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gas chromatography-combustion-isotope ratio mass spectrometer (GC-C-IRMS). Preci-
sion and accuracy of the measurement processes are two key indicators for evaluating the
performance of GC-G-IRMS, which are also of great significance for defining the detec-
tion ability of GC-C-IRMS. However, the uncertainty of the detection capability of GC-
C-IRMS limits the application of isotopic tracing technology for specific compounds.
Therefore, there is an urgent need to comprehensively evaluate the effects of sample size
and signal intensity on the §”C and 8N measurements by GC-C-IRMS. In this study,
8" C and 8" N of caffeine compounds and specific amino acids were analyzed under the
premise of ensuring high determination precision and accuracy based on GC-G-IRMS,
The results showed that GC-C-IRMS had good accuracy in determination of §°C and
SN under the condition of extremely small sample size and extremely low signal inten-
sity. Specifically, the carbon and nitrogen isotope compositions of caffeine could be
determined successful when m/z 44 and m/z 28 signals were higher than 100 mV. The
recommended sample size of GC-C-IRMS should be more than 1 ng C and 5 ng N for
caffeine 6"*C and 8°N measurements, respectively. The measurement precision and
accuracy were better than 0. 3%, and 0. 2%, for both caffeine §"*C and §° N, which could
meet the practical demands in the laboratory. Meanwhile, GC-C-IRMS could ensure
sufficient m/z 44 and m/z 28 signals for amino acids, and avoid peak-to-peak interfer-
ence during the determination of amino acids §"”C and 6N in the mixed systems. For
the §"C and §" N measurements of amino acids in a complex compound, the chromato-
graphic peaks acquired by GC-C-IRMS were well separated and presented under minimal
injection amounts. The §”C measured values of 12 specific amino acids ranged from
—29. 56% to —6. 89%, with a mean measurement accuracy of 0. 56%,. For the §8” N of
specific amino acids, the measurement results of GC-C-IRMS were further compared
with those of elemental analyzer-isotope ratio mass spectrometry (EA-IRMS) to explore
the performance of GC-C-IRMS in determination of compounds 8N in the complex sys-
tem. The measurement results of GC-G-IRMS had good compatibility with EA-IRMS of
an average deviation around (0. 7740, 34)%,. In addition, there was no significant time
drift (4 days) for the amino acid §"”"N measurement in both systems. Taking into
account the advantages of GC-C-IRMS, such as high sensitivity, wide detection range,
and extremely low sample consumption, it will play an important role in the application
of compound-specific isotope technology in the fields of geochemistry and life sciences.
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1
Table 1 Isotopic information of the standards
Standard value/%o
Name Component Formula 813 Cypon o Nairx,
TAEA-600 CsHioN, Oy —27. 7740, 04 1. 00£0. 13
USGS-40 Cs HyNO, —26. 3940, 04 —4, 5240, 06
USGS-41 Cs HyNO, 37. 6340. 05 47. 6040, 11
: L2 - , " C,
mL/min; 260 C; . s 1 uL, (CGsH )N, 0O,)
50 C, 1 min, 10 °C/min C 49 44%, C (Q 25~
260 C, 3 min, 25 min, 74. 16 ng) . 14
2 ml./min; (5~350 mg/L) -
250 C; 60 C, "N , N 28. 86 %,
2.5 min, 15 C/min 110 C N (L 44~101 01 ng)
3 °C/min 150 C, . 2,
6 °C/min 230 C, 6 min,
25 °C /min 300 C, 1 min, 2
42. 3 min, Table 2 Concentration gradient
, 24 h 200~ 300 °C of the caffeine standards
2 h o
132 1000 °C, o Concentration/(mg/L) Sample size/ng
, 8¢ 81N 819C 81N
X 7~10 O, 1h 1 05 5 0 25 1 44
; ) 2 h O, 2 1 10 0. 49 2. 89
R 3 2 15 0. 99 4. 33
Lh ° O°N U 4 3 20 1. 48 5 77
CO: ’ 5 4 40 1. 98 11. 54
[COJ" [N.J" 6 6 80 2. 97 23,09
. 7 8 120 3. 96 34, 63
L33 (ED ; 8 10 140 4. 94 40, 40
2 98 kV, 1 50 mA; 9 15 180 7. 42 51 95
123 95 eV; 80%’ 10 25 200* 12. 36 57. 72
11 40 220 19. 78 63. 49
L 610" Pa; > 0.2, 12 80 250 39, 55 72. 15
0.4 mV/s; 20 mV; stC 13 100 300 49, 44 86, 58
O°N Calc Mean 14 150* 350 7416 101. 01
BGD, 5s (BGD) L% 6 3
; S”C SN
Individual BGD, 1. 42
5s 5 BGD ovC , 12
o ) 5 s
L4 1 ul, 0. 2 uL,
.41 TAEA-600 ; 0.1 pul, ;
) 14 (0. 5~150 mg/L) 0. 5 uL, 10 ¢ 1; 0.1ulL,
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Fig.3 Chromatogram of specific amino acid 6"°C by GC-C-IRMS
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Fig.5 Chromatogram of amino acid §°N by GC-C-IRMS
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