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38 ep %) B BE 43 ATy ik 1 A ST A TR PR BT R O T
ARESE S WangE N BRSE A TR U /N
YR RGN, AR R AR T
AN B e R AR R B R, X /N R A
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1.1 XE5IKF

LHEE Agilent 1100 AH 54X ( fic 28 /M &
M), RE2S2HBEFEZZ K A%, KQ320048 /5 % 3 vk
i, WA, SPEARURE, C EAMAERBUNME, i
el FIREEH, FzsHiugdl, k.

O CEigal) , HEE (G5 |, JoKER
B (130 CHET6 h) , WRAEE (JFZh, VIR0l
LWL, 2liEEH93.00% )
1.2 il +ig

PR EER T ILARR M R 2Rk ), RAETR
JEL) N2 ~ 20 em, e H ORI GE &+ 3 T 90K
ik, AT, Tiaiddo R8s M. bt +
BEFAR AL T LR

x1 TIRBUMER

Table 1 Physical and chemical properties of the tested soil

N UG FH i) 5
HHLA AR i - . . o
HHLE Readily KB Fhki rkr A
o Organic Available pH )
+3#S0il Organic matter available Field moisture Clay Silt Sand
. nitrogen phosphorus (H,0)
( mg kg~ ) . . potassium holding capacity (%) (%) (%)
(mgkg™) (mg kg™ ) .
(mgkg™) (%)
ERe
Brown 17.6 132.3 18.4 125.7 18.5 7.6 10.4 57.7 31.9

soil

1.3 EWigit

FREGE0.42 mm i B A7 AT 4L 58, ARG X
PG EF M (37.5~52.2 ¢ hm™) Zr B4
WR Hy g BEEAE - S rh R 2GR EE 1. 5. 10
mg kg™, R BN R SRR R 206 0925 AL 2R
xR, BENAREIS AR . TR A 1
AR R kgWHRHE N, Y R0 K & it
FFFEKE60%, ET (25+1) CHMHFTF
E R 5 TR AR N AT IE SR, RN SR TC B K DA 3K
S miEE . 4 F0. 3.5, 10, 15FI20K
B SERE S, AR 3 IR e AR B Y RIS
T A P e R R R, N8 R TR 20
d, BB EFERLH100 ¢,
1.4 1 Rk B 0E B 12 B AN E

VB PR B R 520,00 g, EA250 mlH %
=M. 100 mlZAE, 2 mUBAiK, HLKIRS

1 ho FEMPEIOR A eS8 )E . &%) oK
B R A 1 1 T W <1 2 D 2250 mIF B, 1E
etz KA E (50 v min—1 50°C ) ¥4i %3 mlie
Fio SampliQ C [ AHZEH/NEESE S mil B P i bk
ANKE, FEHS mlZEIRK O 2= T ARG RS A
. 30 mIZHE (BERIMAS ml) LA ml min™ 3
HRPEBAE AL, BRI, AR T, 2FEsR
10ml, 2h0.22 p mAAHUAHBEREEIE, ¢ AR, WR
HUETE I AR E0.05 ~ 10.0 mg kg™, [
H181.73% ~ 89.05%, FF& AR 255k B oK .

Mg 2514 . Agilent 1100850 AHIEAL (48
SRS ) 5 CpfBitl: 5 um, 25 cm x 4.6 mm;
WM. N5 : K=40:60 (V/V) 5 WH: 1.0 ml
min_l; KK . 359 nm; H:JE: 30 C ; #EFE:
10 pl; SRAVAMRZE E R, LEUREITE0.S x 10~
9~25%x107 g,
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1.5 TIEWEMEREREFEENE

BEYHECR R BCEBOA T o SR,
FRILAT TN LBEE SR (4 ) . PDAR SRS (K
W) MR —S iR (L) .

o R A R P o SR A e v 1
PUAE v T 4 AE0. 1 mol L™ = 4 92 41 74 TR I 1R AR
FoR (mlg") .

JIt ST S P SR PH SR A = R R IO A e
(TTC) 3 %0, A5+ P = A I TTC I
FEYITFI i 7R (mg g_l) o

SR A A 0 SR FH A W L gk

A SR R T A 0 SR X A LR R — A 1
@% [21] .

b-a

aqim

APt x 100%
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A, a iz HALBEAY SRR s boR IS IS AL W)

¢l mgkeg' eSmgkg' al0mgke!

b e e el e 1 o JiE

Residual concentration of IPP in the soil (mgkg™')
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Fig. 1 Degradation dynamics of IPP in the soil

B2 00, A ] v B Y UR HL e 7 3 b iy
T1/2597.30 ~ 11.28 d. #HEEEEH10 mg kg™
WR HBE 7F - b B R AR R R 7.30 d, B TR 6
%5 5 mg kg BYUR HUBE Y REARE I ON9.73 d; 1
mg kg™ BYWR HLNE YRR FR R ION 11,28 d, SR E
W HUBE P o A R B W = TR B, U AR 2 FE A
R REE R (MY EZHREAE
H, R ARG BRI AT, A8 TR
HAA B, WA 25 RIF RO P2, X
B B R HRE R R R IR A, BT DI
JE WR HUE A 4 398 v 5k B A TR A I

S FRAY A HEE R . PP AR S mAE s >0, &
WIS R mdEEc <0, RUMHIER.
1.6 HIBESHT

Xif AN [ ik B[] ) 22 55 M 2R FHS PSS 18.0 %44
G AR AT 5 22 0, R BRI R O 2250 0
(ANOVA) p <0.05X] £ &b 3 SR B 50 2 5 i 47
WEMERR; B R Sigmaplot 10.024: 4], 3fFIH
— R R AiR B ) 2R R R

2 R 5

2.1 HIERIRHIERIPERER HF

WR o g AE e i RE R s A IR L a2 ) AR
3R, WREERL. SHIT0 me ke Ab B B 5 i 2 43 5
H22.3% . 26.7%HM25.7%, 510K B350 K
50.5% . 47.2%M64.3%, &g shSFFH—S# i sh
T2 FEAE

200 ¢
igop ¢ oCK
160 > o5 mg kg™
140 + ¢ -
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100 +
80 1
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o U

81 mgkg’
#10mgkg!

s
Nnumber of bacteriactu/ (10°g™" soil)
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IR Time (d)

P12 AN [i] v J3E 9 IR R i o - 398 40 T 50 14 52 W)
Fig. 2 Effects of IPP on number of bacteria in the soil relative to

application rate of the substance

2.2 WREMEX TIRMAEYMEERE N

b P AR W R AL R S e S A W AR
AHFAERE EAEER o WR BT S Hh 240 e ) 2 e A ]
2, HE2RTH, W23 d)S, WRHUSEITAEXS e rh 40 iR
FEAAMRIERT, HR B MR AR . 210K
W, ek FE AL B A L 22 S B, ELXR e —
FAFEE R RS20 K 03X AT RE R T WIR HLRE X 20 4 Y
AR BIHAAETENE, I TR

TIEAEROVLREAILE TR, SR A LY
TR B RE T i, B R 1Y 22 /0 aT LS e R
T3 B8 SARBL A TR B A IR S e o 4 8 B KR
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Table 2 Parameters of degradation model of different concentration paichongding in the soil

il 245 % 32

Application rate

Wk e sl 25405 O

Degradation equation

Half-life (d)

R R Hr

Correlation coefficient

(mgkg™")
1 C=0.9762¢ 02" 0.987 3 11.28
5 C=4.5108¢ 0% 0.958 9 9.73
10 C=9.6143¢ """ 0.976 4 7.30
(IR I3, BT, WRARERT FIEER M WRHBERT e i L A i S AR A T — A, IR

Wi 2 B Sefe #E e Rl A9 4R, it25 )55 diN, TR
HUmEfE O TR AR BRI, LA S K AR BN
X ZE SR B . 10 dJa RN FEECRE, Hik
JE S e AT o PR, e e 2 RO IR Ak O S W
F, XA — HIEZE B 20K

R AE R PAAR T, SRR AL
B AL TR YR T BTG BRI R AR, ARV EE Y
MR L E X - S R 2 B R S R AN [T 4.y (R4 0] T

d

oCK Elmgkg!
L m5mgkg! 210 mg kg
dab
ey b

TP H
Nnumber of fungi cfu/ (10°g™" soil)
=

10 15 20
[ E Time (d)

P3N [ e 5 IR HRL I o 198 R T ) 5

Fig. 3 Effects of IPP on fungi in the soil relative to

2.3 R HUEX TIERAE YIRS IE RN
WIR P X - 8 1 M ol 1 il 0 P ) 2 i n LS

p ST T, R HRE X 4 b R M g R i LA B B
FAMEIER, 2553 d, 10 mg kg™ ZbHLATH At
WhERZ M HAA WE 25 Sk, SXTREA L, ER ke
R B IE PRI D T19.5%; 5 ~20 d, A e EE Ab
FRZF AN B2 1) 22 5 W 2, (HL A o e Ak L 22 [
Tl 255 o U I v VA ) WR e Xof 3 v R
W2 il B A WY S A A VR T, BV VAR R ) R oL
XF IR B — R .

RSB F IS AR . 2552 hiR HE T
T A G VE v R A BRI IR 2
25 0. A3 dJF, URHUBETT LG 40 il 458 i
LWEMEEE, BB SRR, 10K
B, it 24 Ah BTG R A P 2 ) 2 S 0
M5 mg kg Wb IR H] 22 N, SE20RE, KUK
JEE b BRI X R 2 ) I J S 2 T R Ak 3R
MZRESBE.
60 - OCK

1 mg kg™’

g8l mgkg'

o5mgkg' @lOmgkg’,

50
40+

30 | af

T e Mot

Number of actinomy cetes cfu/ (10° g siol)

o |
H»I-|'|rj Time (d)
B4 ASTR R R A R HRRE X = BI04 AT 1 2 il

Fig.4 Effects of IPP on actinomycetes in the soil relative to

application rate of the substance application rate of the substance

WIR H I X - S el Tl 1 il 9 A 1) 52w an 1l 6
P PO R R, e T T T T 1 T g R
2552 h, M2y AL BRI IR 25 B, 10 mg kg
Qb BN R EL B W TR TS kD T 24.0% 5
JZiJE3 d, BEE ALY IR, X0 e R e T
IOHIVE U ES, 1 mg kg 'AbHFIS mg kg ' 4b 3 2 JA]
ZREAREFE, 10 mg kg A FE 5 X BAT L, Bl
R B PR D T 18.2%, EHSK, HAbH A
SRR H10 dfF, vk b 3R Al b B 2 8]
ZESE A T R 2 24 ik e o7 55 B PR R X
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400 - OCK al mg kg™
_ | mSmgkg' al0mgkg'ad

(p-nitrophenol pg g soil)

(]
[5f ] Time (d)

PSR HHL T M R P TR A 41 14 2 1

Fig. 5 Effect of IPP on activity of acid phosphatase in the soil

it MR Itk Activity of acid phosphatase

B B T S MRS AR /N, SR REAHLE, 0.4, 2.0
10 mg kg " AbFRAL Mk sORALAE2 1 IS 28 i
AT WOEAE T, S M R N T 14.99% 4,
Wt X - 38 JUR 1l 0 R Y SE AN L 7 . R Tt 2Y
Jo B ER RN, i 2 Ak 3 o IR M A B Y
IHIVEH], JF B BB, Il AR gL, (H
5~10d, ANFREGHEZETEEZS. 15 ~20d, jif
24 b PZH X IR S PR SRR W R EIE R, A

0.3
oCK
0.25 81 mgkg’
o5 mgkg!
02} Bl0mgkg! 4.
daag,

daay

%
T

e 37 1k

Activity of urease (NH,-N mg g"' soil)

n

=

it Time (d)
P7 R ST - SRR A A 14 5

Fig. 7 Effect of IPP on activity of urease in the soil

WR Ht g Xof - 198 8 S I 9 1 %) s e n K1 8 ph A
SAI I, FEMEZGAISE3 R, AN [A Uk B (% IR e XT +
P8 5 S O L ﬁﬁ%ﬁ’]{%ﬁ(ﬂ’ﬁﬂi 10 mg kg4
PRANXT REAH H, 1EPEREN T 24.2%, SR)5 1212 MK
52 o 10 dJ5 it 2 4b RN XS BR A L B S 0 AR
H, R gR K E , 220K, ANEALLPEZ[E
TRFEZER ., W CHAIRIES0 mg kg™ Ab B At ek
ME252 dJE % g U R M 23.0% ) FhT

~aCK 8] mg kg
OS5 mg kg BI0Omgkg
L aa

(p-nitrophenol pg g soil)

10
i) Time (d)
PG IR S T Sl P e TR R 41 14 2 1

Fig. 6 Effect of IPP on activity of alkaline phosphatase in the soil

P PR IE 1 Activity of acid phosphatase

PRHLER TG 22— . T80 mg kg™ ALY
KA RG24 )52 X R B R R 30.59% 2
0.4 mg kgq%ﬂZ.O mg kgflﬁ}EEQHtkE%Tﬂ—:Zl dF
28 AR A W E MBS ER, 10.0 mg kg Nk sk AL
BRAET dFI14 B A 18 o IR O M 1 TR BEOK
S RIS AR 2 bt R R L, R o B X -
JUR it A9 55 W) B S A T, G 39 A W 1 7 4 B
LZg o8

257¢ . acK
? 81 mgke’
20t 4 qaa o5 mg kg

ad
= 810 mgkg!

(TPF g' soil)

Il 2%k Activity of dehy drogenase

| Time (d)
B8 W HUBE X - 18 Fd 40 I 2 7 52 1)

Fig. 8 Effect of IPP on activity of dehydrogenase in the soil

AIA Tt HUCA E o i 2.8 g kg HUALEE, ik
W 3 I 3R R AL B LS o X g R R Y T R
H82.94%, I H KRS — H I FIHE0RK >
iR L T~ 9 It 0 9% 1 A 52 ) ) AR ) L ) 26
AR 2 Ik HLE

W Ha I Xof - 498 5k 40 A S0l O P 0 5 e an 119
H ORI AT, FEEZ5 00, il 24 A 3R RTXT REAE T
EXES, WRHBEX T AL SRR A BOEER, B
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I BE (B B RE XS . W3~ 10K, AR EA
BRANR M2 A0 2% 25 57, U W OR e o id 8 L =0
ity 2 W A s o (HAESR 15K, i 2 Ak B AR 1
FAERE IS, M2y ab P 1 A S
(A ) e JBE ) 95 A A 3 22 55 505 20 Kt 24 Ak LA )
W2 e 25, IR HE X 3t 4 b &
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TERI TGN (1 ~40 mg kg™ ) HALMEG
T e A SIS PR PE A T TR Ak 2 K
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PEEM RN

o CK =]l mgkg!
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i ] Time (d)
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Fig. 9 Effect of IPP on activity of catalase in soil

(mL 0.02mol L' KMnO, g soil)
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Degradation Dynamics of IPP in soil and its effects on Soil Microorganisms
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Abstract [PP or Paichongding is a new type of neonicotinoid insecticide, high in effectiveness and
broad in spectrum, developed jointly by the Jiangsu Kesheng Group Company Limited and the East China
University of Science and Technology, it is intended to be used to control pests of fruit trees, vegetables,
wheat, soybean, rice, corn and some other crops. It is, therefore, very important to study degradation
dynamics and eco-toxicity of the pesticide to soil microorganisms. For that end, an in-lab simulation
experiment was performed, using the SPE-HPLC ( solid phase extraction and high efficiency liquid
chromatography ) method to determine residue of IPP in the soil; the dilution plate counting method to detect
changes in number of soil microorganisms as affected by IPP; the p-nitro phenyl phosphate disodium salt
hex hydrate method to determine phosphatase activity of the soil; the TTC ( triphenyltetrazolium chloridel )
method to determine dehydrase activity; the phenol sodium chromatometry method to determine urease
activity; and potassium permanganate titration method to determine catalase activity.

Results show that after the pesticide was applied at a rate of 1 mg kg™', 5 mg kg™ and 10 mg kg™',
separately, its degradation rate in the soil reached 22.3%, 26.7% and 25.7% respectively, 3 days later and
up to 50.5%, 47.2% and 64.3%, respectively, 10 days later; its degradation process in the soil could be
well described with the first order kinetic equation; and its half life in the soil was found to be 11.28 d, 9.73
d and 7.30 d, respectively.

Once applied into the soil, the substance did have some toxic effect on soil microorganisms and the
higher the application rate, the more obvious the toxic effect. Its effect on actinomycetes was quite similar to
that on bacteria, promoting firstly and then inhibiting. Two hours after its application, the substance began
to stimulate propagation of bacteria and actinomycetes and the effect in the treatment high in application
rate was very significant as compared with CK. However, 3 days later, it started to turn from stimulating
to inhibiting growth of bacteria and actinomycetes, and the higher the application rate the more obvious the
inhibitory effect. Twenty days after it was applied, its effect was not significant at all in the treatment low in
application rate as compared with CK, but very in the treatment high in application rate. The effect of the
pesticide on fungus was quite similar, promoting first and inhibiting afterwards. Within the first 5 days after
its application, the pesticide stimulated growth and propagation of fungi and the effect was very significant in
the treatment high in application rate, but 10 days later, the substance began to inhibit the growth of fungi,
and the effect increased with rising application rate and became very significant when the rate was high as

compared with CK.
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IPP, once applied into the soil, also had some effects on soil enzymes in activity. Soil alkaline
phosphatase was more sensitive to the substance than acid phosphatase, and the effect on the former was
significant 2 hours after the application. The activity of alkaline phosphatase was reduced by 24% in the
treatment applied with 10 mg kg™' of IPP. Three days after the application of the substance, the activityof acid
phosphatase varied sharply between the treatments, and reduced 19.5% in the treatment applied with 10 mg
kg™ of IPP. This inhibitive effect lasted on till the 20" day. Urease activity was inhibited during the initial
period of the experiment, and the effect increased with IPP application rate, but during the period from
the 5"to the 10" day, no significant difference was observed between these treatments and CK. However,
the inhibitive effect became obvious again during the period from the 15" to the 20" day. The experiment
demonstrates that IPP does have some inhibitive effects on acid phosphatase, alkaline phosphatase and urease
in activity, and some stimulating effect on dehydrogenase, and the higher the applicationrate, the more
obvious the stimulating effect. Besides, the pesticide has some weak stimulating effect on catalase activity. To
sum up, IPP is relatively short in half life, and hence belongs to the readily degradable kind of pesticide. It
has some toxic effects on soil microbes even when only 10 mg kg™ is applied.

Key words Paichongding; Degradation dynamics; Soil microorganisms; Soil enzyme
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