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Degradation characteristics and ecological risk of chlorpyrifos and results of its degradation in dryland soils
LIU Han-bing"?, WANG Dong—qi*>, XUE Nan—dong'*, DENG Yan-ling’, YUAN Xue—hong’

(1.Technical Center for Soil, Agricultural and Rural Ecology and Environment, Ministry of Ecology and Environment of the People’ s
Republic China, Beijing 100012, China; 2.Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: The environmental pollution risk of chlorpyrifos and TCP in dryland soils is getting increased attention. Chlorpyrifos and TCP
distribution characteristics after the application of chlorpyrifos in the field areas of corn, wheat, and soybean crops were discussed, and
their environmental risks concerning soil pollution were assessed. After its application, it was observed that chlorpyrifos in soils removed
quickly in the early stage and its spread gradually slowed down. The half-life of chlorpyrifos in wheat, soybean, and corn-growing soils was
7.86 d to 24.84 d(all<30 d) and the digestion rate constant was 0.027 9 d™' to 0.088 2 d™'. In the early stage, chlorpyrifos residue is highest
in the 0~5 cm soil layer and lowest in the 15~20 c¢m soil layer. With the increase in the depth of soil, chlorpyrifos residue gradually
decreased. The residue of chlorpyrifos in the 10~20 c¢m layer of soil gradually increased in later stages. Furthermore, TCP is more liable to
be removed, and thus the risk of environment pollution is high. With the increase in the dosage of chlorpyrifos, short—term and long—term
ecological risks of chlorpyrifos and TCP showed an increase in the soils growing wheat, soybean, and corn crops. When the super—
recommended dosage was administered to the these three crops, chlorpyrifos and TCP had higher short—term and long—term ecological
risks, with the TCP ecological risk reaching maximum risk level in all the three crops.
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50 AR 8 A (LC-20AT, H A B WA w5
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(MultiN/C 3100, & [ HR Gz B {8 2 JBe i 23w o

BRI A BESE R (99.6% ) FIBRE i TCP(99.8% ) 1
) B 2 [# AccuStandard 23 ] 5 40% B3 A€ 1 F, 3 W) H
WINE AT LA A BR S ) 5 Y (35 4) f 2
M2 Mg (G352l A g B2 A R Al
T PR e At A (B ) 1) 3 ) 24 42 141 4 22 1)
ABRAF
1.2 BiEtEi& it

FH T] 20 0 T b 5 TS IXC, 32 IX sl g 2z 3 oy K
GipieE SR R A (7 Ve =5 6 I 1 B o B o B
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BERFEO ST B B AMA TS FE Y TR 0.13 hm?, 1482
By o BRI K (R R S 58 28) (KR E

(bRl A s 38) FI/NAZ (BRI 18)

FH ]2 56 5 7« R FH B AL IX 41 %3, % B85 5K
WA A 20 4 77 e R o (A RO 43 0.60 kg - hm™) Y 1 4%
(X1) 245 (x2) I 5 4% (x5) 34~ He B K-t 25 , B4~
FIE 3L /DX 30 m*(6 m* 2L X AL , /)
X Z [a] 5 A 2L 3 AT

TSR N TS, Rkl 2 B R A5 /NX 96 /(12
FCATIXBAT) B RIIRFE 4~6 em , B 7 E B 4K 3 Ll
To RESRAN TR, B % B 8 & /N X 200 /¢
(20 74771047 , FE R BE 3~5 em, B 7 E =% 3
RIRhF o /NFE RN T 2648 R 2 B o0 B /N X 800
R (80 KK 177 'x1017) , #EFIERE 3~4 cm.,

FAWE 55 25X BRI /N X AT 35 W8 it 57 A
Ae 2y I T2 )E50.1.3.5.10,15.21,30.45d
FERRR /N X BEALR A 3R . BEALIEE 5~10
A AR 0~20 om (1 3 1~2 kg, 245 IR
A7) R FH DY 43 5 BE AL 500 g, 55 5.10.21,30 d B+ 3%
FE PO , 43 0~5.5~10,10~15,15~20 em 4 /> 2 UL
B, T -20 CIRAER . BRI S 1T 45
10, LA G AE 2 05 1 RAE T 2l rp MTR]— s JBORE
1.3 FmAErabE 54

P R L, F ORI LR IR A SRR
T, 20 2 mm G e, A6 g AR SRR A . 3
A AL FAT I A LA 7 i MultiN/C 3100 S A3 HL
e 8 A3 MT SO 2 5 WA A R FH 5 ) B 2 2 B2
s TSR K2 mol - L7 KCIIEZHE5E W v4 1L (01
IS 5 - SR 25 R SR P M — B R T 5 el i it -
SR IR R LR 1.

RIS g 1 3ERE A T 250 mLHEE L, A 50
mL R O BR- LRI AW (LR TR - SR - 4l ik
TR 98:1:1) 7200 remin” 250 F R 1 h, 8
)RR, A I IR T 250 mL AR ML, A 20 mL
20% NaCl¥&E ¥ , 75 150 r-min™ £ F IR 10 min, §
B 20 min 23U BR 2K A B2 U2 T0 KB R
BIBEZK VAR 22 10 mL, KR A WS 8 2N 40 mg 1
PESR I 50 mL B0 A . R U8 RAE e 1t

F1 it ENEREAMR

Table 1 Physical and chemical properties of the soil samples

IR RAEH A KR MifekE AR SOM7 A TNY RLARALAL Particle size/%
Soil sample  Sampling location Moisture content/%  Field capacity/% % % fbkiSand  KYRISIlt Bk Clay
[ Jeat 7.16 3.19 21.35 1.15 0.08 60.47 17.02 2251

T B A

Note:" mass percentage.
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e, (5 5645 f5 15 21 19 Rs (B8 40 76 0~100 22 (8] (41
B Rs<0, WIHL R=0) , 41 F =X
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DA e B 55 2 SO0 ok B EL ALV Ry G AR !,
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FE/NAZ K E R E K 3FED) T3 1540 5 2 A5 4
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A8 T2 T ET A - g b s AR M A R (o - R
BRHASE ASUARLIT, 00 430 0V kA - 98 05 RO PP e DRk
it 5 I A o) () B K LGRS Ak - 1 B, S g A
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BEACMAE I AT B — B D R T
g w/{1 I
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AN 25 14 B 0 W A ol R 5 2 A
GER L 2, BEAEWAE N A Ah 3 A g rh i o
7.86~24.84 d, ¥/NTF-30 d, 3 FiVEY Rk 1 58 h 3 5E
W P 31 172 3 < B0 H 0.027 9~0.088 2 7' FEALIRAE
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Figure 1 Dissipation of chlorpyrifos in farmland soil

TP AR ;Y 0 R AL ] B RS L BR
R R A ARSI, BR R - g R FE A 2 T
B W TE A S SO R AR

TCP 25 JEW ) T2 4 , i T TCP K1k
LN TIN5 WA G N B i NS I A D 0 B iy
AHRL A BT o VR - 438 vt AN () 590 it 2 AR s 3=
BRI TCP A AL WK 2. MBI 2 T DL H TCPAE
0~20 d B ¥ B 5 B 20 d e B T R, 1
AL, BEAEMRAE 20 d )5 T R R R 2%, W B LT AN T
KA, BITCP 1728 Ak #3455 3 50 M AE + 3 vl
ff RS E AN X R AR TS T TCP 2 3 AT = 22

R2 AEKEAE T EPFIRBHBERER S RN
Table 2 Dissipation rate constant and half-life of chlorpyrifos in

soil treated with different concentrations

IR SRR BN EE CFEMIDTy R DT
Processing Fitting Rate constant/  The half- The half—
conditions coefficient d! lifeso/d lifeoo/d
N X1 0.926 0.088 2 7.86 26.11
T w0 0.974 0.063 9 10.85 36.03
x5 0.990 0.027 9 24.84 82.53
g x1 0.948 0.0815 8.50 28.25
T3 w0 0.934 0.068 8 10.07 33.47
x5 0.981 0.029 8 23.26 77.27
Tk x1 0.952 0.061 1 11.34 37.68
T w0 0.949 0.054 7 12.67 42.09
x5 0.967 0.028 2 24.58 81.65

FEA =40 . FAE 3 FhVE ) 138 b TCP e B AR b s 3
AEARL, Ve B /Nt BEAS AR ] it fon 3 7 5] 4k B A6 W
A - s e it R o A R A - 58 TP i S 7 vk
R
22 TEREBRMEE TCPHEBERDH

AN [i) i R 350 2 T 7 0 WA B A A 39 2 [ o0 A
Bt 1] () AR PR DL 3. FR PR 3 RTAL, 3 RPVE R Al AR 1 4
FIAS R IR 0~5 em 135 Hh 57 SE AR B B 45 K, 15~
20 em - 3E B SEMRER BA A f )N, BIBE 2 TR B B35
+- 3 PR FE M AR B R TR . B I R SE
0~10 em 358 B SLIE AR BA 5 2 W8 2L, 10~20 em -
e b AR AR B R T, [RIE L 3 A E R )Z +
b LML B B 43 A Y R I A I A R S HE I, R
JZ 8 v EE AR MR ) I N . SEI R AT DLTE
15~20 cm - 38 rp s ) 21 5 56 WH 5 f B A%, 13X 100 B
FAEW IR E P T 0~15 em R 2 13, BG +IE
REEBE I+ 58 i SE R B /D X S AR E AR
RWOMEAT O VEYIAR 2 B L A= W 28 i3 + 3 1A
RARSE & A LT 5 K AR R K S
B 72 B0 R AR 5 A ML Y 2R [ 4 S
FEAEME AL S0 TR . Ak, FRATIEL B2 5L 55
R T, RS R AR M 2 )2 SR ZU i, (R 3 T A
15~20 em Jit )z B EER AN S| . X F 2 H TAELR T
], S92 56 X0 S R — K 20 mm B H ARFEFR , A /DR
FEM R R K B R i E A ML BT R B T R R
Herp, BAMR RN, —SOKE R TE RS
W B A 24, AT A R R p i 1R S S EAR 2
B, 3 F 8L T A ALY oA AR SR K
LB h I ARG 12, 3O IR RS . AN TR
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Figure 2 Changes in the contents of TCP in soil under different

water conditions
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Figure 3 Changes in the contents of TCP in soil under different

water conditions
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Figure 4 The vertical distribution of TCP in soil under different
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Figure 5 Predicted and measured ecological risk values under different doses of chlorpyrifos applied
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Figure 6 Short—term and long—term ecological risk values of TCP after application of chlorpyrifos at different concentrations
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