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ABSTRACT

Atmospheric nuclear tests in the early 1960s introduced large amounts of radiocarbon into the atmo-
sphere, which resulted in an increase of tropospheric “CO, concentration by nearly 100% during the years
1964-1965. The bomb-produced “C was then gradually incorporated within the global carbon cycle. The
history of “C concentration in the troposphere is preserved within annual growth layers of trees and can
be reconstructed for those areas where direct measurements of “C in the atmosphere were not performed.
The paper presents results of *C activity measurements in tree rings of tropical and subtropical species
from Brazil, for the period 1945~1997. We investigated two species (Araucaria angustifolia and Parkia
sp.) growing at three sites covering the latitudinal band between 7°S and 24°S. The results indicate that
the maximum *C activity in the Southern Hemisphere occurred in 1965, with the A¥C values reaching
around 700%.. Significant differences in A“C were recorded among the studied sites for the period of
maximal “C levels in the atmosphere, with the highest level observed at the tropical site and lowest in the
subtropical zone. This reflects the dynamics of interhemispheric transport of '“C during the years of high
spatial and temporal gradients of this isotope in the atmosphere.
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INTRODUCTION 1960-1965. Measurements of “CO, content in the
Northern Hemisphere indicate A“C values up to
1036%0 (71°06’N) in 1963 (Nydal and Lovseth

1996) (all %o figures are relative to pre-1950 lev-

The nuclear bomb atmospheric tests began in
1952 (see e.g. Enting 1982) and resulted in a mas-

sive input of several radioactive isotopes into the
atmosphere. Among them was “C, which is nat-
urally produced by interaction of cosmic rays with
the atmosphere. As a result, the *C levels in at-
mospheric CO, nearly doubled during the years
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els). In the Southern Hemisphere Vogel and Mar-
ais (1971), analysed atmospheric “CO, in a site
close of Pretoria, South Africa, and determined the
4C contents for the years of 1968-1970. The A*C
values varied from 577%o to 517%o. The maximum
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14CO, content for this hemisphere was recorded by
Manning et al. (1990) in 1965 at Wellington (41°S,
174°E), New Zealand, where they found a A“C
value of 695%o. After this period, the “C levels
have gradually declined, mostly due to transfer of
4C into the ocean, assimilation of radiocarbon by
plants, and fossil fuel dilution (e.g. Nydal and Gis-
lefoss 1996; Hua et al. 1999).

In this study, we measured the *C content in
tree rings of three trees from tropical and subtrop-
ical sites in Brazil. The species studied were Par-
kia sp. from Amazonia tropical rainforest and pan-
tropical forests, and Araucaria angustifolia from
subtropical sites in Brazil. Parkia sp. attain heights
of 20-40 m, and trunk diameters of 100 cm. The
wood is used for civil construction (Lorenzi 1992;
Camargos et al. 1993; Paula and Alves 1997; Ri-
beiro et al. 1999). A. angustifolia is a majestic tree
that attain heights of 25-50 m, with a straight
trunk 1-2 m in diameter. This species occurs in
natural stands in southeastern Brazil and north-
eastern Argentina and Paraguay (Seitz and Kan-
ninen 1988; Tomazello F° ef al. 2000). The annual
growth rings of these species are distinct in trunk
cross sections, allowing dendrochronological dat-
ing.

The objectives of this study were to determine
the *C bomb effect in the tree-rings of tropical
(Humaitd, southern Amazon state, Amazon region,
7°S) and subtropical (Camanducaia, Minas Gerais
state, 22°S, southeastern Brazil and Arapoti, Pa-
rand state, 24°S, southern Brazil) species (Parkia
sp. and Araucaria angustifolia, respectively), dur-
ing the pre- and post-nuclear tests periods (1943—
1997), and to compare the results with previous
work in the Northern and Southern hemispheres.

METHODS

In the tropical region, the study sites are located
in the Humaiti-AM region (7°56'S, 63°20'W), at
an elevation of ca. 90 m.a.s.l. The mean temper-
ature is around 26°C and the annual precipitation
varies around a mean of 2,600 mm. In the sub-
tropical regions the sites are (1) Camanducaia-MG
(22°50'S, 46°04’W), at an elevation of 1,300
m.a.s.l., with a mean annual temperature of 18°C
and mean annual rainfall of 1,660 mm; and (2)

Arapoti-PR (24°11'S, 49°58'W), at an elevation of
722 m.a.s]., with a mean annual temperature of
20°C and mean annual rainfall of 1,670 mm. In
both regions the analyzed trees were located in na-
tive forest, far from any sources of anthropogenic
pollution.

For the wood anatomical analysis and identifi-
cation of tree rings boundaries by X-ray densitom-
etry, we collected disk samples at 1.3 m BHD
(Breast Height Diameter) from the trees, dried
them in the laboratory and polished the disk cross
sections with a series of increasingly fine sand pa-
pers. For the X-ray densitometry method, 1 mm
thick pith to bark wood samples were conditioned
in a climate controlled room and exposed to an
X-ray source. The wood X-ray films were ana-
lysed microdensitometrically and revealed radial
wood density profiles (Schweingruber 1988;
Amaral and Tomazello F° 1998).

The tree rings were dated by wood anatomy and
dendrochronological methods. For “C analysis we
selected the annual growth rings formed before,
during and after the nuclear testing period. In each
annual tree ring, we separated the earlywood and
part of the latewood of the following years: 1943,
1952, 1956, 1957, 1959, 1960, 1962 to 1966,
1968, 1971 to 1973, 1977, 1981, 1985, 1997.
These are fragmented, crushed to ca. 0.2 mm and
homogenised. The extraction of cellulose was
based on the modified method of Green (1963). To
remove the resins the wood samples received al-
cohol-toluene extraction, followed by alcohol ex-
traction in the Soxhlet, and washed with distilled
water. Then to remove lignin the samples were
treated with sodium chlorite solution and acetic
acid solution in a hot water bath (80°C). Finally,
the extracted celluloses were washed several times
with distilled water to remove any residual lignin
and sodium chlorite. The cellulose samples were
burned to carbon dioxide and converted to benzene
(Pessenda and Camargo 1991). The “C activities
were measured by liquid scintillation spectrome-
try. The results are expressed in A“C (%o) and
corrected for isotopic fractionation using 8'3C val-
ues (Stuiver and Polach 1977).

The dendrochronological and AC and 8*C de-
terminations were carried out at the Tree-Ring
Laboratory, Department of Forest Sciences, and
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Figure 1. Wood anatomical structure and density profile by X-ray densitometry of Parkia sp. (A) and A. angustifolia (B) trees.

Radiocarbon and Stable Isotopes Laboratories,
Center for Nuclear Energy in Agriculture, Univer-
sity of S&o Paulo, respectively.

RESULTS

The wood density profiles by X-ray densitom-
etry and the respective wood anatomical structure
of microsections are shown in Figure 1, repre-
senting the years 1932-1945 and 1960-1970 for
Parkia sp. and A. angustifolia trees, respectively.
The wood anatomical struture of Parkia sp. is
characterized by growth rings delimited by thin
confluent parenchyma bands and fibrous zones.
The annual growth rings of A. angustifolia are de-
limited by latewood with thick tracheid walls (Fig-
ures 1A, B) (Camargos et al. 1993; Seitz and Kan-
ninen 1988; Tomazello F° er al. 2000).

The Parkia sp. trees growing in Humaitd had
121 rings (1869-1989), and the A. angustifolia
trees had 72 (1926-1997) and 51 annual growth
rings (1945-1995) from Camanducaia and Ara-
poti, respectively. Table 1 and Figure 2 summarize
the AC and 8'*C values of 27 tree rings of the
selected years from the three trees. Six samples
represent the pre-bomb period (1943 to 1959) and
reveal the natural level of “C, with AC values
fluctuating around 0%o (—32.2%0 for Humaita to
15.2%0 for Arapoti).

From 1960-1965 a significant increase was ob-
served in the A“C values in the three locations,
rising from 212.9%o to 702.3%o, for Camanducaia
site. Between 1966-1997 the values gradually de-

creased in all three locations, declining from
673.6%0 to 159.5%o, in the Camanducaia record.

DISCUSSION

The fibrous zones of Parkia sp. and the late-
wood of A. angustifolia trees were correlated with
the higher values of X-ray wood density, permit-
ting the establishment of an absolute chronology
of the surveyed tree species. The C level for Hu-
maitd in 1952 (A“C = —32.2%o) is lower than
observed for the same year at Camanducaia (A**C
= 13.7%o) and Arapoti (A*C = 15.2%c). This may
reflect a regional effect associated with recycling
of CO, through the Amazon rainforest system. The
significantly lower 83C values for the Humaitd
tree, compared with two other analyzed localities,
seem to support this hypothesis. The “C analyses
of trees growing in the Manaus region, Central
Amazon, published by Worbes and Junk (1989)
revealed very similar A¥C values during the same
period (1950-1954). The respiration flux of CO,
from the soils would have slightly lower “C con-
centrations due to an ageing effect in the soil res-
ervoir. Differences of up to several per cent be-
tween the current #C level in the atmosphere and
respiration CO, were observed in a European for-
est (Dorr and Miinnich 1986). Further measure-
ments are needed to test this hypothesis in the con-
text of tropical climate and the extent of the Am-
azon rainforest.

The highest “C levels in the analyzed tree-ring
sequences occurred in 1965-1966 (Figure 2), ap-
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Table 1. A¥C and 3°C values in 1943-1997 annual growth rings of Parkia sp. (Humaitd) and A. angustifolia (Camanducaia
and Arapotf).

Humaiti—AM Camanducaia—MG Arapoti—PR
7°56'S, 63°20'W 22°50'S, 46°04'W 24°11'S, 49°58'W

Years Lab n°® &'"*C (%o) AYC (%0) Lab n° 3"C (%0) AYC (%) Lab n® 8"C (%0) AYC (%o)
1943 — — — 679 —225 8274 — — —
1952 — — — 973 —23.1 137 + 7.8 — — —
1956 707 —26.9 -322 78 — — — 658 —-213 152175
1957 708 —26.2 -311 £72 — — — — — —
1959 709 —26.1 -92 %= 85 — — — — — —
1960 — — — 747 —235 2129 = 9.1 — — —
1962 — — — 680 -229 2124 = 85 — — —
1963 718 —27.2 520.9 = 10.1 681 —22.1 498.5 = 10.2 662 -21.8 3175 £ 92
1964 — — — 683 —23.1 6529 = 11.1 — — —
1965 — — — 677 -234 7023 = 114 661 —22.0 651.6 = 11.1
1966 — — — 676 —22.7 673.6 = 11.3 740 —225 608.5 = 10.6
1968 717 —27.7 598.4 + 10.7 — — — — — —
1971 — — — — — — 739 -20.8 479.0 £ 9.8
1972 716 —274 490.6 £ 9.9 — — — 738 —-22.6 4459 * 9.6
1973 — — — 750 —23.5 4189 = 10.5 — — —
1977 — — — 682 =221 3785 =95 660 -238 3219 £ 92
1981 — — — 675 —-222 2458 = 8.8 — — —
1985 — — — 749 ~23.7 2333 94 659 —-22.8 230.8 + 8.7
1997 — — — 674 —232 159.5 = 8.3 — — —

proximately two years later than the maximum re-  1990; Dai ef al. 1992). This agrees with other tree-
corded in the Northern Hemisphere in 1963-1964 ring studies carried out on the South American
(Vogel and Marais 1971; Nydal et al. 1979; Levin  continent (Worbes and Junk 1989; Yonenobu et al.
et al. 1985; Dai and Fan 1986; Manning er al. 1995) and at other sites in the Southern Hemi-
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Figure 2. A"C in annual growth rings of Parkia sp. and A. angustifolia trees from three sites and determined by Nydal et al.
(1979).
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sphere (Vogel and Marais 1971; Manning et al.
1990; Yonenobu et al. 1995). The observed north-
south gradient in AC reflects the dynamics of the
inter-hemispheric transport of bomb-produced “C
in the atmosphere. Figure 2 also illustrates the dif-
ferences between the results obtained by Nydal
with atmospheric CO, in the Northern and South-
ern Hemispheres and the results obtained in this
study.

As observed in the Figure 2, the years of max-
imum *CO, content in the Northern Hemisphere
(1963-1964) reveal differences between Nydal’s
results and this study. Table 1 also show the same
tendency among the analysed trees of Humaitd
(7°S) and Arapoti (24°S). A distinct north-south
gradient in the '“C content is observed: in 1963 in
both sites, with A"“C value of 521%0 at Humaitd
and 317%o¢ at Arapoti. The apparent gradient in
AY¥C is reduced from ca. 200%¢ in 1963-1964 to
approximately 45%o in 1972-1973.

As reported in other publications (Vogel and
Marais 1971; Nydal et al. 1979; Manning et al.
1990) and as can be seen in the Figure 2, after the
years of maximum “C content the values gradu-
ally decreased in the Northern and Southern Hemi-
spheres, mainly due to the CO, dilution from fossil
fuels. The lowest value of 159.5%¢ was obtained
for Camanducaia site in 1997, and at present the
value is around 90 to 100%o in atmospheric CO,
(Levin and Kramer 1997).

CONCLUSIONS

The anatomy and X-ray densitometric analysis
of wood samples of Parkia sp. and Araucaria an-
gustifolia allowed us to establish an absolute chro-
nology and to correlate to calendar years with “C
activity and 3'3C. “C analysis of tree-ring se-
quences, including the atmospheric nuclear bomb
test period, allowed reconstruction of atmospheric
“C levels during the period of relatively rapid
changes of this isotope in the global atmosphere.

The results of “C content measurements in tree-
ring sequences belonging to tropical and subtrop-
ical Brazilian species (Parkia sp and Araucaria
angustifolia) are consistent with available data for
the Southern Hemisphere. Our results confirm that
the maximum atmospheric “C concentration oc-

curred in the Southern Hemisphere during 1965—
1966 and was considerably lower than that ob-
served in the Northern Hemisphere. Our results
also suggest the existence of a north-south gradient
in “CO, concentration within the Southern Hemi-
sphere and characteristic changes of this gradient
with time. This reflects the dynamics of inter-
hemispheric transport of “C during the years of
high spatial and temporal gradients of this isotope
in the atmosphere, and the possible influence of
the respiration CO, flux from the Amazon rainfor-
est. New sample collections should be carried out
in the southern Amazon region, in order to im-
prove the data base of this tropical site. Finally,
the bomb “C record in tropical trees may be a
usefel tool for evaluating the growth rates of trees
in cases where classical dendrochronological anal-
ysis provides doubtful results.
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