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Adsorption and leaching behavior of five neonicotinoid pesticides in farmland soil

HU Chuanhe', LI Yongtao"?, SHANG Mengru®, CHEN Xinmin®, TIAN Zhuoxun®, LIN Xueming®

(1.School of Environmental Science and Engineering, Shaanxi University of Science and Technology, Xi’ an 710000, China; 2.School of
Resources and Environment, South China Agricultural University, Guangzhou 510000, China)

Abstract: To explore the adsorption and leaching behavior of neonicotinoid pesticides in farmland soil, the adsorption and leaching process
of five types of neonicotinoid pesticides such as furosemide in three different types of soil in the National Modern Agriculture
Demonstration Zone, Dengtu Basin, Heyuan City, Guangdong Province, were studied from April to August 2022 using the oscillation
balance and soil column leaching methods. The results showed that the Ky (soil adsorption coefficient) values of the five neonicotinoid
pesticides in the three types of soil varied in the following range : red s0il(0.33—0.86 mL-g™"), paddy soil (1.47-3.21 mL-g™), and moisture
50il (0.63-1.47 mL- ¢™"); the K..(soil adsorption constant) values varied in the following range : red s0il (36.67-95.56 mL+¢™"), paddy soil
(81.64—178.37 mL-g"), and moisture soil (52.56—122.51 mL-g™"); AG (free energy of soil adsorption) varied in the following range : red
soil (-8.76—-11.10 kJ - mol™), paddy soil (-=10.71--12.61 kJ * mol™"), and moisture soil (-=9.64—=11.70 kJ * mol™"). Five neonicotinoid
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pesticides were difficult to adsorb in the three types of soil, and this process was spontaneous physical adsorption. Soil organic matter

content (r=0.772 8—0.996 3) and clay content (r=0.734 5-0.963 4) were the most significant soil physical and chemical parameters

influencing the adsorption process. The Rs;+Rs(mass percentage of pesticide in 20 cm to 30 cm sections and leaching solution) value of

neonicotinoid pesticides in the three types of soils ranged as follows : red s0il(73.8%—87.4%), paddy soil (1.3%-62.3%), and moisture soil

(10.5%—71.8%). The five types of neonicotinoid pesticides were difficult to adsorb and easy to leach in red soil, but difficult to absorb and

leachable in paddy soil and moisture soil. The increase of soil organic matter content significantly inhibited the leaching process. The study

shows that the five types of neonicotinoid insecticides are difficult to adsorb and easy to dissolve in red loam, and will penetrate into the soil

with rainfall, irrigation and other factors, causing potential pollution of groundwater.

Keywords : neonicotinoid pesticides; Freundlich equation; adsorption; leaching
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Table 1 Basic information of pesticides

AS ATR TR (R L )
oy Solubility Ea A
Common Molecular Formula 5743%%)
. X (20°C)/  Structure formula
name formula weight  Purity/% 4
(mg-L™")
MU GHLNGOs 20221 96 4x10° (O_\ 0
\14<\‘ O
o\ 7
N—N\
0
BEHUE CoHsCINSO.S 249.68 97 327 a_
H
T -
H \
N
0=N
\O'
BEK  CoHoCINGS 25272 95 185
AN
/N
=\
cl N
WEHE CHoCINSOSS 29171 95 4.1x10° <0—\
N—
N
o S o=N}‘
.
MEHE CoHW0CINSO, 25566 97 510 o
N/N&o
>\\NII
N\J
7\

PR - S T AR T R T R BRI R TS
X H ] 0~30 em BIFHE )2, BFEXCT WFES JS 40 0.25
mm i, SN R EAERRAR T LR 2.

F2 AL VLA - SO 435 4 (1260 Infinity
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Table 2 Soil physicochemical properties

b R A FH 2§ 38 it Rk i
soil P oM/(g-kg) CECT Clay
[emol(+)-kg™]  (<0.002 mm)/%
it s 9.61 11.26 17.6
KFEt 64 18.94 16.84 19.9
W+ 7.5 12.23 19.74 14.3

Il , Agilent, fEE ) ; [H IR YR % (Excella E24R) ; 5
2.0 HL(Eppendorf 5424R) 5 Jig % 7% /& {X (Rotavapor R—
210) ; A WA (Auto science) ;m%iﬁJﬁ(Cole—parmer) o

TN : O L H R R S 2l N L LR &
B R ALES S AREN Y R A b4l
1.2 R FHE
121+ gt

FREU10 o (ERE 2 0.01 g) - 5EHCE 76 500 mL H
22 HETE N, LA 100 mL 45 8 W B 1 4R 245 K T8
(%4 0.01 mol- L5445 ) , 7E 25 CF ¥R#% 48 h, fifi I
IRFN I HERIRAS, BIAS- 2 L 88, L8 000 r+min™
B &% 3 50 15 min, W ER 80% 1) _E 375 7 (40 mL) i@ 1
0.45 wm P B, SR J5 FH R 0HE 8 35 A AT A . TR
B A T A 398 R A3 i K TS A R Tt
TR AR IR db A R % R
1.2.2 ML

15 800.0 g CRE 5 21 0.1 g) 3 2 mm G 14 4 3 ikt &
FHAE 10 em EEHE F L HIVERL 30 em & 1 141, 48
J5 44 0.01 mol - L™ A &AL E5 5 WM IC R 1] 13235 %2 Tl
BB RIS Z T, L 5] 7 4E PR ) K o3 2o i
P, fE20 CHREJEIAEE TN, M EAETUZMA 0.5 em &
PIRERD Y B 0.1 mg HE AR 2588 Fi A #1] 10 g b+
B TR R B S AR R 2 B B
TP (F0.01 mol - L™ SALE5 /1 J57) , LA 100 mm - d™!
B K 88 B EAT IR 12 h S, SR AR W . Ik Bk S
BUG B A SRS b 38 4 e B S0 34 80 )

30y, B R 10 emo SR FH R RO (i i, Xk
T e g — 2 A TR
1.2.3 W5E Jr ik

U R VRRE i < FH 50 mL 5 6 ME 6 B 40 mL otk R VR
BT 150 mLAHETEIR N, A D bl o5 5 = 0L
SEVRMRE . KRR RS E 250 mL AR S, A
20 mL PR BRI T2 0, s s A LM R
RAEBHRAE — K . IR CTR CBR B G 9F 5 &
Flesh 78 kA BT R R E A 22 mL,
30.45 wm B, FH i SO i ASGHEA TG

T FERE A R HERR PR 10.0 g RS 5 0.1 )
MR 3 2 150 mL IR, I A 50 mL 2 i (5
PR VA o K BT B R R S A P, 20 CF
TH IR (50 remin™ )30 min, AR5,
DHLES L (8 000 remin™) 15 min, 7 B0 45 7 J5 5+
i b T VR U AT, ey - R PR A
50 mL )6 (SR D) W, 2 E e —k . B W
AR BIM BTG IT S B Thef 28 kAL K &
78R 2T B R WAL 3 250 mL s 2
T/ S AR, F 30 mL £ R L BRIR IR, 43 B AT HL
A, B IRFEBRE— K . IR O R L FR AU &
e B THRAERMN FERERET AR EE 22
mL, 1 0.45 pm PEIE, FH S ROBORH €% {SGHA TR

o R TR AR €6 1% I 22 K F Eclipse XDB-C18 %
FE (4.6 nmx150 nm, 3.5 pum) , HoA 5 26 0F 0L 3.
1.2.4 gl

U YRR i | AR S TS K433 0.5~5.0
mg L7 F10.1~10.0 mg- kg™, HF- 2 [ AR A v
2= (RSD) Ak H BR L2 4.

HRE5SM

2.1 RHGBEMITA
A 230 BEEAVE FH R 38 A 25 9 W 45 7 3P (Y R
TV A IR AT R — AT EFE s o IS B A

2

R3 BRRBEERENESME

Table 3 High performance liquid chromatography determination conditions

REY TR L pis HEFEEE LRSS aRIY B 1]
Pesticide Volume ratio Current velocity/(mL-min™") ~ Sample size/pl.  Wavelength/nm  Column temperature/C Retention time/min
PR Hi 2 7k =20:80 1.0 20 270 30 7.30
WE i ZJi§:7K=30:70 1.0 10 265 30 5.30
WE Ltk 2§ :7Kk=40: 60 1.0 10 242 25 5.62
W s LI :7K=70:30 1.0 20 254 25 5.14
M st ok 2§ :7K=20:80 1.0 10 270 30 12.10

WWW.QEs.0r9.CN
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Table 4 Sample quality control
GRS wmoKF ReelutiEs AHRS i B 22 fer B
Sample type Add level Average recovery rate/% Relative standard deviation/% Detection limit
T LS YRR i 0.5~5.0 mg- L™ 97.1~98.9 0.11~4.30 0.005 mg- L'
A HERE 0.1~10.0 mg kg™ 71.6~89.4 0.69~5.98 0.01 mg-kg™

BB 2 A 24 110 W B 2 A7 - S A AR A A 2T
pH R K 5 2R s
21,1 A2 X R O ) 5

K JH Freundlich J5 #2555 5 Ff o R 2 4 24 114 W% bt
1S AL

C=KxC.'"
Ao CoRy - HEXT AR 2 W B o, mg - kg™ CO AR 2 4
T B R B mg - L5 Ko Ry - SR B R 2, mL -
g sn N EE

TGRS PR,

K3l H 227 - R A 24 114 R B o B, 450 e
K, HHEXF AR R . RS AT LR 3
TR ZTHEXT 5 Fi i AR A 25 A 245 114 W o 1 A 5 390 553 40 ok
Sk WE HUR (0.86 mL - g™") W HUJZ (0.67 mL-g™) ik it
MR(0.51 mL-g™") WAL (0.46 mL- g ) FImk Al (0.33
mLg ™) 5 Y5 KRG - X6 S Tl J B S A 24 4 R e

%5 Freundlich HE# & 4R

A5 ) 554 U Ok 18 Bk (3.21 mL - g) i HUBR (2,54
mL-g") BEHFZ(2.01 mL-g") BEH I (1.94 mL-g™")
FIE HUe (1.47 mL-g™") 5 90 P50 X 5 FhoBT MR ik s 4
25 114 W2 S A5 3] 553 0 VR ki R (1.47 mL-g') (W
Mk (1.36 mL-g™") (ML AUk (1.16 mL - g") | ME HU R
(0.96 mL-g™") Wi H 2 (0.63 mL-g™) . 20 CH}, 5 FhH
R 21 A 245 19 75 A /N 3] AR Uk ol 1 He b (185
ml-g") BEHE (327 mL-g") (L AR (510 mL-g ™) |
IE R (4.1x10° mL-g ) Ak % (4x10* mL-g ™) . I
R EE R F B AR A 24 1 VS A 8 /N, MR I
W P e

K..=K.,/OCx100
P Koo oA DU BILAS 5 0 o 70 1 1 338 100 W o 4,
mL-g";0C K HIEA PR T &, %-

W Kb R K 25 F L3 6, AT LUFE H AT Y5 2143
= KA A A% S RO AR 24 K B SRS KT

KRB B) S 55 R

Table 5 The adsorption kinetics of the test insecticides using the Freundlich equation

+3% TR R wk H i WE H i WE L1 ok WE H1 28 A
Soil Equation and R* Dinotefuran Clothianidin Thiazoline Thiamethoxam Imidacloprid
It i €.=0.33xC."7""? C.=0.67xC.""** C.=0.86xC."*"’ C=0.46xC.!""’ C=0.51xC."

R 0.963 0.991 0.984 0.971 0.956
AKFE - i C=1.47xC. 2! C=2.01%C, "3 C.=3.21xC.!%7 C.=1.94%xC.1*2! C.=2.54%C.'*"
R 0.922 0.945 0.923 0.989 0.971
W+ T C.=0.63xC.'"*° C=1.47xC,""! C=1.36xC.">" C.=0.96xC.'>" C=1.16xC."*"
R 0.987 0.963 0.915 0.944 0.959
F6 KGK. SWHBEHENXR
Table 6 Relationship between pesticide K, and absorption free energy
T3 FHEHZH U WE t i G 1 Pk IWE H1 I i 1 o
Soil Main parameter Dinotefuran Clothianidin Thiazoline Thiamethoxam Imidacloprid
it K,/(mL-g™) 36.67 74.41 95.56 51.12 56.73
AG/(kJ-mol™) -8.76 -10.49 -11.10 -9.57 -9.82
KFE+ K./(mL-g™) 81.64 111.72 178.37 107.85 141.19
AG/(kJ-mol™) -10.71 -11.48 -12.61 -11.39 -12.05
il K,./(mL-g™) 52.56 122.51 113.34 80.00 96.73
AG/(kJ-mol™) -9.64 -11.70 -11.51 -10.67 -11.13

1% WHART]
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5 K Wsa g5y AT o SRR 25148 3 Fh 14
P K B AT R 23 531 S Wk ¥ 36.67~81.64 mL- g™
WEHHE 74.41~122.51 mL- g™ MEHIME95.56~178.37 mL-
o' ME MU 51.12~107.85 mL - g, Wit H Mk 56.73~
141.19 mL- ¢ &4 25 19 K. (B 7E 200 mL- ¢!
DUN MR H6 (fl 2 A 25 P45 22 PPN R IR vE U] ), 358
XA 25 1 W B R V 2, 10 BH S B IR Ak 24
TE 3 Frinf 5% - 458 v %) W R0 e T R O

AG -3 B A AE (KT - mol ™), H AR

AG=-RTIn K..
A ROMEE SR AL, 8.31 Jomol ™5 T R4 XL

24 AG<40 kJ - mol™ B}, % W% W 6 s T 47 3 Wi
Bf 5 24 AG=40 kJ - mol™ B, 3% BT W B )& T 1L 2% Wi
BRI, 5 ok R B 2 A 2 76 3 Fh - 3 v AG A Y 1]
43 5 kg okt —8.76~~10.71 kJ - mol ™ | & 1 Jfit—10.49~
~11.70 kJ - mol™ . & H1 Mk —11.10~-12.61 kJ - mol ™", E
H11#8-9.57~~11.39 kJ *mol™" Mkt Mk —-9.82~~12.05 kJ -
mol ™o FILT] UL, 5 FuBT JH RIS A 257 L3 b2 — b
B & B B A, s A 45 R 5 A )
KA 2E N T T2 A B R
2.1.2 BRI IR R A Lt A D

o3 A - SRR 2 Ko 5 IR R R R
] P 5 28, ST LTI AS ] 24 8 - 3%k 4 245 %) Wi
RO, T H A REHE 71 H 13X A 24 W FfF %) 3= 552 i 4]
K. SPUE A 2578 3 Fh 3 P A Ko S5 1Y)
FRAb 2R 2 B A7 78 30 35 B A DG, FEAH G R B R
7o GREH], AP S S KA R SRR
(r=0.772 8~0.996 3) , HU 2 T HERRL & 5t (7=0.734 5~
0.963 4) , 1fij + 3% pH (r=0.514 6~0.696 1) F1 [ & 152
i1t (r=0.455 7~0.687 4) 55 Ky B AH & R BUHXT /N
- HEAG LI R A 498 2 5 ) R S A 24 R 1)
I FERER, RHEA VL SRR SRR, T
X BT KRR A 243 11 I B e

g A 2 5 - b 2 R R
T FH AL S R UIAOC, IR ALY

TR RTEIE R A 2T A R B R . AL Sk
YA A AT DLE R e AR T K AR AU B
e AR EVE ] RSB HR AR T LA
AR 2GR ERSCR . P, JE 2 7 R AR IS A 25
B 5 % B LI B B A S PR A M A S g 1

pH FBH 758 e 6 + 38 i W B RE 1 thofg —
(A5, e pH O 8 1 R HILER 28 4% 24 (0 1 O
B0, TR 8 pH VS L B AR A 2 AR 2 )
JoT A AR, DRI pH XS AR B 288 A 245 W o 14 g 1) 52 i)
e FENE . ERIES TR Hr s
R BETEVE W I BUBH B 1, Jovk 5 - b i i
5 A S 1 R BRFY, R skt P 85— 5 i o AR A A
2 R R 8 R i 5l E A K
2.2 RAWMBITA

P2 SRR AR 2 BEB B K AE T i E
Jy 1l ] 38 3l 1) —Fh R BN, J2 S A 24755 AR5 5 1 11
FEEARIRZ — 5 DL R (£5 B 38 J bk b i
P&, %) e Rom o KV HE R SRR 2
M AR 25 7E EHE P IA I B R AN FETIE
BTN IS A 24 AT P X bR RS2
2.2.1 AR 2y X I VS 1 5

SRR A 2578 3 R [R] 2 R o A R
N 8 TR o 7E 300 mL A3k H VR H , 5 i R 2R
LELLIE LR R B A R, BAEM R (R
B R K5 KRR P I YR P YA R T 38 o e |
SR b bR 5 0 - PR R T A R N 1 W LR
5 T AR B 25 A 245 119 T BLIE AL H5 K BE B AR BE ik 21 20~
30 em(Rs) ,HAE 3 Fl 38 b i i 5 1 o BB A AE
255t o MR 2R 203 4 v i e o R A RGBS TE
IKAE b, 1 U 16 BRI ORGSR 0 B AE O~
10 em (R, ), Pk AU 0 R B3R 7 0 BEAE R BE; 76 3]
- e | OOk | ik RO B R 4 BEAE 10~
20 em(R) , Tk H i FsE o e 1) B K 7 i 4 BORAE Ry
B, abgh BRI KSR A HT AR AR 24 bk v
SR, X G B AE g TS Yt K

R7 LB R RB(K)PEEEXERE

Table 7 Linear correlation of soil characteristics and adsorption coefficients (K;)

M AR bR RS 18 1L 9E 1 ok g s R Mt e ok
Physicochemical property Dinotefuran Clothianidin Thiazoline Thiamethoxam Imidacloprid

pH 05146 0.687 2 0.6143 0.657 8 0.696 1

HHLT 0.772 8 0.996 3 0.994 6 0.878 9 09117

BH 85 738 46 ik 0.4557 0.554 2 0.687 4 0.5742 0.564 1

2 A 0.7345 0.963 4 0.961 2 0.8336 0.9123

WWW.QEs.0r9.CN
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Table 8 Pesticide contents in different soil layers of the three soils(%)

+HESoil 35 EE Soil section WK HUIE Dinotefuran

WE U Clothianidin - ME Hik Thiazoline

158 HUE Thiamethoxam ML AL MK Imidacloprid

AR o 0~10 em(R)) 1.3 4.7
10~20 em(R:) 11.3 14.3
20~30 cm(R:) 23.1 29.8
W (R 64.3 51.2
IKFE L 0~10 cm(Ry) 16.3 69.3
10~20 cm(R,) 21.4 26.4
20~30 cm(R:) 30.8 4.3
W (RY) 31.5 0
i+ 0~10 em(R,) 9.4 36.6
10~20 em(R>) 18.8 43.9
20~30 em(Rs) 25.1 17.3
R HIR (R.) 46.7 22

6.4 1.6 59
19.8 13.9 17.6
26.7 23.0 229
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