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ABSTRACT: Monthly depositions of Beryllium-7 were simulated using normally available data on

environmental monitoring and local meteorology over a 5-year period, from 1986 to 1990. The

washout scheme of ApSimon et al., the constant dry deposition velocity 0.002 ms-'), and the rainout

scheme of Kasibhatla et al. (K scheme) were used for simulation. Seasonal variations in the

observed depositions were relatively well simulated by the present parameterization, however, there

was a tendency for simulations to exceed the observed values, when heavy rain was measured. The

revised parameterization of rainout scheme was introduced and improved the overestimation. The

result may suggest that aerosols containing 7Be are removed at a relatively high rate from the

formation area of raindrops.
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1. Introduction

Beryllium-7, with a half life of 53.3 d, is a natural radioactive nuclide which is generated by nuclear

reaction with cosmic rays and quickly attached to submicron particles. Beryllium-7 is important as a

tracer to understand atmospheric transport and transfer from the atmosphere to the terrestrial

environment, e.g. the soil ecosphere, of aerosolEl- 21. However, there are a few studies of7 Be transfer

from the atmosphere to the terrestrial environment over several yearsE'l. On the other hand, there are

a lot of normally available and high quality data on 7Be measured routinely throughout Japan, as well

as meteorological data. Therefore, it is important to apply these data to the study of the behavior of

7Be. In the present study, we examined the simulation of 7Be monthly depositions from 1986 to

1990 using normally available data on environmental monitoring and local meteorology.

2. Methods

2.1 Measurement Data
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Figure I shows the measurement sites for environmental monitoring and local meteorology At the

EPRCI Environmental Pollution Research Center of lbaraki Prefecture) in Mito, 7 Be monthly

averaged concentration in the atmosphere and monthly deposition were measured by a high volume

air sampler at an airflow rate of about 007 m' min-' and a water basin of a 5000-cm2 area with a

diameter of 79.8 cm, respectively. Hourly precipitation at the JAERI (Japan Atomic Energy

Research Institute) station in Tokai about 10 km away from the EPRCI were also used for local

meteorological data.

Japm JAERI

EPRO
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Fig. 1 Sites of environmental monitoring (EPRCI) and local meteorology (JAERI).

2.2 Parameterization

Aerosols containing 7 Be are mainly removed from the atmosphere by washout, dry depositions, and

143rainout. We used the washout scheme of ApSimon et al . Washout deposition of month j,

D.h G) I consisting of n discrete time intervals was parameterized by

n -
D .). (j =lAiCjHTm,,

0.8
where washout coefficient Ai in s-1 at the time interval i is defined by Ai = .0 x 10-'R, using the

7rainfall rate P, in mm h-', Cj in Bq m-' the monthly averaged Be concentration at the EPRCI,

T,,t in s is a single time interval equal to 3600 s, and H, (m) is the effective height of rainfall (500

ni). The constant dry deposition velocity 0.002 ms-') was applied for the dry deposition of 7 Be
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aerosols. The constant is a reported value on dry deposition of aerosols containing 7 Be [3] . Dry

deposition of monthj, Dd,,, G), consisting of n discrete time intervals, was calculated by

Ddy G) Vd C Tt (2)
jA

where vd in ms-' is the dry deposition velocity 0.002). Rainout deposition of month j, D, G)

consisting of n discrete time intervals was given by

?I -D,.. (j) Y (3)(aA. -I., (I - aA. H, c j Ti.,

where a (0.582) is a proportion of the rainout deposition contributed by stratiform clouds to the

total rainout deposition, and A,,, and A. estimated by the K-scheme [51 are the scavenging efficiency

in S-1 of stratiform cloud and the convective cloud at the time interval i (See details in Appendix A-1),

respectively. Finally, monthly depositions were calculated using Eqs. 13) by the following

equation;

Diotal D.j. + D..h + Dd,), (4)

3. Results Discussion

Simulated 7Be monthly depositions were compared with the observed values as shown in Fig. 2.

Seasonal variations 1986 - 1990) in the observed depositions were relatively well simulated by the

present parameterization. However, there was a tendency to exceed the observed values, when

heavy rain was measured. To investigate the cause of the overestimation, the correlation coefficients

between observed monthly depositions and rainfall and simulated ones were calculated (Fig. 3. Te

former was 049 and the latter was 065. The result showed that the overestimation was not caused

by merely rainfall per month. Decrease of7 Be in clouds in hourly rain was introduced (See details in

Appendix A-2). 'Me revised parameterization reduced the overestimation (Fig. 2 and resulted in a

higher correlation coefficient (r--0.70) than that of pre-parameterization. Our findings suggested that

aerosols containing 7 Be were removed at a comparatively high rate from the formation area of a

raindrop.
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Fig. 2 Cmparisons of the observed monthly depositions of 7Be and simulated ones by K-scheme
and the revised K-scheme. The solid lines show the variation with time in the observed monthly
depositions; the dashed lines with display the results with the K scheme; the dashed lines with 
indicate the results with the revised K scheme; the dashed lines with represent the simulated
monthly dry depositions; the dashed lines with are the simulated monthly dry and washout
depositions. At the top of each figure, the hatched boxes indicate the monthly precipitation amount.
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Fig. 3 Correlation between observed monthly depositions and rainfall or simulated ones.

4. Conclusion

Our results show that normally available data on environmental monitoring and local meteorology

could be used enough in analysis of 7 Be monthly depositions. Application of the present

parameterization in the other site or area is necessary in future.
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Appendix

A-1. Rainout scheme of Kashibhatla et a[']

On the parameterization of rainout process, scavenging efficiency A, (s-') was defined by

A, = Rp. IL.H, (A-1)

where R (m s-') is the rainfall rate, p (kg M-3) the density of water, L. (kg m-') the cloud liquid

water content, and H (m) the vertical extent of the rainfall. The following parameters reported by

ReWld et a.123 were used: (a) for A,, of typical stratiform clouds, L... = .5 X 10-3 kg M-3 and

H = 3170 m, and (b) for A,, of typical convective clouds, L., = 25 X 10-3 kg M-3 and

H� = 8680 m.

A-2. Revision of K-scheme [6]

To consider decrease of 7 Be concentration in cloud by rainout, the following relation was introduced,

Ai' = I - exp _ Rip_ ' Tin, (A-2)
T�lt L,.,,H

where each parameter is the same one as in Eq. (A-1)
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