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Thermoluminescent MCP-N de tec tors based on LiF:Mg,Cu,P are by about 2 or ders of
mag ni tude more sen si tive than TLD-100 de tec tors based on con ven tional LiF:Mg,Ti,
which makes it pos si ble to use them in short-term mon i tor ing of ion is ing ra di a tion in the
en vi ron ment (e. g., over a two-week pe riod, rather than over 3-12 months). We de scribe
the prop er ties of MCP-N de tec tors and meth ods of their ap pli ca tion in en vi ron men tal
mon i tor ing. The sys tem was tested in short and long-term ex po sure pe ri ods at 100 sites
around Krakow re gion. MCP-N de tec tors were then ap plied to mea sure vari a tion of ra di -
a tion dose rate at four se lected vil lages in Ser bia, where de pleted ura nium am mu ni tion
was de ployed in 1999. To gether with short-term thermoluminescent do sim e try, in situ
mea sure ments us ing pro por tional coun ters were per formed in or der to as sess the range of 
vari a tion of nat u ral ra di a tion back ground in these vil lages. The mean ter res trial kerma
dose rate in these vil lages was found to vary be tween 85 and 116 nGyh–1 and the av er age
am bi ent dose equiv a lent rate H*(10) de ter mined by thermoluminescent de tec tors and by
pro por tional coun ter mea sure ments was 160 nSvh–1. These val ues of nat u ral ra di a tion
back ground dose rates can be ap plied as ref er ence lev els for field mea sure ments around
other sites where de pleted ura nium am mu ni tion was de ployed.
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IN TRO DUC TION

Since 1978, when Nakajima first re ported on the
prop er ties of a new heavily doped thermoluminophor
LiF:Mg,Cu,P, the “high-sensitive” lith ium flu o ride has
be come a widely ap plied de tec tor in ra di a tion pro tec -

tion and en vi ron men tal mon i tor ing. The high sen si tiv -
ity of this de tec tor per mits it to be ap plied over a broad
range of en vi ron men tal sur veys: in short-term mea -
sure ments, last ing from a few hours to a few days, and
in long-term mon i tor ing which lasts for months or
years [1, 2]. In 1987, MCP-N (LiF:Mg,Cu,P) sintered
pel lets, of 4.5 mm di am e ter and 0.9 mm thick ness,
were first de vel oped by Niewiadomski [3] at the In sti -
tute of Nu clear Phys ics (INP, Pol ish ac ro nym IFJ) in
Krakow, Po land.  Over the fol low ing years, in the same
lab o ra tory, the prop er ties of these de tec tors, such as
fad ing, light sen si tiv ity, Low est De tect able Dose,
self-dose, zero-dose, en ergy re sponse from low-energy
X-rays up to 6-7 MeV, and the in flu ence of an neal ing
and read out con di tions on de tec tor sta bil ity, have been
sys tem at i cally stud ied and op ti mised.  MCP-type de -
tec tors are now com mer cially avail able from TLD Po -
land [4].

En vi ron men tal mon i tor ing of ra di a tion doses
us ing pas sive thermoluminescent (TL) de tec tors is an
ex tremely valu able com pan ion to en vi ron men tal
mon i tor ing us ing sys tems equipped with ac tive,
on-line do sim e ters. Thermoluminescent de tec tors
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(TLD) are fre quently used for long term (3-12
months) en vi ron men tal do sim e try, e. g. around nu -
clear in stal la tions. The so-called high-sensitive TLD’s
based on LiF:Mg,Cu,P are about 2 or ders of mag ni -
tude more sen si tive than con ven tional LiF
(TLD-100) which en ables short-term (2 weeks,
against 3 months ex po sure) ra di om e try sur veys of the
en vi ron ment [5]. This high sen si tiv ity also al lows
short-term (hourly or daily) mon i tor ing of lo cal
changes of ra di a tion doses af ter ac ci den tal con tam i na -
tion of the en vi ron ment. Since mid-90’s, MCP-N de -
tec tors have been rou tinely used for mon i tor ing of en -
vi ron men tal doses around the nu clear fa cil i ties of the
In sti tute of Nu clear Phys ics in Krakow.

An en vi ron men tal mon i tor ing sys tem that uses
MCP-N de tec tors, and con sists of TLD cards (three
TLDs per card), au to matic TL read ers, heat ing ov ens, 
and spe cially de vel oped soft ware which in cludes a
data base for the eval u a tion of re sults, was next de vel -
oped and field-tested at the INP.  The sys tem was also
tested in short- and long-term ex po sure pe ri ods at 100 
sites around the Krakow re gion [6].

We now de cided to fur ther test MCP-N de tec -
tors against real-time mea sure ments in situ us ing an
ion iza tion cham ber, to mea sure the vari a tion of en -
vi ron men tal ra di a tion dose rate at se lected sites in
Ser bia, where de pleted ura nium (DU) am mu ni tion 
was de ployed dur ing the 1999 Bal kan con flict. The
goal of these mea sure ments was to as sess the range
of vari a tion of the nat u ral ra di a tion back ground in
vil lages where DU am mu ni tion was de ployed.  The
mea sured val ues of nat u ral ra di a tion back ground
dose rates could then be ap plied as ref er ence lev els
for field mea sure ments around other ar eas where
DU am mu ni tion was found.

The aim of this work is to pres ent the re sults of 
en vi ron men tal mon i tor ing of ra di a tion doses in
four vil lages in Ser bia where DU am mu ni tion was
de ployed. We also re view the ba sic prop er ties of
MCP-N de tec tors and de scribe in some de tail the
meth ods of their ap pli ca tion in en vi ron men tal ra di -
a tion mon i tor ing.

MA TE RIALS AND METHODS 

Prop erties of MCP-N de tec tors

The main pa ram e ters of MCP-N such as fad ing,
light sen si tiv ity, Low est De tect able Dose, LD,
self-dose, zero-dose, en ergy re sponse from low-energy 
X-rays up to 6-7 MeV, in flu ence of an neal ing and read -
out con di tions on de tec tor sta bil ity, were in ves ti gated
and op ti mised [2, 6-12].  The val ues of these pa ram e -
ters, against the ones that re fer to stan dard LiF:Mg,Ti
(MTS-N, TLD-100 equiv a lent) de tec tors, are listed
in tab. 1.  

Pro ce dures and in stru men ta tion

The golden rule for han dling LiF:Mg,Cu,P
de tec tors is never to heat them above 240 °C, as this
can lead to a de crease of de tec tor sen si tiv ity.  There -
fore, dur ing read out it is rec om mended ei ther to ap -
ply step heat ing up to 240 °C or lin ear heat ing up to
about 260-270 °C, but for a lim ited time of a few
sec onds only.  The rec om mended an neal ing pro ce -
dure con sists of heat ing for 10 min utes at 240 °C,
fol lowed by rapid cool ing on a thick alu minum
block, at room tem per a ture.  TLD reader an neal ing
at 240 °C is also pos si ble.  Af ter their ir ra di a tion de -
tec tors are ad di tion ally an nealed for 10 min utes at
100 °C to re move the low-temperature peaks.

The in stru men ta tion and stan dard pro ce dures
ap plied in the en vi ron men tal mon i tor ing sys tem
de vel oped at the In sti tute of Nu clear Phys ics (IFJ)
are pre sented in tab. 2. The en vi ron men tal do sim e -
ter con sists of a KD-85 do sim e try card con tain ing
three highly sen si tive MCP-N (LiF:Mg,Cu,P) de -
tec tors closed in a 2 mm thick PCV con tainer,
packed in a light-tight alu mi num foil and a wa ter -
proof poly eth yl ene bag. The pack age is mounted on 
a steel rod at the height of 1 m above ground level. 
For read out, the ACARD97 au to matic TL reader
(Microlab, Po land) is used. De tec tors are an nealed
in the PTW-TLDO pro gram ma ble fur nace. The en -
vi ron men tal do sim e ters are cal i brated free in air, in
terms of kerma in air, us ing the 137Cs beam at the
Lab o ra tory for Cal i bra tion of Ra di a tion Pro tec tion
In stru ments at IFJ.

FIELD MEA SURE MENTS

Tests of the sys tem

Over the pe riod June-December 1999 the sys -
tem was tested in ap prox i mately 100 field sites over
South ern Po land [13, 14]. Two ex po sure times were 
cho sen: 96 hours (sign “SP” for short-period) and
2160 hours (“LP” for long-period).  The prep a ra -
tion of 100 do sim e ters for dis tri bu tion, in clud ing
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Ta ble 1. Main pa ram e ters of MCP-N detectors

Parameter Value

Sensitivity
(as compared to TLD-100)

25 times higher

Lowest detectable dose, LD, [6, 7]

Linearity range [8]
Self dose [2]
Fading, [9]
Sensitivity to light [10]
Energy response
(60 keV to 6-7 MeV) [11]
Zero-dose [6]
Time estimation using peak
ratios [12]

60 nGy

from 200 nGy to 5 Gy
less than 1 nGyh–1

less than 5% per year
negligible

<20%
150 nGy

up to 3 months



heat ing of the an neal ing oven to a tem per a ture of
240 °C, an neal ing the de tec tors, pack ing them into
con tain ers, pack ing the con tain ers into foil, plac ing
iden ti fi ca tion stick ers on the do sim e ters and pack -
ing them into a trans por ta tion con tainer, takes two
tech ni cians about 4 hours. Mean while, a ta ble is
printed out with de tec tor ID num bers and planned
lo ca tions of mea sure ment points at which the date
and time of de tec tor in stal la tion should be re -
corded.  Metal rods, which al low the do sim e ters to
be ex posed at the height of 1 m above ground, are
stored in a sep a rate con tainer. The do sim e ters are
dis trib uted by cars to the mea sure ment sites, which
are placed at weather (me te o ro log i cal) sta tions at
dis tances up to 150 km from the IFJ, and in pri vate
gar dens of vol un teers in the Krakow city area. It
took ap prox i mately 12 hours to dis trib ute 100 do -
sim e ters (35 out side Krakow, 35 within the city of
Krakow and 30 around the IFJ lab o ra tory area). Af -
ter 4 days or 3 months of ex po sure the do sim e ters
were col lected and read out 6 hours within 12 hours 
af ter their col lec tion.

The re sults ob tained dur ing these test mea -
sure ments dem on strated that the kerma rates mea -
sured over a 4-day screen ing pe riod co in cide well
with kerma rates de ter mined dur ing a 75-day mon i -
tor ing pe riod. The re sponse of LiF:Mg,Cu,P is
strongly de pend ent on ra di a tion den sity (LET).  If
de tec tor cal i bra tion is per formed with 137Cs or
60Co g-rays, low-LET muons (pres ent in the cos -
mic-radiation com po nent) and high-energy g-rays
from the thorium and uranium se ries, are reg is tered
with higher ef fi ciency in LiF:Mg,Cu,P than in
LiF:Mg,Ti. There fore, the kerma rates ob tained
dur ing 75-day mea sure ments us ing con ven tional
LiF:Mg,Ti (MTS-N) de tec tors were found to be
10-20% lower than those ob tained with MCN-P
de tec tors, due to the dif fer ent en ergy re sponse of
LiF:Mg,Ti and LiF:Mg,Cu,P ma te ri als. The mea -
sured kerma rates at me te o ro log i cal sta tions mea -
sured in 1999-2000 co in cide within 5-15% with

val ues mea sured at the same sta tions in mid 80’s,
be fore the Chernobyl ac ci dent [14].

Sur vey of en vi ron men tal doses at se lected
area in Ser bia

Do sim e ter pack ages with MCP-N de tec tors
were used to mea sure en vi ron men tal ra di a tion
doses in four vil lages of Ser bia to de ter mine the
vari a tion of en vi ron men tal dose rates in vil lages
where the DU am mu ni tion had been de ployed dur -
ing the 1999 Bal kan con flict. A hun dred pack ages
were pre pared at IFJ, sent by cou rier post and dis -
trib uted by the VIN^A Institute team in
Bratoselce, Borovac, Plja~kovica, and Reljan.  The
do sim e ters were ex posed in open air, mounted on
metal rods 1 m above ground level.  De tec tors were
col lected af ter a 3-month ex po sure pe riod and sent
for eval u a tion to IFJ.  The trans port dose be fore the
col lec tion and read out was es ti mated by trans port
de tec tors.

The kerma-rate from ter res trial ra di a tion was cal cu -
lated by sub tract ing the cal cu lated val ues of cos mic-ray
kerma-rates at the given al ti tude from the mea sured val ues 
of kerma-rate.  The mean val ues of air kerma-rate due to
cos mic-ray ex po sure at the sea level de ter mined in the past 
[1, 2] for MCP-N (32.1 nGyh–1) cor re sponds well with
the re cently ob tained [14] value of 32 nGy/h.  The cos mic
ray dose rate, as cal cu lated with the CARI-LF code for so -
lar po ten tial for spring 2002 and the co-ordinates of
Borovac (al ti tude 42.3 N, lon gi tude 21.4 W) in creased
from 29.6 nGyh–1 at sea level to 33 nGyh–1 at the al ti tude
of 520 m, i. e., by 11.5%.  There fore for Reljan,
Bratoselce, and Borovac the re sponse of MCP-N de tec -
tors was es ti mated at 1.115×32.1 nGyh–1 = 35.7 nGyh–1. 
The cos mic-ray dose jrate jfor jPlja~kovica (al ti tude jap -
prox i mately 1100 m) cal cu lated with CARI-LF was
37.8 nGyh–1 which leads to the es ti mated re sponse of
MCP-N: 37.8/29.6×32.1 = 40.9 nGyh–1.

The dis tri bu tion of kerma-rate in air, mea sured
with MCP-N de tec tors in Plja~kovica, Reljan,
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Ta ble 2. In stru men ta tion and pro ce dures used in the IFJ en vi ron men tal mon i tor ing sys tem

Element Instrumentation

TL detectors LiF:Mg,Cu,P chips (trade name MCP-N)

TL cards KD96 aluminum cards containing three MCP-N detectors, wrapped in teflon foil

TL readers Two ACARD97 automatic, microprocessor-controlled ohm-heating readers. Both readers are
fully compatible

Annealing ovens Carbolite 400 and PTW TLD0 microprocessor-controlled ovens

Standard software ACARD software for controlling the reader and simle TL glow curve and database operations

Annealing Standard: 10 minutes at 240 °C±1 °C

Distribution Rapid deployment using transportation by car, with well-known transit-dos

Exposure sites 1 m above ground

Readout Linear heating up to 300 °C or three-step plateau heating (3 s at 150 °C, 15 s at 260 °C, and 3 s
at 260 °C)

Evaluation of results Integration of glow-curves



Bratoselce, and Borovac in the spring of 2002, are pre -
sented in fig. 1.  To tal kerma in air was de ter mined in
the mea sure ments i. e. kerma in air orig i nat ing both
from ter res trial and cos mic-ray ra di a tion.  The vari a -
tion of the kerma-rate at dif fer ent mea sure ment sites is 
sig nif i cant (range 80 to 200 nGyh–1), and de pends on
the type of bed ding at the mea sure ment site.

In tab. 3 the mean val ues of to tal kerma-rate and
the mean value of ter res trial kerma-rates at the se lected
vil lages in Ser bia in spring 2002 are pre sented.  The ter -
res trial kerma-rate was cal cu lated by sub tract ing the
con tri bu tion of cos mic-rays (35.7 nGyh–1 for Reljan,
Bratoselce, and Borovac and 40.9 nGyh–1 for
Pja~kovica) from the to tal kerma-rate.  The val ues of

the mean ter res trial kerma-rate in all vil lages (be tween
85 and 116 nGyh–1) bring the pop u la tion in these vil -
lages to the up per 20% of nat u ral ra di a tion dose rates in 
the world [15] (see fig. 2).

In 52 se lected sites where TLDs were in stalled,
ad di tional in-situ mea sure ments with a pro por tional
coun ter were per formed by the group from the Jo`ef
Stefan In sti tute, Slovenia.  The pro por tional coun ter
was cal i brated in terms of am bi ent dose equiv a lent,
H*(10). The val ues of H*(10) for TLDs were cal cu -
lated by ap ply ing the con ver sion co ef fi cient
H*(10)/Kair = 1.20 Sv/Gy for 137Cs g-rays. The val ues
of H*(10) de ter mined us ing both meth ods are com -
pared in fig. 3. and in tab. 4. Cor re spon dence be tween 
the two meth ods is quite re mark able, con sid er ing that 
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Fig ure 1. The dis tri bu tion of val ues of kerma rates in
air, mea sured in Plja~kovica, Borovac, Reljan and
Bratoselce in the spring of 2002 us ing do sim e ters
with MCP-N (LiF:Mg,Cu,P) TLD

Ta ble 3. Mean kerma rate mea sured with MCP-N
de tec tors at se lected vil lages in Ser bia in the spring
2002. The ter res trial kerma rate was cal cu lated by
sub tract ing form the to tal the es ti mated dose rate due
to cos mic rays

Site
Mean Kair total

[nGyh–1]

Mean Kair terrestrial

[nGyh–1]

Bratoselce 138 ± 21 102 ± 22

Reljan 152 ± 18 116 ± 19

Borovac 121 ± 21   85 ± 22

Plja~kovica 133 ± 29   92 ± 30

Fig ure 2. Com par i son of mean val ues of kerma-rates
in air from ter res trial ra di a tion, de ter mined in
Borovac, Plja~kovica, Bratoselce, and Reljan in the
spring of 2002 us ing MCP-N (LiF:Mg,Cu,P) TLD,
with the dis tri bu tion of absorbed dose in air,
weighted over the ex posed pop u la tion, as given by
UNSCEAR [15]

Fig ure 3. Am bi ent dose equiv a lent, H*(10) de ter -
mined in 52 se lected sites mea sured at Borovac,
Plja~kovica, Bratoselce, and Reljan in the spring of
2002 with a pro por tional coun ter (PC) and us ing
MCP-N TDL



cal i bra tion of the two sys tems (TLDs and pro por -
tional coun ter) was per formed quite in de pend ently.

CON CLU SIONS

High sen si tive MCP-N (LiF:Mg,Cu,P) thermo-
lu mi nes cent de tec tors were ap plied in a sys tem of en vi -
ron men tal mon i tor ing of ra di a tion doses. Due to the
high sen si tiv ity of MCP-N de tec tors the sys tem al lows
for short term (hours and days) and long term (months 
and years) sur veys of en vi ron men tal doses. Due to the
low cost of in di vid ual do sim e ters, it is pos si ble to si -
mul ta neously mon i tor en vi ron men tal ra di a tion
kerma-rates at a large num ber of lo ca tions over a pe riod 
from a few days to a year, or so. Pro vided prior ref er -
ence val ues of nat u ral back ground kerma-rates at se -
lected mon i tor ing points are avail able, the sys tem can
be ap plied to rap idly as sess kerma-rates in the en vi ron -
ment in case of ra di a tion ac ci dents or ra dio ac tive con -
tam i na tion of the en vi ron ment.  The sys tem was tested
in short-term and long-term mea sure ments in the
Krakow re gion and in Ser bia, in vil lages where DU
am mu ni tion was found. A more sys tem atic sur vey of
en vi ron men tal dose rates in Ser bia will be per formed
with MCP-N de tec tors in the years 2004-2005.

AC KNOWL EDGEMENTS

This work was sup ported through pro ject
1965 of the Min is try for Sci ence, Tech nol ogies and
De vel op ment of the Re pub lic of Ser bia. Au thors
kindly ac knowl edge Mr Iljaz Mustafi for his help in
per form ing the field work in Reljan and Borovac.

REF ER ENCES

[1] Budzanowski, M., Bilski, P., Botter-Jensen, L.,
Delgado, A., Olko, P., Saez-Vergara, J. C., Waligórski, 
M. P. R., Com par i son of LiF:Mg,Cu,P (MCP-N,
GR-200) and Al2O3:C TL De tec tors in Short-Term
Mea sure ments of Nat u ral Ra di a tion, Radiat. Prot.
Dosim., 66 (1996),  pp. 157-160

[2] Budzanowski, M., Burgkhardt B., Olko, P., Pebara,
W., Waligórski, M. P. R., Long-Term In ves ti ga tion
on Self-Irradiation and Sen si tiv ity to Cos mic Rays
of TL De tec tors Types TLD-200, TLD-700,

MCP-N and New Phos phate Glass Dosemeters,
Radiat. Prot. Dosim., 66 (1996), pp. 135-138

[3] Niewiadomski,  T.,  25 Years of TL Do sim e try at
the In sti tute of Nu clear Phys ics, Krakow, Radiat.
Prot. Dosim., 65 (1996), pp. 1-6

[4] Bilski, P., Budzanowski, M., Olko, P., De pend ence
of LiF:Mg,Cu,P (MCP-N) Glow Curve Struc ture
on Dop ant Com po si tion and Ther mal Treat ment,
Radiat. Prot. Dosim., 69 (1997), pp. 187-198

[5] Waligórski, M. P. R., Skarzynska, K., Zawisza, E.,
Ryba, E., Jasinska, M., Kozak, K., En vi ron men tal
Ra di om e try around Coal Mining Wastes Using
MCP-N (LiF:Mg,Cu,P) De tec tors and Gamma-Ray
Spektrometry, Radiat. Prot. Dosim., 66 (1996), pp.
161-164

[6] Budzanowski, M., Ul tra-Sensitive Thermolumi-
niscent  De tec tors Based on LiF:Mg,Cu,P (MCP-N)
and their  Ap pli ca bil ity in Do sim e try of Gamma Ra -
di a tion in En vi ron ment, Ph. D. dis ser ta tion (in Pol -
ish), In sti tute of Nu clear Phys ics, Krakow, Po land,
2000

[7] Ross Hirning, C., De tec tion and De ter mi na tion
Limits for Thermoluminescence Do sim e try,
Health. Phys., 62 (1992), pp. 223-227

[8] Budzanowski, M. J. C., Saez-Vergara, P., Bilski, J.
M., Gomez, R., Olko, P., Rapid As sess ment of Ac -
ci den tal Ex po sures (RACE) with MCP-N
(LiF:Mg,Cu,P) De tec tors, Pro ceed ings, IRPA
Regional Sym po sium, Sep tem ber 8-12, Prague,
1997, pp. 502-505

[9] Budzanowski, M., Saez-Vergara, J. C., Gomez-Ros, J. 
M., Romero Gutierrez,  A. M., Ryba, E., The Fading
of Dif fer ent Peaks in LiF:Mg, Cu,P (MCP-N and
GR-200A) TL De tec tors, Radiat. Meas., 29 (1998),
pp. 361-364

[10] Duggan, L., Budzanowski, M., Przegietka, K.,
Reitsema, N., Wong, J., Kron, T., Com par i son of
the Light Sen si tiv ity of LiF:Mg,Cu,P, LiF:Mg, Ti,
and Al2O3:C. Radiat. Meas., 32 (2000), pp.
335-342

[11] Saez-Vergara, J. C., Romero, A. M., Olko, P.,
Budzanowski, M., The Re sponse of the New Hy -
per sen si tive Thermoluminescence Ma te rials to
High En ergy Pho tons (0.6-6.0 MeV), Radiat.
Prot. Dosim., 65 (1996), pp. 167-172

[12] Budzanowski, M., Saez-Vergara, J. C., Ryba, E.,
Bilski, P., Waligórski, M. P. R., Es ti ma tion of the
Elapsed Time between Ex po sure and Read out
Using Peak Ra tios of LiF:Mg,Cu,P. Radiat. Prot.
Dosim., 85 (1999), pp. 149-152

[13] Budzanowski, M., Olko, P., Ryba, E., Large-Area
Field Test of a Sys tem for Rapid As sess ment of Ac -
ci den tal Ex po sures, Based on Ul tra-Sensitive
Thermoluminescent De tec tors, Radiat. Prot.
Dosim., 92 (2000), pp. 127-130

[14] Budzanowski, M., Olko, P.,  Ryba, E., Woznicka,
U., A Sys tem for Rapid Large Area Mon i toring of
Gamma Dose-Rates in the En vi ron ment Based on
MCP-N (LiF:Mg,Cu,P) TL De tec tors, Radiat.
Prot. Dosim., 101 (2002), pp. 205-209

[15] ***, Sources and Ef fects of Ion izing Ra di a tion,
UNSCEAR 1994 re port

 24  Nu clear Tech nol ogy & Ra di a tion Pro tec tion –1/2004

Ta ble 4. Com par i son of average am bi ent dose
equiv a lent rates mea sured at 52 se lected sites with the
pro por tional coun ter (Jo`ef Stefan In sti tute,
Slovenia) and MCP-N thermoluminescent detectors

Kair

[nGyh–1]

H*(10)

[nSvh–1]

MCP-N (LiF:Mg,Cu,P) 133.1 159.6

Proportional counter     – 160.1
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PRIMENA MCP-N (Lif:Mg,Cu,P) TERMOLUMINISCENTNIH DETEKTORA U
MONITORINGU JONIZUJU]IH ZRA^EWA IZ PRIRODE

Termoluminiscentni MCP-N detektori na bazi LiF:Mg,Cu,P su za dva reda veli~ine
osetqiviji od konvencionalnih detektora na bazi LiF:Mg,Ti, zbog ~ega se upotrebqavaju u
kratkotrajnom i orijentacionom monitoringu jonizuju}ih zra~ewa iz prirode ({to prakti~no
obuhvata pe riod od preko dve nedeqe umesto 3-12 meseci). U radu se opisuju svojstva MCP-N detektora i
metode za wihovu primenu u monitoringu jonizuju}ih zra~ewa iz prirode. Sistem je prevashodno
testiran u kratkotrajnim i dugotrajnim izlagawima jonizuju}im zra~ewima iz prirode na preko 100
mernih mesta u podru~ju oko Krakova. MCP-N detektori su zatim upotrebqeni za referentna merewa
brzine doze u okolini ~etiri ruralne zajednice u Srbiji, namenski odabrane, u kojima je 1999. godine
raspr{ena municija sa osiroma{enim uranijumom. Istovremeno je prilikom postavqawa ovih MCP-N
detektora u ruralnim zajednicama, in situ, paralelno izvr{eno merewe brzine doze sa proporcionalnim 
broja~em, sa ciqem procene opsega varijacije osnovnog nivoa zra~ewa iz prirode u ispitivanim
ruralnim zajednicama. Sredwa vrednost terestrijalne brzine doze kerme u ispitivanim ruralnim
zajednicama varirala je u opsegu od 85 do 116 nGyh–1 a sredwa vrednost ambijentalne ekvivalentne
brzine  doze  H*(10) odre|ene pomo}u termoluminiscentnih detektora i proporcionalnim broja~em
iznosila je 160 nSvh–1. Ove izmerene vrednosti osnovnih nivoa zra~ewa iz prirode mogu se koristiti
kao referentni nivoi terenskih merewa u okolini svih drugih podru~ja pogo|enih municijom sa
osiroma{enim uranijumom.


