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Abstract Extraneous humic substances could alter the dynamics of Cd in soils. An insoluble humic acid,
produced from a leonardite, was used in laboratory experiment as an adsorbent to immobilize Cd in a silt-loam soil
near a smelting plant and a Cd-spiked and aged sandy-loam soil, whereas a soluble peat-derived potassium humate
was employed as a washing agent to mobilize Cd in, and remove it out of, the contaminated soils. Addition of 2%
humic acid could reduce CaCl, extractable Cd in a soil (0.103 mg-L™") by 19.7%. This immobilization effect was
greater in sandy-loam soil than in silt-loam soil. Similarly, Cd removed from the contaminated soils increased with
washing agent dosage. A single washing at 10 g-L™! of potassium humate removed up to 38.1% of the total Cd in
soils. Fourier transform infrared spectroscopic analysis proved that after reacting with Cd an enhanced
symmetrical vibration peak of —COO™ at 1 379 cm™ was observed, indicating the formation of Cd-carboxyl
complex. This study suggests that Cd-contaminated soils can be remediated by humic substances through either an
immobilization or mobilization process. The key to the success is to select humic substances with a suitable

solubility: water insoluble humic acid for Cd immobilization and water soluble potassium humate for effective
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removal of Cd out of soils.

Key words cadmium; humic substance; soil remediation; heavy metal adsorbent; soil heavy metal washing agent
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MFHC PR (C, RKWETERRERS GRS IR 1F M (Ut
D, A TSR LR L3R ) Cd;s @I B 2 FUEFE BN L3 Cd B AR ROR
VLRI B E I VE R, BRI I 7 25 R N R B BOR S (i SRR S PR,
NIEFEBTARBRLN T Cd 5% HRHBE RS EOR, Stk

1 MRS
1.1 ##)

1.1.1 Cd 7 4= 2369 2 A MR

BEBEGREFERAWEE -G OEREGEE FUREERZLE (HND iR R ExR+
JZ (SD, il CA(NOs), FiRiBHEEZl 10 M) EFELEK T WFEAFET 60 Hif, 2R
T4 . HHER AR AR E A (Marlvern Mastersizer 2000F, FE[E) MiE. HFZ
HF-HCIO,-HNO; =35 ", MM IR T e e it (Shimadzu AA-7000, HAS)
ERIRE .

BOR EREEREATER I 1 fin. WA H % (HN) (kS ERE, B THEE
+o IARRE T (SD) Wbk SRR, BTiE L. 2 FbES v g, K
SD TFEH) pH B 2 PP H3E 1 Cd &R IR & = Zbr ik (GB 15618-1995).

R1 WERIREOEXRMER

Table1l Basic propertiesof Cd-contaminated soils

i H Wi /% Wb/ % ki /% J5 pH(H,0) & Cd/(mgkg?)
HN 27.81 63.84 8.35 WL 6.44 327
SD 55.40 36.82 7.78 st 5.85 5.34

e 35T g3 2R FH [ B o] - 458 5 3 7 S A v

1.1.2 J& 78 i M B+

SRR i b L ZR BRI AG BR A W3R 4L, FH KR % 25 R T v M4 o s A D W B 5]
T L3 Cd Bitbsest; FRFEIREFFE e /R4 KOH $EHUG &k, KHE ERITEER
JEMRRA R TR AR . BCH AR ERREEY Y5 T 3% Cd 3 hisess .
1.1.3 A5

FAES R tral, IR, HR. E0EE. =AM g,
12 5%
1.2.1 J3F7A. 5 8 R AE

JEHER I RAEEFE: pHy K. JeE AT fE B AR 20 AR 61 o A F SR T B e A e
wmONT. METVEMTN: 1) pH, FIH pH 1l (Mettler Toledo, Hi-:) M 5 R 5 X &1
IKIRAW GG EE A 10 mL:1 @) 2) KAy &g, FREL— @ ot 2 1 S SRR AN B R P A 5
JEJrd 800 CHUEE 4 h, IEFTE R ZTHE; 3) JLERE S &, FIH K 2 MY (Elmentar Vario
Micro, Z&[ED W HrETFHIFE R 4) FTIR, FIAHL4MEREA (Thermo Fisher Nicolet iS5,
SEED 72 em™ R T M BT R TS G, ME R K TEE A 4 000~500 em™; 5) B
Fos, WHEEPREHE 2 (International Humic Substances Society, THSS) $2ft[H777%
IM5E (www.humicsubstances.org/acidity.html). K& (0.40 +0.01) g L™ J&FE 5 I pH
T 3.0, RIEEBETK (B COy Al 0.10 mol-L™ NaOH ¥ & & pH=8.0,
NaOH Fl &1 H R A&, 8005 E % pH=10.0, 4% NaOH HEIHH MRS &,
1.2.2 BB A L3P 89 RIESFH 2 Cd

KR £ B 7K R ZIE TR BISHOEWI o, SR)5 40 CHAF#H . BL0. 0.5, 1.0,
2.0% T EL K EAEIR 7 ml N 2] 2 MG g ke, AR BUREEEE T RN
IO T, LA B /K (Millipore) A1 0.01 mol-L™' CaCl, VAW AIREUK (/K EH 4 10 mL:1
g) AT IE KA Cd IARES Cd, SAERE 4 P17, BEOEE TRIKT,
25 CHAFFEEN Y 2d (300 rmin™) J&, 7£ 4000 r-min” 21 FE L 15 mine A pH i3



W LR
Chinese Journal of Environmental Engineering
SESACFR pHe  EERGE 0.45 um JREFNIERE, RRRILE RFERNEELEH . KH
KA TR /3 66 R I E v b Cd IR .
1.2.3 s mxtim 4 23 Cd 89 2Bl 3o

W IR IO 1. 2,50 54 64 7+ 8. 9. 10 gL (A, FIR Rk 7P e it
W5 — RPN R FE AR T 5K S8, 2R 5K J1-1gC HZR, K ih 28 5647 o5 9 000 ) B 28
By ANEE, FHAS SRR R NG S SR M E (Critical micelle concentration, CMC). #EHX 1.
5. 10 gL FIE FEER AR VA2 BN BBty e HAE st (GRCEEE N 10 mL:1 g), $R% 4 h i
ATVEL, HACFRRE 3 A PAT. VeSS HUE, KFERTE 4 000 romin” MZAE R B 15 min,
IS 0.45 pm BEBERIERL . B 5 mL i JE SRR T RBIUR O m T, SR
HF-HCIO4-HNO; =R il 5 i3 T I M SV e &0, G288 7/K (Millipore) &
RE10mL, R KIAE TR Y66 RETHIE i Cd IR . A BGR  se iA 4 T
i, R ANEREAC S Hr I B RRAR (O 1 B Ae ], EREURMY Cd Bl 2610 & RE 1 2R 1k
QER5 S
2.1 BFERAVIB{L MR

ARSI FH (S BORR AR 43 S B 5 THSS BE K0 M LU AR ZEAN K, R el P 2 s
JE T RRAR T LAAE 25 B oK h e VAR, TOVRIEAELE, AR . EiTHRBGEIRESH KOH
N, SEEHEES RGN, RS R, EHEBAL (C/N) 1T HREMA PR
(3 55 F2 R EE DB, 2 /N BRI, BAERT G N I e g, B FAHL
JRAE HIEF KR . R 2 Fon, BB O/N R, LI i, 1E 5L
F it FH T UK A AE 3 b R FE B Cd IR . IR AR 0 1C R 1 000 4
1, Rt PR, 78 196 d 2R SLae NS 358 v (1) 58 B e 2B A 1y L A1) R
B 5%. £ 2 Bon, SR AEEERE ) H/C ELES/N, VS F RS SHEIRT (O+ND
/C LB TERRAMIK, ViR MESS, wKMETE, X5 2 MR R OKIERT A, O/C th
SEATREBEA S, BRI O/C LR THIEIR, VBV T IR MBI &4 =
ZHEAERD, X5 2 PRESMEBREFRASTENLZ 8.

2 PSR LA (B 1) R, HoTRESH SRS A TR, FInmE.
FRdk, B 7 3500~3 200 em™ A SER I, FEAESE S R —OH MH4EIRSN; 7 1700
em’ KA R E C=0 BB EIRENPY; 7E 1400 om™ F 4G A AETE RS C—H M 4EdRsh; 1E
1300~1 000 cm™ FE7ERE2E . BRETHI C—O MgiREI™"; 7E 1260 cm™ F£1E C—O 7% KeMik,
900 cm™ LR NZEIA_E C—H 25 iR 3h7= A i il . 2 BB 55 7E 3 300em™ A1 1 050~1 150
e KbERE U, (H S TEFRERZE 1 050~1 150 om™ ) C—O (P4RHRaN M & . — e fefE
_EET DL B A R U B S BRI NG £2 . MR THSS AL AT VA E I B AE 13
wmivoN, 2 PR E AR SR E. BESE, eI Cd BRENSE GRS, XE+L
HE Cd FBiALSEES (2.3 1) FIPEMESEES (2.4 75) g5 B8 3| 5E .

®2 WHERHEAMR

Table2 Basic propertiesof the humic substances

WK Pk [ EeS
WH  C/% H/% O/% N/% S/% C/N H/C (O+N)/C 0/C pH - -

/% /(mol'kg™)  /(molkg™)
HHIER 53.22 2.69 30.44 0.78 0.15 68.23 0.05 0.59 0.57 12.72 5.92 1.94 1.75

JEE TR B 37.04 3.17 26.57 0.65 2.06 56.98 0.09 0.73 0.72 30.51 8.25 3.95 2.13
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Fig.1 FTIR spectra of humic substances
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Fig.2 The effect of humic acid dose on water soluble and CaCl, extractable Cd concentrations
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P 3 fl 4t SRR, 2 B 38 25 B K IR SRR pH B 5 50RR 751 2 O AR A s A 8 30 - CaCCl,
BRI pH L2 B FKIR IR pH B, — RN CaCl iEA SRR, — RN
AR S A K ERRIINAEIER (Ii—COOH, —OH), B AW m fIH & 132 (500~1
000 cmol-kg™), "L Ca® BAB FAH 4 H, Kl pH Bl HE8R 77 & A i T~ R4
EAF 42142, 76 pH W BRI 2MRMEME T, ARG Cd SRIIRMK, UHBIR
I IR Cd B st 3 1 R AF i AR et A o

IKA SR T R e, % Cd 25 5 4 J@ 7 S 34 22 1 Bl Ak A A s AL E
P01 RSO 2 RE W, SRR AE B MR AN o ik 3 h H G AR T A4 Cd IRUR, RERRIRA
WA Cd &, HEMRASESBSERIC (Cd0.24 mgkg', Zn41.05 mgkg', PbILT
R, A< s 1 2 b, X585 E 2R ESE NS & REWEFYA
. BEEFM—HEHE Cus Zn. Cd. As. Pb 52 MESEEP), IAF g BR L
BhE FR G RGN, (HAREINE HIEE S R TT Y. WBOR I KA A 1 2 5 4 il s A e e 1k
MIATHE, —MrA PR S L E A%, o P BB/ NKIE A HL AT e 2135 b L3
ELEBWAEM, IR EESEIEBEMAEYE S, R IEE 3 b B AR e e A
i
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5.0 e
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Fig.3 Effect of humic acid dose on pH of soil extracts

2.3 IEFERRIR AR E ST 138 Cd SRR B NE

Ji& e I 2 i A R B A AR A e PR B (CMIC) TSR 47 ) AE A B4R N T
L aeAs S OO, R R R R T T L TR B, TR R AR, HR T
5 cd Z g AR, EIS emik s s, O FR R 2 b od 4R 4E T RAF
(OsEnt. Wi 4 B, TR MG FUR IR S WU 2 527 mg L, R T IE &2
B (ERARATD MG T AR CRAHUBRIRIER 3 150 mg L. A 7EBLH] Heif it
Pt AR S N, AR T RERARRA . R, e il & AR FH IR T L I s LR S E
VRGN T Cd 15 g 3B 5
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Fig.4 Determination of critical micelle concentration of potassium humate

K 5 SRR B IR S R T B e AR A . 7E 3 800~3 000 cm™! frI—OH Ml
PRENX, Vg o IR AR 1 H A 3 340 cm™ B4 3 357 F1 3 355 em™ o 5L 04 1 (i 7 15 BH
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PRILLE . TE 1379 cm™ ALE—COOH UM FRIREN, ek J5 Ak W i 3 B A A8 Ak 3 FLWR A U [
BB/ T A2 S, BT RIR E A A EH. 7E 1093 om™ AbBEBLRE S TE R AT 5 R
59, W AEE—COOH FF—OH MZEIRANF=AER, BB SEAERINSESE Cd 4
HIERERE . B 6 i FE IR IR 59k ARV B 1 ok &R B ] DUIESEIX —&518 .
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Fig.5 FTIR spectra of potassium humate before and after washing soils.
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THIG AL, e kA Cd WRBERFLE EFF. tbiy, M HN EAERRERH KRR Cd K
FEZWT-2%, W RERIEMIEEN Cd CEP AR M EE, LIEPFRT Cd DUE N E R
W RIESTEAAAAE . B, AT DUARYE 5 4 8 15 Ge i RS B v A 18 ke A BE, BRI 2142
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SCRERM . AT BEM B Ca(OH), HEATAbFR, BRI Cd %5 28 42 A BE LA & R /K HE T
Pttt STOHUIR A IR & s & 70 SEmRse RIAE b, 7KVa P J B R P bk e 77 R A B A 22 4
TR e AR AR e AR Y DRSO R, BERTH TR Cd i3I miEE,
WA LT Cd s Qinth e, RO 8K, TR H RI8E Cd BeMt, nT DLERRFI AT
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Fig.6 Effect of potassium humate dose on Cd concentrations in washing effluent
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