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Abstract—The main methods for measuring 14C based on a Libby counter, a proportional gas-filled counter,
liquid scintillation counting, and accelerator mass spectrometry are considered. The measurement features,
advantages, and disadvantages of each presented method are described. The radiocarbon concentration in
annual rings of a pine tree grown in Akademgorodok of Novosibirsk has been measured using the accelerator
mass spectrometry method. The measured 14C concentration in the samples is in the range from 95.4 ± 0.2
to 191.5 ± 2.2 pMC.
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INTRODUCTION

14C is a radioactive carbon isotope with an atomic
nucleus containing six protons and eight neutrons.
There are several factors that make obtaining metro-
logically substantiated data on the radiocarbon activity
in a sample a relevant task. First, the use of 14C in
radioisotope dating makes it possible to establish the
age of a biomaterial sample of up to 60000 years [1–6].
This dating technique is most often used in archeol-
ogy, glacial geology, atmospheric physics, glaciology,
and other sciences, but it can also act as a tracer in var-
ious natural processes. Second, 14C is used in medi-
cine, e.g., to perform breath tests for Helicobacter Pil-
lory [7–9]. Third, 14C contributes to the exposure of
population, as it is present in the atmospheric emis-
sions from nuclear reactors of various types and from
fuel reprocessing plants [10, 11].

14C was experimentally discovered in 1936 by
W.E. Burcham and M. Goldhaber, British physicists
who irradiated 14N nuclei in a photographic emulsion
with slow neutrons according to the 14N(n, p)14C reac-

tion [12]. The half-life of 14C is 5700 ± 30 years [13].
14C is a β emitter; it decays into 14N:

The end-point energy of β particles is 156 keV, and
their mean energy is 45 keV [14].

14C is has both natural and anthropogenic origin.
The natural origin is based on the interaction between
the 14N isotope contained in the Earth’s atmosphere
and neutrons produced in the reaction between cos-
mic rays and various substances of the atmosphere:

Approximately 1.4 × 106 GBq of radiocarbon are
annually produced in this way; the total amount of 14C
in the atmosphere is estimated at 1.4 × 108 GBq. The
largest amount of 14C is contained in the oceans: it is
approximately 1.0 × 1010 GBq [15].

Nuclear tests in the period from 1945 to 1980 were
an anthropogenic source of radiocarbon; they were
responsible for a release of 2.2 × 108 GBq of 14C into
the environment [16]. Emissions from nuclear fuel
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Fig. 1. The external appearance of the Libby counter with the lid (a) closed and (b) open [21].

(а) (b)
cycle enterprises are another anthropogenic source of
radiocarbon. During the operation of a nuclear reac-
tor, 14C is produced mainly by neutron activation of
17O, 14N, 13C, and, to a lesser extent, of 15N and 16O,
which are present in fuel elements, structural materi-
als, moderator, and coolant; 14C is also produced by
triple fission reactions of uranium and plutonium in
nuclear fuel [17]. According to estimates in [18],
approximately 1.1 × 106 GBq of 14C is annually gener-
ated by operating nuclear power plants around the
world; 1.1 × 105 GBq of this amount of 14C is emitted
in gaseous form into the atmosphere per year, while
approximately 3.7 × 105 GBq of 14C are emitted per
year from nuclear fuel reprocessing plants in both gas-
eous and liquid forms. The method for generating 14C
at nuclear power plants depends on the nuclear reactor
type [19] or, more precisely, on the degree of uranium
enrichment in the fuel and on the concentration of
oxygen and nitrogen in the fuel, structural materials,
moderator, and coolant.

Measuring the activity of 14C is fraught with diffi-
culties in detecting β particles, since their maximum
energy is 156 keV. Conventional solid-state (scintilla-
tion and semiconductor) detectors are unsuitable for β
particles with this energy. In addition, self-absorption
of low-energy β particles makes it impossible to use
large-volume samples for measurements. In this
regard, methods for measuring radiocarbon should
feature high detection efficiency for low-penetrating β
INSTRUMENTS AND EXPERIMENTAL TECHNIQUES 

Fig. 2. The design of the Libby counter [22].
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particles, a low background component of instru-
ments, and high stability of the equipment.

In this paper, we consider the main methods for
measuring 14C, starting with the first gas-discharge
counters and finishing with the modern method of
accelerator mass spectrometry. The advantages and
drawbacks of each method are presented and the prac-
tical application of the accelerator mass spectrometry
method is described.

METHODS FOR 14C MEASUREMENTS

The Libby Counter

W. Libby, an American physicist, developed the
first device for measuring 14C in 1946. He used a spe-
cial system in which a Geiger–Müller counter with
brass walls was surrounded by other counters, which
were connected in anticoincidence with it (Figs. 1 and 2).
A pure carbon (soot) sample was deposited on a thin-
walled cylinder and enclosed in a central counter. The
use of external counters has made it possible to avoid
the registration of false pulses, and the central counter
detected only the particles that were emitted by the
counting sample [20].

This method is not used today, since it has a number
of disadvantages: low detection efficiency (~5.5%), diffi-
culty in obtaining chemically pure carbon (free from
radicals and impurities), and the high probability that
a prepared counting sample will be contaminated with
airborne radioactive substances.

Proportional Gas Counters

In the 1950s, the method proposed by Libby was
replaced by a method for measuring 14C using gas-
filled proportional counters. Their main feature was
that the 14CO2 gas released from the sample was placed
directly into the sensitive volume of the detector. Two
concentric tubes with 11 equidistantly placed anode
wires (Fig. 3) were used instead of the ring of Geiger–
Müller counters [23]. The advantages of this design
over the ring of individual counters are the stability of
 Vol. 64  No. 6  2021
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Fig. 3. A gas-filled proportional counter [23].
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the system and the same trigger potential for all count-
ers.

Cathodes of a proportional counter were most
often made of materials containing a small amount of
radioactive impurities, such as copper or stainless
steel. In order to reduce the probability that a part of
the sample will be deposited on the chamber walls, the
inner cathode surface was coated with substances that
did not react with gases. Either large counters (up to 10 L
in volume) or counters with a higher working gas pres-
sure (2–10 atm) can be used to increase the sensitivity
of the method.

Although proportional counters have such advan-
tages as high detection efficiency and low background,
they are not free from drawbacks. It is difficult to elim-
inate radioactive impurities from the counting gas and
remove deposited sample particles from the chamber
walls for subsequent measurements. In addition, the
use of large-volume proportional counters leads to an
increase in the size and weight of the shielding compo-
nents.

A 1-L counter filled with CO2 at atmospheric pres-

sure typically requires 0.5 g of carbon in a sample. This
requirement is critical for many areas of research,
especially for archeology, where milligram samples are
usually available. Therefore, the development of
micro-counters with a volume of a few milliliters, for
which a few milligrams of carbon in the sample were
needed, became a relevant task. The disadvantage of
such counters was the data-acquisition time, which
was as long as 1 month. Micro-counters have not been
widely used due to the rapidly developing method of
accelerator mass spectrometry [21].

The Liquid Scintillation Counting Method

The development of the liquid scintillation count-
ing method began in the 1950s almost simultaneously
with the development of the gas counter method. The
principle of liquid scintillation counting is based on
the detection of scintillations produced by charged
particles (in our case, β particles). A liquid scintillator
is a mixture of a solvent, a scintillator proper, and a
wavelength shifter. The intensity of scintillations is
proportional to the particle energy, which allows an
electronic system to select the range of particle ener-
gies that is interesting to the researcher.
INSTRUMENTS AND EX
Radioactive samples and the scintillation mixture
are enclosed in small transparent (often glass or plas-
tic) vials, which are then placed in front of photosen-
sitive devices, most often, photomultiplier tubes
(PMTs). Many instruments have two PMTs con-
nected in a coincidence circuit (Fig. 4), which cuts off
the PMT noise. The counting efficiency depends on

the measurement technique; for 14C, it can reach a
level of 95% or more. The disadvantages of the method
include quenching effects, i.e., a number of effects
that lead to energy losses during conversion of the
decay energy into electrical pulses of a PMT [24].

The Accelerator Mass Spectrometry Method

The above-mentioned 14C measurement methods
imply detection of β particles from only a small num-
ber of decaying carbon atoms. Accelerator mass spec-
trometry, which appeared in the 1970s, provides indi-
vidual counting of each radiocarbon atom in a sample.
The operation of an accelerator mass spectrometer is
based on measuring the intensity of ion beams with
different masses. The sensitivity of this method makes
it possible to separate a beam with an ultralow relative

intensity (there are approximately 1012 12C atoms per
14C atom) from neighboring beams with a very high

intensity, such as 13C and 12C beams.

Since the half-life of 14C is 5700 years (5568 years
are used in radiocarbon dating calculations), merely
one decay happens in 4 s in 1 g of carbon extracted
from modern wood. Obtaining an accuracy of 0.1%

requires acquisition of 106 decay events, which takes

4 × 106 s (almost 46 days). For 100 g of carbon, the
time is reduced to 11 h. Accelerator mass spectrometry
analysis calls for only 1 mg of carbon; this carbon will
be converted into charged ions with an efficiency of

2%, and 14C ions will be counted [26].
PERIMENTAL TECHNIQUES  Vol. 64  No. 6  2021
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Fig. 5. The diagram of the accelerator mass spectrometer at
the Budker Institute of Nuclear Physics: (1) ion source,
(2) bending magnet, (3) the first accelerating tube, (4)
magnesium vapor target, (5) the second accelerating tube,
(6) magnetic-field filter, and (7) thin-film time-of-flight
detector.
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Figure 5 shows a diagram of an accelerator mass
spectrometer that was created in 2011 and commis-
sioned by the Budker Institute of Nuclear Physics in

Novosibirsk [27]. The sensitivity of this setup is 10–15

(14С/12C).

Carrying out radiocarbon analysis using the accel-
erator mass spectrometry method consists of the fol-
lowing stages.

1. Generation of an ion beam. First, 23 graphitized
samples are placed in a drum at a distance of 7 mm
from each other. A small steel container filled with liq-
uid cesium is heated to 600°C. Cesium vapor pro-
duced thereby is incident on a tantalum ionizer heated
to 100°C and then, being accelerated by a voltage of

8 kV, hit the sample. A negative beam of , 13CH–,

and 14C– ions with an energy of 25 kV is generated at
the exit from the ion source. The negative charge state

of the initial beam allows one to eliminate 14N– ions,
which are extremely unstable.

2. Focusing of the ion beam and its rotation
through 90° by the magnetic field, as a result of which
the beam enters the first accelerating tube, where it is
accelerated to a voltage of 1 MV. The beam then hits a
magnesium vapor target.

3. Ion charge exchange in the magnesium vapor
target to the 3+ charge state, as a result of which
molecular ions are eliminated. The resulting beam of
12C3+, 13C3+, and 14C3+ particles is bent through 180°

−12

2CH
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and enters the second accelerating tube, where it gains
an additional energy of 3 MeV. The beam of particles
is bent by the magnetic field, their selection by the

mass and charge is performed, and the 14C3 + beam hits
the counters.

4. Detection of 14C3+ ions by a thin-film time-of-
flight detector consisting of electrostatic and cycloidal
sensors. There is a film in the sensor; in passing
through it ions cause the emission of electrons. Elec-
trons are then incident on a microchannel plate, in
which their multiplication occurs. At this time, the
time of f light between the sensors is measured.

An ion mass spectrum, i.e., the dependence of the
measured current on the ion mass, is the final result of
the analysis [28].

MEASUREMENTS OF THE 14C 
CONCENTRATION IN ANNULAR RINGS

OF A PINE TREE

Accelerator mass spectrometry makes it possible to
determine the exact age of samples in archeology,
geology, oceanology, and other scientific disciplines.

In addition, it can be used to measure the 14C concen-
tration in various environmental objects in order to
carry out both radioecology examination [29] and ret-
rospective estimation of the radiocarbon concentra-

tion in the atmosphere by measuring the 14C activity in
tree rings [30].

Data on background values are needed for estimat-
ing the additional contribution to the natural radiocar-
bon content during operation of nuclear facilities. The
accelerator mass spectrometry method is best suited
for this purpose, since it is the most sensitive and pre-
cise.

Since cellulose, the main component of wood,
does not interact with environmental carbon and the

half-life of 14C is 5700 years, each annual ring of a tree

contains information about the 14C activity in the
atmosphere for each year during the entire life cycle of
the tree. A retrospective estimate of the radiocarbon
content in the atmosphere at different periods of time
was obtained by studying wood rings in Akademgoro-
dok of Novosibirsk, i.e., in a region located at a certain
distance from operating nuclear facilities. An analysis
of the annual rings of a pine that grew in Akademgoro-

dok is shown in Fig. 6. The 14C content is measured in
terms of Percent Modern Carbon units (pMC), which
were adopted in the second half of the 20th century.
A value of 100 pMC = 227 Bq/g C corresponds to the

hypothetical specific activity of 14C in the atmosphere
in 1950 without any human impact [31].

The age of the pine that grew in Akademgorodok
was 113 years. The sampled core was divided into
annual rings, from which cellulose was extracted. The
cellulose extraction technique was as follows: a ring
fragment was poured in 13 ml of a solution of catalyst
 Vol. 64  No. 6  2021
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Fig. 6. The 14C concentrations (1) in the annual rings of

the pine tree that grew in Akademgorodok of Novosibirsk

and (2) in the air at the Vermunt station, Austria [33].
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and oxidizer and kept for 70 min at a temperature of
85°C. An oxidizing solution for six ring samples with a
total mass of up to 1.5 g was prepared by dissolving
2.25 g of sodium tungstate dihydrate (analytical grade)
in 38 ml of distilled water; 1.8 ml of concentrated sul-
furic acid (high purity grade) was then added drop-
wise, after which the resulting yellow precipitate was
dissolved by adding 40 ml of a 33% hydrogen peroxide
solution (high purity). The thus bleached cellulose
fibers were washed and dried. The resulting cellulose
was completely burned and converted into graphite-
like carbon at an absorption-catalytic facility that was
designed to obtain targets for accelerator mass spec-
trometry [32]. One graphite target was produced from
5–7 mg of purified cellulose. The obtained samples
were then analyzed using an accelerator mass spec-
trometer. According to Fig. 6, there has been an

almost two-fold increase in the concentration of 14C
since the 1950s; this was caused by nuclear tests in the
period from 1945 to 1980. Such an increase is charac-
teristic of the entire northern hemisphere, which is

corroborated by the data on the 14C activity in the
ambient air at Vermunt station in Austria [33].

CONCLUSIONS

Methods for measuring 14C have been rapidly
developed since the 1950s. The gas-discharge counter
created by Libby revolutionized dating and had a huge
impact on the development of many sciences, mainly
archeology. The radiocarbon dating method made it
possible to date objects with higher accuracy com-
pared to earlier methods (e.g., stratigraphy) and, in
addition, to compare and synchronize events at large
distances in time.

The Libby counter, into which a solid carbon sam-
ple (soot) was placed for measurements, was quickly
replaced by a gas-filled counter. This is explained by its
drawbacks: the low detection efficiency, the laborious
INSTRUMENTS AND EX
sample preparation process, and the probability that a
sample will be contaminated with airborne radionu-
clides.

Gas-filled proportional counters, in which a sam-
ple was placed in the form of a gas (most often CO2),

helped to improve the measurement sensitivity. How-
ever, the problem of selecting detector materials that
should not contain radioactive substances was added
to the problem of sample preparation (the transfer of a
sample into a gaseous state).

Liquid scintillation counting and accelerator mass
spectrometry are the most popular methods today.
The first method is well suited for high-volume and
high-activity samples. In Russia, the liquid scintilla-
tion counting method is widely used mainly for moni-

toring 14C in emissions from nuclear facilities [34] and
in the environment [35]. The quenching phenomena
that reduce the detection efficiency are the disadvan-
tages of this method. Accelerator mass spectrometry is
the most sensitive of all the presented methods; it

directly counts 14C atoms in a sample. The drawback

of this method is its cost. The analysis of 14C in annual
rings of a pine tree grown in Akademgorodok of Novo-

sibirsk confirmed the published data on of the 14C
activity in the atmosphere throughout the northern
hemisphere.

ACKNOWLEDGMENTS

We are grateful to E.E. Vorob’eva for her help in prepar-

ing wood samples.

REFERENCES

1. Molodin, V.I., Nenakhov, D.A., Myl’nikova, L.N.,
Rainkhol’d, S., Parkhomchuk, E.V., Kalinki, P.N.,
Parkhomchuk, V.V., and Rastigeev, S.A., Arkheol., Et-
nogr. Antropol. Evrazii, 2019, vol. 47, no. 1, p. 15. 
https://doi.org/10.17746/1563-0102.2019.47.1.015-022

2. Molodin, V.I., Myl’nikova, L.N., Nesterova, M.S.,
Kobeleva, L.S., Nenakhov, D.A., Parkhomchuk, E.V.,
Rainkhol’d, S., Petrozhitskii, A.V., Parkhomchuk, V.V.,
and Rastigeev, S.A., Probl. Arkheol., Etnogr., Antropol.
Sib. Sopredel’nykh Territ., 2019, vol. 25, p. 157. 
https://doi.org/10.17746/2658-6193.2019.25.157-166

3. Shnaider, S.V. and Parkhomchuk, E.V., Radiouglerod v
arkheologii i paleoekologii: proshloe, nastoyashchee, bu-
dushchee. Materialy mezhdunarodnoi konferentsii (Proc.
Int. Conference “Radiocarbon for Archaeology and
Paleoecology: Past, Present, Future”), St. Petersburg,
2020, p. 111. 
https://doi.org/10.31600/978-5-91867-213-6-111-113.

4. Rudaya, N., Krivonogov, S., Słowinski, M., Cao, X., and
Zhilich, S., Quat. Sci. Rev., 2020, vol. 249, p. 106616. 
https://doi.org/10.1016/j.quascirev.2020.106616

5. Fedotov, A.P., Trunova, V.A., Stepanova, O.G., Vo-
robyeva, S.S., Parkhomchuk, E.V., Krapivina, S.M.,
Zheleznyakova, T.O., and Legkodymov, A.A, Quat.
Int. (in press). 
https://doi.org/10.1016/j.quaint.2021.05.026
PERIMENTAL TECHNIQUES  Vol. 64  No. 6  2021



INSTRUMENTS AND METHODS FOR MEASURING 14С (A REVIEW) 795
6. Vasil’ev, S.K., Parkhomchuk, E.V., Serednev, M.A.,
Milyutin, K.I., Kuz’min, Ya.V., Kalinkin, P.N., and
Rastigeev, S.A., Probl. Arkheol., Etnogr., Antropol. Sib.
Sopredel’nykh Territ., 2018, vol. 24, p. 42. 
https://doi.org/10.17746/2658-6193.2018.24.042-046

7. Caglar, M., Belzberg, A.S., Spruston, B., and Sex-
smith, G., Clin. Nucl. Med., 1999, vol. 24, no. 9, p. 674. 
https://doi.org/10.1097/00003072-199909000-00007

8. Mattar, R., Silva, F.M., Alexandrino, A.M., and Lau-
danna, A.A., Rev. Inst. Med. Trop. Sao Paulo, 1999,
vol. 41, no. 1, p. 3. 
https://doi.org/10.1590/S0036-46651999000100002

9. Rasool, S., Abid, S., and Jafri, W., World J. Gastroenter-
ol., 2007, vol. 13, no. 6, p. 925. 
https://doi.org/10.3748/wjg.v13.i6.925

10. Kryshev, A.I., Kryshev, I.I., Vasyanovich, M.E., Eki-
din, A.A., Kapustin, I.A., and Murashova, E.L., At.
Energ., 2020, vol. 128, no. 1, p. 46.

11. Ekidin, A.A., Zhukovskii, M.V., and Vasyanovich, M.E.,
At. Energ., 2016, vol. 120, no. 2. p. 106.

12. Burcham, W.E. and Goldhaber, M., Math. Proc. Cam-
bridge Philos. Soc., 1936, vol. 32, no. 4, p. 632. 
https://doi.org/10.1017/S0305004100019356

13. Audi, G., Kondev, F.G., Wang, M., Huang, W.J., and
Naimi, S., Chin. Phys., 2017, vol. 41, no. 3, p. 030001. 
https://doi.org/10.1088/1674-1137/41/3/030001

14. Kocher, D.C., Nuclear Decay Data for Radionuclides
Occurring in Routine Releases from Nuclear Fuel Cycle
Facilities, Oak Ridge, TN: Oak Ridge National Labora-
tory, 1977. 
https://doi.org/10.2172/7086358.

15. Management of Waste Containing Tritium and Carbon-
14, Technical Reports Series no. 421, Vienna: Interna-
tional Atomic Energy Agency, 2004. 
https://wwwpub.iaea.org/MTCD/Publications/PDF/
TRS421_web.pdf.

16. Haag, G.L., in Radioactive Waste Management Hand-
book, vol. 2: Treatment of Gaseous Effluents at Nuclear Fa-
cilities, Chur: Harwood Academic Publ., 1991, p. 269.

17. Magnusson, Å., PhD Thesis, Lund Univ., 2007.
https://www.kth.se/polopoly_fs/1.469654.
1550154389!/C-14%20Produced%20by%20Nucle-
ar%20Power%20Reactors%20%E2%80%93%20Gen-
eration%20and%20Characterization%20of%20Gas-
eous.pdf.

18. Hou, X., J. Nucl. Fuel Cycle Waste Technol., 2018, vol. 16,
no. 1, p. 11. 
https://doi.org/10.7733/jnfcwt.2018.16.1.11

19. Nazarov, E.I., Ekidin, A.A., and Vasil’ev, A.V., Izv. Vyssh.
Uchebn. Zaved., Fiz., 2018, vol. 61, no. 12–2, p. 67.

20. Rublevskii, V.P., Yatsenko, V.N., and Chanyshev, E.G.,
Rol’ ugleroda-14 v tekhnogennom obluchenii cheloveka
(Role of Carbon-14 for Technogenic Human Expo-
sure), Moscow: IzdAT, 2004.

21. Povinec, P., Litherland, A., and von Reden, K., Radio-
carbon, 2009, vol. 51, no. 1, p. 45. 
https://doi.org/10.1017/S0033822200033701

22. Warner, M., Carbon-14 is 75±0 Years Old, National
Museum of American History, 2015.
https://americanhistory.si.edu/blog/carbon-14.

23. de Vries, Hl. and Barendsen, G.W., Physica, 1953, vol. 19,
nos. 1–12, p. 987. 
https://doi.org/10.1016/S0031-8914(53)80110-2

24. Liquid Scintillation Counting, Perkin Elmer.
https://www.perkinelmer.com/labproducts-and-ser-
vices/application-support-knowledgebase/radiomet-
ric/liquidscintillation-counting.html#Liquidscintilla-
tioncountingLiquidscintillationcountingtheory.

25. Liquid Scintillation Counting, Nuclear and Radio-
chemistry Teaching Material Wiki. https://nu-
cwik.com/From_WikiSpaces/mainSpace/Liq-
uid%20Scintillation%20Counti ng.html.

26. Linick, T.W., Damon, P.E., Donahue, D.J., and Jull, A.J.T.,
Quat. Int., 1989, vol. 1, p. 1. 
https://doi.org/10.1016/1040-6182(89)90004-9

27. Alinovsky, N.I., Goncharov, A.D., Klyuev, V.F., Kon-
stantinov, S.G., Konstantinov, E.S., Kryuchkov, A.M.,
Parkhomchuk, V.V., Petrichenkov, M.V., Rastigeev, S.A.,
and Reva, V.B., Tech. Phys., 2009, vol. 54, no. 9,
p. 1350.

28. Parkhomchuk, V.V., Petrozhitskii, A.V., and Rastigeev, S.A.,
Phys. Part. Nucl. Lett., 2012, vol. 9, nos. 4–5, p. 448. 
https://doi.org/10.1134/S1547477112040267

29. Nazarov, E.I., Ekidin, A.A., Vasiljev, A.V., Vasya-
novich, M.E., Nichiporchuk, A.O., Kozhemyakin, V.A.,
Kapustin, I.A., Privalov, I.A., Parkhomchuk, E.V., Rasti-
geev, S.A., and Parkhomchuk, V.V., RAD Conf. Proc.,
2020, vol. 4, p. 142. 
https://doi.org/10.21175/RadProc.2020.30.

30. Parkhomchuk, E., Kalinkin, P., Rastigeev, S., Park-
homchuk, V., Kuleshov, D., Lysikov, A., and Krivono-
gov, S., Proc. 14th Int. Workshop on Present Earth Sur-
face Processes and Long-Term Environmental Changes in
East Eurasia, Novosibirsk, 2017, p. 77.

31. Stenström, K., Skog, G., Georgiadou, E., Genberg, J.,
and Mellström, A., Division of Nuclear Physics Internal
Report LUNFD NFFR-3111, Lund Univ., 2011.

32. Lysikov, A.I., Kalinkin, P.N., Sashkina, K.A., Okunev, A.G.,
Parkhomchuk, E.V., Rastigeev, S.A., Parkhomchuk, V.V.,
Kuleshov, D.V., Vorobyeva, E.E., and Dralyuk, R.I.,
Int. J. Mass Spectrom., 2018, vol. 433, p. 11. 
https://doi.org/10.1016/j.ijms.2018.08.003

33. Levin, I., Kromer, B., Schoch-Fischer, H., Bruns, M.,
Münnich, M., Berdau, D., Vogel, J.C., and Münnich, K.O.,
in Trends: A Compendium of Data on Global Change,
Oak Ridge, TN: Carbon Dioxide Information Analysis
Center, Oak Ridge National Laboratory, U.S. Depart-
ment of Energy, 1994.

34. Vasyanovich, M., Vasilyev, A., Ekidin, A., Kapustin, I.,
and Kryshev, A., Nucl. Eng. Technol., 2019, vol. 51, no. 4,
p. 1176. 
https://doi.org/10.1016/j.net.2019.02.010

35. Lebedev, S.V., Kulkova, M.A., Zarina, L.M., and Nes-
terov, E.M., Proc. 6th Int. Symposium “Processes and
Phenomena on the Boundary between Biogenic and Abio-
genic Nature,” St. Petersburg, 2018, p. 297. 
https://doi.org/10.1007/978-3-030-21614-6_17.

Translated by N. Goryacheva
INSTRUMENTS AND EXPERIMENTAL TECHNIQUES  Vol. 64  No. 6  2021


	INTRODUCTION
	METHODS FOR 14C MEASUREMENTS
	The Libby Counter
	Proportional Gas Counters
	The Liquid Scintillation Counting Method
	The Accelerator Mass Spectrometry Method

	MEASUREMENTS OF THE 14C CONCENTRATION IN ANNULAR RINGS OF A PINE TREE
	CONCLUSIONS
	REFERENCES

		2021-11-18T17:24:51+0300
	Preflight Ticket Signature




