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ABSTRACT 
Radiation dosimetry is the main counterpart of an effective national 
xratdiaiiLmcn ps<D<t«ict£cca pirograaa to protect: rad!iatE.oa wtIters, ptablie and! 
the environment against harmful effects of radiation. Research and 
development on radiation dosimetry are of vital needs to support 
national dosimetry services. The National Radiation Protection 
Department (NRPD) of the Atomic Energy Organization of Iran (AEOI) 
being a National Authority on radiation protection is also responsible 
for radiation dosimetry research, development and services. Some 
highlights of such activities at NRPD are reviewed and discussed. (j£ t:"^~>) 

INTRODUCTION 
The radiation protection infrastructure and activities of the National 
Radiation Protection Department (NRPD) of the Atomic Energy 
Organization of Iran (AEOI) has been reported before (1). In any 
country, medical radiation dosimetry is probably the earliest 
developmea>,, as it is in Iran. However, fission fragment registration 
studies in silver activated phosphate glasses for accidental dosimetry 
stations of the 5 MW research reactor at AEOI were initiated in 1967 
(2). Some further dosimetry advances in particular on solid state 
dosimetry include film badge personnel dosimetry (3), 
thermoluminescence dosimetry (4,5), solid state nuclear track 
detectors (6-21), solid state neutron dosimetry (6-8,10,22-26), 
medical neutron dosimetry (9,27,28), alpha detection and spectrometry 
(6,11,12,16,21,22,29), radon monitoring (30-34), dyed ECE track 
methods (35-39), personnel alarm monitors, biological dosimetry 
(40-41), secondary standard dosimetry laboratory, determination of 
public exposure in high level natural radiation areas (42-43), 
determination of exposure of radiation workers and public to 
diagnostic X-rays (44), dose reduction in diagnostic radiology (45), 
etc. In this paper, highlights of some of such developments are 
reviewed and discussed. 

FILM BADGE DOSIMETRY 
"Film badge dosimetry is the main legal national dosimetry system used 
for low-LET radiation in Iran. A film badge dosimetry service has been 
established in 1962 for about 66 personnel which is now expanded to a 
monthly national service to 13000 radiation workers in medicine, 

48 



industry, etc. The general function of the dosimeter is the sane as 
described fay Heard (3,46),. However, a ses badge was designed and mass 
produced at I«*RFD which is now in routine use for a national service. 

THERMOLUMINESCENCE DOSIMETRY 
Thermoluminescence dosimetry (TLD) is the main support dosimetry 
system for operational dosimetry research,, environmental dosimetry* 
personnel monitoring as well as for many other applications. The main 
systems and TL dosimeters used are from Barshav company. Some efforts 
have been fooused on research and development on Ti .kinetic parameter 
studies of some TL materials (4) and production of TL materials from 
natural crystals of Iran. One successful phosphor developed so far has 
been CaSO^iDy -with a sensitivity 1.3 times higher than those of 
Harshaw (5). Development of other materials is in progress. Efforts 
are made to advance potentials on TL dosimetry in Iran to expand their 
wide-scale applications. 

SOLID STATE NUCLEAR TRACK DETECTORS 
Solid state nuclear track detectors (SSNTD) are a class of detectors 
based on chemical (2,6,47) or electrochemical etching (8,10,48) of 
charged particle tracks in solid insulators. In a wide scale study, 
introducing a new multi-detector ECS chamber, it was discovered that 
the fast-neutron-induced recoil and alpha tracks in particular in 
Lexan polycarbonate (PC) can be developed to a point sharply 
observable and countable by the unaided eye (8). This is now a process 
used widely for radon monitoring, neutron dosimetry, uranium 
exploration, etc. in large-scale services. 

Many ECE parameters were studied and introduced into the field some of 
which showed some interesting and exotic behavior on field strength 
and frequency (9,13), etchant concentration (9,11,14,16), etc. Some 
new ECE chambers were developed for large-scale radiation dosimetry 
and fundamental studies (17). Especially, it was discovered that an 
"internal heating effect" exist in ECE which heats up the etchant to a 
high temperature; e.g. to 60 °C or higher (18). Some other phenomena 
were also proved to exist in ECE such as "dielectric loss", 
"electro-osmosis", "dielectrophoresis" and "electrostriction" based on 
discovery of "water trees" formed in and around the ECE tracks as well 
as observation of polymer deformations (49,50). Based on these 
findings, a novel triplet ECE technique (named TECE) taking advantage 
of the dielectric heatability of a solution like ethanol was developed 
and used in our laboratory (19,21). The TECE technique has many 
applications in radiation dosimetry, ECE parametric studies, 
fundamental dielectric studies, etc. It also has potentials as a 
generator for beautiful fractal tree formations due to surface 
discharges caused by firing trees over particle tracks and for 
formation of crystal-type cracks usually with a uniform pattern and 
sometimes showing cracks resembling a "bird of paradise" flower. The 
tracks, cracks, fractals, etc. formed on PC have extraordinary and 
beautiful colorful appearance when dyed by DYECET methods (21,35-39). 
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SOLID STATE PERSONNEL NEUTRON DOSIMETRY 
To overcome' the shortcomings of iia& 3!TA friars develcjeai is» Iraa la 
196T foxr personnel neutron dosimetry C?NT>)» fission fragment 
registration in silver activated phosphate .glasses seemed to be an 
interesting potential alternative method at that time for accidental 
dosimetry but not ideal for PND applications (2). However, by using 
the spark counting] technique (.51),, the introduction of a3"*Np/10 urn 
PC dosimeter showed superior characteristics over the NTA films (6,7), 
which, attractod. the interact of oomo laboratori«sn lil:<? OPNL, Challr 
River National Laboratories (52} and Harwell laboratory (53Jj. 

To avoid the use of fissionable materials on personnel, a new PND was 
introduced based on the discovery of large ECE tracks in PC observable 
by the unaided eye which was of immediate interest for large scale 
dosimetry (8,10). The insensitivity to low-LET radiation, negligible 
fading, low cost, ICRP rem response over about 1.5 MeV, wide dose 
range, possible automation, etc. are some of the advantages this type 
of dosimeter, but with limitation of a high registration energy 
threshold of about 1.5 MeV (9,10). Although, the CR-39 has a 
sensitivity higher than that of PC with a lower threshold (54), some 
of its drawbacks such as none-uniformity in thickness and sensitivity, 
higher cost, etc. limits its application for large-scale applications. 

The above drawbacks, however, have been overcome by the invention of 
the neutriran albedo neutron personnel dosimetry (NANPD) (22). It 
applies PC and/or CR-39 detectors to detect: (a) direct thermal 
neutrons, (b) direct fast neutrons by recoil and (c) direct neutrons 
by albedo neutrons reflected from the body of a radiation worker on 
which many parameters have been studied and optimized (23-26). A 
three-component AEOl-NANPD has been developed and mass produced for a 
national neutron personnel dosimetry service in Iran which is now in 
routine operation (23-26). 

KSJDICAL, M5OTRO.N DOSIMETRY 
The high spacial resolution and insensitivity of polymeric SSMTDs to X 
and gamma radiations make them interesting dosimeters for many medical 
neutron dosimetry applications. Measurement of neutron depth doses in 
particular at bone-tissue and air-tissue interfaces (9) and dosimetry 
of patients undergoing neutron therapy can be considered as some 
medical applications of SSNTDs. Due to good dosimetry characteristics 
of PC, it was applied to neutron contamination measurements of high 
energy X-ray beams of an Allis-Chalmers 25 MeV betatron and a Brown 
Bovery 45 MeV betatron and clinac-18 (27,28). Since the dosimeter has 
an ICRP rem response, its response is independent of the neutron 
spectrum above the threshold which is necessary for such applications. 

ALPHA DETECTION AND SPECTROMETRY 
To apply SSNTDs for radon monitoring, autoradiography, albedo neutron 
dosimetry, etc., efficient detection of alphas is unavoidable. Besides 
the application of LR-115 in our earlier studies (6,30), efforts were 

50 



made to develop other .methods using ECE of PC detectors- Alphas of 
energies up to 1.8 SSeT in FC detectors registered (II,12J. Storther 
studies have extended alpha registration energy to about 5 MeV in PC 
by a single ECE with no pre-etching (21), aliaost the sase energy as 
that of CR-39 obtained by a single ECE process (16). Nevertheless, by 
applying different pre-etching tiroes, the spectra of .high energy 
alphas, of 5>..99< MeV andi 7.69 MeV fromi radon daughters, were obtained; 
(29). Therefore, PC detectors due to its uniformity, low cost, good 
ECE ciidE«ict.et:lat.icii, etc. have beeu selected by our laboratory aa well 
as many other laboratories for routine radon monitoring as vieil as 
other applications. Other alpha spectrometry methods are also being 
applied routinely. 

RADON MONITORING 
Radon monitoring for indoors and outdoors as well as for uranium 
exploration has always been of interest in our laboratory applying 
active and passive methods. Primarily, CEA-type active systems using 
LR-115, Lucas chambers, active methods, etc. were applied (30). 
However, due to some new findings on efficient registration of alpha 
tracks in PC by ECE i(ll„ 12J< this polymer was used for alpha detection 
studies. First it was used inside a cup for radon detection for 
uranium exploration; the same principle originally proposed and used 
by Alter and Fleischer (55) who used cellulose nitrate films. However, 
by the development of the AEOI passive radon diffusion dosimeters 
using PC detectors processed by ECE (31-34), this dosimeter was mass 
produced and used for large-scale indoor radon monitoring. Other 
methods such as Lucas chambers, Kusnetz method, two filter method, 
electrets, charcoal-SSNTD method, etc. are also in operation-

NEW DYED ECE TRACK (DYECET) METHODS 
Recently, new dyed ECE track (DYECET) method (35-37) and Quick-DYECET 
method in PC and CR-39 detectors (38-39) have been developed in our 
laboratory. The methods provide high contrast large photon absorbing 
tracks on an unaffected background!. T?ve EVECET TWttJw>3s ne^rie* latvs 
processing times (35-37), but Quick-DYECET methods dye ECE tracks, in 
different desirable colors, within a short time such as in 5 minutes 
(38,39). DYECETs under reflected light provide a high resolution for 
counting of ECE tracks especially at high densities. DYECETs can be 
applied to counting tracks by a microscope, by UV and IR 
spectrophotometry, etc. as well as to structure studies of tracks, 
cracks and fractals and other none-dosimetry applications (21). 

ALARM PERSONNEL MONITORS 
Alarm personnel monitors using miniature G.M. detectors were designed, 
constructed with limited mass production for the personnel at AEOI as 
well as for those of other organizations. The developed monitor is 
compatible with other similar dosimeters used in the market. 

BIOLOGICAL DOSIMETRY 
The radiobiological dosimetry services include chromosome aberration 
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studies and sister chromatid exchange methods for overexposed 
radiation workers (40), for studies of inhabitants of areas with high 
levels of natural radiation (-41) , etc. It is the raain biological 
dosimetry program at NRPD for radiation workers as well as the public. 

SECONDARY STANDARD DOSIMETRY LABORATORY 
A secondary standard dosimetry laboratory has been established at AEOI 
which provides X and gamma dosimetry services for radiotherapy and 
other purposes at a national level. 

MISCELLANEOUS ACTIVITIES 
Several other methods and activities are being continued on radiation 
protection dosimetry for personnel, public and the environment. In 
particular, an environmental monitoring network established by the 
assistance of the IAEA, environmental dosimetry using pressurized 
ionization chambers, a long-term project of patient exposure in 
diagnostic radiology (44) , patient dose reduction in diagnostic 
radiology by a quality control program in an IAEA co-ordinated 
research program (45), etc. are some examples of miscellaneous 
activities being carried out at NRPD in AEOI. 

CONCLUSIONS 
To support a national radiation protection program, research and 
development for advanced services are of vital needs. In particular, 
some techniques require inexpensive equipment which can be established 
by a national authority on radiation protection using local products. 
Some guidelines for development of operational dosimetry programs 
especially in a developing country has been reported by the author 
before (56). Based on the above experiences, developing countries can 
be easily advanced in dosimetry and related fields if they desire. 
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