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T DOM X Cd FR8547 R BOFZ AL, i — 40k 2
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AR, Cd 5B R a5 DOM X Cd 4 &
YEH I Y], HA% W Cd TEFREE b iYW -5
W, A SCHIAT DOM-Cd % &1 FHHLEE, B4k
DOM 43 ¥ . P45 pH {H . &5 58 B . PR I B X
DOM-Cd %G F RS2, FE SRS -, #8517
AR FRZESNEYE DOM 7E + 88 Cd V5 4L i e A gl ik
BE . RSB E | e i SN, LU
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1 DOM 5 cd Mg&1EH
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AVERR 5 —FIE R,
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DOM 5 Cd M 4&1EHJ& Cd 5 DOM J i 1)
FEAE., ARKRPN CdFEE R Cd(ll) F
Cd( 1) B 4%, B 78 Cd B AT A B E L B P h B
£ Cd(I) #rZ&s. DOM 5 Cd( 1) A HAF Fam 5 1 &
B3 s A R A7, (H R 4 Cd DL DOM-
Cd AWt 1) Tl R - R RS
JeiE (EEM) FE K3 5 15 . 4 A & i (2D-COS)
MR IR, Cd #al1A T5 DOM k3t | 33k iz
EEERAE B E% Y, K% a iy
DOM K fi S 7501 66% ', DOM-Cd 45 ¥
SEVEIE R T -E R Cd A E R Rz e Lo 12
Chen % "3 525, 2016 4F 5 H % 6 A W], %
KM Cd 15 YL ZE R K, T2 B2 I DR kA T I RS DR
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Y DOM 5 Cd B9 485 1 g 5, T3 Cd 1Y
VoS A RN sh P i, LRI LB PR 71% 1Y
WRA Cd LL DOM-Cd % & W8 77 . DOM-Cd
24 1 FH 5 55 — BT 45 A 58 BB (logK) o o
Langmuir R E )32 i H F i & DOM-Cd i 4%
AVEHEE, (BT DOM 452 7%, HiiZ 5 Cd
AR RE T BUR S CIE RSB T4, A 2020 4F
DL, Jef A 25T A AR IR DOM 5 Cd 2
11 logK AR EAE 0.58 ~ 14.68 2 [i] L'*19) | logk
{HAE A, ] DOM X} Cd AY4%-A A ks .
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Cd bS5 i, SRR A KR
fif DOM M) B4 25 G IR AE, HA#4 Cd 5
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FHES T (Mi/Me) 25 T, DOM, Cd Al 554 Fik:
KRS EVERAE RN Cd =04 &1R R .
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BREC A 202X s Wy /4 JR 5 T G B B8 T
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Ifif PH S (Mi/Me) 5 Cd(IT1) JE AL B 8 = J04% & 1K
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1 ZIUHERRN Cd IREHLBERZ R 3R

LA B R R H R Cd(T) S5
DOM ‘F fig 1, ¥ i Cd-DOM-Fe = eIk & 1277,
16 E AL (a-FeOOH)-HA-Cd R & v, Cd( 1) B&
TH#¢ a-FeOOH L3 W 51, iR 1] 5 o-FeOOH 2 [fi
) HA 455 T /8, a-FeOOH-HA-Cd = o4& 45, H
H1 a-FeOOH H Y 2 2 AT [ 7E o-FeOOH & il HA
JZ RIS CA( ) B4 SRR L 2
o FL I A5 e 21 A0 6 (ATR-FTIR) £ AEE WH, 78
Cd. ¥R (CA). 5H0m =JeiR R rp, T EA71E LIFY
BERR A Wb 1 B B =L AR A, EIFF IR Th i
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(1) 2 A B IR B S5 TR N 2 RUR 5 A, 2 )R
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WAL HA Hh i i 2 2507 4% Cd( D), JE 8 A Y HA-
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7E Mi/Me, DOM Fil Cd = o4&k Z v,
Cd W BT RE AR FIRLRI 6245 12 . DI Cd-DOM
O, BB N A BURT B B =SS 1A R ; @DOM
FTCA(TT) % 5 0 ) 4 T 35 1 57 055 ™ 4 Uk X
Cd 1YW B P 5 (@ VR T 572 3R 1 LA B 431
Cd A W% FFF F i W 52 1) DOM R 28 Fl ik & . 1K &
pH{E. &2 RS | J hi B} [B] . DOM/Mi HEAE (Row)-
BT (1S), RSN R s B B
AR AE L AR T R (3 1),

H1F DOM Hl -3¢/ 5T A h - P ok 35 A
AR L 2 T FRURI A i 3 T 0 42, S 2E o35 Cd 1%
PEAE AR R = Je 4% A R R 38 7%k Cd( T ) 11 kg B
R B A 28 AR AT, Mi/Me-
DOM-Cd = ek & % Cd W i & 5 DOM Jfi 7t #k J&F
BIEMHG, 4 HA 251 Fe,0, XF Cd(1T) By
R W B Sk AT R 75.89% L2 A v g B S R
£ pH 4.5 F1 6.5 54 F, #H8-FA-Cd /R Z X} Cd(1T)

Table 1  Adsorption mechanism and influencing factors of Cd in the ternary complexation system.

SV S S ATTES S0 Cd W DR Uaiipyes IR B 2 Y E= BTN
BHERE-FTRRR-Cd pH Hm B-tc, § ) f [16]
S -HA-Cd Cd Wk Hm B-tc, U4t [29]
LB -FA-Cd PH, Rop B ] B Cd-DOM, B-tc, W ¥y it [30]
e A -HA/FA-Cd pH, B, Cd ¥R e FREAEH], A-te, Tt [31]
AR L4 ER-Cd pH, IS, DOM ¥k i Ham B-te, Pt [32]
JigiE + /i £/ -DOM-Cd Ryyo, Cd W FEAIG Cd-DOM, B-tc, B ¥ ff [33]
BAEY-HA-Cd pH, B, Ryyo FNES Cd-DOM, B-tc, W4 fff [34]
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AR AL WA PR B EE AL 11T DOM 43
L MREE pH (EL . 2158 B R 52 1 DOM-Cd
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W R R e s R Nl 1 B
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. o

BEALAEH]

Bl JE& Cd £ ARPMEIUREH ., MR RERS 5 LI /2
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i B RIR
2.1 AF4r7-E DOM X Cd 458 18RI BIEZ I
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b Cd I ATES 1) . DOM 4 FbE w1
JUDa % JUH kDa Z ] ') {H LT BT A 4150 #0 B 5
Cd %4, IHAEMARERENSEEY . BEREE,
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R A B FTIR S 40 & 8, Cd( 1) 5 13
H HA 1 4% 4 BE 11 38 1& (< 5kDa)> (5 ~ 10kDa)>
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HA X Cd() A& m e "2 0 51 fE
DOM 43T X 285 1) () Vs A Bt AT S 35 52 ), 3
BT DOM A i, DOM-Cd 48 & W1V i B 455,
ANy 1 - HERSURL B, 14 R 4 T 2 DOM I 5 5
Cd SR T i K M A e 5 45 5 4, 3] Cd i sk
AR R L B9 B9 R B, 52 A -HA-Cd
=JUIRRE R Cd MR ETES HA BRI TN IE
A, 7E Cd WA N 50mg/L, HA 43F-& >100kDa
ZAFTR, X Cd i B KW B 1 18 2] 4.88mg/g, H HA

# ca-DOMZ £

® TYEEET
CdE+

& DOM

Fig. 1 The adsorption, desorption, migration and transformation processes of Cd in natural environment.

— 519 —



HO

534

i

2025 4E

http: //www. ykes. ac. cn

Oy TN, B2 S S P B S A R 45 A Y
Cd, IB K HA-Cd &k A 12 .

ATAGrF 5 DOM Xt Cd 4B 1EH 2 53 A
FHETE B RRRTIRE | SRR | Bk PSR
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BRI TG, 71N73FH DOM &4 4 & 1Y B RE,
WA E L4450, Cd 5 DOM 4G H R, 5
TE R i M 45 B 10, 4 43 F 1 <<30kD i 447,
B f% 1) PR B vh B CE 2 cd(T) D) B
DOM 43T 38, oI5 F AR B A A A 3 A,
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T IR I BRORLRE, 76N TR pH H N 25 5 35 . 3
5% pH {32 DOM 7454 . ‘B REHDE A K
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FOAE K, 2 A 75 Cd( ) 322 AU il & W8 547
71520 ik Sk, DOM XF Cd %% & Wk s 8k
Cd 455 SR pH R IERISE 005 AR5
WL E, Fir A 3 56% 1Y Cd i #7281k 2 v 4 45
pH {H5ER (p<<0.001), ¥ 11 pH {ELA\ 5.6 5 m =
6.4, RALI +HErh Cd iIF k> T 76%; pH 7E 6.4
1 7.4 28], Cd WaMESE—LHAE 3 . Tang % 4
KB, +HErp Cd WIEA F 2% DOM-Cd 4 515 H
(i, 76 pH {E 1 2.9 9 mE] 5.9 J5, HEA Cd i
el B0 . 7E HA B PEREERE X Cd Ay e
S R B, AE pH 3 ~ 5 LRI, X Cd Al R R P
W Ths A8 pH=T7 B, XK Cd 1 5 R Bt ik
5 28.95mg/g | . TR 0tk B, pH ()
TG HA Bl FA KK Cd 2 H B HE N K, 12
R B 35 5 “BRE R BT > v MR IR > MR R B
HANEaF pH 444 I DOM A EIRR T Cd fiiH.

HHEEOLT, pH E T A RT3 31X Cd
FIM B, R 2 088k X EZIHHEFLUT R E: OFER
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ik pH 2514 T, DOM 2 e AR A H: 2 SUBRDIR A,
S B A B 2 TR L U B R, 7R pH
{ELIF, DOM 3l # LAV i A7 72, B BE P i 5 1
w0 SEROGIE (BEM) 2T R, 76 pH 6.0
FMF N2 Cd %A MZOLH I Z & F pH 4.0, %
WIkfi% pH (ERYFHE, DR R DOM B RERI Ll
% 95354 e oH (AT 3R £ 9 DOM-Cd 454
L, RS S Cd(T) T8 R HC A7 A g e Fee 1
() DOM-Cd %59, 1 358 TR 0k W B} I AR
T Cd WEBYE . @pH {1 SR /K -4 75 W 2 T
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PLpH g 4.5 F1 8.5 Sy B, Wsm s st B2, rh a1
1. pH=11 i, W FFHRIK B (E, 115 TE AL Cd DLIE,
X ] BB AN A DOM 40 T5 Cd 2B U 2% A W v ik
JE 22 H AR 1 AU
2.3 EImIEX Cd IR

BT 5 AE A% 52 DOM B A7 AR 25, ik s
Cd(Il) 5 DOM Z [a] 1y #fH 51 1, #1111 5% i) DOM
5 cd M A1ER . %, DOM Xt Cd 4541 FH &
B RE 7 BE AR 22 75 00 9 B A B8 I ini B A . 7% pH
H 4.0, 6.0 54T, B F5R M 0.001mol/L 2 = F
0.01mol/L I}, &1 4kH™-FA-Cd & A 1K 2% Cd 11 fh
Y B TR B A TR RS 20 L BB
CaCl, Al MgCl, & F5# 2 M 0 HE M= 0.025mol/L, £f
Bkt cd( 1) i W B BE B 34.60mg/g i Hi % 2
23.53mg/g 1) FEMR WAL E -CA-BE KA = Thk
ZH, A Na, Ca %54 & PHE FRIFEI 6 Tk
FXF Cd 1 W B, 24 Ca(I) ¥k BE 4 2.0mmol/L Al
5.0mmol/L i, Xt Cd i) W Bt 5 43 51l B 1% 23% #0
319% B BB T TR B XI5 U8 U DOM 4 W
CA(T) A MHIER ', B Ca(Tl) Fl Mg(T1) ¥
FEREH (M 0.1mmol/L %] 2.4mmol/L), Cd( 1) 5 DOM
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— 522 —

22.30mg/g |0 L SIS FIAEEEE DOM, =8 X
T AN R R R =0 T 4JERE SR Cd i R R i
AT 2.6%. 7.0% F113.1% 700 L EEERTIX
Cd {5+ 3 i % 26 U5 DOM J, 43k g i vh
BCd W B (T-Cd) 1 1.24pg/L 1 3 19 25 06 { ok
8.33ug/L, PN 5,571 51pg/L 1507,
3.2.2 DOM Xt Cd Wit R

DOM X} Cd WY& 5, J&48 8 1 7F + 3 hite
A DOM VI Cd 136 1k, H5m & ZAE Y X Cd 1
WS R 1 2503 B8R, IR -3 Ccd &
HEI L. DOM Y CdJE 4 A 9 B 2 i 2 52
Cd BEARIRREERZ 5 L, BT
it DOM A LI4EF Cd BYAEHIA 350 A Cd AR o,
HHEPAENEASS Cd 5 ARETEA Cd FftEA
Y RNE AR R R, S IR IR AR
LIRS Tt DOM A1 /N7 2501 Cd % it X
HE 25 6.81% ~ 42.17% 41 . Min %5 P2V BFR T
DOM XF#fi 46 Cd 15 Y A 52, SLER 2 AR AL RS AT A
A PLILIE DOM ¥y Al $2 & I A 30 Cd & &,
Bt R 5 5 0 ) AT 3k 30.89% . 8.51%, FRAEXT Cd 1)
SRR Ay WK 27.76% ~ 113.05% F1 17.77% ~
93.79%, iR T DOM {ERYIME S i i hng)
() B R, MY 3% Ao H SR B A 5P
DOM, ¥ g 3, f25E T Cd 7TEAEIAR bR 11
(¥ A, Cd e KIF MR E) 121.3ug/L, e T 4%
Hh Cd BRI A IR S B

WHEET, /M5 DOM 41 T Cd Ayfk
SR E SR . WA, RN T
5kDa FOZAME B Tl e Cd i5yeit t38 77
X EEIFE T AR T K05 &% DOM 415 45
55 CAIE T R4 5 1) . MABSHER (HA), &
HLFR(FA) ELA B4 53112 T3 1) 35 7Kk 21 47,
FA-Cd 5 W HA BRI, B2 52 Cd )
FHERR, BT T Cd B AT R L1050
I, DOM (1B 5 Ak 46 £ (HIX) BTG, 7 7R AL 22k
UEAE ALY B S RO s . 5 BE IRl it n
AF43Fi: DOM 25 mdRbg i) pH {H, bE#&E &4
W EZRILEREA /N F i DOM 44 S RECE £
) H, FERR pH (EREAK, A4 %G Cd(1) B,
(7] s 18 A - e AR SR TR Cd( 1) gl H & i
B, AR T Cd iR Ak 12 I, 7E Cd 151k
SR IEIE R S B G b, AR AR Ta
1) BRI /7 & 1A HLIR, Sk $E = Cd ik uEsL
RANAPIRICR


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%3 LhaaE, A5 MBS R PR IR MLSO BRI A T A S IR AT S

%44 5

4 giwhHEy

DOM IR 72 FLS /45 M 8 7%, 7E AR [R5 A4
T DOM *t Cd H 45 4l fb 5 7% Ak w7 Fh 1/ FH & M o
WHAEO T, 8 E 45> 75 DOM, &858 pH {H 1
TR | AR ol B A A T HE5R DOM-Cd % &4k
FETE, AL Cd M k. 40T, XF DOM 5 Cd Z
() P4 1 FH AL 3EL R P58 3500 I R IE I8 N5V Wb, 5 )5
AN £ R & ZF F DOM 5 Cd A HAE ) &
G SEEATEN, R Cd TS B R R AL 2Rl E kY

£%F DOM 5 Cd WA EAEF, 45 I 24 5 5 6
HLLUR =45 O AJFE DOM 5 Cd %A 1E
FHF 5T . DOM K R fI S T Z B K] 4 F i
DOM ‘E g4 53 5 N B M AE b B 257, XHH
33 DOM 5 Cd 45& 1 FHIF 5T 45 0 ANH 2 1, 7
751 ia AAEHERAEE AR I i AT DOM R[4 53 1)
Ty 68 5 A1 F0 PN BB 45 4, DA AROUL £ B RG A b 48

DOM 5 Cd W4 G EH, J AR W) /4 8 R 1H
FHEF (MiMe) 25 T Cd =04 AR A2 5T .
@7 DOM Xf Cd M B i i W 5 ey |5 3R 1) 25 6 B
55 PEH . HAT DOM 5 Cd 45 &8 FH i o8 24
1 F DOM 443, pH, B FiR ¥ | REFR - EK,
T 2 NsE 2 N FZ G 44~ DOM-Cd 45 51EHIZE
AW SV, TN 4 T AR G0 b A AR 45 A A F
Cd W BF . i . 3 B B Ak RN A W A RUCPE Y B2 T
@ JiniE DOM H F Cd V5 Qs = I FHF 55 . %
DOM W HEBZH 4y . AT 55 5 2 I E 1Y
S, DOM X Cd 15 Y& & 1 45 RAT R AFAE A 1
P, FLERZ 2 b i 30 WD AR , 75 B2 sk = P 5
B, WP AME R IR S TAE, g7 s
(1) 22 SR AL AR Y, DU K SR B AALL R4 78 Cd
FEIR RS . e ATk

Research Progress on the Effect of Dissolved Organic Matter on the

Environmental Behavior of Cadmium in Environmental Remediation
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HUANG Yi**, YAN Taotao™
(1. Chinese Academy of Geological Sciences, Beijing 100037, China;

2. National Research Center for Geoanalysis, Beijing 100037, China;

3. Key Laboratory of Ecogeochemistry, Ministry of Natural Resources, Beijing 100037, China)

HIGHLIGHTS

(1) The complexation reaction is the main mechanism between DOM and Cd, and different types of DOM have two
effects on Cd: passivation or activation.

(2) Higher molecular weight DOM, higher environmental pH and temperature, and lower ionic strength are
beneficial for enhancing the stability of DOM-Cd complexes and reducing the migration of Cd.

(3) High molecular weight DOM with high humification index (HIX) combined with inorganic passivators is
suitable for in situ passivation remediation of Cd pollution, while low molecular weight DOM is suitable for Cd

pollution leaching remediation and plant remediation.

ABSTRACT: With the rapid development of the economy and society and the continuous emission of cadmium
(Cd), Cd pollution has become a major environmental problem faced by China and the rest of the world. As the most
active component in organic matter, molecular weight of DOM is usually between several Da and several hundred
kDa. The various active functional groups contained in DOM, such as carboxyl, hydroxyl, and phenolic groups, are
ligands and migration carriers for many heavy metals in the environment. The interaction between DOM and Cd
significantly affects the morphology, bioavailability, toxicity, and migration transformation of Cd in the
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environment through physical adsorption, ligand exchange, and surface complexation. However, from the
perspective of cadmium pollution remediation, the complexation between Cd and DOM is a key factor controlling
the effectiveness of Cd remediation. DOM can directly form DOM-Cd binary complexes through ligand exchange.
According to the different bridging positions of DOM, Cd(Il), and mineral/metal surface cations (Mi/Me), two
types of ternary complexes can also be formed: A or B. DOM has complex and diverse sources, components, and
structures, under different conditions, DOM exhibits two effects on Cd: passivation or activation, which has been
widely used in in situ passivation remediation, leaching remediation, or phytoremediation of Cd pollution. Based on
the review of relevant research results in recent years, this review evaluates the complexation types between Cd and
DOM, and analyzes the effects of factors such as DOM molecular weight, pH, ion strength, and temperature on Cd-
DOM complexation and the mechanism of Cd adsorption and desorption. On this basis, the application research of
DOM in in situ passivation remediation and ex situ remediation of soil/sediment Cd pollution was summarized.
These methods help to reduce environmental risks and remediation costs of Cd pollution remediation. Under normal
circumstances, small molecular weight DOM contains richer functional groups and more complex coordination
sites, making it easy to form soluble DOM-Cd complexes. Especially for DOM components with molecular weight
<30kDa, which can release more Cd into the environment under higher pH environmental conditions, it is beneficial
to enhance the stability of DOM-Cd complexes and soil adsorption of Cd, while high ionic strength has a strong
inhibitory effect on Cd adsorption. In the remediation of Cd pollution, selecting larger molecular weight DOM
(>30kDa) with higher humification degree and applying inorganic passivators such as iron oxides can significantly
improve the in situ passivation and remediation effect of Cd pollution. In the chemical leaching or phytoremediation
of Cd, small molecular weight DOM (<5kDa) is selected to improve the effectiveness of pollution remediation. It is
recommended to conduct research in the following three areas in the future: (1) Study the complexation between
different molecular weights of DOM and Cd, and accurately analyze the complexation between functional groups of
different components inside DOM and Cd. (2) Strengthen the research on the adsorption, desorption, migration,
transformation, and bioavailability of Cd by DOM under the influence and control of multiple factors.
(3) Strengthen the research on DOM in Cd pollution remediation technology, improve the numerical simulation
model of the interaction between DOM and Cd, provide path guidance and data support for long-term observation of
Cd pollution, and more accurately determine the migration and transformation process of Cd in the environment.

KEY WORDS: cadmium; dissolved organic matter; complexation; adsorption (desorption) mechanism;
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