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Chlorpyrifos dissipation in a red soil-developed paddy soil’ s soil-overlying water system: A laboratory
incubation experiment

YAO Ying-lei"?, TANG Xiang—yu’, GENG Chun—nii'"", GUAN Zhuo®>, REN Mei'

(1. School of Ecological Engineering, Shanghai Institute of Technology, Shanghai 201418, China; 2. Institute of Mountain Hazards and
Environment, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: A 60—day laboratory microcosm experiment was conducted with paddy soil collected from the hilly, red soil area of southern
China. The dissipation and transformation of chlorpyrifos in the paddy soil’ s overlying water system were studied. After application,
chlorpyrifos in the overlying water at 15, 25°C, and 40 °C dissipated rapidly during the early stage, gradually decreasing in the later stage.
The dynamics of chlorpyrifos in the overlying water conformed to first—order kinetics. The half-life (0.70~1.01 d) and digestion rate
constant (0.688 8~0.985 2 d™') of chlorpyrifos in the overlying water were similar at the three tested temperatures. The added chlorpyrifos
was easily converted into 3,5, 6-trichloro—2—pyridinol (TCP) and accumulated in the overlying water. Chlorpyrifos degradation was
significantly affected by temperature. After 60 d of incubation, 17.3%~25.5% of chlorpyrifos was degraded into TCP at 40 “C. The

accumulation of chlorpyrifos in the surface soil (0~3 e¢m) was significantly affected by temperature. In the unsterilized treatment, the
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chlorpyrifos residue in the surface soil at 15, 25 °C, and 40 C was 163.66, 80.29 umol * kg and 34.95 pmol - kg™, respectively,

approximately 57.38%, 28.15% and 12.25% of the initial amount of chlorpyrifos added, respectively. Overall, in the soil-overlying water

system, only 0.39%~2.24% of the added chlorpyrifos remained in the overlying water after 60 d, 10.18%~58.32% migrated into the soil,

and 0.47%~25.53% degraded into TCP in the overlying water. The residual rate of chlorpyrifos in the overlying water was lower than that in

the soil, and its enrichment in the surface layer was distinct. Temperature and microorganisms synergistically affect chlorpyrifos dissipation.

Keywords : chlorpyrifos; overlying water; paddy soil; dissipation; microbial degradation
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0-(3,5, 06— -2- L hE 56 ) A A BERR TR , 344 UL
B, AR AR AS (O W5 55 8 T AR IR AE T A P
AU R HROR) B R R TR A R I A A
FEAE AR A 8 v B e e 52 B0 EE IR ) O AR I
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1.1.1 255 515
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Figure 1 Structure of chlorpyrifos and

3,5,6—trichloro—2—pyridinol (TCP)
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o, T M 1 R AR B i AR 48 o L 32 R AT R R RE AT
WL K P YA R P AR (25 CCIMA AR 4 2.0 mg - L71) L Ko
(7 350.671) F1 Ki(156.569 L-kg )P M A K, 5286477 1)
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Figure 3 Dynamics of the concentrations of TCP in overlying

water of paddy soils incubated at different temperatures

R KEL EBKIBRBHEREREHSFTEY

Table 1 Dissipation rate constant and half-life of chlorpyrifos in overlying water of the paddy soil

ek irtia W RER AR Ak PRI DTS i 90%

Processing soil Temperature/C Fitting coefficient Rate constant/d™ Half-life/d 90% dissipation/d

A KA Unsterilized 15 0.9413 0.820 1 0.85 2.81

25 0.9579 0.923 3 0.75 2.49

40 0.948 1 0.985 2 0.70 2.34

K Sterilized 15 0.9351 0.688 8 1.01 3.34

25 0.946 7 0.878 0 0.79 2.62

40 0.948 8 0.908 3 0.76 2.54

1% WHART]



W 6 UMM KRR - KR S5 PR 55 Y L SE 50

1285

K B WA IR BE R VR FE 1Y) 25.5% F1117.3%
2.3 TERHEEATFEEFE

ANFALEER A 38R )2 (0~3 em) BEFEIE 5 11
AR 4, 2P EIENOR A DK,
FEHIEE T . B, 22 e i B Ak
FERTIAPR I I . AERER o3 Ab R, 0~4 d B SE WLk
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Figure 4 Temporal changes of chlorpyrifos concentrations in top

(0~3 em) soil at different temperatures

B E) FAE K R EEsE g, 7 - F KRS
iz N EEKIER S L 60 dB, R[RIEEET
358 (1 8% B RN IR 1 10.18%~58.32% , T
1E A K i R B R WA BN 519 0.39%~2.24%
H T L FE AR A 3 () A B i T KR
()04, AN [R)Ah B 38 vh B SR % BR it o L R 4
b R B 1Y 93.569%~98.90%, 1 b7 K HHAY 5 gk
B 1 1.129%~6.44% .

B E) FAE K R EEsE g, 7 - F KRS

R2 TE-FBEKREHZIREE K BRE(MAFHIE 60 d)

Table 2 Residual characteristics of chlorpyrifos in soil-overlying water system (on the 60th day after insecticide addition )

e iR 5YiFHES BRI R PR R TCP SRR R A L)
P . 1 Temperature/ Total residue Residual rate in overlying ~ Residual rate in TCP content relative to
rocessing sot C rate/% water/% soil/% the added chlorpyrfios/%

KRR 15 46.95 0.63 46.33 047
Unsterilized 25 25.95 1.42 24.54 2.26
40 10.57 0.39 10.18 17.33
K 15 58.97 0.66 58.32 0.72
Sterilized 25 35.78 2.24 33.54 4.65
40 23.61 1.52 22.09 25.53

WWW.Qes.019.CN
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