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HUMIDITY EFFECTS ON HYDROPHILIC FILM DOSIMETER SYSTEMS

ABSTRACT

At dose-rates typical for Co-gamma irradiation sources the

radiation response of hexahydroxyethyl pararosanilin cyanide/50 |im

nylon radiachromic films is dependent upon dose-rate as wall as

upon the moisture content of the film. Under equilibrium moisture

conditions, the response measured at 606 nm 24 hours after end of

irradiation shows its highest dose-rate dependence at about 32 % r.h.

_1
A decrease in dose-rate from 2.8 to 0.039 Gy.s results in a decrease

in response by 17 %. At higher humidities, the sensitivity of the

film as well as the rate dependence decreases and at 86 % r.h. no

discernible dose-rate effect could be found. At nominal 0 % r.h.

a second absorption band at 412 nm appears which is converted com-

pletely to an additional 606 nm absorption by exposure to a humid

atmosphere. After that procedure the resultant response is somewhat

lower but shows almost the same dose-rate dependence as at 32 % r.h.

Preliminary results concerning the influence of humidity on the

response of Blue Cellophane are given, too.

INIS-Fachbereich; B14

INIS-Deskriptoren; GAMMA DOSIMETER RADIOCHROMIC DYE / DOSE-RATE

DEPENDENCE/HUMIDITY EFFECTS / BLUE CELLOPHANE/
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1. Introduction

In radiation processing applications several plastic or dyed plastic

films are commonly usad as routine dosimeters for determining ab-

sorbed doses of about 10 to 300 kGy. Advantages of using these

relatively simple plastic dosimeters are their inexpensiveness,

ruggedness and ease of handling. They are commercially available

in large batches for routine use.

Their main disadvantages are described as poor reproducibility;

variation of response with dose-rata and environmental factors,

respectively; batch-to-batch variations; anomalies in thickness

or the distribution of dyes (1).

Blue Cellophane- and CTA-films are typical representatives of such

routine dosimeters.

The CTA-film dosimeter, which contains 15 % triphenylphosphate (TPP),

is commercially available since 1974 from Societe NUMELEC, France.

It is reported to have excellent sensitivity and linearity between

dose and optical density when the measurements are performed at

280 nm (2,3). No dose-rate effect is observed with accelerated

electrons (3,4), but with Co gamma rays Puig et al. (3) found a

dose-rate dependence which was not observed by others (4). To the

contrary Puig et al. (3) didn't find a change in optical density

at 280 nm with time after irradiation, what was reported by K.Watsuda

and S.Nagai (5) who also recorded an oxygen effect. Particulars

concerning environmental effects are very scarce (4).

Blue Cellophane was already used in 1956 as dosimeter (6) and this

system belongs to one of the most widely used film dosimeters. This

is somewhat surprising because at the very first it was found
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unpracise (?) and many divergent results wera reported, especially

concerning the influence of dose-rate and oxygen, respectively. In

most cases a dose-rate (1,6,8,9) and an oxygen effect (9,10) was

detected but some authors couldn't find any rate effect (11,12) or

oxygen effect (13). Tha influence of humidity is sometimes mentioned

(7,14) but no detailed investigations have been performed.

There is no doubt that the informations about Blue Cellophane are

somewhat confusing and this might be a reason that the system was

less used during the last years. Add to that DuPont, a well known

manufacturer of a blue cellophane has ceased the production and it

was difficult in the past to get blue cellophane. Now blue cello-

phane is available from Tokyo Cellophane Co. but, unfortunately,

the dyes used and the thicknesses of the products of the two

companies are different. Maybe that the American Viscous Corp. is

a further supplier for blue cellophane, but I have no reliable

informations at the moment.

To sum up it can be said now that the investigations performed with

these two systems are not sufficient to express a considered opinion

about their qualification. Most of the results given are'" not con-

sistent and concerning the influence of environmental factors which

is to be expected of fundamental importance for such hydrophilic

materials like cellophane, there is a lack of informations at all.

By the way, if we look at the programme of this meeting we find

that in more than 50 % of the sessions the influence of environmental

factors will be discussed. That shows that we are agreed that the

knowledge of the influence of the environmental factors is very

important for a proper use of a dosimeter system.
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The great influence of humidity can be demonstrated very well with

the results we obtained with another hydrophilic dosimeter system,

that is the nylon based radiachromic dye system FUT-60.

This system which is commercially available is -well known and

perhaps on Thursday further results will be given by A.Miller and

U.Mclaughlin, respectively.

The aim of our work was to determine dose-rate and humidity effects

on the gamma radiation response of this system.

2. The radiachromic Dye System FUT-60

2.1. Experimental Procedure

The films we used were supplied in pieces of 1 cm x 1 cm, having

a thickness of 50 [im and were preselected by the manufacturer to

give "sensitivity indices". These indices have been checked under

controlled humidity conditions and deviations of up to ± 3.5 % have

been found. Therefore, the indices of all batches have been re-

determined.

Prior to irradiation, all samples have been conditioned carefully

with respect to their moisture content. First they were stored at

least 10 days over P„0(. to reduce the original indefinite water
£, 3

content to near zero. The dried films then were conditioned at 20 C

in atmospheres of exactly known relative humidities controlled by

thermostated saturated salt solutions. Temperature and humidity

were checked permanently. Water absorption curves of the dried films

have been determined and according to these results a minimum
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storage time of 5 days was chosen to ensure the establishment of

water absorption equilibrium. Relative humidities of 0, 9, 32, 45,

66 and 86 % have been used. At humidities higher than about 90 %

the films became irreversibly turbid and the colour development

decreased to an indefinite level.

To maintain the radiachromic films in electronic equilibrium during

irradiation, packages were prepared by stacking 5 films, each

separated by 15 Urn polyester foils, between 4 mm nylon front and

back platelets. The polyester films as well as the nylon pieces

have been preconditioned previously analogous to the radiachromic

film. Each stack finally was wrapped several times with 7 |im aluminium

foil to protect the packages from daylight and to prevent moisture

transport to and from the dosimeters during irradiation. The use of

the polyester separator foils has been found absolutely necessary

because the unseparated radiachromic foils especially at high moisture

contents tend to stick together; at the points of contact the radiation

response is much lower than in the residual film.

During irradiation all samples have been thermostated to 3D C.

2.2. Results and discussion

Fig. 1 shows the absorbance vs dose relationship for films preconditioned

and stored after irradiation at 32 % r.h. The deviation from linearity

is in good agreement with literature data (15), which, however,

usually do not state the corresponding humidity conditions. At the

same time, a dose-rate dependence is clearly visible, in contradiction

to the literature.

Analogous investigations have been performed at the humidities already

mentioned before. In order to obtain a more clearly arranged pre-

sentation the results have been condensed by summarizing only the
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response values at 20 kGy in a plot common for all humidities (Fig.2).

As may be seen from these datas there is a distinct dose-rate effect

at all but the two extreme humidities. The highest dose-rate effect

has been found at 32 % r.h."For a tenfold decrease in dose-rate the

response decreases by 12 % (when going from 2.8 to 0.28 Gy/s) resp.

by 4.5 % (when going from 0.39 to 0.039 Gy/s). These effects are

clearly outside the experimental error.

With increasing moisture content of the foils the dose-rate effect

decreases slowly and at a moisture corresponding to 86 % r.h. it

becomes virtually zero.

At nominal zero percent humidity, contrary to all other cases the

low dose-rate response is somewhat higher than the high dose-rate

one. However, if these samples are exposed to humid air after

irradiation a dose-rate effect results which points into the usual

direction and whose magnitude is very close to that found for 32 % r.h.

As may be seen further the response values are dependent upon the

humidity conditions during preconditioning and postirradiation

storage. For all cases where the foils have been preconditioned and

storad (for 24 hours) at identical humidities curves result with flat

maxima at about 10 to 20 % r.h. (depending upon the dose-rate). The

maximum values decrease by about 25 % (for a dose-rate of 0.28 "Gy/s)

to 35 % (for 2.8 Gy/s) when increasing the humidity to the extreme

value of 86 % r.h. A similar but slightly smaller decrease occurs

when decreasing the humidity to nominal 0 %.

In the course of the experiments it has been noticed that samples

conditioned and stored at 0 % r.h. show a somewhat different colour

than the other ones, and by subsequent scanning over the whole

absorption spectrum a peak at 412 nm has been found. This was
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somewhat surprising because McLaughlin et al. who made first mention

of this absorption band just recently (16) found that it decays to

the 606 nm peak with a half-life of about 1.3 seconds. No 'traces of

that peak should have left-over after 24 hours. The obvious explan-

ation is that the decay of that peak is highly dependent upon the

moisture content of the sample and some investigations with this

respect have been made therefore.

First of all, the formation of the 412 nm peak has been measured

immediately after irradiation, at different humidities and (partly)

different dose-rates. A constant dose of 20 kGy has been chosen

for all measurements. To avoid any post-irradiation effects, the

humidity inside the sample eel] of the spectrophotometer was kept

at the same level as during preconditioning. These measurements

have demonstrated that the 412 nm peak is, indeed, highly dependent

upon humidity. Furthermore, it is also a function of dose-rate. At

2.8 Gy/s and 0 % r.h. the response at 412 nm is as high as 20 % of

the 606 nm peak.' At 9 % r.h. this ratio drops to about 4 % and at

32 % r.h. even to about 1 %. At higher humidities the 412 nm peak

is not longer measurable. Lowering the dose-rate to 0.28 Gy/s reduces

the response at 0 % r.h. by a factor of about two.

Additionally, the decay of the 412 nm absorption and the corresponding

increase in 606 nm absorption during different after-treatments have

been measured at a dose-rate of 2.8 Gy/s. Dry films stored after

irradiation again in nominal 0 % r.h. air (i.e. over P^Cv) remain
£ o

relatively stable. The 412 nm peak decreases by about 20 % over

24 hours, the 606 nm peak correspondingly increases by about 5 %.

If dry films are exposed after irradiation to humid air, the changes
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are more rapid, the rate increasing with increasing humidity. In

all cases, after 24 h the 412 nm peak has disappeared completely

and a stable 606 nm peak has reached about 25 % higher than original.

This is in excellent agreement with earlier findings. Samples

conditioned and stored at 9 or 32 % r.h. need only a few hours to •

convert all their 412 nm absorption to 606 nm; at 86 % r.h. the

conversion is already as rapid that it has been completed before

the first measurement.

The above findings confirm that a 24 h post-irradiation storage

time is sufficient in all meaningful cases to obtain a stable

colouration. On the other hand, they suggest that during irradiation

originally only the species responsible for the 412 nm absorption

is formed. At high moisture content inside the film, this species

is immediately converted to the final dye. At moistures in equili-

brium with humidities lower than about 32 % an increasing fraction

remains unreacted at end of irradiation. At nominal zero humidity

this fraction is highest.

Concerning the mechanisms underlying the effects found certain

conclusions may be drawn. Water obviously has at least a dual effect.

First of all, it is necessary to promote the conversion of the 412 nm

intermediate into the final dye absorbing at 606 nm. Besides that

there remains an additional effect of water already upon the formation

of the 412 nm species. Most probably this is due to changes of the

physical structure of the host material with changing moisture content,

which in turn lead to changes of all rate and diffusion constants

which enter into the final result (17).
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We think now that the characteristics of all dosimeter systems

based on hydrophilic materials are highly dependent on their

moisture content. The preliminary results obtained with blue cello-

phane seems to support our opinion (Fig.3). It is evident that the

slope of the curves obtained are humidity dependent.

At the moment I am not able to present further results because

these experiments are very time consuming taking in consideration

the preconditioning procedure and the long irradiation times

according to the wide usable dose range of this system.
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Fig. 1 Absorbancs at 606 nm versus dose of 50 u.m FUT-60 films at

different rfose-rates. (O2.8 Gy/s; •O.aB Gy/s; • 0.39 Gy/s;

D 0.04 Gy/s). Tha films were preconditioned and stored

24 hours after irradiation at 32 % r.h.

Fig. 2 Influence of the relative humidity during preconditioning

and post-irradiation storage on the 20 kGy-response at

606 nm of 50 (am FtuT-60 films at different dose-rates

(O, $ 2.8 Gy/s; • , ft 0.28 Gy/s; D 0.04 Gy/s). The two

broken curves (0,jtf) correspond to a post-irradiation

treatment of increased humidity.

Fig. 3 Transmission at 658 nm versus dose of 25 |J,m Blue Cellophane

films preconditioned at different relative humidity.

(Dose-rate 2.8 Gy/s; irradiation temperature 25 C).
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