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APPLICATION OF SOLID STATE NUCLEAR TRACK DETECTORS IN

RADIATION PROTECTION

T.V. RAMACHANDRAN, M.C. SUBBA RAMIJ and U.C.MISHRA

Pollution Monitoring Section
Bhabha Atomic Research Centre

Bombay-400 085, India

ABSTRACT

This article reviews the current status of the application

of nuclear track detectors with emphasis on recent developments

in the field of radiation protection. Track etch detectors

have been used for the measurements of low level radiation in

the environment, fast neutron and radon daughter inhalation

dose. Recent developments in the field of dosinetry seem to

be promising. In fast neutron dosinetry, track etch detectors

can be used without inclusion of fissile materials by using the

electrochemical etching technique* These detectors can provide

important information in the energy range upto 250 keV. Survey

of this range of energy with TLD is diffioult because they are

extremely energy dependent and over-respond to low energy neu-

trons. Measurement of radon using track detectors can help to

lower the cost of the radon dosimeters. Certain detectors are

sensitive to alpha particles from radon and their progeny*

Eigher sensitivity permits their use in a passive type of perso-

nnel dosimeter, which does not require the troublesome aspects

of air sampling for the collection of radon daughter samples.

INTRODUCTION

In the early sixties, Solid State Nuclear Track Detectors

(SSNTDs) were introduced as an important tool in nuclear

science and technology (Bernard, 1983). However, only recently

there has been a significant increase in the use of these

detector materials in the field of radiation protection. This
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is attributed partly to the discovery of a nev electro-chemical

etchant by Somogyi et al., (1972) and the new sensitive detector

material CR-39. SSNTDs are dielectric materials like mica,

glasses, synthetic plastic etc., which reoord and permanently

store the trajectory of the fast moving charged particles.

They are sensitive to charged particles with high LET end fast

neutrons. Most of the plaetio detectors do not have a fading

problem and are insensitive to beta and gamma rays. These

characteristics are very attractive for the purpose of their

use in the field of radiation protection.

Application of SSNTDs in the field of radiation protection

is classified into two areas. First, they can be used in the

measurement of low level radiation present in the environment

(Fleischer et al., 1981; Ramachandran et al., 1987). For

example concentration of uranium and thorium in any sample can

be estimated by the fission track technique (Iyer. 1981).

Fleischer et alt, (1975) have extended this study to other

types of measurements. Second, a constant effort in the field

of track detection is to develop a fast neutron dosimeter. Due

to lack of satisfactory facility available for the automatic

scanning, extensive use of SSNTD for fast neutron dosimetry

gathered momentum after Cross and Tommaslno (1968) successfully

operated for first spark-replica counter. But a fast neutron

dosimeter for the detection of fission fragments has to include

toxio fissile materials, used as a radiator. Soharabi (1984)

had used electrochemical etching, developed by Tommasino (1970)

to enlarge the fast neutron induced recoil-tracks in the poly-

carbonate foils for the estimation of neutron dose from the

source. This technique has attracted considerable attention

(Griffth et al., 1979) and the current approach is to use the

newly discovered track detector CR-39 in personnel dosimeters

by employing the electrochemical etching method to enhance the

sensitivity (Tommasino et al., 1984).



- 3 -

TRACK DETECTION TECHNIQUE

Tracks produced in the solid dielectric materials are

usually less than 0.1 micron in size* Special techniques

must be used to treat the samples for observing the tracks

using a microscope* Chemical etching, Electrochemical

etching and Grafting are the three generally used methods

in track enlargement. Grafting technique is likely to

provide higher sensitivity for track measurements than the

simple chemical etching. It has also been observed that

grafting can be initiated in polymers which are irradiated

with electron doses of the order of 10 krad. This suggests

that the tracks of relatively heavy low energy charged

particles and high energy light particles can be observed.

But, research in this field has to wait for the accumulation

of further experimental data on grafting*

DETECTOR MATERIALS AND ETCHANTS

The damage, which is produced by a particle in the

material is related to the linear energy transfer (LET) of

the particle. Low LET particles are more difficult to

measure than those with high LET. For a particular type of

particle, the sensitivity depends on the nature of the detec-

ting materials and the etching reagents used. Most detecting

materials used in the field of radiation protection are plas-

tic. These materials not only have economical especially

when large quantity of the material is required for carrying

out an extensive study. Three materials, polycarbonates,

cellulose nitrates and CR-39, are generally used. All of

them are available commercially and are very easy to handle

(Iyer, 1985; Ramachandran et al«, 1987). Tables 1 to 3 give

the basic properties of a few track etch detectors.
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Figure-1 gives the detection threshold of commercially

available detectors for charged particles and for various

atomic numbers and charges. They are, in the order of

decreasing sensitivity, CN, Lexan, Chronar, Melinex, Mica

and Meteoritic minerals. The inorganic materials detect

only those particles which lose energy at a rate greater

than 15 MeV cm2/mg, while for organic materials this figure

can be as low as 1 MeV cm2/mg. The effective sensitivity

of the track detector also depends on the etchants used.

For example, it is very difficult to observe any alpha track

in a polycarbonate sample etched in 28 % KOH at room tempera-

ture. Instead, etching in PEV (15 gm KOH + 45 gm C^H5OH) can

reveal alpha tracks in polycarbonate easily.

The parameters which influence the track etching can be

classified into five groups, viz., (a) material parameter

(includes chemical composition, molecular weight, extent of

or ystalUnity, solvant content etc.); (b) particle parameter

(charge Z, mass M, velocity V); (c) irradiation environment

parameters (temperature, atmosphere etc.); (d) pre-etehing

storage parameter (atmosphere, temperature, storage time etc.);

(e) etching parameter (including type of etching solution,

temperature etc.)* Figures 2 and 3, respectively, give the

research areas of plastic traok detectors and the scheme of

processing parameters.

CHEMICAL ETCHING

The most general and useful method for observing the

particle tracks in solids is the technique of subjecting the

film to a chemical attack to enlarge the tracks. As a charged

particle traverses a dielectric, it leaves a trail of damaged

material along the track. In minerals and inorganic materials,

the passage of these charged particles causes a cylindrical!
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region of inperfection which is easier to attack by an etching

reagent than the surrounding undamaged material. In the case

of polymers, charged particles can cause radiolytic scission

of polymer chains into shorter fragments* This process would

produce reactive low molecular weight radiolytic products,

which are more easily dissolved by the etohant than the surroun-

ding undamaged bulk plastic. Figure-4 gives the schematic repre»

sentation of the basic relations between irradiated traok etching

and track visualization process.

With a suitable etohing reagent, the rate of removing the

damaged materials along the traok Vt is fatter than that of

removing the undamaged materials (bulk etch rate, Vj.)* A track

pit would be developed along the track as the chemical is applied

to the sample for a suitable period of time t. For the formation

of traok by chemical etching, the rate of etching along the track,

V. must be greater than the rate of etching of the bulk materials

V. , which means that V./V. > 1. This ratio is an important para-

meter which denotes the degree of preferential etohing along the

particle trajectory. It has beon observed that the region affected

by the etohing is not more than 70 A soross even for particles

which are as intensely ionized as full energy fission fragments.

The track development by the chemical etohing has shown two

important characteristics, viz., (a) after the incubation period

necessary for the penetration of the solvent, the transverse

dimension of the tracks vary linearly with time; (b) the track

length does not inorease during etching. In fact, this length

tends to decrease as a consequence of surface erosion of the

insulator.

ELECTROCHEMICAL ETCHING

This method has generated considerable Interest because it

can result in a great and better amplification of the tracks

which are recorded in the dielectric material in a controlled
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manner. The irradiated sample is used to separate into two

halves of a cell which is filled with a suitable etching

reagent. A high electric field of sinusoidal type is applied

to the two electrodes which are inserted into the solution.

Here at first, a pit would be formed at a track by chemical

etching, if the component normal to the surface of the velocity

of etching Vt is greater than the speed of etching along the

surface or the bulk etching rate V^. Then the track pit is

enlarged by the effect of the high electric field near the tip

of the track and the chemical aotion of the etohant.

GRAFTING

It is possible to graft an appropriate copolyner on the

chemically active site of the dielectric material. The chemi-

cally active sites oonsist of free radicals and chain ends

which are produced on the original polymer along the trajeetory

of the nuclear particles. If the grafting reaction 1B performed

with a monomer of acidic property, a basio fluorescent dye can

be fixed to the damage trails* The tracks oan be viewed under

an optical microscope with ultra violet light illumination as

thin bright lines in a dark field of view. Monnin et al.,

(1973) have used properic (acrylic) acid to produce active

sites along the fission fragment tracks in a cellulose triace-

tate detector and the precipitated phase is dyed with rhodamine-B<

DETECTOR PARAMETERS

In using track detectors for the applications in any

nuclear science field, the experimental parameters have to be

fixed. Diameter of the etched tracks depends on the duration

of the etching. Longer etching time would permit track pits to

develop into bigger ones. But It cannot be too long since some

of the pits formed would over lap each other and will leads to

an error in counting. The temperature is also a factor which
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would affect the etching rate significantly* Etching rate

is faster at higher temperature than at lower temperature.

But it is not admissible to increase it beyond further to

an optimum value as the tracks formed may start loosing

their smooth shapes and larger bulk etching may produce

uneven film surface.

The temperature effect is not very critical in the case

of electrochemical etching* Generally it is adequate to

carry out electrochemical etching in an air-conditioned room

to minimize temperature effect. In electrochemical etching

it is also important to pay attention to the effects of the

field strength and the frequency of the applied voltage to

get a reproducible result» Higher field strength would also

laasease the power dissipation in the solid, and thus alter

the etching rate along the track. The effect of the frequency

is less veil known than that of the field strength. Wong (1982),

in bis studies has shown that the frequency response is upto

500 kHz. At a frequency of 100 kHz, the etched track pits

would develop much faster than that at 35 kHz.

ENVIRONMENTAL EFFECTS

SSNTDs are amongst the least sensitive detectors to

environmental effects. Most of the mineral insulators and

glasses are relatively insensitive to several working condi-

tions* Polymers are more sensitive hut usually the environ-

mental effect within normal duration can be ignored except

under very extreme conditions. Factors which can be either

controlled or avoided. Poljioarbonate retains tracks upto a

temperature at which it becomes soft. Higher temperature can

affect more sensitive detectors like cellulose nitrate. Expo-

sure to gases and vapours like oxygen, ozone, water vapour etc.,



- 8 -

during irradiation can increase the track etching rate of

polymers (Boyett et al., 1970)* In vacuum, the lack of these

molecules decreases the etching rate V. and hence lower the

etching efficiency. Probably these molecules diffuse along

the damaged regions and attack the afctive species that make

up the tracks. The broken polymer chains would be prevented

from reuniting an£ repairing part of the damage*

Normally, plastic detector materials are insensitive to

beta and gamma radiation. But cross-linking and other effects

of polymer degradation can occur when the detectors are irradiated

with heavy doses of gamma radiation. On an average 10 to 100 M

rad are generally needed to produce any noticable effect. Expo-

sures to ultra violet light in the presence of gases like oxygen

or nitric oxide can affect the etching rate considerably. A

summary of some important environmental effects are given in

Table-4*

METHODS OF AUTOMATION

The automation for counting of track etch detectors is

very tedious. A list of common techniques reported in literature

are given in Table-5. At low and medium track densities, optical

scanning is considered as the easiest method used for automatic

counting; (Cohen et al., 1969; Al-Najjar et al. , 1982). The

method used here is based on the use of a micro densitometer,

which is moved automatically by the somple-holder-control

mechanism. Another method used for fast counting §t the etched

tracks is the spark-replica method, as outlined by Cross at al.,

(1070). In this method, a thin sample is irradiated with fission

fragments and is then chemically etched to produce the track pits

with diameters ranging from 2 to 5 microns. One side of the

etched sample is placed against an aluminised polycarbonate foil,

which acts as one of the electrodes. The other electrode is in

contact with the other side of the sample* A high DC electric"

field is applied across the detector. The electric discharges

takes places through the detector film along the track pits.
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Each discharge, which perforates the detector will stop instan-

taneously (about 1 micro sec.)> because the perforations are

followed by evaporation of the aluminium* on the polycarbonate

film. The voltage pulses produced can be registered on a sealer.

Figure-5 gives the oircult diagram of a spark counter.

Another method is to detect alpha particles transmitted through

holes in a thin film (Khan and Durani, 1972; Harvey and Vechr,

1982) have described an elegantly simple technique for the

assessment of etched tracks using the principle of scintillation

counting. This technique provides a simple and rapid method of

counting of etch pits and is suitable to situations where a large

number of detector foils need to be evaluated by automatic means,

and when the track densities are not too high. This technique

has been extended to measure the intrinsic tracks made by recoiling

hydrogen, carbon and oxygen ions in the CR-39 foils exposed to

fast neutrons. Other heavy ion tracks may also be similarly

detected. Figure-6 gives the block diagram of a etch pit counter

using alpha particles. If the track densities are sufficiently

large, the change in the appearence of the etched, transparent

samples can be seen directly. This is true for electrochemically

etched samples. The proportionality between the track densities

and the amount of light scattered from such surfaces has been

used for providing information on the track densities (Becker,

1966). It is also possible to measure the electrical conducti-

vity or dielectric coastant of a foil between the two electrodes

for this purpose (Walker et al., 1963). The resistence between

the two electrodes also depend on the number of boles and their

size.

DOSIMETEIC APPLICATION

Radiation dosimetry deals with the quantitative measurements

of radiation in terms of the exposure dose, absorbed dose or the

dose equivalent. Present state of the radiation dosimetry is
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given in Table-6* Of these, the personnel dosiraetry has

probably attracted miximun attention right from the time

when the harmful effects of atomic radiation events have

become evident. It is still an area of major investigation

because of the uncertainties Involved in the computation of

actual dose from the dosinetric signals.

For personnel dosimetry, photographic emulsion technique

has been widely use since the early development of nuclear

technology. These methods are still preferred for the simple

reason that they provide a permanent record of radiation expo-

sure. As far as the neutron dosimetry is concerned} track

registration in photographic emulsion has. been a standard tool

for almost 40 years now. But because of its various inherent

disadvantages, search for other alternative methods especially

those for nuclear track registeration in condensed and solution

media have been pursued vigorously (Iyer, 1985). Application

of the track etch detector technique has gained maximum impor-

tance in radiation protection dosimetry because of the easy

availability of the recorded tracks, and the choise of the

track development and counting techniques.

RADON MEASUREMENT

In the natural radiation environment, radon and its

progeny present a significant health hazard when the radium

and uranium content in the soil Is too high and the radon

daughters get concentrated in enclosures 7 \e underground

mines, caves, cellers, and houses. They can also give rise

to significant radiation exposures in the open spaces if

their concentrations are too high due to the natural sources.

Several techniques are available in the literature to measure

the same in these locations. This includes alpha particle

counting of aerosol samples on the filter papers using ZnS(Ag)
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and surface barrier deteotors, ioaization chambers, Scintilla-

tion flasks, electrets and SSNTDB. Many attempts to develop

accurate environmental and occupational dosimeters using

track etch detectors, TLD and photographic film detectors are

also been made (Frank et al., 1977),

Radon dosimetry assumes importance due to the fact that

the exposure to high concentrations are associated with the

incidence of lung cancer. Present day efforts are only

directed towards the improvement in the personnel monitoring

devices using the SSNTDs, to obtain estimates of the Individual

working level exposures.

In the past, the main effort in the field of radon monito-

ring has been confined to the development of radon detectors

for application is uranium exploration, for personnel and area

monitoring in the uranium mining industry and in the other

related environments. In dwellings the radon concentration

was observed to be several order of magnitude lower than the

concentration in the mines or dwellings built on uranium mill-

tailings. Build up of radon concentration in dwellings is of

particular interest in relation to the population exposures.

For the evaluation of the exposures to radon and daughter

products in dwellings, the detector systems normally used for

the personnel monitoring in mines have been used.

In the exploration of uranium and thorium and in the

measurement of seisnically related changes in the radon

concentration for the prediction of earth quakes, several

types of dosimeters have been used for the measurements of

radon and its daughters. High sensitivity and short term

monitoring techniques are desirable in the uranium mining

industry. As a result of improvement in the detector design,

many laboratories have developed passive dosimeters for long

term integrated radon exposures.
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Radon dosimeters making use of a passive alpha detector

are constructed in three ways, viz., a) active devices with

an air gas flow, where radon daughters are collected on a

filter paper in front of the detector, b) passive device

without gas flow in which the radon diffuses in a closed

chamber on which the alpha particles from radon and its daughters

in a given air volume or after plate out from the chamber surface

are detected, c) passive devices using a bare detector which

registeres the radon and its progenies which are present in

the ambient air.

Active dosimeters consist of a filter paper to collect the

aerosols and radon daughters products and an air flow system.

The detector is located at a fixed distance from the filter.

Alpha detectors include TLDs (Lithium Fluoride,Calcium Sulphate)

or track etoh detectors CR-39 or CN. High sensitivity is

aohieved at flow rates ranging from 0.1 to 5 lpm and a long

period of collection. Disadvantages in the use of active

devioes especially for the application in the personnel

monitoring are the need for a daily battery charging, the

weight of the devices and the need to switoh it on and off.

Single open chambers have also been in use for the uranium

exploration, earth quake prediction etc. Here the soil surface

facing the open side of the chamber serves as a filter. For the

application in the normal environmental monitoring, diffusion

chamber contains a filter, separating aerosols and radon

daughters from the radon gas are used. Alpha particles from

the radon daughters which reach the track etch detectors from

the air volume are registered. The volume is evaluated from

the range of the alpha particle and the energy threshold of the

track recording materials. To improve the detector sensitivity,

a high electrostatic field can also be applied in order to

collect the positively charged decay products on the surface of

a small TL detector. The air humidity can be reduced by using

silica gel.
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Track etch detectors which are used for radon dosimetry

are mainly cellulose nitrate foils which are available as a

clear foil or as the red dyed Kodak LR-115. Alpha particles

in the energy range 1.0 to 4.0 MeV are detected. Energy

discrimination between radon and thoron is also possible by

using an additional foil. Advantage is the higL» sensitivity

of CN or CR-39 but the disadvantages are the microscopic

counting and relatively high fading for exposure time acre

than a month. Improvements in track counting can be achieved

by the use of electrochemical etching. Here polycarbonate

foils like lezan, makrofol etc., can be used. Advantages are

the magnifications of alpha tracks which can be seen by naked

eye, simple counting of large fields by means of a microfiche

reader, discrimination of alpha energy groups due to the

application of a pre-etching and lower fading. Disadvantages

are the relatively low sensitivity of the alpha detector and

the significant contribution of the background tracks which

lowers the detection limit of the detector material. Table-7

gives the integrating devices used for the personnel and

environmental monitoring of the radon and its daughters.

Monitoring the levels of radon in under-ground mines and

other environment has become a common practice in several

countries. Due to the nature of the isotopes and the enclo-

sures, the concentration cun vary from place to place. Area

monitoring can provide only rough approximation of individual

exposures. Continuous integrating type of personnel dosimeters

would be more useful for measuring the exposure dose or working

level concentrations in mines and dwellings.

Track etch detectors in the passive mode have been used

for radon monitoring in dwellings (Abujarad et al., 1986) and

separation of radon isotopes (Ramachandran et al., 1987a). The

working level can be evaluated if the equilibrium factor is

known from the radon concentration. Recently the method is



- 14 -

modified by using a pair of detectors. The internal detector

measures the radon activity. The other, mounted on the out

side of the diffusion chamber measures the total airborne alpha

particle activity. The track densities of the two detectors

are used for the estimation of the combined daughter alpha

activity exposures.

A technique for lov level alpha particle auto-radiography

of bronchial epithelium using CR-39 has been reported by

Henshaw (1979). This method can be used to study the micro

distribution of alpha active nuclei in the bronchial tissue

of smokers and miners. Vith some modification this method

can be used to measure the alpha activity collected on a

filter paper.

FAST NEUTRON MEASUREMENTS

The general objective of a personnel neutron dosimeter is

to measure the dose equivalent near the surface of the body at

levels down to about 10 mrem, for neutron from thermal energies

upto 15 MeV or occasionally higher* If a nuclear track etch

detector is combined with an albedo dosimeter then an acceptable

lower energy detection limit would be 10 to 20 keV, since the

response of an albedo dosimeter is quite uniform below this

energy. Excellent reviews are available in the literature in

this field (Tommasino et al., 1965; Harrison et al., 1985).

Main applications of. track etch deteotors in the field of

fast neutron dosimetry are by employing (n,f) and the (n,°C )

reactions. Various detector materials have been used for the

personnel dosimetry over the past few decades. Nuclear track

detectors are attractive in personnel dosimetry of fast neutron

measurements as compared with other types of dosimeters like

film badges and TLD's. Film badges have a draw back of fading

and TLD's are over responding to low energy neutrons* The

energy dependence of the albedo type dosimeters (Griffth et

al., 1979) using TLD's deviate significantly from the dose
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equivalent curve (ICUP, 1971) In the interesting energy region

above 500 keV (Figure-7). This effect causes problems in the

dose evaluation. On the other hand track detectors have no

fading problem and are rather insensitive to gamma and X-ray

background. Energy response for fast neutrons registered from

Np-237 and by CR-39 detectors in the energy range mentioned

above is found to be very close to that of the dose equivalent

ourves (Figures 8 and 9).

A number of measurements of the directional response of

CR-39 in free air for neutron are available for the energy

range 0.31 to 14 MeV (Harvey et al., 1985; Haigh et al., 1984).

There is a wide variation in the results and the errors where

ever given are found to be large. Most extensive results are

those obtained by Benton et al., (l98l), who has measured

directional dependence at 7 energies, for detectors which are

processed by chemical etching only. They have concluded that

the directional response was found to be substantially indepen-

dent of energy and could be fitted well enough by a linear

function of the angle of incidence.

Even though the use of the fission track etch techniques

is on the increase in neutron dosimetry, it has not yet come to

stay as a principle method for personnel monitoring because of

the administrative restriction on the use of the fissile material

in the personnel monitoring devices. But their use is expanding

rapidly and may soon become an acceptable method for the survei-

llance of the nuclear reactor and accelerator environment. IAEA

has adopted this method in the form of nuclear safe guard devices,

which includes the estimation of burn up of spent fuel from

reactor and measurements of nuclear reactor neutron flux*

Stationary neutron monitors for the use in the criticality

accident, has also been developed by various laboratories* The

response of o*e such unit is given in Figure-10, which is closely

following the rad curve for the energy range from 10 eV to few MeV,
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It should be noted that the dose contribution due to neutron

out side this energy range is very small.

Several attempts have also been made to design detectors

which match the biological curve (that is the rem curve over

various energy intervals) fbr the estimation of biological

significant doses* Figure-11 gives the sensitivity of a special

neutron personnel dosimeter for perpendicularly incident neutron

and the dose equivalent per unit fluence as function of neutron

energy. For the purpose of radiation biology, an ideal dosimeter

should be in a position to measure a quantity which is related

to the biological effect. Figure-12 gives the range of fast

neutron fluences that can be measured with the fission foils

(Pretre et al.t 1968). Sohrabi et al., (1972) have discussed

the advantages and the problems whioh are associated with Np-237

fission foils.

In personnel monitoring one is concerned with the lower

detection limit of the dosimeters. Under optimum condition,

the SSNTDs can measure fast neutron doses of the order of

0*1 mrad with a reasonable accuracy in large detector?* Even

though it is possible to measure further lower doses of thermal

neutrons, their practical importance is limited by the fact that

significant thermal neutron exposures to persons oocurs very

rarely.

A comparison of some of the neutron measurements using

track detectors are given in the Table-8» It is worth noting

that all the types of detectors are sensitive to fast neutrons.

In devices used for the detection of fission fragments induced

by fast neutrons, a fissile material like Np-237 or Th-232 have

to be used as a radiator. The fissile material is placed against

a thin film of polycarbonate foil, which is used as a detector

(Harrison, 1978). Neutrons are allowed to fall on the fissile

reactor. Fissile fission fragments are produced from the reaction
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between neutron and the fissile isotope (Harvey et al., 1984).

The main objection to this type of detector, used as a personnel

dosimeter, is the estimation of the radiation given by the fissile

material. A number of laboratories have started developing this

type of dosimeter for neutron exposure- evaluation.

Soharabi (1974)» have applied electro-chemical etching for

the measurement of fast neutron induced recoil in polycarbonate

foils. Suuh methods which are used in neutron dosimetry have a

limit of sensitivity of about 50 to 100 mrem at neutron energies

greater than 1.5 MeV. Using CR-39, the detection limit can be

decreased to 5 to 10 mrem (Tommasino et al., 1985).

Any track etch detector, sensitive to alphas can be used

to detect thermal neutrons either putting a radiator containing

lithium or boron against it (Faermann et al., 1982)>or by doping

the detector material with these elements (Tsurata et al., 1964).

The former works perfectly well and has got the advantage of

flexibility. A convenient radiator in a thin teflon disc, loaded

with Li2B40-). It is used as a TLD for finger tip dosimeters.

This gives more than adequate sensitivity for dosimetry. Since

alpha particle from thermal neutron interactions in lithium and

boron are emitted isotropically, such a detector in free air

would be expected to have an isotropic response.

As an albedo dos imeter, a damage track thermal neutron

detector has an advantage over a TLD, because, it is insensitive

to gamma radiation, but has the disadvantage of more complex

processing. CN or Makrofol have got the advantage over Ctt-39,

that they are relatively insensitive to fast neutrons. But,

if • small amount of lithium or boron loaded radiator is used

orer part of a CIl-39 detector, the sensitivity per unit dose

is so much higher, for the thermal neutrons than that for fast

neutrons. When this is done, there is usually no difficulty

in separating a significant thermal neutron component in a

mixed field.
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Neutron dosijnetry based on the principle of (n,f)

reactions has got a number of advantages over the method

of counting recoil proton track in nuclear emmulsion and

the method of measuring the activity in a fissile foil.

viz. (a) no need for immediate retrival, (b) insensitive

to beta-gamma and x-ravs, (c) no fogging, fading or other

storage problems at ambient temperature, (d) huge range of

doses which is amenable to study and (e) ease of activation

by joining or seperating fissile and detector foils.

Limitations of the (n,f) techniques are (a) detector

sensitivity is neutron energy dependent, (b) most of the

fissile materials involved are radiotoxic, (c) spontaneous

fission activity of the nuclides gives rise to background

radiation tracks, (d) beta-gamma dose rates from the fissio-

nable material contributes to background radiation and (e)

problems like dependency of the detector sensitivity on the

direction of the neutron incidence, backscattering and energy

changes in human body are also present and require approximation.

CONCLUSION

The most important application of the SSNTDs in radiation

protection is perhaps in the field of neutron dosimetry. Fast

neutrons can be measured by TLD and film badges, but SSNTDs can

serve as a useful alternate tool for the energy range above 200

keV. Use of track etch detectors in the assessment of low level

radiation caused by both natural and artificial or man-made alpha

emitting nuclides is receiving great attention. It is also

possible to discriminate the alpha energies by means of measuring

the track diameter. Such a method would be useful for the identi-

fication of alpha emitting nuclides and in assessing their internal

health hazards.
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Table-1

Single-particle drilling tool

Adjustable hole diameter

Uniform hole size

Uniform hole length

Uniform hole orientation

Adjustable hole density-

Random hole distribution

Applies to a large variety

of materials

Each hole corresponds to exactly one particle track

Lower limit about 10 nm and upper limit about 1 mm.

Size distribution depends on homogenity of recording

material, Areal dispersion between 2 to 20 #.

Maximum attainable length depends on the ion range

and the sensitivity of the cecording material.

Range straggling is normally of the order of 1 %.

Holes are parallel with in a few degree. Their

straigbtness is limited by the angular straggling

or the ion due to atomic collissions.

Areal density can range between one single hole per

sample and more than 10 B + 10 holes per cm .

Holes are statistically distributed over the

irradiated area of the samp.

The technique is applicable for most dielectric

materials yielding a vari of different etched

track shapes.

Jo

I



Table 2

Examples of some SSNTDs which are commercially available.

Category
Detector
material Etching condition

Lighest
detectable
particle

Minerals or
Crystals

Glass

01ivine

Zircon

Quartz

Mica

Soda lime

Phosphate

Plastic

KOH sol., 16O°C,

6 min, 10 % HF, 23#C 3 sec

85 % H3P04, 500
#C, 1 Bin

KOH sol, 210*C, 10 Bin

48 % HF, 23*C, 3 sec to 40 rain.

48 % HF, 23»C, 3 sec.

48 # HF, 23*C, 3 sec.

Polycarbonate 6 N, NaOH, 60*C, 1 hr

(Lexan, Milar,
Makrofol)

Cellulose nitrate 3 to 6 N, NaOU, 5O*C, SO min.

(Daicell, LH-115,

CA-r80-15)

Fe

Ca

Ar (100 MeV)

Ne (20 MeV)

Ne (20 MeV)

F (20 MeV)

He (0-3 MeV)

He (0.5 MeV)

CR-39 6 N, NaOH, 7O*C, i-4 hr He (i



Table 3

Properties of the plastic nuclear track etch detectors.

SSNTD(*)

Composition

Density (gm/cc)

Thickness (urn)

Uniformity

Chemical etchant

Surface view

CN

C6H8°9N12

1.33-1.80

100-1000

Poor

NaOH

smooth

fairly

high bkg

PC

C16H14°3

1.20

75-250

good

NaOH

smooth

no bkg

pits

PET

C10H8°4

1.39

100-200

good

NaOH

smooth

no bkg

pits

CR-39

C12H18°7

1.30

500

good

NaOH

smooth

fairly

bkg pits

(*) CN-Cellulose nitrate PC- poly carbonate

PfcJT-Polyethylene Terphthalate

1

to



Table-4

Summary of some Environmental effects

Effect
Polycarbonate Cellulose nitrate

Lexan Makrofol Nixon-Baldwin Daicell

Thermal 1 hr
annealing

Total
fading

fading

•tart
fading

Chemical

185

170

40

200

190

180

add N o, V. increases

add 02, V. increases

add 0., V. and V. increases

138-147

85 130-147

110

add O-/camphor

V./Vb increases

add 0_, V increases

add H g0, Vt and Vb

increases equally

Irradiation

Photochemical

1.3 MeV, 200 Mr ad, gamma,
V b doubled. 1.5 MeV, 25 Mrad

electrons, V. increases

0 3 + UV, NO • UV, Vt increases

HgO2+ UV, N20 + UV

V. decreases
X

1.5 MeV, 16 Mrad
electron, V^ increases.

0g+ UV sensitivity

Increases and can

cause bulk damage.



Method

Table-5

Generally used Automatic scanning system for track counting

Technique Scanning rate
(cm /nin)

track density
(per cm )

Use

Optical Optical scanning

Light scattering

0.002-0.15 103 to 105

104 to 106

Medium track
density

High track
density

Electrical Electrical conduc-
tivity through
membrane

Spark counting with
sealer

10

upto 10

iO2 to 105

High track
density

Low medium
track density

j

Others Surface barrier
detector and
membrane detector

102 to 105 Medium track
density



Table-6

Present status of evolution of radiation dosimetry in different areas of application

Field of interest Dose range of interest (rad)

Personnel dosimetry (external aonitoring) 10 to 10

Clinical dosimetry 10 to 104

—4 i

Radon-thoron 10 to 1

—4 I
Environmental dosimetry 10 to 1

Dosimetry in radiobiology 10 to 10

Dosimetry in radiation chemistry and technology 10 to 10

—2 3Dosimetry in reactor and accelerator environment 10 to 10



Table-7

Integrating devices for personnel and environmental monitoring of radon and daughters

Sampling technique

Radon daughters only

deposition on filter
Pump
power
supply

Radon only high
voliage

Detector
type

TLD
CaFo:Dy
track
etch
cellulose
nitrate
track
etch
LR 115
TLD
LiF

track
etch
cellulose
nitrate

TLD CaSO.4

TLD CaSO.

TLD LiF

Period of
Accumulation

Gas flow
High voltage

(ACTIVE DEVICE}

1 week to
1 month
several weeks
<• 15 h battery

1 week
<̂  18 h battery

1 week
/ 10 h battery

—

<170 h

<170 h

0.1 l/min

0.007 l/min

5.0 l/min.

5.4 l/min

0.1 l/min

2.0 l/min

0.13-0.12 l/min

(PASSIVE DEVICE)

1.. .2 weeks 500 V DC
900 V DC

Detection
Unit

_

3.10~2VLM

e.lO^LM

4. \Q~^m: i

4.10"3¥LM

7. 1CT4WLK

0.1 pCil"1

per week

Application

mining

mining

j

w
mining ®

mining

riiuing

mining

mining
dwellings

mining
dwellings
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Table-7 (contd.)

Sampling technique
Detector Period of

type Accumulation
Gas flow
High voltafe

Detection
Limit Application

diffusion
chamber

batteries TLD
electro- CaFo
static "
deposition

Radon + daughters

bare detector

track etcb
cellulose
nitrate
plastic 2
detector

track etch
cellulose
nitrate

ECE Track
etch ECE
Polycar-
bonate

track etch
plastic g
detector

track etch
cellulose
nitrate

>i week

1 aonth

8-12 months

1-12 months

1 month

8-12 months

1200 V DC 1 pCil"1

per week

••4 pCil"1

per month

18 pCil"1

per month

0,9 pCil"1

per month

0.2 pCil"1

per month

0.2 pCil"1

per month

4.10"

pining
dwellings
exploration

environmental
monitoring

house on
uranium mill
tailings

mining
dwellings

on Uranium
mill tailing

7

00

I

1) separation of different energy group

2) obviously CR-30

3) electrochemical etching technique



Table-8
Comparison of soae neutron dosimeters

Detector Sensitivity bkg advantage disadvantage use

Neutron film

Albedo (TLDs)

c» /wrem

0*2 gaama mrad

•rem(*)

83_tracks

da

5 gamma

mrad(»)

good energy
response
low cost

sensitive

low cost
easy of
automation

fading high
gaama bkg

poor energy
response
substantial
high gamma bkg

fast
neutron

environnental
monitoring

Recoils in poly-
carbonate

50 to 100 tracks 2 to 6 , good energy
(tracks/cm ) response

low gawna bkg

high energy
threshold
(about 1.5 MeV)

use with
albedo

Th-232 and
Np-237 f iss ion

0.02 to 0*2
spark /cm2 /
area each

0,2 sj-ark
1? ~

good response
low gamma bkg

use of toxic
material

Environmental
monitoring

(>*

Recoil in CR-39 10+E03 to
10+E05 „
(tracks/cm )

20 to 50 good energy energy

(track/cm ) response threshold

low gamma bkg 0.2 MeV

use with
albedo

(*} The calibration of the TLD's response is presented in unitsof gamma dose (area) required

to yield the sane light out put as a neutron dose equivalent of 1.0 mreci.
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Energy/Nucleon (MeV)

20 50 100 200 500 2000
Meteoritjc Mineral.

Mica

Cm

0.2 0-4 0 6 0-8

PARTICLE VELOCITY B =v/c

DETECTION THRESHOLDS OF COMMONLY USEO

TRACK DETECTORS FOR CHA/?G£D PARTICLES

OF DIFFERENT ATOMIC NUMBBRS AWD

1.0



ENERGY
MASS

CHARGE
iNinnPhiT
ANGLE

APPLICATION

DETECTOR and
PARTICLE PARAMETERS

TRAC
PARAME ERS

NUMl
LENr

SI
SH/

DAMAGE TRACKS

ENVIRONMENTAL
EFEECTS

TRACK PROCESSED
[CHEMICAL ETCHING
ECE i GRAFTING]

PROCESSING

F\(s%.SCHEME OF THE RESEARCH CIRCLE OF NUCLEAR



ETECTROCHEMICAL
ETCHING

-WAVE FORM
-FREQUENCY

-FIELD STRENGTH

CHEMICAL ETCHING

-SOLUTION
-CONCENTRATION
-TEMPERATURE
-TIME
-STIRRING
-INTERPUTION
-REASON PRODUCT

1 ,

MIXED PROCESSING
TECHNIQUES

GRAFTING

i

-GRAFTING-
PROCESS

-WASHING
-DYEING

OJ

SCHEMATIC DIAGRAM OF PROCESS IN 6r PARAMETERS OF

NUCLEAR TRACK DEFECTORS.
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DETECTOR
PARAMETER

ETCHING ETCH TRACK
PARAMETER PARAMETER

Particle
Parameter

P IRR

Damage
Response

S

Etching
Response

v«yvb

= f(P)

Vb = Bulk Etch Rate
Vt = Track Etch Rate
a = Dipte Angle

z

>

Contour

T = f(V.h.».R)

h=V b t
t = Etching Time
R = Etchable Range

RC* if-SCHEMATIC REPRESENTATION OF THE BASIC RELATIONS

OF THE \RRAD\t\T\Oti , TRACK ETCHM6, AM TRACK

VI5UAL17AT10N PHASES
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MAXIMUM ABSORBED DOSE
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