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ABSTRACT 

Monthly variations of Cs-137 and Cs-134 activities in 
airborne and fallout collected in Dalat from 1986 to 1991 are 
presented. The variations exhibit distinct maxima in December 

January, when dry fallout was predominant. The observed 
peaks are explained by the intrusion of cold air masses with 
higher radioactivity from temperate latitudes during the 
development of large-scale anticyclones frequently observed 
in the most active winter monsoon period. Very high dry 
fallout velocity ( about 10 cm/s ) determined from the 
airborne and fallout activities clearly demonstrates one of 
the most relevant characteristics of cold air masses: behind 
the cold front vertical air motion is descending. 

(1) Work performed under IAEA Research Contract No. 4656/R1/RB. 
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1. Introduction 

Preliminary environmental radiation survey, carried out in 
Vietnam during 1982-1985 period showed relatively low 
concentrations of Cs-137 in environmental objects, e.g. 
(0.2-0.3) uBq/m3 in aerosol, 0.10 Bq/m2.month in fallout, 
2 Bq/kg in surface soils, (0.1-0.2) Bq/Kg in cereals... These 
values are many times lower than those of most European and 
high lattitude countries. Since 1986 regular environmental 
radiation monitoring has been carried out in Dalat (11 57'N, 
106 26'E, 1500 m a.s.l.), and, therefore, data on monthly 
variations of environmental isotopes concentrations in 
airborne and fallout have been obtained. These data showed a 
number of distinct maxima. The first observed in May 1986 
corresponds to the arrival of the radioactive cloud from 
Chernobyl. At that time the monthly Cs-137 deposition 
increased by some orders of magnitude, whereas radionuclides 
such as Ru-103, Ru-106, Sb-124, 1-131, Ba-140, Cs-134... were 
detected for the first time. Thereafter the activities of 
these Chernobyl fission and activation products decreased 
rapidly. Except for Cs-137, the other Chernobyl radionuclides 
were no longer detected after August. However, from November 
1986 Cs-134 - an activation product of Chernobyl origin - was 
detected again in the fallout and aerosol, and the activity 
of Cs-137 in these samples began to increase, reaching the 
second maximum in January 1987. In the following years only 
Cs-137 can be detected and its maximum regularly occurred 
in December - February periods. 

The caesium isotopes peaks were observed in the periods of 
most active atmospheric currents in the West Pacific tropical 
zone under the influence of the quasipermanent asiatic high 
pressure center. This suggests the role of winter monsoon in 
transporting cold air with higher caesium isotopes 
concentrations from temperate latitudes into the tropical 
zone . 

2. Sampling and activity measurement 

Airborne particulates were collected at monthly interval 
by an air sampler 12-UC-34 with membranous filter FPP-15. The 
flow rate of the device was 1000 m3/h, and each month about 
100,000 m3 of air were collected. Sampling was done at 1.5 m 
above the ground. The air filter was then pressed into pellet 
for gamma spectrum measurement. 

Wet and dry fallout were collected in three 
stainless-steel trays, having a cross section of 
0.4 m2 each. During dry period the trays were filled with 
about 1 cm of distilled water to reduce the resuspension of 
dry deposition particulates. 
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Collected samples were passed through a filter to separate 
suspended and dissolved fractions. The filtrate was 
evaporated subsequently in vacuum. In rainy season, when 
collected rain water reached some hundred liters a month, the 
filtrate was preconcentrated by co-precipitation. 

Gamma spectrum measurements were performed by a low 
background gamma spectrometry system having relative 
efficiency of 15Z, peak-to-Compton ratio of 41.5/1 and FHHM 
of 1.92 KeV for 1332.5 KeV Co-60 line. Integral background 
(from 100 KeV to 2000 KeV ) of the system was 1.7 cps. The 
detection limits for Cs-137 in fallout and in airborne were 
0.01 Bq/m2 and 0.02 uBq/m3, respectively. 

3. Results and Discussions 

The monthly variations of the caesium isotopes deposition 
and airborne concentration covering the period of 1986-1991 
are shown in Fig. 1 together with the monthly precipitation 
pattern recorded at the Dalat meteorological station. Data on 
other Chernobyl fission products are not presented. They were 
detected only during May-August 1986. The Cs-137/Cs-134 
activity ratio in May-June 1986 was 2.0 + 0.15 for fallout 
and 2.2 + 0.5 for airborne, which are in good agreement with 
the literature data [1-5], if some small contributions of 
preexisting Cs-137 from nuclear weapons tests were taken into 
account. 

In Table I are presented the intensities of the peaks 
observed during the period from 1986 to 1991. 

For comparison, Table II shows the maximum Cs-137 
concentration in air measured in neighbouring countries 
during May-June 1986. The values of Dalat were much lower 
than those measured in neighbouring countries. Of course the 
data presented in Fig.l and Table I could not be regarded as 
typical of the whole territory of Vietnam. In fact, in June 
1986 airborne dust was also collected in Hanoi (21 01'N, 
105 48'E, 10 m a.s.l.) and in Hochiminh City (10 47'N, 
106 40'E, 10 m a.s.l.), and the measured specific activities 
of Chernobyl isotopes were higher by factors of 30-80 in 
Hanoi and 2-3 in HoChiMinh City. 

Such low specific activities of the Chernobyl nuclides can 
be explained by the high elevation of Dalat City. According 
to the observations of Higuchi et al. [3] the heights of the 
Chernobyl radioactive plumes passing over Japan were about 
1200 - 1800 m, whereas Dalat City is located in the central 
highland of Indochina at the altitude of 1500 m. In addition, 
the southwest winds prevailing in South Indochina during May 
- July was certainly an important factor explaining the low 
air specific activity observed in Dalat and HoChiMinh City as 
compared to Hanoi, which at that time was still under the 



-4-

mfluence of the air masses moving southwards from temperate 
latitudes co the West Pacific tropical zone ( see e.g. 
weather map given in [4] ). 

The intensity of the maximum observed in Oalat during 
Dec.1986 - Feb.1987 was surprisingly high as compared with 
the Chernobyl peak observed 8 months earlier ( Table I ). 
Both Cs-137 and Cs-134 were observed. Their activity ratio 
was 2.6+ 0.3 for fallout and 2.7+ 0.8 for airborne, which 
shows the predominant Chernobyl origin of the peaks. In the 
following years, only Cs-137 was observed and the winter 
maximum intensity of Cs-137 decreased rather rapidly. 

To identify the origin of the observed winter peaks, it is 
necessary to assess some possibilities for the increase of 
caesium isotopes activity. The first is the resuspension of 
soil particles bearing caesium isotopes. The considerable 
increase of settled dust from (5-10) ug/m3 in the wet season 
to (40-60) ug/m3 in the dry period would suggest the 
importance of this process. However, based on the recorded 
data on monthly settled dust, specific activities of fallout 
and surface soil ( about 2.5 Bq/Kg d. w. for Cs-137), the 
contributions of this component in the caesium isotopes 
deposition peaks were estimated to be small, from about IX in 
1987 to 17. in 1990. 

The 500 KW Dalat nuclear research reactor could also be 
suspected of the source of caesium isotopes. However, regular 
measurements of radionuclides concentrations in water and in 
ion exchanger resins of the primary cooling system did not 
detect any fuel element failure, which would cause the 
discharge of fission products into the atmosphere. 

The above discussions exclude any "local" origin of the 
observed peaks. Concerning "non - local" sources of caesium 
isotopes, ther* are two possibilities: a) Injsetion of 
stratospheric radioactive air due to the increase in air 
masses exchange between the stratosphere and the troposphere 
(stratospheric fallout), b) Intrusion of radioactive air from 
temperate latitudes into the tropical zone by atmospheric 
currents, developed during large scale cyclones or 
anticyclones. 

The injection of air with higher radioactivity from the 
stratosphere into the troposphere has been observed in the 
fallout from nuclear tests in spring or early summer (spring 
maximum) according probably to the latitude of the monitoring 
station [7], Aoyama [5] observed the spring maximum of 
Chernobyl isotopes in the fallout at Tsukuba, Japan, in April 
1987. Its intensity was nearly three orders of magnitude 
lower than the Chernobyl peak, and this corresponds to the 
stratospheric inventory of about 0.5 % of the total release 
of caesium isotopes. Obviously, these features of the 
stratospheric spring maximum are considerably different from 
those observed in this work. 



-5-

The peaks observed in the most active periods of winter 
tropical monsoon suggest the role of the cold continental 
polar (cPk) air masses moving equatorwards from temperate 
latitudes in supplying air with higher caesium isotopes 
concentrations. Flowing northeasterly in the tropical zone 
cPk air often reaches very low latitudes in December-January, 
when the intertropical convergence zone (ITCZ) is aligned 
south of the equator (at about 10 S). cPk air moves from a 
source region over the interior of Asia at 50 N where is 
positioned the quasi-permanent asiatic high-pressure center. 
It is well-known that the global latitudinal distribution of 
the stratospheric nuclear tests debris shows a remarkable 
maximum just around this latitude (40-50 N). As far as the 
Chernobyl debris are concerned, it can be expected that after 
having washed-out rapidly in May-July 1986, their maximum 
concentration in air was also found around the Chernobyl 
latitude, i.e. 50 N. This assumption can be made based on: 
(1) the intensified air masses exchange between the 
troposphere and the stratosphere in spring when the accident 
occurred, and, (2) the zonal circulation associated with the 
westerlies prevailing in the upper atmosphere. Fallout from 
the upper atmosphere is the main process subsiding fission 
products to the lower troposphere in the post-accident 
period. 

Experimental data for the post-accident period are so 
scarce, that makes impossible to establish a latitudinal 
distribution of caesium isotopes concentrations in air for 
the Far East region. However, a few data given in Table II 
for the winter 1986 period would confirm a considerable 
difference between the Cs-137 concentration in air at Oalat 
and at other high latitude locations of the region. This made 
possible an increase of 0.3 uBq/m3 of Cs-137 concentration in 
air at Dalat in winter 1986 (Fig.l) due to the intrusion of 
cold air from high latitudes regions. 

The role of cold air masses in transporting air with 
higher radioactivity from temperate latitudes into the 
tropical zone was well demonstrated by Omitrieva et al. [8] 
in a study of the latitudinal variation of the beta activity 
of air during a ship route over Alantic, Indian and Pacific 
Oceans. Sharp increases in air beta activity were observed 
when the ship crossed the cold front from the warm air side. 
The surface air activity always increased just behind the 
cold front in the ridge of the anticyclone. According to 
Dmitrieva at al [8] more radioactive air was supplied firstly 
from the stratosphere at temperate and subtropical latitudes 
by a process called "stratospheric break", and then from 
there to the tropical zone as cold air moves equatorwards 
during the development of the anticyclone. 

The monthly sampling of airborne and fallout carried out 
in this work could not allow to reveal the fluctuation of air 
activity in connection with the passage of any cold front. 
Furthermore, usually cold front is weakly defined at low 
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latitudes (south of 15 N the southern part of Indochina). 
However, as shown below, one of the most relevant 
characteristics of the cold air behind the cold front,-namely 
its descending vertical motion [9], could be well identified 
by using the experimental data in this work. In fact, the 
caesium isotopes fallout peaks occurred at the cumulation of 
the dry season when there was no rainfall in Dalat. This 
enables us to determine the dry fallout velocity V by a 
simple relationship between the fallout activity P (Bq/m2.s) 
and the airborne concentration A (Bq/m3), e. g. P = A.7 . The 
dry fallout velocity V for caesium isotopes determined by 
this method is in the interval of 5-15 cm/s. These values 
being much higher than those measured in May-June 1986 in 
Europe [1,10], North America [11] and China [2] (about 0.1 
cm/s) indicate a descending motion of cold air in 
December-January period. Our data are in fairly good 
agreement with those determined in Bombay, India in dry 
season ( up to 7.2 cm/s ) [12]. This probably suggests the 
identical nature of vertical air motion in both locations. 

4. Conclusions: 

Winter peaks of Cs-137 and Cs-134 activities in airborne 
and fallout were observed in five successive years from 1986. 
The increase of caesium isotopes concentrations in air (about 
0.3 uBq/m3 Cs-137 in winter 1986-1987) is explained by the 
intrusion of cold air with higher radioactivity from 
temperate latitudes during the development of deep 
anticyclones frequently observed in December- January period 
in southeast Asia. High intensities of the fallout peaks are 
associated not only with the increase in air specific 
activity but also- with a high dry fallout velocity of cold 
air behind the cold front in the ridges of the anticyclones. 
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Fig. 1 
Monthly variations of caesium isotopes activities 
in fallout and airborne at Dalat during 1985-1991 
period. 

a. Cs-137 ( ), Cs-134 ( ) in deposition 

b. Cs-137 < ), Cs-134 ( ) in airborne 
c. Monthly precipitation 



Table I 

Caesium isotopes activity peaks observed in fallout 

and airborne at Dalat during 1986-1991 period 

Period 

May-July 
1986 

Nov.1986 
-Feb.1987 

Dec.1987 

Dec.1988 
- Jan .1989 

Jan . -Mar . 
1990 

Dec.1990 
- Jan .1991 

Max. c o n c e n t r a t i o n 
in a i rbo rne (uBq/m3) 
Cs-137 Cs-134 

1.30+0.13 

0 .82+0.12 

0 .80+0.12 

0 .47+0.09 

0 .50+0.09 

0 .46+0.09 

0 .59+0.09 

0.32+0.06 

nd 

nd 

nd 

nd 

I n t e g r a t e d 
( Bq, 

Cs-137 

3 .19+0.13 

4 .24+0 .18 

0.30+08 

0 .12+0.03 

0 .08+0.01 

0 .11+0.02 

dei 
'm2 

s o s i t i o n 
) 
Cs-134 

1.60+0.05 

1.64+0.10 

nd 

nd 

nd 

nd 

Table I I 

Cs-137 concentration in airborne ( mBq/m3 ) measured 
in Asian countries 

Country, location May-June 1986 Nov. 1986 - Feb. 1987 

China, Beijing [2] 
( 40»N, 1166E ) 

7.4 

Japan, Chiba r3][*3] 16.4 
( 36°N, 140°E ) 

Taiwan, Hsinchu [4] 2.5 
( 25°N, 121°E ) 

India, Bombay [6] 1.6 
( 19°N, 73*E ) 

0 . 0 0 1 - 0 . 0 1 

0 . 0 3 

Vietnam, D a l a t 0.0013 0 .0005-0 .0008 
(11 6'N, 108"3 E) 


