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Abstract: 

 

A chemical dosimeter is one of the most important methods used to 

measure radiation doses via a chemical reaction caused by the ionizing 

radiation. It is a system that measures the dose rate by chemical changes 

when it is exposed to ionizing radiation .This interaction produces 

changes in the chemical properties of the material that used as dosimeter 

as well as change in color. In all chemical dosimeters radiation induced 

chemical reaction produces new species, which its properties long lived 

enough to determine its quantity or the change in the initial system. This 

study discussed some different types of chemical dosimeters such as 

aqueous, gaseous and solid; the great consideration was given to aqueous 

systems because of their vital role in   many applications. The dose rate of 

gamma cell was measured by using Fricke dosimeter found that dose rate 

about 0.909Gy/sec while the theoretical dose rate was 0.910Gy/sec, 

which confirms the suitability of Fricke dosimeter for this calibration. 
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 الخالصه

يؼخبش انًقيبط انكيًيبئي نهجشػبث االشؼبػيت ٔاحذ يٍ أْى انٕعبئم انًغخخذيت نقيبط انجشػبث 

انكيًيبئي انزي اإلشؼبػيت َْٕٔظبو يقٕو بقيبط انجشػّ االشؼبػيّ ٔرنك ػٍ طشيق انخفبػم 

ْزا انخفبػم يُخج ػُّ حغييش في انخصبئص . يحذثّ اإلشؼبع انًؤيٍ يغ يبدة انًقيبط انكيًيبئي

في كم االَٕاع . انكيًيبئيت نهًبدة انًغخخذيت كًقيبط نهجشػت االشؼبػيت كزنك حغييش في انهٌٕ

د حفبػم كيًيبئي يًب انًخخهفّ يٍ انًقبييظ انكيًيبئيّ نهجشػبث االشؼبػيّ يقٕو االشؼبع ببحذا

يُخج ػُّ أجضاء جذيذِ راث خصبئص يخخهفّ يًكٍ ححذيذ كًيخٓب ػٍ طشيق انخغيش انُبحج في 

حُبٔنج ْزِ انذساعت  بؼض  االَٕاع  انًخخهفت يٍ انًقبييظ  انكيًيبئيت نهجشػبث  .انُظبو

نذٔسْب انحيٕي في   َغبت االشؼبػيت  يثم انًبئيت ٔانغبصيت ٔانصهبت  ببنخشكيض ػهي انُظى انًبئيت

انًشؼغ انقبيي انخببغ نٓيئت )حى قيبط يؼذل انجشػت االشؼبػيت نخهيت قبيب .انؼذيذ يٍ انخطبيقبث

ببعخخذاو يقيبط انفشيكي نهجشػبث االشؼبػيت ٔجذٌ أٌ يؼذل انجشػت  ( انطبقّ انزسيّ انغٕداَيّ

 ..Gy/sec ..0 بيًُب كبَج انجشػت انًحغٕبت َظشيب ،  Gy/sec ..0.0االشؼبػيت حٕاني 

  .يت يقيبط انفشيكي نٓزِ انًؼبيشِءيًبيؤكذ يذي يال
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CHAPTER ONE 

INTRODUCTION 

1.1DOSIMETRY:  

Use of ionizing radiation has become increasingly important in different fields, 

industrial processing applications such as polymer cross linking, polymer degradation, 

polymer grafting vulcanization, curing of coating, scrubbing of gaseous effluents, 

sterilization of medical products, sewage sludge hygienisation, delayed ripening of 

fruits, sprout inhabitation and insect population control. The absorbed doses employed 

in these applications range from 10Gy to more than 100 kGy)
 [8]

.  

Dosimetry plays a vital role in setting of process parameters to meet variety of 

specifications, dose mapping in products, carrying out validation, commissioning 

procedure as well in the day today operation of the plant.     

Measuring response of dosimeter to radiation is generally much easier and quicker to 

measure than any other parameter of the product that had been irradiated. 

Documentation of dose is often required in order to ensure operational safety quality 

control
 [8]

. 

The effects of radiation on the matter depend on the radiation field, as specified by the 

radiation quantities and on the interactions between radiation and matter, as 

characterized by the interaction quantities. Dosimetric quantities are products of 

radiation quantities and interaction coefficients.  Radiation interacts with matter in a 

series of processes in which particle energy is converted and finally deposited in 

matter.  

Measurement of the energy absorbed per unit mass in a medium exposed to ionizing 

radiation necessitates the introduction of a dosimeter into the medium. Dosimeter is a 

device that, when irradiates, exhibits a quantifiable changes in some property of the 

device which can be related to the absorbed does in a given material using appropriate 

analytical instrumentation and techniques. 

 Different types of dosimeters like gaseous ionization chambers, thin films, solids, and 

liquids are used in radiation dosimetry. There is a considerable variation in their size 

and composition. In addition, several wall materials, having varying thickness are use 

to contain the dosimeter 
[8]

.
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1.2 Principle of Dosimetry:   

The dose in a medium is measured by replacing the medium by a dosimeter. 

Normally, dosimeter differs from the medium in both atomic number and density and 

it. Therefore, constitutes a discontinuity, which referred to as activity. The energy 

absorbed in the dosimeter is therefore not the same as that absorbed by the medium. 

Under electronic equilibrium conditions, the dose in the medium can be estimated 

using cavity theory (Bragg Gray) 
[8]

. 

For irradiations using a photo-source, the dosimeter may be considered as activity in 

the material. If the sensitive region of the dosimeter is very thin compared to the range 

of the highest energy secondary electrons, then most of the energy deposited in the 

dosimeter than in the material surrounding it results from secondary electrons 

produced outside the dosimeter (that is,  in the equilibrium layer of material). Thus the 

absorbed dose in the material Dm is given by:  

     
       
       

    

Where            
 
and           are mass collision stopping power for the surrounding 

material and dosimeter, respectively.    ,is absorbed dose in the dosimeter, if the 

sensitive region of the dosimeter has a thickness much greater than the range of the 

highest energy secondary electrons, then most of the energy deposited in it results 

from the secondary electrons produced within the dosimeter itself, thus, the absorbed 

dose in the material is given by: 
[8]

. 

     
         
         

   
 

Where           and          are the mass absorption coefficients of the medium, 

    and the dosimeter material    , respectively. If the sensitive region of the 

dosimeter has a thickness between the two limits, then the above two equations may 

be combined with appropriate weighting factors to reflect the relative contributions of 

each term (Burlin's general Cavity theory). The collision stopping powers and the 

energy absorption coefficients are energy dependent; however, for low atomic number 

materials and for the energy range 0.1to 10 MeV, the ratios of the stopping powers 

and energy absorption coefficients do not vary significantly as a function of energy.  

Although this definition is given strictly for absorbed dose at a point in radiation 

absorbing mater, it is generally averaged over a finite mass of a given material, the 

absorbed dose being read by a dosimeter calibrated in terms of energy imparted per 
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unit mass of a given material. In radiation processing, the reference material in most 

calibration is water. It is important to realize that the dosimeter is intended to give 

measurement of absorbed dose averaged over a small volume. The signal from this 

dosimeter can therefore be a measure of energy absorbed in that volume, which can 

be related to the dose in the product
 [8]

. 

1.3 Dosimetry Systems:  

They are used to measure absorbed dose. They consist of the dosimeters, 

measurement instruments and their associated reference standards, and procedures for 

the system's use. Dosimeters may be divided into four basic classes according to the 

accuracy of the dosimetry systems and areas of applications 
[8]

. 

a)  Primary Standard Dosimeters:  

Primary standard dosimeters are established and maintained by national standards 

laboratories for calibration of radiation environments (field) and other dosimeters. 

These are either ionization chambers or calorimeters. The overall uncertainly at the 

stage is + 1% (at 95% "confident interval")
 [8]

. 

b)  Reference Standard Dosimeters:  

These dosimeters are used to calibrate radiation environments and routine dosimeters. 

Reference standard dosimeters may also be used as routine dosimeters. These are 

chemical dosimetry systems where response is not only to radiation but to other 

influencing factors such as temperature and dose rate. They are classified as type "A" 

and type "B". The type "A" dosimeters for example, Fricke, Ceric, dichromate, 

ethanol-monochlorobemnzene solutions are systems whose radiation chemical 

response is characteristic of a particular chemical composition and this can be 

guaranteed, certainly to within a few percent, provided a good chemical practice is 

followed. Type "B" dosimeters are systems which exhibit high precision but have to 

be calibrated against a standard that is higher in the series. Their radiation response 

cannot be predicted purely on the basic of composition. The overall uncertainly 

associated with reference dosimeters is about + 3%.  

c)  Transfer Standard Dosimeters: 

These are specially selected dosimeters used for transferring absorbed dose 

information from accredited or national standards laboratory to an irradiation facility 

in order to establish traceability for that facility. These dosimeters should be used 
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under conditions that are carefully controlled by the issuing laboratory. Transfer 

standard dosimeters may be selected from either reference standard dosimeters or 

routine dosimeters and shall have performance characteristics such as long shelf life, 

easily calibrated, stable, rugged, portable, board absorbed range, radiation absorption 

properties, similar to those of irradiation product, relatively inexpensive to extremes 

of environmental conditions, correctable systematic errors (e.g. temperature, 

humidity, etc), producible lots, reproducible response and small dimensions compared 

to  distances over which absorbed dose gradients become significant, etc 
[8]

. 

d) - Routine Dosimeters: 

Routine dosimeters are systems whose performance, particularly with respect to 

environmental influencing factors, is not as good as the reference systems, but whose 

ease of use and low cost makes them ideal for day to day monitoring of radiation 

doses during processes. Criteria for selection of routine dosimetry system include 

suitability of the dosimeter for the absorbed dose range of interest and for use with a 

specific product. Stability and reproducibility of the system, ease of system 

calibration, traceability of system calibration to national standards, ability to control 

system response for system uncertainties, such as those caused by temperature and 

humidity, ease and simplicity of use, availability of dosimeters in reasonably large 

quantity, overall initial and operational cost of system including dosimeters readout 

equipment, and labor required for dosimeter readout and interpretation, ruggedness of 

the system resistance to damage during routine handling and use in a processing 

environment, etc…
[8]

.  

These different types of dosimetry systems shown in table (1) 

 

Table1. Various radiation dosimetry standards       

                                          Dosimeters  

Routine Dosimeters (5%)  Reference Standards 

Dosimeters (3%) 

Primary Standards 

Dosimeters (1-2%)  

Plastic  Fricke  Ionization chamber  

Dye plastics  Ceric- Cerous  Calorimeters  

(CTA) films  Dichromate   

Radiochronic dye films TL 

dosimeters  

Ethanol monochlor-obenzene   

 



 8 

 

                                                                                  

           TLD                                                       BOCKET DOSIMETER 

                                                                 

           ALANINE DOSIMETER                                                      PEN DOSIMETER 

 

Figure (1): some types of dosimeters in use                      

1.4 Measurement of absorbed dose or dose rate: 

The reference source is calibrated by means of one of the primary standards (e.g. 

graphite calorimetric or standardized reference methods "Fricke dosimetry") and the 

dosimeter signal is then converted to absorbed dose or dose rate in water by 

computations based on Cavity theory). The reference source used to irradiate the 

routine dosimeter is under identical conditions, and the calibration is usually 

expressed in terms of dose or dose rate in the dosimeter medium. The routine 

dosimeter is then exposed together with the product in the irradiation, facility, 

although the irradiation condition (i.e. energy spectrum and geometry) may be 

markedly different from those of the calibration 
[8]

. 

1.5 Calibration of Dosimetry systems: 

Calibration verification is performed periodically to confirm the continued validity of 

the calibration curve. Routine dosimetry systems can be calibrated by irradiation at 

high dose radiation dosimetry calibration laboratory, an in- house calibration facility 

whose dose rates been demonstrated to be traceable to appropriate national standard 

or irradiation of reference or transfer standard dosimeters with routine dosimeters in 

the production irradiation facility. All possible factors that may affect the response of 

http://www.npl.co.uk/science-+-technology/ionising-radiation/dosimetry/alanine-dosimeters
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dosimeters, including environmental conditions and variations of such conditions 

within a processing facility should be known and taken in to a count.  

For each absorbed dose point, number of dosimeters required to achieve the desired 

confidence level. The number of dosimeters, n, required to estimate the dosimeter 

response at a given absorbed-dose level is based to bracket the true mean response yo, 

100 (1-) % of the time. In order to determine the mean response, yo, within + 5% at a 

95% confidence level, the number of dosimeters required for absorbed dose level is: 

      
     

         
  

Where   is the estimate of the standard deviation of the response distribution within a 

batch of random sample of dosimeters and   is the student's distribution
 [8]

. 

The number of sets of dosimeters required to determine the calibration curve of the 

dosimetry system depends on the absorbed-dose range of utilization. At least five sets 

were used for each factor of ten spans of absorbed dose, or at least four sets if the 

range of utilization is less than a factor of ten. The dosimeters were positioned in the 

calibration curve radiation field in a defined, reproducible location. The variation in 

absorbed dose rate within the volume occupied by the dosimeter should be within + 

1% of the average value.  

When using gamma-ray source or X-ray beam for calibration surround the dosimeter 

with a sufficient amount of material to achieve approximate electron equilibrium 

conditions. The appropriate thickness of such material depends on the energy of the 

radiation.  

For measurement of absorbed dose in water, material that have radiation absorption 

properties essentially equivalent to water used for example 
60

Co source, 5nm of solid 

poly styrene (or equivalent polymeric material) should surround the dosimeter in all 

directions. Temperature and humidity monitored and controlled during calibration 
[8]

.   

1.6 Transit Dose effects: 

Transit dose effect occurs when the timing of a calibration irradiation is not taken in 

to account. The dose received during the movement of the dosimeters in or out of the 

irradiation position. For example, the timer on gamma cell- type irradiation does not 

start until sample chamber reaches the fully down (irradiate) position. Some dose is 

received as the drawer goes down and after the irradiation as the drawer goes up that 

is not accounted for in the timer setting. This transit dose can be significant for low 

doses irradiations and should be determined experimentally and incorporated in a 
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Time of irradiation (min) 

0 

100 

 

022 

022 

022 

100 200 300 

formula for calculating timer setting. For determining transit does, a series of 

incremental irradiation times that started as close to zero selected, with specific 

dosimetry system employed. Five different irradiation times were used. The results 

analyzed using linear regression analysis. A graph of the results looked similar to 

following figure
 [2]

. 

 

 

 

           

           

  

 

 

 

  

 

 

Figure (2): Transit dose effect 

The intercept with Y – axis gives the value of the transit dose. To provide a correction 

factor for all future irradiations, convert the transit dose by the current dose rate. 

Subsequent timer settings can be calculated using the formula: 

   
  

 
    

Where    is the target dose and   is the timer setting required achieving that dose 
[8]

. 

Since the absorbed dose rate,  , due to gamma ray emission by a radioactive nuclide 

source also varies exponential with the decay time  , the dose rate, Dt at a given time, 

t, given by: 

      
    

Where   the dose rate at time (t),   is the dose rate at some earlier time (  =0). The 

timer setting, TS is necessary to deliver the targeted central dose varies inversely with 

the dose rate and source activity, and is given by:  
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Where      is the timer setting necessary to deliver the required target dose at time t, 

      is the timer sitting at some earlier time, t =0 to deliver the same target dose 
[8]

. 

 It is very important to calculate the transit dose, since absorbed dose obtained is 

transit dose plus the actual dose for the rest of the period, the intercept gives a correct 

estimation of the transit dose. 

 

 

 

Study objectives: 

General Objectives 

1-  Enumerate the different applications of some chemical dosimeters. 

2-  Express the vital role of chemical dosimeters in setting many processes and it 

is developing. 

Specific Objectives 

1- Comparing and contrast between types of chemical systems and its 

properties. 

2- Confirming the suitability of using Fricke dosimeter for calibrating and 

measuring the dose rate of gamma cell. 
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CHAPTER TWO: 

LITERATURE REVIEW 

2.1Chemical dosimeters:                     

The first chemical dosimeters were crude systems which changed color on exposure 

to the relatively soft-x-rays then being used medically. Barium platinocyanide was the 

primary chemical ingredient of pastilles, which were developed by several 

investigators. After irradiation, this material was found to change from its normal 

green color to orange, and then to various shades of brown
 [5]

.   

The main difficulty encountered with pastilles was that the color reverted to its 

original green on exposure to light, furthermore, the color standards in the comparator 

charts gradually faded and thereby contributed to in accurate measurements. Most 

important, these systems were highly energy dependent because they used materials 

of high atomic number. Therefore, changes in the spectrum of the x- rays caused large 

variations in doses registered. 

A few years later, other chemical systems were developed, for example, Fruend
[4]

   

utilized the effect of x-rays on various iodine compounds. A mixture of iodoform was 

found to be sensitive to x- irradiation and was employed in dosimetry, but the reaction 

was also produced by heat, light and spontaneous oxidation, and was not proportional 

to dosage
 [5]

.   

Chloroform irradiated with x-rays librates hydrochloric acid in amounts proportional 

to the radiation energy absorbed. Acid formation increased in water saturated 

chloroform solutions, also it was found that irradiation of chloroform solutions by the 

gamma ray of Radium resulted in acid evaluation
 [5, 6]

.   

Numerous chemical systems have been describes which undergo chemical changes on 

exposure to penetrating x- and gamma- radiation, such as the oxidation of ferrous to 

ferric ion compounds and other chemical systems. Nearly all those chemical systems 

have been developed and used by individual working in radiation chemistry.
 [5]

   

Physical methods, employing ionization in gases, have been used almost exclusively 

for determining the dose of the x and gamma radiation utilized in radiation theraby 

and in radiobiological research.  

Because of rapid advancements in electronics, physical methods have dominated the 

field of dosimetry, and chemical systems remained in disuse until quite recently.  
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2.2 Development of chemical dosimetric systems:   

Renewed interest in chemical methods of dosimetry came with the advent of nuclear 

reactions, atomic weapons, and the experimental use of increasingly intense radiation 

sources such as the betatron, telecobalt, and Van de Graaff x-ray generators, and the 

recent emphasis in radiobiological researches on the chemical changes produced in 

cells and tissue fluids by ionizing radiation
 [5]

.  
 

These developments created an urgent need for dosimeters capable of registering 

comparatively large doses of high- energy x-and gamma radiations, delivered to 

tremendously high dose rates up to10
5
r/min. Furthermore, the dosimeters required by 

the armed forces for personnel use must be small, inexpensive, rugged, thermo stable, 

direct-reading, reproducible, and within + 20% limits of error responsive to either 

prompt or residual bomb gamma radiation exposure under rigorous field conditions.  

Considerable advance have been made toward the development of chemical dosimeter 

systems and practical dosimeters which can register these relatively large doses of x-

and gamma radiation. Attention has been redirected to chemical means of dosimetry 

because the trend in dose evaluation is towards the measurement of energy 

absorption. The chemical changes produced in tissue equivalent materials should be in 

many ways preferable to methods employing ionization in gases. The yield in aqueous 

chemical systems, for example, is not greatly influenced by ambient temperature 

changes or wide variations in the energy of the beam (0.1 to 1.2 MeV) and 

furthermore, large integral doses can readily measure with dosimeters of small size.  

The most difficult in chemical dosimetry has been to find stable, reproducible 

systems, which register integral doses of x- and gamma radiation in the range below 

100Rad. The ferrous-ferric sulfate system accepted as the best chemical methods for 

measuring x-ray and gamma rays in kilorontgen doses at dose rates up to 1000 

Rad/min, and meets most of the requirements of ideal system. An alternative method 

with sodium benzoate or benzene has also been developed. It has advantages that the 

initial solutions and the product of irradiation can be kept for longer period without 

spontaneous decomposition. Both these methods are not sufficiently sensitive to 

register gamma-Radiation in the lower part of the dose range that is biologically most 

interesting (0 to 1000r). Furthermore, because of gradual spontaneous oxidation; the 

ferrous- ferric system is not sufficiently stable to permit its instrumentation for long 

term use 
[5]

.   
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The solution of these two mayor problems in chemical dosimetry has been 

accomplished by using systems, which respond to radiation by relatively long-chain 

mechanism and by developing methods to control the length of theses chain reactions 

while preserving adequate sensitivity in the system.  

2.3Classification of dosimetry methods: 

There are three ways in which the dose received from a radiation source may be 

determined:  

 2.3.1Direct:  

In this method the energy absorbed is measured as the heat in to which it is ultimately 

degraded. Since the method itself is elaborate and tedious it is not used in routine 

work but only to calibrate more convenient chemical methods. Calibration is carried 

by measuring the rate of change of temperature with time, in air free water which has 

reached stationary state, i.e., on net chemical range. Then the water is replaced by the 

dosimetric fluid and the chemical changes were measured.  

A suitable correction must be made for heating of the walls of the container by 

electrons which do not enter the solution. This method has the advantage that it can be 

applied to wide range of radiation and is especially useful for very mixed radiation 

such as are obtained from reactors.  

2.3.2 Semi- direct: 

This method does not involve direct measurement of energy but of some physical 

quantity directly related to energy; either the charge-input or the ionization due to the 

radiation.  

2.3.2.1 Charge-input: 

If the number of particles which are completely absorbed is measured then:  

         =  
                            

                                  
 

This method is useful for particle beams from accelerators or for β– particles from 

external Radiation source. There are however many sources of error, such as back 

scatter from cell walls, absorption in the windows, bremsstrahlung current-leakage 

and beam inhomogeneity.  
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2.3.2.2 Ionization: 

The number of ion pair is measured and dose rate = Wx number of ion pairs per unit 

mass or volume where "W = mean energy to create an ion-pair in the substance of 

interest."  

The disadvantages of this method are:  

a) W has to be assumed.  

b) The results for ionization in the gas phase must be related to those in the liquid 

phase, since the ionization of liquids cannot be generally measured.   

2.3.3Indirect:  

Dosimeters of this type involved measurements of some chemical or physical effect 

caused by radiation and therefore all require calibration by a method of type A).  

2.4 Requirements of Ideal Chemical Dosimeters:  

The ideal dosimeter for measuring high-energy x-ray or gamma ray radiation in the 

dose range between 50 and 5000Gry should embody several essential properties and 

have certain conditions characteristics; the first requirement of chemical dosimeter is 

that the amount of chemical change is proportional to the dose and independent of the 

dose rate 
[1]

.   

Thus if G value radiation chemical yield is defined as the number of molecules of 

product formed or reagent destroyed per 100 eV of energy from the ionizing radiation 

         = 
    

 
   unit: mol.J

-1
 

Where      = number of molecules or ions formed or destroyed.  

  = the energy imported to the matter of that system.  

 G- Value should be independent of dose and dose rate.  

It is desirable that G- value should be independent of the temperature of radiation, 

quality of radiation and the presence of air and the chemical impurities. Also the 

chemical changes should be readily measurable. In addition to, the dosimeter should 

be made of biological tissue equivalent materials in respect to its density and radiation 

absorption properties,  should lend itself to standard production method and have 

sufficient stability to give shelf life of at least one year prior to use, thereby permitting 

the manufacture of accurate, highly reproducible dosimeters system. Finally the 

chemical dosimeter should be easy to prepare and use.  
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Not a single dosimeter meets all the above mentioned requirements. However, we can 

always select one which satisfied maximum requirements and has known dependence 

of on the parameters like Liner Energy Transfer (LET), dose rate, temperature, etc.  

2.5 Types of Chemical Systems:  

Determination of radiation induced changes in gases by chemical analysis is 

technically difficult, thus rendering such systems unsuitable for practical chemical 

dosimetry. Solid systems generally are too insensitive to provide direct-reading 

methods of dosimetry of value in radiation biology or radiation thereby, unless the 

changes included in them are detected by complicated electronic amplifying devices.  

Emphasis is being placed on liquid systems for several reasons. They may be prepared 

from reagents which are water-or tissue equivalent in respect to density and radiation 

absorption properties. The radiation induces reaction products are relatively stable and 

can be measured directly by color changes, or indirectly by simple analytical 

procedures. Liquid chemical dosimeters can be prepared in small containers within 

body cavity, in tumor areas, or at positions close to high, intensity sources. Finally, 

aqueous chemical systems absorb radiation of various type and energies by 

mechanisms more like those occurring in body tissues or fluid than do gaseous or 

solid systems 
[3]

. 

2.6 Gaseous chemical dosimeters:  

These are less important than the liquid phase type. The dose rate in a gaseous system 

may be obtained from ionization current measurement and W-values (mean energy to 

create an ion-pair in the substance of interest) or, if an internal particle source is used 

under conditions that the range of the particle is considerably less than the containing 

vessel dimensions, from the product of the disintegration rate and the mean energy per 

particle.  

The most useful gaseous dosimeter is the use of nitrous-oxide; the mechanism of 

which is given by:  

 

   N2O        N+ NO or N2 +O,  

   N + N2O      N2 + No,          

   O + N2O       2NO or N2 + O2  

   2NO + O2           2 NO2 
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G value is independent on temperature in the range -80 C˚ to 200C˚. The extent 

reaction is measured by measuring the amount of NO2 spectrophotometrically. The 

disadvantage of this dosimeter is that back titration becomes important at doses > 10
4
 

Rad 
[1]

. 

2.7 Dosimeters based on solids:  

These all rely on the fact that some intermediate is strapped, or causes some chemical 

change in a solute or in the gel material itself, which may be detected calorimetrically, 

either directly or after subsequent chemical development. Such systems are easy to 

handle and have the possibility of being made three dimensional; furthermore, back 

reactions can only be slow, because of the immobility of the solutes. In order to obtain 

reproducible results such dosimeter must be prepared carefully and highly 

standardized. The optical density-dose relation is linear; these systems have obvious 

potentialities as dosimeters
 [3]

. 

2.8 Liquid aqueous dosimeters:  

 In a dosimeter of this type, solute which present can react stochiometrically with one 

or more of the primary species whilst in sufficiently low concentration so as not to 

influence the rate of energy deposition. To understand the mode of action of aqueous 

dosimeters it is necessary first to consider the nature and distribution of the species. 

These differ somewhat for radiations of high and low linear Energy Transfer (LET).  

Immediately after passage through water of a fast charged particle, those molecules 

closed to the Radiation track are ionized whilst those further away are raised to an 

excited level.  

 

    H2O     H2O
+
 + e

-
+ H2O* 

The H2O
+
 ion reacts with H2O to give OH˚ radicals whilst H2O* may decompose or 

be deactivated, all within 10
12

s
 
. Formerly, it was considered that they reacted rapidly 

to form a hydrogen atom and a hydroxide ion, but it is now known that the electron 

persists up to 10
14

s before reacting in this way. After not less that 10
-11

s the electron 

becomes solvated by the water molecules and in these conditions is usually 

represented by e
-
 aq   

    H2O
+ 

+ H2O             H2O
+
 + OH˚ 

H2O
*
                        H˚ +OH˚ 
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In the period 10
-11

s to 10
-7

s there is competition between combination of radiation to 

give "molecular products" and diffusive escape from the spur or track. The 

recombination reactions H˚+OH˚      H2O, or é + OH˚      OH are omitted because they 

lead to no chemical change in a solute, combination reactions are:     

  

     H˚ + H˚                   H2 

      e- aq + H˚                 H2 + OH ˉ 

               OH˚ + OH˚              H2O2 

Radiation of high LET favors the formation of molecular products over diffusive 

escape and also the intra-track reactions:  

    OH˚ + H2O2          H2O + H2O 

    eˉaq+ H2O2            OHˉ + OH˚ 

Since most of the "molecular products" are produced after the lapse of 10
-7

s the 

radical combination process will not be interfered with by solutes which can react 

with eˉ or OH or both, provided the half-lives of these latter reactions are larger than 

about10
-7

s.           

The G value of the primary species may be treated as being sensibly constant.                    

The time scale of these processes illustrated in table(2)Therefore, we usually write the 

following reactions [in stochiometry equations G "H"] is commonly written for G (eˉ) 

+ G (H) because H and eˉaq are frequently stochiometrically equivalents 
[3]

.   

 

Table2: Events in the radiolysis of aqueous solutions  

Times (s)  Events in the aqueous solutions  

  10
-17

  Ionization and excitation, H2O          H2O
+
 +eˉ + H2O˚ 

  10
-14

 Formation of the hydroxyl Radical; H2O
+
+H2O         H2O

+
 +OH.  

  10
-13

 Dissociation of H2O˚           H + OH 

  10
-11

  Salvation of the electron;   eˉ           eˉaq 

  10
-10

  Relaxation time of the ion-atmosphere of e
-
 aq in an aqueous solution.  

  10
-7

  Combination; (2eˉaq      H2+2OHˉ; eaqˉ+H        H2and 2OH         H2O2). and 

reactions (eˉaq+OH        OHˉand H + OH       H2O). Reactions virtually 

complete in low LET systems.Intra lack reactions (OH+H2O2         H2O+ 

H2O and eˉaq+H2O2         OH+OHˉ). In high LET, systems will also be 

complete in about this time. 
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2.9 Prerequisites of chemical dosimetry:  

Radiolytic reactions are extremely sensitive trace impurities, hence water, glassware`s 

and irradiation cells used for dosimetry must be free from trace of amount of organic 

and inorganic impurities
 [8]

.  

2.9.1 Purification of water:   

Commercially available distilled water contains traces of organic and inorganic 

impurities which have been shown to cause significant variations in the response of 

these systems. Pure water is necessary for reproducible results.  Distilled water is 

purified by redistillation from alkaline permanganate and from sulfuric acid followed 

by a third redistillation and by collection of the condensed steam in to closed pyrex 

glass containers. This procedure gives a supply of water of low conductivity which is 

sufficiently free of all impurities. This pure water is used in the preparation of other 

reagents and for final rinsing of all glass ware. 

2.9.2 Treatment of glasswares and irradiation cells: 

Glass wares and irradiation cells used for dosimetry are generally made from 

borosilicate or silica glass; they are filled with or dipped in 1:1 mixture of 

concentrated sulphuric and nitric acids for 24 hours, then washed successively with 

tap water and distilled water. Then they are filled by distilled water and exposed to a 

dose of approximately 1KGy. Irradiation cells purified in this way are kept filled with 

distilled water or with dosimetric solution, when not in use
 [8]

.   

2.9.3 Treatment of plastic irradiation cells:  

Use of material like Teflon, Perspex, ploy ethylene, ploy styrene and poly propylene 

as container for a chemical dosimeter require a special procedure for cleaning, storage 

and use. The inner walls of the irradiation tube should be inert. I.e. it should not 

liberate any impurities during irradiation or pre and post irradiation storage or 

dosimetric solution. The procedure followed as follows:  

2.9.3.1 Cleaning: Plastic tubes are filled with 10% HNO3 for 24 hours. Then they 

are rinsed with water and then distilled water. To make the tube free from any further 

detachable impurity from the inner wall, the tubes are filled with dosimetric solution 

and exposed to a dose of 40 Gy. 
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 2.9.3.2 Storage: Plastic tubes or Bags are filled with dosimetric solution when not 

in use.  
 

2.9.4 Use of irradiation cells:  

When glass or plastic irradiation cells are to be used for dosimetry, the old dosimetric 

solution in them is discarded. The cells are rinsed at least two times with fresh 

dosimetric solution. They are then filled with the solution, stopper and irradiated 
[8]

.   

2.9.5 Stabilizing Agents:  

All materials should be reagent grade or analytically pure substances, so stated by the 

manufacturer. Further purification is made by fractional redistillation and/or by 

recrystallization. All reagents should be kept in clean, closed, Pyrex containers.The 

reagents which have been found to provide adequate thermal stability and 

simultaneously to render chloroform and/ or teteachloroethylene-dye system for 

example relatively dose-rate and temperature independent
 [5]

.   

 2.10 Definition of G value:  

G value radiation chemical yield is the fundamental quantitative characteristics of 

radiation include reaction in a chemical dosimeter. The reaction chemical yield, G(x) 

of an entity, x, is the quotient of n (X) by , where n (x) is the mean amount of 

substance of that entity produced, destroyed or changed in system by the energy 

imparted, , to the matter of that system, thus :  

  G (X) = n(x) /   Unit: molJ
-1

   

Or it is defined as the number of ions, free radicals, atoms; molecules formed or 

disappeared when the system has absorbed 100 eV of energy from the ionizing 

radiation 
[8]

.  
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CHAPTER THREE: 

MATERIAL AND METHODS 

3. Types of chemical dosimeters: 

3.1 Fricke dosimeter: 

This dosimeter "ferrous- ferric sulfate system", which described by Fricke and Morse 

then developed by Miller 
[5], 

is presently accepted by numerous workers as the best 

chemical method for measuring x and gamma rays, and it meets most of the 

requirements of the ideal system
 [3]

.
   
 

This dosimeter is the best one for high dose rates. It based on the oxidation of ferrous 

to ferric ions in aerated 0.8N H2SO4 and the ferric ion concentration may be measured 

as follow: 

i) By measuring of light absorption at 3050 Ǻ
. 
 

ii) Alternatively the ortho-phenanthroline complex with Fe 
+2

 may be formed and its 

light absorption at 5100 Ǻ measured:  11000 M
-1 

cm
-1

. 

iii) Other techniques involve potentiometric titration, labeling and measurement of the 

light absorption of the Fe SCN
+2 

complexes at 4600 Ǻ.  

3.1.1 Principle:- 

When an air saturated dilute ferrous or ferrous ammonium sulfate in solution in 0.8 N 

H2SO4 is exposed to ionizing radiation, ferrous ions are oxidized to ferric ions in a 

series of quantitative and irreversible reactions 

                                Fe 
2+

               Fe 
3+ 

Concentration of ferric ions gives the measure of absorbed dose. The concentration is 

measured by spectrophotometric analysis means which is generally more convenient 

than chemical titration methods for it is rapid, accurate, and expedient for analysis for 

low ferric concentration and small quantities of solution 
[3]

.   

 3.1.2 Basic reactions: 

                              e- 
aq + H aq                                  H

0                
(3.1) 

In 0.8N H2 So4, this reaction complete in less than 10
-9

 s. In deaerated solution at 

pH<1 and in the absence of organic impurities the only participating reactions are: 

                             H+ Fe 
2+ 

+ H2 O              H2 + OH 
-
 + Fe 

3+
      (3.2) 
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                             OH
0
+ Fe 

2+
                   OH

-
 + Fe 

3+
              (3.3) 

                              H2O2+ Fe
2+

                 OH
0
 + OH

-
 + Fe

3+
     (3.4) 

                              HO2 + Fe
2+

                 HO2
-
 + Fe

3+
               (3.5) 

Hence for time (t) =  

                                G (Fe
3+

) = GH + GOH + 2GH202 + 3GH02, 

                                                      G (H2) = GH2+GH  

G (Fe
3+

)0 = GH + GOH + GHO2  

In practice the half – life reaction (3.4) may be increased by using very dilute solution 

of ferrous sulphate and thus G (Fe+3)0 measured. In an aerated solution (3.2) is 

completely superseded by reaction (3.6) followed by reaction (3.5) 

                                 H + O2            HO2       (3.6)  

Hence: 

                                 G (Fe3+) = 3GH + GOH + 3GOH2 + 2GH2O2  

                                G (H2) = G (H2) 

                                G (Fe3+)0 = GH + GOH + GHO2 

 

3.1.3 Calculation of the absorbed dose: 

Ferric ion has two absorption peaks at 304 nm and 224 nm, the one at 224 nm being 

more intense, the sensitivity of this analytical method can be doubled by measuring 

the optical unit density at 224 nm ferric ion peak. Another advantage of measuring at 

224 nm peak is that the molar linear absorption coefficient increases with rising 

temperature by only 0.13%. However, at this lower wavelength, the absorption due to 

ferrous is not wholly negligible. 

In addition, impurities from plastic container are to be more troublesome at 224 nm. 

Hence 304 nm is used for measurement of Fe
+3 

ion concentration, at temperature 

25
0
C. 

Molar absorption coefficient should be determined by measuring of the optical 

density of solution of different known concentrations of ferric ions. Absorbance of the 

irradiated dosimeters is measured against the unirradiated solution form the standard 

flask. Optical density of the unirradiated reference blanks in the dosimetric tubes is 

also measured against solution in standard flask. Absorbance of the irradiated solution 

is corrected for reference blank reading. The absorbed dose is calculated from the 

following equation 
[8]

. 
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               (3.7) 

Where: 

   = the difference in absorbance (optical density) between the irradiated and 

unirradiated solution. 

  = molar linear absorption coefficient (m
2
 mol

-1
). 

  = optical path length 0.0 1 m 

  = density of solution = 1024 Kg.m
-3

 

     = G (Fe 
+3

) = 1.61 x 10
-6

 moI J
-I
  

Substituting the above values gives: 

Gy
FeG

A
D

)(*1024*01.0* 3





 

= 0.0977 A/G (Fe
3+

)*       at 25C 

3.1.4 Influence of various factors: 

3.1.4.1 Oxygen Supply: 

It is necessary that the Frick dosimeter should have an adequate supply of oxygen 

since; when all the oxygen has been used up, H radical can no longer form H2O 

radical and G (Fe 
+3

) is correspondingly diminished, when oxygen is completely 

exhausted, reaction mechanism change reducing G (Fe 
3+

) to 0.85μ mol J
- 
. 

                                          Fe 
2+

 +H 
0
 + H

+
          Fe 

3+
 + H2  

Here one H atom oxidizes only one ferrous ion to ferric instead of three. Therefore, G 

(Fe 
+3

) = 2 GH202 + GOH 

3.1.4.2 Ferrous ion concentration:  

For concentration of ferrous ion < 10
-4 

mol/liter reaction (3.4) becomes slow in 

relation to irradiation time, so that if the analytical procedures are rapid, the measured 

G (Fe 
+3

) will lie between G (Fe 
+3

)0 and G (Fe 
+3

) . Solutions of these concentrations 

are also inconvenient. In that the entire ferrous ion will be destroyed by a dose of 

7000 Rad 
[3]

.  
 

3.1.4.3 Sulphuric acid concentration: 

The concentration of 0.4M always used: chemically all that is necessary is that the pH 

of the solution shall be less than 1.5 
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0.4 M sulphuric acid solution used because Fricke consider that the electron 

concentration of this medium would approximate to that the living cell. 

3.1.4.4 Purity of reagents and cleanliness of glassware: 

Organic substances, RH, compete with ferrous for OH radicals 

                                OH
0
 + RH               H2O + R

0
 

And the resultant organic radical, R
0
, may either react with O2 to give RO2

0
 which 

oxidizes three ferrous ions, so that G (Fe 
3+

) increases. 

                                   R
0
 + O2               RO2

0
 

                                   e.g. RH = alcohol  

                             RO2
0
 + Fe

2+
             Fe 

3+
 +RO2

-
 

                             POOH + Fe
2+

           Fe
3+

 + RO
0
 +OH

-
 

                             RO
0
 + Fe

2+
               Fe

3+
 +RO

- 
          ROH 

Or reduce Fe
3+

 when G (Fe
3+

) decreases. The former predominates when RH is 

alcohol and the latter when RH is ally thiourea, or styrene. 

A test of organic impurities can be made by adding chloride ion  10
3-

 M (NaCI) 

when the rapid reaction: 

                                          OH
0 

+ CI
-
            OH

-
 + CI

0
 

Occur, since chloride atoms react much more rapidly with Fe
2+

 than RH, any change 

G (Fe
3+

) caused by addition of chloride is indicative of the presence of organic 

impurity. Great care is necessary to ensure that pure water and pure chemicals 

reagents are used in very clean glass containers
 [1]

. 

 3.1.4.5 Effect of Dose rate: 

At dose- rate of about 10
8
 Rad/min radicals from adjacent tract with the solution and 

as consequence G (Fe
3+

) diminishes as the dose-rate is further increased.  

a)-High LET, e.g. Po particle – up to 10
20

 e v I
-1

S
-1

 

b)-Low LET, e.g. X- or gamma- ray- up to 10
26

 e v I 
-1

 S
-1

 

 3.1.4.6 Effect of linear Energy Transfer (LET): 

Form the mechanism of energy loss, it would be expected that no great difference in 

the number of e
-
a q , H

0
 and OH

0 
produced by ionizing particles per 100 e V, as either 

phase or particle is changed. However, as the LET is altered by changing the energy 

or mass of the particle or by changing from water vapor to liquid, also the true G-H20 is 

constant the fraction of e
-
 a q, H

0
 and OH

0
 escaping will vary between limits of 100% 
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and 0% it is equivalent to saying that the molecular product yields increase, tending to 

1/2 GH and GOH decrease to zero it follows that G (Fe
+3

) will decrease as LET 

increase. 

3.1.4.7 Temperature: 

By increasing temperature during irradiation G (F
+3

) increase slightly. The 

temperature at which the spectrophotmetric measurements are done is important as 

the molar absorption coefficient increase by about 0.69% per C for the 304 nm peak. 

For this reason it is important to know the temperature at which the 

spechrophotometric measurements are done. 

 3.2 Ceric Sulphate (Ceric- Cerous) dosimeter: 

This dosimeter makes use of the reduction of ceric sulphate by radiation; this 

dosimeter is standardized against Fricke dosimeter. With great care a precision of = 

1% can be obtained 
[3]

.   

3.2.1 Principle: 

When dilute aerated solution of ceric sulphate in 0.8H H2SO4 is exposed to ionizing 

radiation, ceric ions are reduced to cerous. Decrease in ceric ions concentration is 

measured spectrophtometrically to evaluate the absorbed dose. 

The basic reactions are: 

            H (or HO2) + Ce           H
+
 (or H

+
 + O2) + Ce

3+
        (3.8) 

            H2O2 + Ce
4+

                  H
+
 + HO2 + Ce

+3
                 (3.9) 

            OH       + C e
3+

              OH
-
 + C e

4+
                        (3.10) 

            G (Ce3+)       =   GH + 2GH2O2- GOH
-
                       (3.11) 

The yield of Ce is independent of oxygen since H and H2O both reduce ceric ions, the 

stoichiometry equations indicates that G (Ce) is largely determined by the magnitude 

of 4 GH202  -2GH2 and  therefore: 

a. Strongly dependent on LET 

b. Small and consequently very useful for measurement of high dose-rate. 

 3.2.2 Calculation of absorbed dose: 

When the dosimeter sued for calibration purpose, the decrease in ion concentration is 

measured spectrophotometry. As the starting Ce
+4

 ions concentration is high, both 
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unirradiated and irradiated solution have to be diluted to obey Beer- Lambert`s law. 

Ceric ions have an absorption maximum at 320 nm. The molar linear absorption 

coefficient  (Ce
+4

) is 561m
2
mol

-1
at 25C

0
. ε (Ce

+3
) at this wavelength is only 0.27m

2 

mol
-1

 .so interference due to Cerous ions can be neglected. 

The absorbed dose is then calculated as follows
 [8]

: 

                          
  

            
           (3.12) 

Where: 

   = change in absorbance. 

         = radiation chemical yield of cerous ions = 0.25moI J
-1

  

  = molar linear absorption coefficient of C e
+4

 ions (561m
2
mol

-1 

  = density of the dosimetric solution, Kg.m
-3 

  = pathlength of the dosimetric solution within the spectrophotometric cell 

3.2.3 Influence of various factors: 

This system influenced by the same and specific factors which the response of Fricke 

system, with following exceptions (a) oxygen content dose not effects the yield; (b) 

dose rate effects are minimal; (c) trace amounts of organic impurities produced very 

erratic yields; and (d) the system has definite spectral dependence at energies below 

100kv
[3]

  .   

3.3 Other systems:  

 3.3.1Aromatic solutes:  

Many aromatic compounds such as benzene and benzoic acid undergo hydroxylation 

on irradiation in aqueous solution and the amount of product formed can be related to 

the dose. For calcium benzoate in water the product is salicylic acid, the concentration 

of which can be measured by its fluorescence at 4000 Ǻ excited by 29000A˚ 
[1]

.   

The advantage of these dosimeters is that the solution needed not to be acidic. The 

disadvantages include:  

a)  G (PhOH) is low; being of the order of 1.6 

b)  Products other than phenol are produced.  

c)  G (PhOH) shows fairly marked dependences on (PhH), LET and dose rate.  

d)  The system is too inadequately calibrated to be of great use.  
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3.3.2 Chlorinated hydrocarbon solutes:  

These systems (two-phase) have better thermal stability and higher radiation 

sensitivity; these features permit the preparation of stable dosimeters capable of 

registering gamma ray exposures covering a broad range (1.0 to10
6
Rad). The 

chemical reactions are complex, often involving chain reactions consequently. The G-

values are high so that they can be used to measure low doses, but they are very 

sensitive to impurities. It has been claimed that the aqueous tetrachloroethylene 

system can be used to measure doses in the range 0.5 to 3.0 Rad with 20% precision
 

[3]
. 

 3.3.3 Potential Liquid dosimeters:  

Generally, there are many liquids which on irradiation generate intermediate radicals 

and excited molecules which can be reacting with solutes having strong absorption 

spectra. These solutions should show indirect action and might yield useful dosimeter 

after proper calibration.  

Iodine can be regarded as a suitable solute in that; its concentration may be measured 

spectrophotometrically, but in aromatic solvents back reaction occurs which limit its 

use
 [1]

. 

Also Diphenyl picryl hydrazyl (DPPH) considered as a suitable solute, since it has a 

high excitation coefficient and G (-DPH) is independent of (DPPH) Radical. Over 

considerable range, however, the mechanism is complex and G is very dependent on 

the solvent, being 0.76 in benzene and high as 35 in chloroform.  

Some inorganic solutes which might be used are (CuCl2) in NN- dimethyl form amide 

[3]
. 

3.3.4 Polymer gel dosimeters: 

Polymer gel dosimeters are fabricated from radiation sensitive chemicals which, upon 

irradiation, polymerize as a function of the absorbed radiation dose. These gel 

dosimeters, with the capacity to uniquely record the radiation dose distribution in 

three-dimensions (3D) have specific advantages when compared to one-dimensional 

dosimeters, such as ion chambers, and two-dimensional dosimeters, such as film. 

These advantages are particularly significant in dosimetry situations where steep dose 

gradients exist such as in intensity modulated radiation therapy (IMRT) and 

stereotactic radiosurgery. Polymer gel dosimeters also have specific advantages for 

brachytherapy dosimetry. Potential dosimetry applications include those for low-
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energy x-rays, high linear energy transfer (LET) and proton therapy, radionuclide and 

boron capture neutron therapy dosimetries. These three-dimension (3D) dosimeters 

are radiologically soft-tissue equivalent with properties that may be modified 

depending on the application. The 3D radiation dose distribution in polymer gel 

dosimeters may be imaged using magnetic resonance imaging (MRI), optical-

computerized tomography (optical-CT), x-ray CT or ultrasound. The fundamental 

science underpinning polymer gel dosimetry is reviewed along with the various 

evaluation techniques. Clinical dosimetry applications of polymer gel dosimetry are 

also presented
 [1]

. 

3.3.5 Alanine/electron paramagnetic resonance dosimetry system: 

Alanine, one of the amino acids, pressed in the form of rods or pellets with an inert 

binding material, is typically used for high dose dosimetry.  Dosimeter can be used at 

a level of about 10 Gy or more with sufficient precision for radiotherapy dosimetry. 

The radiation interaction results in the formation of Alanine radicals, the 

concentration of which can be measured using an electron paramagnetic resonance 

(known also as electron spin resonance) spectrometer. The intensity is measured as 

the peak to peak height of the central line in the spectrum. The readout is non-

destructive. Alanine is tissue equivalent and requires no energy correction within the 

quality range of typical therapeutic beams. It exhibits very little fading for many 

months after irradiation. The response depends on environmental conditions during 

irradiation (temperature) and storage (humidity).At present, Alanine’s potential 

application for radiotherapy dosimetry in hospitals 
[2]

. 
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CHAPTER FOUR 

EXPERIMENTAL METHOD 

4.1 Fricke dosimeter: 

To calibrate the gamma chamber of the Gammacell 220Excel of (SAEC) the Fricke 

dosimeter was used. The principle of Fricke dosimeter is when an aerated dilute 

ferrous sulphate solution of 0.8 N H2SO4 is exposed to ionizing radiation, ferrous ions 

oxidized to ferric ions. 

                       Fe
2+

                    Fe
3+

 

The absorbed dose is derived, by measuring the concentration of the ferric ions in the 

solution spectrophotometrically after irradiation. The dose range can be used in 

calibration from 40 to 400 Gray. 

 Apparatus can be used for Fricke are: an ultraviolet spectrophotometer, quartz cavetti 

with 10mm path length, standard 500 ml volumetric flask, 10ml graduated pipette, 

spatula, 5ml breakers two, 5ml irradiation tubes made of polypropylene, 0-50c range 

thermometer, microbalance and a gamma chamber.  

Chemicals used: Ferrous Ammonium Sulphate, Sodium Chloride, and Sulphuric Acid 

(Analar grade) 

4.1.1 Preparation of Dosimetric solution: 

500 ml of Fricke Dosimeter prepared by taking 200ml-distilled water in the flask. 

Pipette out 11.2ml of 36N H2SO4 in the standard flask. 0.19608g of ferrous 

ammonium sulfate has been weighed and transferred to the flask.0.0146g of Sodium 

chloride weighed and transferred to the flask; the solution was made up with distilled 

water. 

4.1.2 Preparations of dosimeters: 

The tubes were rinsed three times with the dosimetric solution before filling them for 

irradiation. When using a gamma source for irradiation the dosimetric should be 

surrounded with 5mm thick perspex build up material to achieve electron equilibrium 

conditions. 
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4.1.3 Irradiation and measurement procedure: 

Dosimeters were irradiated using gamma chamber at central position. For 

measurement spectrophotometer wavelength has been set at 304nm, clean cells have 

been filled with un-irradiated dosimetric solution. Cells have been placed in the 

sample holder and reference holder. The spectrophotometer is adjusted at zero and 

100% transmission. Once the spectrophotometer set to zero absorbance, the un-

irradiated and irradiated solutions can be measured 
[9]

.  

 The temperature in the cell compartment should be kept constant because the optical 

density (absorbance) changes with temperature. (The change in absorbance is 0.7% 

per degree centigrade)
 [9]

.  

Three containers were used. 20 ampoules rinsed 3 times with the dosimetric solution 

and then filled. The irradiation times used for the group were, 60, 90, 120, 150, 180 

and 210 sec.  

* For each irradiated ampoule absorbance was determined. 

* Blank absorbance was subtracted from the irradiated one.  

* Excel software was used to draw the calibration curve.  

* Absorbed dose on the Fricke is calculated. 

* Absorbed dose on water is calculated. 

All irradiations were done in radiation processing Lab/ Sudan Atomic Energy 

Commission (SAEC) as illustrated in figure (3), using Gammacell 220 Excel 

irradiator. This irradiator contains a Co-60 source, which has initial activity of 

10038Ci; however, because of the natural decay of cobalt the actual activity now is 

4286Ci. 
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                         Gammacell 220 Excel Irradiator 

 

 
                  

                             UV-2401PC Spectrophotometer 

 

Figure (3): Sudan Atomic Energy Commission (SAEC) radiation processing lab.  
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CHAPTER FIVE 

RESULTS AND DISCUSSION 

 
Table (3) shows absorbance at various irradiation times (60-210 seconds), calculated 

dose in water and dose rates. The uncertainty of the reference dosimeter is 1.34% it is 

clearly observed that the absorbance increases with time of irradiation. This result is 

clearly shown in figure (4). 

Table (3): Results of Fricke dosimeter measurements 

 

Time 

(Sec) 

Absorbance Diff.Abs

orbance 

Average 

in 

Diff.Abso

rbance 

Calculated 

dose in water 

Gy/sec 

Calculated dose per 

sec 

(Gy/sec) 

60 

60 

60 

0.206 0.208 

0.205 

0.204 

 

0.206 

 

 

 

 

 

 

 

 

0.909 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.910 

 

90 

90 

90 

0.303 0.304 

0.303 

0.303 

 

0.303 

120 

120 

120 

0.397 0.396 

0.398 

0.397 

 

0.388 

150 

150 

150 

0.488 0.485 

0.491 

0.490 

 

0.489 

180 

180 

180 

0.591 0.588 

0.597 

0.589 

 

0.591 

210 

210 

210 

0.686 0.688 

0.683 

0.688 

 

0.686 

 

The value of the blank was found to be 0.135  

Transit dose = 4.0645 

From table (3) it was found that the dose rate from the Gammacell 220 Excel of the 

SAEC is 0.909 Gy/sec. Using equation (3.7), dose in water had been calculated, 

which has, the value of 0.910 Gy/sec. 
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The comparison between the dose measurement by the calculation from the following 

equation and the dose measured in this work is in good agreement; this would confirm 

the suitability of the Fricke dosimeter. 

Since the absorbed dose rate,   due to gamma ray emission by Co-60 source also 

varies exponential with the decay time  , the dose rate, Dt at a given time( t) given by: 

      
    

Where   the dose rate at time (t),    is the dose rate at some earlier time (  =0).  

 

Fig (4): Calibration curve of Gammacell220 E by using Fricke dosimeter 

 

 
 

 

 

 

 

                                                                              

The linear relation between the absorbance and the time of irradiation (Dose) for 

Fricke dosimeter equation is determined by the following equation: 

Absorbance = 0.003(time) + 0.014   

The fitting shows excellent correlation coefficient (R
2
) of 0.999. 

This implies the strength of a linear relationship between absorbance and irradiation 

time. 
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 Table (4): average and standard deviation of measurements 

 

210 180 150 120 90 60 

Irradiati
on Time 
Sec 

0.688 

0.683 

0.688 

0.588 0.485 0.396 0.304 0.208  
0.597 0.491 0.398 0.303 0.205  
0.589 0.49 0.397 0.303 0.204  

       
0.686 
0.003 

 

0.591 0.489 0.397 0.303 0.206 Average 

0.005 0.003 0.001 0.001 0.002 Std 
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CONCLUDING AND REMARKS: 

Based on this review on evaluations of properties and review applications of some 

chemical dosimeters, one can draw the following concluding remarks: 

1-Chemical dosimeters are still under developing, but aqueous chemical dosimeters 

are preferable because:  

1. They can be prepared in small containers within body cavities which permits 

the actual measurement of radiation dose.  

2. They are more convenient in radiation therapy.  

3. They can be prepared from reagents which are water or tissue equivalents in 

respect to density and radiation absorption properties.  

4. The radiation induced reaction products are relatively stable and can be 

measured directly by color change or indirectly by simple analytical 

procedures.   

2- The Fricke dosimeters can be used as a reference standard dosimeter for many 

reasons: 

1. They provide reliable means for an absolute measurement of absorbed dose in 

water, it does not require calibration. 

2. They are relatively easy to prepare without special facilities. 

3. They are tissue equivalent over a very large photon energy range.  

4. They are readily probed by optical techniques very soon after irradiation. 

5. It was found that the range for Fricke is from 40 to 400 Gy, so that other 

chemical dosimeters are needed for wide ranges. 

 

 

 

 

 

  

 

 

 

 



 36 

REFERENCES: 

1- Adamovics J and Maryanski M J Characterisation of PRESAGE: anew 3-D 

radiochromic solid polymer dosemeter for ionising radiation Radiat. Prot. 

Dosim. 120 107–12 (2006) 

2-  ATTIX, F.H., Introduction to Radiological Physics and Radiation Dosimetry, 

Wiley, New York (1986). 

3- F.S Dainton: Chemical Dosimetry- Radiation Dosimetery (G.W. Reed, ed), 

Academic press, New York London (1964).  

4- Freund, L.: Wien Klin. Wochschr. 17, 412 (1904).    

5- Gordan L.B and Gerald J.H.: Radiation Dosimetry, Boston, Massachusetts 

(1956).  

6- Gunther, P., Von der H orst, H.D., and Cronheim, C.F., Z., Elektrochem (The 

influence of Rontgen rays upon chloroform and similar compounds) 34, 616 

(1928).  

7- Miller, N., J (G (Fe3+) yield of the Fricke-Miller ferrosulphate dosimeter) 

Chem. Phys. 18, 79 (1950).  

8- P.G Benny: Radiation Dosimetry, Radiation Technology Development 

Sections, Bhabha Atomic Research Centre, Trombay, Mumbai (India).  

9- Sehested-K. The Fricke Dosimeter. Manual on Radoation Dosimetry, edited 

by Holm, and R.J.Marcel Dekker. (1970) 

 

 

 

 

 

 

 


	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5l.pdf

