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In the pres ent study, the cli ma tic vari a tions of 7Be in the Peshawar basin (lon gi tude 71° 
15¢ and 72° 45¢ E and lat i tude 33° 45¢ and 34° 30¢ N) of Pa ki stan was ob served dur ing
the pe riod of 2001-2006. Un der the do main of en vi ron men tal sur veil lance
programme, air par tic u late sam ples were col lected from Peshawar basin on fi ber glass
fil ters and an a lyzed for gamma emit ting radionuclides us ing the gamma spec trom e try
sys tem. The re sults of the last six years (2001-2006) range be tween 3.6 to 5 mBq/m3,
while the com pos ite av er age con cen tra tion of this radionuclide for the whole pe riod is
4.5 mBq/m3. The mea sured val ues were sig nif i cantly lower than the world av er age
value of 12.5 mBq/m3. The cli ma tic vari a tions in the con cen tra tions of 7Be were also
checked by clas si fy ing the whole year into four sea sons (win ter, spring, sum mer, and
fall) and a pos i tive cor re la tion be tween 7Be ac tiv ity and change in tem per a ture was ob -
tained.

Key words: be ryl lium-7, air par tic u late sam ple, Peshawar ba sin, gamma spec trom e try,
sea sonal in di ces

IN TRO DUC TION

Reg u lar mon i tor ing of ra dio ac tiv ity in air
particulates and aero sol sam ples pro vides use ful in for -
ma tion about ra di a tion in the en vi ron ment due to nat u -
ral and man made sources and helps to study their im -
pact on hu man be ings. Radionuclides of the cos mic
or i gin are also pres ent at the ground level and may also
be used to pro vide a tool for study ing changes in at mo -
spheric pro cesses.

The pol lu tion of the bio sphere, as a re sult of the
im proper man age ment of so cio eco nomic de vel op -
ment ac tiv i ties, has ex posed nat u ral re sources and the

eco sys tem to a great stress. The in dus tri al iza tion pro -
cess, power gen er a tion and in ten sive ag ri cul tural
prac tices have helped in im prov ing the qual ity of life;
at the same time, how ever, these ac tiv i ties are ad -
versely af fect ing the qual ity of en vi ron ment due to the
in dis crim i nate re leases of nox ious sub stances from
nat u ral and anthropogenic sources into the en vi ron -
ment. The pres ence of toxic/radiotoxic pol lut ants in
the in door and out door en vi ron ment con sti tutes a se ri -
ous threat to hu man health.

The in ter ac tion of cos mic rays with air in the up -
per at mo sphere re sults in sec ond ary ra di a tion. Be ryl -
lium-7 is pro duced in the up per at mo sphere by cos mic
rays spallation of ni tro gen and ox y gen. Be ing ra dio ac -
tive, 7Be (half-life of 53.3 days) emits 477.6 keV
gamma rays with 10.3% gamma abun dance. About
70% of the 7Be is pro duced in the strato sphere where
the cos mic ray in ten sity is greater, with the re main ing
30% be ing pro duced in the tro po sphere. The ac tiv ity of
7Be, pro duced in the strato sphere, has a res i dence time
of about one year and is trans ferred to the tro po sphere.
The res i dence time in the tro po sphere is about six
weeks. Trans fer to the Earth’s sur face is nor mally car -
ried out to a larger ex tent, by grav i ta tional set tling and
pre cip i ta tion pro cesses. Cosmogenic radionuclides ac -
tiv ity may thus vary sig nif i cantly with al ti tude as well as 
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lat i tude, not only be cause of the lo ca tion of their pro -
duc tion but also be cause of the at mo spheric mix ing pro -
cesses and half-life [1]. More over, dif fer ent me te o ro -
log i cal con di tions and geo graph ical lo ca tions also play
an im por tant role in vari able con cen tra tions of
cosmogenic radionuclides. Gen er ally, the max i mum
7Be val ues as so ci ated with the hot test months of the
year may be ac counted for by ver ti cal air mix ing. The
ris ing hot air pro vokes the de scent of the cold air from
higher lay ers which con tains greater con cen tra tions of
cos mic radionuclides [2].

Pa ki stan is a sub trop i cal semiarid coun try char ac -
ter ized by four dis tinct sea sons (win ter, spring, sum mer, 
and fall) and a mon soon pe riod which, in most parts of
the coun try, brings heavy rains [3]. Peshawar ba sin is an 
intra moun tain ba sin (>5500 km2) sit u ated at the south -
ern mar gin of the Hi ma la yas and north west of the Indus
plain in the North West fron tier prov ince (NWFP) of
Pa ki stan. It is bounded by the moun tain ranges of Khy -
ber in the west and north west, Attock Cherat in the
south, and Swat in the north and north east while the
Indus river bor ders its south east ern side, where it is
open for the dis charge of wa ter. Peshawar, the cap i tal
city of NWFP, Nowshera, Charsadda, and Mardan are
the ma jor cit ies of this ba sin. It is mainly ir ri gated by the
Kabul and Swat rivers and their trib u tar ies. The map of
Peshawar ba sin is shown in fig. 1.

The air par tic u late mon i tor ing of Peshawar ba sin
is a reg u lar fea ture of our coun try wide ra dio log i cal en -
vi ron men tal mon i tor ing and sur veil lance programme,
be ing car ried out in the en tire coun try through a net -
work of air sam pling units in stalled at 12 dif fer ent lo ca -
tions. These lo ca tions in clude Larkana, Peshawar,
Karachi, Faisalabad, La hore, Multan, Islamabad,
Quetta, D. G. Khan, Mianwali, Tandojam, and
Abbottabad.

In the pres ent study, the cli ma tic vari a tions of 7Be
ac tiv ity in the at mo sphere of Peshawar ba sin, Pa ki stan
dur ing 2001-2006 have been pre sented. The re sults
have also been com pared with some other ar eas as well
as with the world av er age val ues.

MA TE RIAL AND METH ODS

Air par tic u late sam ples were col lected on 55 cm ́  
´ 45 cm fi ber glass fil ter pa pers hav ing 99.99% col lec -
tion ef fi ciency us ing a high vol ume SECOMAK air sam -
pler with an av er age flow rate of 209 m3/h. The sam pler
was in stalled on the top of 15 m tall build ing of Peshawar
re gion (34.01° N, 71.55° W). The fre quency of the sam -
pling pe riod was kept as fif teen days with the mean value
of the to tal vol ume of the gath ered aero sol as ~5500 m3.
Prior to the ra dio met ric mea sure ment, the fil ter pa pers
were nor mally con verted in ac cor dance with the spe cific
ge om e try of the de tec tor by fold ing and press ing into a
disc of 6.5 cm di am e ter and 1.5 cm thick ness us ing a hy -
drau lic jack/press.

The ra dio met ric anal y sis of each sam ple was
per formed by the mea sure ment of gross gamma counts 
us ing NaI de tec tor fol lowed by the mea sure ment of
7Be ra dio ac tiv ity (gamma ray: 477.6 keV, half life:
53.28 d) by de tailed gamma spec trom e try on a high
res o lu tion gamma spec trom e ter. The sys tem con sisted
of a high pu rity co ax ial type ger ma nium (HPGe) de -
tec tor cou pled with a PC based mul ti chan nel an a lyzer
[4, 5]. The rel a tive ef fi ciency of the de tec tor was 30%
and its res o lu tion (FWHM) for full en ergy peak of
1332 keV gamma ray of 60Co source was 1.9 keV. The
sys tem was cal i brated us ing the 166mHo source hav ing
the same ge om e try as the sam ples. The sam ples were
nor mally counted for a count ing time of 65000 sec -
onds. To ac count for the back ground of the sys tem, a
blank sam ple of the same ge om e try was counted pe ri -
od i cally for the same pe riod of time. The re sults were
an a lyzed us ing Ge nie-2000 soft ware (Can berra).

RE SULTS AND DIS CUS SION

The col lected sam ples were an a lyzed for the mea -
sure ment of 7Be con cen tra tion. The monthly val ues of
the whole anal y sis pe riod from 2001-2006 along with
the min i mum, max i mum, and mean spe cific ac tiv i ties
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Fig ure 1. Map of Peshawar 
ba sin



are given in tab. 1. The yearly av er ages were found to be 
4.9, 5, 4.7, 4.8, 3.6, and 4 mBq/m3 for the years 2001,
2002, 2003, 2004, 2005, and 2006, re spec tively. The
av er age con cen tra tion of 7Be ranged be tween 3.6 and 5
mBq/m3 with the com pos ite av er age for all the six years
as 4.5 mBq/m3, as shown in tab. 1.

Nor mally, the vari a tions of 7Be con cen tra tion in
fil tered air de pends upon the lat i tude and cli ma tic con -
di tions (mainly the tem per a ture). For the cli ma tic vari -
a tion, the spe cific ac tiv ity of 7Be was plot ted against
the quar terly tem per a ture changes and a pos i tive cor -
re la tion is ob tained as shown in fig. 2. It is ob vi ous
from the fig ure that 7Be con cen tra tions in crease with
ris ing the tem per a ture. This phe nom e non has been ex -
plained by Feely et al. [6] by pro pos ing a model which
states that this is due to an ad mix ture of strato sphere
pro duced 7Be in the near sur face air. This ad mix ture
can be brought down from the strato sphere by cold

sys tems pen e trat ing the tro po sphere. An other ex pla -
na tion for this phe nom e non is the ver ti cal trans port of
air within the tro po sphere. The tro po sphere is less sta -
ble in sum mer than in win ter; thus, there is more air cir -
cu la tion in the tro po sphere in sum mer. The cause of
this cir cu la tion is the fol low ing: dur ing hot months,
the so lar heat ing of the Earth’s sur face leads to the
heat ing of air in the near sur face layer. This air is fur -
ther forced up ward and be comes cooler. Con se -
quently, the denser air is low ered from higher lev els.
This ver ti cal trans port brings the par cels of air that
have been ir ra di ated in the up per tro po sphere down to
the sur face, and there fore their char ac ter is tic fea ture is
higher 7Be con cen tra tion. Fig ure 2 also in di cates that
the av er age con cen tra tion of  7Be is slightly lower for
the years 2005 and 2006 as com pared to the rest of the
years. This is due to the fact that dur ing these two
years, the du ra tion of win ter sea son was lon ger be -
cause of heavy rain and snow fall un til the end of May.

In or der to have better un der stand ing of the im -
pact / be hav iour of 7Be in the en vi ron ment, sea sonal
in di ces were also cal cu lated and given in tab. 2. Sea -
sonal in di ces are nor mally used as a tool for re li able
pre dic tion of the fu ture trends. It is an av er age that in -
di cates the per cent age of an ac tual ob ser va tion rel a tive 
to what it would be if no sea sonal vari a tion in a par tic -
u lar pe riod is pres ent. It is at tached to each pe riod of
the time se ries within a year. This im plies that if
monthly data are con sid ered, there are 12 sep a rate sea -
sonal in di ces, one for each month and 4 sep a rate in di -
ces for quar terly data. For the pres ent study, both
monthly and quar terly in di ces were de rived as shown
in tab. 2. A monthly in dex was cal cu lated by di vid ing
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                     Ta ble 1. Spe cific ac tiv i ties of 7Be mea sured in air sam ples of Peshawar ba sin from 2001 to 2006

S. No. Months
Activity [mBqm–3]

2001 2002 2003 2004 2005 2006

1 January 2.7 ± 1.2a 3.9 ± 1.3 2.8 ± 1.2 2.9 ± 1.3 1.8 ± 1.2 2 ± 1.1

2 February 3.8 ± 1.3 4.6 ± 1.3 3.7 ± 1.2 3.8 ± 1.2 2.4 ± 1.2 2.7 ± 1.2

3 March 3.7 ± 1.3 4.9 ± 1.5 5.3 ± 1.4 4.5 ± 1.4 3.9 ± 1.3 3.8 ± 1.3

4 April 5.7 ± 1.4 5.8 ± 1.5 5.1 ± 1.3 6.9 ± 1.5 4.7 ± 1.3 5.3 ± 1.4

5 May 6.2 ± 1.3 5.4 ± 1.4 6.1 ± 1.3 6.4 ± 1.4 4.6 ± 1.4 4.7 ± 1.3

6 June 5.6 ± 1.5 6 ± 1.5 5.6 ± 1.4 6.1 ± 1.4 6.5 ± 1.5 5.5 ± 1.5

7 July 6.3 ± 1.4 6.6 ± 1.5 7.1 ± 1.5 5.8 ± 1.3 4.7 ± 1.3 5.6 ± 1.5

8 August 6.1 ± 1.3 5.2 ± 1.4 5.4 ± 1.4 5.9 ± 1.3 3 ± 1.2 6.6 ± 1.4

9 September 5.8 ± 1.4 5.2 ± 1.3 4.8 ± 1.2 4.6 ± 1.2 3.9 ± 1.3 3.6 ± 1.2

10 October 4.4 ± 1.2 4.2 ± 1.2 4.9 ± 1.3 4.4 ± 1.4 3.1 ± 1.3 4.1 ± 1.3

11 November 4.9 ± 1.5 4.5 ± 1.3 3.6 ± 1.2 4.2 ± 1.3 2.6 ± 1.2 3.3 ± 1.3

12 December 3.5 ± 1.3 3.9 ± 1.4 2.4 ± 1.2 2.2 ± 1.2 2.3 ± 1.2 2.6 ± 1.2

Yearly average 4.9 ± 1.2b 5 ± 0.9 4.7 ± 1.4 4.8 ± 1.4 3.6 ± 1.4 4.1 ± 1.4

Minimum 3.6

Maximum 5

Composite average 4.5

                        a – mea sure ment un cer tainty;  b – stan dard de vi a tion

Fig ure 2. Seasonal vari a tion of 7Be con cen tra tion dur ing
2001-2006 (W = Win ter, Sp = Spring, Sm = Sum mer, and
F = fall)



each monthly av er age value by the over all av er age of
the en tire pe riod. The quar terly sea sonal in dex is the
av er age value of the three monthly in di ces for the cor -
re spond ing sea son. These in clude Jan u ary, Feb ru ary,
and March for the win ter sea son, April, May, and June
for the spring sea son, July, Au gust, and Sep tem ber for
the sum mer sea son and Oc to ber, No vem ber, and De -
cem ber for the fall sea son. It can be ob served from tab.
2 that the val ues of both the monthly mean 7Be ac tiv i -
ties and monthly in di ces drop be low the over all mean

for the first and last quar ters (win ter and fall) and in -
crease for spring and sum mer sea sons.

A com par i son of the pres ent work with sim i lar
stud ies for other bas ins of Pa ki stan as well as with other
coun tries of the world and world av er age val ues is pre -
sented in fig. 3 [7-13]. The fig ure shows that the av er -
age con cen tra tion of 7Be in the air sam ples of Peshawar
ba sin is about 17% lower than in Karachi and La hore.
This may be par tially at trib uted to the tem per a ture dif -
fer ence among these cit ies and par tially to the var i ous
al ti tudes where the sam plers are in stalled. As for the
com par i son with other coun tries, the data show that the
av er age spe cific ac tiv ity of 7Be for Peshawar ba sin is
about 60%, 13%, and 26% higher than in Ser bia, Ja pan,
and Cal i for nia, while it is about 12%, 13%, and 64 %
lower than in It aly, Ku wait, and the world av er age val -
ues, re spec tively. It is also in di cated from fig. 3 that the
av er age value of 7Be ob served in the pres ent study is
com pa ra ble with that of Vir ginia – USA, and Spain.
These vari a tions may be at trib uted to dif fer ent al ti tudes
as well as to the dif fer ent me te o ro log i cal pa ram e ters
and geo log i cal con di tions.

CON CLU SIONS

The 7Be con cen tra tions were mea sured over the
pe riod from 2001-2006 in air sam ples col lected from
Peshawar ba sin of Pa ki stan. The re sults of the anal y ses 
rep re sent yearly av er age val ues  and range be tween
3.6 to 5 mBq/m3 with the com pos ite av er age con cen -
tra tion  of  this  radionuclide for  the whole  pe riod  of
4.5 mBq/m3. The mea sured val ues were sig nif i cantly
lower than the world av er age value of 12.5 mBq/m3.
The cli ma tic vari a tion due to the con cen tra tions of 7Be
was also checked by clas si fy ing the whole year into
four sea sons (win ter, spring, sum mer, and fall). By ap -
ply ing the model pro posed by Feely et al. [6], a pos i -
tive cor re la tion be tween 7Be ac tiv ity and change in
tem per a ture was ob tained.
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Ta ble 2. Sea sonal in di ces for 7Be mea sured in air samples
of Peshawar ba sin from 2001 to 2006

S. No. Months
Monthly  mean

7Be activity
[mBqm–3]

Monthly
indices

Quarterly
indices

1 January 2.7 0.6

0.72 February 3.5 0.8

3 March 4.4 0.9

4 April 5.6 1.2

1.25 May 5.6 1.2

6 June 5.9 1.3

7 July 6 1.3

1.28 August 5.4 1.2

9 September 4.7 1

10 October 4.2 0.9

0.811 November 3.9 0.8

12 December 2.8 0.6

Overall mean 4.5 0.98 0.98

Fig ure 3. Com par i son of 7Be con cen tra tion with sim i lar
work car ried out for other cit ies of Pa ki stan and with
other coun tries of the world
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KLIMATSKE  PROMENE  AKTIVNOSTI  BERILIJUMA-7  U  ATMOSFERI 
PE[AVARSKOG  BASENA  U  PAKISTANU  TOKOM  2001-2006.  GODINE

U radu je prikazano pra}ewe klimatskih promena 7Be u Pe{avarskom basenu (isto~na
geografska du`ina od 71°15¢ do 72°45¢ i severna geografska {irina od 33°45¢ do 34°30¢) u Pakistanu,
tokom perioda od 2001. do 2006. godine. U okviru programa osmatrawa `ivotne sredine u
Pe{avarskom basenu, uzorci vazduha sakupqani su na filterima od fiberglasa i gama
spektrometrijskim postupkom analizirani u pogledu na gama emisiju radionuklida. Rezultati u
posledwih {est godina (2001-2006) nalaze se u intervalu od 3.6 mBq/m3 do 5 mBq/m3, dok je skupna
sredwa koncentracija radionuklida za ~itav pe riod iznosila 4.5 mBq/m3. Izmerene vrednosti
bile su znatno ni`e od 12.5 mBq/m3 – sredwih vrednosti u svetu. Klimatske promene koncentracije
7Be bile su tako|e proveravane ra{~lawavawem jedne godine u ~etiri sezone (zima, prole}e, leto i
jesen) i dobijena je pozitivna korelacija izme|u aktivnosti 7Be i promene tem per a ture.

Kqu~ne re~i:  berilijum-7, uzorci vazduha, Pe{avarski basen, gama spektrometrija, sezonski
jjjjjjjjjjjjjjjjjjjjjjjjpokazateqi


