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INTRODUCTION 

Helium concentration in groundwater is a fine indicator in water dating in a range from a hun-
dred to tens of thousands of years and 4He is also used for dating young waters (Andrews, 1989; 
Zuber et al., 2007). 

Applications of helium method known so far, consisted of 4He concentration measurements 
using special mass spectrometers (Beyerle et al., 2000). Such measurements unfortunately are 
expensive and not available in Poland. That is why this problem is tried to be solved using 
cheaper gas chromatographic method. The rate of 3He/4He in the atmosphere in temperature of 
10°C, amounts to 140·10-8 and is often signified by RA. Helium originated only from the Earth’s 
crust should have Rc/RA = 0.01, and one that originates only from the Earth’s mantle Rm/RA = 8. 
This datasets show that (3He/4He)c = 140·10-10 and (3He/4He)m = 1.1·10-5, so the highest con-
centration of 3He = 1.12·10-5 · 4He. Measurements of 4He for groundwater dating can be substi-
tuted for the measurements of total helium concentration, because concentration of 3He is in 
this case considerably low. 

The aim of research was the elaboration of chromatographic measurement method of helium 
concentration in groundwater for hydrogeological purpose. In order to helium concentration in 
groundwater determination by gas chromatographic method, Thermal Conductivity Detector 
(TCD), head-space technique of gas extraction from water samples and cryogenic method of 
helium enrichment at abated pressure with the use of activated carbon was used. 

EXPERIMENTAL 

Measurement procedure 

The determination of helium concentration in groundwater using developed GC method re-
quire: (1) sampling groundwater (from the well) without the contact with the air, (2) gas ex-
traction from the water sample using head-space method, (3) cryogenic enrichment of gaseous 
sample, (4) analysis of the sample in chromatographic system equipped with the Thermal Con-
ductivity Detector (TCD), (5) measurement results handling. 

Sampling groundwater without the contact with the air 

Groundwater samples are taken to the stainless steel vessels of volume equal to 2900 cm3 de-
signed in a way that application of head-space method is possible (Śliwka, Lasa, 2000). The 
vessel has two outlets ended with a spherical valves Z5, Z6. Used valves allow for easy connec-
tion of vessel with the system of pipes employed to sampling groundwater from the wells and 
allow to extract gases from sample in the laboratory. A scheme of the system of groundwater 
sampling is presented in Figure 1.  

 

Figure 1. Scheme of the system of groundwater sampling. 
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During sampling the vessels are flushing with groundwater of volume equal to thirty liters. As 
noble gases are highly volatile it is very important to avoid gas exchange between the water 
sample and the atmosphere during sampling, transport or storage. To control the leaktightness 
of the sampling system during the sampling concentration of oxygen in the groundwater is 
measured. When the concentration of oxygen is higher than 2 mg/l sampling is being stopped. 

Extraction of gases from groundwater samples using head-space method 

The head-space method of gas extraction from the sample consist in analysis of gases (of vo-
lume of about VHS, Figure 2(D)) from the space above (head space, HS) the measured groundwa-
ter sample closed in leak tightness vessel, after the previous bringing such system liquid-gas to 
the state of thermal equilibrium. In head-space method it is necessary to accomplish few activi-
ties. The first one is to introduce gas which doesn’t consist helium to the measurement vessel 
filled with sample. Gas brought under pressure to the Z5 valve (Figure 2(D)) force out water 
from the vessel through the plastic drain pipe to the syringe. To accelerate establishment of 
thermal equilibrium state between gas and liquid phases vessel with created head-space phase 
is being shacked on the shaker for 30 minutes. Such gas phase is ready to analyze in chromato-
graphic system. 

Cryogenic enrichment and analysis of gas sample in the gas chromatographic system 

A scheme of the measurement system developed in the Institute of Nuclear Physics in Cracow is 
presented in Figure 2. The system consists of a gas chromatograph equipped with a Valco TCD 
detector of 2μl volume; 10 port valve V10; three chromatographic columns K1 (1.5 m), K2 (7 m) 
and K3 (2 m); sample loop Vp; system of helium enrichment and the vacuum pump, P. As a car-
rier gas argon 6.0 is used. 
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Figure 2. Scheme of the chromatographic system measuring the helium concentration in groundwater. 

Water samples are taken to the stainless steel containers of volume 2900 cm3 with a special 
procedure without contamination with air. The construction of stainless steel vessels allow to 
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apply the head space (HS) method for helium extraction from water (Śliwka, Lasa, 2000). The 
gas sample of volume VHS = 200 cm3 obtained using the head-space method passes through a 
system of two (vacuumed earlier) traps, T1 and T2 immersed in liquid nitrogen, D. In the first 
trap T1, the water vapour is stopped. In the second trap T2 filled with activated charcoal, oxy-
gen and nitrogen are adsorbed whereas helium and neon are not adsorbed and fill the volume 
of the sample loop Vp, the trap T2 and a pipe connections (also earlier vacuumed). After chang-
ing the position of V10, helium and neon from sample loop are dosed to the first column K1 
(filled with molecular sieve 5A) (Sugisaki et al., 1981; Sugisaki et al., 1987). When helium and 
neon gets to the second column K2 (also filled with molecular sieve 5A), the position of V10 is 
changed back and the compounds which remained in the column K1 are removed from the 
system. The columns K1 and K2 are working in the “back flush” mode. For a better separation, 
both gases (i.e. helium and neon) pass through the third column K3 (filled with a mixture of 
molecular sieve 5A and activated charcoal 50%/50% (Zieliński, 1961)) to the TCD detector. The 
signal from the detector is registered in a computer equipped with appropriate software. 

RESULTS 

The difficulties with measurements of helium concentration in groundwater derive from: (a) 
lack of proper detector for He detection and (b) difficulty with separation helium from neon in 
room temperature. Peaks of helium and neon appear together, when columns are in room tem-
perature. To separate them long columns (K1-1.5m., K2-7m., K3-2m) in room temperature were 
applied. Additionally, application of a third column K3 packed with a mixture of molecular sieve 
5A and activated charcoal, gave advisable effects. The detection limit for the TCD detector ob-
tained in this system is 2,8 ng He. The results from the analyses of helium concentration in 
groundwater and in the atmosphere, obtained through the chromatographic method described 
above are shown in Figures 3a, 3b and 3c.  

 

Figure 3. The chromatograms of helium concentration analysis in: a) 10 cm3 of air without using the system 
of enrichment (LOD of TCD: 2.8 ng He), b) 200 cm3 of air with using the system of enrichment, c) groundwa-
ter of glacial age in Cracow with using the system of enrichment. 
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Result from measurement of helium concentration in the atmosphere without using the system 
of enrichment is shown in Figure 3a. In Figure 3b result from measurements of helium concen-
tration in the atmosphere with the use of system of enrichment in a trap T2 is presented. Exam-
ple of the chromatogram of the helium concentration analysis in groundwater from Kraków 
obtained through the chromatographic method described above is shown in Figure 3c. Figure 4 
shows the results of calibration of the system with the standard 101±5 ppm helium in argon 
(produced by Linde Gas). 

 
Figure 4. The results of the calibration of the TCD detector, (S - sensitivity of detection for helium 0,20 
mVs/ng He; 1 ng = 560·10-8 cm3 STP). 

In aim of verification of elaborated method groundwaters of Cracow’s area were analysed and 
the results were compered with the results obtained using mass spectrometer (MS) technique 
in 1992 (Zuber et al., 2004). Examples of comparisons of He analyses performed with the aid of 
GC system with those performed earlier by MS technique in groundwater of glacial age in the 
Cracow’s area are shown in Table 1. 

Table 1. Helium concentration in 10-8 cm3STP/g measured by MS in 1992 (Zuber et al., 2004) with uncer-
tainty lower than 4%, and by GC in 2006. 

Well 4He (MS) He (GC) 

11 185 184±13 
15 212 225±16 
16 225 240±19 

On the basis of the results shown in Table 1 one can see that results obtained by chroma-
tographic method overlap the results from MS technique in the margin of error.  
In conclusion, the developed system can be regarded as suitable for helium determinations in 
groundwater for dating purposes. 

CONCLUSIONS 

The developed chromatographic system described here, can be used for measurements of he-
lium concentration in groundwater. The obtained level of helium detection for groundwater 
samples of volume equal to 2900 cm3, where helium was extracted to 200 cm3 head-space gas 
phase, amounts to 0,67·10-8 cm3STPg/gH2O. 
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