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Abstract. The paper presents a high sensitivity TLD system, designed for the survey of the environmental 
radioactivity. It is based on the use of TL detecors type LiF:Mg, Cu, P, commercially known as GR-200A. The 
dosimeter designed in our Institute, contains 3 detectors, and the measuremnt value is calculated as the arithmetic 
mean. A very sensitive, TL Reader, READER ANALYSER RA’94 was chosen and an optimal thermal cycle was 
designed, such as to enhance the measurement performances.  For each placement, a set of 3 dosemetrs is used, and 
survey intervals from 1 to 100 days, depending on the radioactivity level and  reporting requirements, are  selected.
The technical characteristics of the system were detemined by exposing the dosimeters in reference X and gamma 
radiation fields, such as  required by the IEC standard 61066:iun.2006 “Thermoluminiscence dosimetry systems for 
personal and environmental monitoring”.  The main technical parameters are of highest quality and recommend it for 
use  in the survey  of the  environmental radioactivity, at the  level of  ambient dose equivalent rate,  due to normal 
natural radioactivity, in open areas. The paper describes the method of characterisation and measurement results, as 
well as their relevance.
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1. Introduction

 The dosimetric monitoring of the IFIN-HH and of its influence surrounding area by the use of high 
sensitivity dosimeters, was a traditional subject of study in our institute. The first achievement of the 
Dosimetry Laboratory was the obtaining of a high sensitivity luminophore, CaSO4:Dy,  according an 
original technology [1]. In order to meet the international standard requirements IEC  61066:June 2006
“Thermoluminiscence dosimetry systems for personal and environmental monitoring”, a suitable 
dosimeter was designed, provided with metallic filters  aimed to  compensate and assure  a quasiconstant 
response  on the whole energy interval, 30 keV – 3 MeV [2]. The experience gained with these 
dosimeters, allowed for the development of a dosimeter based on the use of the GR-200A detectors. A 
very sensitive, TL Reader READER ANALYSER RA’94 was chosen and an optimal thermal cycle was 
designed, such as to enhance the measurement performances. The paper presents the main dosimeter’s 
technical performances and the method of characterisation The reported characteristics define the 
suitability of the system to be used  in the survey  of the  environmental radioactivity, at the  level of 
ambient dose  equivalent rate  H*(d)  due to normal natural radioactivity in open areas. The measurement 
results obtained  in the survey of the IFIN-HH area, as well as their relevance, are presented, too.
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2 Dosimeter technical parameters

2.1 Description of the dosimeter

The dosimeter designed in our Institute, is a plastic cylindrical case, Φ=50 mm, h=10 mm. It contains 
three cylindrical minicases, where 3 detectors are placed. The measuremnt value is calculated as the 
arithmetic mean of the three detection units. The detectors are high sensitivity tissue equivalent, 
LiF:Mg,Cu,P, commercially known as GR-200A, type. The dosimetric system contains also the basic
devices:  the TL Reader type READER ANALYSER RA’94, commanded by a PC Commercial 
Programme, TLD-WIN, according to a pre established thermal cycle, and the oven for thermal treatment 
and regeneration of detectors, type PTW-TLDO.  The treatment is accomplished at a temperature of 
2400C, for a 10 minutes time. The auxiliary pieces are: pinces for detectors manipulation, boxes for 
detectors storage, nitrogen gas generator

2.2 Method and equipment for calibration and testing

 Basically, the system has to be first calibrated in term of response, expressed  as the ratio between   the 
total number of  impulses, I,  provided by the TL Reader, when the dosimeter is exposed to an ambient 
dose equivalent, and the conventionally true (c.t.) value of the ambient dose equivalent, Hc.t

*(d); it is 
expressed in units, [impulses  Sv-1]. By definition the response expression is:
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where: 


I  is the mean indication of 10 dosimeters reading when exposed to irradiation, FI


 is the intrinsic 

background indication of 20 non irradiated dosimeters. )(..
* dH tc is the conventionally true dose 

equivalent.The calibration is performed by the use of  a standard irradiation field,  consisting from 
reference gamma-rays, 661.6 keV, of  a 137Cs radioactive source. The irradiation is performed 
panoramically, for two precisely determined values of doses, selected within two intervals: 1mSv…5 mSv 
and 20 mSv…25 mSv. The reference value of the ambient dose equivalent is determined with a reference 
ionization chamber, in our case PTW UNIDOSE  dosimeter/ratemeter, calibrated in units of dose 
equivalent rate, with an uncertainty of ±5% within the  dose equivalent rate interval:  2 μSv h-1…1 Sv h-1. 
The conversion factor from dose equivalent to ambient dose equivalent was considered as F = 1.00 for 
661.6 keV.
 The technical parameters are then defined by their deviations from the reference response value 
(calibration figure), determined in standard conditions, when the dosimeters are exposed to various 
influences.  For the completeness of tests, complementary gamma-ray fields, covering the 30 keV…3 
MeV energy interval, from the radionuclides: 241Am (59.54 keV); 60Co (mean 1.250 MeV) are used.  At 
the same time, in a panoramic irradiation geometry, various source dosimeter distances, and irradiation
time intervals are used to assure the testing on the measurement interval.

3 Technical parameters of the dosimetric system.

3.1 Response values

The response values, determined for two measurement intervals, fixed by two indications of test source, 
and with reference to the above mentioned TL Reader, is:
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For the source test indication: 2950 impulses, corresponding to the low ambient dose equivalent interval, 
the determined value of response is: R = [39 070 ± 2 930 (7.5%)] imp mSv-1

This value is high enough, such as to assure the measurement of a dose equivalent value of 10 μSv, for 
which a number of 390 impulses are counted (standard uncertainty 5%!)
For the source test indication: 590 impulses, corresponding to the high ambient dose equivalent interval, 
the corresponding value of response is: R = [7 250 ± 544 (7.5%)] imp mSv-1. The value is low enough, 
such as to avoid overflow for maximum limit, 100 mSv, coresponding to a registration of 72 500 
impulses. The response unceratainties are obtained by quadratic summation of the standards ambient dose 
equivalent uncertainty  (5%) and supplementary components, such as: geometry, reproducibility, etc. 
Generally, the deviations between various batches’ responses is 15%

3.2 Linearity of response
 The linearity was defined for the measurement interval  from 10μSv up to 100 mSv . It is expressed in 
terms of deviation of measurement, H*(d),  from Hc.t.*(d) value.  For this dosimeter, it is constantly less 
than 10%.

3.3 Detection limit
 It was determined by determining the intrinsic indication (background value) and its fluctuation, for a 
number of 6 dosimeters. The value was established at Hmin*(d) = 10 μSv

3.4 Homogeneity of the batch.
 It is defined in terms of maximum deviation of measurements, from minimum to the maximum 
indication, for the same irradiation dose. For this system it is maximum 30%.

3.5 Reproducibility of measurements 
 It is defined as the deviation of measurements from a defined value of dose, when a number of dosimeters 
are exposed to 10 consecutive cycles: treatment, irradiation, reading. In our case, it is 7.5%

3.6 Rezidual signal
This parameter refers at the possible changement of the detection limit after exposing the dosimeter at 
high doses.This variation proved to be less than 10%.

3.7 Energy response
By its composition, the GR-200A detectors are tissue equivalent, no filters being necessary to equalize the 
energy response. The energy response is determined by measuring indications for various energies, within
the interval 30 keV …3 MeV and reporting the values to the response for 661.6 keV reference gamma-ray. 
For this dosimeter, the maximum variation is by a factor as high as 0.5 <f < 2 within the interval: 30 
keV…80 keV, and  0.7 < f < 1.3  for 80 keV…3 MeV

3.8 Isotropy of response
For this dosimeter, it is necessary to have a quasiconstant response versus the incidence of the radiation 
field. Variation from perpendicular incidence is maximum 30%.

The conclusion of all the above presented  test results is that the system proved to be in full compliance 
with all the requirements for a TL dosimetric system designed for environmental radioactivity survey, 
such as defined by the International Standard IEC  61066:2006  [3] .

4 Results obtained in the survey of the IFIN-HH and its influence area

 The suitability of the dosimeter for the low level ambient dose equivalent rate survey, is demonstrated by 
its capability to measure very low values. By the choice of an adequate regim of exposition,  from 37 
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days,  up to 93 days, the dosemeter demonstrated in a previous work [4] its ability to measure  dose rate 
values as low as 1.5 nSv h-1  in a very low level background laboratory, established underground, in a 
former salt mine. On the other side, according to the studies and published data, of the Institute of Public 
Health, Bucharest, Romania [5], the values of ambient dose equivalent rate, registered in Bucharest 
schools and kindergartens lie within an interval: (65.5 – 128) nSv∙h-1, with a mean value of (91±12) nSv h-

1.  The mean value measured and reported in the past in our laboratory [4] is (108.1±3.0) nSv h-1, in good 
agreement with the above reported data.
 The  elaboration of an optimum  IFIN-HH area monitoring  plan, to be performed with these dosimeters, 
included the following, compulsory  steps:  (i) Choice of the optimum locations; (ii) Choice of the 
optimum period of survey; (iii) Processing of measurement data, their interpretation and reporting.

 4.1 Locations of dosimeters

 Choice of the optimum locations for the placement of the dosimeters, throught the IFIN-HH and its
influence area, was done such as to include radiological sensitive points. The placements were spread on 
the entire area of IFIN-HH, divided in 16 basic sectors.  The area adjacent to the  main nuclear 
installations from the zone were included on the list: Multipurpose Industrial Irradiator (IRASM); Station 
for Treatment of Radioactive Wastes (STDR); Radioisotope Centre (CPR),  Nuclear Reactor (RN); 
Cyclotron Centre (Cyclotron); Meteorological Tower, etc. 
 Outside IFIN-HH, they were disposed on an area with a 10 km radius, starting with the border of the 
protective forest.  Sensitive points in this region are:  Water Treatment Station, Residual Waters Channel, 
Liquid Effluent Release Point at River Ciorogarla (Amonte), Administrative Building. Two reference 
exposition points were chosen: Our Laboratory (LADPM), where a value of   ambient dose equivalent 
rate, dH*(10)/dt = (102.4± 8.5) nSv h-1 was measured, and a farm situated at more than 10 km (Alunis
Village Farm), with the respective value dH*(10)/dt = (101.8± 5.9) nSv h-1. These two results are in good 
agreement with the above reported values, respectively: (108.1±3.0) nSv h-1 in LADPM and 
(91.00±12.00) nSv h-1   for Bucharest area.

4.2 Exposition period

 Choice of the optimum period of survey is done, such as to accumulate an ambient dose equivalent value
at least one decade higher  than the snsitivity threshold of the dosimeter, and  to assure relevance of  
measurrements. From the knowledge of ambient dose equivalent rates of about 100 nSv h-1   it was 
calculated an optimum exposition time as long as 93 days ( 3 months), such as to accumulate  total 
ambient dose equivalent values of about 200 μSv,  a  value 20 times superior to detection limit.

4.3 Measurement results

 They are presented on the Table 1, where the following data are presented: dosimeter identification 
(number), location of placement, exposition period, ambient dose equivalent, and ambient dose equivalent 
rate, calculated by dividing the dose value by the number of  2232 hours of exposition; standard deviations
of the mean values, calculated from the  three individual measurements, are also given.
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Table 1: The values of measurements for ambient dose equivalent
Nr.crt. Dosi

meter no.

Location Exposition
period,

[days]

Ambient dose 
equivalent 

[μSv]

Ambient 
dose 

equivalent  
rate

[nSv h-1]

1 1036 IRASM NW 93 237±15 106±7

2 1042  Military  Unit (UM) 93 212±13 126±6

3 1033 IFIN-HH courtyard

UM-AM

93 270±17 121±8

4 1067  Mechanical Workshop 93 242±15 108±7

5 1064 Mechanical Workshop 93 246±16 110±7

6 1065  Material store-DMC 93 235±11 106±5

8 1071  SDTR back coutyard 93 287±22 129±10

9 1046  RN back coutyard 93 253±15 114±7

10 1048  Water treatment station 

STC

93 199±13 90.6±5.8

11 1044  Old thermoelectrical plant 93 197±13 88.3±5.8

12 1005 Cyclotron-STC 93 214±15 95.9±6.7

13 1062 Tandem accelerator 
backyard

93 234±13 105±6

14 1024 HELEN Reactor 93 250±13 112±6

15 1066  Meteo tower 93 219±11 98.1±4.9

16 1024 Amonte-Ciorogarla river 93 189±12   85.1±5.4

17 1026  Reactor channel 93 224±10 100±5

18 1043  Alunis forest border 93 223±12 103±5

19 1045  Road to Alinis village/A1 93 242±16 108±7

20 1039  Gas distribution point/A2 93 246±11 110±7

21 1010 Point IMR/A3 93 230±20 103±9

22 1011  Public highway and 
railway, FormerFort/A4

93 219±11      98.1±4.9

23 1028 Material store 11/A5 93 213±12   95.7±5.4

24 1030 Alunis Village Farm 
(Reference)

93 227±15 102±7

25 1033 Block of flats, 93 251±23 113±11
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 Magurele Town

26 1024 LADPM (Reference) 93 228±11 102±5

Discussion of results
From Table 1 values, one may conclude that the measured values are practically similar for all the 
placement points. One exception, is the STDR (Dosimeter no. 1071), where the value of (129 ±10) nSv h-1

is slightly higher, but it is hard to say that it is due to the influence of  radioactive sources manipulated 
inside the installation. On the contrary, such as expected, the value of 85.1 nSv h-1 (Dosimeter 1024) over 
the river area, shows that the dosimeter is very sensitive and it is able to registrate small variations in dose 
rate values.
The general mean value of all 25 individual values is dH*(d)/dt = (107±11) nSv h-1,  similar to the values 
reported within the previous years, demonstrating that none accidental radioactive contamination occurred 
during the year 2006. Practically, all the values of ambient dose equivalent rate are due to natural
radioisotopes sources of environmental background.

5. Conclusions
-  A  high sensitivity TLD system, designed for the survey of the environmental radioactivity, based on the 
use of  TL detecors type LiF:Mg, Cu, P, commercially known as GR-200A, was conceived and  realized 
in our laboratory
- It was calibrated and tested in standard gamma-ray fields and its technical parameters are in full 
compliance with the requirements of the Standard IEC 61066:2006
- The IFIN-HH and its influence area monitoring in 2006, for a three month exposition period, 
demonstrated the usefulness of the system, as well as that none radioactive contamination occurred during 
that  time period.
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