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In situ measurements of available composition and dissociation kinetics of metals in water using DGT

TIAN Na-na'?, ZHAO Yu—jie*, ZHOU Qi—wen?, LIU Xiao-wei?, YUAN Xu®, SHI Rong—guang?, DAI Li—hong?, XU Ya-ping?
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Ministry of Agriculture, Tianjin 300191, China; 3.Guizhou Testing Center of Supervision and Inspection for Quality Safety of Agricultural
Products, Guiyang 550004, China )

Abstract ; The principles of different diffusion layer thickness of diffusive gradients in thin films (DGT) with different dissociation abilities
of metal complexes were used to determine the dissociation rate constants and the component composition of metal concentrations. A theo—
retical model based on this principle was developed to analyze the differences in metal forms and dissociation kinetic constants of Zn, Ni,
Cu,Fe, Mn, Cd, and Pb in freshwater. The results showed that the new calculation method overcame the overfitting problem of the original
method. Labile concentrations, components, and kinetic constants(K_,) of seven metals in water solution can be calculated in one system
without auxiliary morphological analysis software. The contribution of metal complexes to labile concentrations was reflected easily. The
theoretical model had a smaller number of parameters, hypothesis and the effects of the metal valence, organic components can be neglected
in our system.
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R2 HEMNASHEITEE
Table 2 Fitting parameters of regression models and

the calculated values

&8 K. /s R’ P
Zn 1.81x10* 0.99 0.005
Ni 2.26x10™ 0.98 0.009
Cu 2.65x10™ 0.98 0.001
Fe 2.55x10* 0.98 0.001
Mn 4.17x10™ 0.97 0.002
Cd 7.05x10™ 0.98 0.002
Pb 8.31x10* 0.99 0.002

R3 FREBARSESREHETEE

Table 3 Available and free ion activity forms of different metals

wi Ol O g, MMETIRRT G
7n 141.75 64.8 2.19 249 2.60
Ni 2.4 0.45 5.75 0.31 1.45
Cu 249 4.05 6.26 1.32 3.07
Fe 252 30.3 8.32 73.7 0.41
Mn 39 11.7 3.32 11.7 1.00
Cd 0.45 0.15 2.45 0.31 0.48
Pb 9.75 6.45 1.51 2.21 2.92

e WHAM RERURYZE R,
Note: * simulative results for WHAM model.
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Figure 2 Values of K, of different metals with different models
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Table 4 Metal lability concentrations Cpgr with different

calculation methods

Cocr/nmol L AT o

& AR AR AR3) Selly:  HAH%
Zn 20655  100.65 9225 32690541 1155

Fe 28230 13185 8025  51481.42 5.40

Ni 285 1.20 090 10359348 1275

Cu 2895 12.45 9.00 79 378.65 5.85

Mn 5070 24.30 1920 17204077  6.00

cd 060 0.25 029 16582587  26.1

Ph 1620 9.45 840  265867.85  6.00
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Table 5 Classification of metal forms and migration dynamics
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1 Mn = Ik (IS
2 Fe 1% 1% =
2 Cu 1% 1% ]
3 Cd [ [ {LiS
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5 Ni 1% (=] =]
4 e
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T AR K FR 8 D T ipH A BLRRE 1L
.

(2) LTI 5 A7 2 0 M PR L
g £ B AR B S48 0 R L T 4 R A 2 AT L
244 2 S 25 PR AT S 3 PR

ORI HIB A5 BB B 12 SR 2 SR e
VT 7 R4 R T 400 5 S Ph Mn, EA IR PE
RIS T IIRE T3, BRI T4 SR

FEMEZE ; T Fe Cu, fEKIK T 5 LI HLY & P
FETE; =0 Cd, &R TE R B 4 S ke v 22
VUJE: Zn, AHX Fe Cu S5& @1 & , A &8 7K
R fEfE R F Ni, B &R 4% 6 Wi 251,
RUREX v B 1

S

[1] Warnken K W, Davison W, Zhang H, et al. In situ measurements of met—
al complex exchange kinetics in freshwater[J]. Environmental Science &
Technology, 2007, 41(9) :3179-3185.

[2] Wojtkowska M, Bogacki J, Witeska A, et al. Assessment of the hazard
posed by metal forms in water and sediments[]J]. Science of the Total
Environment, 2016, 551.387-392.

[3] Stockdale A, Tipping E, Lofts S, et al. Dissolved trace metal speciation
in estuarine and coastal waters: Comparison of wham/model vii predic—
tions with analytical results|J]. Environmental Toxicology and Chemistry,
2015,34(1):53-63.

[4] Fortin C, Couillard Y, Vigneault B, et al. Determination of free Cd, Cu
and Zn concentrations in lake waters by in situ diffusion followed by
column equilibration ion—exchange[J]. Aquatic Geochemistry, 2010, 16
(1):151-172.

[5] Kalis E J J, Weng L P, Dousma F, et al. Measuring free metal ion con—
centrations in situ in natural waters using the Donnan membrane tech—
nique[J]. Environmental Science & Technology, 2006, 40(3):955-961.

[6] Lourino—Cabana B, Billon G, Lesven L, et al. Monthly variation of trace
metals in North Sea sediments: From experimental data to modeling cal—
culations[J]. Marine Pollution Bulletin, 2014, 87(1/2):237-246.

[7] Xue H B, Jansen S, Prasch A, et al. Nickel speciation and complexation
kinetics in freshwater by ligand exchange and DPCSV[]]. Environmental
Science & Technology, 2001, 35(3 ) :539-546.

(818 & Amil, Ah O, 5. R ATE TS B AR (DMT)OBESY 1 e
B8 F B U], BREERLA 2R, 2005, 25(11) 2 1565-1569.
ZHAO Lei, CUI Yan—shan, DU Xin, et al. Study on free ion concentra—
tions of heavy metals in soils by Donnan Membrane Techniquel[]]. Acta
Scientiae Circumstantiae, 2005,25(11):1565-1569.

[9] Davison W. Diffusive gradients in thin—film for environmental measure—
ments[M]. Cambridge, UK: Cambridge University Press, 2016.

[10] Gimpel J, Zhang H, Davison W, et al. In situ trace metal speciation in
lake surface waters using DGT, dialysis, and filtration[J]. Environmen—
tal Science & Technology, 2002, 37(1):138-146.

(% %, ELERR, 5k R, % BBEY BOEEOR (DCT) By g S 3
FEFREE AT T A I A S5 7 3 e ) D). Al 2R
BEERL2A2ER, 2011, 30(2):205-213.

LUO Jun, WANG Xiao-rong, ZHANG Hao, et al. Theory and applica—
tion of diffusive gradients in thin films in soils[J]. Journal of Agro—En—
vironment Science, 2011, 30(2):205-213.

[12] Zhang H, Davison W. Direct in situ measurements of labile inorganic
and organically bound metal species in synthetic solutions and natural
waters using diffusive gradients in thin films[J]. Analytical Chemistry,
2000, 72(18 ) . 4447-4457.



FFAGBAED, 5 : DG RIS bk o 2 AT S L4 Bt 5 1217

[13] Scally S, Davison W, Zhang H. In situ measurements of dissociation ki—
netics and labilities of metal complexes in solution using DGT[J]. Envi—
ronmental Science & Technology, 2003, 37(7):1379-1384.

[14] Cusnir R, Jaccard M, Bailat C, et al. Probing the kinetic parameters of
plutonium—naturally occurring organic matter interactions in freshwa—
ters using the diffusive gradients in thin films technique[J]. Environ—
mental Science & Technology, 2016, 50(10):5103-5110.

[15] Zhang H, Davison W, Knight B, et al. In situ measurements of solution
concentrations and fluxes of trace metals in soils using DGT[J]. Envi—
ronmental Science & Technology, 1998, 32(5):704-710.

[16] Scally S, Davison W, Zhang H. Diffusion coefficients of metals and
metal complexes in hydrogels used in diffusive gradients in thin films
[J]. Analytica Chimica A cta, 2006, 558(1/2) :222-229.

[17] BREE LR, HI 700—2014, /K 5T 65 FhIT R A HLIEHE & 55 B
TFARBTEELS]. Jbat: T E PR H L, 2014,

Ministry of Environmental Protection. H] 700—2014 Water quality —
Determination of 65 elements—Inductively coupled plasma—mass spec—
trometry[S]. Beijing: China Environmental Science Press, 2014.

[18] Hydrology NERC Centre For Ecology. User's Guide to WHAM7[Z].

2012.

[19] Tipping E. Cation binding by humic substances[M]. Cambridge : Cam—
bridge University Press, 2002.

[20] Sjostedt C S, Gustafsson J P, Kéhler S J. Chemical equilibrium model—
ing of organic acids, pH, aluminum and iron in Swedish surface waters
[J]. Environmental Science & Technology, 2010, 44(22) . 8587-8593.

[21] 2, EEPEAR. AR T R AN 25 849 SRR B TR 40 AT 0] A
SUHFREE TR, 1991, 13(1):89-95.

LI He—ping, ZHENG Ze—gen. Analysis of the valence state of iron in
water by reversed—phase flow injection|]J]. Civil Construction and En—
vironmental Engineering, 1991, 13(1):89-95.

[22] Zhang H, Davison W. Performance characteristics of diffusion gradients
in thin films for the in situ measurement of trace metals in aqueous so—
lution[J]. Analytical Chemistry, 1995, 67(19) :3391-3400.

[23] Warnken K W, Zhang H, Davison W. Accuracy of the diffusive gradi-
ents in thin —films technique: Diffusive boundary layer and effective
sampling area considerations([J]. Analytical Chemistry, 2006, 78(11):
3780-3787.



