GEOCHRONOMETRIA Vol. 24, pp 63-68, 2005 — Journal on Methods and Applications of Absolute Chronology
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Key words: Abstract: Radiocarbon concentration has decreased in recent years due to the exchange of
RADIOCARBON 4CO, between the atmosphere and the oceans, but also due to ?CO, emission from burning
CONCENTRATION, fossil fuels. This second phenomenon known as Suess effect can be observed in the highly
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industrialized and/or urban areas. New data of radiocarbon concentration in tree rings from
Nagoya (Central Japan) and Krakéw (Poland), which covered last 20 years, were obtained
recently. These data were used to find the relationship between the radiocarbon concentra-
tions in atmosphere and biosphere. Additionally, data of radiocarbon concentration in atmo-
spheric CO, in Krakéw were compared with those derived from annual tree rings, to calcu-
late the time of CO, uptake for pine trees in this region. These data show that radiocarbon
concentration of the CO, in “urban air” is systematically lower than that in “clean air”. Data
of radiocarbon concentration were fitted by exponential and linear functions to calculate the
time of exchange and predict the future level. Using data of carbon dioxide and radiocarbon
concentration from Schauinsland fossil component C; in carbon dioxide concentration level

1. INTRODUCTION

Carbon dioxide concentration in atmosphere at
present has exceeded a value of 370 ppm (GLOBAL-
VIEW-CO,, 2003) mostly due to emission from fossil fu-
els such as coal, petroleum, natural gas, etc. Increased
carbon dioxide concentration caused changes in the iso-
topic composition of carbon not only in the atmosphere,
but also in other reservoirs like biosphere and oceans.
Decreasing of radiocarbon concentration has been ob-
served (Suess, 1955; Stuiver and Quay, 1981) in wood
samples since the middle of 19" century when the Indus-
trial Revolution begun. In the 1950s and 1960s artificial
radiocarbon was produced in the atmosphere during
nuclear weapon tests, reaching a maximum in 1963 when
the level of the concentration was two times higher than
natural radiocarbon concentration (Nydal and Lovseth,
1996). Since 1963 when the test ban treaty was enforced,
the radiocarbon concentration decreased due to CO, ex-
change, mainly against the ocean carbon reservoir and the
input of “dead” carbon from fossil fuels. In 1990s, the
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was calculated in Nagoya and Krakow.

concentration was still 10% higher than the natural level
in “clean air” (McNeely, 1994; Levin and Kromer, 1997).
Significantly lower levels of radiocarbon concentration
were observed around urban and/or industrial areas
(Rakowski et al., 2001; Muraki et al, 2001) as the result
of intense emission of carbon dioxide from industrial fa-
cilities, vehicles, and common sources. Atmospheric car-
bon dioxide level and radiocarbon concentration are con-
stantly monitored, either by direct measurement (Levin
and Kromer,1997; NOAA, 2001; Kuc et al., 1998;), or by
use of bioindicators (McNeely, 1994; Krajcar Bronicet al.,
1998; Muraki et al., 1998 and 2001), by several laborato-
ries around the world. The magnitude of this effect on
14C concentration is dependent on the distance from the
sources of CO, emissions (Awsiuk and Pazdur, 1986).

To investigate the secular changes in “C concentra-
tion in the urban area of Nagoya city, Japan, and Krakéw
city, Southern Poland, and to estimate the CO, contribu-
tion by a local consumption of fossil fuels, we have ana-
lyzed carbon isotope composition of atmospheric CO,and
annual rings of pine trees.
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2. STUDY AREA

Nagoya (35°57'N, 136°58’E) is located in Aichi Pre-
fecture, central Japan, and with a population of over two
million is the fourth largest city in Japan (Fig 1a). Along
with pollution related to urban infrastructure and vehicles,
local industrial facilities in Nagoya and the surrounding
area are the main source of carbon dioxide emissions. The
sampling was done on the main campus of Nagoya Uni-
versity and in an area 8 km east of the city centre. Samples
of annual growth rings in pine trees (Pinus densiflora) were
taken using a hollow drill.

Krakéw (50°3’N, 19°54°E) is a city of one million
people, located about 100 km to the north of the Tatra
Mountains in southern Poland (Fig 1b). Air pollution re-
lated to the urban infrastructure, industrial facilities, and
alarge steel factory (Huta im. Tadeusza Sendzimira) have
elevated carbon dioxide levels in the local atmosphere
(Kuc et al,, 2003). Since 1983, the Department of Envi-
ronmental Physics, University of Science and Technology
in Krakow, has monitored carbon isotope compositions
in tropospheric CO, (Florkowski et al., 1975; Kuc, 1991;
Kuc and Zimnoch, 1998). Samples of atmospheric CO,
were taken at biweekly intervals from the Faculty build-
ing roof on the university campus, 25 m above ground
level. Annual tree rings were also taken from pine trees
(Pinus sylvestris) growing near the university.

3. SAMPLES AND METHOD

Two kinds of material were used in this study, namely,
CO, separated directly from the air collected in bi-weekly
intervals and representing an integrated value over the
sampling period, and tree rings obtained from trunks of
pine trees (Pinus silvestris and Pinus densiflora).
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Atmospheric CO, Samples

Samples of atmospheric CO, were taken applying the
method of selective sorption in a capillary sorbent, as
described in Florkowski ef al. (1975), Kuc (1991) and Kuc
and Zimnoch (1998). Radiocarbon measurements were
performed with a liquid scintillation spectrometer (Tri-
Carb®, Canberra-Packard), after the conversion of puri-
fied CO, to benzene using a standard procedure and mix-
ing with a scintillation cocktail (b-PBD + b-MSB,
Packard). Stable carbon isotope composition was mea-
sured using VG Micromass 602 C and Finningan MAT
Delta S mass spectrometers at Krakow University.

Tree-Ring Samples

Samples of annual growth rings of the pine tree were
taken as a radial section of a diameter of Smm, using a
hollow drill. To obtain sufficient amount of material for
AMS analysis, three core samples were collected from
each tree and the annual growth rings were separated.
A mixture of early wood and late wood was used to rep-
resent a single year sample. Samples were washed in dis-
tilled water and prepared using the A-A-A method. The
treated residues were combined with cupric oxide and
sealed into glass tubes evacuated with a rotary pump. The
tubes were then placed in an electric furnace for 2 hours
at 850°C. Carbon dioxide produced from the samples was
purified in a glass cryogenic vacuum line system, and then
reduced to graphite using iron powder as a catalyst
(Kitagawa et al., 1993). The resulting mixture of graphite
and iron powder was dried and pressed into a target holder
for AMS “C measurements with a HVEE tandetron AMS
system at the Nagoya University. The stable carbon iso-
tope ratio was measured using a Finningan MAT 252 iso-
tope-ratio mass spectrometer at the Center for Chrono-
logical Research, Nagoya University (Nakamura et al.,
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Fig. 1. Maps of Japan (a) (Muraki et al. 2001), and Poland (b) with locations of Nagoya and Krakow.
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2000). Radiocarbon contents are reported as A“C in per
mil (%o) deviations from the standard sample being 95%
activity of NBS oxalic acid (SRM-4990C) (Stuiver and
Polach, 1977). The stable carbon isotope ratio is expressed
in 68Cppy notation on the PDB scale (Craig, 1957).

4. RESULTS AND DISCUSSION

Nagoya
Figure 2a shows the variation of '“C concentrations in
tree rings for the 24 years from 1979 to 2002. Data from
Schauinsland (Levin and Kromer, 1997) are included to
represent yearly average values of “C concentration in
“clean air”. Instead of seasonal averages, the yearly aver-
age values were used, according to the mild and maritime

climate in Nagoya which extends the vegetation period
for pine tree to almost the whole year. An exponential
function was fitted to the data from Schauinsland to esti-
mate the A“C values for the period 1996-2002 by extrapo-
lation. The results show a gradual decrease in radiocar-
bon activity over time. A decrease of 8.8%o per year for
the tree ring data was obtained for the period analyzed.
Atmospheric A*C data measured at two stations in
Croatia (Zagreb and Plitovice) during a similar period
yielded decreasing values of 12%o and 10.6%o per year
respectively (Krajcar-Bronic et al., 1998). For Schauin-
sland station, decreases of 14.1%o per year for the period
1983-1985 and 9.7%o per year for 1985-1989 were ob-
tained (Levin ef al, 1992).
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Radiocarbon concentrations in annual rings of the pine
tree from Nagoya are lower than those observed in “clean
air” of relevant years from Schauinsland station. This can
be attributed to a local Suess effect. The A"C values of
55.4%o, 48.7%o0, and 49.5%0 obtained for 1997, 1998, and
1999 annual rings of one pine tree, respectively, are slightly
lower than those for the leaves of a tree (Quercus
variabilis) collected nearby (64.1%o, 54.3%o0, and 63.2%o;
Muraki et al., 2001) for respective years. Possibly, it is due
to the differences of CO, emission from fossil fuels and
due to a different vegetation period of the two kinds of
trees used for the experiments. Radiocarbon concentra-
tions of 79%o, 69%o0, and 62%o, in tree rings during the
years 1994, 1995 and 1996, respectively, are also signifi-
cantly lower than annual mean values of the A™C in at-
mospheric CO, at Schauinsland (117%o, 111%o0, and
102%o; Levin and Kromer, 1997), and in the tree ring year
1995 at Agematsu “clean air” region, Japan (Muraki et
al., 1998). On the other hand, those data are similar to
respective values for atmospheric CO, at Zagreb (81%o,
88%o0, and 56%o; Krajcar-Broni€ et al., 1998), where the
decrease of “C concentration can be also expected due
to the Suess effect.

To estimate the long-term changes in the radiocarbon
concentration, an exponential function was fitted to the
results for tree rings from Nagoya, giving the correlation
coefficient R equal 0.99. The function yields an inverse
value of the decay constant to be 13.1 yr that is compa-
rable to the estimates of around 16 yr reported in the lit-
erature (Levin and Kromer, 1997; Krajcar-Broni€ ef al.,
1998; McNeely, 1994). Additionally, a linear function was
fitted to the A*C data for the periods 1979-1983 and 1984-
2002, separately, and the A"C value was estimated to
decrease at a rate of 15.6%o/yr and 7.1%o/yr, respectively.
Atmospheric A*C values measured at two stations in
Croatia (Zagreb and Plitovice) during a similar period
yielded decreasing rates of 12%o/yr and 10.6%o0/yr, respec-
tively (Krajcar-Broni€ et al., 1998). Similarly, for the
Schauinsland station, decreasing rates were obtained to
be 14.1%o/yr and 9.7%o/yr for the periods 1983-1985 and
1985-1989, respectively (Levin et al., 1992). The decrease
rates of AMC at four different places show similar values
for similar periods. This suggests that the process of di-
luting *C concentration in the atmospheric CO, could
have a similar character in different locations and envi-
ronments. The linear regression predicts that A*C values
will be equal to 0%o in 2006 for Nagoya, comparable with
the estimates of 2007 for Schauinsland (Levin and
Kromer, 1997), 2004 for Groningen (Meijer et al., 1994)
and 2000 for Zagreb (Krajcar-Bronic ef al., 1998).

Krakow

Figure 2b shows radiocarbon concentrations in tree
rings and atmospheric carbon dioxide from Krakow. Data
from Schauinsland that represent radiocarbon concentra-
tions in “clean air” are included. To compare the atmo-
spheric data with the results obtained from tree rings,
radiocarbon concentration data in atmospheric carbon
dioxide were averaged between April and September of
each year, which is comparable to the vegetation growth
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season in Poland, and corrected for carbon stable isotope
ratio to d*C=-25%o0 to provide A*C notation (Suiver and
Polach, 1977). Data from Schauinsland were treated in
the same manner and the radiocarbon concentrations for
the period between 1997 and 2002 were calculated from
an exponential curve fitted to the observed data. All of
the data show a continuous decrease in radiocarbon
activity over time. A decrease of 7.1%o/yr for tree ring
data and 9.15 %o/yr for atmospheric radiocarbon concen-
tration was obtained for the analyzed period.

Differences in the A*C values in tree rings and atmo-
spheric carbon dioxide from Krakdw are presented in bar
form in Fig. 2b. Radiocarbon concentrations in atmo-
spheric CO, at Krakéw show strong peak-to-peak (~56
%0; Kuc and Zimnoch, 1998) and seasonal fluctuations
that cannot be observed in tree ring measurements. Ra-
diocarbon concentrations in both kinds of samples from
Krakow are lower than in “clean air” at the Schauinsland
station. This can be attributed to a local Suess effect. The
A¥C values in tree rings (108%o, 99%o0, and 85%o for
1994, 1995 and 1996, respectively) are lower than the
yearly mean values in atmospheric CO, at Schauinsland
(see above; Levin and Kromer, 1997), but higher than
those measured in Zagreb (see above; Krajcar-Bronic¢
et al., 1998) for the same period.

Exponential curves were fitted to the Krakow data for
the period 1983-2002 to determine long-term changes in
radiocarbon concentration in the atmosphere and bio-
sphere. These analyses provide time decay constants of
16.7 yr for tree ring data and 14.3 yr for atmospheric CO,
data, which agree well with ~16 yr estimates reported in
the literature (Levin et al., 1995; McNeely, 1994; Krajcar-
Bronicet al., 1998). Decreasing ratios calculated from the
exponential and linear data-fitting gave values of 7.1%o/
yr and 6.75%o/yr for tree ring data and 7.75%o/yr and
6.29%o/yr for atmospheric CO, data. The linear data-fit-
ting predicts 2010 (tree rings) and 2007 (atmospheric CO,)
as the years that A*C values will equal 0%o, which is com-
parable with reported data (see above).

Fossil fuel component

Radiocarbon concentrations in the atmosphere over
large cities depend on emissions of CO, from fossil fuels.
Concentrations of CO, can be divided into three compo-
nents: a background component (C,); a biogenic compo-
nent (C,); and a fossil fuel component related to the an-
thropogenic emission of CO, (C;). Mathematical equa-
tions that are widely described in (Kuc and Zimnoch, 1998
and Rakowski et al., 2001) can be used to describe the
relationships between each component and carbon iso-
topic composition. They were used to estimate the fossil
fuel component. The value of the fossil fuel component
varied seasonally from ca. 27.5 ppmv in winter to ca. 10
ppmv in summer in the period 1983-1994 (Kuc and
Zimnoch, 1998). These variations correlate with differ-
ences in fossil fuel consumption between seasons. The
fossil fuel component of the CO, concentration in the
atmosphere was calculated using data obtained experi-
mentally, along with additional data that represent yearly
average values of A*C and CO, concentration in “clean
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air” at Schauinsland station (GLOBALVIEW-CO,. 2003;
Levin and Kromer, 1997), which includes both, back-
ground and biogenic components. Calculated results are
shown in Fig. 3.

The yearly average value of fossil fuel component in
Nagoya for the analyzed period was 15.2 ppmv which falls
between the approximate seasonal values of 27.5 ppmv
(winter) and 10 ppmv (summer) calculated for the period
1983-1994 in the urban area of Krakéw (Kuc and
Zimnoch, 1998). Values of 5.9 ppmv and 6.5 ppmv were
obtained from tree ring data and atmospheric CO, from
Krakdéw respectively. These represent the April to Sep-
tember average for the period 1983-2003 and are both
lower than the summer value obtained by Kuc and
Zimnoch (1998). This could be a consequence of using
different data of carbon dioxide concentration. The er-
ror of estimation for the anthropogenic emission of CO,
(Cy) is around £8 % or less of the total value.

5. CONCLUSIONS

Radiocarbon concentrations in tree rings from Nagoya
and Krakow and in samples of atmospheric carbon diox-
ide measured at Krakow for the last 20 years are system-
atically lower than those measured in “clean air”, because
of anthropogenic CO, emission from fossil fuel use. Data
were fitted with exponential and linear functions giving
more consistent values of decrease rates and decay con-
stants. A linear function fitted to the data was used to
predict the time at which “natural” level of radiocarbon
(A *C = 0 %o0) would be reached. From the data it was
also possible to calculate the fossil fuel component from
the total concentration of carbon dioxide.

Those results show that from the isotopic information
recorded in tree rings it is possible to reconstruct radio-
carbon concentration in the past, and data like this can

- calculated using data from tree rings
— from Nagoya and Krakow and

o atmospheric CO, at the Krakow

— sampling sites. Data from Nagoya

~ represent annual average value and
~ data from Krakow represent average
value for period April to September
in every year.
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1999

also be used for analytical calculation. This method pro-
vides a valuable environmental monitor. To obtain a bet-
ter agreement between two kinds of data, the time of
uptake of CO, for pine tree in this region should be cal-
culated separately for every year.

ACKNOWLEGMENTS

This work was supported partly by the Ministry of
Education, Sciences, Sport and Culture of Japan, Sasa-
gawa Foundation and the Polish State Committee for
Scientific Research. We express our thanks to all staff of
the Center for Chronological Research, Nagoya Univer-
sity for their kind support, and many thanks are, in par-
ticular, to Tomoko Ohta and Akiko Ikeda for introduc-
ing us to the procedure of sample preparation and to Dr.
Etsuko Niu for her help in C measurements.

REFERENCES

Awsiuk R. and Pazdur M.E,, 1986: Regional Suess effect in Upper
Silesia urban area. Radiocarbon 28: 655-660.

Craig H., 1957: Isotope standards for carbon and oxygen and cor-
rection factors for mass-spectrometric analysis of carbon diox-
ide. Geochimica and Cosmochimica Acta 12: 133-49.

Florkowski T., Grabczak J., Kuc T. and Rézanski K., 1975: Deter-
mination of radiocarbon in water by gas or liquid scintillation
counting. Nucleonika 20(11-12): 1053-1066.

GLOBALVIEW-CO,, 2003: Cooperative Atmospheric Data Inte-
gration Project — Carbon Dioxide. CD-ROM, NOAA CMDL,
Boulder, Colorado (Also available on Internet via anonymous
FTP to ftp.cmdl.noaa.gov, Path: ccg/co2/GLOBALVIEW).

Kitagawa H., Masuzawa T., Nakamura T. and Matsumoto E., 1993:
A batch preparation method for graphite targets with low level
background for AMS *“C measurements. Radiocarbon 35: 295-300.

Krajcar-Broni¢ L., Horvatinéi¢ N., and Obeli¢ B., 1998: Two decades
of environmental isotope records in Croatia, Reconstruction of the
past and prediction of future level. Radiocarbon 40(1): 399-416.



RADIOCARBON CONCENTRATION IN URBAN AREA

Kuc T., 1991: Concentration and carbon isotope composition of
atmospheric CO, in southern Poland. Tellus 43B: 373-378.
Kuc T. and Zimnoch M., 1998: Changes of the CO, sources and
sink in polluted urban area (southern Poland) over last decade,
deriving from the carbon isotope composition. Radiocarbon

40(1): 417-23.

Kuc T., Rézanski K., Zimnoch M., Necki J.M. and Korus A., 2003:
Anthropogenic emissions of CO, and CH, in an urban envi-
ronment. Applied Energy, 75: 193-203.

Levin L. and Kromer B., 1997: Twenty years of high-precision at-
mospheric “CO, observation at Schauinsland station, Germany.
Radiocarbon 39(2): 205-218.

Levin L., Graul R. and Trivett N.B.A., 1995: Long-term observations
of atmospheric CO, and carbon isotopes at continental sites in
Germany. Tellus 47B: 23-34.

Levin L, Bosinger R., Bonani G., Francey R.J., Kromer B., Miinnich
K.O., Suter M., Trivett N.B.A. and Wolfli W., 1992: Radiocar-
bon in atmospheric carbon dioxide and methane: Global dis-
tribution and trends. In: Taylor R.E., Long A., Kra R.S,, eds.,
Radiocarbon After Four Decades: An Interdisciplinary Perspec-
tive. New York, Springer-Verlag: 503-518.

McNeely R. 1994: Long-term environmental monitoring of “C lev-
els in Ottawa region. Environment International 20(5): 675-9.

Meijer H.A.J., van der Plicht H., Gislofoss J.S. and Nydal R., 1995:
Comparing long-term atmospheric *C and *H records near
Groningen, the Nederlands with Fruholmen, Norway and Izafia,
Canary Islands “C stations. Radiocarbon 37(1): 39-50.

68

Muraki Y., Kocharov G., Nishiyama T., Naruse Y., Murata T.,
Masuda K. and Arslanov Kh.A., 1998: The new Nagoya Ra-
diocarbon Laboratory. Radiocarbon 40(1): 177-182.

Muraki Y., Masuda K., Arslanov Kh.A., Toyoizumi H., Kato M.,
Naruse Y. and Nishiyama T. 2001: Measurement of radiocar-
bon content in leaves from some Japanese sites. Radiocarbon
42(2B): 695-701.

Nakamura T., Niu E., Oda H., Ikeda A., Minami M., Takahashi H.,
Adachi M., Pals L., Gottdang A. and Suya N., 2000: The HVEE
Tandetron AMS system at Nagoya University. Nuclear Instru-
ments and Methods in Physics Research B 172: 52-57.

NOAA Climate Monitoring and Diagnostics Laboratory, 2001: WEB
site: <http://www.cmdl.noaa.gov.ccgg>. Accessed 2003 Oct 10.

Nydal R and Lévseth K, 1996: Carbon-14 measurement in atmo-
spheric CO, from Northern and Southern Hemisphere sites, 1962-
1993. Oak Ridge National Laboratory NDP-057.

Rakowski A.Z., Pawelczyk S. and Pazdur A., 2001: Changes of C
concentration in modern trees from Upper Silesia region, Po-
land. Radiocarbon 43(2B): 679-689.

Stuiver M. and Polach HA., 1977: Discussion: Reporting of “C data.
Radiocarbon 19(2): 355-363

Stuiver M. and Quay P, 1981: Atmospheric “C changes resulting
from fossil fuel CO? release and cosmic ray flux variability. Earth
and Planetary Science Letters 53: 349-62.

Suess H.E., 1955: Radiocarbon concentration in modern wood.
Science 122: 415.



