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1) Gadolinium (Gd)
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2) Study Site
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2) Study Site: Geology, Karst
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» Input: surface water at
a sinkhole
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2) Sampling

Sample types Sample collection Processing and
Analytics

Wells

Sampling: Major lon

Pump 500 mL ;
N PE-Bottles Analysis (IC)

Obs. Well

(T, pH, O,, Lfgkt., RedOx) (Quadrupole-

ICP-MS):

Scooped ’ 0,45 pm

sample filtered
and

River/Lake oot control
sample 0,02
Flowcell pm filtered
Sinkhole S » i
L o [T i —=| Sk
sampling e (LC-MS/MS;
Glass Bottles SPE-GCMS)
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2) Sampling Campaigns

> First sampling: test of the Comparison of Gadolinium

analytical method Measruements (LIH/Bav.EPA)

(Quadrupole-ICP-MS) July o

2017
0.05

» Comparison with the
method used at the

0.04

Bavarian EPA

> February 2018: one week 0.03 /
sampling at the sinkhole and

Gd-concentration in pg/L

the water treatment plant 0.02 /
(WTP) " — -

> May-June 2018: three weeks 0.01
of automated probing at the
sinkhole and WTP 0

Gd Bav. EPA
== (Gd LIH

PW

SPW SP1 SP2 SP3
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3) Gd Background in Surface Water and Groundwater
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Gdgy * (0,33 * Smgy + 0,67 * Thgy)

(Bau & Dulski 1996)
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3) Gd Background in Surface Water and Groundwater
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Anomaly distinction (Erhardt et

al. 1996):

» Assumption: normal
distribution

> Anomalies are defined as:
1.96 x std. dev.
> lterative reduction of the

population - ,normal
value®

Probability plot analysis
(Lepeltier 1969)

» Sum distribution put into a
semilogarithmic: straight
line if normally distributed

» Using an Excel program
(Wagner et al. 2011, Walter
et al. 2012)

» Slope variations show
different cohorts
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3) Statistical Background Calculation

Unit Background Used for Samples per
(ng/L) Calculation (n)] Unit (N)
All Samples 2.4 84 255
Luxemburg 15 5 24
Mittelstreu 2.4 73 215
Brombach Lake 2.3 3 16
2.4 67 139
<1 4 4
2.2 5 7
Entire data set
0,5% 2,5% 10% 25% 50% 75% 90% 97,5% 99,5%
9 b
8 cﬂouon o o
7 2
6 d
y - AT
P IR S E— S S— "« N =
3 -’ ﬁﬁ 3
2 2
1 T 1
0 i
3 -2 -1 0 1 2 3
standard deviations from mean
©  upperanomaly ©  nomal population lowest value
highest value = = = = 90th percentie = = = = 10th percentie
confidence limits 10% confidence limits 90% trend normal population
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3) Gd Background in Surface Water and Groundwater

Eckhardt et al. 1996

Background
Study area |Background [ng/L]| sample Uil SEMaE
umber number
All samples 2.4 84 255
Luxemburg 1.5 5 24
Brombachsee 2.3 3 16
Mittelstreu WTP
Mittelstreu Catchment 2.4 73 215
Mittelstreu Streu
Probability Plot (Walter et al. 2012)
All samples 3.8 133 255
Luxemburg 2.2 5 13
Brombachsee 2.6 10 16
Mittelstreu WTP 2.15 15 83
Mittelstreu Catchment 3.27 13 48
Mittelstreu Streu 2.95 9
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4.) Anthropogenic Gd Infiltration, Karst, Winter
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4.) Mass Flow and Gd-Mass sum, Winter

Mass flow [ng/s]
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4.) Anthropogenic Gd Infiltration, Karst, Summer
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4.) Mass Flow and Gd-Mass sum, Summer
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5) Correlation of Gd and Acesulfame-K
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6) Conclusion

» Statistical background calculation: probability plot
> Surface water shows a cyclic Gd-signal in the river “Streu”
> Groundwater: the anthropogenic Gd-signal is attenuated

» Groundwater velocity: 125 m/d
» 60 days from sinkhole to spring
» Dilution, adsorption etc.

> Dry weather conditions with low groundwater recharge
» Less dilution leads to a higher Gd-signal
» More stable runoff conditions
> Gd can be used as environmental tracer for surface water interaction
with groundwater
» Mixing calculations (Volume)
> Correlation of Gd with Acesulfame-K
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2) Project Outline

Mittelstreu, Bavaria

o
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< | - Lower Muschelkalk,
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- Fast Flowing
Groundwater Regime
- Karstification
o
9
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2.1) Geological profile

A A

NNW SSO
m tber NN m (ber NN

410 r 410 Mo2 (Kalksteine und Mergel mit
Ceratites nodosus)

390 r 390 , ,
Mo1 (Trochitenkalk, Hornsteinkalk

370 - L 370 und Kalkb&nke mit Encrinus bliiformis)

350 1 - 350 Mm (Mergel, Plattenkalk, Zellenkalk,
Dolomit ohne organische Reste)

330 1 330 X (Zone der Schaumkalkbanke
einschliefllich der Schichten mit

310 - 310 Myophoriaorbicularis)

290 t 290 Mu2 ( Oberer Wellenkalk,
Obere flaserige und ebene Kalkschiefer)
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Normed element patterns

Average conc. Muschelkalk / Standard materials
1 -
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Comparison of standard materials

Normierung einer Probe mit unterschiedlichen Standards
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SEE-Pattern in groundwater samples (preslected)
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3.1) SEE-pattern in surface water samples
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