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Adsorption—desorption Behavior of Chlorpyrifos Toxic Metabolite 3,5,6—TCP on Soils

SUN Bao-li, ZENG Xi-bai"

(Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences; Key Laboratory of Agro—
environment and Climate Change of Ministry of Agriculture, Beijing 100081, China )

Abstract; On the basis of the OECD Guideline 106, the batch equilibrium experiments were carried out in six kinds of soils to investigate ad—
sorption and desorption processes of 3,5,6—TCP(3,5,6—trichloro—2—pyridinol ), which were an ionizable organic compound and one kind of
toxic metabolites of chlorpyrifos. The results showed that the adsorption kinetic behaviors of the 3,5,6-TCP in the quaternary red soil, black
soil, yellow loam soil and brown soil were best described by the Elovich equation, Double Constant model and Parabolic diffusion model,
while it could not be well described by above models( Correlation coefficient<0.85) in the purple and loam sand soils. Either linear or Fre—
undlich sorption isotherm could describe the sorption behaviors of the 3,5,6-TCP in six kinds of soils with the values of the n/* <1(non-linear
sorption) in the quaternary red soil, black soil, yellow loam soil and brown soil and n/* =~ 1(linear sorption) in the purple and loam sand soil.
The apparent adsorption—desorption hysteresis was found and the 3,5,6-TCP desorption rates in six kinds of soils were faster than that of ad—
sorption with the value of H>1. The adsorption constant K/* and K, in six kinds of soils varied form 1.37~6.74 pg'"+mL"- g and 0.50~1.30
mL g™ respectively. It was concluded that the quaternary red and black soils had the strongest capacity of adsorption, while the other four
soils had a great leaching risk.
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Table 1 Physical and chemical properties of six kinds of soils

AP EST S TR ARG RN, bk UK RRU%  BPRU%  BRU%  EHURI%  pHea
MR R, RAREPEAE DTS HEM nt 3334 5344 1322 740 762
HYIR S SRR A RMR, Bk, ] Wb+ 1644 4083  42.73 1.80 8.38
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Figure 1 3,5,6-TCP chromatograms of water sample and standard solution
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Figure 2 Adsorption kinetic curves of 3,5,6-TCP on six kinds of soils in 24 h
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Table 2 Adsorption kinetic parameters of 3,5,6-TCP on

six kinds of soils

Elovich 72 WEBORE WYY BO5R

gi=a+kln ¢ In g=a+kln ¢ g=a+kt™
r k r k r k
Lot 0923 0.32 0.939 0.10 0.922 0.15
2t 0.964 0.21 0.963 0.07 0.920 0.11
wEL 0.917 0.33 0.939 0.13 0.956 0.15
¥+ 0.886 0.31 0.913 0.11 0.969 0.17
WM+ 0.707 0.05 0.696 0.03 0.582 0.03
xet 0.519 0.06 0.522 0.05 0.575 0.03
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BEAR4r-3th v — R RIE — e sh 12 R RE X 53
BRI9-11 MR ST 45 R —B. & 2 45 1 W F Elovich J7
. SUE BRI B R A SR, 3
RN+ A+ A BLA /N T 0.85, Hifth 4
Fi RIS BERE T 0.85, Uil &+ Wi %
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MUATHT IR H 6 F R MR WE B K H,
M 2 FTLE R a1 K BN, FiE
MR O S 4y s ) B o
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WILBIEMT AT HAY 4 B HIEIEATE 4 h N5E B
-SRI 5k 3,5,6-TCP A& KR &4 31N
L +(0.134 pgeg)<B+(0.22 pgrg )<t
(0.24 wg g )<EHE (03 pg-g?)<EY+(0.34 pg-
g )<+ (044 pgg?); AR (R E SR
HHE) 2B A 3B I 2241 4 (8% )< B £ (15.6% ) <48+
(17.6% )<+ (26% )<V + (31% )<+
(89%),
2.3 3,5,6-TCP ZE AR IR

6 Ffi 3 3,5,6-TCP MR M anE 4 Fims o
i F 3R TSR, W RERT LUR A ek 10
YR b, WA LR A A HUG SR L, B, R RETR
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5 FE M Freundlich HREMBIAG LR, EARHRHF,
3,5,6-TCP ¥k BETE 0.2~20 pg g WEEIA (FH2 100
%), N A Freundlich 7 FE#IA15 H B9 K, TR BFF 5 B0
1.37~6.74 pg' ™ mL*- g, I H H ne A 0.67~1; i
— M BRI GRS B AR T R 2K, (B M 0.50~1.30
mL-g”, THRHE(OECD fk2& R IRF5 s 106)(2001),
EWTE Ki*<0.3 mL-g™ B}, T iR 2, REEUE
IR, LRI E AN ER AT, X
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Figure 3 Desorption kinetic curves of 3,5,6-TCP of on six kinds of soils in 24 h
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Table 3 The Freundlich and Liner models for adsorption of
3,5,6-TCP on six kinds of soils

Freundlich &8 H72 —ER R
Fgem 1g C4(eq)=lg Kf*+(1+n)lg C,*(eq) C*(eq)=KLy™(eq)

K fpgfeml . g pft r KMmL-g? P

HEugat 6.74 0.68  0.998 1.30 0.999
Bt 6.18 0.67 0.984 1.26 0.996
B+ 4.13 0.68  0.996 0.96 0.991

gL 2.20 075  0.993 0.72 0.993
wt+ 1.37 0.95  0.999 0.68 0.997
%@t 137 1.00 0997 0.50 0.985
301
25F -2+
"o ool O ZENEa +
o A %@+
o 157 > Wbt
& % Wt
10 &
i% -O- HEL
H T

0 1 1 1 1
F 5 10 15 20 25
-5 3,5,6-TCP ZE/K¥ W - A e /g - mL!
4 3,5,6-TCP £ 6 f 1158 _F BO%5 R IR B phi 4%
Figure 4 Adsorption isothermal curves of 3,5,6-TCP of

on six kinds of soils

B, T RN EBEAR, BRI FE R —
] #EAT , R H B fE R4 54, W A Freundlich 7R
B T RN — M et Oy B X B HEATHLG 3,5, 6-
TCP %:F Freundlich 55 I WK Jf 11 55 ff IR 406 7 2
1 n B, TS BB H=nu/na, BRI 4.

3 i
3.1 3,5,6-TCP £ 6 T 45 b By UR B - IR 45 £iE
BT B L LR (O T

2011 4£ 6 A
251

21 - mi
5 15k O g+
m\;’u‘ - et
g 101 > Wt
& - W+
B o &t
B ogpr—2——4%———+4 .
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5L 3,5,6-TCP FE/K¥& 1 R /g mLt
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Figure 5 Desorption isothermal curves of 3,5,6-TCP of

on six kinds of soils

74 (distributed reactivity model, DRM ), Walter" 4\ Ay i
ft53 A 3 AN25AY : Domain [ &Y, 0 Fff 3 35 A A 7E 135
W YFRE R L RICARTT YR A R, W R
TG EREER, AT AS WA T R B R TR
FfF (A H 1) ; Domain 11 7Y, W% B E B2 Rk A FEE K &
FESIEACRA IR b, BT AR TA P 7EK
AL A 5 BLAT R, TERE N SR R #
TEELRMERST BB IEL HEH M ; Domain I,
W {2 AR SEAT R RIE AL A PR |, 2 TE
HIREEL I AL B , 95 s BB B S MR B AR BB B A
LS IpSE |22 e U I PRV 3E e )S I ne: SR I REE S
YW B 3= 2 & Domain 7Y, 3 XA HLI5 S /9
W BB TR R B LIRS AL R 32, 5 R RA
MU Ts B R BA L B A 5%

LW B0 ) SRR WE— R B 2 O R M
Z % J17# 7R Elovich 7 BUE BT FE A
PHROTR. BT HEER BAIE R, N E—R
FIVE — g 15 R ATIL G WSS R 22 AR ST
®E,3,5,6-TCP 7B+ EEPULL 4 B Fiis £
EREEIAE Elovich 2. BUE TR ALY
BT (rP>85%), Ui 3,5,6-TCP 7EiX 4 # +3% |

%4 3,5,6-TCP £ 6 118 FERE R A Freundlich FRFLEEFEME
Table 4 The Freundlich and Liner models for desorption of 3,5, 6-TCP on six kinds of soils

Freundlich 458 78 lg C*(eq )=lg Kf*+(1+n)lg C,(eq)

R K, =TS eq)—my (eq) Vi

e n (o)
Kf/ug ™t mLt- g nf* r Kga/mL-g? r

EAUERE 1.68 1.33 1.14 0.998 1.03 0.996
B+ 2.49 0.18 1.65 0.961 1.00 0.987
Wi+ 2.34 0.27 1.59 0.997 0.63 0.979
#Ht 1.61 0.36 1.20 0.955 0.35 0.986
wt 1.21 0.44 1.15 0.996 0.33 0.999
£6t 1.11 0.52 1.11 0.936 0.18 0.969
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IS ARAAEART & 3 RN B BT | AL R B o 72
R FRE, BIENTX 3,5,6-TCP Ak e 2t
TR AR TATR R, SR F5 18 2 A R o AR e S R o o 3
NN 3,5,6-TCP ZTEFIV> L1 EHEE
DA , LR B 30 77 i e o S e HE 00 4 L8R 6 - A IR
B AN PR 2 B o B, 106 B LR B = 22 ks )
AT A PRE R ¥ o

TEfR BN 10 R, RAETE TR YRR
MARZE 5 , L REAR PR b A M I T oK s T8 1 83
K 0 Wy NS, 58 LA R A= 5 A R s A IR Y
8 SR B0 TR 25 3 w0 1 o o FEFR R 3l 12 i 4
AMERIL,3,5,6-TCP #£ 6 Ff -3 - FREEIE R
P AR PRIk B AT, Dsl A 5 TR B Y Bt o
AR5 R ok o Nl E— 2D Infd W i, SRR
WEA AR R, 308 K AR R A ) R, o B
TR R RS AR el G R IR AR X — 5
WEAF LY TS el 52 32 H B A EORBEK

HR4E 3,5,6-TCP 7€ 6 Fh 138 b (TR B HRAE , 3
6 Y15 2 81 g R R R )0 ] Freundlich 7 2 Fl— MR
P RGBT, Freundlich J7 2 58 35 A X W ff
AR JELR IR B AR A o Freundlich FEZ 6
HH s 5 1R, R LT R, R
R, WM AR e, BA 50 YR A Y 3k
M, A SR AT PN LA R S5 LB EE T R AR i 61 )
T AL ST R 0 3,5, 6-TCP 7E 868+ FnEiyb + b
B np* (EERE 1, BB F B R 5RMT WREK
YRR B E A . S fa - fR IR 3R 89% (KFT75%) , #F—
A1t B 58 €8, 4 IR S ok R Ry T S P R Y B LI 1
B bW - BRI TR RO, M S A%
W B AR, 3R — R B B S BRI — A
AT . ARYE T R H BT LA e 2o ", Hrp
0.7<H < 1.0 F27 W Bt (1% 8 3 5 fogp 0% 1) 8 P A I, LR
W5 SEREE S, o a8 ; 24 H<0.7 B, i
W 39 /N 0 B R, BT SR ARON 5 24 H>1.0 B, R
TR . 3,5,6-TCP 7E 6 F -4 B/ H ¥ KF 1
(TR 4) , Uk P £ W o 30 R T R o 2R, TR B — 2 T 3
St R MARAE 1 h AR, Tk f7E
10 h IR BIEA, 10 BH A BETEAE 7] A% s I) 325 21 08 B -
R, B, 2% AT 3,5,6-
TCP {5 YL 5 B , T 5 IR R 280 o
3.2 %M 3,5,6-TCP FE L IEP AR EEREER

AR ERN, RGFEE L5 R L EP R
3z ZRIREZm, TEATE pH GHLE K-

T | RO A R, B AL B SRR s K
1) A A X AR 245 5 A LIS R Y W R RO,
WRYEZE 1 5, B AR S 2 AR R LR
BRI (B2, FEARF R P ML LX) 3,5,6-
TCP {W R TiE T2+ pH XM B PRI 25T
MR MR B R T A AL, JF7E pKa (H R 4B KR
Mz, 3,5,6-TCP B T&4A 3 MEJE THIMLLE
A A9, K pKa fE20 4.5, 2435355 pH fHRE T 4.5
Bt,3,5,6-TCP FELHE FESHFE, HT1HIER
T T R AR, LB B IR S AR IR T Wi Y [
HHEFRAVER, B AR FREHER &£ 4 . X6 B
BAFEAVRAR AR SA R, B 3,5,6-
TCP 7E 5 + ¥R R (pHT.62) H LI B F B A7
A28 T HREHFRR S . 24 pH BT 4.5 B,
3,5,6-TCP FE IS FIEAGFLE, R T ALY
FEFEAE KRR R A ECAER 0+ 1 pHA.6 BT
3,5,6-TCP f pKa fH, DAL FRSFEEN ST
BOR B, B F T EAE M A4, H B 53]
BRICR

AR MAEYUR S BT 2%6, BHLR
AR MEFA B YRR L, Rt E R 5E
L5 e [ She B AR % BRF 457 A5 328 7 52 ) 4 398 4 25 i) e o
AN F R, A HLA AR AL R A b A IR f
BoE, XHRE T EE 578 pH MR, R A
LA KE 1 ) 51.43%355% & T 116.4% 8915
T, HFEIRSE 1.14%/ N TP+ 191.8%, firiz
R RIS A 52 AL A5 T 4 45 58 8 - IR I R T >
+.6 R BB YRR 3,5, 6-TCP I {52 AR B
BERF R, &5 EPA, 5 3,5,6-TCP
T 38 R R R R 2R A5 BE DU R pHL (B> AL 25
>R A

4 g

(1)6 Fp L3ExF 3,5,6-TCP I Ff 35351 4 56 1Y
447+ 86.4%, B+ 80.0%, FiE+ 78.0%, ¥+
68.0% , #V> + 45.0%F1% €+ 29.0% ., K, {H43 5 4T
+ 1.3 mL-g?>2 + 1.26 mL-g'># + 0.96 mL-g >
¥+ 0.72 mL-g">B+ 0.68 mL-g'>%48 1 0.50 mL-
g', Ui 3,5,6-TCP ZE#HE + 15+ WY+ mEa
+ A IR R K

(2)6 F - 3EXF BT I 3,5, 6-TCP f % & Fh A%
FEHFIAE LA+ (0.134 pg-g)<E+(0.22
pgrg™ )<t 1.(0.24 pg-g™)<HE 1 (0.30 pg-g)<H
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W+(034 pg-g?)<E0+(044 ng-g); fE R HHEF
R IR 4 (8% )< B+ (15.6% ) <Hg +.(17.6% )<
B+ (26%) <P +(31% )< £ B +(89%) . EE K
W RSBk, BARZE U2 4T + BB+ % 3,5,6-TCP
HA—ENREHER  (HRFEHR—BH5 3,5,6-
TCP Xf 3B E YA TR, JEm A W3R s
Zet,

(3)3,5,6-TCP e+ . WIVh 4 AR I3
RERVENR Y, e 4 R 3 AR PER I, H
LR [ 5 AN T R, AR R SR AN

B E 3k
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