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Procedure diagram of chlorine isotope testing determined by GC — CF — IRMS
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Table 2 Results of chlorine stable isotope of samples

FEibRS  87CL | RS 8TCL | FERES 8T
(G3trat) (%) | (HBFK) (%) | (HFK) (%o)
FXC-1-1 -0.142 | GWI1-1-1 0.726 GW2-1-1 0.601
FXC-2-1 0.167 GW1-2-1 0.827 GW2-2-1 0.402
FXC-3-1 0.386 GW1-3-1 -0.031 | GW2-3-1 0.59%4
FXC4-1 0.369 GW14-1 0.634 GW24-1 0.431
SHE 0.195 | PHE 0.539 | EHME 0.507
] — X ] — LK ] — LK

IEJ\\ 02457 IEJ S0, 3881 IEJ S 0102
i A 22 P A 22 T v 22
eSS sTCl | RERRS  8TCL | RS 8TC
(5rHTa)  (%o) | (HMUFK) (%) | (HTFIK) (%o)
FXC-12 -0.085 | GW1-1-2 0.723 GW2-1-2 0. 695
FXC22 -0.388 | GW1-2-2 0.234 GW2-2-2 0.622
FXC-3-2 0.555 GW1-32  0.512 GW2-3-2 0.359
FXC4-2 0.813 GW14-2 0.542 GW24-2 0.473
S 0.224 | EHME  0.503 | EHE  0.537
[F)—dttx [F)—dttx f)—t
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P PO P
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Table 3

Precision and accuracy of chlorine stable isotope of

samples
BEE 2T bR ZE  TUOREREE AEXTIRZE
(%o) (%o) (%o)
Srifratike i (FXC) 0.0205 0.0498 0.0095
K (GWL) 0.0250 0.0358 0.0510
T K (GW2) 0.0180 0.0152 0.0180
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Table 4 ~ Comparison of test results of chloride stable isotope

determined by different laboratories

877 CLYIAE ( %0)

o . R
FEAMRS AR90mbs AT T Ty S5 i)
Wi P2 Xof b A 22
FXC  0.195  0.224 0.20 - 0.016
GWI  0.503  0.539 0.47 - 0.035
CW2  0.507  0.537 - 0.540  0.018
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HIGHLIGHTS

(1) The injection method was improved in the experiment, which can reduce the sample volatilization and solve the
low pressure problem of reference gas.

(2) The key parameters affecting the accuracy were light, temperature, continuous helium gas, and split ratio.

(3) The repeatability and stability test of the method was carried out, and the accuracy of the method satisfied the

requirement of +0.2%o.

Accuracy
Chlorid f +0.2%o
stab(l): ¢ CH,CI Improved \ W = %7
isotope and : injection —> = g A Key parameters: light,
samples CHl method 3 - x temperature, sulfate
=l ] 2 removal, continuous
GC+MAT253 helium flow split ratio
ABSTRACT

BACKGROUND: Stable chlorine isotope, as an effective tracer, can indicate the water evolution and explore the
changes of the geological environment. It has a wide application prospect in earth science. The continuous flow
isotope ratio mass spectrometry ( CF —IRMS) method has been widely used in the determination of stable isotopes
due to the advantages of smaller sample size and higher sensitivity. As a volatile gas, methyl chloride easily escapes
during the reaction and the test pipeline, causing sample loss. How to achieve the separation and purification of
CH, Cl and improve the conversion rate of CH,ClI of the samples in the reaction and analysis is the key to successful
determination of stable chlorine isotopes by CF — IRMS.

OBJECTIVES: To understand the influencing factors for the determination of CH,Cl by CF — IRMS.
METHODS:: The international standard material of chlorine isotope ( ISL —354) was chosen as the standard
material. The determination method of chlorine stable isotope content in groundwater was studied by using stable
isotope ratio mass spectrometer ( IRMS) analysis system combined with gas chromatography ( GC) separation
technology. Three types of samples from analytical pure, standard, and groundwater were chosen.

RESULTS: By adopting the combined sampling method of GC manual injection and dual — channel reference gas
injection, the loss of methyl chloride during the reaction and testing process was reduced, the concentration of
methyl chloride during the online analysis was guaranteed, and better test accuracy was obtained. The results
showed that the standard deviation of the *’C1/* Cl ratio of the samples determined by this method was within the
range of 0. 20%o. The error of the results from different laboratories was less than 0. 035%0, which satisfied the
requirement of 0. 5%o reproducibility of geological samples. Parameters such as light, temperature, sulfate removal,
continuous helium flow and split ratio were the major factors affecting the test accuracy in the experiment. The
influence of these parameters should be strictly controlled in the experiment to ensure the accuracy of this method.
CONCLUSIONS: This method has the advantages of simple pretreatment, small sample consumption, large
number of test samples and short test period, which can improve the efficiency of the analytical methods of the

chlorine stable isotope of groundwater inorganics.

KEY WORDS: chlorine stable isotope; continuous flow isotope mass spectrometry; separation and purification ;

groundwater; inorganics



