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Topics 

i. Introduction 
 Persons, Isotopes and timescales 

ii. Activity measurements 
Low Level Counting at Climate & Environmental  Physics Institute Bern 

iii. Sample preparation  
Status  and outlook  

iv.Gas extraction in the field 
 Requirements and examples under specific conditions 

v. Applications 
 Few snapshots   
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8∙10-16 ?? 
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The pioneers at Physics Institute Bern 
Hans Oeschger († 1998) 

Heinz Hugo Loosli 

Bernhard Lehmann († 2005) 
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The pioneers at Physics Institute Bern 

Although new techniques of direct atom 
counting have been developed, which 
are also discussed at this conference, 
the good old low-level counting 
technique is still important.  
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39Ar 
85Kr 

∆E 

Emax 560 keV 

β-Decay modes 

Emax 675 keV 

X-ray 
Auger 

37Ar 
81Kr 

85Rb 

39K 

81Br 

37Cl ∆Ekα 2.8 keV 

∆Ekα 13.5 keV 

i.Introduction 
ii.LLC 
iii.Preparation  
iv.Gas extraction 
v.Applications 



page 9 

 
 

21/6/12 TANGR 2012 

Oeschger counter: Principle 

AK volume 

Counting 
volume 

Mylar  
foil 

Sample counter wire 
on high voltage 

Guard counter wires 

Oeschger et al, 1975 

The Oeschger counter allowed finally to measure 14C at natural activity 
levels.  
It was the leading instrument for many years, which enabled e.g the first 
time to date the "age" of Pacific deep water 
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Oeschger counter: Background 

Counting 
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Oeschger et al, 1975 
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High pressure proportional counters 
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LLC-39Ar: Minimal water volume for a precision of 0.1 

Modern water 540 yr old water (2∙T1/2)  

Background 16-cc counter:  0.02 cpm 
Counting time: 1 month 
Water volume: 0.5 ton 

Counting time: 1 month 
Water volume: 1.5-2 tons 

Air equilibrated water at  10°C and  1 atm, counting and extraction yield 0.7   
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LLC-85Kr: Minimal water volume for a precision of 0.05 

Air equilibrated water at  10°C and  1 atm, counting and extraction yield 0.7   

Background 16-cc counter:  0.02 cpm 
Counting time: 3 days 
Water volume: ~90 Liters 

Counting time: 3 days 
Water volume: 200 Liters 
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LLC-81Kr: Minimal water volume for a precision of 0.1 

Air equilibrated water at  10°C and  1 atm, counting and extraction yield 0.7   
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60 tons for counting time 1 year!!   
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 LLC facility at University of Bern   

 Deep laboratory (35 m.b.s. :70 m water 
equivalent) build with low activity concrete 

 Passive shielding with old lead (210Pb free) 

 Active shielding (external guard counters)  
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39Ar β-spectra in 16 cc counter 

Background-reduction 
Active shielding 
Factor ~10 

Modern sample:  0.039 cpm (2.2 cph) 

Background :  0.024 cpm (1.5 cph) 

(signal/noise: 1.6)  

Groundwater sample (100%modern) 
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Sample Spectra 81Kr and 37Ar  
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CTBTO, 2011 

37Ar in tropospheric  
air in Bern from 25.3.11   

7±2 mBq/m3
air 

0.1 dpm/l Kr 
(81Kr/Kr: 5.9∙10-13) 
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Large Volume Noble Gas Purifikation 

  MS 

Cu- 
Oven 

VB GC 
FTAr 

FTKr 

Ti FT SC 

SC 

Sample 

Kr+(N2+CH4) 

CO2 
CO 
H2O O2 N2 N2 Rn 

MS 

CO2 
H2O 

MS: Molecular sieve 5 Å 
GC: Activated charcoal and MS 5 Å 
FT: Freezing trap 
SC: Sample container 

Helium carrier 
Injections of 2-litre aliquots into GC 
Preparation time ~3 days 

Former Ar-Kr Separation System in Bern 
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Current Ar separation system Riedmann, 2011 

Lithium-cation exchanged faujasite  
zeolite (Li-LSX) 
High adsorption strength for N2 
Best O2/Ar separation at 153K  

→ Temperature control is crucial 

Controlled desorption 

Ar trap 
Purification 
(99.99996 % Ar)  
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Temperature control 

Liquid N2 (77K) 

Direct heating of  
GC colums  
(60 A) Rotor for T 

homogenization 

473K 83K 
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Kr Separation in Bern 

GC1

Varian

AC4
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P10 Gas
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Sample
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Carrier exit

Vaccum pump
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valves
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a)

b)

Helium carrier 
Kr purification by 3 GC steps using MS 5°A 

and AC 
Large volume CH4 separation over Cu oven 
Separation efficiency 70-90% f([CH4] 
Separation time ~4 hours/sample 
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Kr seaparation at UIC 

 
Distillation:  
N2-Ar-O2 depletion by a factor  
of 50-100 in 3-4 hours 
 
Gas chromatography: 
Kr+CH4 separation by AC 
Kr separation by MS 5Å  
~ 300 cc separation in 1 hour 
 

Yokochi et al, 2008 

See lab tour  
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Requirements for gas sampling 

Note: Because we measure isotope ratios (39Ar/Ar, 81Kr/Kr etc) these 
methods are (rather) insensitive to  

 Details of recharge conditions (the addition of excess air,  
recharge temperature) 

 Degree of degassing (both in nature and during sampling)  
 

No contact with atmospheric air  
 (Still) relatively large sample volumes must 

be extracted under controlled and constant 
conditions  

Degassing in the field with a robust and 
mobile device with high extraction yield  

Denmark, 2008 
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Gas extraction systems  

Sample Container

P1

P2

Gas

Degassed water outDegassed water out

Water inWater in

Pump(s)

P0 P0
FilterFilter

Vacuum cylinder extraction Membrane extraction

(a) (b)
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Vacuum cylinder extraction 

Denmark, 2008 
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Gasextraction in an extraction chamber 

Australia, 2009 

Egypt, 2002 

Vietnam, 2012 
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Gasextraction with membranes 
University of Bern 

University of Heidelberg 

University of Chicago 
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Pros and Contras 

Membrane contactors 
Commercially available membrane 
contactors, relatively inexpensive 
Modular: several contactors can be 
combined   in parallel (increased 
water flux) and/or in  series 
(increased extraction efficiency) 
Compact and relatively easy to 
operate in the field 

Sensitive to the chemical and physical 
water composition:  
- Not suitable in the presence of 
substances which reduce the surface 
tension of water. 
- Not suitable for a high-temperature 
environment (i.e., >70 °C) 
- Suspended or precipitated matter may 
clog the pores 

Low inlet water pressure facilitates 
high water flux; operational over larg  
flux range 

A damaged membrane requires a 
relatively   complex regenerating 
processes 

 

Extraction chamber 
Insensitive to the chemical and 
physical water composition (pH, 
Temperature, hydrocarbons, 
suspended matter etc) 

Requires a low extraction pressure and 
is therefore  more sensitive to leaks  

Easy to repair in case of breakdown  
by experienced personnel (important 
in remote areas) 

Leak testing and setup requires 
experienced personnel 

Operational for a large range of wate  
fluxes 

Relatively high flow resistance may limit 
water  flow rate 

Allows a low extraction pressure thus 
higher extraction efficiency 

Not commercially available and therefore 
lavish to construct 

 

+ - 

+ - 
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Varying conditions: untapped water  

Nubian aquifer, Egypt, 2003 
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Varying conditions: untapped water  

i.Introduction 
ii.LLC 
iii.Preparation  
iv.Gas extraction 
v.Applications 



page 31 

 
 

21/6/12 TANGR 2012 

Sampling under varying conditions: little water pressure 

Italy, Venetian plain, 2008 

GAB, Australia, 2009 
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www.mebrana.com 

Sampling in Yellowstone Park 2007 

Even more exotic problems 

Yellowstone, USA, 2007 

→Talk Reika 
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Large volume ice sampling 

Oeschger et al, 1976 

Loosli, EPSL, 1983 

→Talk Christo 
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Sampling  
methods 
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Membrane extractor 

Water collection 

81Kr: water volume 

Noble gas (Kr, Ar)   
separation methods 

GC separation 

+ destillation 

Getter 

Gas extraction by  
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37Ar as a monitor for clandestine nuclear explosions 

Atmosphere 
40Ar + n →37Ar + 4n 

Underground 
40Ca + n →37Ar + α 

Background Level? 

Background Level? 

Natural or Artificial  
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Climate variations over the past millennium 
(The hockey stick controversery)  

IPCC 2001 (Mann et al, 1999) 

How well can past temperatures be reconstructed from the data we have?  
Was the late 20th century the warmest period during the last 1,000 years?  
Are tree rings valid temperature proxies?  
Without using the Bristlecone and Foxtail proxies in the reconstruction, 

does a hockey stick even exist? 
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Groundwater as an climate archive 

 NGT’s offer an independent and physically based reconstruction of MAT that 
may not be captured by high resolution data sets (if an appropriate dating 
tool is available) 

(Corcho et al, 2009) 
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Age chronology with depth 
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GAB, Australia, 2009 
(Photo: Paul Shand) 
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Nubian Aqifer Egypt, 2002 
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