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Fig.1 Schematic figure of chlorine isotope analysis with reaction mass spectrometry

(A) Extracted from database V2.0 of NIST; (B) and (C) mass spectrum and chromatogram of experiments
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Fig.3 Intensity of ion with different ionization energy Fig.4 Intensity of ion with different filament currents

TCE: trichloroethylene; PCE: perchloroethylene
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1
Table 1  Precision results of CSIA-Cl of TCE&PCE with different concentrations
8 CIICE (%0) 57 C1-PCE (%o0)
Concentrati Amout on
oncentration
Ne- (pg/L) colurmn STDY STDV
(ng) Mean (1o n=10) Mean (1o n=10)
1 1.0 25.0 -0.60 7.36 3.25 3.87
2 3.0 75.0 -2.27 1.80 -0.89 1.72
3 5.0 125.0 -1.63 1.35 -1.21 1.28
4 10.0 250.0 -2.06 0.81 -0.97 0.77
5 20.0 500.0 -1.92 0.69 -1.09 0.72
6 50.0 1250.0 -1.86 0.78 -0.92 0.68
3.6
3 N 20.0 pg/Lo 2
2
Table 2 Precision results of CSIA-Cl of TCE&PCE with different matrices (n=10)
TCE PCE
Matrix Ratio 8¢l (%) Ratio 8YC1 (%0)
Pure water 0.32268+0.00027(1o) -1.65+0.84 0.32151+0.00019( o) -1.05+0.59
Groundwater 0.32252+0.00026 (10) -2.13+0.81 0.32148+0.00029( 10) -1.14+0.91
Drinking water 0.32261+0.00018(10) —-1.85+0.56 0.32157+0.00021(10) -0.86+0.66
3.7
o 3
12 3
3
Table 3 Analytical results of real groundwater samples(n=12)
1 Sample 1 2 Sample 2 3 Sample 3
Compounds ¢ (pg/L) 87 Cl (%) C (pg/l) 87CL (%) C (pg/L) 87ClL (%0)
TCE 26.92 -7.2+1.12 170.3 -1.3£1.26 227.0 -9.6+0.97
PCE 9.6 -2.2+1.31 13.4 -0.5£0.87 0.56 -
3.8
. 1l ( 200 pg/L)  GC-NCIMS
200 pgo 1 min 10,
90 wA 70 eV. 4
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4

Table 4 Demonstration of this method using different types of chlorinated compounds (n=10)

Compounds

Area Ratio of ¥ Cl and® Cl Standard deviation (%)

12 3- 1 2 3-Trichloropropane 0.31252+0.00038(10) +1.23(10)

12 4- 1 2 4-Trichlorobenzene 0.31632+0.00091(10) +2.15(10)

245 6- 2 4 5 6-Tetrachloro-m=ylene 0.32637+0.00022(10) +0.76(10)
pp- p p"-DDE 0.31249+0.00035(10) +1.13(10)
Polychlorinatedbiphenyl PCB209 0.31492+0.00062(10) +1.95(10)

(1) ;(2) ;

3) :(4)

;(5)
o (D
;(2)
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Approach to Compound-Specific Isotope Analysis of Chlorine
with Reaction Mass Spectrometry and its Exploration

GUI JianYe ' > ZHANG Jing' ZHANG Chen-Ling' CHEN Zong-Yu"' LIU Fei > CHEN Huan-Wen’
"(nstitute of Hydrogeology and Environmental Geology ~Chinese Academy of Geological Sciences Zhengding 050803  China)
*(School of Water Resources and Environment China University of Geoscience Beijing 100083  China)

*(Jiangxi Key Laboratory for Mass Spectrometry and Instrumentation
East China University of Technology Nanchang 330013 China)

Abstract Reaction mass spectrometry can provide specific information through the introduction of reactive gas
into ionization source. A new compound-specific stable chlorine isotope analysis ( CSIA-Cl) method was
developed to overcome drawbacks of existing methods. Contemporary methods often require laborious offdine
procedures prior to isotope analysis to obtain the chlorine isotope ratios from the mass spectra. In contrast to
previous methods our ondine setup was based on the use of chemical ionisation mass spectrometry through the
introduction of methane. The cleanest ion traces of Cl” (m/z 35) and “Cl” (m/z 37) were recorded to
directly determine the isotopic ratios of chlorine and the method completely avoided isobaric interferences. The
stable chlorine fragments were obtained from each specific chlorinated compound using the appropriate energy
and an optimized acquisition mode and the precision was maintained by the control of reactive gas flow and
filament current. The principle and the mechanism of this method were presented and explained using
trichloroethylene (TCE) and perchloroethylene (PCE). Method validation was investigated using chlorinated
alkenes chlorinated benzenes and organochlorine pesticides. The sensitivity of the method was significantly
improved and standard deviations (1g) was almost below 2.0%¢. Further reaction mass spectrometry scheme
was proposed in order to improve the precision which offered an innovative approach to compound-specific
chlorine isotope analysis and it could facilitate the application of CSIA-Cl in many fields.

Keywords Reaction mass spectrometry; Compound-specific stable isotope analysis; Chlorinated Compounds;

Isobaric interference; Groundwater; Nonaqueous-phase liquids
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