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NEW BOMB PULSE RADIOCARBON RECORDS FROM ANNUAL TREE RINGS IN
THE NORTHERN HEMISPHERE TEMPERATE REGION

G Quarta! * M D’Elia * D Valzano * L Calcagnile

Dipartimento di Ingegneria dell’Innovazione, Universita di Lecce, via Arnesano, 73100 Lecce, Italy.

ABSTRACT. The “bomb” radiocarbon spike induced by atmospheric nuclear detonations has been reconstructed at a latitude
of 40°N by measuring the “C content in annual rings of a living pine (Pinus pinea) at the Accelerator Mass Spectrometry
facility of the University of Lecce. We report how the samples were taken, selected, prepared for analysis, and measured. The
results are in good agreement with other data sets available for the Northern Hemisphere temperate regions, showing that a
curve for the calibration of 4C dates, valid for the whole Northern Hemisphere, can be established for the second half of the
20th century.

INTRODUCTION

The concentration of 14CO, in the atmosphere is a result of natural events, e.g., the production of
radioactive carbon dioxide in the stratosphere due to cosmic rays, the stratosphere-troposphere mix-
ing, lateral mixing in the stratosphere, ocean upwelling, exchanges with the terrestrial biosphere,
and the radioactive decay of radiocarbon, as well as anthropogenic events like the combustion of
fossil fuel and nuclear weapons explosions. For this reason, fluctuations in '“C concentrations in the
atmosphere can be used as a tracer for human activity on a local as well as on a global scale. The 4C
concentration in tree-ring samples from southern Italy has been measured in order to determine the
14C excess resulting from the nuclear detonations carried out in the atmosphere after World War 11.
The first aim of the present work was to construct a local calibration curve to be used as a reference
for high-resolution *C dating of recent samples. A comparison of the new data with other data sets
already published is intended to make a contribution to the question of whether a bomb peak cali-
bration curve, valid for the whole Northern Hemisphere, can be established.

METHODS: SAMPLE PREPARATION AND AMS MEASUREMENTS

A medium-sized pine tree (Pinus pinea) grown in an open field in a suburban area surrounding Brin-
disi in southern Italy (lat 40°65'N) was chosen for the analysis. The sampling location was chosen
in an agricultural area where, in the studied time range, no human activities occurred that could
influence the “C concentration in the air.

The samples were taken from the tree using an increment borer of the type normally used in dendro-
chronological studies, with an outer diameter of 4 mm and a length of 500 mm. The dendrochrono-
logical dating of the rings was accurate because of the clear ring structure of the tree and was veri-
fied by ring-width measurements and by comparison with other living pines grown in the same
region.

Eighteen samples were selected and prepared for accelerator mass spectrometry (AMS) analysis,
with an annual resolution in the peak area between 1959 and 1967. The earlywood of each ring was
isolated, split, and then crushed to pieces of about 1-mm length in order to increase the effectiveness
of the preparation process. Depending of the ring width, between 20 and 120 mg of sample material
was prepared using the common acid-alkali-acid method:

1. Acid attack with HCI (10 mL, 1 M) for 10 hr at room temperature;
2. Rinsing with deionized water to pH = 5;
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3. Alkali attack with NaOH (10 mL, 1M) at 60 °C;
4. Rinsing with deionized water to pH = 7;

5. Acid attack (10 mL, 1 M) for 10 hr;

6. Rinsing with deionized water.

Since the sample preparation procedure used (AAA) allows the removal only of the soluble fraction
of the wood structure but not the separation of the lignin part, which should be more susceptible to
contamination than cellulose (Hoper et al. 1998), for some rings the cellulose component was also
extracted (Hua et al. 2000) and dated. Since no significant differences were found when comparing
the '“C concentration of the insoluble fraction and of the cellulose of the same ring, we think that, at
least for the studied samples, the contamination induced in the lignin component is negligible.

The obtained purified material (insoluble fraction) was then dried for 3 days at 60 °C. Approxi-
mately 8 mg of pretreated material per sample was selected for combustion to CO, at 900 °C in a
sealed quartz tube together with CuO and silver wool. The CO, sample thus obtained was purified
and cryogenically transferred to graphitization cells, where it was reduced to graphite using H, as
the reducing agent and iron powder as the catalyst (D’Elia et al. 2003). Each sample produced
enough graphite, 1 mg on average, to allow precise measurements in the accelerator.

The AMS measurements were carried out at the AMS facility of the University of Lecce (Calcagnile
et al. 2003) using IAEA C6 (sucrose) standards as a reference and the NIST Oxalic Acid II standard
for quality and accuracy control. The “C/'>C ratios were corrected for sample preparation and
accelerator background and normalized for mass fractionation to —25%o by using the 13C value mea-
sured directly with the accelerator (Calcagnile et al., forthcoming). The A'*C value was obtained
from the “C/!2C ratio, after correcting it for the radioactive decay of both the standard and the sam-
ple from 1950 and from the year of growth, respectively (Stuiver and Polach 1977; Hajdas 1993).

RESULTS AND DISCUSSION

The measured A'*C and 8'3C terms are listed in Table 1. Figure 1 shows the A'#C values measured
for the pine and, for comparison, the tree-ring records from 2 other sites in the Northern Hemi-
sphere: Acacia, Hungary (47°35'N) (Hertelendi et al. 1982), and Arizona, USA (32°N) (Goodsite et
al. 2001). Comparison of the plotted curves shows that the tree-ring records obtained for southern
Italy follow the general trend observed for the other sites in the temperate Northern Hemisphere, in
particular the highest A4C value as observed in 1964 (Hua et al. 2000) and a small drop in the *C
concentration seen in 1960—-1961, which can be explained as the result of a temporary halt to nuclear
detonations in that period due to the “Geneva Convention of Experts for the Discontinuance of
Nuclear Weapons.” Some significant differences in the maximum value of the '“C concentration
occur in the time range between 1963 and 1965. In particular, the data obtained for southern Italy fit
surprisingly well with the data from Arizona, while the peak value for Hungary is significantly
higher. To explain this, the atmospheric circulation has to be taken into account. In particular, sev-
eral authors (Dai and Fan 1986; Dai et al. 1992; Levin et al. 1985) have tried to explain this effect
as a result of a latitudinal gradient in the '“CO, concentration generated by the injection of 1“C-
enriched air into the troposphere from the stratosphere during the tree growing season (from spring
to early summer). If this is the case, the '4C concentration in the tree rings should be higher when
compared with the annual averaged atmospheric value. In order to check this, we compared our data
with the “atmospheric” calibration curve averaged over the whole year (solid line in Figure 1) and
that one averaged over the tree growing season (dashed line in Figure 1) as reported by Goodsite et
al. (2001).
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Table 1 Measured A'“C and 8'3C values for the pine (suburban area).

Pine (suburban area)

Ring (year AD) A4C (%o) S13C (%o)
1955 37.8+ 8.1 -24.6+0.3
1959 271.0+ 8.5 -25.0+0.3
1960 213.7+10.0 —247+0.3
1961 246.8 +10.0 -222+0.2
1962 367.3+10.0 -22.8+0.2
1963 5872+ 6.6 —24.6+0.1
1964 821.2+11.3 -24.8+0.1
1965 7439+ 11.8 —248+0.2
1966 689.1 +£15.2 -30.5+£0.5
1967 619.6 +£10.7 —242+0.1
1971 504.4+ 9.7 -225+0.2
1975 403.0+ 8.8 -232+04
1979 2953+ 9.0 -24.8+0.1
1983 236.0+ 9.0 -23.5+0.1
1987 1944+ 8.7 -275+0.2
1991 158.6+ 8.3 274403
1995 1284+ 8.5 —23.6+0.3
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Figure 1 1%C concentration in tree rings versus the calendar age: a) tree-ring data (insoluble fraction) from a living pine
(Pinus pinea) in Brindisi (Italy), 40°N (see Table 1); b) tree-ring data from Acacia, Hungary (Hertelendi et al. 1982);
c) tree-ring and seeds (Douglas fir and cotton) data from Arizona (USA), 32°N (Goodsite et al. 2001); d) annual aver-
aged “CO, curve for the 30-90° latitude band (Goodsite et al. 2001); e) atmospheric “CO, from Austria and Germany
(48°N) (Levin et al. 1997; Goodsite et al. 2001) averaged only for the oak growing season (April to August).
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From Figure 1, it is clear that our data follow the annual averaged “atmospheric” curve very well,
and no higher values are observed in the '“C concentration in the tree rings. For this reason, although
a latitude dependence is present, these data seem to point towards the absence of seasonal variations
related to the injection of air from the stratosphere in the tree growing season at least at the studied
latitude. In order to confirm this still preliminary conclusion, other investigations are being carried
out by comparing the '“C concentration in the earlywood and latewood portions of the same ring
(Olsson and Possnert 1992).

CONCLUSIONS

A new bomb pulse record has been obtained for southern Italy at a latitude of 40°N by measuring the
14C concentration in the rings of a living pine tree (Pinus pinea). The results, which are in good
agreement with the data sets already available for other tree-ring records, are intended to contribute
to the studies of the atmospheric circulation, of the global carbon cycle, and of the atmosphere-
oceans interactions. A calibration curve valid for the '4C dates has been also established. As already
done by others (Goodsite et al. 2001), it needs to be emphasized that the calibrated ages obtained
with the present data sets and those obtained with any of the others already available for the North-
ern Hemisphere are in good agreement (within 1-2 yr).
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