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FALPE BT R TR ;. O EE (A5 )
AAeE (fLges) ; SRAM (i) 5 K
(Milli-Q#B2liK ) . FEZEIFEIEHEEIEIK (TS-
200B, b RESRAAAGHEARAA) | &
A HIC (NOVA BET, ZEEQuantachrome
corporation) L JLEHHY (Flash EA1112, EHE
Thermofinnigan) L ORVE SR (HT1300, 7
[ Analytikjena ) . XJFATHML (D8 ADVANCE,
P8 IE Bruker ) Al SRR GG (269578, E[H
Waters ) 25,
1.2 il RiE & RE RN E

U A Bl e R M A SR A
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Table 1 Physico-chemical properties of atrazine

RN PN

O T KR

pK,
Structural formula Molecular formula Molecular weight Water solubility (mg L™")
Cl .
N/ \N ey
CgH ,CIN; 215.7 33 1.68

/
CZHS—HN—\)—NHCH\
N CH,

1) 25°C FH/KESE Water solubility at 25 °C

(Mont) . CaBS FHAMZENA (Mont-Ca) | &
WA (Kaol) . CaB FHAIEISA (Kaol-Ca) |
TEMEY (AHOs-Fe ) | Jo & B A 1L 5
( AHOs-Al) ., MontX H#iLIE %, Kaolk HYLIN
BHIL, R ES 3] <0.002 mm MontFlKaol )
sy, 50 CHET, WFEE, T 100H 4 H . Mont-
CaFfllKaol-Cafill & N« B AR Jr il % B9 Mont 1
Kaol, HCaCl, (0.5 mol L™") B lid7, B.Lo32:
LVEW, MBI 3, ARG R FH R Sk Tk
PR TECLU R oA 1k oAb BR S B AR A VR T
FE L WFES, 22100 H 4 . AHOs-FefIAHOs-Al
#l% 2% HuangZs 2 IRE M T, BAKINTR . 13
%Y A AGHBEFEL A EI0.1 M Fe (C1) [,
HEEWpH NS5 (AHOs—Fel 145 ) ; 0.5 mol L'
AINaOHE WA HEFE A F] 1 000 ml AICI, (0.5
mol L") ¥ (AHOs-AIRIHI ) , BRI T
FIREE A8 WGk LW, REHBAKE T,
B, FEHK/FEE (50/50, V/IV) BRI E
B4 ~ 5K, AEAgNOKKILCI ik, BT

FE, 1E100 H i A o R 3R AR 23 B A0 5 6 F
W) B EE 22 1 AR ( specific surface area, SSA ) .
K A S o A A A BLEKk (TOC) Fit
AT 78k D I E B T As i (CEC)
(%2) o [FEF, SRAXSLATHAD B & 3w
Yoy R gst (B, BARTARSM . i,
HLE40 KV, HL40 mA, FAIHEEE19.280 447,

WA SR 1) A% PR % 3 MR 4 4R R A
B LE L (HA-S1) | BtJH e (HA-S2) 1)~
ARAELIE (HA-S3) o HARHC, /@ fgifeiihs
# Chenf1Pawluk 45 (14] B . BImAO.1 mol L™
NaOH W, BisIIFRG S, /et s, R
FH6 mol L™ HCUAY pHE1.2, B.L4E, Fik L
RO R HALLSY, RA0.1 mol L™ NaOHIH
B, oUE, PR pHIEEL2, HCE R T
VEJE, B R, REWMHIR, LLEBRER I
M. #RJ5 R 0.1 mol L™ HCI/0.3 mol L™ HF/b
H3X (PR%24 h) , HE LHWRILEG. &5RH
AR VE R 2 B WICCl ik, B dE T, 1100
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H i £ o >R R LB 43 A {300 22 2 HA R TOC
i, RHIJCR AN E 2 HARY A (nitrogen,
N) IS (hydrogen, H) i, 5B ILFE2,
1.3 IRFFARR IR IR 3G

W BT AR HEC ) SOR A T 000 mg LA A
W, 5 EEWH0.02 mol L' KCI (0.02%FNaN,
VERAMTE ) o SR FH AL 2 W BP0 . R4S A
0.3 ~0.5 g (320.25 mmfifi ) #F T E T15 mlBg
BEBLOE R, A5 m B B R i £ A ok
J# (2.0, 4.0, 8.0, 16.0, 32.0 mg L") %M,
WIEIR A JE#E25 £2 CF, HE#EIRY (180
r min~' ) 48 hHUFE ( HISCEG R, 48 hit FeAR A
FENRME B ), FF4510 000 + min T BS0520 min,
L0 W AT R RO R ( HPLC ) 0 43
BT o 388 3 O R T i 8 YR B A v g e B 2
BhFae,  [R] As A BT R 2R 400 A B ) s 1 g A o v
BB

fiff R 0 W B R 0 0 SR AT, SRR
B — i W ST P 7 IR TE R OY o 3 25 W B V-
W (HBRERIBREEE) . MAS AT RE
W, T B [ RE S5 T 4k 5 i 48 hJiE 2540020
min, HCEVEWEFTHPLCIAE 7347 o
1.4 BUEDH

JIT A W o6 S 56 50408 221 2R Frund Lic h W B 455 784
HEATH A

Q=K - C." (1)

AP, O A WA R e 5 87 0 350 XoF B A 1 A
# (mg kg™') 5 K MFrundlich® %0, 2678 W M FH
SEE [ (mgkg™") / (mg L") "] COMIEFIFEM
W o P s 3 Y P BT AR R W (mg L7') 5 N
U B AR A AR MR B (TE R )

BT A o A [ — 0 A P o B R B (K,
Lke") R TFHIr A

K=0./C, (2)

L, o MCHERRK (1) .

B R P 0 i W R W R AL (Hysteresisi
index, HI) FfHHuang® "' §o5 kb5 1L -

Q- 0Q.

== l.. (3)

A, QU BT L HEAE 45 ol 0 B 50 AP Y 0 BA
(mg kg™ ) 5 QDR A5l BRI XCH By REor T ) e R
(mg kg™) 5 FHIART (C) MC, (mg L") 4535

NI FRAER U RE L B 3 W A B A 1A
A R XJ 57 8 R0R R BT L T A U R

2 4 R

2.1 TIEF A SER AR LR

X ATT SR A GE ) o AR 235 4 1) f T Sy T
Tz —, mELATA, 4Ry H AT R
MRFEART S0, AT gPIERSRIE &, WL, HA®
HAw Y2, CalfHE 7T 2B A MontFflKaol
AT 5 e BE AR K AR ATl A8 Ak, X 4D -3 43
J&F AR W RERR R KA ai i, T REEA A
Ivi) 2 180 ) i 1A B W BRE 590 o MontfR 362 L Ak 70 ki
FRERH W, KaolftF#1 : 1IERE IR B AL R 51
AHOs=Fe M AHOs— AR A 7 A X2 AT 5 5400 11
A b S5 B AR BT ) SR AR RS AR Y R . %t
2 1 W ) AR B AR Tt — Ao A R B (R
2), 6F LT WA T ATOC, HFREK/N
¥4 : AHOs—Fe> > AHOs—Al> Mont > Kaol,
Mont/Mont—Caf¥) BH & 7 32 e & 2 3 5 T Kaol/Kaol -
Ca. 3MHAYEAKEMTOCK &, HILTOC, N
MHE EWAE—EER, RNHERIHHA-ST >
HA-S3> HA-S2,
2.2 F4FHE 0B IR A2

5 Y W e AN [R] [ERH % W B T DA S AN [ )
A IR BT R AT IR, AR SR A Frundlich 77 FE A5
TR XoF BT AR s A A (] 2 R 50 o g W B A T 0L, A0
BSHBUEMER3IFR . HER3AAL, FrundlichJy
(r=0.982, p<0.01) RER UL P01 45 W B 550 X6
0T 48 7 o A O EE o Hamakerﬂ]Tompsong‘fr (16]
W98, Y Frundlich W B3 BUN{E7E0.7 ~ 1.278
BN, WERRESA A KAE (K M8 ) AT AR S5 0 1 B 551
XoF BT AR A 1) R B R s s, P UL, ARAIR SR A
IRF 7510 X6 ) 8 114 W B 6 T3 K/ A . HA-S T >
HA-S3>HA-S2 > Mont > Mont-Ca >>Kaol > Kaol-
Ca>AHOs-Fe>AHOs—Al, 20 HA 5 i i 45
LM BT R i E B 2R, Montb] Al R i it 11 %
WA AE St s, i Kaol MG & AL LY (AHOs )
XF B L 1 W B B ) B 55 . W B ) e 5 Y
e (HA-S1) 20 B A8 7 fie 55 19 2 B S8 1k
(AHOs-Al) By424%. Ca T ML FE Mont
Kaol WK RE I AG T . ARSRIEHAZ ], W)
HAE J1 22 AR, HA-STRYKAH 2 B HA-S2H01
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Fig. 1 X-ray diffraction patterns of six soil minerals

HA-S31)2. 515 F11.64% .
2.3 FFHIEEARE —RARFHSER AL

A LA E—W TR B (K,) 2R A L
WA T RE T IE Y EZES4, FEk, @
Y I BRI N T EE SR —. A
[ R A BE TR, BT A [ — W A TP KB
mE2miR . mE2HE, HIETY—KIER (E
2a, E2b, K2c) MK EKEWE (C.) M¥EnEA
A AR Ak R34, T HA—/K IR R A9 K fERE C 0 W i
Ak (E2d) o Mont—7KAK R, K fEREC A
mrE, 24C.>18.0 mg LI, K HETHEE (

2a) ; Kaol—JK{KZH, K HULREC, 093 i I+
, HAESCR MBS N, KR8 B e IR
(E2b) ;3 AHOs—/KIKZRH, K EHFEC, 3 finifi
BEA, MCaRF—EKF (C.>17.0 mg L) J5,
KA TE e (E2c) o k50 AEGH M b A &5 e
TR XF B AR o A I B A L RE 0D, AR SO — TR
TR E B PR R B K A (R
3) o HIR3AIH, AWK /NI A 5 K
H—30 A PR S 555w 9 HAXT B A hr HE HL A 8K
SRAMEBRE JT, = KW Mont X ] ¢ 47 5 1 1
FFHRE T3 e, KaoliRZ, AHOsH5 ., AS[A] 34
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Table 2 Physic-chemical properties of pure minerals and humic acids tested
T P S LR TR [ R i £ E
Class Sample TOC SSA CEC N H
(gkg™) (m’g") (emol kg™ ) (gkg™) (gkg™)

R 2] 5% A1 Mont - 24.23 94.0 nd nd
Soil mineral B4 RIS R 47 Mont—Ca — nd %’ 95.0 nd nd
R4 77 Kaol — 8.87 7.8 nd nd

1510 1 5 14 5 Kaol-Ca — nd 7.9 nd nd

TCE BIK G E AL RAHO-Fe — 242.6 — nd nd

TCERIK A HALFRAHO-AL — 52 — nd nd
R IR EHA-ST 455.5 40.1 43.5 40.1 43.5
Humic acid S EHEHA-S2 154.8 14.2 23.7 14.2 23.7
JTARTELTIEHA-S3 203.4 20.4 28.2 20.4 28.2

1) — KK Histands for not detected; 2 ) ndf Il 455 JE&not valid

#3 TR GAEM A HEA Frundlich 2SS HMEL M TEHRETHE-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 nearlinear equilibrium concentration

il Fdh U INES P& R LEESE X1 I#] ¥ 73T 7
Class Sample K[ (mgkg')/(mgL')"] "V N r K, (Lkg™")
+ 5w 247 Mont 7.11 £ 0.64 1.192 +0.073 0.9827% 51.92+4.63
Soil mineral BN 52 7T Mont—Ca 6.41+0.34 1.174 £ 0.044 0.993" 36.72 +2.17
U4 £ K aol 0.95+0.08 1.167 +0.088 0.998" 14.80 + 1.33
5 100 1 U 41 Kaol-Ca 0.71 +0.04 1.120 + 0.069 0.998" 10.60 + 1.01
JoE BYK A S AL AHOS-Fe 0.68 + 0.04 0.749 +0.018 0.998" 4.36+0.16
JeERK A A AL AHOS-AL 0.53 £0.02 0.898 + 0.058 0.993" 1.81+0.17
R Wy T+ HA-S] 22.25+1.61 0.917 +0.038 0.995" 253.6 £ 4.75
Humic acid PN B HEHA-S2 8.89 +0.49 1.032 + 0.041 0.995" 52.56 +3.90
"R b AT HEHA-S3 13.78 £ 1.19 0.928 +0.033 0.994" 80.32 £2.50

1) K. NRIKE¥ R FIH + BriERR Values of K;, N and K, are means + SE ; 2) ** p<0.01 Correlation is significant at 0.01

probability level

BHAWK HBAERKZES, HR/MFS5TOC
SRERFIEMAE (r=1.000, p < 0.05), £H
J: HA-S1> HA-S3> HA-S2,
2.4 FAIHFRLE B9 #R IRGR TR 3R

W2 T T 1 22 ] 78 AN AT 335 B 5 28 SR Fi T 1
iSO o R R AU TR BT AR e A 2 B it iz o A v
RV S oy N (R 0 e S S I I |
XU Gt AT B AL . ARFSE R T Huangs 1
BT e L e R A (HID) Skt fr ik, MHI>0

W, RUFTER RN ; 2HI<ORT, W0 AT
i, 13 A A% U B SR AR A TR v B R I HIE, I3
FIRL, O] L A A IR SR W B X A A R
B (HI>0) . AHOs—FeFTAHOs— AR 00
ek, ELRE MR A T i BB . Kaol IR AL
7 R 5 T Mont,  H JH: HIE BE e B /0 T w85 1 28 7 R
fIC, T Mont B HI{E B i B 09 7+ T i 424k . Ca
T AL FE Mont Al Kaol— % 2 B 1 R AR L X BT 47
A IR RN o 25 HA Y IR Hir Z2 ZCH A Bl vk B2 T v 24
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60 5 S
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A 8 &3 g
£ 20- g O Mont g 5 —8 O Kaol
= ﬁ. @ Mont-Ca 2 @ Kaol-Ca
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WIUAHE Initial concentration (mg L") WIUhHkJE Initial concentration (mg L")
~ 16 ~ 600
B c O AHOs-Fe o d O HA-SI1
2 . = HA-S2
-} @ AHOs-Al - aso b o
B e o = HA-S3
= . E= g5
S N "2
i Tee - 5
& 8 e & S 8 ©
s 4r . @ @ 8 150
2 S o )
Z o0 L L L 2 g O ® 9
=) 0 10 20 30 40 A 0 1 1 1
0 10 20 30 40

WA E Initial concentration (mg L™)

HIhH % Initial concentration (mg L)

TE: Way S — KA F G RIAL BRSE e AT— KA ZR 5 I by g e A7 — /K AR R RIS AR AL B 0 A — /KA 2R 5 Rl el T sE B4
F—K IR R AT E B AR — K IR R RN =R EIR— K IR R ALY B T 2 Note: Fig. a shows Mont/water system and

Mont-Ca /water system; Fig. b does Kaol/water system and Kaol-Ca/water system; Fig. ¢ does AHOs—Fe/water system and AHOs—Al/

water system; and Fig. d does HA-S1/water system, HA-S2/water system and HA-S3/water system. Each treatment has two replicates

IR FR % HI

Fig. 3

&2

AT T A (] WA A 70 /74 S A A R T ) 3 L R R (KD

Fig. 2 Distribution coefficients (K, ) of atrazine in various adsorbent/water systems

PRk & Concentration of atrazine (mg L")

o2
a4

|8
216
832

W
&
=]
=

&3

HOs-F
TR Y FIEAEER Siul mineral and Humic acid

AHOs-Al
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R o 207/ (NIRRT VASHINE T SIAe E

Desorption hysteresis index ( HI ) of atrazine on the minerals and humic acids ( HAs ) relative to concentrations
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T AL, (EANEHABAER KES, W bEE
TR HAH B e iR i s, =FhHARIK,
FHNNAFER AR (r=-0.944) .

3 i ®

3.1 BB B A R B

MREWFIEN, T HAAEE & 220514540
MERMREE A, LA VLTS A IS Y90
HRBAT R v g PR 7 L dnGondar N
MIRFFEIER , A HLB & B PeE T AR 2578 - 5 rh iy g
WHE, DLRARZSTE FIER AR S, Alam%E N BESE
WEBH A BLTT A2 — B A AR 2 A 0 A A 5 A
M F ERIR G, Horb, HAXPA DL 9 B
AV RAER, HEThT R AT BLTS Y A A Y
Frie i, RS O RAOEE (IR) R T
IR FE 4R 0 3 ( ESR ) AR5 HA X BT v 3 1Y)
WAL, S5 ER, Bl Rr i g2 o S
i TR . A ) SR 55 VR R fE HA R A I,
Wt f kA T R RS . AR RS R R
B, 530 Y4 M EE . HA R B RR R 5 A
SRAG I EERE 71 (2 #3) o =APHAXT P4 hr
A9 Frundlich W B 45 iR £ 7 f2  BU NI 45 1 (%
3, UG HH HA T B A v %) W o 45 TR 2 3 2
VIVE i o BO O B R 3, R B Pl 3o e e v, X BRT AR
AR RN (E3) o =R HAXTBTRRRE
RAFRON BAT — R 22 5, X rl g2 FAHAAK
BTOC, N, HERARMEEMEE (£1) DLS
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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 K, 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
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sites on the surface and in the interlayer lattices and in turn their effects on adsorption and desorption of
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 L (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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