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In the present study, the climatic variations of “Be in the Peshawar basin (longitude 71°
15’ and 72° 45’ E and latitude 33° 45’ and 34° 30’ N) of Pakistan was observed during
the period of 2001-2006. Under the domain of environmental surveillance
programme, air particulate samples were collected from Peshawar basin on fiberglass
filters and analyzed for gamma emitting radionuclides using the gamma spectrometry
system. The results of the last six years (2001-2006) range between 3.6 to 5 mBq/m3,
while the composite average concentration of this radionuclide for the whole period is
4.5 mBq/m3. The measured values were significantly lower than the world average
value of 12.5 mBq/m3. The climatic variations in the concentrations of "Be were also
checked by classifying the whole year into four seasons (winter, spring, summer, and
fall) and a positive correlation between 7Be activity and change in temperature was ob-

tained.

Key words: beryllium-7, air particulate sample, Peshawar basin, gamma spectrometry,
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INTRODUCTION

Regular monitoring of radioactivity in air
particulates and aerosol samples provides useful infor-
mation about radiation in the environment due to natu-
ral and manmade sources and helps to study their im-
pact on human beings. Radionuclides of the cosmic
origin are also present at the ground level and may also
be used to provide a tool for studying changes in atmo-
spheric processes.

The pollution of the biosphere, as a result of the
improper management of socioeconomic develop-
ment activities, has exposed natural resources and the
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ecosystem to a great stress. The industrialization pro-
cess, power generation and intensive agricultural
practices have helped in improving the quality of life;
at the same time, however, these activities are ad-
versely affecting the quality of environment due to the
indiscriminate releases of noxious substances from
natural and anthropogenic sources into the environ-
ment. The presence of toxic/radiotoxic pollutants in
the indoor and outdoor environment constitutes a seri-
ous threat to human health.

The interaction of cosmic rays with air in the up-
per atmosphere results in secondary radiation. Beryl-
lium-7 is produced in the upper atmosphere by cosmic
rays spallation of nitrogen and oxygen. Being radioac-
tive, 'Be (half-life of 53.3 days) emits 477.6 keV
gamma rays with 10.3% gamma abundance. About
70% of the "Be is produced in the stratosphere where
the cosmic ray intensity is greater, with the remaining
30% being produced in the troposphere. The activity of
"Be, produced in the stratosphere, has a residence time
of about one year and is transferred to the troposphere.
The residence time in the troposphere is about six
weeks. Transfer to the Earth’s surface is normally car-
ried out to a larger extent, by gravitational settling and
precipitation processes. Cosmogenic radionuclides ac-
tivity may thus vary significantly with altitude as well as
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latitude, not only because of the location of their pro-
duction but also because of the atmospheric mixing pro-
cesses and half-life [1]. Moreover, different meteoro-
logical conditions and geographical locations also play
an important role in variable concentrations of
cosmogenic radionuclides. Generally, the maximum
"Be values associated with the hottest months of the
year may be accounted for by vertical air mixing. The
rising hot air provokes the descent of the cold air from
higher layers which contains greater concentrations of
cosmic radionuclides [2].

Pakistan is a subtropical semiarid country charac-
terized by four distinct seasons (winter, spring, summer,
and fall) and a monsoon period which, in most parts of
the country, brings heavy rains [3]. Peshawar basin is an
intra mountain basin (>5500 km?) situated at the south-
ern margin of the Himalayas and northwest of the Indus
plain in the North West frontier province (NWFP) of
Pakistan. It is bounded by the mountain ranges of Khy-
ber in the west and northwest, Attock Cherat in the
south, and Swat in the north and northeast while the
Indus river borders its southeastern side, where it is
open for the discharge of water. Peshawar, the capital
city of NWFP, Nowshera, Charsadda, and Mardan are
the major cities of this basin. It is mainly irrigated by the
Kabul and Swat rivers and their tributaries. The map of
Peshawar basin is shown in fig. 1.

The air particulate monitoring of Peshawar basin
is a regular feature of our countrywide radiological en-
vironmental monitoring and surveillance programme,
being carried out in the entire country through a net-
work of air sampling units installed at 12 different loca-
tions. These locations include Larkana, Peshawar,
Karachi, Faisalabad, Lahore, Multan, Islamabad,
Quetta, D. G Khan, Mianwali, Tandojam, and
Abbottabad.

In the present study, the climatic variations of "Be
activity in the atmosphere of Peshawar basin, Pakistan
during 2001-2006 have been presented. The results
have also been compared with some other areas as well
as with the world average values.

Figure 1. Map of Peshawar
basin

Peshawar Basin

MATERIAL AND METHODS

Air particulate samples were collected on 55 cm x
x 45 cm fiber glass filter papers having 99.99% collec-
tion efficiency using a high volume SECOMAK air sam-
pler with an average flow rate of 209 m3/h. The sampler
was installed on the top of 15 m tall building of Peshawar
region (34.01° N, 71.55° W). The frequency of the sam-
pling period was kept as fifteen days with the mean value
of the total volume of the gathered aerosol as ~5500 m>.
Prior to the radiometric measurement, the filter papers
were normally converted in accordance with the specific
geometry of the detector by folding and pressing into a
disc of 6.5 cm diameter and 1.5 cm thickness using a hy-
draulic jack/press.

The radiometric analysis of each sample was
performed by the measurement of gross gamma counts
using Nal detector followed by the measurement of
"Be radioactivity (gamma ray: 477.6 keV, half life:
53.28 d) by detailed gamma spectrometry on a high
resolution gamma spectrometer. The system consisted
of a high purity coaxial type germanium (HPGe) de-
tector coupled with a PC based multichannel analyzer
[4, 5]. The relative efficiency of the detector was 30%
and its resolution (FWHM) for full energy peak of
1332 keV gamma ray of ®*Co source was 1.9 keV. The
system was calibrated using the '°“"Ho source having
the same geometry as the samples. The samples were
normally counted for a counting time of 65000 sec-
onds. To account for the background of the system, a
blank sample of the same geometry was counted peri-
odically for the same period of time. The results were
analyzed using Genie-2000 software (Canberra).

RESULTS AND DISCUSSION

The collected samples were analyzed for the mea-
surement of "Be concentration. The monthly values of
the whole analysis period from 2001-2006 along with
the minimum, maximum, and mean specific activities

Islamabad [§
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Table 1. Specific activities of ’Be measured in air samples of Peshawar basin from 2001 to 2006

S.No.| Months Activity [mBqm ]
2001 2002 2003 2004 2005 2006
1 January | 2.7+1.2* | 39+13 28+1.2 29+13 1.8+ 1.2 2+1.1
2 February | 3.8+1.3 46+13 3712 38+1.2 24+12 27+1.2
3 March 37£13 49£1.5 53+14 45+ 14 39+13 38+ 1.3
4 April 57+14 58+£1.5 51£13 69+1.5 47+13 53+14
5 May 62+13 5414 6.1£13 64+14 46+14 47+13
6 June 56£15 615 5614 6.1+14 65%1.5 5515
7 July 6314 6.6x1.5 71£15 58+£13 47+13 56£1.5
8 August 6.1£13 5214 54+£14 59£13 3+1.2 6614
9 | September | 5.8+ 1.4 52+£13 48+12 46+12 39£13 3.6£1.2
10 October 44+12 42+12 49+13 44114 31+13 4113
11 | November | 49+ 1.5 45+13 3.6£1.2 42+13 26+1.2 33£13
12 | December | 3.5+ 1.3 39+14 24+1.2 22112 23112 2612
Yearly average | 4.9+ 1.2° 5+09 47+ 1.4 48+t 14 36+14 41+14
Minimum 3.6
Maximum 5
Composite average 4.5

a —measurement uncertainty; b — standard deviation
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Figure 2. Seasonal variation of "Be concentration during
2001-2006 (W = Winter, Sp = Spring, Sm = Summer, and
F = fall)

are given in tab. 1. The yearly averages were found to be
49,5,4.7,4.8, 3.6, and 4 mBq/m? for the years 2001,
2002, 2003, 2004, 2005, and 2006, respectively. The
average concentration of 'Be ranged between 3.6 and 5
mBg/m?® with the composite average for all the six years
as 4.5 mBq/m?, as shown in tab. 1.

Normally, the variations of "Be concentration in
filtered air depends upon the latitude and climatic con-
ditions (mainly the temperature). For the climatic vari-
ation, the specific activity of "Be was plotted against
the quarterly temperature changes and a positive cor-
relation is obtained as shown in fig. 2. It is obvious
from the figure that "Be concentrations increase with
rising the temperature. This phenomenon has been ex-
plained by Feely et al. [6] by proposing a model which
states that this is due to an admixture of stratosphere
produced "Be in the near surface air. This admixture
can be brought down from the stratosphere by cold

systems penetrating the troposphere. Another expla-
nation for this phenomenon is the vertical transport of
air within the troposphere. The troposphere is less sta-
ble in summer than in winter; thus, there is more air cir-
culation in the troposphere in summer. The cause of
this circulation is the following: during hot months,
the solar heating of the Earth’s surface leads to the
heating of air in the near surface layer. This air is fur-
ther forced upward and becomes cooler. Conse-
quently, the denser air is lowered from higher levels.
This vertical transport brings the parcels of air that
have been irradiated in the upper troposphere down to
the surface, and therefore their characteristic feature is
higher "Be concentration. Figure 2 also indicates that
the average concentration of "Be is slightly lower for
the years 2005 and 2006 as compared to the rest of the
years. This is due to the fact that during these two
years, the duration of winter season was longer be-
cause of heavy rain and snow fall until the end of May.
In order to have better understanding of the im-
pact / behaviour of "Be in the environment, seasonal
indices were also calculated and given in tab. 2. Sea-
sonal indices are normally used as a tool for reliable
prediction of the future trends. It is an average that in-
dicates the percentage of an actual observation relative
to what it would be if no seasonal variation in a partic-
ular period is present. It is attached to each period of
the time series within a year. This implies that if
monthly data are considered, there are 12 separate sea-
sonal indices, one for each month and 4 separate indi-
ces for quarterly data. For the present study, both
monthly and quarterly indices were derived as shown
in tab. 2. A monthly index was calculated by dividing
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each monthly average value by the overall average of
the entire period. The quarterly seasonal index is the
average value of the three monthly indices for the cor-
responding season. These include January, February,
and March for the winter season, April, May, and June
for the spring season, July, August, and September for
the summer season and October, November, and De-
cember for the fall season. It can be observed from tab.
2 that the values of both the monthly mean "Be activi-
ties and monthly indices drop below the overall mean

Table 2. Seasonal indices for "Be measured in air samples
of Peshawar basin from 2001 to 2006

Monthly mean
S.No.| Months "Be activity Monthly | Quarterly
3 indices indices
[mBqm ]
1 January 2.7 0.6
2 February 3.5 0.8 0.7
3 March 4.4 0.9
4 April 5.6 1.2
5 May 5.6 1.2 1.2
6 June 5.9 1.3
7 July 6 1.3
8 August 5.4 1.2 1.2
9 September 4.7 1
10 October 4.2 0.9
11 November 3.9 0.8 0.8
12 December 2.8 0.6
Overall mean 4.5 0.98 0.98
World Average 125
Belgrade, Serbia | 26
Vinéa, Serbia :lg‘g
Japan 3.9
Italy 5.1
Virginia, USA 4.2
California 33
Kuwait 5.2
Spain [T
Peshawar, Pakistan :l,w
(present study)
Lahore, Pakistan :|54
Karachi, Pakistan 54

0 2 4 6 8 10 12 14
"Be concentration [mBq/m3]

Figure 3. Comparison of "Be concentration with similar
work carried out for other cities of Pakistan and with
other countries of the world

for the first and last quarters (winter and fall) and in-
crease for spring and summer seasons.

A comparison of the present work with similar
studies for other basins of Pakistan as well as with other
countries of the world and world average values is pre-
sented in fig. 3 [7-13]. The figure shows that the aver-
age concentration of "Be in the air samples of Peshawar
basin is about 17% lower than in Karachi and Lahore.
This may be partially attributed to the temperature dif-
ference among these cities and partially to the various
altitudes where the samplers are installed. As for the
comparison with other countries, the data show that the
average specific activity of "Be for Peshawar basin is
about 60%, 13%, and 26% higher than in Serbia, Japan,
and California, while it is about 12%, 13%, and 64 %
lower than in Italy, Kuwait, and the world average val-
ues, respectively. It is also indicated from fig. 3 that the
average value of "Be observed in the present study is
comparable with that of Virginia — USA, and Spain.
These variations may be attributed to different altitudes
as well as to the different meteorological parameters
and geological conditions.

CONCLUSIONS

The "Be concentrations were measured over the
period from 2001-2006 in air samples collected from
Peshawar basin of Pakistan. The results of the analyses
represent yearly average values and range between
3.6 to 5 mBg/m?> with the composite average concen-
tration of this radionuclide for the whole period of
4.5 mBg/m?®. The measured values were significantly
lower than the world average value of 12.5 mBq/m?.
The climatic variation due to the concentrations of "Be
was also checked by classifying the whole year into
four seasons (winter, spring, summer, and fall). By ap-
plying the model proposed by Feely et al. [6], a posi-
tive correlation between "Be activity and change in
temperature was obtained.
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Kamug KAH, Aoayn IIABAP, Ilepsen AKXTEP

KINMATCKE ITPOMEHE AKTUBHOCTU BEPUIUJYMA-7 Y ATMOC®EPU
INEIMABAPCKOI' BACEHA Y ITAKHCTAHY TOKOM 2001-2006. TOJIUHE

Y pany je npukaszano npaheme kiauMaTckux npomena ‘Be y IMemasapckom Gaceny (uctodna
reorpadcka my>kuHa off 71°15’ o 72°45' u ceBepHa reorpadcka mmpuHa ot 33°45' 1o 34°30") y [Takucrany,
TokoM nepuopa o 2001. mo 2006. roguHe. Y OKBUpPY Iporpama OCMaTpama >KUBOTHE CpEJUHE Y
IlemaBapckoM OaceHy, y30pL Ba3AyXa CaKylUbaHUH Cy Ha c¢uiarepuMma of ¢ubepriaca U rama
CIEKTPOMETPHjCKUM IIOCTYIIKOM aHaJU3MpaHU y NOIJIey Ha raMa eMHCHjy pafuoHykiuja. PesynraTtu y
nocneamux mect roguna (2001-2006) manase ce y maTepBaiy of 3.6 mBg/m’ no 5 mBg/m?, 1ok je ckynna
cpe/iba KOHIEHTpalMja PaMOHYKJIN/a 3a YATaB Nepuoy| uznocuna 4.5 mBg/m®. smepene BpegHOCTH
Ouiie cy 3HaTHO HuKe off 12.5 mBq/m? - cpeamux BpennocTn y cBeTy. KimMarcke mpoMeHe KOHIERTPALTjE
"Be 6mite cy Takobhe mpoBepaBaHe palrdiambaBambeM jeIHe TOAMHE Y YeTUPH ce30He (3uMma, mponehe, eTo u
jeceH) u JoOMjeHa je MO3UTHBHA Kopeanyja n3Mehy akTuBHOCTH 'Be M IPOMEHE TeMIepaType.

Kmwyune peuu: bepuaujym-7, yaopuu 8azoyxa, Ilewasapcku b6acen, zama clieKiipometipuja, Ce30HCKU
uokasaiuesmsu



