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Photochemical degradation of chlorpyrifos in water. WU Xiangwei', HUA Rimao', TANG Feng', LI
Xuede', CAO Haiqun' , YUE Yongde® (' Key Laboratory of Anhui Agro-Food Safety, College of Resources and En-
vironment , Anhui Agricultural University , Hefei 230036, China; *International Center for Bamboo & Rattan , Bei-
jing 100102, China). -Chin. J. Appl. Ecol. ,2006,17(7) : 1301 ~1304.

In this paper, the effects of different light sources, temperature, pH, and water quality on the photochemical deg-
radation of chlorpyrifos in water were examined under natural and simulated solar irradiation. The results showed
that the photochemical degradation of chlorpyrifos in water followed the first order reaction, and its half-life was
0.62, 6.92, 19.74 and 22. 50 h under high pressure mercury lamp ( HPML), xenon lamp (XL), ultraviolet
lamp (UV), and sunlight (SL) irradiation, respectively. Temperature had a significant effect on the degradation
rate of chlorpyrifos, which was increased with increasing temperature and reached the maximum at 35 C. The
degradation rate of chlorpyrifos was stable both in acid and in neutral buffer solution, but enhanced in alkaline
buffer solution. Water quality also had a significant effect, with a decreasing degradation rate of chlorpyrifos in the

sequence of distilled water > tap water > river water > lake wate > paddy water.
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Table 1 Physical and chemical properties of the water samples

BT E
@ﬁr samples pH Conductzzl;lce (mC(.)DLﬂ.l )
(Sem~") g
K Distilled water 6.55 2x10-% 0. 003
FEH K Paddy water 7.40 4.2 %1072 152.0
[7K River water 7.77 1.5x102 69.2
37K Pond water 7.81 2.65x10 -2 120. 5
HUK Lake water 7.71 2.21x10°2  150.5

BERIT(150 W) HEHMT (60 W) RAT (150 W) #1%
R B E R A EN A BE MK (31.8°N) 2004 48
4~5 7 BERIFES9:00 ~16:00 KA, Y35 ¥ 35 000 ~
46 000 Lx. B RUHBM 5L Agilent] 100 K, 72 AT 25 K %
MG RS F HP (K22 TAE  BE R B Bk B R R
F1 50 C 2 6] AT 3@ iy T4k e B8RPG R R AR /K M 2 30
SEARAY Py IR T 2 R BT L
2.2 FIEMLE KR AMLL
2.2.1 0B BR—EROFESIESR, MABNEE
KR, BREH B SRR 78 5) 10 mg « L (B FARR B
W BB 1S ml KA BT REGERE P, S PR
IR T BEE, LR IA S 28 % BB X IR, oY B F A RN
THSE. SR 3 WEE, T AR B A7 B U 5
o
2.2.2 BE IS mlKEEW 10 mg - L™ HFEM R KB R
HERBE R, AR ERAT HIEIE, S HIZE20 T £1 T 25 C +
1CT30C+£1C35C+1 CAAOTC+x1.CA5C+1 C.50
T+ 1 CRAET AT, SRR B0 BT T 4k 38
EHI e R, ARSI N B R B, R A B AR o
S B 3 WEE , TR RN ST IR 547
2.2.3 K pH  FIRFERE AR pH H 4.7.9 812 il
BB N 10 mg - L™ BEFEM R NI, K45 15 ml BT
BRI R ET B E TR KSR, BRI
YA 1S om, FG IR FRE AT i T4k iy 846 I 0L b R 0 0
TE(25 £ 1) C; MR @B Y BT, B E T LM LA
AL 3 WEE, T FIBT ) ST BRI 52 5247 28 bR
BESE R gk,

2.3 K EFEAHRE I

BRI R B X R S ml B 25 ml BRI

AS ml ZJg, 4RIE 3 min, A 10 ml A RIRE S, BT

BRFFRFH HPLC ME 5. MR mE iR (S48 E
H3K)N96.05% ~99.40% , BREKN 1.01% ~
3.M%  FERBRER.

HPLC 4 #7 % #4, Agilent 1100-HPLC Hypersil ODS &
(4.6 mm x250 mm,5 wm) ; ] ZE P S ARG B 28 , B B B <
230 nm; WEHH, ZFE/7K =90/10(V/V) ; i H K 1.0 ml -
min "' AEIRN 30 C; FEhsEE, R 20 wl WEHT,#E
FEMRAMRE RSN S. 4 min, R FASMRE X HIEE BT E
HitE.

2.4 sHh-A] IR MOGIHE T E

$ R [R5 R 8 760CRT BY BUH % 4h-71 IR ok
HAYAE 190 ~ 800 nm 2[RI FTHGIBIH , KB ERMAERF]
R 2 R R
2.5 FuEsbE

S X T BE-KIHERNAR C, =
Coe ™ RABAMNTW (T,,) =1n2/k Hi b HABER
B, C, HEFCHVIRKE, C, 7 ¢ BRI F IR R
FE. MEICESLMm— 0T, B C, = Co/2 B, FR R mt B B 2
HRHETH(T,,).
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FE 43 () A 32 6 VR A LA By 1) 28 Hh-1T T IR O
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SREEFUIRAE B R KT F WA st AT EL OG5 48
ST FE RSB WAE IS, BB E LR
FERITIRIR £ ; KFAJE RA 10% B A5G 1E % 4b
X,%br b, KFEEREHMRERE, REEKN
286.3 nm"**! ,286.3 nm A F K M AP HE
SRR, TSR ST EIE R AR 564
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Table 2 Photodegradation of chlorpyrifos under different light
sources

*E —RENENE  RERR EEER T, EREEH
Light First order Decisive Rate Half-  a=0.05
source kinetic equation  coefficient  constant life  Significance
(7 (r) at 0,05
BERTHPML €, =9.4646e 1% 09788 1.1149  0.62 a
T UV C,=9.1143¢ 710 09664 0.1001 6.9 b
FUTXL €,=9.7707¢ 91 09814  0.0351 19.74 c
K% SL C,=9.2478e % 9% (9461  0.0308 2250 d

BERST ESMT JRT K REHIE RS54 9 000, 200,900 #1 35 000 ~ 46 000 Ix. The
light intensity of HPML, UV, XL and SL were 9 000, 200, 900 and 35 000 ~ 46 000 Ix, respec-
tively.
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Fig. 1 Spectra distribution of three kinds of light sources.

A: B ERLT High pressure mercury lamp; B {47 Xenon lamp;C: KX FH
3 Sunlight.

BB M 7E 200 nm, 3R K IR 0 4 51 7E 230 Fn
290 nm. -2 T 8 FC4RAE & R R IT F IR A IR,
FEIMT TR GUTFR B TR,
3.2 ARIKIR X FEEAR RN

TRHEFET T HIARRKARRE IR TA
FIZK R R R SE MR 7E 5 FE R KT AT M KA 3 1 2.
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¥E 35 C, A BIR K, AT ML R £ 20
CHY1.46 £F. 24 >35 Cf, L RAFE N, 2
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R BT TS FLBE R B TOLRE, AR
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Table 3 Effects of water temperature on photolysis of chloroyrifos

R —-FFhE iR RERR  ERRH T, EREEH

Temperature First order Decisive  Rate constant  Half- a=0.05

() kinetic equation coefficient =Y life Significance
(h) at 0.05

2% €,=9.4004e "% 2718 0, 9481 078 255 a

25 €,=9.1752¢ =0 3%% (9588 0347 227 b

30 €,=9.0635 %322 0,9510 03232 214 b

35 C,=9.4881e 739 0, 9764 0.39% 175 c

40 €,=9.3780e "% 4% 0,9173 0.4040 LT ¢

45 €,=9.2701e %4\t 0,9558 0.407 1M c

50 €,=9.3312¢~%3%4% 0 9597 03944 176 c

BIERT #7434 5 000 Ix The light intensity of HPML was § 000 1x.

3.3 R pH X+ EFCEOLAR MR

ME 4 ATHL B pH EEREZEFHETEE
W, LR IE B BN 1S , X B FEME ) A SR R R IR
AR EEF RS i, JLPF A AL, R
7K (pH =6.5)#1 pH =4 [ Z w4, HL IR R
Ay 5124 50. 28 F150. 21 min. Ti7E pH N 9 B2 K

F O SRR 38. 5 min LR E R EHOR
FEZEEK T 1. 33 45,

TESLH R B, O W2 (4 78 S S J8 A0 R St 5 3
iF (75 min) )RR X B B SRR AF R B R AR, AT
HEBR T e OB AR (8] 3 pH 8 1 55 FE AR K A A9 T i
. pH X 8 5T YA 3 E KO B i T BB S5 B ST AR TE R
FIZ B P RS (B 2) F 2R HILBER
{87k \pH =4 #1 pH =7 B w3 89 SMR B
55,76 pH = 9 HIZE pP IR h SN IR ICERSE , 78 190 ~
220 nm B —FEHREH, HE —ENEB. AT
BEEEREEFHENTEEN, R EERE, T
TERRIEARAF T b be.
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Table 4 Photolysis of chlorpyrifos in different pH buffer aqueous so-
lution

3] —REHEHE  REREM  HEEEE T,

Treatments First order Decisive  Rate constant  Half life
kinetic equation coefficiet  (min~")

ERBEE
«=0.05

(min)  Significance
at 0.05

Distilled water C, =8.7535¢ ~% 3% 0, 8931 0.0133  50.21 a
pH=4 €,=8.936e "™ 09198 00137 5058 a
pH=7 C,=9.0681e =% 08931 0.0146  47.46 a
pH=0 €,=8.906e %% 09596  0.0182 3850 b

MK pH 6. 5,563 8 000 kx The pH value of distilled water was 6. 5 and the light in-
tensity of HPML was 8 000 Ix.
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Fig.2 UV-VIS spectrum of chlorpyrifos in different pH buffer aqueous so-
lutions.

a) ZEAEIK + HFEH Distill water + chlorpyrifos; b) pH 2y 4 BB M +
# 5E 4 Buffer solution of pH 4 + chorpyrifos; ) pH % 7 (ZE Ml + B
FEM Buffer solution of pH 4 + chorpyrifos; d)pH % 9 2B WK + BE5T
45 Buffer solution of pH 4 + chlopyrifos.
3.4 R[EPK B EE FUME G R AR S0

REGMARG, TR ZRHEREEARRKRY
K, REERFRKTEFROLRERERZER. ARS
AR, B ERAT BT , B SR A8 K TdEK
o i o BB 2 S HLBEHRAE, 4311 0 0. 88 #10.90 h,
FEFK ALK P2 T2 510 0. 97 Fi 1. 02 h, ]
HKkF ke R, 1L 14 h. AT, BERITT
AT B0 5 B A K B bR B R/ N
SIAFEIEIK > JK > WK > E#iK > REHEK.
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Table 5 Photolysis of chlorpyrifes in different types of water under
HPML

Kig —&HNn *’ﬁiﬁ y&ﬁﬁ& EEEH L)

Water First order Decisive  Rate constant  Half-life
samples kinetic equation coefficient (h-Y) (h)

HEAD  C,=9.0945¢ 50,9689 0.7845 0.88*
A2 C,=9.1815¢ %%  0.9749 0. 7694 0.90°
A C,=9.0151e %77 0,9522 0.7176 0.97°
HEAD  C,=9.1413e7%%%% 09609 0. 6808 1.02°
BHEAD  €,=9.0938¢ %95 0. 9462 0. 6057 1.14¢

1) Destilled water; 2) Pond water; 3) River water; 4) Lake water; 5) Paddy wa-
ter. 62824 8 000 Ix The light intensity of HPML was 8 000 Ix.
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