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Development and application of chemical speciation models for heavy metals in environmental soil samples
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(1.Key Laboratory for Environmental Factors Control of Agro—product Quality Safety/Agro—Environmental Protection Institute, Ministry of
Agriculture, Tianjin 300191, China; 2. College of Natural Resources & Environment, South China Agricultural University, Guangzhou
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Abstract: The chemical speciation of heavy metals in soil is closely related to their bioavailability and mobility in the environment. Com-
pared to laboratory analysis, chemical modeling calculation has the advantages of being able to reveal the whole fingerprint of chemical spe-
ciation and having the capability to make predictions. In this review, the development of chemical speciation modelling of elements in natu-
ral environment is discussed. The characteristics of empirical models and mechanistic models are compared. Advanced surface complex-
ation models for ion adsorption to natural organic matter (using NICA—Donnan model as an example) and to metal oxides (using CD-MUSIC
model as an example) are introduced. In addition, the challenges in applying mechanistic modelling to natural environmental samples are
summarized. The methods used to obtain input data, i.e. the content of metal oxides, the amount of (active) organic matters and the content
of reactive metals are one of the focus of this review. Application of mechanistic models in chemical speciation calculation of heavy metal in
soils is illustrated using cadmium (Cd) and arsenic (As) as a representative of cations and oxyanions respectively. In the end, the status of
the development and application of mechanistic chemical speciation models for natural environmental samples is concluded, and the prob-
lems remaining and future development are visualized.
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TIERES Y (28 E AR TR [AN4R (Cd) il
(As)|PAZ ML A1, R R AE b A9
ARE EREE RN R ANE A2 H SR FE (52
W T HAL #2004 o D T g A0 0]+ AT
il P R AL A TR 2 A, X e L ER I XU A
SR TE 5 A R MR AR S RGN AT 7
LR JET I EE,

KA 3 b (5 8 AE A T AR, 32484
1 AP T (R4 0 WOk b i 2% 5 | el 0T 1R 25
T IS F18T YT A 28 e R O A % Al ROV, 2 T ) 1 e 285
HEJE BN P ESEES EEA . AMESE
T SIS G S Wb i CH AL TS LT
V) ISR 25 5 W S B R . Wb E AR
M & MBS 5 HIT R R E b i B DA G .
— A P R B RS B TR AR AR R B
R e oy N S e A S G = eSS SR i
(Free lon Activity Model )2, f77E T b AH H (1) W Bt
SEEJEME 5 THEMTIESESR , H TR
PR R B R TR S HAT BB TR (Re-
active) IALFIEAS o M, (B ) 0 W4k o s A ue
DL i B L0E Hh A0 T 6, i TR N A BE BRI, T
B FR A A8 1 BB AT S T P (Non—reactive ) i 1k 5
Pt N A U (Y AR s 3| 2 4 2 s
TITE S Sy ol AR ] TR B sz by 7 42 o) 1 S it v
H4 JR ALE S A kRS BT

WEFE A 33 rh E G Ja AL TR A Y Jy vk F2 A S
AT AL S I A, A R b R SR A R
it 5 R FH AT U TRURR ) R VAV AU 125, I A i it
AV R T EOR AR IR 4 & B SR IR 5 AL 2
Ho BT HESE B RAFIEE I ES
SR T RAT AN (] 56k B AN 42 SRORIL A 1) 2 BB 017 9 7 42
B, ok e BO)y VR AT 3 R AL IR S A
A PLIATE T H AR R )47 AR RAFAE & — 12 B
AR5 SEBRANAT B W AR v AR 0 TE 4 )
RSy T RE S b PE AN - 1 b B R AR WA AL
PR, AT & BT 3 AN )57 28 R RIS J3 47 HICu Je
F: AR (Diffusive Gradients in Thin—films, DGT) 2& & &
Bl 72 B SCRIE SN 28 Jr e AL B i i
AT DL B E W b AR B RS e Tk
R | (B9 728 - ) S WRAH €5 3% | 22 75 I ( Donnan
Membrane Technique , DMT)$7 A& E-111,

WA S i E ST R RS B B
HERR AL AR R A2 o3 B 7 0 BY BEREI , HLEE

A 15T R R4 — I EE 4w AE IR AL 4y
a5, & R Hr 5 A R U2 81
FESerE o BRI PR35 3 ok A7 78 19 K SR A HILT (Natu-
ral Organic Matter, NOM) f& % 45 & 4 J& [H & +
Cd* ,JE B NOM 45 575 Cd , (R R ik B 45 5 75 1 42
J& O R Ay B MELASL it . L, fhaE oA A
(170 AL F T AAGE BT Y B0 P RE &, — HLBT 4
WFFEAR R, 40 BT 25 AR AT BEKe A P A, 81 okt Ak 2
FE AT I B TN A2 . R T SRR DA Ak
Sy BT B A s, AT & T R A R 5
TCRMAEEN T B, ACLRR T T R E At
i FP 4 SR T R AL E S BA  R B A48 T LR L
PR AR (%) AL, S T T T 6 e
TAERIRICTERE O IR AR S50 AR IO 12, A
R R FH B 79 DL Cd T As 43 B g 3145 v 4 FH
BT RS AU B AR IEAT T WA XL ) i
FRE R T R, LA A 5 A 2B R F oo %
FE TSR IS AR T AL 2 TR 25 43 A (R 0 B (A1 2

1 ZWMHERSHEERE

1.1 ZHERE

IRBEAE ot v 6 S i A S TR SRR AT 4y Sy 22 5
PERRYFNALBRVERERY 28 06 P AR AR S T S PRAE i
8 S 50 2 3 Rl il 2ok [ 9 A A S5 2 1 T B i
R IR AL 27 B 25 A Tk B2 BT 3R 70 TIC 2R 880 LA [
TR KRR . W T SRR, ISR R R o
4% % PR Y (Pedo—transfer function )!'?,

e fRT BRL P 28 B PR ABS TR 2 A (R B ) [ =3 T A
R Q=K,C (. Q g A 8 4 Ja 78 [E AR v i 35 5
mg-kg™) s K, 0B - BL R E, Loke™ s C HIZ TR TE
PR EE ,mg- L) o — RGO  ERPER R A
1 4 JR VR FEARMR A 00 B A B, i HLAZEAS ] + 35
T K (2 BEE AR S i pH | LA HLE (SOM)
i A R AR AL, HEE AR AL TT BE RS O LA B
Ul BN TE TR TEIR 2 W KOT R -
I3 BC A AR Wy BR AL A AR v N ATTATS 28 0 R FH B — [
E I K fH , 33X 25 B R0 F00 0 Fr o M A DR AR R )
Pl 28 1 A5 AR Wt fof S % 3 4 B 5 — 2 1Y) 2 Freun-
dlich BRI, =K, C" (H 7« Ky, 52 W B/ B0 5 8
FRAL IO T S8 n (EUE s n A BAAL, AU — %
<1, n=1 i} Freundlich 5 B 4 [f] FAREARIRL) . 5k
PEREARUAH HE , Freundlich #5784 2% 18 8 43 J& [ & 20 BC 7Y
ARAAE R B, HAE 0 Y T SR Wk BV ) T . BR



1352

YRIEIRCX iy F37E5TH

THRREZ A, 35 pH A R R LS I B E R U R AE
TP R A IR AU, Sy T B R A A Y i
P 30T A YT Freundlich BERIRE )12 i
Mo # Freundlich #5281 3JF 47 X5 %50 i 6 AT 5 452 750 5 46
LML F

2L F Freundlich #5750 fry o i 2 14 28 06 14 55 784
Bz T A g G R B (A CdP L Cu?r
POX )AL 2L S BT HERS-19200 (HEF XS [A) b ot = A [ F
FEAF BN MR TR A I A B A TR, B Cd ], 7E
Luo ZE19 Sauve ZE5IFN Mcbride 2820 B 5T v FH T 36
R R Cd Wk B P B PSR AR HR T T 1.2,
3P TFAE R AR, AX(D~AH(3):

log[Cd,,;]=4.49-0.59xpH
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0.45xlog(SOM) (3)10
A Cdy o CATE IR P YR E , pg- L5 Cd 2y
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TR R pH BRI A X (D], A SOMIEARE
B E TSR G G TE . 5340, BIMERCRLLA ik
FHARTR] A B A2, A ) SRR P s 2 2 B8 (E 2 R) 5
WHEERKZS . FHLLCd R, Sauve FF3IF
Hao S8R 1 pH A 385 Cd & 2ok IR i
[ CAHEZ , a2 (2) F1(4) Fr -

log[Cd_,]=—1.515+0.072xpH+0.685xlog[Cd,] (4211

Al LU i [RRE 2SR pH RN Cdy 33 5 A 728 12 [
T BB R BB S O 22 AR K, FE AR T
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EOEZY g i 517 N U e i P R s D A P I S
A AL Z B AN ]
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TR IR A, TS AR AL N BB — 83l
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Aie , [F]EL RETE — o FEE F 488 T se iy ALl . (H
S, Y AR AL RARAR AL 2R B ST 2 v
il 249, R fy 1 Ry PR T B TSR FH 9 2 BRI
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1.2 HUER AR

+ 3 b H 4 R b 2F T A (A P AR AR R L X
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FRAE St T H 5 B b b A2 SOy 2 2 i o R,
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2% TH 4% 4 B AU ( Surface Complexation Model ,
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tribution and Multi-Site Complexation ) 5 3334844 Sy
e AR AAY BRI SR, AL R
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REFE 78 B W B A AL DA sE 5 5 88 X TR RRF 174 52
S T RS2 AR R R R AR R S e T DT
J52 W FE/BFY 5~ A o A TR S 5 ) ) 2 B 7381
S BT v R B e TR E A
g1, HAR A A B 52 2 R R0 ER AT SR B R TS 22
FEPE S H AR T 2% 5 BB W S R PR, T3 1
TEAHLET E B W BRI, 8 20 A P RR G R R R
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H 7 Cd/log (e, mol+ L")
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2k 254 NICA—Donnan 5 BI04 45
The reaction systems ionic strength were 0.10 mol - ™. Symbols are

the experimental data, and lines are predicted by NICA-Donnan model

Bl 1 87 HA R0 FA _ERIR B
Figure 1 Cd binding to HA and FA "
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pH
C-FHERAT SR Z : Cd B9HEE 4 0.05 mmol - L7, #H8k 4™
W 2.0 g+ L7, B THRIE 4 0.01 mol- L5 As—51 8 LW 1K 7
As(V)HPEE ] 0.50 mmol - L7, As (I € 5 0.55 mmol - L7,
RV E 3.0 g L7, B FHRBE M 0.10 mol - L' A5 SEH KU
Z4% 8 CD-MUSIC R RIL A 45 5
In Cd-goethite system: the concentration of Cd was 0.05 mmol-L™",
of goethite was 2.0 g+ L™, and ionic strength was 0.10 mol-L™";
In As—goethite system : the concentration of As( V) was 0.50 mmol L™,
of As(Ill) was 0.55 mmol-L™", of goethite was 3.0 g-L',
and of ionic strength was 0.10 mol - ™. Symbols are the experimental data,
and lines are predicted by CD-MUSIC model
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Figure 2 Adsorption of Cd/As(Ill, V') onto goethite “"*"!
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FIAA R AT LY 50% g HA , 4387 bl A3 L
BT 40% J FA, R B i YEA HLBT . 368 — s ik
S E gt HA R FA (98 &, [ IR E 78 3 v
EAE TR BB A I 35 43 I 7€ 7 HA B FAPL,
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222 &JEEMLY)

T b &R A 2 DLk A8 (20 Akl £,
BhAAALYIARN S R . i, RZEGTR EER
IR SR HL AT H 25 fE Ak el k40 1 (20 S Ak Hox
G TR . EJ AR AR A 4
J& B 5 (40 Ph) A W Bt A AR R BTk, Hiems-
tra SETOR B TR RR R AEAR Y R SER R By
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Figure 3 Schematic overview of the multi—surface model(a) and LCD model(b) (b is modified from Weng et al®”)
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Figure 4 The adsorption of Cd and As on soils by comparison with model predictions
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