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Introduction

Beryllium-7 (half-life 53.3 days) and lead-210 (half-life 22.3 years) are naturally
occurring radionuclides which are present in the atmosphere and therefore deposited in
rainwater. The two nuclides have rather different origins, with 7Be being produced
mainly in the stratosphere and upper troposphere by spallation of cosmic radiation, and
210Pb by decay of radon after its diffusion into the atmosphere from Earth's surface.
Both nuclides become attached to aerosol particles and are therefore subject to the
normal processes of aerosol deposition.

Both nuclides are currently being applied in environmental studies such as of soil
erosion and sedimentation processes, with their markedly different half-lives allowing
the study of natural processes over different time-frames, as reported elsewhere in this
Conference. Lead-210 in foodchains is also of interest as being a major natural
contributor to dietary radiation exposure. In any study involving these radionuclides,
knowledge of the deposition rate (the source term) is essential.

The National Radiation Laboratory (NRL) has monitored environmental radioactivity
in the New Zealand and South Pacific regions since 1960. From 1967 to 1984 this
monitoring programme included measurement of 210Pb in rainwater collected on a
monthly basis primarily for ^Sr analysis. Results were published in annual reports
(NRL, 1984).

The first 7Be deposition measurements in New Zealand were conducted at Hokitika
(42° 43' S, 170° 58' E) during 1985 and 1986 (Harvey and Matthews, 1989).

Since mid-1994 the NRL monitoring programme has included the continuous weekly
collection of rainwater at Hokitika using a large-area (1 m2) collector, with ion-
exchange retention of 7Be and 210Pb. The measurements have provided further
information on deposition rates, on both a weekly and annual basis, deposition
relationship with rainfall, washout ratios, seasonal trends in deposition, and estimates
of deposition rates throughout New Zealand, as described in this paper, together with
the results of the earlier NRL measurements of 210Pb deposition.

Experimental

The large-area rainwater collector was situated in a Meteorological enclosure at
Hokitika airport, 60 m above sea level, in an unsheltered situation exposed to all
weather conditions. The collector was constructed of stainless steel and measured 1 m



square at the top, tapering to a bottom point at a depth of 0.75 m. A column
containing cation exchange resin (100 mL BDH Amberlite IR-120, standard grade)
was attached to the bottom of the collector. All rainwater entering the collector
percolated through the resin column which was removed and replaced with a fresh
column at the same time each week. Before the exposed column was removed, the
collector was washed with distilled water and the washings allowed to pass through the
resin.

The columns were constructed of 45 mm diameter PVC tubing with a self-leveling
side-arm to ensure the resin never ran dry. The resin was placed in four 25 mL
containers (with stainless-steel mesh bottoms) which were stacked one above the other
in the PVC tube, so that the water effectively passed through four 25 mL resin beds in
series. The top end of the column was connected to a filter housing containing an 11
cm diameter glass-fibre filter (Whatman GFA) to retain particles greater than 0.8 um in
diameter, thus allowing some particle size differentiation. The resin was conditioned
before use by washing with 200 mL of 6M HC1. The 4 resin portions were used to
ensure that the retention of the two radionuclides was quantitative, without any bleed-
through. It was found that typically over 90% of the 7Be and 210Pb was retained in the
top two portions, with none ever reaching the lowest portion.

After sampling, the resin was removed from the 25 mL containers and each portion
analysed separately for 7Be and 210Pb. Beryllium-7 analysis was by high-resolution
gamma spectroscopy, using a HpGe detector of 41% relative efficiency, with a
counting time of about 1.5 hours. The detector was calibrated using a mixed-gamma
reference solution. All results were decay-corrected to mid sampling. Lead-210
analysis involved elution with 200 mL 2M HC1, addition of lead carrier (0.02 g Pb2+),
adsorption of the lead chloro complex on anion-exchange resin (25mL BDH Deacidite
FTTP, chloride form), elution with 100 mL 0.05M HC1, gravimetric recovery as lead
chromate, and beta-counting (using a Tennelec LB4100W gas-flow proportional
counter) of 210Bi after 30-days ingrowth. All deposition results were reported as
becquerels of 7Be or 210Pb per square metre (Bq/m2).

Atmospheric concentrations of 7Be and 210Pb were monitored at the same site using a
high-volume air sampler with weekly sampling periods which coincided with the
rainwater collection period, as reported elsewhere (NRL, 1996).

The earlier 210Pb measurements, 1967 - 1984, involved monthly collections of
rainwater in a 30 cm diameter stainless steel pot containing Pb and Sr carrier solution,
followed by radiochemical analysis for ^Sr and 210Pb. Rainwater was collected at the
following towns in New Zealand: Kaitaia, Auckland, New Plymouth, Havelock North,
Wellington, Hokitika, Christchurch, Dunedin, Invercargill. This selection of sites spans
the entire country from North to South. Results of the ^Sr deposition measurements
have been summarised elsewhere (Matthews, 1989).

Results and discussion

Results of the current study of weekly deposition at Hokitika, for the period mid-1994
to December 1997, are summarised in Table 1, where data are expressed as averages
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for the entire 3.5 year period for weekly and annual deposition, deposition per unit
rainfall, concentration in rainwater and air, washout ratio, fraction retained on filter,
and rainfall.

Table 1: Results of measurements of 7Be and 210Pb in rainwater and air at Hokitika,
1994 - 1997.

Deposition, weekly
Deposition, annual
Deposition per unit rainfall
Concentration in rainwater
Concentration in air
Washout ratio
Fraction retained on filter
Rainfall, annual average
Rainfall, weekly average

7Be
117

6100
2.0
2.4
2.6
106

11

210Pb
2.4
125
0.04
0.06
0.07
106

60
3016

58

Bq/m2/week
Bq/m2/a
Bq/mVmmnin
Bq/L
mBq/m3

Bqm^wato/Bqm^air

% (> 0.8 um dia.)
mm
mm

The average deposition rate for the 3.5-year period was 2.0 Bq 7Be/m2/mmmin, and
0.04 Bq 210Pb/m2/mmrain, with corresponding average concentrations in rainwater of
2.4 and 0.06 Bq/L, respectively.

The similarity in washout ratios suggests that similar processes are involved in
scavenging of the two nuclides from the atmosphere, although the greater retention of
210Pb on the filter (60% on average, compared to 11% for 7Be) suggests a different
range of particle sizes is involved.

Earlier Pb deposition measurements

The earlier monthly 210Pb deposition measurements are summarised in Table 2 where
deposition per unit rainfall (Bq/m^Vmmmin), averaged over the entire period 1967 -
1983, is listed for each site.

Table 2: Average 210Pb deposition measured during the period 1967 - 1983 at 9 New
Zealand sites (mean ± std. dev.).

Site
Kaitaia
Auckland
New Plymouth
Havelock North
Wellington

Bq/mVmnirain
0.044 ±0.011
0.045 ± 0.009
0.045 ± 0.009
0.039 ± 0.009
0.044 ±0.010

Site
Hokitika
Christchurch
Dunedin
Invercargill
Overall average

Bq/mVmninun
0.047 ±0.010
0.038 ±0.008
0.043 ± 0.010
0.036 ± 0.005
0.042 ± 0.010

The data presented in Table 2 clearly indicate the uniformity of rainfall-normalised
deposition throughout New Zealand over the entire latitudinal range from Kaitaia (35°
7' S) to Invercargill (46° 25' S), with an overall long-term average deposition of 0.04

^ i n , as measured in the current weekly deposition study.



When annual-average 210Pb deposition data for the 9 different sites were plotted
against the relevant annual-average rainfalls, the correlation coefficient was 1.0,
confirming the country-wide linear dependence of 210Pb deposition on rainfall, as
observed for "Sr and 137Cs deposition (Matthews, 1989). There was also no
significant variation in deposition between years during the 1967 -1984 period.

This uniformity of deposition suggests that there are no significant local sources of
atmospheric 2I0Pb.

Annual trends

The weekly measurements allowed the study of trends in deposition, rainfall, and
atmospheric concentration, as illustrated in Figures 1 and 2, which show weekly
variations from annual averages. Here the weekly variation, V*, is defined as the
difference between each weekly result during year /, R^ and the annual average for
year /, At, expressed as a percentage of At\

V* = \00(Rw-A,)/At

In Figures 1 and 2, the weekly variations were averaged across each of the 3 years for
which a complete data set was available (1995, 1996, and 1997), and 7-week moving
averages plotted in order to show smoothed trends during the period late January to
early December.

There was a clear relationship between 7Be deposition and rainfall (Figure 1), with
both peaking in spring and early summer when moisture-bearing north-west winds are
most common, and with a minimum about mid-year. Atmospheric 7Be concentration
peaked early in the year before declining also to a mid-year minimum. The early-year
peak in atmospheric concentration is likely to be due to the usual injection from
stratosphere to troposphere in spring/summer during the preceding year, rather than
being due to reduced deposition. The coincidence in mid-year minima further suggests
that average weekly atmospheric concentrations are not influenced greatly by rainfall.
Similarly, it appears that the amount deposited each week is not limited by availability
in surface air, as reported earlier (Harvey and Matthews, 1989).

The linear correlation coefficient, R, between weekly 7Be deposition and rainfall was
0.82, with an R2 value of 0.67, indicating that 67% of the variation in weekly
deposition can be accounted for by variation in weekly rainfall.

The trend during the year in 210Pb deposition also reflected the trend in rainfall (Figure
2), though with greater variation. The linear correlation coefficient between weekly
2Mfcb deposition and rainfall was 0.69, with an R3 vahie of 0.47, indicating that 47% of
the variation in weekly deposition can be accounted for by variation in weekly rainfall,
although on an annual deposition/rainfall basis the correlation coefficient was 1.0 as
mentioned above.
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Atmospheric 210Pb levels were more variable than those of'Be, and variations seem to
oppose those in deposition and rainfall (Figure 2), suggesting that weekly-average
atmospheric 210Pb concentrations may be influenced by rainfall at this high-rainfall she.
Unlike the 7Be case, the atmospheric reservoir of 2iaPb might therefore not be
sufficient to withstand the depleting effects of washout.

Dry deposition

Weeks without rainfall are rare in the West Coast area, and there were only 6 weeks
without rain during the 3.5 year study period. Depositions recorded in those weeks
were as follows: fBe range 0 -3 .1 Bq/m2, mean 1.1 Bq/m2; 210Pb, range 0.02 - 0.5
Bq/m2, mean 0.20 Bq/m2. Dry deposition may therefore contribute, on average, about
1% of 7Be and 8% of 210Pb deposition. The factor of 8 between the two rates would
perhaps be expected due to the greater amount of 2l0Pb associated with larger
particles.

Applications

The uniformity of 210Pb deposition throughout New Zealand allows the general
application of 0.04 Bq 210Pb/m2/mmnin as a deposition source term in providing an
estimate of deposition in areas where measurements have not been conducted.

As 7Be is mainly of stratospheric origin, the average deposition of 2.0 Bq/m2/mm™,, is
likely to apply anywhere in the latitudinal band which encompasses.New Zealand.
This, in turn, may be used to estimate long-term deposition of any other cosmogenic
species produced in a fixed ratio with 7Be, thus assisting the application of these
species in environmental investigations.

Another possible application of the results of this study would be in the assessment of
effects of artificial radionuclides deposited following any release into the atmosphere.
The washout ratio for 7Be and 210Pb, 106, is the same as that reported for artificial
nuclides released by the nuclear industry (Slinn, 1978). The deposition behaviour of
such nuclides would therefore be expected to be similar to that of 7Be and 210Pb, and
the seasonal trends reported here are thus likely to apply to artificial nuclides also.

Conclusion

Beryllium-7 deposition in New Zealand occurs at a rate of 2.0 Bq/m2/mnw

Lead-210 deposition occurs at a rate of 0.04 Bq/mVmnw

The washout ratio for both 7Be and 210Pb is 106, which is similar to that reported for
artificial radionuclides arising from accidental releases.

Lead-210 deposition occurs uniformly throughout the country, with linear dependence
on rainfall.



Variations in 7Be and 210Pb deposition during the year are closely related to rainfall
variations, with maximum deposition occurring in spring at Hokitika, and minimum
deposition occurring in winter.

The atmospheric concentration of 7Be does not appear to be influenced by washout, at
least on a weekly average basis, but atmospheric °Pb concentrations may be.

Dry deposition at Hokitika accounts for about 1% of 7Be deposition, and 8% of 210Pb
deposition.
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Annual variation in Be-7 deposition and rainfall

January Time during year December

•Be-7 deposition -Rainfall Be-7 air concentration

Fig 1: Averaged annual variation in 7Be deposition and atmospheric
concentration, and rainfall, expressed as weekly percentage variation
from annual mean.

Annual variation in Pb-210 deposition and rainfall
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Fig 2: Averaged annual variation in 21>Pb deposition and atmospheric
concentration, and rainfall, expressed as weekly percentage variation
from annual mean.


