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Analysis of simulated migration of atrazine in a type of loamy sand based on two adsorption models

LI Xiao—yu'?, REN Zhong—yu'?, LI Fang—chun’, JING Qi"*", WEI Ming—hai*

(1.College of Architectural and Civil Engineering, Beijing University of Technology, Beijing 100124, China; 2.Key Laboratory of Beijing for
Water Quality Science and Water Environment Recovery Engineering, Beijing 100124, China; 3.China National Knowledge Infrastructure,
Beijing 100192, China; 4.Chinese Academy of Environmental Planning, Beijing 100012, China)

Abstract: To better understand the migration of atrazine in soil and provide foundations for groundwater pollution prevention, a one~dimen-
sional soil column experiment was constructed to simulate the migration of atrazine in a type of saturated loamy sand under the conditions
of consecutive atrazine injection and soil column leaching with deionized water, respectively. The software HYDRUS—1D was used to simu-
late the migration process of atrazine in the soil column based on the one-site non—equilibrium adsorption model and the adsorption—de-
sorption model. The results indicated that the simulation quality was influenced by the fitting methods. In the case of overall parameter fit-
ting, the Nash—Suttcliffe coefficients(NSCs) and root mean squared errors (RMSEs) of the one—site non—equilibrium adsorption model were
0.909~0.922 and 2.752~3.167, respectively, for the simulation of the consecutive injection of atrazine; under the leaching condition, the
NSCs of the simulation were negative and the RMSEs were 8.703~12.424. Under both experimental conditions, the NSCs and RMSEs of the

adsorption—desorption simulation were 0.901~0.954 and 2.037~3.289, respectively. By using segmental parameter fitting for the one—site
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non—equilibrium adsorption model simulation, the NSCs improved to 0.919~0.941 while the RMSEs decreased to 2.405~2.986 for the con-
secutive injection of atrazine, and the NSCs improved to 0.927~0.940 while the RMSEs decreased to 2.036~2.309 for leaching. In the ad-
sorption—desorption model simulation, the NSCs improved to 0.904~0.956 and RMSEs decreased to 2.037~3.247 for both processes. The fit-

ting results indicated that in the case of overall parameter fitting, the one—site non—equilibrium adsorption model demonstrated a good fit-

ting performance in simulating the migration of atrazine under the consecutive injection conditions but a poor fitting performance under

leaching conditions, whereas the adsorption—desorption model could effectively simulate the migration of atrazine in saturated loamy sand

under both experimental conditions. The fitting performance of both models could be improved by segmental parameter fitting in simula-

tions of the processes of consecutive injection and leaching.

Keywords: atrazine; adsorption; desorption; HY DRUS~-1D; simulation
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Figure 1 Schematic diagram of column experimental device
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Table 1 Fitting values of exchange rate coefficient of first order reactive substance , adsorption and desorption coefficients at each stage
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Figure 2 Integral parameter fitting of observation hole 1: The simulation result compartion chart of one-site non—equilibrium adsorption

model and adsorption—desorption model
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Figure 5 Segmental parameter fitting of observation hole 2: The simulation result compartion chart of one—site non—equilibrium adsorption

model and adsorption—desorption model

R2 B ERERELBGIR RE(NSC)FHFRIRE (RMSE) &

Table 2 Simulation effect coefficient (NSC) and root-mean—squared error (RMSE) values of models at each stage

A — S £, WA B NSC/RMSE WBER B NSC/RMSE HEA-RE A 8 NSCIRMSE
Model-observation hole Injection period NSC/RMSE Leaching period NSC/RMSE Injection and leaching periods NSC/RMSE
BRI A B A A I AR 1L 1 0.909/3.167 -0.038/8.703 0.593/6.180
ORI G B AW AT A 1, 2 0.922/2.752 -1.550/12.424 0.138/8.395
G B A B 5 ARV A AR R 1L 1 0.919/2.986 0.927/2.309 0.921/2.717
53 BeAUL Ay B AT AR —£L 2 0.941/2.405 0.940/2.036 0.941/2.204
HERIUS L B — AR BT £, 1 0.901/3.289 0.927/2.309 0.910/2.910
H RGO B — A A A — £, 2 0.954/2.115 0.931/2.037 0.947/2.082
53 B A W I — i A A AL, 1 0.904/3.247 0.927/2.310 0.912/2.883
53 BAA WL B — A W AR £, 2 0.956/2.089 0.931/2.037 0.948/2.067
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R A TR B 47 125 R
P RO R ORI, BSOS 5
IR AR SR~
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Table 3 Calculation values of source and sink terms of the one—

site non—equilibrium adsorption model of the observation hole 1

B  mbal of kal ¢/ s/ Q/
Period Time/min min” mlL-g’ pgoml’ pg-g’ o
€T10! me/min min mli g u’b ml. p,g g pdg'(:m’}'min"
HFA 0 0.200  0.372 0 0 0
A L
BB 40 0.200 0372 7.258  2.149 0.182
80 0.200 0372  16.870 5.945 0.110

120 0.200  0.372  20.590 7.550 0.036
160 0.200 0.372  21.640 8.018 0.010
200 0.200 0.372 21910 8.140 0.003

ik 220 0.200 0372 20.230  7.799 -0.091
BrBE 240 0200 0372 14720 6021 -0.181
260 0200 0372 9.100 3.873 -0.162
280 0200 0372 5122 2233 -0.109
300 0200 0372 2731 1.208 -0.064
320 0200 0372 1411 0.629 -0.034
340 0200 0372 0716  0.321 -0.018

R4 WMFL 1R - R R AR R R I B AE

Table 4 Calculation values of source and sink terms of the adsorption—desorption model of the observation hole 1

HA/MBE Period B[] Time/min ku/min™ ku/min”! W Clug-mL™! S/pg-g’! p ‘;—f/ug cem”™+min™!
EABE 0 0.179 0.126x107 1 0 0 0
40 0.179 0.126x10°° 0.628 5.980 2.402 0.236
80 0.179 0.126x10°° 0.023 19.820 6.299 0.029
120 0.179 0.126x10°° 1.550%10™* 21.940 6.449 1.988x10™
160 0.179 0.126x10°° 0 22.000 6.450 -1.388x10°
200 0.179 0.126x10°° 0 22.000 6.450 -1.388x10°
e B 220 0.179 0.126x107 0 10.480 6.450 -1.388x10°
240 0.179 0.126x10°° 0 1.373 6.450 -1.388x10°
260 0.179 0.126x107 0 0.152 6.450 -1.388x10°
280 0.179 0.126x10°° 0 0.017 6.449 ~1.388%10°°
300 0.179 0.126x10° 0 2.815x10° 6.449 ~1.388%10°°
320 0.179 0.126x10° 0 1.253%10° 6.449 ~1.388%10°°
340 0.179 0.126x10° 0 1.083x10° 6.449 ~1.388%10°°
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10 wg-em™ - min™", A 1 [& A Ve B BROR 70 2 7 A1
{HF BRI R 05 FERRPE B B, Bl & 2588 17K 1Y
FrEe i A B 58 Y AR e B T R AL, IR
p%?ﬂﬂ—l.’a’ssxlo_s Mg-cm'3-min" , 2 B W BfFAE [ AR

F18 o R A B T A N o 0 e L BT AR T T TR A
WL SN ZF B I A R BB i R LR, Bt 1 s
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X G S PR RS 4 2R 2 S R R M

3 #ie
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3,167, 2R FH B s AP R BTSSR 35 5 4 5 Rk 2 1
T B T RS AL NSCs Sy T, Dl B B4 R
i B AR AS 38 F Rk S50 T BT R R A A
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IR L v BT AR R R AR R D - P A SRS A
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W 6 — e WA TR A 4D 3% 8 A bR e 3 A v e e
T EE A .
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