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The ac tiv ity con cen tra tion of 7Be in at mo spheric aero sol can ex hibit sea sonal vari a tions due to 
var i ous phys i cal pro cesses tak ing place in the tro po sphere and strato sphere, as well as due to
so lar ac tiv ity. An in ves ti ga tion of these vari a tions has been car ried out at the Nu clear En gi -
neer ing De part ment of the Na tional Tech ni cal Uni ver sity of Ath ens over a two year pe riod
(3/2008-4/2010). In the frame work of this study, sam pling and anal y sis meth ods were ap -
pro pri ately se lected to al low for the ob ser va tion of short-term 7Be air ac tiv ity con cen tra tion
vari a tions, us ing a 4-hour sam pling in ter val, while tak ing in con sid er ation type A and type B
un cer tain ties in tro duced in the mea sure ments. In or der to study the role of pre cip i ta tion in
sur face air 7Be ac tiv ity con cen tra tion vari a tions, a pro ce dure for col lect ing and an a lyz ing
rain wa ter was de vel oped. The tech niques used in the pres ent study al lowed for the ob ser va -
tion of sea sonal and di ur nal 7Be con cen tra tion vari a tions, as well as cor re la tions be tween 7Be
ac tiv ity con cen tra tion and the me te o ro log i cal pa ram e ters of air tem per a ture and rel a tive hu -
mid ity. 
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IN TRO DUC TION

Be ryl lium-7 is a short-lived (T1/2 = 53.3 d)
cosmogenic radionuclide pro duced in the up per tro po -
sphere (~30%) and lower strato sphere (~70%) by
spallation re ac tions of light at mo spheric nu clei (C, N,
O) with par ti cles of the pri mary com po nent of cos mic
rays (pro tons and neu trons) [1, 2]. Its pro duc tion rate
de pends on the vari a tions of the geo mag netic field and
so lar ac tiv ity (11-year Sun cy cle). About 1% of the 7Be 
pro duced in the at mo sphere is de pos ited on the sur face 
of the Earth [3-5], as its mean res i dence time is ~28.2
days in the tro po sphere [6], reach ing up to 2 years in
the strato sphere [7, 8].

This radionuclide, due to its con ve nient half-life, 
serves as a tracer for the study of ver ti cal and hor i zon -
tal trans fer of air masses, de ter mi na tion of global
circulation mod els [1] , as well as for the study of aero -
sol par ti cle trans port [9]. It can also be very use ful for
the in ves ti ga tion of at mo spheric pol lu tion in case of
gas eous pol lut ant aero sol par ti cles [10, 11].

Sea sonal vari a tions of 7Be ac tiv ity con cen tra tion 
have been ob served in sev eral works [12-17] and have
been at trib uted to:

– ex change of air be tween the strato sphere and tro -
po sphere,

– sea sonal vari a tions in the rate of ver ti cal mix ing
within the tro po sphere,

– sea sonal vari a tions in the rate of poleward trans -
port of air masses from mid dle lat i tudes, and

– scav eng ing by pre cip i ta tion.

In most of these stud ies, the weekly or monthly
av er age of 7Be ac tiv ity con cen tra tion has been de ter -
mined.

The Nu clear En gi neer ing De part ment of the Na -
tional Tech ni cal Uni ver sity of Ath ens (NED-NTUA)
has es tab lished an en vi ron men tal mon i tor ing pro gram
since 1986 [18]. Its main pur pose is the con tin u ous
mon i tor ing of out door ra dio ac tiv ity with em pha sis on
ra don de cay prod uct con cen tra tions. Dur ing the last
two years, the mon i tor ing scheme has been ex tended
and mod i fied to in clude 7Be ac tiv ity con cen tra tion in
air and rain wa ter sam ples. The use of a short sam pling
in ter val, of an or der of a few hours, has been of par tic -
u lar in ter est, as this will en able the mon i tor ing of
short-term vari a tions.

The pres ent work gives an over view of the re -
sults of this 2-year mon i tor ing pro gram and an in ves ti -
ga tion in cor re la tions cor re spond ing with me te o ro log -
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i cal and ra dio log i cal pa ram e ters. A study of the di ur nal 
vari a tions of 7Be con cen tra tion is also pre sented.

IN STRU MENTS AND METH ODS

Air sam pling

The NED-NTUA is sit u ated at the NTUA Uni -
ver sity cam pus in the vi cin ity of Ath ens (37º58'41.61"
N, 23º47'5.58" E, 195 m above sea level). The NED-
-NTUA en vi ron men tal mon i tor ing pro gram in cludes
sys tem atic air sam pling with a DH-50810E type high
vol ume (~80 m3/h) air sam pler, man u fac tured by F&J
Spe cialty Prod ucts, Inc., per ma nently in stalled on the
lab o ra tory build ing roof ~10 m above ground. The air
sam pler is equipped with sen sors that re cord air flow,
at mo spheric pres sure, and tem per a ture dur ing air sam -
pling. High ef fi ciency (>98%) rect an gu lar boro sili -
cate glass fi ber fil ters 8" ́  10" (FP10M, F&J Spe cialty
Prod ucts, Inc.) are used. The du ra tion of air sam pling
for  the  de ter mi na tion of 7Be ac tiv ity con cen tra tion is
4 hours. Upon the ter mi na tion of the sam pling, the col -
lected fil ter is an a lyzed by gamma spec trom e try, ac -
cord ing to the pro ce dure de scribed in the sec tion on
gamma spec tro scopic anal y sis.

Within the frame work of this study, 93 air fil ters
were col lected and an a lyzed for mon i tor ing sea sonal
7Be vari a tions and for in ves ti gat ing the cor re la tion be -
tween 7Be ac tiv ity con cen tra tion and me te o ro log i cal
pa ram e ters. The sam pling cov ered the pe riod from
March 2008 to April 2010, with ap prox i mately one
4-hour sam ple col lected per week. Sam pling start time
was be tween 8:00-10:00 a. m., there fore all sam ples re -
fer to the same time pe riod dur ing the day. In ad di tion, 3
sets of 7 se quen tial fil ters were col lected dur ing two
typ i cal sum mer days (03/07/2008 and 17/07/2008) and
dur ing a sin gle rainy spring day (13/4/2009), in or der to
study the 7Be di ur nal vari a tions.

Rain wa ter sam pling

Rain wa ter sam pling is an other com po nent of the 
NED-NTUA 7Be mon i tor ing pro gram. The fol low ing
pro ce dure, de vel oped by the NED-NTUA, based on
stan dard rain wa ter sam pling tech niques [19], is used
for rain wa ter col lec tion and anal y sis:
– dur ing rain fall, rain wa ter is col lected in plas tic

bas ins in stalled on the NED-NTUA build ing roof
cov er ing an area of about 1 m2, while rain fall
height is si mul ta neously be ing mon i tored,

– after the rain fall event, the sam pling bas ins are
rinsed with 1N HNO3 and the rain wa ter is trans -
ferred to hold ing con tain ers,

– the rain wa ter is then fil tered through 90 mm di am -
e ter Whatman no. 42 pa per fil ters in a Buchner
fun nel, rins ing the con tain ers with 1N HNO3. One

fil ter per 2 L of wa ter is used. The col lected fil ters
are stacked to gether and an a lyzed by gamma spec -
trom e try to de ter mine the 7Be ac tiv ity con cen tra -
tion in sus pended particulates, and

– the fil trate is evap o rated at a low tem per a ture to a
vol ume of less than 282 cm3 and trans ferred to the
stan dard 282 cm3 con tainer, used at NED-NTUA
for gamma-spec tro scopic anal y sis. Dis tilled wa -
ter is used to rinse the fil trate con tainer.

Two dif fer ent sam ples are pro duced from each
rain fall col lec tion by ap ply ing this pro ce dure: a “fil ter
sam ple” and a “vol ume sam ple”. In both sam ples, 7Be
ac tiv ity con cen tra tion is de ter mined by gamma spec -
trom e try. The ac tiv ity con cen tra tion of the col lected
rain wa ter is then cal cu lated by add ing the con cen tra -
tions de ter mined from both the fil ter and vol ume sam -
ples.

This dual sam ple ap proach is fol lowed in or der
to min i mize the an a lyt i cal er ror due to sam ple
inhomogeneity dur ing gamma spec tro scopic anal y sis,
as any par ti cles pres ent in an un fil tered wa ter sam ple
will tend to set tle down to the bot tom of the con tainer.
The geo met ric ef fi ciency for this thin layer of par ti cles 
will be con sid er ably greater than that of a ho mo ge -
neous source used for vol ume ge om e try cal i bra tions,
pos si bly lead ing to an over es ti ma tion of the ac tiv ity
for radionuclides that are pref er en tially at tached to
par tic u late mat ter.

The pro cess ing of sam ples with vol umes up to
20 L can be per formed with min i mal ef fort within a
few days fol low ing this pro ce dure. Sam ple vol umes
can, in prin ci ple, be in creased by in creas ing the size of
the rain wa ter col lec tor. How ever, the large num ber of
fil ters re quired makes gamma spec tro scopic anal y sis
im prac ti cal. A to tal of 6 rain fall events were stud ied
dur ing this study by us ing the said pro ce dure, with
sam ple vol umes rang ing from less than 1 L to up to
17 L.

Gamma spec tro scopic anal y sis

For the gamma-spec tro scopic anal y sis of the
sam ples col lected dur ing this study three  types of
sam ples were used: (1) an air fil ter sam ple of 8" ́  10",
(2) a 90 mm fil ter for rain wa ter fil tra tion, and (3) a cy -
lin dri cal vol ume sam ple (282 cm3) for the anal y sis of
the rain wa ter fil trate. All sam ples were an a lyzed for
7Be ac tiv ity con cen tra tion de ter mi na tion, us ing the
477.6 keV photopeak, while air fil ters were also used
for ra don prog eny ac tiv ity con cen tra tion when pos si -
ble, us ing the 295.2 keV and 351.9 keV (214Pb), and
609.3 keV, 1120.3 keV, and 1764.5 keV (214Bi) pho -
tons.

The gamma ray spec trom e try sys tem used con -
sists of a closed-end co ax ial Ex tended Range (XtRa)
Ger ma nium de tec tor with a 104.5%, rel a tive ef fi -
ciency, housed in an old steel shield, and equipped
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with stan dard sig nal pro cess ing elec tron ics. Gamma
spec trum anal y sis was per formed by the in-house de -
vel oped code SPUNAL. De tails re gard ing the gamma
spec tros copy anal y sis per formed at NED-NTUA can
be found else where [20].

The anal y sis of the 8" ́  10" air fil ters was car ried 
out in two steps:
– de ter mi na tion of ra don prog eny ac tiv ity con cen -

tra tion. Im me di ately upon the ter mi na tion of the
sam pling pro ce dure, fil ters are folded to pro duce a 

rect an gu lar, 4" ´ 5" ge om e try. The folded fil ters
are then mea sured for 2 hours and the ac tiv ity con -
cen tra tion of the short-lived ra don prog eny is de -
ter mined. The re sults of the ra don prog eny count
are be yond the scope of this work and are not pre -
sented in the study, and

– de ter mi na tion of the 7Be ac tiv ity con cen tra tion.
Af ter the 2 hours anal y sis, a sec ond spec trum is
col lected over an 8-18 hours in ter val. Dur ing the
ini tial 2 hours of anal y sis, ra don prog eny has al -
most com pletely de cayed, al low ing for better 7Be
de tec tion con di tions in terms of the con tin u ous
back ground, lower limit of de tec tion and mea -
sure ment un cer tainty (type A). For this spec tro -
scopic anal y sis, the fil ter is folded to a rect an gu lar

ge om e try of 6.77 cm ´ 6.35 cm ´ 0.65 cm and
packed in a con tainer made of plexi glas, as shown
in fig. 1, so as to im prove fil ter po si tion ing re peat -
abil ity and de tec tion ef fi ciency for the 7Be pho -
tons.

Us ing this ge om e try, a full en ergy peak ef fi -
ciency of 0.075 ± 0.003 (1 s) is at tained for the 477
keV 7Be pho tons. This value is 40% higher com pared
to the rect an gu lar 4" ´ 5" ge om e try, al low ing for a
lower mea sure ment un cer tainty for the same anal y sis
time. With nor mal air 7Be ac tiv ity con cen tra tion lev els 
(5-6 mBq/m3), an 8 hours spec tro scopic anal y sis is
suf fi cient for the 7Be mea sure ment un cer tainty better
than 10% (1 s).

As for the 90 mm fil ter sam ple and the vol ume
sam ple pro duced from the rain wa ter sam pling pro ce -
dure, the spec tro scopic anal y sis is quite straight for -
ward.

Cal i bra tion of the gamma ray
spec trom e try sys tem

Dif fer ent cal i bra tion meth ods were ap plied for
the dif fer ent sam ple ge om e tries used, de pend ing on
the avail abil ity of cer ti fied cal i bra tion sources.

As for the vol ume ge om e try used for the rain wa -
ter spec tro scopic anal y sis, the de tec tor sys tem was ex -
per i men tally cal i brated by means of a cer ti fied
Amersham QCY.48 mixed nu clide so lu tion. For the 4"
´ 5" fil ter ge om e try, lab o ra tory cal i bra tion sources
were ap plied. For the ge om e try pre sented in fig. 1, a
nu mer i cal method based on Monte Carlo sim u la tions
was used, as cer ti fied cal i bra tion sources for this ge -
om e try were not avail able. For this pur pose, the Monte 
Carlo code PENELOPE was used [21]. For the de tec -
tor model, the geo met ri cal char ac ter is tics pro vided by
the de tec tor man u fac turer were used to gether with Ge
dead layer thick ness data that were ex per i men tally de -
ter mined. For the de ter mi na tion of dead layer thick -
ness, an it er a tive al go rithm based on the com par i son
of ex per i men tal and nu mer i cal full en ergy peak ef fi -
ciency was ap plied. These ef fi cien cies were de ter -
mined for two ref er ence ge om e tries that ap prox i mate
the fil ter ge om e tries used in the pres ent study, namely:
(1) a cy lin dri cal vol ume source (height: 10 mm, di am -
e ter: 72 mm) filled with a QCY.48 mixed nu clide so lu -
tion and (2) an IAEA cer ti fied fil ter source (di am e ter:
47 mm), spiked with a mixed radionuclide so lu tion.
For the de tec tor model that was fi nally adopted, ex per -
i men tal and nu mer i cal ef fi cien cies of the ref er ence ge -
om e tries do not dif fer by more than 2.5% for pho tons
in the en ergy re gion 279 keV to 850keV. The val i dated
de tec tor model was then used for the de ter mi na tion of
477.6 keV pho tons (7Be) peak ef fi ciency for fil ter ge -
om e tries used in this work. 

Un cer tainty anal y sis

A re al is tic as sess ment of un cer tain ties is cru cial
for the iden ti fi ca tion of vari a tions in 7Be ac tiv ity con -
cen tra tion. The mea sure ments per formed in the pres -
ent work are ac com pa nied by a to tal com bined un cer -
tainty that can be sep a rated in type A and type B
un cer tainty com po nents [22]. As far as type A un cer -
tain ties are con cerned, the peak area un cer tainty that
was cal cu lated by the gamma spec tro scopic anal y sis
code was con sid ered to be the prin ci pal com po nent.

For the anal y sis of air fil ter sam ples, sev eral po -
ten tial sources of type B un cer tainty have been iden ti -
fied [22]. In the pres ent work, the un cer tainty of the ef -
fi ciency cal i bra tion pro ce dure and the air flow
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Fig ure 1. The ge om e try used for air fil ter anal y sis (all di -
men sions are given in mm)



mea sure ment un cer tainty were taken into ac count.
Cal i bra tion un cer tainty, in clud ing the cal i bra tion
source ac tiv ity un cer tainty, was es ti mated equal to 4%
(1 s).  The air flow mea sure ment un cer tainty was es ti -
mated to be less than 1% (1 s) by the man u fac turer of
the air sam pler. All other un cer tainty com po nents
were con sid ered to have a neg li gi ble con tri bu tion.

For the anal y sis of rain wa ter sam ples, only sam -
ple vol ume mea sure ment and ef fi ciency cal i bra tion
were con sid ered as sources of type B un cer tainty. Ef fi -
ciency cal i bra tion un cer tainty was es ti mated equal to
4% (1 s) for the fil ter sources, as de scribed pre vi ously, 
and equal to 3.2% (1 s) for the vol ume sources. Rain -
wa ter sam ple vol umes were de ter mined by weigh ing,
with an un cer tainty less than 1% (1 s).

It should be noted that, when com par ing in di vid -
ual mea sure ments that have been pro duced by the
same mea sur ing ap pa ra tus, type B un cer tainty com po -
nents will be cor re lated and should not be taken in ac -
count. There fore, only type A should be taken in con -
sid er ation. A sim ple method for the iden ti fi ca tion of
vari a tions in 7Be ac tiv ity con cen tra tion is by com par -
ing in di vid ual mea sure ments us ing the u-score, cal cu -
lated as [23]

u -score
Value Value

unc unc
=

-

+

2 1

1
2

2
2

(1)

In this for mula, Value1 and Value2 are the in di -
vid ual mea sure ments un der com par i son and unc1 and
unc2, the cor re spond ing type A un cer tain ties at the 1 s
level. The mea sure ments are con sid ered as sta tis ti -
cally dif fer ent when u-score is <1.96 at a 95% con fi -
dence level.

RE SULTS AND DIS CUS SION

Sea sonal vari a tions

The 7Be ac tiv ity con cen tra tions mea sured in the
93 air fil ters col lected are pre sented in fig. 2, to gether
with mea sure ment (type A) un cer tainty (1 s). 

The mean value of 7Be ac tiv ity con cen tra tion
mea sure ments  is  5.4  mBq/m3,  stan dard  de vi a tion 
2.5 mBq/m3, and range is from 1.0 ± 0.4 mBq/m3 to
10.9 ± 0.8 mBq/m3. These val ues are con sis tent with
7Be ac tiv ity con cen tra tions in ground-level air re -
ported by long-term stud ies us ing large sam pling in -
ter vals per formed in sim i lar lat i tudes [13, 16, 24, 25,
26].

A sea sonal trend is ap par ent in the data pre sented
in fig. 2, with con cen tra tions reach ing a max i mum dur -
ing the sum mer months and a min i mum in the win ter
months. This trend is made clearer in fig. 3, where data
from the pres ent study are com pared to data ob tained by 
other re search ers at the same lat i tude (~38 °N) on a
monthly av er age ba sis [16, 24].

Mean con cen tra tions of all sam ples col lected for
each month of the year through out the du ra tion of the
pro ject are com pared with val ues from lit er a ture in fig. 
3. It can be seen that sea sonal vari a tions sim i lar to
those re ported in this work have also been ob served in
Tracy, Cal i for nia, and Palermo, It aly, and have been
at trib uted to the higher ver ti cal air-mix ing rate within
the tro po sphere [16, 17, 24] and the el e va tion of tropo -
pause dur ing the warm sum mer months [27].

In creased 7Be scav eng ing by pre cip i ta tion has
also been pro posed as a mech a nism to ex plain the sea -
sonal min ima ob served dur ing the win ter months. The
short time scale tech nique ap plied in the pres ent work
is well suited for dem on strat ing this ef fect, as shown in 
fig. 4, pre sent ing the 7Be ac tiv ity con cen tra tion for a
two-month pe riod (15/08/2008 to 24/10/2008), to -
gether with the lo cal daily rain fall height (as ob tained
from the NTUA me te o ro log i cal sta tion*).

Mea sure ments taken af ter a rain fall event in di -
cate lower 7Be con cen tra tions, which is to be ex pected
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Fig ure 2. Be ryl lium-7 air ac tiv ity con cen tra tion for a two 
year pe riod

Fig ure 3. Mean monthly ac tiv ity con cen tra tion of 7Be

*
The au to matic me te o ro log i cal sta tion of NTUA is main tained by
the ITIA Re search Team from the De part ment of Wa ter Re sources
and En vi ron men tal En gi neer ing of the School of Civil En gi neer -
ing of NTUA



due to at mo spheric rins ing, while pe ri ods with out
rain fall lead to a grad ual in crease of mea sured 7Be
con cen tra tions.

In a sim i lar way, it can be seen in fig. 3 that the
high est con cen tra tions and the low est stan dard de vi a -
tion val ues of 7Be are ob tained dur ing sum mer. Fur -
ther more, small stan dard de vi a tions in di cate sta bil ity
in the mea sured val ues as a re sult of neg li gi ble pre cip i -
ta tion dur ing these months. 

Cor re la tion be tween 7Be ac tiv ity
con cen tra tion and me te o ro log i cal
pa ram e ters

Pos si ble cor re la tions be tween the ac tiv ity con -
cen tra tion of 7Be and me te o ro log i cal pa ram e ters: air
tem per a ture, at mo spheric pres sure, and rel a tive hu -
mid ity dur ing mea sure ment are ex am ined in fig ures
5-7. The main ad van tage of the sam pling pro ce dure
used at NED-NTUA com pared to other stud ies is that
the sam pling time scale is com pat i ble with the time
scale of me te o ro log i cal pa ram e ters vari a tions.

From figs. 5-7 it can be con cluded that a cor re la -
tion does ex ist be tween 7Be con cen tra tion and tem per -

a ture and be tween 7Be con cen tra tion and rel a tive hu -
mid ity. The lin ear cor re la tion co ef fi cients (r) are 0.57
(t0 = 6.6 for 91 de grees of free dom) and –0.45 (t0 =
=.–4.8 for 91 de grees of free dom), re spec tively. A
dou ble-sided student test was ap plied in or der to test
the hy poth e ses

H

H
0

1

0

0

:

:

r

r

=

¹

The crit i cal val ues at the 95%, and 99% lev els
are equal to t0.95 = 1.99, and t0.99 = 2.63, re spec tively, 
there fore the null hy poth e sis is re jected in both
cases. It should be noted that the cor re la tion be -
tween 7Be con cen tra tion and rel a tive hu mid ity is
neg a tive, i. e. the con cen tra tion de creases with in -
creas ing hu mid ity. This can prob a bly be at trib uted
to the low con cen tra tions ob served af ter a rain fall
event, when rel a tive hu mid ity is high. No cor re la -
tion be tween 7Be ac tiv ity con cen tra tion and at mo -
spheric pres sure was ob served, as the lin ear cor re la -
tion co ef fi cient r is not dif fer ent from 0 to a
sta tis ti cally sig nif i cant de gree (r = 0.11, t0 = 1.06 for
91 de grees of free dom). These con clu sions are con -
sis tent with other stud ies [9, 27].
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Fig ure 4. The ef fect of wet de po si tion on 7Be ac tiv ity
con cen tra tion

Fig ure 5. Be ryl lium-7 ac tiv ity con cen tra tion vs. air
tem per a ture

Fig ure 6. Be ryl lium-7 ac tiv ity con cen tra tion vs.
at mo spheric pres sure
*1 mm Hg » 133.322 Pa

Fig ure 7. Be ryl lium-7 ac tiv ity con cen tra tion vs.
rel a tive humidity



Cor re la tion be tween 7Be ac tiv ity
con cen tra tion and so lar ac tiv ity

In or der to study the ef fect of so lar ac tiv ity on the 
mea sure ments con ducted in this work, the cor re la tion
be tween the 7Be av er age monthly ac tiv ity con cen tra -
tion and the monthly num ber of sun spots* is ex am ined
in fig. 8. The cal cu lated lin ear cor re la tion co ef fi cient r
is sta tis ti cally equal to 0 and thus no cor re la tion can be
con cluded, though cor re la tion be tween the 7Be ac tiv -
ity con cen tra tion and the num ber of sun spots has been
well es tab lished by stud ies ex tend ing to lon ger time
pe ri ods [24]. This lack of cor re la tion should be at trib -
uted to the short time pe riod (2 years) cov ered by the
pres ent study, which rep re sent only a small frac tion of
the 11-year so lar cy cle. Fur ther more, the time pe riod
cov ered by this study cor re sponds to the be gin ning of
the so lar cy cle fol low ing the 2008 min i mum in the
num ber of sun spots, when 7Be con cen tra tion in the at -
mo sphere is at a max i mum.

Di ur nal vari a tions

In or der to study the di ur nal vari a tions of 7Be
con cen tra tion, three sets of mea sure ments were con -
ducted: two on typ i cal sum mer days and one on a rainy
spring day. Each set of mea sure ments con sisted of 7
con sec u tive air fil ters.

The re sults of these three sets of mea sure ments
are pre sented in fig. 9, to gether with their type A un -
cer tainty (1 s).  

From the mea sure ments pre sented in fig. 9 it can
be eas ily con cluded that a di ur nal vari a tion is ob serv -
able dur ing a typ i cal sum mer day. This vari a tion is
con firmed by per form ing u-tests us ing for mula (1).
The small num ber of time pro files does not al low for

any def i nite con clu sions or trends of 7Be con cen tra -
tion for the time pe riod ex am ined. For the rainy day
time pro file (13/04/09), it should be noted that the rain
started dur ing the last fil ter sam pling. The vari a tion is
more in tense dur ing this set of mea sure ments – as ex -
pected – due to rainout and wash out ef fects.

Rain wa ter sam ples

Six rain fall events were stud ied in this work. The 
re sults of these mea sure ments are pre sented in tab. 1.
The ta ble in cludes de tails on the sam pling date, rain -
fall height, sam pling time, mass of the col lected wa ter
and 7Be ac tiv ity con cen tra tion mea sured in both the
fil ter and vol ume sources, ac cord ing to the pro ce dure
de scribed in the sec tion on rainwater sam pling. Ac tiv -
ity con cen tra tion is ac com pa nied by its type A un cer -
tainty (1 s).

It is ob vi ous that 7Be is de tected in both sam ples
(fil ter sam ple and fil trate vol ume sam ple), mean ing that
7Be ac tiv ity con cen tra tion in sus pended particulates is a 
cru cial fac tor of the mea sure ment. In cases when rain -
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* Data re trieved from the site of the Space Weather Pre dic tion Cen ter,
Boul der, CO, Na tional Oce anic and At mo spheric Ad min is tra tion,
US Deptt. of Com merce: http://www/swpc.noaa.gov/ftpmenu/in di -
ces.html

Fig ure 8. Cor re la tion be tween 7Be mean monthly
con cen tra tion and monthly num ber of sun spots

Fig ure 9. Di ur nal vari a tions of 7Be ac tiv ity con cen tra tion

Ta ble 1. Be ryl lium-7 ac tiv ity con cen tra tion mea sured in
rain wa ter sam ples

Sampling
date

Rainfall
height
[mm]

Sampling 
time
[h]

Total
sample
volume

[L]

7Be activity
concentration

Filter
sample
[BgL–1]

Volume
sample
[BqL–1]

7-13/Feb/
2009 19.1 144 17.5 3.24 ± 0.06

Not
detected*

14/Apr/
2009

2.2 1 2.0 0.41 ± 0.05 0.2 ± 0.1

15/Apr/
2009 3.1 1 2.8 0.48 ± 0.05

Not
analyzed

4/Jul/
2009 11 1 0.6 0.14 ± 0.09

Not
analyzed

1/Dec/
2009

3.6 2 3.3 0.09 ± 0.02
0.48 ±
0.05

2/Dec/
2009

12.1 5 11.1 0.17 ± 0.02
1.26 ±
0.06

* MDA was cal cu lated for this spec trum ac cord ing to [28] and was
found to be equal to 0.082 Bq/L (con fi dence level 95%) 



wa ter is mea sured with out fil tra tion and vol ume ge om -
e try is used, sus pended particulates may set tle down,
lead ing to an over es ti ma tion of 7Be ac tiv ity con cen tra -
tion in rain wa ter, as ex plained in the sec tion on
rainwater sam pling. The re sults pre sented in tab. 1 are
con sis tent with mea sure ments re ported by other re -
search ers [29-31]. Al though sig nif i cant vari a tions in
7Be con cen tra tions can be ob served, no fur ther in ter pre -
ta tion was at tempted, due to the lim ited vol ume of data
avail able, par tic u larly when the com plex and dy namic
na ture of rain fall ef fects is taken in ac count. It is, how -
ever, in ter est ing to note that in the two rain sam ples col -
lected on De cem ber 2009, 7Be con cen tra tion in the fil -
ters was very low. Though this ap plies to only two
rain wa ter sam ples from the same rain event and thus no
def i nite con clu sion can be reached, this very low 7Be
con cen tra tion may be at trib uted to a re duced dust load
on the fil ters, due to sig nif i cant rain falls oc cur ring pre -
vi ously in the vi cin ity of Ath ens which might have re -
duced the air sus pended particulates con tent.

CON CLU SIONS

Within the frame of the 7Be mon i tor ing pro gram
at the NED-NTUA, a pro to col for the mon i tor ing of
7Be short-term ac tiv ity con cen tra tion vari a tions was
es tab lished and ap plied. The whole pro ce dure al lows
for the ob ser va tion of both sea sonal and di ur nal con -
cen tra tion vari a tions of 7Be by keep ing type A and B
un cer tain ties low. 

The mea sure ments con ducted over a two year
pe riod al low for the de ter mi na tion of mean monthly
con cen tra tions of 7Be. Cor re la tions be tween the 7Be
ac tiv ity con cen tra tion and me te o ro log i cal pa ram e ters
of air tem per a ture and rel a tive hu mid ity were de ter -
mined, while no cor re la tion can be claimed be tween
the 7Be ac tiv ity con cen tra tion and the at mo spheric
pres sure. The cor re la tion be tween the 7Be ac tiv ity
con cen tra tion and the num ber of sun spots could not be 
sta tis ti cally con firmed, prob a bly due to the short-term
mea sure ments and the fact that these mea sure ments
were con ducted dur ing the low est of the 11-year cy cle
of so lar ac tiv ity. The two years’ air and rain wa ter 7Be
con cen tra tion mea sure ments pre sented in this work
are in good agree ment with other stud ies. 

It has been dem on strated that di ur nal vari a tions
in 7Be ac tiv ity con cen tra tion can be mon i tored us ing
the tech niques pre sented. How ever, more mea sure -
ments are re quired in or der to de velop a model de -
scrib ing 7Be di ur nal be hav ior.

The re sults of the tech nique that was ap plied for
the anal y sis of rain wa ter sam ples in di cate that there is
a ba sis for mea sur ing 7Be ac tiv ity at both the fil ters and 
the vol ume sam ples. How ever, more mea sure ments
and a more thor ough in ves ti ga tion that would take into 
ac count var i ous me te o ro log i cal con di tions is needed
in or der to reach a def i nite con clu sion. 
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MONITORING  7Be  U  PRIZEMNOM  SLOJU  ATMOSFERE
KORI[]EWEM  KRATKORO^NIH  MEREWA

Koncentracija 7Be u prizemnom sloju atmosfere pokazuje sezonske varijacije usled
fizi~kih procesa koji se doga|aju u troposferi i stratofreri, kao i solarne aktivnosti.
Istra`ivawa ovih varijacija obavqena su na Odseku za nuklearnu in`eweriju, Dr`avnog
tehni~kog univerziteta u Atini, u periodu od dve godine (mart 2008 – april 2010). U okviru ove
studije, metode za uzorkovawe i analizu pravilno su odabrane kako bi se omogu}ilo posmatrawe
varirawa koncentracije kori{}ewem ~etvoro~asovnog intervala uzorkovawa, uzimaju}i u obzir
mernu nesigurnost tipa A i B. U ciqu odre|ivawa uticaja padavina na varijaciju koncentracije
7Be u prizemnom sloju atmosfere, razvijena je metoda za sakupqawe i analizu padavina. Tako|e,
razvijen je postupak koji omogu}ava posmatrawe varirawa sezonske i dnevne koncentracije 7Be i
korelaciju izme|u vrednosti koncentracije 7Be i meteorolo{kih parametara, kao {to su
temperatura vazduha i relativna vla`nost vazduha.

Kqu~ne re~i: berilijum-7, dnevna varijacija, atmosferski aerosoli


