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Table 1 Physico-chemical properties of atrazine

#hik= 7 F 7= ki ©
P&,
Structural formula Molecular formula Molecular weight Water solubility (mg L")
Cl
N N
C¢H,4CINg 215.72 33 1.68

CH,
H. —HN— —NHCH<
CZ 5 N CHa

(1) 25°CIRJE N /KR Water solubility at 25 °C

REMTHERN TG, HE, 22 mmAl 0.25 mmi
# M. AHOs FeMIAHOs Fefd ¥l 4 5 1 i % %
HuangZs ' 4R I8 19 7 12«

AHOs Fey#il 4. 0.1 mol L™ Fe (Cl) i
T3 %y &K ZpH K504 BLILTE, DiiE F K/ iz
(50/50, V/V) ¥ EZiEUEZE AgNOK K T CL
Jik . BT, 100 H &M . H4&AHOs
Fe 28 X5 2 A7 5 A 37 Jhc 3 491 41 W b 08 4 4 40
Mr, 5 E1TR

AHOs Fefu#f HIEMA K4 PIFD B4 H10 ¢
TR, 2R A 300 mIZEMKIEST, FmA
2 ml 20 %IHFeCl, » 6H,O W, /KiFE 10 minf5 &
O, F8 LWEW, FEAK/AEE (50/50, V/V)
VR S TE TR B AgNO I TCCL R Ik o VR VR T4
60 H A M o IRy, S5 AR R R PR R, R

JMA300 mlzK, ZEKWE EZW10 min, B.O05,
Fk BTG R YT, 260 H 4 H .

45 W R 590 % 5 A B Al M o 52 9k AR pH
KL 2.5 —/KEME; AP (TOC) R
TR AT ORI E s HEREAR (SSA) SR FRME A
AT E 5 TS A Ak (Fe, ) FNJGE B4R ER
(Fe,) 7 BIR HADCBRIF B EEM E 2 o K 2%
TN R
1.3 R F3-AR R 56

L£0.02 mol L™ KCI W S F5 HL MR BRI (7%
0.02 %HINaNERMEE R ), I8 7 H 7 T3
BMpHZET7; FHIFATHHN05, 1, 2, 4, 8,
16, 32 mg LAYHRIERINAER; Fr0.3~0.5 g (32
0.25 mmffi ) F25 mIAF GBI LES, Bl
A1.5 ml ERATHRIE RN W . 25 = 2 CHER R
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W, T BRI R 25 14 F 4R35 i 48 hE B0
20 min, LB THPLCHIE 734

HPLCI % 25 1F . Waters 248944k n] LG
AT AR R I A R L TR s A . Waters
SunFireTMC18, 5 um, 4.6 x 250 mm; £ 7
. SunFireTMC18, 5 um, 3.0x20 mm; ¥%i3h
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0:-0;
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PR AEAT ST R 7k BRI HOR 2L A K &5 S A8k, T
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25 W B R0 A BE A BRARME BT an SR 2R, R 2H]
A, AHOs Fetu#li 22+ Me&2r s, wish+ 5 pH
SREAR T 1.56F10.094pH AT, TOCE H 40 1] 1A%
T 8.08%M7.65%, MMiCECE &4 334 T 8.53%
M120.19% ., AHOs FefJSSA R 2w T H& Wz b1,
AHOs Fefd i 2B+ Ffk 2148, 24+ SSARRMK T
19.30%, fik4T 43 SSAHIMGAG B s T Wi b - 438 1%
Fe 3 S5 m T 1.3545% M1.814%, A Abik iy i 1k
(Fe, Fey) N4l [#A%8.7 %1 52.6 %.
2.2 MHFHERERIWM ML R AFREE

AL I o 500 X AT 118 45 Sk PR ity £ n (1 2 s
P 27T 1, 45 TR R 5510 %o AT ) W B 4 ot S 4 vk
FE R BEmmsE n, ELRWEEE N, ATES
W 66 3500 T A - ) TR R 2 R 3R B AR A . R
Freundlich 7 B 45 1 X6F A THE A [6) W B 57) v 1) I 5fF
WA, MASEEMEIIR . REIAH,
Freundlich 77 72 68 5 U 0L & 45 W BR300 X AT Y 1%
MHYEFRE (r= 0.996, p< 0.01) . AHOs Fefd#/5
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T95.4%F191.9% , $RM, HH 145 W BR 570 6F AT Y Wi

http: //pedologica. issas. ac. c¢n



14 B A IO R AR g B e B — 0 5 151

200

—_
(o)
S

120

B~
=

W (B0 Intensity (counts)
(o]
o>

OMWMW.

10 20 30 40 50 60
26(°)

70

¥

K1 JosE BAEAL BRI XRDIG IR (a) FI5%E o7 R (b)

Fig. 1 XRD ( X-ray diffractogram ) pattern (a) and TEM ( transmission electron microscopy ) image (b ) of the artificially synthesized

amorphous hydrated Fe oxides
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Table 2 Basic physic-chemical properties of the sorbents tested

FE & 45 pH BANEE  HBEFSHE REA A ek e mAikek I
o TOC CEC SSA Fe, Fe,
Sample Abbreviation (H,0) B . . . . Fe, / Fe,
(gkg!) (cmol kg™) (m*g™") (gkg ) (gke)
2t (Eik) S1 577  34.30+2.12'"  375+£275 2959211 9.19+0.57 6.31£0.46 0.69+0.022

Black soil— boiling

TERUK G AHOs Fe-S1  4.21 31.63+1.25 40.7+3.04  23.88+1.58 23.72+1.59 14.85+1.05 0.63=0.006

BRagEt
Black soil-Fe

hydrous oxides

4L () S2 4.35 27.98 +1.89 10.4+£0.87 56.01+4.54 25.81+1.68 4.87+0.29 0.19+0.010

Latosols— boiling

TR G AHOs Fe-S2  4.26 25.84 +1.56 12.56+1.12  58.34+4.12 152.37+10.41 13.68+0.95 0.09+0.0

kAL AL 214
Latosols-Fe

hydrous oxides

TEMAKEE  AHOsFe 5.2 n.d.'? 15.8+1.06 242.59+11.42  —¥ — —

ek

Fe hydrous oxides

(1) TOC, CEC, SSA, Fey, Fe fllFe /Fe ¥} M + brifEiR Values of TOC, CEC, SSA, Fey, Fe, and Fe/Fe, are means
+ SE; (2) n.d. £# HiStands for not detectable; (3) — 45 5 I3 Not available

B E R BN AR BE A AR LR E (N< 1), AT, o
2 iy 53 W7 KBTS BB L S5 1l B2 e 45 T8 R 550 6 AT
W B AE 7 00 . AHOs Fexd AT Al 28 1 W b 5 o
(N=0.697 ) , ZAHOs Fefd ¥ 1) 2+ Flfik 21 3 H
W BEIE L R B R I (3R3) .

2.3 MHHRAEARFEE-RER DS B RE
ARl Z R BE TS, ATE 81— 1 W AH b i
IrBE R KK AE NS os o i SR, R4 Rk
LUMER I A R R, K B P-4 v B 9 39 i i 2
AR, 4T 2.5 mg LK Fr R
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152 S S 55 &
60 100
120r ¢ m + 51 3 sol © TELLEES2 9 o JoRI4E AR AHOs Fe
o Jo R AR ALAR ALY 2B £ AJIOS Fe-S o JoiE R AER ARG AT, 80 —Freundlich#g & i 2
90 F— Freundlich ${£ i1 40— Freundlichitl & £ Freundlich model fit
Freundlich mode £t Freundlich model fj % 60 b

W Fff £ 0, Adsorption quantity O, (mg kg™)

Equilibrium concentration C, (mg L™)

Equilibrium concentration C, (mg L™)

30t
60t
20} a0
30 10+ 20
0 or
0 5 10 15 20 0 5 10 15 20 25 30 00 5 10 15 20 25
TR C, TR C, PR C,

Equilibrium concentration C, (mg L™)

P2 3t R 53 X B 4 14 5 B 25 ek 1]

Fig. 2 Sorption isotherms of atrazine on the tested sorbents

=3 AR B AR Y BT AR L R TR BT pH. Freundlich A2l S S HF KA H

Table 3 pH, Freundlich parameters and partition coefficient of the solutions at equilibrium after AT adsorption by the adsorbents tested

e - P g (1) , N FA-WAFIE A HUBRFR AL LG 3R I B v
R e o % B i A A FEL LIP3 P i e
Sample Abbreviation ( H,0 ) Kl (mgkg) s r K, (Lkg™) RHK,e REKson
(mgL") "] (Lkg") (mlm™)
A (EW) S1 5.95 5.46£0.38 0.869%0.018 0.997% ) 4.19+0.11 122.1+£3.1 0.142+0.009
Black soil-boiling
TRERKAGHEM AHOs Fe-S1  4.28 10.67 = 0.59 0.749 £0.020 0.996%* 6.55+0.50 207.7+58 0.274+0.012
Black soil-Fe
hydrous oxides
fig 21 (&) S2 5.13 1.48+0.11 0.911 £0.017 0.998%** 1.37+£0.04 48.8+1.5  0.024+0.001
Latosols— boiling
ToE BAA AL AHOs Fe-S2 4.87 2.73+0.15 0.863+£0.016 0.997%** 1.97+0.08 76.0£2.0  0.034 +0.002
L FAR:
Latosols-Fe
hydrous oxides
T B A Ak AHOs Fe 6.09 4.568+0.15 0.697 £0.016 0.997%** 4.03+0.27 —® 0.017 +0.001

Fe hydrous oxides

(1) K; N, Ky, K, K MEYI N FEEIE + 4riEER Values of K; N, Ky, K, and K, are mean = SE;
(3) — KaZ5 R ICENot available

Correlation is significant at 0.01 probability level;

SE . AHOs Fefu#i 5 i 1 A 418, FLK AR Y
R R, K B S R A P W P A TR
AKERA BN, AHOs Fef -tk &, K BT
7 e JEE A 38 P TR R ATG, L AR AR 5 T U 4%
MOSEATHEE N5 mg LK g B A E . AT,
5 W B 590 Xk AT ) 0 B A6 - A e B I 2 B AR 28
B R B, T ) 3 — 5 R R S O 2 B g 2k R
Chiou% 'OV Wroy F W], LR B 7T SR FH 43 it 2R 40

(2) ** p<0.01

K K LU 45 W B 0075 e e e O, itk AR
SCHE T AR IR P R S K P (3R
3) o HHFRIATAL, A MERH X AT W B 43 e 5 42
KA R/NIFF . AHOs Fe-S1> S1> AHOs Fe >
AHOs Fe-S2> S2, AHOs Fefd#f % + FIfs £1 3,
HK A5 B3N T 56.3 %F143.8 %

A ALIAR WAL BE R AL (K, ) AT H R T BURR
WEAL AT L R B (Ksy ) 430l 46 3 21 W o SP- 5 AL
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1 4] BRFAE o A AU RS 4 v AR AL B — e A% 1 52 i 153
35
201 e M Sl o e fikZIYES2 14p © JLER4AREL AHOs Fe
=~ P o ALkt T AHOs Fe-S1 o L MAEALBRALHIAL 21 AHOs Fe-S2 Freundlichft} & 4k Freundlich model fit
i Freundlichft) £ 14k Freundlich model fit 3.0 Freundlichfsl {5 14k Freundlich model fit
=)
N
%g 25
=2 % 20 ®
&3
g
3 1.5F
£ <3 .
a 1 ) N 1 1ol . . . ! 2 . | . . L
0 5 10 15 20 0 5 15 20 25 30 0 5 10 15 20 25

i) C, Equilibrium concentration C, (mg L™)

Pk i C, Equilibrium concentration C, (mg L™)

Pk EC, Equilibrium concentrationC, (mg L™)

I3 B Refr e e A R R K P TR R P i s IR B (KD

Fig. 3 Equilibrium concentration ( C,) vs. distribution coefficients ( K, ) for atrazine sorption by the tested sorbents

T Y Wl W I 551 v A ML B AR TR 5 1 i e W o )
T W P v 5 HOK AR =22 L, 3 A R E0H
K RAEA MG YW g 5 PERE IR A HLTE
PR BAT N B BB R VT AR SO 45 % 5
AT AL i e B 05 A K SIS R T AR, 4R N3
iR o FFRSTTAN, £ WK, A5 K G fE KNI
FEAR—, Koo R/ NITF N AHOs Fe-S1 > S1
> AHOs Fe-S2> S2> AHOs Fe, AHOs Fefu#f
R 2L, FLK B A AN T 70.1% F155.7%,
Ko JELIU A3 513600 T 93.0%H141.7%
2.4 PU4FR0IE R R OR IR i 3R

WG I — it TR 2 AT [0 A R B 5]+ A — A T B A
fead g, Horr, f@nad i i s 2, I
AR 2l B A I8 8 R DB A, BN O R S8 42

A, BRCh CRREUGRIE RN " o ARERSE R Huang
s LD SR IR B CHIT ) % 33 ol il i 20 0
fraAt, MR A T e Ak I B 590 X AT W o fifk Wit
R A SRR (E4) o MHI>0nF, 3%
HIAETE R AN 3 M HI< OB, 32 HAMZ fff 52 4]
W, 4TI, 25 B ARG AT R A7 A i IR i AR
N, P A AT fife W3R i 50N B S A1 A 2T 4
PP IR 4 X AHOs Fefu #li e, 764K e & 75 Bl
W, RSN (HI) BEATHIGRWEE (C,) B3
TREAR, 17 e VR B Bl P, 3R VAR 07 D) Bl C ) 34
T W A 1458 . AHOs FeXof AT YU i 4507 Bt C. 1y 43 i
MG, (HAHOs Fefu 85 (1) 58 4 Ak 21 3¢
SR i AR A W 2 BRI, P I HIE 53 ) BRI T
46.4%156.0% .,

6.0

—0— i1 S1
0.8 &

--O-- JoE AL AL R 1. AHOs Fe-S1 30 F

JUSITES
Hysteresis indices (H])

—@— fikLIHE S2

- AR LWL AHOs Fes2 | 45|

—— JiE4A Ak AHOs Fe

30

0.0 > g . 0.0
0

WA EC, Initial concentration C,(mg L)

WA EC, Initial concentration C,(mg L)

20 30 40 0 10 20 30 40
WA EC, Initial concentration C,(mg L)

P4 At B 5 7 AN [ 390 a2 P 0 B o e WA R s 2R 8 (HT)

Fig. 4 Hysteresis index ( HI') of atrazine desorption from the tested sorbents relative to initial concentration

3 i ®

3.1 FeEBYE KRS BRI B9 R R4 AR A
RZ IR W, Freundlichf A4S BN K/

PE TR IR, YN < T, W B

LELA, YN> 1, WHHEEIRZAESH, 1MijN=

LB}, Freundlich#i% ] L) &4k B Linearfil 1)
WA IR, N1, 0 R AR 2 v A
BERR 0 ARBRTR A SR, A% R R AT R I
MR R (N<1) (K2, K3f&R3) .
R B AR MR I AR TS, AT
AW BRI AR RS = W R AT, PP AR 2 I
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I R 5500 82 657 SV, 00 7T R 7 O B R e i, L
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W B R VD A, LR BRI hy AT A7 B Ay = )
T B o TS O BRI, WP R (NOR)
FEE R I A W B 2 B o B T NS S RS
[Fi] BN, W 8 A7 6 2 I AR ] 4 FH 0 R e ) 46 T B AL
H, Rivoira % Y [BFE £ E L 54l
SEALTEE A RN i A 2 1 B T R a4
B RN B BB ac A . B FAHOs FeXt 355
A LG e HAG B i 2 TG B RE . EL LI
[N AZpHE M K . #EARRIpHZ&M T, AHOs Fe
FE K VA WP R 3 T A 2 0 AN [R) D) R A 9 2
FETE Tk . M4pH < 4lF, AHOs FeldFeOH," B fig
AIIE A E Tk MpHA4 ~ 9BF, AHOs Fe
PIFeOHE 8 1 1L A7 4 F K s XpH > 91,
AHOs FeldFeO'E REH L XA 7E Tk . H &3]
A, ASHIEFE R R R - AR RpHI R ~ T2
fa), B -4 2 AHOs Fe % LIFeOHE fig 41
XAFFE, MATE M mtEa LY, 4lhaa
FINFRFIBESE AT P2 A H B (R1) , Xk
FI H L T S5 Fe—OHE M HEAT A B 45 A1 7

SR, AL 7E 1 3 sl TR Wy AR M Ep i A7
e, WSAPUTGE S Y PR B IR . T
PR L SR R BH B 47 45 7 U8 608 Uk | e -
BHLRE A, T 3 AR kA X5 Y i
W [ R L0 P e A 0 S R O O

PEAHLE (DOM ) 58 ABE A T8 WA HL-ToHL
BAEREHXE (PHE ) BIWMHRAE, 255K,
DOMIT &M 241 7 I Se WM e SR Ak Bk ki, &=
A A ARk 3 T A LT PHE Y B 5 3 S AE
A, AL PHE B0 f SRR /N o 52 1
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Effects of Amorphous Fe Oxides on Adsorption-Desorption of Atrazine in Soil

HUANG Yufen LIU Zhongzhen” WEI Lan LI Yanliang HUANG Lianxi HUANG Qing XU Guizhi
( Key Laboratory of Plant Nutrition and Fertilizer in South Region, Ministry of Agriculture; Guangdong Key Laboratory of Nutrient

Cycling and Farmland Conservation, Institute of Agricultural Resources and Environment, Guangdong Academy of Agricultural

Sciences, Guangzhou 510640, China )

Abstract [ Objective] Adsorption-desorption is a key factor governing translocation, transformation,
fate and bioavailability of organic pollutants, such as atrazine ( AT ) , in the soil. The adsorption-desorption
behaviors of organic pollutants in the soil are not only related to physico-chemical properties of the organic
pollutants per se, but also affected by soil organic matter (SOM ) , inorganic minerals and some other
important soil components. There have been large volumes of studies demonstrating that SOM is the major
factor governing adsorption-desorption of AT in the soil, but some others indicating that soil inorganic
minerals may be almost equal to or higher than SOM in such effect in the case that SOM is relatively low
in content in the soil. Current researches about soil inorganic minerals affecting AT adsorption-desorption
behavior in the soil focus mainly on crystal silicate clay mineral ( e.g. montmorillonite and kaolinite ) ,
but researches focusing on soil metal oxides, such as iron oxide, were, much less in number. Amorphous
Fe oxides ( AHOs Fe ) is a kind of highly active iron oxide For its relatively high specific surface area and
relatively big number of proton donating functional groups, AHOs Fe plays an important role in controlling

the fate of organic pesticides. However, AHOs Fe is extremely unstable and ready to transform into
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crystalline iron oxide (e.g. goethite and hematite ) under natural conditions, which makes it difficult to
study characteristics of organic pollutants adsorption to AHOs Fe. In addition, what we had done in the past
indicate that AHOs Fe in the soil was apt to form complex with SOM into organic-inorganic complexes,
so soil adsorption capacity of butachlor was extremely and positively related to AHOs Fe content in the soil.
Therefore, mere correlation analysis could not accurately determine contributions of SOM and AHOs Fe to
adsorption of organic pollutants, and what is more, the mechanism of AHOs Fe adsorbing organic pollutants
is still not clear. [Method] In this study, artificially synthesized AHOs Fe and two typical types of soils,
black soil from Heilongjiang and latosol from Guangdong were used, and half of the soil samples were
surface coated with AHOs Fe. AT sorption behaviors were studied using the batch equilibrium method and its
desorption behaviors were through one cycle of adsorption-desorption in various sorbents. At the meantime,
in order to learn the extent of delay of AT desorption in the sorbents, delays of the initial desorptions in
various adsorbents were quantified with Hysteresis index ( HI ) . [Result] Results show that the isotherms
of AT sorption in all the tested sorbents could well be described with the Frundlich equation ( #= 0.996,
p< 0.01) . Compared with the soils, AHOs Fe exhibited a relatively high sorption capacity and high
nonlinearity in sorption, Once coated with AHOs Fe, the AT sorption capacities of the two soils, black
soil and latosol increased, significantly or by 56.3% and 43.8%, respectively. AT desorption delayed in
all the sorbents and coating of AHOs Fe, decreased hysteresis coefficient ( HI ) of the AT desorption with
increasing AT concentration in the case that the initial AT concentration was low, and acted reversely in the
case that the initial AT concentration was high, indicating that the mechanism for delaying desorption in the
sorbents varied with the initial AT concentration. Compared with the soils, AHOs Fe exhibited high hysteresis
effect on AT desorption. But once it was used to coat the soils, it lowered the hysteresis effects of the soils.

[ Conclusion)] AHOs Fe has a relatively high sorption capacity and affinity for AT. However, in natural
soils, complexing with soil organic matter ( SOM ) inhibits AHOs Fe capacity of directly adsorbing AT,
because AHOs Fe has more SOM adsorbed or bonded on its surface, which indirectly affects AT adsorption by
soil. Obviously, coating with AHOs Fe improves soil AT adsorption capacity, but also increases reversibility
of AT sorption in the soil. All the findings in this study may help further understand roles of metal oxides, like
AHOs Fe, in soil adsorbing AT-like organic pollutants and hence provide certain scientific basis for avoiding
environmental risks of pollution with organic pollutants.

Key words Amorphous Fe oxides; Soil; Atrazine; Surface coating; Adsorption; Desorption
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