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Acute risks of pesticide residues in greenhouse tomato and cucumber field soil to earthworms
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Abstract: The present study investigated the pesticide residues in the soil of greenhouse vegetables and estimated their acute risk to earth-
worms. Soil samples were collected from the greenhouses where tomato and cucumber are planted in Jiyang County, Shandong Province of
China at the following three periods, the middle and after the growing season and the middle of the next growing season. Pesticide residues
of thiamethoxam, clothianidin, carbendazim, imidacloprid, abamectin, fosthiazate, isofenphos—methyl, carbofuran, and 3—hydroxycarbofu-
ran were determined using ultra—fast—tandem mass spectrometry (UFLC—MS/MS), and then the risk quotient(RQ)) method was used to as-
sess the risks of the detected pesticides to earthworms. In 39 soil samples from the greenhouse tomato field, the most frequently detected

chemicals were thiamethoxam (90% ), clothianidin (79%), and imidacloprid (49%) at mean detected concentrations of 0.107, 0.100, and
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0.233 mg - kg™ dw, respectively. Thiamethoxam and imidacloprid were detected in 63% and 57% of the 30 soil samples from the green-

house cucumber field, with mean detected concentration of 1.18 and 0.126 mg - kg™ dw, respectively. In 39 soil samples from the green-

house tomato field, 95% of the RQs were <1, whereas in 30 soils from the greenhouse cucumber field, 97% were <1. Imidacloprid in two

soils and clothianidin in one soil posed unacceptable risks to earthworms. The safety threshold concentration for earthworms was 1.07 and

0.593 mg- kg™ dw for imidacloprid and clothianidin, respectively. The target pesticide residues rarely posed high risks to earthworm in the

investigated samples, but the safety threshold concentration should be applied to protect the earthworm from high—risk pesticides.

Keywords: greenhouse vegetables; soil; pesticide residues; earthworm; acute risk assessment
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Table 1 MS/MS parameters for nine chemicals

L&Y Hii X H2 T (mlz) F B 1(mlz) filf fi BB 1t /e V FET20mlz) iR RE R eV

Chemical Scan mode Parent ion Daughter ion 1 Collision energy Daughter ion 2 Collision energy
WE 5% ESI(+) 292.00 211.10 13 181.00 22
5 itz ESI(+) 249.80 169.00 12 131.90 16
ZIER ESI(+) 192.10 160.10 17 132.10 28
M s ik ESI(+) 256.10 209.10 14 175.10 16
By p 2% ESI(+) 895.30 751.20 46 449.10 50
ISER J ESI(+) 284.00 104.00 23 228.00 7
FH 5L S M ESI(-) 330.30 256.10 11 179.10 19
Y ESI(+) 222.10 165.10 9 123.10 11
NS STNEY ESI(+) 220.10 163.10 10 107.10 27
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Table 2 Linear regression parameters of the calibration curve for the nine chemicals

A4 Chemical 215 12 Regression equation 2 M5 Bl Range/pg - L™ R LOD/pg-kg"  LOQ/pwg kg™
1% it % Thiamethoxam Y=39 736.7X+10 923.9 0.1~100 0.994 0.1 0.4
WE i Clothianidin V=8 415.19X+5 336.79 0.1~50 0.99 0.1 0.4
£ R Carbendazim Y=176 077X+390 554 0.5~200 0.999 0.7 2
I Bk Imidacloprid Y=7 653.93X+7 265.33 1~50 0.99 1.4 4
B 2fi: % 28 Abamectin Y=769 315X-1 520.35 5~500 0.992 7 20
WEMK T Fosthiazate Y=199 330X-5 589.48 0.1~200 0.998 0.1 0.4
P JE FMIB% Isofenphos—methyl Y=1741.52X-1366.37 1~500 0.998 1.4 4
50 F 8 Carbofuran Y=110 060X+77 775.2 0.5~200 0.991 0.7 2
=B EE 5 A B 3-hydroxycarbofuran Y=25 020.3X+1 754.63 0.1~100 0.994 0.1 0.4
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Table 3 Recoveries of nine chemicals in soil analysis

[iasg?] WA /mg kg™ FHMIAR/%  RSD
Chemical Fortification Mean Recovery  (n=4,%)
WE 15 0.04 101 5.5
Thiamethoxam 0.4 77 5
2 95 3.5
20 98 1.8
WE i 0.04 73 15.7
Clothianidin 0.4 33 5.1
2 85 2.8
ZHR 0.04 106 3.9
Carbendazim 0.4 33 23
2 83 2.0
it Hix o 0.04 127 2.3
Imidacloprid 0.4 77 5.6
2 98 1.7
IEREES 0.04 72 5.2
Abamectin 0.4 74 10.5
2 102 4.0
WE A 0.04 104 3.9
Fosthiazate 0.4 94 28
2 93 2.0
P S e 0.04 110 4.8
[sofenphos—methyl 0.4 91 3
2 85 2.8
5T 0.04 107 4.9
Carbofuran 0.4 84 132
2 93 1.5
SR B AL 0.04 85 8
3~hydroxycarbofuran 0.4 87 5
2 87 1.5
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Figure 1 Detection frequency and the mean detected level of the target chemicals in soil samples of greenhouse tomato and cucumber fields
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Figure 2 Residue levels of thiamethoxam , clothianidin, imidacloprid , and carbendazim in soil samples of

greenhouse tomato and cucumber fields
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Table 4 Acute risk assessment for targeted chemicals to earthworm

P AR 2 AR BG4 (%) Bk vk BE B (U FEVE T, mg - kg™ dw)

IS TG o
Pesticide detection rate and mean detected concentration TitJe ST RO
HuREZe V&) . ) N ) ) N A3 -
Type Chemical 77 H During cropping 7=)5 After cropping  J5 #£7 H During cropping PNEC/ f"l:’:! IR )ﬁﬁ—:f" h
Rt 2/% 5% R Residue/ K tH%/% 5% Residue/ #rH1%/% 5% Residue/ mg-kg dw During  After  During
Detected mg-kg" dw Detected mg-kg' dw Detected mg-kg"' dw cropping cropping cropping
et H g rh 1 92 0.166(ND"~ 85 0.090(ND~ 92 0.063(ND~ 100 0.009  0.002  0.002
Tomato Thiamethoxam 0.884) 0.182) 0.191)
field E £ i 85 0.035(ND~ 85 0.19(ND~ 69 0.068(ND~  0.593 0.115 2793  0.285
Clothianidin 0.068) 1.656) 0.169)
ZHR 15 0.002(ND~ 15 0.005(ND~ 8 0.005(ND~ 0.54 0.043  0.009  0.009
Carbendazim 0.023) 0.005) 0.005)
it e o 31 0.604(ND~ 46 0.108(ND~ 69 0.150(ND~ 1.07 2.093 0366  0.445
Imidacloprid 2.24) 0.392) 0.476)
TEE A ke 0 ND 0 ND 0 ND 20.9 0" 0 0
Fosthiazate
] £ 77 2% 8 0.27(ND~ 8 0.112(ND~ 8 0.018(ND~ 1.65 0.164  0.068  0.011
Abamectin 0.27) 0.112) 0.018)
FAEN 8 0.004(ND~ 0 ND 0 ND 22.7 0 0 0
Carbofuran 0.004)
S =8 =P 15 0.079(ND~ 0 ND 0 ND 22.7° 0.005 0 0
3~hydroxycarbofuran 0.116)
# I H WE I 60 2.730(ND~ 60 0.012(ND~ 70 0.843(ND~ 100 0.163 0 0.017
Cucumber  Thiamethoxam 16.32) 0.042) 1.70)
field w5 o g 20 0.129(ND~ 30 0.010(ND~ 40  0017(ND~ 0593 0411 0022  0.052
Clothianidin 0.244) 0.013) 0.031)
ZHR 60 0.027(ND~ 60 0.003(ND~ 10 0.003(ND~ 0.54 0.133  0.007  0.006
Carbendazim 0.072) 0.004) 0.003)
ik o Bk 60  0.290(ND~ 40  0.015(ND~ 70 0.049(ND~  1.07 1551  0.034 0075
Imidacloprid 1.66) 0.036) 0.08)
VI ff 10 0.003(ND~ 0 ND 0 ND 20.9 0 0 0
Fosthiazate 0.003)
ISEINEN 10 0.017(ND~ 0 ND 10 0.04(ND~ 1.65 0.101 0 0.024
Abamectin 0.017) 0.04)
LAY 10 0.009(ND~ 0 ND 0 ND 22.7 0 0 0
Carbofuran 0.009)
—FRIH 10 0.122(ND~ 0 ND 0 ND 22.7 0.005 0 0
3—~hydroxycarbofuran 0.122)

T ND=oRAG T o " IRBE = 82 v 71 loxl i8] 9 Sk B 5 R S A Y o RO=53 B BE S B KB B BE/PNEC . % T A H A A
2y, DUILAG HH BR A — 211 R FR R TP RO AT <

051 ) SR R i e s HAS RIS R i B 1 4] i -

3 #ie

B B X6 i s 8 ok XU AN il 4252 . PRI, S 1
39 rpge v 5 51 0.5 mg - kg™ Sz LA IS, i 144 Py
FITE PR A (ROS) KRR RS N, 5 BT AU A0 Bl s 1 1
AR Ak AWK T B0 N Il R L IR ) S Rk
2 - 39 g A B R 2.0 mg - kg IR, 43 R Y I T
| Ay A, ke W51 1 BB T BEAIR 45.7 %" AT ST W
H R 1 e K AR B VR M 1.656 mg - kg, AT RES RS
W W51 P B ROS T, 5| e ke 5] 4% PN A6 9 A= Ak it

[SSAIres
I o

(1) it 2 3t R B TR R b 3 v )32 4G Y g
W E H S AT R R mRE A AR R B AR T
0.5 mg-kg™" dwo

(2) M ARG R Lk AV , M B B A 245 %) i |
R 2 e RS, AT, 2ot 909% 1) - 3Rt b, H A
AR 245 0] WL 51 ) 2 P KR P 452

(3) o JRURS: A 24 W Eh bk AR5 g % e 5] ) e XL
I AT 422 52 1) - 1 22 4 B fEL U JEE 50 59 O 1.07 mg - kg™
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