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ABSTRACT

Diffusive gradients in thin films (DGT) are passive sampling devices used to determine the time-weighted average
concentrations (TWAC) of contaminants. To ensure accurate performance in groundwater, it is crucial to identify environmental
characteristics and maintain optimal operational conditions. This study examined the deployment time required to reach effective
capacity, the thickness of the diffusive boundary layer (DBL) under stagnant water conditions, and biofilm formation on the
DGT surface using groundwater samples. When using DGT with Chelex gel (A=3.14 cm?), the effective capacity was 0.7 pg for
Cd and 250 g for Zn, with a deployment time of 24 h. Lower Cd accumulation was due to the competition effect of coexisting
ions. The DBL thickness under stagnant conditions was 0.074 cm, 93% of the diffusion gel's thickness (0.08 cm). Neglecting
DBL thickness in TWAC calculations led to a 79% decrease in the determined concentration. No biofouling was observed
during the 28-d DGT deployment in groundwater. In conclusion, it is essential to consider the appropriate deployment time,
DBL thickness, and biofilm formation to ensure accurate DGT performance in determining contaminant levels in groundwater.
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Fig. 1. Schematic diagram of DGT consisting of a membrane filter, diffusion gel, and binding gel. It operates on the principle that contaminants in the
environmental media pass through the membrane filter, diffuse according to Fick’s first law, and accumulate in the binding gel.
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Fig. 2. The reciprocal of the accumulated mass (1/M) in the binding gel plotted against the material diffusion layer (MDL, defined as the sum of the
diffusion gel and membrane filter thicknesses). The solid line indicates the result of linear regression, which can be used to determine the thickness of

diffusive boundary layer (DBL).
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Fig. 3. Schematic diagram of the experiment to assess the effect of biofilm formation on the surface of DGT on the concentration of As accumulated
in the binding gel. DGTs were deployed in groundwater for 5 to 28 days. After retrieval, membrane filters were recovered and inserted into new, clean
DGTs. These replaced DGTs were then exposed to a solution containing As at a concentration of 1 mg/L to assess the effects of biofouling. To avoid
potential underestimation of accumulated mass due to stationary flow conditions, additional DGTs with different thicknesses of diffusion layers were

deployed to determine the thickness of the diffusive boundary layer (DBL).
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Fig. 4. Accumulated mass of metals in the binding gel of DGT plotted against deployment time: (a) Cd, and (b) Zn.
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Table 1. Thickness of the diffusive boundary layer (DBL) at various flow velocities obtained from previous studies.

Thickness of diffusive

Flow velocity boundary layer (cm) Site Reference
Sufficient flow 0.023 Laboratory
Warnken et al. (2006)
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b 0.076 .
<2 cm/s 0105 Groundwater Mohammadi et al. (2022)
No stirring 0.074 Laboratory This study

“No stirring” in the flow velocity column indicates that the experiment was conducted in stationary water conditions in the laboratory.
"The flow velocity values <2 cm/s and <5 cm/s refer to the minimum flow velocities that the measuring device can detect in each experiment.

[

= o] &3] wjx] 7|7t =

o]_t; /\H‘juLoi o]oH j;;glaol:o]

=
skolgitt, w3t Uher et al. (2017)
~229d ek wiAste] 159 ©

Q]
=27

Diez et al. (20
st o, 7tz AA oA

—_
(o]
~

=
|
1=}
1o
2
ol
o
Hu
ro
e
A
i)
ol
o
i)
B
ol ﬂi
N

kel whe A2
—"]'O]' OT DGT= &
QAekar Arggict. 7t gl
FAESL, 7= I 45,
2k AEare] FAHE Aol & g}
et al. (2010) AA&o|| whel wjx] 7|7 AEdhe] A
AT AEe] AR SR AZ<E< =
7kt on, Ade wet po] GeiAn vt}
ol AHHAE e, 6% o] AETe A
DGT 4o Jaf& 71xchaL A3t

AN U5 G L B G ke
AETE DGT 3299 Hig2jopr} F-ake
=7 (extracellular polymeric substance; EPS)2]
H A AFTHGhazay and Mamdouh, 2021). ©]+=
o etepo) el et B0 B0 A ST
2 ]E}AL ohoyek 2

FN!

a

J. Soil Groundwater Environ. Vol. 29(4), p. 12~20, 2024

seelobr} BAsHAL
=y

F71%3 et A He]
ApEte] 4ol 030 AJ10] A

Gl

Ag
=

o] ¥

;,__‘l
2N
T

4.2 E

Aol A At W DGTE wjAst7] 913t 24 &

FE ﬁak(ﬂﬂ%l 7170, AEAS D ATt Gkl dish
B7Fch. Chelex gel (A=3.14 cm’)9] o] 24 Hof ZAFE
FFEE 1180 pg 2 oF% 686 pgol ARk, 2 oA A4
TR FE 7IEEY A9 0.7 pg, oFdY B 250 pgo=

et & ol 7+ Bz Qlg) o] 24 df F2A%]
TAEHA Zet Zlow wetEe, webs d Askao] £49
oe fra &5 719w 717} Agol daghs gl
A5ta W DGTE WA A gibgA S0l g4xlo] 2%
AW ses5 49 Ji%ﬂﬂ ojFold & Stk &
AFolM e SEASE FA7E 0.074 cm=z 2 EH 3l oH,
o|5 TWAC Alitell wtdstA] oba 749 79%9 577}
ojFold gl wekA A sk DGTE
x5k} Fa 22U st feihe A
LT TWAC 4ol Fasith 7]& £dol4 DGTE
A717¢ A o] Aoz 93 ZAHko] A
]0].0:1111:!]— H ofLof| A AEHR]
st | DGTE 2822 WA gl

010 o

=]
=P,
=1

AFA

Rt

y-Kel
a4 At

oM i
£.|L
o



ABle Ul S5 BYE RS $J$h diffusive gradients in thin filmse] 28 7543 H7} 19

BerEe 2golE BRET Ast o F34 A7)

BUEHS 93 DGTE 483 45, 4Bl g4 9 1
ol VI A %22 Bao| Aash.

AL AL

This research was supported by the Korea Environmental
Industry & Technology Institute (KEITI) through Subsurface
Environment Management (SEM) Projects (RS-2023-
00220406) funded by the Korea Ministry of Environment.

S

=2

Alakangas, L. J., Mathurin, F. A., & Astrom, M. E., 2020, Di-
verse fractionation patterns of Rare Earth Elements in deep frac-
ture groundwater in the Baltic Shield—Progress from utilisation
of Diffusive Gradients in Thin-films (DGT) at the Aspo Hard
Rock Laboratory, Geochimica et Cosmochimica Acta, 269, 15-
38.

Alotaibi, G. F., & Bukhari, M. A., 2021, Factors influencing bac-
terial biofilm formation and development, Am. J. Biomed. Sci.
Res, 12(6), 617-626.

Bennett, W. W, Teasdale, P. R., Panther, J. G., Welsh, D. T., &
Jolley, D. F., 2010, New diffusive gradients in a thin film tech-
nique for measuring inorganic arsenic and selenium (IV) using a
titanium dioxide based adsorbent, Analytical Chemistry, 82(17),
7401-7407.

Bennett, W. W., Teasdale, P. R., Panther, J. G., Welsh, D. T,, &
Jolley, D. F., 2011, Speciation of dissolved inorganic arsenic by
diffusive gradients in thin films: selective binding of AslII by
3-mercaptopropyl-functionalized silica gel, Anal. Chem., 83(21),
8293-8299.

Burri, N. M., Weatherl, R., Moeck, C., & Schirmer, M., 2019, A
review of threats to groundwater quality in the anthropocene,
Science of the Total Environment, 684, 136-154.

Chang, L. Y., Davison, W., Zhang, H., & Kelly, M., 1998, Per-
formance characteristics for the measurement of Cs and Sr by
diffusive gradients in thin films (DGT), Analytica Chimica Acta,
368(3), 243-253.

Davison, W., & Zhang, H., 2012, Progress in understanding the
use of diffusive gradients in thin films (DGT)-back to basics,
Environmental Chemistry, 9(1), 1-13.

Diez, S., & Giaggio, R., 2018, Do biofilms affect the measure-
ment of mercury by the DGT technique? Microcosm and field
tests to prevent biofilm growth, Chemosphere, 210, 692-698.

Dunn, R. J. K., Teasdale, P. R., Warnken, J., Jordan, M. A., & Ar-
thur, J. M., 2007, Evaluation of the in situ, time-integrated DGT
technique by monitoring changes in heavy metal concentrations
in estuarine waters, Environmental Pollution, 148(1), 213-220.

Feng, Z., Zhang, W., & Sun, T., 2021, Effects of seasonal bio-
fouling on diffusion coefficients through filter membranes with
different hydrophilicities in natural waters, Science of The Total
Environment, 794, 148536.

Gimpel, J., Zhang, H., Hutchinson, W., & Davison, W., 2001,
Effect of solution composition, flow and deployment time on
the measurement of trace metals by the diffusive gradient in thin
films technique, Analytica chimica acta, 448(1-2), 93-103.

Horowitz, A. J., Elrick, K. A., & Colberg, M. R., 1992, The effect
of membrane filtration artifacts on dissolved trace element con-
centrations, Water Research, 26(6), 753-763.

Horowitz, A. J., Lum, K. R., Garbarino, J. R., Hall, G. E., Le-
mieux, C., & Demas, C. R., 1996, Problems associated with
using filtration to define dissolved trace element concentrations
in natural water samples, Environmental science & technology,
30(3), 954-963.

Jiménez-Piedrahita, M., Altier, A., Cecilia, J., Puy, J., Galceran,
J., Rey-Castro, C., ... & Davison, W., 2017, Extending the use
of Diffusive Gradients in Thin Films (DGT) to solutions where
competition, saturation, and kinetic effects are not negligible,
Analytical Chemistry, 89(12), 6567-6574.

Liu, Y., Wei, L., Deng, H., Hu, S., Xie, X., Luo, D., & Xiao, T.,
2023, Hydrogeochemistry of groundwater surrounding a pyrite
mine in southern China: Assessment of the diffusive gradients in
thin films technique for in situ monitoring, Journal of Hydrology,
622, 129685.

Lucas, A. R., Reid, N., Salmon, S. U., & Rate, A. W., 2014,
Quantitative assessment of the distribution of dissolved Au, As
and Sb in groundwater using the diffusive gradients in thin films
technique, Environmental science & technology, 48(20), 12141-
12149.

McMillan, L. A., Rivett, M. O., Tellam, J. H., Dumble, P., &
Sharp, H., 2014, Influence of vertical flows in wells on ground-
water sampling, Journal of Contaminant Hydrology, 169, 50-61.

Mohammadi, A., Corbett, T., French, A., Lehto, N. J., Hadfield,
J., Jarman, P, ... & Hartland, A., 2022, Application of diffusive
gradients in thin films for monitoring groundwater quality, ACS
ES&T Water, 2(4), 518-526.

Panther, J. G., Teasdale, P. R., Bennett, W. W., Welsh, D. T,, &
Zhao, H., 2010, Titanium dioxide-based DGT technique for in
situ measurement of dissolved reactive phosphorus in fresh and
marine waters, Environmental science & technology, 44(24),
9419-9424.

J. Soil Groundwater Environ. Vol. 29(4), p. 12~20, 2024



20 At - Rl - ol

B

oy

Panther, J. G., Bennett, W. W., Welsh, D. T., & Teasdale, P. R,
2014, Simultaneous measurement of trace metal and oxyanion
concentrations in water using diffusive gradients in thin films
with a Chelex—Metsorb mixed binding layer, Analytical chemis-
try, 86(1), 427-434.

Pichette, C., Zhang, H., & Sauvg, S., 2009, Using diffusive gra-
dients in thin-films for in situ monitoring of dissolved phosphate
emissions from freshwater aquaculture, Aquaculture, 286(3-4),
198-202.

Price, H. L., Teasdale, P. R., & Jolley, D. F., 2013, An evaluation
of ferrihydrite-and Metsorb™-DGT techniques for measuring
oxyanion species (As, Se, V, P): Effective capacity, competition
and diffusion coefficients, Analytica Chimica Acta, 803, 56-65.

Turner, G. S., Mills, G. A., Bowes, M. J., Burnett, J. L., Amos,
S., & Fones, G. R., 2014, Evaluation of DGT as a long-term wa-
ter quality monitoring tool in natural waters; uranium as a case
study, Environmental Science: Processes & Impacts, 16(3), 393-
403.

Uher, E., Compe¢re, C., Combe, M., Mazeas, F., & Gour-

J. Soil Groundwater Environ. Vol. 29(4), p. 12~20, 2024

ol .

il

[

H] . OFZ] A

111:1__ 1o

%

lay-Francé, C., 2017, In situ measurement with diffusive gradi-
ents in thin films: effect of biofouling in freshwater, Environ.
Res., 24, 13797-13807.

Uher, E., Zhang, H., Santos, S., Tusseau-Vuillemin, M. H., &
Gourlay-Francé, C., 2012, Impact of biofouling on diffusive
gradient in thin film measurements in water, Anal. Chem., 84(7),
3111-3118.

Wang, R., Jones, K. C., & Zhang, H., 2020, Monitoring organic
pollutants in waters using the diffusive gradients in the thin films
technique: investigations on the effects of biofouling and degra-
dation, Environ. Sci. Technol, 54(13), 7961-7969.

Warnken, K. W., Zhang, H., & Davison, W., 2006, Accuracy of
the diffusive gradients in thin-films technique: diffusive bound-
ary layer and effective sampling area considerations, Anal.
Chem., 78(11), 3780-3787.

Zhang, H., & Davison, W., 1995, Performance characteristics of
diffusion gradients in thin films for the in situ measurement of
trace metals in aqueous solution, Analytical chemistry, 67(19),
3391-3400.



