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W OE FHYORRIE K Zeta RAIAL B 1B UL SF R ST I IR 5 Cd™ 45 4 (1 i v e M R AR R A
ZEARES T pH E B TR AR X AR 5 Cd™ 454 B i L A L. 45 SR 32 B pH {E K. 5.0 71
#) 6.0 I, BHIRR 5 CA* 255 1Y Zeta HO LA XHEIG A, HAE G 1 S5 AR o ORI 3 L2 5 45 1 1 K. 88 i 2
M 0.01 mol - L™ H4 K H] 0.1 mol - L™ B JEIIIR 5 CA* VEHIT Zeta M 2% {EW/ N I SR AR PGSR, SEOLAS 519
FORLE A AN IR EE I 20 CTHE 50 CR JETEIR S Cd™ 45 A Faud MRl , Hoah & 1y 2 R B 800, 1
FMEE BT AE pH K 6.0 B F5RIE A 0.01 mol - L™ Ry 20 °C Z5 4T, il i JBE 48 R RN R SR T AR PR 5
Cd* G5 & AR E H AL (1gK) 4331 6.34 F1 6.31, L5 A 25524 1.15-mmol=g”' 1 0.94 mmol -g ™.
KRR, CdT, A5EER WK, fa R

Characteristic and influential factors of humic acid complexed with Cd**

YANG Yi'™ LAN Yagiong® JIN Penghkang' XU Huining'

(1. School of Environmental & Municipal Engineering oft Xi’an University of Architecture & Technology,
Shaanxi Key Laboratory of Environmental Engineering, Xi'an, 710055, China; 2. Department of Environmental

Technology and Ecology, Yangtze Delta Region Institute of Tsinghua University, Jiaxing, 314006, China)

Abstract; A laboratory study was conducted to investigate the characteristic and mechanism of
humic acid( HA) complexed with Cd** which affected by pH, ionic strength and temperature by
using nanoparticle size and Zeta potentiometer as well as ion selective electrode method. The results
showed when pH increased from 5.0 to 6.0, the absolute value of Zeta potential, conditional stability
constant and the apparent binding capacity of HA complexed with Cd*" increased. When the ionic
strength increased from 0.01 mol - L™' to 0.1 mol - L', the absolute value of the Zeta potential
decreased and the aggregation ability enhanced which led to the apparent binding capacity reduced.
When temperature was risen from 20 °C to 50 “C, the binding stability and the conditional stability
constant abated , while the apparent binding capacity of HA complexed with Cd** enhanced. Under
the condition of pH 6.0, and 0.01 mol-L™" of ionic strength and 20 °C of temperature, the
conditional stability constants (1gK) were 6.34 and 6.31, and the apparent binding capacities were
1.15 and 0.94 mmol +g~' for commercial and natural HA complexed with Cd* | respectively.
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R RR I BTG Y R 2 — A A RIS P ONRE A AT 0 AN RERORUAE W A, 2
AEIE i 25 B U B AN R 2 (8] A5 5 A% L PR X DR A PR T BR. 30 P B PRBE AR DL 2 412 ) 2014 4F
e [ Y900 B K T2 252 B B T S, LA Y L R) L XA AN R R BE RGN, 1T 2015 47 168 Fr)
TR I b —AE XA R R BE /N 2 R T I T A R, C A =B W, P Y
il T S5 SR | I AR T RARKAR L3RR 555 FAR AU I & 2y TR B, R B 752
bk A AL PERE o T B JR B A 2 A St WA S S T X R R AR R T TR
PN A 50007 S5 2 B PR AR B e pH A B 1SR R AR T | 4R AR S S
JE IR S A SR AR IR 2 XA IR 5 R A & WA R P R W] B pH (Y
AT PRI I PR 55 4 B B (A Cu™ 45) IS G i e n 7 22 pH H— 2 M 51 T, B 25 5
FEREAR , TR MR 48 B 745 4 2" - F ] NICA-Donnan %12 Model V./ VI WHAM #
TR 265 ol AR JO 9L o 5 4 TR S O 5 IS R, A5 1 1 4 TR 8 AR X 4 5 9 T AL oy AR I o g 3
PR AL ORI AT 22 5, HL pHL (2 10tk BE RN BE 45 ISR W B AR 5 Cd™ 25 5 B A B RasE PERY
SR D I R A GAR R FEIR 5 Cd™ BREEAE T, AR S8 A SR 5 s 1 T A 7 v A A
RAERFEA S TRV pH {HL L 15 BE R L XTI AR 5 Cd™ 455 W 50 285 W 64 B M ) 532 i) e
HZma L.

1 #BL5 J7 1 ( Materials and methods)

L1 RS B8 450

DT b S AR ( H ARG 2y Tolk kU att ) ISR TS BRLR (SR FH IR 1 A2 A E T 3P 3k dmp G U v
PRI, S A1 Cd> EEAARAR ) 5 ST (4 A R A 3R R L ool T 4tk b, P 0.45 wm BB RS
T4l Cd(NO, ) , e e B 235914 0.0001 ,0.001 .0.01 mol - L™ 4 Cd** 9 , 5256 Fh N Cd> e B AE
1.0—50 pmol - L™ JE [l JH ¢ BE >4 0.1 mol - L™ B HNO, 1 NaOH ¥ W& 8 15 75 W pH 18, JH & BE 5 0.05—
5 mol - L™ [} NaNO ¥ B8 17 1A T 25 50k B2 S0 56 SRR [H] 4 0.5 h, [ I A 201 °C (IR 5% 52 56
BRA1) .
1.2 W AR

(1) Zeta HUALFIRIAR : R Nano-ZS ZEN3690 KA I Zeta FLAL SN AE . Zeta L7 2R HEL UK G
S ATHT R AR R 5 U SRk R AR OC SR BT

(2) WFB ARG B8 CA> WREE WE S A8 Cd™ Wk B R B i B ra A i 0 , ffiFH 315P pH/ion 428
FIEBEHAR (B CDOL50T, PG F 2 1x107— 0.1 mol - L™, pH {E 2 2—12 JiLE }y 0—80 C) FiZ 1t
HLHZ (No.5731429 ) 45538 Cd™ VR B B0 Cd™ SR L 0 B 4 Cd™ IR E.

(3) RS CA™EMMZ & ECAIA 11 B RCARUARI, BE A Cd> SRR — 1> S 25
AL FHARC)  BAL/ [ M, ] F 1/ ML AR, AR 86 AR R 43 558 45 AR 2 K RERILAS &
i C,.

1/[ML] = 1/(KC:[M,]) + 1/C, (1)

Ko K MR B EG [ M, ] M ML 5 3R B S M2 A S 283 FIREE (mol - L) ; € RS &
75 ak, RIS BBk 2 1T 45 10 4 T8 B T I A (mol ¢ 71

(4) JEEFEIR He BE R ] TOC-V oy, H A 15 HE SSM-5000A 7 5 A HLAR I 22 A I 5. pH {4 % Fisher
Scientific AP10 FUAE % B FE 11 %2 .

2 R 51718 (Results and discussion)
2.1 JEFEIRS Cd* 455 M Rt N SR S AR

TEJEFEFRHEJE TOC 4 10.0 mg-L™" . Cd™ % H 2—10 wmol - L' i, B 7582 (1) >~ 0.01 mol-L™" .pH
{HAE 3.0—6.5 FIZME T, pH XTI FHIR S CA* VEFIIG Zeta HL A7 FURIAS A S0 LI 1.
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—— i B 5EER Commodity humic acid Cege=2 pmol-L™! —— RARBFEFENatural humic acid Ceg=5 pmol-L™!
-5 ®fhJEFEER Commodity humic acid Ceg=10 pmol-L™! —— FAREFEEENatural humic acid Ceg=10 pmol-L™!
pH
5000 ~
4000
3000R

Particles size/nm

Zeta potential/mV

1 pH XJEIHR S CA™ 1EHIG Zeta HOALFURAR 15200
Fig.1 Effect of pH on the Zeta potential and particle size of HAs after binding with Cd**

HH Il 1 AT, pH {EAE 3.0—6.0 B, Bl pH (B3 K IR 5 CA™ YEFHJG Zeta FEAS 48 X (5 FEAS 14 7 34
K, TPRLAR AR 2R WU/ N S 2 R R B pHL (R0 ¥ 1 R, T8 R A TR 1k Y e AT (AR TR Ty 6 B 4 ) AN
W B A, Zeta FELAS 246 XoHELT T 186 K | T FELRR 431~ PN 140110 ) 20 B AN T RE AL T8 3 1R e Mok 1~ SR 5 B I
1%, BN R AL A3/ AH pH (HAE 6.0—6.5 B, B i JE TR 5 Cd™ TEHG Zeta HLAV 46X B AT T
G AEREIN Cd™ e AV T pH (EAR R , B B FEIR S CA™ 1EHG Zeta Mo L RAREHIR 5 Cd> 1EH
Je AR AE pH AEART 5.5 B, REREFEIR 5 Cd™ VE RS RAR L B Al 5 Cd> fE R kiR K.

pH {H4 5.0 B F3REEH 0.005—0.1 mol - L™ 4514 I, BS 3 BEXT I FH R 5 CA* MERI )G Zeta HLAL
FIRLAR B 5% M UL & 2.

—o— T4 B 5EEE Commodity humic acid Ceg=2 pmol-L™! = RARE5HEE Natural humic acid Ceg=5 pmol-L™!

-8 1 5h /52 Commodity humic acid Ceg=10 pmol-L™! —— AR 5EER Natural humic acid Crg=10 pmol-L™!
Tonic strength/(mol-L™")
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Eoof g
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s —40 [
Q
R ol 50|
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2 EFSREEXTER S CA* YERR Zeta HUNLFDRLAR ) 50
Fig.2 “Effect of pH on the Zeta potential and particle size of HAs after binding with Cd**

H 1 2 W] R BV VRS R B R TR S CA™ MG Zeta FROLZE XS FEAS 122 W8 /N1, T
AR FEAR T 2 T W1 TR 5 B2 DR Ay A B ) I A B T T S s R T S L) S o0 A,
FRIFESFE T RE VA2, 3K Zeta FEL ST 268 XoT (LT Vi oAV 17 T80 0 TR S A R 5 6 FEE B R ZE 0N €™ e 8 A [+
B, — BB OL T e R 7R S 5 B2 SR F T B B IR 5 CA™ VE IS Zeta HLALLL R AR FH IR 5
CAd™ fERJE AR, RAREBFEIR 5 CA™ 1E e Az L i i s iR 5 Cd™ VR E kLA K.

2.2 pH {EFIEFIREEX EIHIR S Cd> 456 H 8 5Em

TEJSFEBRYEE TOC 4 10.0 mg-L™' pH {H° N 5.0—6.5 B T H# K 0.01—0.1 mol - L™ i} | JBH R 5
Cd™ 25 A HE B 1.

I8 1 W] RN 6 S 00 0 LN 1 R A R R R SR AR IR 5 Cd™ 45 6 Y SR IR AR 8K 1K 43 il A
5.58—6.44 i1 4.93—6.31 [ A, HFRWELE G 45 4t 43 HI7E 0.27—1.78 mmol - g ™' F1 0.19—0.94 mmol-g™".
4 pH {H7E 5.0—6.0 B, Bifi pH (B3GR JEFHIR 5 Cd* 456 1Y SR AR 8 BCREAS 230 M 1 K1, 1 1 Feg 7
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fR5 Cd™ BLh 4 g MBI b o 7 b B B R pH (H°M 5.0—6.5 I AIR SR BB R pH 5N 5.0—6.0 i,
BE pH {E3 K, BIEIR S Cd™ fE Y FMES A& 25 B Wi, UL IS IR 5 Cd™ 25 &R i, F 82
M Bl pH (6T, TR B REALE D 55, 45 & &8 B T I s i3 2 B XL Cd>* fEH G 1)
Zeta HLOTLNHEIG K D) AR 411 7% J7 358, 1M S08E VO AEAE SR n B IR R 51 108055, I 4 R ik
KL RAEVEREAR , o732 W i et A i | A2 BHZSOR /IS A R T Cd* 5 IETHIR o7+ B Re BT 45 &, 3L
IgK (B FIFMLES & 25 1 B Wi . A B THGE , 76 pH (28 4 R 5 B TSR EEAE 0.1 mol - L', Cu® | Ni**
5 IR 5 TR 14 245 5 2% VR R B B pHL 389 T B89 n 920 7R S 86 % BB F SR AE 0.01 mol - L7 A
0.05 mol -L™'f, pH {EL7E 6.0—6.5 B, B it B AR 5 CA™ 1E S 1K {ELA FT R X 5 00 244 7 i i
5 CA* YEHIG Zeta ML 48X EAT BT REAIRAH G,

x1 JEHRY CIEEER
Table 1 Binding constants of HAs with Cd**

1% c/

(mol-L7") pH Ik (mmol-g7") r
5.0 5.83 0.44 0.990
55 5.86 0.93 0.995
001 6.0 6.34 1.15 0.973
6.5 6.14 1.78 0.946
T EER S cd* 5.0 5.72 0.27 0.994
Commodity humic acid 55 6.00 0.44 0.946
and Cd** 0.05 6.0 6.12 0.64 0.953
6.5 5.58 1.50 0.919
5.0 579 0.27 0.983
55 6.11 0.36 0.964
01 6.0 6.08 0.56 0.760
6.5 6.44 0.72 0.986
5.0 5.76 0.59 0.980
0.01 5.5 5.90 0.88 0.967
6.0 6.31 0.94 0.952
5.0 5.42 0.39 0.993
0.025 5.5 5.81 0.71 0.976
KIREER S cd™ 6.0 5.77 0.91 0.961
Natural humic acid and Cd** 5.0 4.93 0.28 0.955
0.05 5.5 5.10 0.81 0.849
6.0 5.84 0.83 0.960
5.0 5.40 0.19 0.979
0.1 5.5 5.82 0.36 0.932
6.0 5.84 0.47 0.974

TEATR] pH (HEMF T B TR EEAE 0.01—0.05 mol - L7 B | BB 150 B 38, PRHEFEIR 5 Cd™ 454
1) S A AR B B AR N AEAH TR pH (B T, B2 T3 5 M 0.01 mol - L' #%K 5 0.1 mol - L™
B, IR E AR 5 Cd™ 45 & 1 FRIEE & 25 & B Wil /N AR 5 Cd™ I 45 & & FRAIC, U6 I AE I S0 56
FRMET B R R R B TR 5 CA™ 25 & ROW AT AV . 2 0 R A RS o B RGO, I AR R 4
BRI 1 A2 B FEORLR] R 03 ek /N 1T 3R A P T2 T 1 o i 9 1 B R SR A, 6 BHL AR N R, €™ 5
JEFEIR H REA 25 B XMEREN IR, S BURTERR 5 Cd™ RS & 25 B Wi/ ).

FEAATRI VA TR pH (EUFN B o B 2540, B AR 5 CA™ VBRI 1K L RARIEFEIR 5 Cd> YER G
B 1gK (B K, DR B S B AR 5 Cd™ IS AR M LE RARIB IR 5 Cd™ Ay M 3.
2.3 BEXEMR S Cd> 45 G E B s

TEJE IR E TOC M 10.0 mg-L™", pH {43510 5.0 A1 6.0, B F58 % 4 0.01 mol - L™" R JEAE 20—
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Table 2  Effect of temperature on the binding constants of HAs with Cd**

pH T/C IgK C/( mmol-g’l ) R?
20 5.83 0.44 0.990
30 5.75 0.58 0.978
3.0 40 5.66 0.92 0.998
TS ETEIR S Cd™ 50 5.51 1.75 0.931
Commodity humic acid 20 6.34 1.15 0.973
and Cd** 30 6.08 1.18 0.924
6.0 40 6.04 1.52 0.947
50 5.90 2.43 0.968
20 5.76 0.59 0.980
30 5.67 0.93 0.971
3.0 40 5.43 1.00 0.963
RARIEIER S Cd> 50 5.37 1.82 0.938
Natural humic acid and Cd** 20 6.31 0.94 0.952
30 6.23 1.32 0.981
6.0 40 5.95 1.46 0.976
50 5.99 2.01 0.964

R 2 AP Bl TR T JEAE R 5 Cd™ 45 & I AR MR SO AR s/ . 24 pH 28 5.0 B, )
7 I FE DA 20 °C FHEI] 50 °C B, B BE R AR SR S B MR 55 Gd ™ 5 5 1 1gK 437 M\ 5.83 Fi1 5.76 R AL 5]
5.51F15.37 ;pH H>4 6.0 B, 5 b B G R AR SRS A R S Cd”! 258 1 1gK 433N 6.34 F16.31 F#{1%515.90
'5.99, GBI FEIR 5 Cd™ M4 & A e sl 5. DV AT 1, (1 H Schubert 8538407 ik J2 H
BIEE KRB, 76 pH (E R 4 F1 5, B TR E 0.1 mol - 7' MR E K 25—65 CHE, B pH {H M 4 B Ni** 5 &5
TR I 25 A 2 RS E o B0 Bl R B L T T BAAIE L by Cu™ N> 5 3 TR 119 45 5 A 1R e o O 1 R
1260 75 pH B 2.0 I, [ 2SR 5 Fe () Ml Cu( I1) 454 AT 8 805 1/T 435905 R HE AN E
Pe " TIAS WIS PRI SRR A 16K 5 /T S2IEHE AE pH E2R 5.0 I, B B AR AN KSR IR 15 Cd™ 2
A 1gK 5 1/T P E 2500094 0.983 F10.973, pH {H4 6.0 I35 0.961 F10.909.

FERATR] pH ™, Bl 52 RLEE T 5, SRR 5 Cd™ 455 1 RWLES & 25 S Wi K.Y pH (-l 5.0 B, S
NEEREE A 20 C T2 50 C B, T BE B R R AR AR 5 Cd™ 45 A I R W ZE A 4 1 4 i A
0.44 mmol - g™ Fl 0.59 mmol =g ' #8AKF1.75 mmol - g ' 1 1.82 mmol - g™ F B & T RV IR E T+ 57, R AY
I TR BEREAR, JE B R - R CA™ PR Re T, - Figs sl in i, S BUE IR 5 Cd™ 25 G A vhukss |
SRR BN TRV JE AR R 43 IS PR B RE VR BT i 2 RS CdP R A B B AR 2
JEEFHIR 43 FF CA* K AE Rl B G AR I K, S BUBBERR I Cd™ 48 G IR ILES & A B K.

3 %518 ( Conclusion)

pH {B1E 3.0—6.0 i, B pH {E3E K, JEFHIR S CA* MEFIJG Zeta FLA 28 XA R MTRLAR 2 T /)N pH
{H7E 5.0—6.0 If, i pH (B34 K JHAHIR 5 Cd™ 456 1Y A5 1F AR E  BUM RSS2 1 HA B Wi ok, B
JEFAFR S Cd™ IS SRR E A ZE & BB g .

HAE pH EAF T, B 5B 0.01 mol - L™ 3K F 0.05 mol - L7'B AR 5 Cd* &5& A€
HRCREA DTN B TR EE M 0.01 mol - L7543 0.1 mol - L' I, JEFEIR 5 CA* VERIJT Zeta F 37 46 X {1 5E
AW/ BERE R SRR 5 CA™ 455 BV, & 745 5 B W/ SR R 20—50 C IR, 2
IR The  JEAHIR S Cd™ VR AR MEE & 28 B O AR RRE W B A S 2 s/ Y.
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