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Peface 

We present two very different and novel methods 
for 14C measurement of water samples 

Aim: aquifer protection 

 

1. Direct absorption into a scintillation cocktail and  
followed by liquid scintillation measurement 
(LSC) 

2. Based on accelerator mass spectrometry (AMS) 
using gas ion source (with a MICADAS type AMS 
system) 
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ATOMKI development in groundwater 14C research 

 - automatic groundwater  
   sampler 
 
 - 2 month working period 
 
 - takes integrated sample 
   from 40 dm3 groundwater 
 
 - concentrates carbonates 
   on ion exchange  columns 

Janovics R., Molnár M., Futó I., Rinyu L., Svingor É., Veres M., Somogyi I., Barnabás I.: 
 Development of an automatic sampling unit for measuring radiocarbon content of 
groundwater. SCI Radiocarbon 52 (2010)1141-1149./ 1.2572009 
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LSC 
Widely  used and available 

instruments 

Adequate for measurements of 
environmental samples   

Large sample capacity 

Difficult sample preparation 

(benzene synthesis) 

direction  

of  

development 

 

 

To develope a simple sample 
preparation method without 

benzene synthesis 

 

 

 

AMS 
Adequate for high precision 

radiocarbon dating 

Requires small amount of  sample 
(100 ml-s) 

Large sample capacity 

The fastest measuring technique  

Very expensive instrument 

Difficult and expensive sample 
preparation (production of 

graphite target) 

direction  

of  

development 

 

To develop a quick and simple 
sample preparation 

 

 

GPC 
(ATOMKI) from 1980’s 

Adequate for high precision 
radiocarbon dating 

Requires  large amount of 
samples (40-60 l) 

Difficult sample preparation 

Limited measurement capacity 

Very accurate but outdated 
system 

 

 

 

 

 

Avaliable 14C measurement techniques 



Direct absorption LSC counting method 
sampling and sample treatment procedures 

BaCO3 or elute + H3PO4  CO2 
 

purification of obtained CO2 in a 
chromatographic system 
 

groundwater 
sampling (30-
60 litre) on ion 
exchange resin 
or BaCO3 

precipitation 

store the purified 
CO2 in a 
Plastigas® bag 



absorption line 

attach the 
Plastigas® bag  
to the direct 
absorption line 

evacuate the system 
and open the 
Plastigas® bag 

CO2 adsorption until 
Carbosorb® is 
saturated (15 min) 

+ Permafluor ® 

sample ready for 
measurement 

ABSORPTION ! 

Direct absorption LSC counting method 

absorbed 2g of CO2 / vial 



Results of LSC method 

Sample Nr. 

14
C activity (pMC), δ

13
C uncorrected 

GPC  LSC 

1 6940 ± 23  
6891 ± 61 

6996 ± 62 

2 5147.7 ± 8.9  
5140 ± 46 

5158 ± 46 

3 759.2 ± 1.4  756.3 ± 7.8 

4 581.3 ± 1.4  577.2 ± 6.3 

5 219.5 ± 0.7  
222.3 ± 3.2 

222.3 ± 3.1 

6 113.8 ± 0.3  
112.6 ± 2.2 

113.7 ± 2.2 

7 112.7 ± 0.3  116.4 ± 2.2 

8 28.6 ± 0.3  27.6 ± 1.5 

 

-  The results of LSC method 
    were very similar to the 
     control GPC values. 
 
- The quench parameters were 
   very stable. 
 
- The time-stability of the 
  mixture was also good after 
  100 days. 
 
- The background value was 
   about 1.8 cpm based on 6 
   parallel 14C  free samples. 
 
-The best counting parameters 
  were find out in the case of 
  three different counters. 
 
- The corresponding limit of 14C 
  dating is 31,000 years BP  
  (2 pmC). 



AMS gas ion source measurment of 14C in water 
procedure of sampling 

take 10 ml of 
groundwater 
with a syringe  

inject 1ml into the glass 
vial (12 ml)  through a 
0,45 µm filter 

sample ready 
to store/ 
measurement 



- release DIC with 
  0.5 ml 85% H3PO4 
- flush the CO2 

   into the gas 
  handling line 

-P2O5 traps the water 
-zeolite trap concentrates 
  the CO2 

- heat the zeolite trap 
  to release  the CO2 and collects 
  it in the syringe 

the syringe provides a 
constant CO2 gas flow-
rate to the ion source of 
the AMS 

procedure of measurement 

AMS gas ion source measurment of 14C in water 



Sample type             AMS GI (pmC) GPC* (pmC) 

IAEA-C1 carbonate 
0.74 ± 0.05 

blank 0.79 ± 0.06 

 0.82 ± 0.07 

IAEA-C1 carbonate 1.37 ± 0.11 
processed blank 

+ 1ml deionised water 0.89 ± 0.05 

 41.16 ± 0.49    

IAEA-C2 carbonate 41.14 ± 0.59 41.14 ± 0.03* 

 41.19 ± 0.54    

 21.52 ± 0.37    

 21.21 ± 0.39    

Groundwater-1 21.81 ± 0.38 18.70 ± 0.13* 

 21.45 ± 0.36    

 21.19 ± 0.37    

Groundwater-2 30.21 ± 0.51 30.00 ± 0.10* 

Groundwater-3 66.00 ± 1.20 67.00 ± 0.15* 

Groundwater-4 91.92 ± 0.89 90.50 ± 0.30* 

 

Results of AMS method 
- The method were tested on real 
   groundwater samples and 14C reference 
   carbonate materials from IAEA as well. 
 
- The blank level was very low (< 1.0 pMC) 
 
- The results of AMS method were very 
   similar to the control GPC values. 

- Reproducibility of AMS GI measurement 
   is excellent . 
 
- The 14C content in 1 ml of water could 
   be routinely measured with better than 
   1% precision . 
 



Conclusions 

The presented two new methods can be suitable 
for 14C measurements and dating of hydrological, 
and environmental samples as well. 
 
The new AMS facility in ATOMKI (Debrecen, 
Hungary) using an EnvironMICADAS (ETHZ 
developed) AMS system with gas ion source has a 
great potential in groundwater 14C analyses. 



Thank you for your attention 


