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Table 1 Physical and chemical properties of test soil
Particle-size fraction( %) Organic C Cation—exghange - pH' Bulk density Saturated
content capacity (SSW= 129 . water ©ntent
Snd St Clay (%) (emol kg 1) (g ™) (em’em™3)
84 03 7.04 893 0. 2 4.508 79 1. 57 0.3567
21
2000 5 s ( ),
2 KBr  Atrazine( 38% , )
s (Perigaltic pump P-1,
Phamacia Fine Chemicals, ) s R Br~
Atrazine 1 h, s ( Fraction Collector
FRAG- 100, Serial No 236721, Phaimmacia Fine Chemicals, ) s
25C
Br~ ( DXx-100, DIONEX, ; DXP, ) s
(AS14-4mm) , (NayCO3 NaHCO;= 0191 g L™ % 0143 g L™ 1) 2 0ml
min” !, 0.05 mol L H2S0s  Atrazine (S¥-5000
) , ( :  =6040) 1.0 ml min™ ', c® (15cmx 4 6 mm,id)

, 223 nm UWVIS (UW1 , Varian )
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Table 2 Expernimental conditions used in the two sott column studies of Br™ and Atrazine disphcement

Specification of soil

Concentration of input solution (mg L~ 1)

Effluent discharge

Average pore water

column( cm) Br~ Atrazine (ml h™ 1 velocity(an h™Y)
20% 4 R4 i d. 1H45 220.5 13. 40 1.9255
20% 4 R0 i d. 1H5 220.5 13.32 1. 9642
22
2000 5 , (EPA)
un— , 500¢g (1 mm) 150 ml
, 51 ( 109920~ 29.7594mg L™, 8 )
0.0l mol L™ ' CaCl Atrazine , 25t1C 24h , 10 020 r min '
20 min, s Atrazine
Atrazine
S= (Co- C)x 255 (13)
,S Atvrazine (mg kg™ V)5 Co Atrazine
(mgL™ Y C Atrazine (mgL™ Y
3
31
Atrazine , 220.5 mg L™
Atrazine s
Atrazine Ky Freundlich S=K,C 1, Ky=01875
(Lkg ) , R=1.8253
32
(141, B (
(11)), Br , , R= 1, K,=
0, B 0,/ 6., R=1, Br  BTC, B
(97.95% ) LHl, R=1, LEA B BIC v,
0,= q/v, O,
(95.22%) 95% , ,
Atrazine
3.3 Atrazine
Awazine Br~  BIC 2 ,Brm  BTC ( ).
Atrazine  BTC ,  Br Brc s
; L4131 LEA B~ BIC
BTC ( 3,72 0.9907), R=1 , v=202 em h !, (19255 em
h™ 1 ; v ,  1EA Br~ BIC, D=02366m’h ' R=
0.9521 R< 1 Br , Veeh [
s Peclet 162. 76,



6 833
D= D+ Dy, LD, . Dy :

s Br~ D Atrazine

6 b
04
i @ o Br
4 03 o
o 4 Atrazine

»=0.187 &
R*=0,988 3

>
Relative concentration

HAHAE (C/C,)
<

o

Adsorbed concentration, 5
W AR S (mg kg ™)

(=]

" L L

0 5 10 15 20 25 30

[ =]
oOn

?
3 g%:

! ] 1 2 3 4
FHRE C (mg L7 FLRAB (V/VL)
Solution concentration,C Pore volume
1 Atrazine 2 Brm  Atrazire BT C( )
Fig | Adsorption sothem far arazine on the sandy loan Fig 2 Obsaved BIGs far Arazine and tracer B~ in Exp 1
04 04
o LW
03 0.3 — LEAMI&

Relative concentration
HIRE (C/Ce)
=
(]
Relative concentration
MR (C/Co)
=
ta

0.1 0.1
0 0
0
FLEREH (VIVL)
Pore volume
3 LEA Br-

Atrazine s
Atrazine  BIC 4 LEA
4,7 0.9617 0.992 5, LEA
Atrazine BTC R
qg 6, ,D Br  BIC ,R
5 a f R,
el 7 R

.B 072~07,  f 0. 38~ 0.51,
b ( )

(v=19255emh)

FUBERR (VIV,)
Pore volume

BTC( )
Fig. 3 Measured data and fited BICs for Br i Exp 1 using LEA model with (3a) R fixed at 1 and (3b) v fixed at 1. 925 5 em h !

Atrazine  BTC
3
s v
Ky )
, CDE
Atrazine N



834 40
3 v=19255cm h- 1, Atrazine  BTC
Table 3 Estimated transport parameters for atrazine BICs fitted by twe-site model with v fixed at 1. 925 Sem h™!
R D ad
B I8 2 2)
( ) (an?h™Y) ' 4 )
1. 9520(0.005)  0.2711(0 013) 0 7564( 0. 025) 2.237(0.019) 0.9925 0 5005 0. 4529
1 8253 0.4156( 0 006) Q0 7752(0.011) 1. 460( 0. 009) 0.9970 Q5028 0.3426
1. 8210( 0. 004) 0. 366" 0 7227( 0. 005) 2. 175 0. 005) 0.9%5 0 3849 0.4147
1. 82539 0. 366" 0 7241( 0. 005) 2. 126( 0. 005) 0. 995 0 3898 0. 4064
1) : :2) f=(BR- 1)6/K,= (BR- 1)/(R- 1);
3) a= w/[(1- B)RL]
012 0.12
= ey g & N
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Atrazine  BIC BTC( ) BIC( )

Fig 4 Observed and fited atrazine BT'Cs in Exp. 1 using
LEA and twe-site models with v fixed at 1.925 5 cm h™!

Fig. 5 Observed and fitted atrazine BTCs in Exp. 1
using twe-site model with calculated v= 1.9255 em h™ !,
R=1.85 3(from batch K ;) and D= 0.236 6 cn® h~!

(from Br~ BTC)
3. 4 Awazine
3 Atrazine BI'C( ) s
CDE R ( ) Atrazine R
( 0; ; ,
(7, 2841 8 mg 2 948 Omg, 3. 74% 7 ,
, (2
s Atrazine 8 9
Atrazine 8
, Atrazine s s ;09
21 h( 2 PV) Atrazine R ;
42 h( 4PV) , 4, s
559. 44 ml 294 g Atrazine 20 am
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4 Atrazine
Table 4 Simulation of cumulative leaching quantity of Exp 2 at different depths of the profile
Pore volume 5 em 10 an 15 an
(mg) 2PV 2.980 2 9369 27140
" 4PV 2.980 2 HU80 2 U7 8
g 010 £ :3
3 g _ é:‘n 3
g w €23
§ = 4§ g 20
w i e lS
sRo X
1 e [',‘5’ o %M
E 0 — W
o 0.0 a i i L A 3
] 3 6 9 12 15 I8
FLEARR (vrvo) LR (Vv
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6 Atazine Brc 7 Atrazine
Brc Fg 7 Measured and simulated amulative leaching quantity

Fig 6 Observel daa for araine n Exp 2 and smulaed BI'C in
which parameters were obtained fran Fxp with v= 1.925 San h~ 1,
R=1.8253,D= 02%6 an?h™ |, B= 0724 I, and ©= 2126
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Fig. 8 The dynamics of drazine oncentration in Exp 2
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SIMULATION OF NONEQUILIBRIUM TRANSPORT OF ATRAZINE IN SATUR-
ATED SANDY LOAM UNDER STEADY-STATE WATER FLOW CONDITION

RenLi Mao Meng
(Depatment o Soil and Water Sciences, China A gricutural Unwersity ;
Key Labaatory f Plant-Soil Interactions, MOE, Bejing 100094, China )

Summary

Nonequilibrium transport of pesticides is frequently reported to greatly affedt their transport and me-
bility in soil. Atrazine (2- chlore-4-ethylamino-6- isopropylamine-s-triazine) is a kind of herbicide that is
widely used for selective control of grassy weeds in corn production but poses potential danger to the qual+
ty of ground water in China. Consequently, there is interest in prediding its mobility in agricultural soils.
The objective of the present study was to apply the one- dimensional convection-dispersion equation based
on the local equilibrium assumption model ( LEA model) and nonequilibrium assumption model ( NEA
model, including the twe-site model and twe- region model) for describing nonequilibrium sorption charae-
teristics of atrazine during miscible displacement in w aer saturated homogeneous soil. Soil wlumn exper+
ments were conducted in duplicate with a sandy loamy soil under steady state flow at a specific pore water
velocity. A nonlinear lesstsquares optimization approach ( CXTFIT' 2. 0) was used to fit breakthrough
curves (BT'Gs) for bromide and atrazine in Exp. 1. The symmetrical BIC for tracer bromide was best de-
scribed by the LEA model, indicating that there were no significant effeds of immobile water on transport of
bromide (i. e. , no significant physical nonequilibrium in this system) . The asymmetrical shape and tailing
of atrazine BT'C showed that atrazine was mainly influenced by chemical nonequilibrium during transport
and the best fit to observed arazine BI'C was obtained with the twe- site model. Model verification proce-
dures were based on best-fit parameters optimized from the first displacement experiment ( Exp. 1), and
then these fitted parameters were used to simulate the transport of atrazine in the duplicate experiment
(Exp. 2) by the chemical nonequilibrium model. The resulis showed that there was a good agreement be-
tween measured and simulated concentration variations for atrazine leaching in this soil column. In add+
tion, dynamics of the flux concentration and the cumulative leaching quantity of arazine at different depths
of the soil wlumn in Exp. 2 were simulated. This study suggests that the twe-site model based on the
nonequilibrium theory can be used as a useful approach to better quantifying environmental fate of atrazine
in a given scenario.

Key words Soil, Atrazine, Nonequilibrium transport, Breakthrough curve, Convection-dispersion

equation, Twe- ste model, Smulation
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