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Table 1 Physico-chemical properties of atrazine

4k

Structural formula

PN

Molecular formula

Uiy

Molecular weight

KR

Water solubility (mg L™")

Cl
CH,
N/\N / 5

CH,—HN-—L - NHCH CsH 1L CINs
Y \

CH.

215.72 33 1.68

1) 25°CHE T BI/KEMRE Water solubility at 25 °C

(Mont ) . Cal FIRAMZEN A (Mont-Ca) . &
WA (Kaol) . CaBfFIAIE LA (Kaol-Ca) .
TEMEE (AHOs-Fe ) . TR EILE
(AHOs-Al) . Montk H#i7LIE %, Kaolk H VL%
FHLL, R EE3] <0.002 mm MontFlKaol
4y, 50 CHET, WFEE, i 100H M4 H . Mont-
CaFfllKaol-Caffill & 4NF « B L3R BT il 4 B Mont 1
Kaol, FHCaCl, (0.5 mol L") RULiIR, &.OFHE
VW, A ERE E 3K, SRS R A Sl K vk B
WP T CLURE oA 1k oAb BRS B RE A VR T
. BHE, 22100 H s Hl. AHOs-FeFfIAHOs-Al
H% 2 % HuangZs 2 RGBT, BAKITF: 13
% BB FEB A F0.1 M Fe (C1) JI&HH,
HEWWpH K5 (AHOs-Fefi4 ) ; 0.5 mol L™
FINaOHE WA FED N A ] 1 000 ml AICI, (0.5
mol L") ¥ (AHOs-AIRYHI% ) , BIFHRIHT
IR EA8 Wk LW, A LK,
B, FEHK/REE (50/50, V/IV) W E
HUE4 ~ SR, HEAGNOKIKTLCI NIk, BT

fE, 22100 H i & H o SR 2R i LA A A0 5 6 F
W RMEFL (specific surface area, SSA) |
K LRV RS BT O 2 A BLAKR (TOC) &t
R H AT 7k L I BB T Ag i (CEC)
(F2) o [, RAXSLATHAL TP & L5
Y iR gsi by (B, BARTARSM N i,
H1JE40 KV, HL40 mA, FAFEE19.28 7',
AR O A% B % 3 A SR o i) 4 B A
BT+ (HA-S1) | StIHEEE (HA-S2) 1)~
RiELIE (HA-S3) o HARHC, srEsfgiferiks
% Chen fllPawluk %5 (14] B ¥, B A0.1 mol L™
NaOH W, BisIIFRG S, et Biswl, ok
6 mol L' HCIHY pHE1.2, B.L0E, Fik b
HROPESRIMHALLSY, R0.1 mol L™ NaOHIHE
s, U, P pHIEE.2, AR TS
VESG, BLarE, AWK, LhRBRRER I
2. #RJE R 0.1 mol L™ HCI/0.3 mol L™ HFAL
3K (PR%24 h) , HE LR EEG., RERH
aiKE VR 2 B WRICCl 1k, BT, 1100
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H i 25 FH o >R BV AR R 4 AT A E 4 HA I TOC
i, SRATCE M HAIE S HAR A (nitrogen,
N) FfIE (hydrogen, H) &, Z5RLFEK2,
1.3 IRFFARRIRIXIE

¥ BT o R T ) B BE R 1 000 mg L7 A
W, HHVEWH0.02 mol L' KC1 (0.02%[NaN,
VERAMTE ) o SR FH L& W B SF  7 « FR A5 A
0.3 ~0.5 g (340.25 mmffi ) B THE T15 ml¥k
BEBLOAE R, A5 m B B R 7 ER A e
£ (2.0, 4.0, 8.0, 16.0, 32.0 mg L") IHW,
WIER A G225 +2 CF, HE#EIRD (180
rmin~' ) 48 hEURE ( FSCEEHK I, 48 ht FEA A
FEWLI BHF-45 ), FE2210 000 r min™ B.0>20 min,
L 0 W AT v A B R (HPLC ) &2 4y
BT o 308 228 W S T 5 378 V80 v BT AR 1 o B 2 AR
Bt e, [ A LA BT iy e 28 370 e B ) 28 1 6 4 o
Wz

fift T 56 A W B IR G P SR R AT, SRR
At — figf W BELRE 3R 9 F TR A o S W B i L
HW (HRERMBRIEREE ) , MAS AT S
W, TR B IR SR T Wik 9 048 s 2540020
min, BCEVEWEATHPLCIAE 5347 o
1.4 ¥iESWH

JIT A W B S 56 25040 359 SR Frund Lic hig B A5 7
HEATH IR -

0.=K,- C" (1)

A, Oy W B sk 7 v 45 W52 6 0% B el e g I 45
= (mg kg_l) ; K,-ﬁ\]Frundlichh‘r%'ﬁ, 2R W B
FRE [ (mgkg™") / (mg L") "] ; CoNBREM
R F P67 st 3 T P BT R W (mg L) 5 N
W B AR LR A AR R R (CRA)

BT 5 P A 6 — B T A P A A i R B (K
Lkg ") R FHI R

K=0./C, (2)

Krp, O MCHERRK (1) .

B R P EE A i M IR R (Hysteresisi
index, HI) % fHHuang® "' g5 kb7 1L -

) -
m=L3~

T.C, (3)
A, Q0 Bl L 7 45 7l 1 B 50 HP Y 0% A
(mg kg™ ) 5 O 25 g B 550 Xef B i JHE 14 e G
(mg kg™) 5 FHIFRT (°C) filCe (mg L") 435

NI FRAET , URLEE LI KR B 3 W RS a8 e i
A7 S Xk 7 14 R P B R A R

2 4 R

2.1 TIRWMAPABEL AR MR

XS LA S R 580 ) i A 45 ) 1) B o 2 0 A
TiEZ—, mE A, fhal4sh e sl HA Al
PIRRIEAT 506, FI iUy i sy, WoR L, HA®
HAb# Y 2%, CalH B+ T2 FIMont Ml Kaol
[ AT SR W B AR e HEAT AR A8 Ak . 3X 4R - S 1) o3
J& T AN kIR AR S Ak 45k, TSR E AR
[) 2% Th1 T A AT A9 W BEE 5 o MontfR 3R 2 + 1 Jik AR i
TRER T4, KaolfUFE1 : 1R KA REfRR LT 1,
AHOs-FeFIAHOs— A FRA 77 Az X 2R AT 53800 1
A b BT B R BT ) SR AR AR S AR Y PR . X
& LY AR B — 2 R (R
2), 6F LT WA TAHTOC, RN
¥ A : AHOs—Fe> > AHOs-Al > Mont > Kaol,
Mont/Mont—Cal¥) FH & T3¢ e = 2 % = T Kaol/Kaol—
Ca, 3MHAHHAKEMTOCE &, HHTOC, N
MHE EWAE-EXZR, KN ERIHBHA-S1>
HA-S3 > HA-S2,
2.2 MYFRLEMERWM AR

15 Y W AEAS ] [E R H % W BT LA e A (] i)
A IR AT AL EA TR IR, A 5% R A Frundlich 77 PR A5
X BT AR HEE AN ] 082 B0 590 e g e B A T AU,
EBMEWERIN R, HEIUH, Frundlich 52
(r=0.982, p<0.01) FE%H LA 45 W B 77 X
0T 48 7 T ) O EEE Hamakerﬂ]Tompson% [16]
W28, XSFrundlichM % BIN{HAEO0.7 ~ 1.2
WA, WHFIKAE (BCK A ) 7T A W
WA 50 6T BT AR o ) W B B D 555, AT L, AR SR
T A T B0 70 T AT 4 e 1% I B B T /NI A
HA-S1>HA-S3>HA-S2 > Mont > Mont-Ca > >
Kaol > Kaol-Ca> AHOs-Fe > AHOs-Al, FHHA
SRS B RERLEE W BN AT O 1) E R, Mont X B
TR Y W B e D s, T Kaol F1JC A2 L 4 Ak
Y CAHOs ) XJ Bl Rg S e i e B i 0 fe 55 . W B B
Jr i am SRR ( HA-ST1 ) J& W Fft B8 1 B 55 19
ERVEALY (AHOs-AL) M421% . CafgFiifIib
P Mont FIKaol (W ff fE J1 A T FE . A [FRIEHA
ZIa), TR RE ) 22 A EOR, HA-STIK [ 7350
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Fig. 1 X-ray diffraction patterns of six soil minerals

HA-S2FTHA-S3/92.5f5F11.6£% .
2I3MFFRAEARERE—RIER PSR RE
AHLA B E— TR A (K,) 2HiRA L
M T RGP MR EE S5, FAf, @
R RIEBEUMASITE N P EES R —. A
[FI A 2R ANV BE R, BT A [ — P A TP A K (B
mE2FR . mE2HE, HETY—KIER (E
2a, E2b, Fl2c) MK EBEWE (Ce) MYIE MR
W AR AL R34, i HA—/K AR R A9 K FE C 6 B i
2l (E2d) o Mont—7KIRR Y, K (EHBEC AN
mreE, M4C.>18.0 mg L'WY, K HETHEE (K

2a) 3 Kaol—/KIKZH, K fHAULKEC, B I
fm, EAESCR MBS EIN , K AE R R B e RS
(E2b) 5 AHOs—/KIK R, K EFEC A3 i
FEAK, MCIAF|—@EKFE (C,>17.0 mg L") )5,
KA TEE (E2c) o 50 AEGH M b A& T i
FRKE B AR A W B o L RE ), A SO — R
AR AR E B PR A R BT K A (R
3) o FHFRIATH, AWK (KNI A 5K,
H—3 A WU S 55w I HA X B A hr i H A
SR B I BERE 7, = K ) Mont X6 Ba] AR v T Y g
BFHBE J1dRe 5, KaolikZ, AHOsHZ 5. AN[F 42
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Table 2 Physic-chemical properties of pure minerals and humic acids tested
iz A A Pk b F TR PR B T35 et A A
Clase Sample TOC SSA CEC N H
(gkg™) (m>g™") (emol kg™) (gkg™) (gkg")
T 247 Mont - 24.23 94.0 nd nd
Soil mineral A0 152 545 Mont—Ca — nd %’ 95.0 nd nd
4 7 Kaol — 8.87 7.8 nd nd
A48 57 U4 A Kaol-Ca — nd 7.9 nd nd
ToRE BIK G A AL BRAHOS-Fe — 242.6 — nd nd
JeEAUK A AL AHOS-AL — 52 — nd nd
R BT R LHA-S1 455.5 40.1 43.5 40.1 43.5
Humic acid BN FEIEHA-S2 154.8 14.2 23.7 14.2 23.7
JTRTR LT IEHA-S3 203.4 20.4 28.2 20.4 28.2

1) — K4 Histands for not detected; 2 ) nd# 45 5T not valid

R3 TR B A HLER Frundlich T 2SS ML TERETHE-RSERY (K,)

Table 3 Fitting parameters of the Freundlich equation for atrazine adsorption on the tested representative sorbents and sorption

distribution coefficients ( K,;) measured at near-linear equilibrium concentration

h F b IR P& R LIP3 [#5] -V 43 T 7R B
Class Sample K[ (mgkg)/ (mgL*) "] Y N r K, (Lkg™)
5 A1 Mont 7.11 +0.64 1.192 +0.073 0.982""% 51.92 + 4.63
B0 F1 5 i A1 Mont—Ca 6.41 £0.34 1.174 £ 0.044 0.993" 36.72 £2.17
+ ) 4 £ Kaol 0.95+0.08 1.167 + 0.088 0.998" 14.80 + 1.33
Soil mineral FH LN =5 41 Kaol-Ca 0.71 £ 0.04 1.120 £ 0.069 0.998" 10.60 + 1.01
JoE BK A AH AL RAHOS-Fe 0.68 + 0.04 0.749 +0.018 0.998" 4.36+0.16
JoE B A AL R AHOS-Al 0.53 £0.02 0.898 + 0.058 0.993" 1.81 +0.17
H R By T B+ HA-S] 22.25 £ 1.61 0.917 +0.038 0.995" 253.6 + 4.75
Humic acid M EHEHA-S2 8.89 +0.49 1.032 +0.041 0.995" 52.56 +3.90
IR HE L1 HEHA-S3 13.78 £ 1.19 0.928 + 0.033 0.994" 80.32 £2.50

1) K. NFIKH¥ R FEPIME + FRHEIR Values of K;, N and Kd are means + SE ; 2) ** p<0.01 Correlation is significant at 0.01

probability level

WHAMK HEAATERKRZES, HA/NUF 5TOC
FREDFEML (r=1.000, p < 0.05) , XN
: HA-S1> HA-S3> HA-S2,
2.4 FAHFRLE B9 RR IR 7 AL

W2 BT 00 ik 1 22 18] 78 AS AT 335 B0 52 2 SC R i I 7
T R AL o R R A TA PR BT R T R RS e 1 ) e e
WL SRR R, AR A R A T e,
X G G AT AL . AT R A T Huang 1
FrE L EE IR 2B (HI) SkRitfr a4k, BHI>0

W, RUFTEBR RN ; HI<ORF, U0 AT
i, 13 A% W B SR AR R vk BE R A HIE, L3
AR, AR L P A A A R R ) I B X A R
B (HI>0) . AHOs—FeFTAHOs— AR #5500
R, HBEW AT i B 3G N . Kaol iR Hif 4L
O R 3 T Mont,  ELH HIE BE W 09 T v i 12 8
Ik, T Mont i HI{E K B 09 7+ T B A2 4k, C,
T FIAL FE Mont FlKaol— & F2 B 1 R AR JHE X Bl 47
AR RN o 25 HA Y IR Hir 58 BCH T Pl vk B2 T v 3
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Fig. 2 Distribution coefficients (K, ) of atrazine in various adsorbent/water systems
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Fig. 3 Desorption hysteresis index ( HI ) of atrazine on the minerals and humic acids ( HAs ) relative to concentrations
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T B Ak, (HRRIHAB AR KES, W
F1 i R HAH LA feod AR iR N, = FPHARIK,
FHNAAFER AR R (r=-0.944) .

3 i ®

3.1 BHLRXS B4R B R FF

RZWFEIEN , T HA AR 24001454
MEFHREERA, LAV A Y0
HRBAT S B v g e 7 L dnGondar N
AIREFEIERT , AL & e 1T AR 7E 3 b Al
Wb, AR 25 7E BRI RS, Alam® O RTSE
WEHT, A AL — i 2 A AR 2 A M AR B R A
e sy T ERIR G, Hrb, HAXAHLG 9 A
AV RAERT SRR R AT BIL TS G A AR Y [
FRfie Sy WHRPA VO SRLADEE (IR) R T
IR S AR P 3 (ESR ) FEARWE ST H AR Bl R 7 i 1
W R ALEE, SESR W], BATRR 2 S e S
B F e . JuAEAL AR AR I B AEHA A |,
HoW it A A T WA e R . RIS 1 45 R AR
W, 5 s, HAXT PR R A
SRR RE S (25 #3) o =R HA X REf
(R Frundlich W B 45 i 2 5 B8 0 BN 4208 T1 (3R
30, UGHTH AT BT AR i iy 8 B 45 IR 2 4 I ek
DLV oy BB Sy 32, IR B m i PRy, X Bl it
HEA R RO RN (I3 o = A HAXS B EH HE Y
ROV BA —ER 25, XA H TAHAK
HTOC, N, HERAFMEMRE (£1) kY
BT A T R 45 A R R Rl o6 0
3.2 TIEF R BUAFRLR AV IR BT

Bty (MSEMiA . mie ) & IR
HEE A 5y, HAE R i E & i TA L
BTo BT EARERR AR VAT B, R R TEAR
KRR Foe H MR . 25 mIiGe, M
S LIS YA - B ERBEAT N . Peng? 12
RIWTZR IR, + 3 Mont Ml Kaol % 52k G571 14 W [6f 5%
T IEp HAN B 1o BE (Y52 e, I AL 3 202 B
FRMMEB G BIEM ., THES D RAM
AR P 2T AN DL R X =5 R AT S 20 AT Mont Fl K aol X}
B B RRG WE R R I BRE, S5 R E L, MontE R
108 3 JHC 2 () 45 X s P R SR AT WG BRE, TT Kao L 0] 52
BRI o A AR R A R, OB ) 2
SR, AW AIRRY], MR WX B R L

B RGBT RE S (&2 ®3) , RRAIE
Mont, HK, {8 (7.11) K (51.92) 5HA-S2
HIK, fH (8.89) MK (52.56) 4. MontXf il
R B W SV B 2 5 T Kaol, X2 1 FMonti
Fe R M AUE Kaol 192,745 (£2) , [AIEF, MontE A
B HE 2w (R2) fnl ik )2 m 450,
T P 2 K S A )2 ) BH S T AT R
e 24 DTSRt T A R O B . Ca S T
A P M ontFl K aol X Bl 457 4 (14 W B RE 1 A i A
(F2; £3) , BC,EFIRMAHN, K588 T
JEL BBl 7= A K IS, 3 T )2 1) A5 8008 B B 2>, B
M5 300 4 5 BT AR R HE 2 7 b i T e T A B
VEFHREAR 127, Mont/Mont-Cafl1Kaol/Kaol-CalJ K,
EHREC AEH R3Enmse  (F2) , R B AE
TR W2 B AR AR, T G A5 W B il 2k FrundLich #1507
BENME¥ R T (£3) , SR T SHIML £k 0 4%
fE P20 SRR T2 2 W], Mont/Mont—Cafil
Kaol/Kaol-Ca 7 I -7 e B Bsf A 76 Bl 4 7 5 7K 43
- S8 e 2 T U BRFASE A, T B BT AR R R 7 4
I, BRRRL Y TSR S RE S B, DT BT R
TEAED ) 1 5 5T e i - v £ 4 T
B, AR AE T D ORI R
MR PG 138 ), AHOs—Fe/AHOs—AlJZ%k . 48
ALY PR B, AR A S R T, R
A KM bR AR B S AR . O DR
Wyl B A (R EAHOs-Fe/
AHOs-Al) RBA &G A HLTTAE 1 38 b i fee
I AR A S (AR R A, DI 11322 5 i g ML
5 Y 7E R B AT R . SRS Y R
A VR E R, B AREL A LTS e
W B 2 R L 3 1T 0 B B R A3 IR G o 2
AR A — 2 A2 B A, i o kA A AL
Frbk, T A LR XA HLTS e W i W R
4, ARSI LW, AHOs-Fe/AHOs— ALK P45
PR EA — M RE ) (K2, $%£3) , HHE
W B BE J1 0 /N FHARME B R 07, dtrl i,
- S F BT AR T ) W B BE 5 AHOs B R 2 IE A G
KZ Y, R TAHOsHABR KM LR (%
2) , Al LT Z 0 4 BEA AL A ) H el 47 A
fRF 5 A VR, DT ] 422 B2 v 4 398 X B 5 7 e 11
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Effects of Humic Acids and Minerals on Adsorption-desorption of Atrazine in Soil

HUANG Yufen LIU Zhongzhen' LI Yanliang WEI Lan YANG Shaohai
( 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 As a critical organic pollutant in soil environment, atrazine has aroused people’ s concern
about its fate and ecological risk in recent years. Adsorption-desorption behavior of atrazine is a key factor
governing translocation, transformation, fate and bioavailability of the substance in the soil, while it is
affected not only by physico-chemical properties of the soil, but also by some important components of the
soil, such as minerals and organic matter ( SOM ) . There have been large volumes of studies demonstrating
that SOM is the major factor governing adsorption of atrazine in the soil, and some others indicating that soil
minerals may be almost equal to or higher than SOM in such an effect in the case that SOM is relatively low
in content in the soil. However, most of the researches were concentrated merely on relationships of atrazine
adsorption with soil minerals and content of SOM in natural soil. As soil is very diversified in type and very
complex in composition, so far nothing has been done demonstrating quantitatively extents of the effects and
contribution rates of SOM and minerals on and to atrazine adsorption. The aims of this study were to investigate
characteristics of the adsorption-desorption of atrazine by SOM and minerals, so as to provide some theoretic
basis for quantitative analysis of contribution rates of SOM and minerals in atrazine sorption, and some
scientific evidence for better understanding and evaluating ecological risk of the organic pollutant in soils
different in physic-chemical properties.

Six pure minerals ( montmorillonite [ Mont ] , kaolinite [ Kaol ] , Ca-saturated of montmorillonite

[ Mont—-Ca ] and kaolinite [ Kaol-Ca ] , amorphous hydrated Al and Fe oxides [ AHOs—Al, AHOs-
Fe] ) , and three types of soil humic acids ( HAs ) , which were extracted from soils and purified, were
selected as the representative sorbents for the study. Structures and physico-chemical properties of the sorbents
were analyzed with an X-ray diffractometer ( XRD ) , a surface area analyzer ( BET ) , and total nitrogen
and total carbon analyzers. And then adsorption-desorption behaviors of atrazine on these soil minerals and
HAs were analyzed with the isothermal batch equilibrium method. Results show that the isotherms of atrazine
sorption to all the tested sorbents could well be described with the Frundlich equation (7=0.982, p<0.01) .
Humic acid ( HA ) was the key factor influencing atrazine sorption in soils. A linear adsorption isotherm as
was described with the Frundlich model was found ( N=1) , with K, being nearly constant despite changes
in C,. The adsorption of Atrazine was controlled mainly by the mechanism of distributive dissolution and
highly reversible. The effects of the three HAs on adsorption of Atrazine and the effect of delaying desorption
of Atrazine were significantly related to content of TOC, N, or H in the HAs. Clay minerals ( especially
Mont ) also showed strong Atrazine adsorption capacities, with Kd rising with increasing C, and an isotherm
being S—shaped ( N>1) , indicating that the adsorption is effected mainly by surface hydrophilic interaction.
However, once saturated with Ca ions the clay minerals ( Mont and Kaol ) reduced their effective adsorbing

sites on the surface and in the interlayer lattices and in turn their effects on adsorption and desorption of
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Atrazine. K; of AHOs decreased with increasing C, values and leveled off when C, reached a certain level.
The isotherms all appeared in the shape of an . (N<1) , indicating that the adsorption is effected mainly

by chemical bonding between the hydroxy on the surface of AHOs and atrazine molecule and moreover, the

lowest in reversibility.

Key words Soil mineral; Humic acid; Atrazine; Sorption; Desorption
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