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Abstract: The kinetic release behaviors of a-endosulfan from red soil with three kinds of low-molecular-weight organic acids ( LMWOA:
oxalate, tartrate and citrate) solution and water leaching were investigated by kinetic device designed by ourselves and batch method. The
results show that: the release percentage of endosulfan from red soil by tartrate and citrate solution (10 mmol/L) can increase by 7%-18%
more than that by distilled water and oxalate solution, especially for tartrate solution. There is no significant difference between distilled water
and oxalate solution for the release percentage of endosulfan (p >0.05). There are two stages of quick and slow for the release of endosulfan
from red soil> and the leaching speed is quicker especially for the initial 200 mL leaching solution. When using distilled water or oxalate
solution as leaching solution, the best equations that described the kinetic release behavior of endosulfan from red soil were parabola diffuse
equation and double constant equation, and weren’ t the apparent first dynamics equation that represented the simple surface diffusion
mechanism. The kinetic release behavior of endosulfan in tartrate or citrate leaching system can be described by Elovich equation ( R* > 0.99,
p<0.000 1), it implied that the simple surface diffusion mechanism is not the primary factor that effected the release of endosulfan, which
three-dimensional molecule structure is complexs from red soil in aqueous phase leaching systems; and it maybe related to the outward diffuse
mechanism from soil particle, activation and deactivation function of soil particles surface, the dissolution of soil mineral surface and structure
change of inherent organic matter that coating onto the soil mineral surface induced by LMW organic acid. It suggested that the tartrate and
citrate induced the complication of the release mechanisms of the pesticides from red soil.

Key words: organic acids; endosulfan; kinetics; release

B/t Cendosulfan) & — | 1% A ML SR HUF)L % HAWmdEEEREN 1~ 10 ng/g), (RS2
IR, X 7 I LRI B She i R U5 B #9:2008-11-07; 1&3T B #A:2009-04-17

45 A S O R U B VA RO, X A — L AR ESTE : [F 5 E SIL AT K R (973) 35 H (2002CB410805): [
FIKARYG Jeda i) 5 6 B R F K8 IT(2009ZX07317-007 )5

IR KA AR S S EZEEN . vl 5% [ 4R 0 4 7 I3 (508390020 3 7K 301 711 52 36 %
S AL 33 Sk = 5] o B < Tt s T8 A8 H AR P} o 2 6
SR AN NG S HEY NI PN L R RN A, N

0 e 2 GRS 2 PR /S i T R 5 fER R AARIEC1973 ~ ), 51, WL, LB, T 0F 5007 1 14
E/JEM:BT I%?F S BRI 2 K55 B A 2% JAT B RS 8 AT Bl
RGE T PH b, Hou 828 KoK A TR HESh ) 2h4000@ 126 . com



3078 7N 58

B o 30 &

TAEY) B AT TR PRI R R AR (98 B D Y Ak
HAT At S0 P 1 4E 77 R SR 25 U 4 1 x 10° 1 B
b JEAE R ROKE DR LA R R KR AR AR
TR, M F W REAE 4 d 2, KPS 1R
VR B BRI B 10 285 1) R K JZ R Y s 2B
Yy E SR R BOTIE 1 000 ~ 1344900, fE 40k 4 BRL AT
BN H, AP L IRNEE 2~ 3 a2
AU T IR AN R R AR B A (Y R B
P, S B E B AEBURN 21 21 ONGO) $- 42  #7 A bk
A HLTE I CPOP % 3L 4 IR .

B FHE K (R A 5 S AE R T B M3
PR, (34 855 o (1) 0] %5 M A BL ST Cdissolved  organic
matters DOM) FJ B 1 03X 40 ot (1) R B3 AT A /A
9T = BLAE TR T K40 7 DOM AT POPs ILF AT A 1)
S, VB ML 3 2 48 T L6 PoPs 1R B A AR
FI® =123, /NG3F DOM X POPs 1 B 47 A 5% Wi () F 5%
K E WARE | E AR R AR BE o AE AR R i ) A
I HRA R AT AE AR KT POPs 3T 77 2B 8 K %
Wi, White 2502 4 (07 #5356 45 R W, 7 R 4 1
AN P20 p, p’-DDE Ff#E I, 39 0+ n]
LA 19% ~ 80% . AHIF9T LA HAT ¥ ik 193 1) 271
2 B ST A B T v, A BT TR AE W) A% R e
T AL A B AR AT by, LI IX 4 A 3
S5 R AT RS RN DA KA WL B kA s 2 A
BRI S

1 #MR57IE

1.1 TR &5 k)

I TR HT 2D H 56 1 T 22 W] 5 Al ko)
FraD W 60 ~ 90°C CHT VLA M ) D S H b
A C3 BT 2, B s il0) — ) ), IR AT B 22 2
IR Z8 A0 B o 7K B R A (o3 A 4D, AT 200 H
Jifi, 225°C il AL B 4h, BB ] o-BRPHE A1
Dr. Ehrenstorfer 2 7] PR W3 1.

£1 R oA LR

Table 1 ~ Some properties of the a-endosulfan studied

PING RS ) et 530(25°C) Cl ClCl
320(22°C) Cl

1gK,, 3.55 Cl 0,
cl S=0

1K, 3.83 o~
ARG

It =
HI 231 i fi 406.93 (CyHy Clg 059)

HP6890 < AH 0 1% A 717 @ Ni. L 7 il ZRAS I 2% A1
HP7683 HshikFE 8%, lic HP Ak 2% TAEuh, (O34 A

HP-5 B (30 m x 320 pm x 0.25 pm) . RE3000
TRV e 28 R A C it W 5 AR AR A3 ) . [ AH 25 Y
ZFHE CSPED M2 88 7 CHE 5 (8 3 v K Ak 5 ) 3
FIT), fiE g b Ak 545 Serva 2 7 #E 1140 %%, 0.020 ~
0.045 mm), FHHTZE T 550°C 5 IR 4Pt 4h, 0 39 25
KRG % 5 25 F s A6 SPE A Tl o 48 i3 T
IR SPE AT e R 1 o ik 1A 1 g oK
RN, o5 ARy e S 5 3R A

AT UG IR 80°C, B 20 °C/min 13
JETHEZ 180°C, LA 13 °C/minTH & 250°C, FFLL 5
°C/min Tt =1 2 280°C . AN 73 Ui U A, HEFE IR R
220°C, Ko W 4% i B A 300°C, N E Al AR
(99.999% ), F: 1 Hs 24 50 kPa, BEFF RN 1 pl, BL AL
SURSHE 2 P b A X 2lih il B 49 DR, b
Pridi g v A
1.2 BJ1ER R RS
1.2.1  fEilkek

AR LR v R 27 e V04 i R 21 8 AR 2 5
Bk (5~ 20 em) ML, BEJSTA 25 DU 2L 20 (Rl 1, JORY
T LIS AR E A N, g R K
RE M = /KB R B 3 SR A HA 1 3
pH: 5.07, KiRL 8:32.3%, AN 1.14%, I E T
AZHe 10,10 emol/kgy 3 1 mm i 45 H .

Vg i 25 RN 97.5 o L0 HE T B e AR
DLA ik v L 338, AERR NN 1.3 mL 75 mg/ LI}
PRUE I, A B 70 0 B P850 5, 38 At v 22
TSR 2T, WINAERS 1h 7820 BEdE 1 IR S5 4%
REIG, RIS 1 pg/g 75 9+, % B R A7, 24 3
AN UL EAE R, ST, DA 1205 G b P 9
10992 £ 9) ng/g.

MR B H 25 3 P2 7R A LR (R I
AR Fr A IR D W, 3 | 43 A 4l ) I R 10
mmol/ L, LA NaOH 5 HNO, i pH % 5.5 % H, ik
DRV IR pH AL AR g 75 0] AR FEL AT - 3R LK pH 3E
1T
1.2.2 iR ik

) 7 2 A5 8l DA 34 AL Ok WO C P 223k
B @P200 [T 28wy e v AR 20 22 RO A s )
AT A FDARAED) 7 © B HIR WK O )03 )
O R A SN 23 18] GE TR & A HLYS 41
W50 @SBS-100 [ 3l 73 WAL 2% C i 78 43 #r 4%
)l HRAED.

BT FREL T g V5 LT B 1 R
VAT S & TN T S S s S o Nl NS o |



10 34 R PRAEEE AR S T 5 A WU X 213 rh PR T8 3l ) 24 1 5 i) 3079

55 8 83 43 OB B i e P I A T, O E N 1
ml/min, B 3L P ES AR T A 10 min, WRPEH A
F) S IR LR VA I, 3 B4R 100 SCBR R4S, LA
K1 I B g 2 S Il R R AR P S 6 v A
298 K + 0.5K. & I, &F 2 SCBEIEE A 91 A — AN
FE R W R 22 0 W0 >, N 10pL PR CHL
FUIH IR RIS 5 ng/pl), AT 5, TN 10 mL A1
TN 0.5 g NaCl 8l 24937 BEA T WO A< G, N 0.5
ml P 7 i ] LA IR 5 S K A LA B e 7 &2
BB, BN 5 mL A1 B R EEROD I, 2
WRAEWAHG IR BLE M, TR A 2 1 mL /247, #5
B2 O ik 1 SPE A, BL 10 mL 10% 1) —
U e /A0 Tl TR T3 Yo VAT 980 7 e e R 4 O S0
PUE CREE A2 1 mL J&, BL GC-ECD Wl 22 , 452
SE R, &5 FAR W, 1%L BRI R AE 90% ~
105% » A FRUEMR 22 3% ~ 8% , Wi e IR A WAL &
Yoy HT I EEK
1.2.3  Zha- P i A BB RO 5T

PRI 0.5 g 1.2.1 &0 1 pg/gls gt T H 2
PR 20, 2 5N 15 mL 10 mmol/LCpH 5.5)
(1) P A TR AT AR TR VS VI B 25 W 7K, A 25°C Iy
WPEIR EPRP 10 h, & 2 h 5, LA3 000 r/min B0
10 min, K¢ E3E W N 5800 =F 1, N 10wl 10
pg/mLIA FLSU IS, R IRG 5 L Vi Vigw =
10: 12550 10 mL 2200 1%, 285 LA 5 mlL 147 7 Tk
RS 2 K, 2 IRAICHA IF G ek 4 42 1 mlL A
A LUEBE - SPE AR AHAGAE i, YEIBE, e, 20 1
mL, GC-ECD W 5E . 8508 Hh % B (1) 138 4% i 7 IR 4
SN 30 mL FIRTEAE A, B I p 0 R AT
552 WH 3 ISR TGRS

2 HBR55H

2.1 XF oFES BI-PAPRE s 45 R

1 SRR T EA PR L0 oES
(1) 3 Yk 2L 2 2P i 4 3 b #0454 R
aESTE 3 P 3 % i S I R KT 2% 5 11
15mL BN AR IR 5 21 T SRR 1) 359% /i
A o Bt A VR TR BB T, R T 32 AL, AHL
RARE(p>0.05), X 0] fe 5 BB Rl B AR
IR HRZE IR /K 5 B 2 ), DA RIS A FR AT AR IR 2
(X o ES (R TCRE J) 38 W% % 7 (p > 0.05), 1M
A R AN A6 0Tt P (PR TSR ) 6 3 v T 281K
(p <0.01).
2.2 X oFS M8 7 B BOE A L

glrix Efrir N H#3%

BT Y U D /%

ATHLIEFR R

BEl1 BB LE P AR R S TR RUL IS
Fig.1 Successive equilibrium release of endosulfan

from red soil with LMWOA

B PHE 22°C 1 25°C R 73 73 4 325 ng/mlL
H1'530 ng/mL. B &l 2 7] WL, K% o ES ()R JH0H 2L
A RAAEA, B o BS IR OM 2 3 22 SLAE K
HHR 23 C 2R B R 30 IR B i ) R W) s R AN AT
RN FRVRE TBORE AR AR — B, S 3R I Ay L e T
ik, B HOH R BR AR A LB, bk vk v 31 200
mlL 7 A7 I, T8 JR0IHE 26 AR A 21 SF- 4 5 9 A R L (1
RIS I A XU TE 1l 2, 55 1 /NI T ith 211 80
mlL e A7 I8 B AR AT, 2 J5 B JHOHE 2 SO AR T v,
B 320 mlL A AR R F A B WL BIFRE

12

* K

10

o

P E % fng-m L !

250 500 750 1000
R YEET/mL
B2 Ko FEENBRIOIERFANBRRRE

Fig.2 Release velocity of endosulfan from red

soil with LMWOA leaching

2.3 K TRAPIRLIESD oES RREIK

34 3 PR T EANIR L o ES 19 R
BURE TR, 2 2 4 BhHE Wah 1152 5 FEXt o ES 3
FREOBAE L S AL Mo W ITRL, @, AT



3080 w5 B % 30 &
W BRI, av b BN 1% T RS (EAR T S S 35
B IANRD , kS — 28 )57 R T R 20 O Wmrm V Higm v
H, o RN IR, S, N ARAER 2 - L &
_ 250 125 3
Pl 3 e 2 nl i, 7K RS R X 37 Ak 4 Ry A2 2% » 2
. S v S s &
10 S HORERCEH J U 1 cOR W HOT IR D
Gy wOTHE, S AR KA TR IS B I R R 32 & 150 15 %
EH P 7 R B RTS8 UK 242 THT PR 75 A 3 il P) B st 5
THT AT i 43 1 AR A0 B s 95 2 B % Fv - i — ®
. oo N N 50 |-/ HPUEREee 5
MU T I A 8 R0 468 1 ) B 46 ) T Elovich 77 72 e
TR A2 S 3 T Ak 2
<ﬁ%@&1ﬂﬂﬂaﬂﬁ%§cﬁh%m1€ >0.99, p < o p p 000
0.000 1) . " Elovich 77 #8453 H T~ i J v ik BB BYmL
Oy e AL s / Y e 2
75%‘3:'—:)5)? ;@"f‘m%ﬁ% E,:] Zt‘%y_lb Ijl\IJ ‘ri[lsj ’ 1\}& EH iZ K)J jj #ﬁ Fig.3  Accumulative release of endosulfan from red
FEV R (1) ML AF RS T 7K RN R R B 52 4% . soil with LMWOA leaching
F2 2AEMAEFEDSHNIEE
Table 2 Fitting value of parameters for different kinetic equations
M —H B 15T 1% PPy TR Elovich J7 12 U TR
hb InC1 = g,/ quax ) = = ht 0, =a+ b Q,=a+ blnt Q=a’
Gnax k R? S, a b R? : a b R? S. a b R? S,
K 145.9 0.0017 0.9747 4.98 -12.2 4.21 0.9926 2.69 -120.1 76.4 0.9032 9.75 1.79 0.09 0.99%67 1.79
BT 108.3 0.0038 0.8766 8.33 15.1 3.17 0.9874 2.66 -70.1 25.6 0.9446 5.58 7.61 0.06 0.9873 2.67
WA 288.0 0.0042 0.9766 11.21 21.0 9.45 09174 21.04 -259.4 80.9 0.9845 9.12 17.90 0.06 0.9323 19.04
FriE 178.3 0.0043 0.9173 11.65 25.2 5.383 0.9696 7.07 -126.3 44.7 0.9800 5.74 13.55 0.38 0.9799 5.73
SN S B - S5 RRORL P S (1) 1) S04 HOR LA RORE 3 T8I PR

AR T RAPIRRN o ES BB 1 2 57,
AIRES LR i 22, R IERE T AR A AE 5%
M o ES MAEHINURIA R AT 5. 70 7 RN K
FLIR I TS REM D 2 ASRIE, T R RBOR T B
B2, 07 3 AR 1 ANk, A T 2 T8 (R A
MRNIEAT 2 AN RIEANFRAE AT R IL A FRIL ) 1X K
IR 5 AT HLIR AT et el o) £ 358 ) Vs i Jonf 35
I A AL A R T AR RO T, 1T 5 M A L A
RAWZRE A HURR T & D B 1A (¥ Fh 2, Bkt L
FATHURAR 25 5 32 1) IR 45 & o B, B g 3T
PRy 7 AT MUIR S W (K R 15 iy K20 7 ml i ik
AHLBCDOMD I = 25 3 10 A LA 245 1 BLHE 2
M T ARSI i K FRC IR 6 o ES 1R i
By )3 5 B AT B 00 B RE A A £ O R OF
AN GEARR A BT K W Gz o 2 TR ) 5
P97 PR ANAT IR U ST 1E) T Elovich J5 R2 (R AT AR
PR VT ph XU T R IR D 5 DI X IX 2 AR g AL
BRI HLEAR 250K Bt 52 Wi FLAE 7K ORI 32
TR CAR ] UKL 1T L ), 3 W] RE

5 ZEACAE T A SRURL 2 1 1) ¥ A SO0 £ B AE
Bt Y LR SR RN e (AR 7w D B TP
A BE AT (AN A 5] 55 22 Bl BLR, AR 3N T 24 0L
s DRI

M AT VAT i b B Bl ) A R T 2 AR
PR AT LI, I %5k 1 A R T i 3 I - 5
AR, HL 3 YOESEREICR ) 2257 A 3, X
HUE TR T LR RSO 1K) o S ARG 3L 7 B
AR R, RALLT B AR A B B DE B H br )
(IR AR A3 75 AT HLIR A8 S5 N A 2R o 8 A0 0 [
TATHURE G o ES KIAEHIREAT R BVE I, thAT
BRI AGE AL IS 1) o ES R BT B WA 2 (i
i e ), K mT REAR PR O P& 1, U0 1A 3R
TR o ES D, 4 TR BRI ) B DL A
B PR A 323 1023 7 AR BB R A7 R A
Fr BRI U AR ABL TR 20— AT AT AL ST (DOMD (12
AR B AR L 3, g R X R SR T R (1
o ES PRI A A, 3 rp T DA A R A 2 %
B, BN o ES MBSO & T SRR AR . TR I,
VL WIREILL AR AR R IR Bl 0 2 BT T I B R



10

B ARGy 7 S AT WU 21338 T PR T8 5 g 25 (0 5 W)

3081

J7 AN, TS 285 AT Re I K 2z 5+
4 it

CDZKFIEIR XS o ES RS ) 24 5t A F
AR XUH HOT BRI ) e 4 HOT R R COF A 2 AR
R PRI B R — B Iy 20788 s T A1 R
A5 R W) B AT 1) T Elovich /7 F2 LA Fp g 8 7T
FHRLH 7 FE A, R® > 0.99, p < 0.000 1) . [ (1)
FINIERIGNIN o« ES BIRE T, 1007 A 1 R A A R U
KIEFERIIN T o ES IR CRE TR T 43 S AR T 7K 3
T 7 ~ 18 AN F J3 s, b JU DU A1 R 1 A
UL I 2 A RS 2 I A DL SR 2ok
Wi, 5% M0 FEAE A R il ) = T R 28 EAN & ] B
RIURE 2 [T RO 1, 38 7T e wd J 3 e 2 b s L
il AR B g AU — 20 Ak

(DM TR TR Z KT, oFS 11 728 TR AU
PR OE 2 L F AN R AR A A 5 I8 R0 Ky A 1 5
o S [RVRE TR 35 30 Ay B0 T i 45, 8 T % 1%
A3 EE A, Mk VEIA 21 200 mL A7 A7 B B 0
AR BT 5 W A P R LR A AR Tk R
JEMZe, 55 1 N2 Hh 245 100 ml /& A7 15 2 B A%
5 Z G B 2 SO AR T, HL 3 360 mlL 2 AT B
TR A BB A B R E

(3)aES TEAL 7 T A HLIRE W R I 3 kP4
P RGBT 2%, WK T3h ) 2%
BEIES 55 BT 15 mL (B0 AR = Ay B T BB
JBUERRE (1) 359% 7oA 5 B A T 45 R I 0 50 086 o, B¢ i
B RAR, AR 22 e AN W3 0 IR K 5 R R 2 (1) A
SO A TR FNFY B R 2 A% o BES RS JRLRE )35 8 18
EZZR(p >0.05), M AR FATE RN o ES 1R
JECRE T R T AR (p <0.01).

ERp

[ 1] Hussen A, Westbom R, Megersa N, et al. Development of a
pressurized liquid extraction and clean-up procedure for the
determination of [ alpha J-endosulfan, [ beta J-endosulfan and
endosulfan sulfate in aged contaminated Ethiopian soils [ J1. J
Chromatogr A» 2006, 1103(2): 202-210.

[2] Kumar M, Philip L. Adsorption and desorption characteristics of

hydrophobic  pesticide endosulfan in four Indian soils [ J J.

Chemosphere, 2006, 62(7): 1064-1077.

Mishra R, Shukla S P. Effects of endosulfan on bioenergetic

properties of skeletal muscle mitochondria from the freshwater catfish

(Clarias batrachus) [ J]. Comp Biochem Physiol C Comp Pharmacol
Toxicol, 1995, 112(2): 153-161.

[4]

[5]

[6]

[7]

[o]

L10]

[11]

[12]

[13]

[14]

[15]

L16]

[17]

[18]

L19]

Vorkamp K, Riget F» Glasius M et al . Chlorobenzenes; chlorinated
pesticidess  coplanar  chlorobiphenyls and other organochlorine
compounds in Greenland biota [ 1. Sci Total Environ, 2004, 331(1-
3): 157-175.

Schimmel S C. Acute toxicity to and bioconcentration of endosulfan
by estuarine animals [ AJ. In: Mayer F L, Hamelink J L. Aquatic
Toxicology and Hazard Evaluation Amer Soc[ CJ. Testing Materials,
1977. 241.

Emst W. Determination of the bioconcentration potential of marine
organisms — A steady state approach [ J1. Chemosphere, 1977, 6
(1= 731.

Gangolli S D. Dictionary of Substances and Their Effects ( DOSE,
3rd Electronic Edition) [MJ. London: Royal Society of Chemistry,
2005.

Hassett J P, Anderson M A. Effects of dissolved organic matter on
adsorption of hydrophobic organic compounds by river- and sewage-
bome particles [J1. Water Res, 1982, 16(5): 681-686.

Landrum P F, Nihart S R, Eadie B J, et al. Reverse-phase
separation method for determining pollutant binding to Aldrich humic
acid and dissolved organic carbon of natural waters [J1. Environ Sci
Technol, 1984, 18(3): 187-192.

Chiou C T> Kile D E; Brinton T I, et al. A comparison of water
solubility enhancements of organic solutes by aquatic humic materials
and commercial humic acids [J1. Environ Sci Technol, 1987, 21
(12): 1231-1234.

Chiou C T> Malcolm R L, Brinton T I, et al. Water solubility
enhancement of some organic pollutants and pesticides by dissolved
humic and fulvic acids [J]. Environ Sci Technol, 1986, 20(5):
502-508.

Chiou C T> Kile D E, Rutherford D W5 et al. Sorption of Selected
Organic Compounds from Water to a Peat Soil and Its Humic-Acid and
Humin Fractions: Potential Sources of the Sorption Nonlinearity [J].
Environ Sci Technol, 2000, 34(7): 1254-1258.

White J C> Mattina M I, Lee W Y, et al. Role of organic acids in
enhancing the desorption and uptake of weathered p,> p’-DDE by
Cucurbita pepo [J]1. Environ Pollut, 2003, 124(1): 71-80.
White J C; Kottler B D. Citrate-mediated increase in the uptake of
weathered p» p’-DDE residues by plants [J]1. Environ Toxicol Chem,
2002, 21: 550-556.

ATSDR. Toxicological profile for endosulfan [R]. 2000.

Mackay D> Shui W, Ma K. Illustrated Handbook of Physical-
Chemical Properties and Environmental Fate of Organic chemicals
[M]. Lewis Publisherss CRC Press, USA, 1997.

Sharat G. The Dictionary of Substances and their Effects [ MJ.
Cambridge, UK: The Royal Society of Chemistry, 1999.

RN, R, N, S5 PR b g R A )
T FURERE L)), A3, 2003, 12¢1): 115-118.

Yang Y, Ratte D» Smets B F, et al. Mobilization of soil organic
matter by complexing agents and implications for polycyclic aromatic
hydrocarbon desorption [J]. Chemosphere, 2001, 43(8): 1013-
1021.





