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BEPE TR VR W0 pH XM T A5 . A5 R, CNAP (B 3l ) 2= 455 Elovich Jr &, 0~12 h HRSH IR B, -y W B s [va) 2y
48 h, 1 mg- L™ AF AP 4 0 [ 9 1.21~2.40 mg-kg ™. AN[A] H 384T CNAP A9 T 9028454 Freundlich 7572 ,25 °CF Freundlich W ff}
RN 1.11~4.97, 5H PR & 12 8 % A (P<0.05) , SRR & i ARG o 3l #4025 1000 & B, CNAP 119 15 5FF 2 8 44
S, W B Gibbs A R BEZAE J AL, TH i AT ) T B i A, W 78 /N T 40 k) - mol ™, J& T BRI S o 006 pH IR 25 52 ) 1 |
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Adsorption characteristics of cyantraniliprole in various soils

GUO Nan, LU Zhenzhen, ZHOU Yuhang, CAO Zhanwen, LIANG Shuang, HOU Zhiguang, LU Zhongbin”

(College of Plant Protection, Jilin Agricultural University, Changchun 130118, China)

Abstract : Adsorption kinetics and adsorption thermodynamics experiments were carried out on five different types of soil to investigate the
effects of soil properties and initial solution pH on the adsorption characteristics of cyantraniliprole (CNAP) in soil. The adsorption kinetics
of CNAP fit the Elovich equation. The adsorption was rapid within 0~12 h, the equilibrium adsorption time was 48 h, and the equilibrium
adsorption capacity at 1 mg+ L™ was 1.21~2.40 mg - kg™'. The adsorption isotherms for CNAP of the different soils fit the Freundlich
equation. The Freundlich adsorption constant ranged from 1.11 to 4.97 at 25 °C and was positively and significantly correlated with the
organic matter content (P<0.05) and positively related to the clay content. The thermodynamic experiments revealed that the adsorption of
CNAP was an endothermic reaction, and the Gibbs free energy change (AG) of adsorption was negative. Elevated temperature was favorable
for adsorption, and the adsorption enthalpy change was less than 40 kJ - mol™, which indicated physical adsorption. The initial pH affected
the adsorption capacity of CNAP remarkably in aquic soil, cinnamon soil, and red loam soil. The adsorption capacity first increased and
then decreased with the increase of pH. The optimum adsorption pH was 4~5. Black soil and paddy soil were not affected by initial pH.
There was an obvious positive correlation between the adsorption amount of CNAP in soil and the organic matter content. Computational
simulation revealed that CNAP and fulvic acid could form strong hydrogen bonds. The study proves that different soils have different CNAP
adsorption characteristics and that higher soil organic matter content, temperature, and clay and silt content are beneficial for adsorption.

Keywords : cyantraniliprole; adsorption characteristic; soil; adsorption kinetics; adsorption thermodynamics
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R 2R — R BRI A TR FE AR RO A
JRE AT R T RN A2 A R i A S R
Bl A AR R P, A5G AR IR TS Yy Dbl &
AR 25 5% B 5 A4 b o R () AR T RAREE R AR SR
ARG HAET, BRI (cyantraniliprole, CNAP)
SRR ] R TR AR T 2RI
2007 4= AR FIFE &R, CNAP A ML BT # , H
PEARBIRNE, Shiz K ULAAAE b i e T 24k
GG TS B FEiE N g, Ul R e s LA R
FL WGBS PR E EAET Y, FEE N CNAP E7E KRG LA
YEZ U AR LIS ipEL S UISRE S NS
W HE B, 5L EEH PR ER S PR A e
X B RAJE T 2R 2 T3S BT

A W SE AR TE , CNAP X 4% (LCso N 0.3 mg -
L) VB (LCso N 2.9 mg- L) &P O8N
BEO, X i 051 A 18 R S 0, ok BRE D £ f) e M I
B, A2 BEEMBE D AR L T 6B IR 2
PEFEME BT, WA IS HE CNAP X R U
A HEFEREE (150 mg-kg ' -d ™) IS TR AT 4300
RGN, T CNAP il A KR A% )3z N A i
HLBEAE g b7 4 50 (7 36 H T 5F , HoA AT BERE
VB RN R AR IR SRR BRI LA AR A
AR O IR BT RS o T CNAP FEAC H 13 rp
FIE R MU 5 1oy ESE, m] A B e e
IRBEIH RN R K PR A RIS LAt o O B PR A
1 LR S SRR . BRI, AR R
GEH M T CNAPTE S Rl DL RO A R 2R B FH 435 1Y
W BRF AR BT T W BREAILEE K, pH W B R S
1 CNAP B2 ff AR EE IR R AL T s S s -

1 #REFE

1.1 =5k
580 L SAr AL A A B (20 em) 8, Bk
FRBR AR A B SE 20 W Ja e R, TR BF I, o

80 H i , B T T IR G AR A7 . s b g i B A
APk B L 1,

AES IR« e HEAS 1200 28 2 RORHE (4354 5 TR
5 HL T B bR ME & (Dr. Ehrenstorfer GmbH 23 w] , 4fi i
98.7%) ; W lE . LI (3% 9% , MREDA 2 /] $241t) 5 580
A5 (3 Brali ) 5 88 4l K s BS-2E 8 i 3=k 37 55 77 46
TDL-5-A .0 AL s TKA Vortex3 i i IR 5 %% ; LE204E
I3 R 3ST300 ZH R 3.
1.2 R HE
1.2.1 BRUE W aL i

HERAFR I 0.010 1 g Y CNAP A5 i 58 A&, FH 10
m FF 75 i i 1) 2 1 000 mg - L'CNAP BRI, B
T4 CUKFF P ORAT

Fic il 0.01 mol - L™ Y CaCL B WA M 15 SV, FH
TORFEE FoRAEE . (A 5O 1 000 mg - L
CNAP bR AE R B 2 FLMh ok B T )5 2610 .
1.2.2 W30 712 1A

275 OECD X 4k 27 i W B 00 3 %) 1t - 17
PO AL 1 1.1:3,1:5.1:10., 1250 Y [ b
AP, i 3 E R EE R 123, B CNAP 7 S F
B A S0 [ FRAE 209%~70% 2 6] . FRELS At £
1£2.00 g T 50 mL =AM, IMAWRE N 1 mg-L'
CNAP VA 6 mL, L4 120 r-min™ B84 , 25 CIH IRk
o 7£0.1.0.3.0.5.1.2.4.6.,12.24 .48 .72 h 431 HL
F£,5 000 remin" B0 5 min, B3 0.22 wm BB,
fifi FHPLC U2 CNAPYRJE . BRAHFEM 3R, XS
ANEr CNAP (A28 FIARER R R BEALF . 24 |
T CNAP U FEASFEAR A RITA A 2155 it ]
1.2.3 S5 W i 50

Z: RTINS 7 vk 78 3 AR B A 1 N A T A IR
W BHREE . A A CNAP IR % & 8 0.5.1.5.10,
50 mg- L7 L EE 43901 A 15,25 .35 °CL 3R % i) A ) )
2B A5 B AT R, AR IR B R L E
T T HPLC I 5E CNAP R

®1 TEHERBUMER
Table 1 Physical and chemical properties of the soils

g AL O eSS HLAREL A Soil texture/% TREH A
Soil type Soil organic matter/(g-kg™) Cation exchange capacity/[cmol (+) -kg™"|  Zik Clay  BPRiSilt Vb7 Sand Location
W+ 8.54 17.1 19.8 403 45.0 147 LA YT
e+ 6.44 13.1 143 20.8 46.6 32.6 WAL R T
LigS 7.43 33.6 27.3 39.2 418 190 FHARE LA TR
A 4.54 8.2 19.2 44.4 34.0 21.6 W Kb
KFEE 610 37.9 17.0 29.2 67.6 32 R 2PN

WWW.QEs.0r9.CN
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1.2.4 %G pH WU B A 5 0

Z AT AR 00 2 BB 1 mg - LY
CNAP W , I H HCLIE W FI NaOH 5 W0 R 15 9 4 pH
H3.4.5.6. 25 ClERYRZ 2 V-4, W& FiFwd
CNAP VR . 7EXF CNAP {1y Ho it 5% v & B0, HEAE
PR P 2 DGR, BT AANIRE B 2
1.3 A&

K RO sk . %A . BDS HYPERSIL
C18 Dim.(mm) 250x4.6; K5 : 585G I 25 , A
1265 nm; i sliAH : NE-7K(60:40,V: V) 5 ik : 1 mL-
min” s PR 10 pL; PR B ] : 4.2 min,
1.4 RS

W B R A A 5

_(Co-CH)XV

1= m
o g BT TR X CNAP (IRt mg - kg ™'
Co N AN - HEIKIE W CNAP MR, mg- L5 C R
=K AR ZR K AR H CNAP ¥, mg - 175 V R K IR
RFL Lym b IR ke

5 FH e — sl 125 05 B ME Gk sh 2 5 R AN
Elovich J5 FEWF 5T CNAP W FfF 45 4 o fi FH Origin 3k
PR A TR LML G

HE—H B 127 I e

g =C,x(1-e™)

HE R 12

_ kaxqiXi
T 1+k, X q. Xt
Elovich J7 &

q.= %ln(aXIB) + élnt

3 Ry o I 220 B JBT i 1 X CNAP ) W T 6
mg-kg s CRPFAFIRHA H CNAP IIVR B, mg - L7 sk
E— G Bl 7 24 W B 3 8 B, kg mg ™ b5 2 SR IR B RS
], hs g Ay - I B J5 o - 36 CNAP Y I B 43t
mg kg™ by N UHE G B ) 2E W M R R kg e mg
h™"'5 o A 00 U6 W B3 %5 0, mg - kg™ - h™'; B Elovich
FREE R kg mg™

K FH Freundlich %5 7 W ff} /7 F2 F1 Langmuir 55 i
W 7 A o) A5 T B B B 1A 7 03

Freundlich T2 :

1

Cs = KF’ Ce;
Langmuir J7 F# :
K. %X C.

e = ma,\xi
9= 1+ K. xC.

1% WHART]

HRAE Ke 0] 155 247 DL S5 AL 1 W B %, 25X

-
KF

Kow = oM x 100
s €A HLT S5 - 4 CNAP (I B o, mg - kg ™'
Ki oM Freundlich WY [t 5 %0, L-ke™ s 1/n S BRI B A9 AE£R
PEFRPE 5 g A KW B, mg - kg™ s KA Langmuir %
iﬁl,L-mg‘l;KOMj@ﬁfﬂUﬁ“KI}ﬁﬁﬁ,mL-g'l;OMﬂﬂi
BAVLR S, %.

W B3 A B A FH Van” t Hoff 7 FEHEL

IHKFZ—% + %
AG = AH - TAS

2 K ol Freundlich & 85, W B4 Jo 78 [ % 95 AH
F 3 A B0 AH A WGBS 7R S K - mol ™ 5 AS Shy Wz B
A% kJ-mol™ - K5 Ry BHLAR S48 £, BB 8.314 ] -
mol™ - K™ 14 InKe X 1/T (L8 PE J7 FETT 15 5] AH F
AS.

1.5 itEE#

h T ERGE W REBLA , D — 2 X IR B R A T T A
PO T AT T e2E AR ORCAM
I PSIAM 55— s S AR i CP2K!™ i R 4523 A
FEF Multiwfn™ 73— BB ] ALAL B VMD™!, 8 )5
fi% (Fulvic acid, FA) & —FlVINrF IR , A R 5
PRI 5 IR IREE | BB R AT AR R - P LT
S5k, ESEHI A CNAP FIFA 195374544 , 7€ CP2K h
PEAT4y T30 124, 18 350 K 45048 ] 3545 —4Ht g
ARG . B RE R AR A IR 5,
ORCA F&J¥ 1Y% 12 #R J5 15 7€ B3LYP-D3/def2-SVP
AL FA R CNAP i — RAKZER , #J5 7E B3LYP-
D3/def2-TZVP 4% 5|+ 55 F i e I AT HE A 1Y 15 oK
B Al PSI4 2P 4 E A R Z2 MO0 FR DT BE S 2 e
(SAPT) R 1t 77 it 1153, 1153 253 - sSSAPTO/ jun—ce—
pVDZ,

2 #R5EWR

2.1 CNAPFEAR[E LIZE AR BB 15

BI1J& 1 mg- L™ CNAPFE S 38 v 1z 5 sl
2. I AT LI H 76 S FPAS [R) 4 48 v i i B
Bl 72 R AR AR, W B 3 A AT 43 A 1 B g < O~
12 h W BFHAsepe , K AR FR CNAP Rk B PRk T %, 12 hit
F14) 2 o6 ek ) 3 3] S A5 W BfE 4 1) 80% LA |, J& TR
BB B o 3 W 3R H A MLSTA =F & IR 1 g
AT, 46 AL Bk 24 X S BB AT HE 15 CNAP
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T R St 9 41 [ SR, AR B AR 3R A e o, X T
A DR R o 0 S LR, R KR AL TS Y A
A 55 ep A AL RO, 12 b A R R B, K
FHHT CNAP R B AR A0 F-22 . — T 75, W B Ay o 7
AL A3 R AR B 4B BT OB N RN 2R
TR B, 388 04 F0RN 2 18 R BF 2 T el 1, 7 1 458
TR 22 22 /K IS Hh (R 3 B R A R 1Y L T LSRN 9 K
PR TR W S 30008 - S ) 2 1 B AR o 3 #)
TN, CNAP [a] 7 1) A 0 sl 3 FL IR 6, X 4> o 7 1E
T SRR RE A2, P U 2R 1T W R A B R R R Ak
SLWR B, 5 R BT HR I . CNAP IR AT RE S5 83
T 1 480D T A U ik S AU 5 CNAP-F LT &
SAH b s HAGR b W R R 95 22, 2l A B
FEREARLY, 48 h i MR BR HE AN T RG50S
6P R T 1 3 R I 2 — o ML TR ey [T — AR R A
Ao g H AN A 48 h BB JC B2 . oA
P2 2 Tl 3 2 ) 1 1A R B AP AE O 2 R A
CNAP [ SEBR 8 FH o 7 2425 R /K E R mT B 1t 1 1)
15 YL R, R R S LE R K R T 48 h it AR 2 .

fi ] Elovich 75 ## (1 — 2% 8h )1 247 ft i s
12T R 53 X W B 2 ) 2 il B AT T Ar . AR
(I3 2) KW, Elovich J7 F2 REAR 4 Hb 4 A CNAP 7E +
R B AT R o Elovich Jr e 35 B 4 1A [ A %
T P W2 BREA Ay, AT e O 2o 2 v 3 A e 2 B 2 WO A
7 2% T 7 7 R B AR AR T AR AR, AN 25 A W S T
S v W A A R O R R PR R A R
Elovich J5 T2 75 W& B ~F- 5 Hif g 6% 5 47 b 4 i W ot 2o
22 20« Sk Elovich W AR TR (4 4] 4 0% B 32k 2%, B
Sh W BTG AL B B AR f 5 i 38 B4 A G W I 5
H /N B K BRI A 21358 - <) 4 <4 <R+ <K R
+, 5 LT SR8
2.2 CNAPZER[E] 138 Fh 9 55 R A Bt 4 i

TR W G255 R B CNAP 7E A [1) - 358 v 114 W%

I B Adsorption capacity/(mg-g™")

0.5

0.12.24.36.48.60.72
5} 8] Time/h

=+t o1t A Bt wsEL o KFFEL

Bl 1 WM = FERT R 4 A B £

Figure 1 Curve of adsorption capacity over time

1 5 KA Y CNAP B3] b e B2 285 U AH G, 100 1 vk B
15, W BB o F S 3 AT, Freundlich 7 2 FZR 1
i R P E R E(R)F4ME 2 0.998 2 F#10.993 3, #F
RER AT o IR AR R TR EE T CNAP W B A5 0 . (H
Langmuir /7 B 7E H LU 5 0T A7 S B R [R) @1, T
BB BN SRR UE , g 5535 107 mg - kg™, 5 SLBRIG A
o 3L Freundlich 77 F2 A 481 545 S 0T 1, A [R] L B2
SRS T AR R W S 2 S D W R DA
FN R A F P 213 4 <) 1<t 1< L <kAEL, 5
AL By B A3, 115 25 “CHf CNAP 7E
P 2 e < S A 1B Y 2w A1 O SR WL
B, 0 25 B 10 S IR 6B, 43 0l 4.184,4.330,
3.997.3.134.4.118, R #5 EPA X 4% 245 % 2l 1% 1 53
) CNAPTEZL S L o 55 8 sk, 7E Ho A 4 Fp 1 45
LA B

X} 25 CH ) Freundlich J7 5 W% B # %5 K A1 1 2
IRAE A BT AT Pearson AHOCHE AT 45 R IL K 4. K4
WoR, Ke 5 AP S 2 B A OC(P<0.05) ,
HIPRL A A — o A GBI B3, 5 o
JRSEAR ToAR M o 3X LB CNAP 78 58 v i W 4 7

Fz2 CNAPHIZh AZ WM A IESE

Table 2 Parameters of the adsorption kinetic equations for CNAP

— Elovich /5% e W B
js:fl%lé’;p% Parameter of Elovich equation Parameter of Pseudo—first order kinetic equation ~ Parameter of Pseudo—second order kinetic equation
B R ke R k> qe R
e 4332.63 9.81 0.958 8 9.37 0.2124 9.06 1.33 05117
(oR 5031.80 10.11 0.972 8 9.51 0.216 0 9.16 1.31 0.5379
BT 26 498.52 7.85 0.9727 12.27 0.1377 8.14 1.85 0.482 5
FAR: 2 474.00 11.87 0.944 4 10.69 0.121 5 11.09 1.06 0.443 0
KFE+ 1.65x10° 11.32 0.949 6 16.77 2.23 0.306 0 13.30 2.30 0.696 5

WWW.QEs.0r9.CN
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Table 3 Parameters of the adsorption isotherm equations for CNAP

N Freundlich 7 FE2:51 Langmuir S T2 4( R FESHL
HIEAA TR Parameter of Freundlich equation Parameter of Langmuir equation Parameter of linear equation
Soil type Temperature/C
K ln R K. . R K, R
Wt 15 1.41 1.01 0.999 6 126x107  L16x10" 09996 1.46 0.997 2
25 261 0.84 0.999 2 0.015 152.34 0.999 8 1.54 0.993 5
35 3.70 0.85 0.999 3 0.017 191.12 0.999 9 2.38 0.994 4
Wt 15 1.88 0.74 0.990 0 0.027 54.47 0.994 1 0.75 0.974 0
25 2.80 0.80 0.998 7 0.015 76.94 0.996 4 0.73 0.989 0
35 3.55 0.87 0.998 0 0.016 198.05 0.999 3 2.38 0.9929
e 15 2.84 0.84 0.999°9 0.015 160.86 0.999 3 1.68 0.994 3
25 3.34 0.78 0.999 7 0.022 120.48 0.998 2 1.58 0.987 3
35 3.96 0.80 0.997 4 0.026 129.34 0.999 0 2.11 0.986 4
AR B 15 0.92 0.93 0.999 4 0.004 207.72 0.999 1 0.73 0.998 7
25 111 0.85 0.999 7 0.010 91.59 0.998 9 0.65 0.994 6
35 1.61 0.87 0.999 4 0.011 12033 1.000 0 1.08 0.995 3
KAE+ 15 241 115 09937  492x10°  7.54x10' 0989 1 3.71 0.993 1
25 497 0.88 0.999 7 0.013 338.44 0.999 2 3.48 0.996 8
35 6.07 0.91 0.999 3 0.011 517.49 0.998 7 482 0.998 0

Ry S LI LB S [ R e — o AR
2B SN B 520, FOBTRL S B G N = T
W2 o6 Sk, X A R A R R R B A B R A L SR T,
AW ATAER P 2R 10T, B = 19 LU R TR AT )
¢ T 4R At o 22 Y W BN AL e B R B T AR A
CNAP [ W B e v] 0, X F 4 CNAP J5 Y2 i - 38 n]
DASE 2L fiT FHA AT L8 b 2 T R P MR o 50 55 1 ks ol
YL,

2.3 CNAPZEAR[E LEH AR %

{8 FH Van "t Hoff J5 2% 3 ANRLEE T Al 25 I W% FFF %
PTG o0 A5 R LR 5. WS A2 AH Y428 1E
{B, B6H] CNAP 76 + 38 b i W B T W At #8245 &
T e R B B K B R, HLIAHI<40 KJ - mol™', J&
TR . DA AL A AU 3 S 0 W AR
B4 % 7% 43 531 A 0~10 KJ + mol™ 1 2~40 kJ - mol™, Filf LA
CNAP 14 0% i AL AT 6B G 45 Yo fE 42 7 ™, AS

R4 K5 BEMRE Pearson X5 17

Table 4 Pearson correlation analysis between Ky and

soil properties

LIPS

ek

Soil property Correlation P
BT 0.8953 0.040
UPRL -0.625 3 0.259
13 pH 0.2959 0.629
FH B 38 ot it -0.028 8 0.963

1% WHART]

R5 CNAPEARE LT ERMITANHRNFESH
Table 5 Thermodynamic parameters for adsorption of CNAP on

different soils

REE: 5~ i L AG/ AH/ As/
Soil type  Temperature/C. (kJ-mol™)  (kJ-mol™") (kJ-mol™-K™)
N 15 -0.913 35.704 0.127 079
25 -2.184
35 -3.455

W+t 15 -1.570 23.440 0.086 798
25 -2.438
35 -3.306

Bt 15 -2.494 12.261 0.051 208
25 -3.006
35 -3.518

I+ 15 0.271 20.446 0.070 015
25 -0.429
35 -1.129

IKFE 15 -2.296 34.322 0.127 079
25 -3.567
35 -4.838

R IEAB R CNAP F 08 B 2ok B2 A 3 1) 2ok 7, 2205 AR
S AEARLIS A5G R W SR TR A B 5l g o 2 -3 ab T
W RV TR WO R B 2 PR RS A R el A 2
H RN/ R R N . R SR K T
H F CNAP 4 F a8 A (R Bl K F K4 7, — 4>
CNAP 43 (1 W B S0 224> K 537 L B, JBEBREA 7 o 7



SR, 20 < LTS 1 90 R R

1755

A VIR DR T 7K 04 W B AR D, Jifr A 1 Ay A f
PEALBR S 712720, X T -t B R AR st A R B AL 7
KHBAFZAF T AG R B, A IR BRI A R R 2
A LT3 78 15 CHFAG>0, It I W B AS fiE B & 3F
17, T sy AL b RE R . AG KA R Tt 5 imi
REARG, o T A ) I B 1) e A, i v R o 221
2.4 #1%E pH X3 AR B = #9520

pH X W 56 2t 5 1) (14 45 S DL 11 2, CNAP 7638 £ |
ey 2L A I R A pH AR A AT 2 ARk
W2 5t Bt pH A T s S G KR U800, 5 R W o o 7
pH Ay 4~52Z 0], 21858 4 5 KW pH s £ 4 T AIG
F I AT R4+ B B pH AR, CNAPZE/K Ty
T ph. A 6.49%, 53 A 24T 4514, 75 pH AL
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