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1.1 NES5KF
HES Agilent 11007 AH %A (T L2 4N s

#) . QHZ-98BA il EHR G4 ( KRemek
A ER ) ) , TG16C/TG16ME B L HL (BEZEE
OHL) . RE-52AATEHE 78 KA ( B2 A A
w7 ) . QSE-12[AAHABUL (b5t FiERHA IR
~HEl) o

W HOBE N 2y, R VLR v AR AR A, 4l
H93.30% . HAptb zili iy g o tra . =Fhik R
A MR (orbral, BRI TR A R
Al )L JERERR (AR, LR A RO R
VA IDENE L /3

ST AR A LR A R A AL S B
AR e ] 0 AR e 0 2 i 44 O B TR 7R T A
( Typic—Hapli-Udic Argosols ) . £33k A R4
PR T, AR P L R G S i 4 B
b & AR & 2R+ (Argi—Allit-Udic Ferrosols) ;
B A BRI A SRR R, AR g
R Ka s AR IENE £ (Argi-Udic
Isohumosols ) o XWFEZLEE (0~20 cm) , L+
HerE B BR PR A e MBS, A
SR, WFRE I o 5 P o e A B A A P T
mak1,
1.2 WMz FiLE

PRI10.00 o 158 (ad60 H b ) , AR
J0.01 mol L™ CaCl, FcH )R B BEE S0 ml,

1 IR TIEEMER

Table 1 Physical and chemical properties of the 3 tested soils

AL o RO . BRORFK . ‘
- Readily — BHE 5 sc bt EC Ay A X
e Organic Total Available Field maximum  pH b ki Sand
available CEC Clay Silt
Soil matter nitrogen phosphorus : moisture (H,0) (%)
: . . potassium (cmol kg™ ) (%) (%)
(g kg ) ( g kg ) ( mg kg~ ) o capacity (%)
(mgkeg™")
FiigE 17.60 1.48 192.6 125.7 28.39 18.2 7.60 10.40 57.70 31.90
Brown soil
21 3% 9.62 0.49 57.18 97.56 12.71 20.4 5.41 17.12  39.90 42.98
Red soil
2+ 23.46 2.41 371.1 436.2 22.85 30.6 7.28 34.23 27091 37.86
Black soil

WP R BBEW JE 2.0 mg L7, FEAIA D&
FALRMENEY AR KF (100 mg L") o R
WEFNIRTG, ¥ 8200 r min”', R EE £ 7E
(25+0.1) C. WeRtwtm#EE 0. 0.5, 1, 3,

5.7. 9., 12f114 h, [AA5 83452 FHA T
BOmagAaint, mEAmzy) o &5 56 E L
9 000 r min~ AYEE B0 10 min, BERIRE D5 H
2 ml R HWOE 022 nm YK R UE N g, e
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B R AUERE (mg kg™ ) o
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C.= (Cy-C.) Vim
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SRy R B P B KA TP AR 2 (mg L) 5 VR
AR (L) 5 mBPrn s (kg) o
1.3 WRHEREE
I3 B E SR UBE M BEALFE . 0.05. 0.1,
0.5, 2.0f15 mg L™, T25C &M F1E iR
Bt sh 1 200 5 A RS, SR JSE A9 000 r min™!
MY B 250010 min, )R IEWE0.22 pmPY7K &R
DERELLT g, W E K AR TR OE IR EE (C,) o R
2R M AR IR RN Freundlich 9 Fl R B 45 8 5 R 2010 60K
100 Be 2R B0K 5 W B B o B BT T 5 - HE HLAR
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M T oM
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0.1 g) 2 mmffify L1, FTROGWEE (NRE
8 em, S K40 cm) H, HIAL30 emE LM, -
Hetrie e s, h N2 LFAH0.01 mol L4 AL
BGRB8 Al A oKk Bl A, B A
HAETER 2 Ko IRBHT, FIHEIEN, BEE2R
KAy TEIE N (18 ~25 C, =2 C) WOELKM
T, #8200 pg (FEHEM100 pug) . 250 pgHI500
ng 3ANIR] K-t 24 5B R 25 R IUBE R S FEAL0 ¢
SFORNFZEAR A e, KA IE RS S AE +
FETRHAR, 24 W2y 5 TN EHA B P, ik
KPR, HAETERE 0.5 cm/E ARy, SRJE M
PR, H0.01 mol L™ AL A W17 kIA . Wk
VSIS, 1) T i Y A 0 R4 o SR A Y Y

Pk (30 ml h™') , A F300 mlfE R & KR
10 hpy &) S iof 44T, BRIk R R . IRk e R
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Br, HouiE s R B, YRAE 4 e
25 B HE R R T A IR HBE i, (R E S 0
TokE . B EEIANER

PERE250 pelit 24 18— Nt 25 K-, 4 i s
0.5% Y76 PE AR . T8 5 R A e 3R - S A R S 4%
[FIAE 09 7 T AT b S, R O R 3
AT .

1.5 Uk HOE AT IR 7755 FA N 78 24

+ PR UE Y RT AR B R B g N, BRI
ik [ 25 ] Dk AT R HOE Bk B 0 e SR FHHHPLC
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mm; WA . 28 : 7K=40: 60 (V/V) ; .
1.0 ml min_l; KPR . 359 nm; FEIE: 30C;
PERE. 10 pl,

I R R S R B A, SR JHSPEVR 4 Ak
Jrk o SampliQ C o[BI AL BUNTESE IS mlHY B Sk
ANKE, FERS mIZEIB K T 2o K ik R BRORE
Fezpkrh, RMSampliQ Co[FAHAL U/ ME Wk 45 1
W, 25 mlOE CEIRIMAS ml) VEBEAE M,
INER T AT ml minT', WCEEVER . A
SRF, HZBEAZR10 mlZIEFiRE T, 20.22
um A MU E R U8 J5 , FHHPLCAZI , 0 4514 7]
RS
1.6 HEALIBFNS M

25 4k PR R Y 22 PR FHSPSS 20,0848 4t
TR AT O 2 0 0, RIS R O 22 40
(ANOVA ) X4 4h B SR Y8000 22 S5 647 0 3 1k
K56 s Bk HSigmaplot 10.02: 1 .

2 R 51He

2.1 R HOE 7 AS =) 22 B A+ 3% A g I it

WR Mt WE 7 37 - 35 b %) W B 28 g 2 it 2 &1 1 i
TN e K MRS I Freundlich %5 5 W 7 F 2X %
FIHHR BTG, HESEL R,

F B TAT AT, UR HOBEAE SR | 2SRRI 1Y T
FRF S AT ERETE] 4500 SR 12 1219 h R o iE 7 2B 1
LR I R (K,) 435 k23,16,
11.24F14.68 (£2) , VLWIWR HEAE R A B
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Fig. 1 Adsorption dynamics of IPP 2 mg L™ in concentration in

the three soils
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JPHIHT 619, 2 094H1495, HRHE (fhopq 25 R85
LAV IR N ), IR HE7E A+ LTI R
A IR B PR R SR, E AR W B A s . Rt
- T Wik HE R B A B BE(E 4 N -16.96 . ~17.59
M-14.02 kJ mol™", WRHLBE7E3Fp £ 3 1 A 8
2 SHE /N T40 kJ mol™, 0 ] 1 WR Ha g /e 3 3 /b
e JE T B R, B R A A S A R
L P BUIR U

R R, HIEA PR S X 257 LI Y
W BE R R, b g ek 27w g T
MRt S ks 2 AR 0L sRUbk O AR
e M g B R A HL A IR AR G
AR A 8 ) L b P JOT0 X W fre 7 - 48 I A ) 52
BN, 3R T B R KV A (K A
K840 g L', 20°C ) , ARZY KKk B A 52w H g
BEEPE A 32 SR 2 2 T o ST T 4 B 2 g
PR BRI AR 5 Y o e 2 AE L P W B
DR 2 3= 2 2 P A 2 BRAL 5 R0 - 3964 LR & B e i
W), T EEpH . Bk R B R A Fr e
SEMA AR 2 TE T e R B AR , AR ZGTE Y

F2 Uk HIEFE3FN LR R AR MR S K

Table 2 Parameters of the adsorption models for IPP in the three soils (25°C)

- bk ZE PR Linear model FreundlichW fi A% Freundlich model
Soil type MG K, r K, 1/n r
FEEBrown soil Y=4.678X+0.154 4.68 0.997 9 5.05 1.022 0.951 3
ZI3ERed soil Y=11.24X+0.067 11.24 0.998 5 11.69 0.988 0.996 5
M+ Black soil Y=23.16X+0.165 23.16 0.989 9 22.03 0.875 0.989 4
<3 Uk HOE 7E3F 3% P A B HLRR IR T SRR MY B A A
Table 3 K. and A G of IPP in the three soils
+ e R EERIRLA RS IR WA MAEAG
Soil type K, Koc Kow (kJ mol™)
##5EBrown soil 5.05 495 287 -14.02
21 3ERed soil 11.69 2 094 1215 -17.59
P2+ Black soil 22.03 1619 939 -16.96
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J15% 55 (AIER AR o it 24 5 6 IR L BE AE 2D R v i
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Table 4 FEffects of dosage on leaching of paichongding in the three soils
o 100 pg (FEHE) 5(200 pg 250 pg 500 pg
- +HEUR —
Soil depth b it GRS G T GRS
Soil type Percent
(em) Residues (pg) Percent (%) Residues (pg) (%) Residues (pg) Percent (%)
T 0~10 39.49+4.23 3949211 97.15+6.58  38.86+2.63 224.15 £ 10.56 44.83+2.11
Brown soil 10 ~20 17.99+0.56  17.99 +0.28 4427+123  17.71+0.49 87.80 3.25 17.56 +0.65
20 ~ 30 12.15+0.17  12.15 £ 0.085 30.65+0.35  12.26+0.14 55.06 +4.26 11.01 £0.85
ik 16.69 +1.86  16.69 = 0.93 41.90+1.02  16.76+0.41 84.30 + 5.28 16.86 + 1.06
Leaching
amount
211 0~10 97.72+2.05  48.86 £2.05 126.72£5.15  50.69 2.1 262.72 £8.93 52.54+1.79
Red soil 10~20 20.16 £0.94  14.58+0.94 3102135 124105 65.47 +3.26 13.09 + 0.65
20 ~ 30 16.42£0.25  8.21+0.25 17.08+0.82  6.83+0.33 43.77+1.95 8.75+0.39
b 23.10+1.42  11.55+1.42 30.05+1.56  12.02+0.62 67.60 +2.89 13.52+£0.58
Leaching
amount
L 0~10 92.18 +10.28  46.09 +5.14 114.66 = 12.38  45.86 + 4.95 227.28 + 16.78 45.46 +3.36
Black soil 10 ~ 20 42.18+3.26  21.09+1.63 49.66+4.39  19.86+1.76 89.03 = 8.96 17.81+1.79
20 ~ 30 2024+ 156  10.12+0.78 27.06+2.06  10.83 +0.82 47.39 +4.26 9.48 = 1.70
R 17.96 +1.02  8.98+0.51 2210+ 1.24  8.8420.49 46.75 +1.28 9.35+0.51
Leaching
amount
M R AR, FERTI 3 EZ T, X ERRE T ) kAR TR E T MR IE R, O R

F200 pgf1500 pejif 24 2b FAE LT85 b i ik R 25
7 28 = A b 1 23R AR I 3 it

BE (p<0.05) ,

AR A AL, EEFARE . AR L
HH Y R SR I B B A R A R G A 3 o

%, (EFEARMR AN A, 10 W WR W A £ A
W B PR, BB EA .
Wik o 7 3 3 e 8 PP b P A A 2 S
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KurwadkarZ§ "® BF 58 T 35050 40 62 % ) 78
A e e AR T, BT T 4 R W LR A
558 553 1A 245 118 K Vs MR A AR 0 AH S, ke bk
WAE T I FFIILG H E AE 7K s i 2 23 12610 . 4 100F
39 830 mg L', TATIHRIA R 55 A i R < WE U < ik
Hufe, RPHMERRAHFE AT, KiEHE R, i
Ve MR, R HURE 7E K P AR N 610 mg L7
(20°C) , SuphmkAdir, B TFREHEZENK
2y, BE R IRIE IR o ARIESE SR S

FRARE 25 SRAHAT o AR it TR PRI DRt W 249 J 7 A
BREACZY, H R At R S r (0 R B 32 2R A AL
FREERT, AR SRR 0 R o o
e S e A R BRSOk R B AT B Y A
P
2.3 HIE R XS UR B0 7E A B FE B £ 1 A AY i

kA0

AR RS, WRRBETERRE  ZLEAR
P R TR A R AN RS

HIZRS TN, 3F 28 A0 4 vh 75 in 4= 8 g R A

RS LB RFIIURAREAEIF L IE D HET BRI

Table 5 Effects of soil amendments on leaching of paichongding in the three soils

- 1% PE s Activated carbon JE B R Humic acid i Peat
R B eyl
Soil type Soil depth Bk P i B v Bk B 4R Bk B ¥
(em) Residues (pg) Percent (%) Residues (pg) Percent (%) Residues (pg)  Percent (%)
bR 0~10 78.55+6.78  31.42+2.71 116.27 £ 10.26  46.51 +4.10 95.50 £ 10.06  38.20 +4.02
Brown soil 10 ~ 20 25.66+2.08  10.26 £ 0.83 3559286  14.24+1.14 42.66 +2.14 17.06 = 0.86
20 ~ 30 7.96 +0.86 3.18 +0.34 10.91 0.62 4.36+0.25 20.72 £ 0.65 8.29 +0.26
ki 10.63 = 0.62 4.25+0.25 31.40+2.68  12.56+1.07 34.73 £ 1.69 13.89 + 0.68
Leaching
amount
21 5 0~10 61.85+5.67 24.74+227 11527 £8.87  46.11+3.55 114.91£7.87  45.96+3.15
Red soil 10 ~20 32.16 £2.45  12.86+0.98 3931256 1573 £1.02 38.68 £3.21 15.47+1.28
20 ~ 30 16.51 +0.99 6.6 +0.39 37.19 £2.21 14.87 +0.88 29.66 +2.57 11.86 +1.03
T — 0 21.58+0.97 8.63 +0.39 23.40 £ 0.87 9.36 + 0.35
Leaching
amount
Bt 0~10 128.37+2.65 51.35+1.06 101.47 £3.28  40.59 = 1.31 90.99 = 4.19 36.40 = 1.68
Black soil 10 ~ 20 31.93£1.06  12.77 +0.42 58.38+2.62  23.35+1.05 57.49 +2.06 23.00 £ 0.82
20 ~ 30 14.47 + 0.86 5.79 + 0.34 23.10 + 1.38 9.24 +0.55 24.91 +2.02 9.96 + 0.81
I NTRRIEY — — 12.80 +0.98 5.12+0.39 19.03 + 1.56 7.61 £0.62
Leaching
amount

—, KK HiNot detected

YIhie w2 M IR ROE RS . AE R g
P i AN AN 8 25 1l AR T R SR A 3 rp R A A
GRS O T S (A w A RNTI 75 5 e O ut
rh AT P2 HRS 5 B AE 3D B A IR AR T 34.8% .
36.79%M16.93% ; 2135 I + v YR K ik
T, TR HE PR AR T T R ) A
FEAR T 74.6% . BRI U IN0.5% (1) i 58 R T 7L 7

J& WK HUBE IR A A e T 25.19% 117.1%
CLIRAR BB R RN B e, R HURE A4k Hh A 0 i1
B129.7%M23.3% , 1 S A TS IR [R5 Y S
iR PR ¢ S, IR HE P 9B 1S 43 0l 2D T 421 9% AN
27.6%.

- ek R RS R i) = A g RN - S Y B Ak
i, T LA 5 s Y Y E b i IR AR 2R AT R
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213 > INRAESE . Freundlich 126 4 45 1R W% B A< 74
BT RE U 1 Al AR WIR O BE A - v A I B R . IR
WE Y BEALE BT e e 1 JHEAE 48 o g IR o A A L
JoT % i B H - SRR B A R YA OGP o IR HUBELE
3R I KA AR 2 R, TERR T T R
B, BEE 2SR ARG, M R A 4R
H 3NN 6] 7KV il 245 £ 22 5 1 1 3 5 70 R e g i
Phdck, ERVER ST, ZLEEAR 1 rh IR Ho e 5% B2
et A TSR B B I B A, (E AR AN
Ko IEPRGINO.5% 36 5 5l B2 A B 1k g
I8 2 Tl AR AR 24 R SEUE A S P A R I, el X
R K 5 G XU o

2 % 3 #f
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Adsorption and Leaching of Paichongding a New Pesticide in Three Typical Soils

XIE Hui"* > WANG Jun" *" DU Xiaomin' LI Xianxu' LIU Yang'

(1 College of Resources and Environment, Shandong Agricultural University, Key Laboratory of Agricultural Environment in
Universities of Shandong, Tai'an, Shandong 271018, China )
(2 National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources; College of Resources and

Environment, Shandong Agricultural University, Tai'an, Shandong 271018, China )

Abstract [ Objecivet] Paichongding, a neonicotinoid type of insecticide recently developed in
China, is easily absorbed by plant and transferred inside the plant. Now it is used mainly for controlling
insects of homoptera and expected to have a bright future as a promising new pesticide. Once pesticides enter
into the soil, they readily get adsorbed, desorbed and leached in the soil. Their sorption and desorption are
the main factors influencing fate of the pesticides in the soil, and seriously affecting their behaviors, like
chemical and microbial degradation, volatilization and leaching, and moreover, it is an important index
in pesticide environmental safety assessment. The study on its adsorption and leaching characteristics is of

[Method] In

order to provide a scientific basis for the study of environmental behavior, migration and transformation,

important significance to prediction of its environmental behavior and pollution in the soil.
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of paichongding in the soil, the batch oscillating equilibration method and column leaching method were
adopted to explore adsorption and leaching characteristics of paichongding in three typical soils, that is
brown soil from Tai’ an, red soil from Fujian and black soil from Northeast China, and effects of three soil
amendments on leaching of the substance in the soils. Residue of the pesticide in the soil was determined
with SPE-HPLC. As in the leachate, the concentration of paichongding was low, the solution underwent
concentration and purification with SPE before determination of residue of paichongding in the leachate with
HPLC. [Result] Results show that the adsorption equilibrium time of paichongding was 12 h, 9 h and 12 h
in the red soil, brown soil and black soil, respectively, by absorption dynamics. The Freundlich model and
the Linear isothermal adsorption model can well be used to describe the adsorption processes of paichongding
in soil. Of the pesticide, distribution coefficient, K;, was 23.16, 11.24 and 4.68, and adsorption constant
was 22.03, 11.69 and 5.05 in the black soil, red soil and brown soil, respectively. Among the three soils,
black soil was the highest in paichongding adsorption capacity and brown soil was the lowest. The adsorption
isotherms of paichongding in three different soils fitted fairly the Freundlich model and Linear model at
25%C, with Koc being 1 619, 2 094 and 495, respectively, and the absolute values of free energy in all the
three soils were less than 40 kJ mol™", so the adsorption of paichongding in these soils belonged to physical
adsorption. Leaching of paichongding varied in the three soils. In the brown soil, paichongding migration rate
was the highest, and slightly increased with rising dosage of the pesticide, and the variation with dosage
was not significant; In the red soil and black soil, dosage did not have much effect on leaching rate of the
pesticide, either, and Only a slight difference in leaching rate was found in the red soil between treatments
applied with 200 pg and 500 pg of paichongding. One-way ANOVA analysis of the black soil shows that the
effect of dosage was not significant. In the leachate from the brown soil, red soil and black soil, paichongding
residue accounted for 16.69% ~ 16.86%, 11.55% ~ 13.52% and 8.98% ~ 9.35% of the total applied,
respectively. As the black soil was the highest in adsorption capacity, pesticide in the soil was the lowest
in mobility. Residue of paichongding in the red soil and black soil decreased with soil depth, but by a little
margin. Once activated carbon was added into the soils, it reduced not only migration and leaching rate of
paichongding significantly, but also extractable residue by 34.8%, 36.79% and 16.93%, respectively, in
the brown soil, red soil and black soil; No residue was detected in the leachates from the red soil and black
soil, while 76.4% less residue was found in the leachate from the brown soil in the treatments amended with
activated carbon. The addition of 0.5% humic acid and peat, separately, reduced the leaching rate of the
pesticide by 25.1% and 17.1%, respectively, in the brown soil, by 29.7%% and 23.3%, respectively,
in the red soil, and by 42.1% and 27.6 %, respectively, in the black soil. [Conclusion] In brief, the
amendment of 0.5% activated carbon, humic acid and peat into the paichongding-contaminated soils can
significantly reduce leaching rate of the substance, and hence its risk of polluting the groundwater.

Key words Neonicotinoid insecticides; Paichongding; Adsorption; Leaching; Soil amendment
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