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Characteristics of soil pesticide residues and their influence on soil
environmental indicators

ZHUANG Hongjuan' ZHOU Pengfei' CHEN Hongyang' SONG Qiang'
FANG Bing' YANG Bin® ZHANG Shiwen' ™

(1. School of Earth and Environmental Sciences, Anhui University of Science and Technology, Huainan, 232001, China;

2. School of Geodesy and Geomatics, Anhui University of Science and Technology, Huainan, 232001, China)

Abstract To the serious damage of soil environment caused by the widespread use of pesticides,
this paper takes the soil pesticide residues in a certain area of North China as the research area, and
comprehensively uses the methods of statistics, environmental ecology and GIS to explore the
influence mechanism of pesticide residues in soil environmental indicators. The results showed that
the maximum pesticide residues of pyraclostrobin, difenoconazole, pyridaben and azoxystrobin in
orchards were generally higher than those in vegetable fields; difenoconazole and azoxystrobin had a
strong correlation with some soil environmental indicators, the pH, available phosphorus, available
manganese, available zinc, Hg and Cu. which indicated that the two pesticides had great impact on
soil environment The detection rate was high (80.95% in orchard and 55.00% in vegetable field). The
results of concentration gradient analysis showed that difenoconazole residue in soil had a significant

effect on available phosphorus, the available phosphorus content in the soil increased more than three
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times formed ND—0.001 mg-kg™' to 0.018 —0.206 mg-kg ' residual concentration. The research
results play a certain guiding role in the selection of pesticide types and concentrations in agriculture
in the future.

Keywords pesticide, soil environmental factors, pertinence, difenoconazole, concentration

gradient.
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P AR (] R ) M 2,
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1 MBS I (Materials and methods)

1.1 W58 X MRS

RS IX A T F E AL X, B ALY 900 km?, 1 X2 1 X 24 5 4 X R E L) = r 2 — R E 1+
e R AR W RS 1 SR, JE W R A 2 XU, DU RSy, HOBRFE R, DR RS A
el G 32 B P 1 A TR0 Sy SR Bl RS . X PN ke P ARG S SRR ERY A HLAE, A2 ) b, B 3%
M35 FHBR B R ORI DL BRI T AR 2502 i, BB R B, i > b+ I K 32 Bk
24 ()5 ) K BIF 9 X ] 5 b 53 0 SR, I 224 b 398 e 24 58 B 00 SOk - v BRBE S B 1 R i)
K/,

12 FESCREE

FIH ArcGIS B A X 58 K HEATA0 5. 25 A AR A 9% X oo A FH 7 205 R 328, R A A A i
I3 =R B )7 2, HORAR 1A 83 My, A0 DL IR 1. AR B A I FE b e ) /N RITIE AR 2
BEMFAETE | «S7uk | ML BF 9T X0 2 BA 7S S, AE SRRE R 32 Bk B BV 28 28 S el S ) b
He, Horh B e SRAE S ECH 63 4, SEHDRFE B 20 4. BUREE R 1 kg 24, RAEIRE H 0—20 cm.
1.3 Fda o it 3

S S MR A bR 4% HIE T 9 E 4R Cu. As. Cd., Cr. Hg. Pb, +3EA ML . 2% . pH. CEC. H
RO SRR . AR AR A RCRE . A AR L A Ak A AR, DA Y 9 rhfe 25 B (ki
ik PTG | ATk FE BRI | DR RR N . KRR SN R . TLRURR S | MR TR . OB, HEUNE).

SR A% R 2 i T o 3 L, LI A I H 3, B I AN 2 480 pH A, &
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I 3 R, BT AN - P IV e -H H €8 700 5 398 0, R oA e Ak A
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D P ARl X B2 kv ) (HT 780-2015) . (RS8BT 4% . 4 1 A 38 0 Jie MR g 43 e B
%) (GB/T 17141-1997) . { HHERITIRIP R . A L Al L B . B6 A9 2 I8 T /D T 2 56 1% ) (HT 680-
2013) (77 1R 2 . FR A 75 L 0 S0l BB 426 TR B 8 1 0 J ) 5 54 2 (A v T V. S 36 2 000 5 L A 2 R G
H BR 7E 0.0013—0.0024 mg-kg ' Z [H], H B R A 75.5%—109% 2 [8], #H X 45 #E i 22 7F 0.82% —
16% I FE .

M B R A Origing.0, Canoco4.5, 22K H ArcGIS10.3 SEAK.
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Fig.1 Map of sample points in the study area

2 R 54508 (Results and discuss)

2.1 HIERAR R B SRR
N EIEFE X A AN R 2 7T 3 rp A 24 A B B AR, X SR AR A9 AR AT A 24 5 B, SR el

FISEHB AR 25 5% B AR DL UL 1.
R ARG

Table 1 Pesticide residues in study area.

12 FKAE /(mg-kg™) Fe/IMH /(mg-kg™") H(H /(mgkg™) Rz R /%
Pesticide Maximum Minimum Mean Check out the rate

M e ik PR i 0.228 ND 0.007 96.82

P NN 0.206 ND 0.013 80.95

LN 0.018 ND 0.002 63.49

mif it R 0.147 ND 0.004 53.97

E | SN R 0.023 ND 0.001 52.38
TR 0.032 ND 0.010 57.14

W TR 0.333 ND 0.007 31.75

L I 0.037 ND 0.002 36.51

W i 0.018 ND 0.001 28.57
M e ik TR i 0.050 0.010 0.007 100.00

E NI 0.188 ND 0.025 55.00

R 0.013 ND 0.003 55.00

AT R 0.050 ND 0.004 50.00

3 SN 0.011 ND 0.002 40.00
SRR B 0.032 ND 0.015 50.00

T TR i 0.114 ND 0.008 30.00

L I i 0.025 ND 0.004 30.00

W il 0.008 ND 0.001 25.00

TE: ND R 2% B B R IR R T EE R H BR.

Notes: ND means that the pesticide residue does not reach the specific method detection limit



2442 7N 54 1t 2 40 %

F 5T DX S el = AR R, S8 Bk AV I, A62E | 20 2 B AE Y, DRI DX PN 2R el e, 25 WG o
BT A S R IR K R e ) AR 2 R A P OO, Sk ey T B L S T A el v e 24 LU R
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FHURAF B, 15 222738 BTN (6] 2 YT - 398 vp i e 24 5% B8 A8 T AR OCBIF9E, AR AN W] P 2 AU
T bR 2 5 FR RN 2 R AR B MR BE A AR 25 102, AR SCRIEE DX NS ) HT B S BT R 24 5k BR RRIE 245 2R 55 )tk
WA —F
2.2 LHE A 28R BT - SRR A R k)
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Fig.2 Pesticide residues and soil environment index of redundancy analysis

Notes: The blue line represents different pesticides, and the red line represents soil environmental indicators.
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KAEANTER, X - HERAAE BRSO, B b YA 25 5% B 0T R BRARAE SRR AR A BOR 2, 4k
R E— R b2 A A M Ly WS R B, R 25 5 R 28 RO SU R 18 b A BRI
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i, (EJEAT R 5 AR 25 Z AU L-P AAFE R . 2850k, R 25X LR TR A B 3 B2, it
M 23 5 e A RF S A ROH . A 25 5 I G R AR AR I TUR 7T 4 R B (] 2(¢) ), ATk P Rk 5
WEE TR RN Hg FI Cu X 9 b - 38 H < J o0 23 6 B0 Y E AR SC M, kg R 55 FLA AR SC R AN g me s ik
PR R 5 Hg H1 Cu U 52 B SO OC, (HOX AR OC RPN W38 N w5 PR R Je | o JgUR e o W8 R LA I
O MR 5 e T G 2 (] J L AN A AR S

BT ICRIIIrE R LUZ B, JURh A 25 5 R PR ARV . 3R e R | LR E SR AR —
FRAR S . 2R T PRI | o T P 5 S PR BEAR bo oA  W  2 AOAR OGAE, JE O 5 S VR g A,
5 B UR DL 8 2 8] R 4 bR A B AR OC . I 255k B S IR R — A
HNA A e ARG | 2235, PR A A B PR 2 A 2 [ A 7 A R U2 2, R A R PR 25k
B S U8 IR R SRR TIRE, X L HE B ;™ A S O AR SCHE T ABIEFE A b, M 3 2558 B X
SEFR SRR B A8 BE 3T, TUAR T4 SR B, R34 24 (MRt BTG . 3 0k PP PRI | B ERT TR ) 45 A —
SEPREEHE AR (pH., A3 RUBE . A 206G . A 808F . He. Cu) fE7EHE i M AH G, Ui B + 18 bk 245 5% B 25t +
BRI A — S WS . TS DX s A Tt P A R s T T LA R - M BRI 110 2 (1) 35 A R BT —
SE BRI, TI R T T DA A A Y 5 B LR T 5 BRI AR AR AR AT W] I ) 25 (R SRR, DR IHEAS 5 o fie 1) 2
P P BRI T R 52 WA AT 5 X SR 05 A 14 2 B 24 AR A 2 %) E PRI AR B R W B TR S T 4
R AER 1R 2RI IR AR 25K 3%, 7] LA PR AR S TR hn A 0 3 ARG PE A R
P P PR L5 55 BT T JoX PP o A 25 368 - SRR T R A (R R

R2 OREET IR L R

Table 2 Difenoconazole content classification statistics

2Rk PR 5 B/ (mg kg ™) LeAs1/% FE SR B T
Difenoconazole content range Proportion Number of samples Classification
ND—0.001 39.80 33 B B BRI
0.001—0.003 13.20 11 Lk
0.003—0.018 22.90 19 B A
0.018—0.206 24.10 20 L4k sun=

222 S RHIE

BEXT FR AR 4R 25 5% B 5 1 SR BE 52 A A TUAR 43 T 285 2R, 2RIk HY A 55 i 1RT 1 5 + R B 45 A
() pH. A 508 . A 50 A 30 He DA Cu 505 MR & . A A B DX PN 4= 398 mp 1 b 4 245 11
BREANE L, LA B R 25 5 J LR - R BE AR bR 1 25 TR AH DG, A SCHETUAY 43 M (1 3 il L, 1 AreGIS
10.3 75 B 5T X PR AR 24 LA R RIS FR R P ik 11 4 1) 0 A R i 1

WK 3 frzs, ZEEE P PRRRFERF ST IX P i ik B KOs, SRR PRI AR IR A S, HL
VYL 1 R ik R PR B R T 0.022 mgrkg ! I B R 2, W TR R AE T 5T DX 3 Y R
AR, AU A5 A 5% B e T 0.023 mg-kg !, g S % B R A T ND—0.008 mg-kg . &5 5 A 4,
AT AR 245 5 4 SR B8 Bk 5 ik 14 28 [R] 43 A R AE DR, R ik FP P s 5 et 2050 v 7 A 0O L AR
BELHe LK Cu WY&t my, 18 pH RS 8 102 () 2R AR RRAF R B 8, R BB 4 UL A% 28 B 1 2 i Y 2R
M % B B AN ) LR ) ) 22 5, W T B S IR FR AR A0 A ) G R R A R A W . EA T R
AN T) b2 2 5% B8 0 A+ SRR (Y B2 IR 7778 22 527, HE v o 24 (0 S ) 5 B3 o)+ HER 8 A S e R R
[F) 25290, AR SO - R 2 5% B8 5 - MERRBEFE A 22 8] 1) 28 [ B A o AT A AR A R 4508
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Fig.5 Changes of soil properties by Difenoconazole under different concentration gradients
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0.018—0.206 mg-kg™. Bl £ AR fik H PRIk 5% B8 ok B (%) T o5, JLAD L IEIRBEHR 3 & AR AR Ak, b 48
RO ARG . A SRR K R 42 8 Heg A Cu B 25 A Tk FP PRIk v B 104 T v tho Bt 2 386 vy . - Bk g
FE bR 0250 5 I R Y L Bl AR AR TS A G, AR 2438 s ) R R | A T AT S
S () S A FR 2, A O A AR Ak e Wt 2 R Tk Y BRI R B A T v, B Ak R
ey 3 f5Z. L3 B LU TCHLIBE FUA DL B 2XAELE DY, A5 200k ) 2 - 38 v mT e A 0 R R 13
Gy TCAILBEFIAG ML, 8 Tk TP 20 s 55 DS ] 00 P 08 ML . S ALt S5 g 1T o JEL 2 A Ay T R A A R
A BB IE X 18 v A5l B i B A Tk PP PR 5 B A A S P DR R A A 1) A T R A X
/N, 7E ND—0.001 mg-kg™ ¥eJE T, HHk ¥ H 26.23 mg-kg ™', £ 0.001—0.003 mg-kg™ ¥ JE T, HHkE K
25.89 mg-kg™. - 18 rh Rk Y PR R R BA v B IR, A AU AR AR RN B B, T FE 0.018—0.206 mg kg
N, Hgri BT T 33.24 mgkg !, BRI B TR BE R 28.39%. A SURE O e i A R ik R PR
SRR T R B A B AR, B 243% 1 ETF. He WS IS A K, BAERT =& B
T H A B IR YERRE 0.051 mg-kg ™, £ 0.018—0.206 mg kg™ S EBE T, HE 8 FTFE 0.066 mgkg™.
1M Cu i 7% 5 AR 0.001—0.003 mg-kg ™' & &4 5 0.003—0.018 mg-kg' FHME N T 3.6%,
H AR 27.94 mgekg™ F I 33.98 mg-kg ™. Hg. Cu f9#k 284k 1l g 5 R 25 4 0 A — 2 1Y
5‘;&%[35]'

pH 5 48 b R ik P ey o 2 B ROAE DG, R A v O ek FR PR R B B R 1 T, pHL R T
BRI B S. BR L, pH AR T iy 0.31, AR T8 1) - 98 20058 o o o FH b 75 2% IRURS: 45 8 A )
(GB 15618-2018), + 1 pH {H {5 [Fl A 6.5—7.5 i, +- 58 4 J& Hg A1 Cu 975 Y2 RS 7 BE (8 2 51 R
2.4 mg-kg (KM 4 0.6 mg-kg ™) Fl 100 mg-kg ' (2R [ A 200 mg-kg ™). Brif /54 (A4, WFo8 X ) 1
42 )@ Hg A1 Cu ¥ B2 35 2R 38 2175 G XU i e 1, X PN - 438 v W A e 247 5% B3 1905 2 XRS5
2.2.4 MRS TAFERE AR 5% pH 700

TIF 5 X 45 B s AR 24 K R B — , Xoh T Tk P SR o J U - SR S5 18 b A e KR i 55 O, M HE B
e B AR 2G5 (4 0] R, BB Rk B0 A R v SR R AR A, (R L A 2 RO L A A
T B2 TIE 2 ik FE B s o 1 3 RS s 04 52 e S A7 AE AR AR A (3R 3).

F3 AR FREWE (mgkg ")

Table 3 Information on different pesticide concentration

peyT™
P”Ofﬁt AT MR PTG W SPTENE HEEOEE R cumr okl
Difenoconazole Pyraclostrobin Pretilachlor Pyridaben Propolachlor Penoxsulam Azoxystrobin Hexaconazole Clothianidin p

number
1 ND 0.001 ND ND ND ND ND ND ND 8.01
2 0.002 0.005 0.001 0.001 ND 0.001 ND 0.001 ND 8.01
3 0.014 ND 0.002 ND 0.001 ND ND ND ND 6.80
4 0.041 0.001 0.001 0.005 ND 0.002 0.008 ND ND 6.15

XF T SR RRCHE HEAT A BT A, R HE A 4 IR R SRR TR Y BRI B SRR AR AR, B 4 S A
- 48 T B R BRI B 43 590482 T ND—0.001 . 0.001—0.003 . 0.003—0.018. 0.018—0.206 mg-kg™" X
() AT, T B A 245k B A K <0.01 mg-kg ™. AT LA B, Bl 5 4 1 rb 2R Tk FP B ma v 85 17 32 W 2 K, i
pH R A - 52 B 2 e/ N R AR A 22 g rh R Tk FH PR R R B R SR R BRI, pHL ol 8.01, iX 5 R
0.002 mg kg™ I (1% pH (AR, 18 v 2k FY B0 w7k B8 9k 88 (PR, XoF 0 38 B I5E 14 5% i /0. i >4 - g vp
2Tk F AR B A 0.014 mg-kg ! B, pH {E T B2 6.80, A ik H PR 1 i 410.041 mg-kg ' I, pH {H 4k %2
TRER 6.15. Z5G & 5 4 5 b R Tk HY PRk B XoF 338 pH 52w (1) A8 A AR AT LUE B, AE— e MR,
b 2R Tk A B 5 1 0% pHL S UM OG, HLREE T3 R AR TRE R PRI FE RS T, 10 pH T R
T V28, il XA 2558 B i 5 14 pH H e H R B, FESAR R Z e R T T, B 3 o ik B
IR B e, D pH 5 SR S R AIG. AT IX g v OR ik BRI B P R i R b AR el Y
RIZR, A PRIE 438 BT, 7R ARl b niy 42 i He it FH
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3 451 (Conclusion)

(D WFFE DX AN [ M S B T 3 v o 25 55 B B AN T3], bt e i 7 7 RG22 2R B 96.82%, il
100% ) FZR ik FH B (A6; 1 458 SR PE 80.95%, SRHlL 55% ) 7E WA T RE X A H AR 48585 , SOFE A 24t FH 2ot
e P RN 3 PR A 245 1) 18 P 4

() TCA TS AR, WEFE DT FH A 4 25 5 1 SEPR BT 48 Bn A7 (6 A [R1 P B2 ) RH S 1, 8 Tk FHY 24
WA TR T i PP o A 24 3 B ) IR X PRI 4 s o™ Sk R 2 AR S A, I ELTRE PP PRI | e R S 1 R
AR AR AR Hg Al Cu S48 ARFFAEIE ARG, -5 pH U S2 B G0RH . DR R 2R | 55 7
P AL 5 i R B AR AR ARt 09 s ) A SR AR HG R R T B e R S A A
Cu 7 BB, pH JUIAR S, T s T T 5 b S BRI 418 s 1) 2 () ST B8 R AT 5 B 2, s/ s T i
AR G

(35T 5 X A 98 4 i P R e 5 4] B U FEE A6 B2, e B - 398 v Rk P B e AS [ 3 P e
JEEXF TR S 5t B b E PR BT 4 BR (0 52 0, e B - S v R R PR B 5 P R e 2 s R D Hg,
Cu S5 A7 T W o 5 o e, A b SRR B oA B R el T AR AR k. P A O IR T O 4 S
bt DX A 24 45 PRI B A 245 75 Gt - HEA BT Th 4 225 AR 2 AR
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