,

SN T FE S R BB 5 7= P TR s S A 2 7
(GH), A pmol-J 324,

NoO NA R euq T FRF, 76 G I ML HRMRIR
FERMR IR, B4 e EHBFEAN-OH, fii-OH
P i 7 1%, N 0.55 pmol-T7' [ Mi
(3) 1%, [, BT H L EE N, AUR-OH
PRI 10% e 4 o DRI, VA AR 32 B S Bk 2E
SN R PR F - OH

DA 55 3R A5 149 Ihk E I 149 B4 figt 3 e R AR A
B, 520K 3. B 3 akn, ik SRR ) R g R BE
WA (3G KT PR s 4RI 0.78 kGy
B, MRYETHRR A MR 91.3%; URIGHIE R
1.56 kGy I, FEfRFIER] 100%. X500 /KEE -
A2 117-OH B %A R B4 A A 7K A Vi HP b ek o
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Fig.3 Imidacloprid degradation rate vs. absorbed doses (initial
concentration of imidacloprid is 1.96x10*mol-L",
N,O-saturated, pH = 7.01)
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R 1 NO VLRI kA KR pH B BRI R B4

Table 1 Changes in pH values of N,O saturated
imidacloprid dilute aqueous solution vs. absorbed dose

W& / kGy pH &
Absorbed doses pH value
0 7.01
0.156 6.85

0.31 6.67
0.52 6.52
0.78 6.44
1.04 6.42
1.56 6.38
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Fig.4 Residual concentration of imidacloprid and concentra-
tion of inorganic ions VS. the absorbed doses
(initial concentration of imidacloprid is 1.96x 10*mol-L7",
N,O-saturated, pH = 7.01)
222 A#F4 KA HPLC-MS J7iEXT ik dmkfr)
A NG HAT o3 br, PRREs R E 5. Bl 5
FUHS 7RI 2 R B I TR] 2390 9 4.8 min. 7.9min.
9.3 min A1 10.3 min [P0 A 20 00 BG4 S, 2>
WA m/iz =209[M+H]", m/z = 194[M+H]", m/z =
288[M-+H]F1 m/z = 272[M+H]" . 383 g 5 i 3 (&
YIS HEN X 4 Mgt X (L 2).

PP 2 A S B k. A 3 R
4 43 )2 B B Ak [ bk HRORBRRIT XS JEE AR T Ik ek
%A 3 MRS R, 5 cEkiaE!e,
N i i 1 B A AR 1 LS A At e bk £ AT 7 o
R 2 7 =) 3 F0 4. SRT, PR 2 ARk HUk Ay
T TR R A S A U ), R TS
A L HRORAI 5 R v R AR SRR TE [ — R B A
.

EVF STt b S AU P A B B T R 45 R
T, P A R PRI R A AR N P A
FEA Mz —, HtE SRR (LDso {4
N 450 mgkg ' ORAER), LDso {4 150 mgkg'
(BERD), TR EEAHIE Bk (P24 3) AR
FEALIIIE R RD G2 4) BIEEPERKRRK, Bk
TR P 2 1 R A B A i kP B R,
HAGMEM AR, H2efasi Leg b2 rntdh
W7+ 45 nAChRs 456 1 3 B2 250 [ -- i 2
W RGP, M=) 2 EEE ] R Tt R
Wbko DRIL, a0 & P a1 ) 40 A T AR S
1) NoO 44 Z5 bk Hh o 7K 3 VP AR A 2 e ]

AE S FFAIR.

Product 1 4.8 min

209.0575

abeiaesa b R

+MS, 4.2 — 6.3 min #(249 — 378)

+MS, 7.4 — 8.3 min #(440 — 494)
Product2 7.9 min

194.0475

.lhlh lxll; Py

525.1331

Product 3 9.3 min

288.0466

461.0859

+MS, 9.1 — 9.6 min #(542 — 576)

+MS, 9.9 — 10.8 min #(591 — 645)
Product4 10.3 min

272.0520

543.0972
lai 1

5 ALk RE AR P T I itk ORI 1.96x 107 mol- L™, N,O A, Wliil & 1.56 kGy
Fig.5 Mass spectra of imidacloprid degradation products:
initial concentration of imidacloprid is 1.96x10™*mol-L™", N,O-saturated, absorbed dose is 1.56 kGy
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Table 2 Inferred chemical structures of imidacloprid degradation products in N,O saturated system

e

Chemical structures

7Y PREAIE] / min

Products Retention time

1 42-6.3

I\llH
_ A
| N NH
< \—/
ci” N

1-(6-chloro-pyridin-3-ylmethyl)-1,3-dihydro-imidazol-2-ylideneamine

(Olefin desnitro imidacloprid)

2 7.4-8.3 / \
7 N_ _N
| A
~

Cl N

2-chloro-5-imidazol-1-ylmethyl-pyridine

3 9.1-9.6 OH
7 | N. NH
I
Cl N
“NO,

(@
Mono-hydroxyl imidacloprid
4 9.9-10.8

OH OH HO OH
| N. NH | N NH
N Y N M
c” N N a” N N
NOy_ NO?

(@
Double-hydroxyl imidacloprid

HO OH
z N}_\NH Z N. _NH
X | T ) | \]|/
N N c” N Nyo
2

“NO, N

(b) ©

HO, HO}
Z | N. _NH
NE N
Cl N
NO,

(b) (c)

2.3 [EENIBHES

LR DL B A5 R DL K -OH ItE R, WIb S
AHIE TR 22 HH itk R P B A ATLER 1 ] 4 BT 1 %G
FEHMER-OH i@ (1) SRRt duksy 1 5
Tl FE M ) 5 A7 R B N1, il N-N B R AR
AR EEE Y, A —A NO, , [FIR-OH #t—2
BTG W R C-H 4, RAETE SN, B
MAERTY 1. X HT-OH BAKRIELE, B
DL AL SOk 3 7 o R SR 1 NO, & B AL N
NO; , X587k il i NOs™ IREE iz & T
NO, KERIKAZMYIE. 7Y 2 Al GEA PR A g
e (1) HTEME RN ETHHE, ff C=N-NO,
M 3R 45 #) o C-N=N(O)-0 ", Jr LL 3% ok
f1)-OH AT DL 42 (3) Bt b B e N

JRF, i C=N KAEWRE, HHEE AR 2; (2)-0OH
R E (4 5/ 1 F i C=N RN,
S EASE AR 20 PR 3 AR BRI Sk,
J&-OH HEXCIE Bk 77 Fh 3 L) C-H 85 TR
1, RAMRBUCRN, AR =FE S SRR, 72
W 4 & RS I bk, T eI PRI IR AR A R

(D &g (5) BRI M Az b
TR T -OH BERW R B [ B (2)
AN-OH #Zi& 1% (6) [FI 57T H B AN 2L C-H
R A AR Y

3 &g

OCo y Y Lt HRVE RE WS R FEAR NLO MR
K I s, 4IRS 1.56 KGy I, it
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Fig.6 Irradiation degradation mechanism of imidacloprid in N,O saturated system
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0o y-ray irradiation degradation of dilute aqueous solution of imidacloprid

HUANG Zhen LIU Yuanxia BAO Huaying
(College of chemistry, Beijing Normal University, Beijing 100875, China)

ABSTRACT Degradation of imidacloprid in dilute aqueous solution irradiated by “Co y-ray was studied. The
samples before and after irradiation were detected by high performance liquid chromatography (HPLC), ion
chromatography (IC) and high performance liquid chromatography-mass spectrometry (HPLC-MS). The
experimental results show that the degradation rate increases gradually with the absorbed dose and reach 100% at the
absorbed dose of 1.56 kGy. Imidacloprid irradiation degradation products include four kinds of inorganic ions of CI,
NO,, NO;, and NH," and four kinds of organic products of 2-chloro-5-imidazol-1-ylmethyl-pyridine,
1-(6-chloro-pyridin-3-ylmethyl)-1,3-dihydro-imidazol-2-ylideneamine, =~ mono-hydroxylated imidacloprid and
double-hydroxylated imidacloprid. Oxidative free radicals ‘OH could attack C—Cl bond, N—N bond, C=N bond and
C—H bond of imidacloprid molecule easily.
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