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A Rapid Synchronous Determination Method for Soil Inorganic
Carbon Content and its Carbon Isotope Ratio

HE Zhen, YUAN Hongzhao, ZHANG Liping, GENG Meimei, XU Liwei, LI Chunyong,
PENG Can, CHEN Wen, TANG Siyu, ZHONG Huan, WANG Jiurong
(Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China)

Abstract: The accumulation and leaching of soil inorganic carbon (SIC) play crucial roles in the
global carbon balance and represent a key research focus in carbon cycling studies. Accurate
quantification of SIC content and its stable isotope ratio is critical for identifying the current
"missing" carbon sink in terrestrial ecosystems. This study developed a rapid, high-throughput
method for synchronous measurement of soil inorganic carbon (IC) content and its carbon isotope
ratios using cavity ring-down spectroscopy(CRDS) combined with an automated small-volume gas
sampler. A synchronous analysis method for inorganic carbon content and isotope ratios in different

types of soils was established by analyzing certified reference materials. Results demonstrated that
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this method has a measurement range of 0.050—0.500 mg (as carbonate), with a correlation

coefficient =0.999. The accuracy of SIC analysis was better than 1 g/kg, and the accuracy of carbon

isotope analysis was better than 0.5 %o, with no observed isotope fractionation. The newly developed

method was applied to determine inorganic carbon content and isotope ratios in soils with different

types and SIC contents. The results showed that all samples achieved good repeatability, and the

results were consistent with those measured using the original method. Moreover, the accuracy of

SIC content and isotope ratios in soils of 100 mesh is better than that in soils of 60 mesh. The

optimized method is simple to operate, offers a low detection limit, requires minimal processing

time, and exhibits excellent repeatability, making it highly suitable for rapid and batch analysis of

SIC content and its stable carbon isotope ratio.

Key words: soil; inorganic carbon; carbon cycle; stable carbon isotopes; isotope spectrometer
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Table 1 Physicochemical properties of the soil samples

+ e I R pH HHLF/(gke ™) A(gkg ) B/(gkg™ Wi/(gkg™)
SM-1 K H 8.14 32.8 2.18 17.5 0.763
SM-2 T 732 19.0 1.16 26.1 0.585
AX-1 K H 8.06 25.7 1.66 20.4 1.03
AX-2 7K 7.97 35.8 229 20.4 1.47
LX-1 K H 8.25 21.3 1.45 15.1 0.635
LX-2 b 8.14 17.3 1.22 23.6 0.967
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Fig.2 Standard curve of CaCO;-CO, concentration and 8"C isotope ratio determined by laser spectroscopy
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Table 2 Precision and accuracy of SIC content testing with different methods

M (HSIC/g ke ")

P B K o XTI R hRE 2 % S5
GSS-41 Sk 159.2 1.7 1.06 156.6+3.0
ERZipineerS 156.7 0.8 0.51
GSS-43 Sk 82.5 2.5 3.03 84.142.3
ERZipineerS 82.1 0.8 0.97
3 AEKRMNAELBETNBREMZNXEEE
Table 3 Precision of SIC carbon isotope testing with different methods
B o PSES" Cppp/%o
- Kk FHE AR B AT
GSS-41 ik -1.49 0.2 —1.4840.2 -0.01
ik -1.48 0.2 0.00
GSS-43 ik -1.54 0.3 —1.42+0.3 0.12
ik -1.34 0.1 0.08
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Table 4 Precision of SIC content testing with different

grain sizes

W52 HESIC/g-kg ™)

iR 60H 100H
THIE X TRIE gaxizE
SM-1 58.3 2.1 60.3 0.8
SM-2 6.6 0.6 6.9 0.1
AX-1 73.3 1.3 77.8 0.9
AX-2 89.2 2.8 89.6 0.7
LX-1 21.1 1.2 20.8 0.7
LX-2 62.8 2.5 62.6 0.5

x5 AEHNETETNGECENRISEE
Table S Precision of SIC carbon isotope testing with
different grain sizes

I E 6" Cppp/%o

[EHTPA S 60H 100H
T duxiAzE S daRRE
SM-1 -7.18 0.78 -7.10 0.22
SM-2 -10.98 0.91 -10.89 0.30
AX-1 -3.85 0.38 -4.03 0.18
AX-2 337 0.37 -3.27 0.21
LX-1 -8.17 0.95 -8.29 0.24
LX-2 -3.69 0.28 —4.14 0.41
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