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Abstract
Three different dosimetry systems were prepared based on diphenyl thiocarbazone (DTH) dye: polymer films made with, 
poly(vinyl alcohol), DTH liquid dosimeter and DTH gel dosimeter. All the systems received several gamma doses. The three 
systems were analyzing by UV–Vis spectrophotometery before and after irradiation. The effective dose range in the linear 
part of these systems is between 1–10 kGy, 0.3–2 kGy, and 50–200 Gy. The dose range of these three dosimeters relies on 
the concentration of DTH. The radiation chemical yield (G-value) was determined for the three prepared dosimeters, and all 
three radiation dosimeters were examined before and after irradiation.

Keywords Gamma-irradiation · Gel dosimeter · Diphenyl thiocarbazone · Dye · Liquid dosimeter · And Film dosimeter

Introduction

Applications of ionizing radiation are numerous in the scien-
tific, medical, and industrial sectors [1]. Gamma irradiation 
monitoring is also essential in irradiation facilities and a 
variety of other applications [2]. The science of dosimetry is 
the measurement of doses [3]. When the change in the mate-
rial produced and subjected to gamma rays is discernible, 
regular, quantifiable, and stable over time, dosimeters are 
used [4]. During the duration of the period, numerous types 
of dosimeters are utilized for a variety of purposes, includ-
ing dyed polymeric thin plastic film dosimeters, which have 
been widely applied [5–11]. Liquid dosimeters [12–18], 
gel dosimeters [19–22] and EPR dosimeters [23–25]. Upon 
exposure to irradiation, the physical and chemical properties 
of the polymers change in the case of films, accordingly due 
to induced cross-links, chain detachments and formation of 
new chemical bonds [26]. Previous researches have primar-
ily focused on the effect of radiation on the liquid which 
causes the formation of temporary active species such as 
free radicals, free ions and excited molecules, which can 
then be monitored by using optical spectrum, electron spin 

resonance spectra, conductivity detection or some other 
suitable techniques [13]. In addition to, color bleaching of 
organic dyes induced by γ-rays has been disscussed and 
applied [22, 27], that Color bleaching might be investigated 
in phrases of  H.  and.OH radical’s interaction with the dyes 
in aqueous solutions [28].

The existing work aimed to prepare, investigate current 
dosimetry systems of Diphenyl thiocarbazone as films, liq-
uid and gel dosimetry systems and research the spectropho-
tometric response of the three dosimeters irradiated with 
gamma rays. The dose–response function, radiation sensi-
tivity, and dependences of the response to environmental 
factors have been studied.

Experimental procedures

Preparation of diphenyl thiocarbazone dosimetry 
systems

Preparation of stock solution of diphenyl thiocarbazone 
(DTH)

The stock solution of DTH dye was first prepared by dis-
solving 0.08 g (DTH) in 50 mL ethanol (6.24 ×  10–3 Molar). 
The liquid was once stirred at room temperature for 24 h to 
obtain a complete dissolution of all dye.
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Preparation of DTH/PVA film dosimeter

DTH/PVA films had been prepared by dissolving 5 g of 
poly(vinyl alcohol) PVA(fully hydrolyzed 99–100% aver-
age) common molecular weight 125,000 daltons (product 
of Wacker Co., USA), in a 100 mL of double-distilled 
water at approximately 60 °C [5]. The stock solution of 
the polymer was stirred at this temperature for about 24 h 
and left to cool. Then, it was divided into eight groups, 
with 13  mL each of PVA solution and 1.25, 1.8, and 
2.5 mL of dye stock solution was added and stirred for 
approximately three hours at room temperature to acquire 
a uniformly dyed solution. Moreover, DTH (from Sigma 
Aldrich, USA) has the molecular weight 256.33 g/mol was 
used to prepare three different concentrations (1.5 ×  10–4, 
2.2 ×  10–4, and 3.12 ×  10–4  mmolL−1 equivalent to 0.31, 
0.46, and 0.62 phr, where phr* = part per hundred parts 
of resin). The dyed polymer solution was once stirred, 
put in a Petry dish and left to dry at room temperature 
for approximately forty eight hours. The film thickness 
measured using a Digitrix-Mark II thickness gauge (pre-
cision ± 1 µm, 1σ), its thickness was 0.039 ± 0.005 mm.

Preparation of (DTH‑liquid) dosimeter

Three specific concentrations of the dye (0.1498, 0.225, and 
0.281  mmolL−1) were prepared by adding (1.25, 1.8, and 
2.5 mL) of the stock solution of DTH.

Preparation of (DTH‑gelatin) gel dosimeter

Three distinct concentrations of dye from the stock solution 
were used (0.137, 0.196, and 0.275  mmolL−1 or 1.1, 1.65, 
and 2.2 mL) and mix with a gelatin twenty percent w/w (i.e., 
the quality of gelatin is related to the quality of the final gel, 
we know that the clarity of well-prepared gelatin gel samples 
depends on the dissolving of all portions of gelatin in water, 
and that we chose this type of gelatin based on past research 
[16, 22].). Gelatin from porcine skin (300 blooms, G2500, 
Sigma-Aldrich) was dissolved in distilled water, and then the 
DTH dye  C6H5NHNHCSN =  NC6H5 was introduced from 
the stock solution. The liquid combination was constantly 
stirred in the water bath, forming a yellow color. Because the 
response depends on temperature, the water bath was kept at 
70 ± 5 °C for four hours (That the temperature has two main 
causes: first, the viscosity of gelatin, which is not better after 
this temperature; second, the colour of the dye incorporating 
with the gelatin, which causes colour bleaching of the dye, 
which affects the sample doses response). This temperature 

was chosen for a quick coloration. The samples were pipet-
ted into a 1 cm thick glass test tube and kept in a fridge close 
to 4 °C for 4 h. Scheme 1 shows the chemical structure of 
Diphenyl thiocarbazone as shown in the following structure.

Analysis

The UVIKON 860 spectrophotometer (Unicam Co. Ltd, 
England) was used to report the absorption spectra of unir-
radiated and irradiated dyed at wavelength variation of 
200–800 nm (The films are analysed by cutting the film sheet 
into 1 cm × 1 cm pieces, measuring all of them before irra-
diation, and taking each film exposed to specified absorbed 
doses at gamma irradiation facilities. After exposing to dif-
ferent absorbed doses, these films were measured with the 
spectrophotometer. We measured 4 sample films for each 
dose. Finally, we chose the gradually decreasing shape of 
these irradiated films. Spectral UV/VIS measurements were 
undertaken at the selected λmax wavelength (nm) for each 
film before and after irradiation. The average response curve 
of each four films were plotted ΔA/Ao against absorbed dose 
(kGy).

Irradiation facility

The irradiation was performed with the Co-60 gamma 
chamber 4000A irradiation device (at the Bhabha Atomic 
Research Center, India) with an absorbed dose rate of 
1.22 kGy  h−1. The dose rate of the gamma source was meas-
ured using a ferrous sulfate (Fricke dosimeter) [29].

Pre‑irradiation stability

By keeping the films, solutions, and gel samples at an 
enclosed temperature (25 °C ± 2) in the dark and under 
fluorescent laboratory lights, the color stability of the three 
dosimetry systems DTH/PVA films, DTH/solutions, and 
DTH/gelatin was improved. All of these samples had their 
absorbance measured at 537, 526, and 530 nm; respectively. 
Throughout the pre-irradiation storage period, for a total of 
63 days (for films and solutions, and around 36 days for gel 
samples). The change in absorption was measured.
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Post‑irradiation stability

DTH/PVA films, DTH/solutions, and DTH/Gelatin sam-
ples irradiated at 5 kGy, 1 kGy, and 100 Gy; respectively, 
and stored at room temperature (25 °C ± 2) in the dark and 
under fluorescent light laboratory. The absorbance of these 
irradiated samples was measured at a wavelength of 537, 
526, and 530 nm at different times within 63 days during 
the post-irradiation storage period (for films and solutions) 
and 36 days for gel samples. The change in the absorbance 
a function of storage time and pre-storage measured (imme-
diately after irradiation).

Results and discussion

Absorption spectra

To acquire a good dosimeter in any form, as a thin plastic 
film, a solution, or a gel dosimeter, the change can be con-
sistent, regularly, and with good stability [3]. The optical 
dentistry DTH/PVA (0.62 phr, parts per hundred parts of 
resin) before and after irradiation was recorded at various 
doses, as indicated in Fig. 1a. The unirradiated and irra-
diated DTH/PVA film absorption spectrum shows a sharp 
band in the visible light region, reaching its maximum at 
537 nm. Although the pink color is dependent on the wave-
length, this maximum corresponds to the electronic excita-
tion of the dye described in the text. The intensity of the 
absorption band decreases steadily as the dose of γ-rays 
increases (That is, flexible plastic films change from pink 
to colorless). These films, before irradiation, were elastic; 
but after irradiation, they become more fragile, increasing 
the fragility by increasing absorbed doses. This means that 
bleaching has been held regularly during exposing gamma-
radiation. On the other hand, the optical density of irradi-
ated and unirradiated DTH solution (0.281  mmolL−1 of the 
dye) was reported to distinctive doses as proven in Fig. 1b. 
The absorption spectrum of unirradiated solutions shows an 
absorbance peak in the visible region at 526 nm. The absorp-
tion peak gradually decreases with increasing the absorbed 
dose. However, as shown in Fig. 1c, the absorption spectra 
of the unirradiated and irradiated samples imply an absorp-
tion peak in the observed region for liquid gel polymer at 
530 nm (typical of a pink color). This suggests that the den-
sity of all absorption peaks in the seen spectra is step by step 
reduced by the increase of gamma-radiation.
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Fig. 1  a. The absorption spectra of the unirradiated and gamma-irra-
diated DTH/PVA films to different absorbed doses, [DTH] = 0.62 phr. 
b. The absorption spectra of the unirradiated and gamma-irradiated 
DTH solutions to different absorbed doses, [DTH] = 0.281 mmolL-
1. c. The absorption spectra of unirradiated and gamma-irradiated 
(DTH– gelatin) gel to different absorbed doses, [DTH] = 0.275 
mmolL-1
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Dose–response curves

For dosimetry, optical density was monitored at 537 nm for 
DTH/films with 0.62 phr DTH. Figure 2a. Suggests that the 
response curves of DTH /PVA films containing distinctive 
concentrations of the dye (0.31, 0.46 and 0.62 phr, where 
phr* = part per hundred parts of resin), ΔA.mm−1 at 537 nm, 
versus the absorbed dose, D, in which (ΔA =  Ao −   Ai) 
wherein  Ao and  Ai are the values of the absorption coeffi-
cient for the unirradiated and irradiated films; respectively. 
The recorded doses interval is from 1 to 110 kGy. The usable 
dose with linear behavior from the response curve is from 
1 to 10 kGy and relies on the dye concentration. Likewise, 
this is similar to the other systems. Figure 2b. Indicates the 
response curves of DTH liquid include various DTH concen-
trations (0.1498, 0.225, and 0.281 mmol  L−1). These curves 
were established in terms of change in optical density at 
526 nm against the absorbed dose (∆A =  Ao −  Ai), when 
 Ao and Ai are values of optical density for the unirradiated 
and irradiated solutions; respectively. The curves display 
that the dose variety extends up to 10 kGy, Fig. 2b. Dis-
close the linear partial reaction of the DTH liquid at 526 nm. 
The dose dependencies are linear up to 2 kGy. On the other 
hand, the group of gel samples has been irradiated inside the 
range amongst 50 and 2200 Gy. Over that dose, the system 
has a tendency to saturate. The ensuing gel color has an 
absorbance peak at 530 nm, this peak height decreased upon 
irradiation with γ-rays because the gel degraded. Figure 2c. 
Displays the reaction curves of the dyed-gel pattern contain-
ing various DTH concentrations. Every dose corresponds 
to a 4 replicated check tube pattern (This means not dealing 
with various varities of gelatin, but it means that each dose 
on the response curve was used in 4 test tubes for the same 
dyed gelatin mixture). The linear correlation coefficients 
have been calculated to be 0.99891, 0.99978, and 0.999887 
for the prepared composite (dyed gel) concentrations 0.137, 
0.195 and 0.275 mmol  L−1 of DTH dye; respectively. Fur-
thermore, all doses that can change the color of the dye to be 
bleached are taken from Figs. 2a–c; 3a–c are the figures that 
explain the linear dose sensitivity to gamma rays, which in 
the case of film dosimeters is very sensitive in the liner part 
to -radiation in the range of 1–10 kGy, in solution dosimeters 

0 20 40 60 80 100 120
0.0

0.5

1.0

1.5

2.0

0.62
0.46
0.31

Absorbed Dose, KGy

A
,m

m
-1
 a

t 
5

3
7

 n
m

[DTH], phr

A
, 

a
t 

5
2

6
 n

m

Absorbed Dose, kGy
0 2 4 6 8 10

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

0.281
0.225
0.1498

[DTH], mmolL-1

0 500 1000 1500 2000 2500
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

0.275
0.195
0.137

Absorbed Dose, Gy

A
,m

m
-1

 a
t 

5
3

0
n

m

[DTH], mmolL-1

∆
∆

∆

(a)

(b)

(c)

Fig. 2  a. Change of ΔA, as a function of absorbed dose for different 
DTH concentrations in PVA films. [DTH] = 0.62 phr or 3.12 × 10–4. 
b. Change of ΔA, at 526 nm, as a function of absorbed dose for dif-
ferent DTH concentrations in solution, [DTH] = 0.281 mmolL-1. 
c. Response curves of the (DTH– gelatin) gel at 530 nm in the dose 
range of 50–2200 Gy, [DTH] = 0.275 mmolL-1

Table 1  The calculated G-values for DTH/PVA, solutions and gels at 
different dye concentrations

G-value 
(DTH/
PVA), 
µmol/J

[DTH], 
phr

G-value 
(DTH 
solutions), 
µmol/J

[DTH], 
mmolL-1

G-value 
(DTH 
gels), 
µmol/J

[DTH], 
mmolL-1

0.860 0.31 30.24 149.8 57 0.137
1.261 0.46 37.51 225 69 0.195
2.221 0.62 53.71 281 103 0.275
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the effective dose range was 0.3–2 kGy, and the effective 
dose range of gel dosimeters was 50–200 Gy.

Radiation sensitivity of three different dosimetry 
systems prepared

The discussion of each of the alternative three dosimetry 
systems are greater significant to the γ-rays based not only 
on the dose range but also the values that can be estimated 
from the available equation that sensitivity = the slope of the 
three-dimensional linear regression of response curves from 
Fig. (3a–c) to ΔA/Dose for each curve [2]. By applying this 
equation in one concentration of each film, the solution, and 
gel dosimetry system, there is a greater sensitivity or effect 
on gel dosimeters more than in the solutions, as well as in 
the film i.e. the gel dosimeters are the most sensitive dosim-
eters. All dosimeters composed of thin plastic films, such as 
PVA, can be categorized as high-dose dosimetry applica-
tions, beginning with the first device composed of DTH and 
PVA [6–8], the rigidity and free reactive species  (H. And 
 OH.) released from the structure of the polymer increasing 
with gamma absorbed doses. However, the second system 
relies on the same dye dissolved in ethanol, which have 
many active species  OH.,  e−

eq.  H.,  H2,  H2O2,  H3O+
aq,  H+, 

 OH−) [27]. Similarily, in the case of the third gel dosimetry 
system, it relies on the identical material DTH incorporated 
into gelatin dissolved in water, but the reason for its higher 
sensitivity compared with the previous system films and 
solutions is based on the following hypothesis: Gelatin will 
be affected by γ-rays on its structure, so [20, 22] explained 
its effective role in fasting bleaching process. Gelatin is a 
polypeptide with a shape wherein more than one amino acids 
are connected through peptide bonds, (–NH–CO–), that 
gelatin is involved in the dosimeter’s response. The amino 
group inside the dosimeter liquid plays a major role in the 
free radical degradation in DTH-gel dosimeters.

Radiation chemical yield (G‑value)

With the average value of the dye concentration in mol/L 
and  A0/b (in which b is the slope of the linear portion of 
the dose–response curve), the molar extinction coefficient 
is estimated to be 39,622.3 L.mol−1  cm−1 DTH/PVA films. 
The density of the polymer (1.25 g.  cm−3) is used to esti-
mate the G-value in terms of µmol/J. The calculated G-value 
of these films and the concentration of the dye within the 
film component are listed in the Table (1). Moreover, taking 
the dye concentration in mol/L as the unit and taking the 
average value of  A0/b, the molar extinction coefficient is 
calculated to be 6841.058 L.mol−1  cm−1 DTH solution and 
1926 L.mol−1  cm−1 DTH in the gel. On the other hand, it 
can be seen from the table that the G-value of each medium 
increases with the increase of the dye concentration, and 
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Fig. 3  a. Linear dose–response of the DTH-films at 537 nm. b. Lin-
ear dose–response of the DTH- solutions at 526 nm. c. Linear dose–
response of the (DTH–gelatin) gel at 530 nm
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the number of moles of the dye is degraded by absorbing of 
1 J of energy (unit: mol/J) [5, 30]. The radiation chemical 
yield (G-Value) in the gel dosimetry system is higher than 
that of the solution than that of thin plastic film, indicating 
that the gel dose measurement method is more sensitive than 
the solutions and film dosimetry systems [22]. According to 
these findings, DTH in the form of a gel is more sensitive 
to gamma-radiation and low-dose measurement processing, 
such as radiotherapy, seed manufacture, and blood irradia-
tion. The mild sensitivity of DTH as a solution, on the other 
hand, reflects its use in food irradiation processing. Finally, 
DTH as a thin plastic film is less sensitive to gamma rays or 
high-dose dosimetry applications than gels and solutions, 
reflecting its uses in polymer degradation and cross-linking, 
as well as medical sterilizing [1, 3].

Suggested mechanism for the dye bleaching 
after irradiation

It is apparent that the dye has a conjugated system based on 
its structure. The effect of gamma rays after irradiation is 
non-selective, and it can destroy the dye's structure, includ-
ing the active azo group –N = N- and the –C = S-group in 
the structure. As the absorbed doses increase, all conjugated 
or chromophores units as –C = C– that exist in the structure 
of DTH dye are destroyed. This is the fundamental reason 
why dye becomes bleached and loses its color after being 
exposed to gamma radiation. This can be expressed using the 
following colors, which decrease in intensity from pink to 
light pink to very light pink and finally to colorless.

Pre‑irradiation stability

The color balance of the DTH/PVA film (0.62 phr) was 
modified by keeping the film at an enclosure temperature 
(25 °C ± 2) in the darkish and beneath fluorescent labo-
ratory lights. The absorbance of these films was meas-
ured at 537 nm during specified storage period of 63 days 
throughout the pre-irradiation storage period. The exchange 
in absorbance of 537 nm as a role of hold period and pre-
storage (right away behind stripping) is proven in Fig. 4a. 
The films can be considered to show a slight decrease in 
absorbance at the same time of the first 5 days after the film 
has finally become stable until the end of shelf life under 
two storage conditions of storage (dark & light). Moreover, 

to assess the potential products of before irradiation on 
the organized liquid samples, we examined the absorb-
ance of un-irradiated solution samples stored under certain 
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Fig. 4  a. Pre-irradiation stability of DTH/PVA films stored in direct and 
indirect light at room temperature, as a function of storage time (Error 
bars on this Fig. is so small). b. Pre-irradiation stability of DTH solu-
tions stored in direct and indirect light at room temperature, as a function 
of storage time. (Error bars on this Fig. is so small). c. Pre -irradiation 
stability of (DTH–gelatin) gels stored under different storage conditions 
(Dark and light). [DTH] = 0.275 mmolL-1. (Error bars on this Fig. is so 
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conditions. Liquid samples that we stored at room tempera-
ture exposed to the light fluorescent laboratory and dark as 
shown in Fig. 4b. And their absorbencies at 526 nm, which 
we analyzed for 63 days. Remained unchanged during the 
test period. Excluding the first 10 days from the change or 
storage time, then it is desirable until the end of the storage 
period. Alternatively, to evaluate the potential safety pre-
irradiation effects on the prepared gel samples, we moni-
tored the absorbance of the un-irradiated gel sample stored 
under different conditions. Two groups of gel samples that 
we restored under different conditions and their absorbencies 
at 530 nm we have monitored for 36 days. One group was 
stored in the dark at 4 °C, and the opposite group become 
saved at an enclosure temperature uncovered to laboratory 
fluorescent mild as it is presented in Fig. 4c. The absorben-
cies of the samples saved stayed basically without change at 
some point of the whole length of the experiment. Except for 
the first 7 days from the fading or storage time, then assume 
that it is regular till the give up of the storage length.

Post‑irradiation stability

DTH/PVA film contains [DTH] = 0.62 phr irradiated at 5 kGy, 
stored at room temperature (25 °C ± 2) in the dark and under 
fluorescent light laboratory. The absorbance of these films 
was measured at a wavelength of 537 nm at different times 
within 63 days during the post-irradiation storage period. The 
change in the absorbance at 537 nm as a function of storage 
time and pre-storage (immediately after stripping) is shown in 
Fig. 5a. From this figure, it can be seen that the irradiated films 
show good stability under storage conditions. In addition, the 
DTH solutions contained [DTH] = 281 µmolL−1 irradiated at 
1 kGy, stored at room temperature (25 °C ± 2) in the dark and 
under fluorescent light laboratory. The absorbance of these 
solutions was measured at a wavelength of 526 nm at differ-
ent times within the 63 day post-irradiation storage period. 
The change in absorbance at 526 nm as a function of storage 
time, compared with that before storage (immediately after 
irradiation), as shown in Fig. 5b. From this figure, it can be 
seen that the irradiated solutions show good stability under 
storage conditions. With the exception of the first 11 days, it 
gradually decreases, becoming more stable until the end of 
the storage period. Finally, most of the gels (DTH–gelatin) 
had been exposed to γ-rays with 100 Gy. Behind the irradia-
tion, they were kept in various cases. A set become saved in 
an enclosure temperature beneath the laboratory fluorescence 
light; another one was saved at 4 °C in the darkish. The absorb-
encies of the sets at 530 nm were estimated regularly over a 
period of 36 days of storage, that gelatine is not dehydrated 
as shown in Fig. 5c. The relative absorbancies of the samples 
saved at 4 °C stayed basically without change at some point of 
the whole length of the experiment.
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Fig. 5  a Post-irradiation stability of DTH/PVA films stored in direct 
and indirect light at room temperature, as a function of storage time, 
at 5 kGy. (Error bars on this Fig. is so small). b. Post-irradiation sta-
bility of DTH solutions stored in direct and indirect light at room 
temperature, as a function of storage time, at 1 kGy. (Error bars on 
this Fig. is so small). c. Post-irradiation stability of (DTH–gelatin) 
gels stored under different storage conditions (irradiated at 100 Gy). 
(Error bars on this Fig. is so small)
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Comparative study of three dosimetry systems 
based on the same material but different media 
and solvents.

Through studying the records in Table 2, it is possible to 
determine whether Diphenyl thiocarbazone (DTH) dye is 
used as a completely sensitive material in three different 
media as film, liquid and gel systems makes it sensitive 
material to γ-rays and may be carried out in lots of fields of 
gamma-irradiation processing as radiation dosimeters. On 
the other hand, there are many dosimeters that have a low 
dose range, but has higher sensitivity [22, 23], and there 
are films-based systems that have a lower sensitivity [8, 
9], there are systems solutions-based systems as moderate 
sensitivity [12, 18]. Similarly, this study indicates that the 
DTH/film system is sensitive to gamma-rays but its sensitiv-
ity is lower than DTH solutions and the most sensitive one 
towards γ-rays was the gel dosimeter.

Conclusion

Three different dosimetry systems were prepared based on 
Diphenyl thiocarbazone (DTH) dye: polymer films made 
with, poly (vinyl alcohol) (PVA), DTH liquid dosimeter and 
DTH gel dosimeter. All the systems received several gamma 
doses of irradiation. The three systems were analyzing by 
UV–Vis spectrophotometery before and after irradiation. 
DTH/PVA film shows a high absorption band in the visible 
light field with a peak value of 537 nm, characteristic of pink 
color. The study dose range of the system is 1 to 110 kGy, 
however, the linear part up to 10 kGy. Whereas in its liquid 
state, it has a visible light zone absorption band that rises 
to 526 nm and is bleached when exposed to γ-rays. Further-
more, The study dose range is 0.3 to 10 kGy (the linear parts 
up to 2 kGy). Finally, the third dosimetry system is based 
on the same material as a gel/DTH and a pink hydrogel has 
a maximum peak of 530 nm, which is fully bleached after 
irradiation, as well as the study dose range is 50–2200 Gy 
(the linear parts up to 200 Gy). Depending on the results, a 
gel dosimeter is additionally more sensitive than both liquid 

and film dosimeters, due to its low dose range, and sensitiv-
ity for low gamma rays.

The G-value was calculated for the three prepared dosim-
eters and it was found that the values of radiation, chemical 
yield were higher in the gel/DTHdosimeters and moderately 
in DTH-liquid dosimeters but low in the DTH film dosim-
eters showing its high degradation and sensitivity to gamma 
rays in the form of gel more than liquid and films. The dose 
range of these three dosimeters relies on the concentration of 
DTH. All three dosimeters were tested before and after irra-
diation, and they showed top balance earlier than and after 
irradiation inside the darkish and light for approximately 
63 days for films and liquid and confirmed appropriate bal-
ance for gel 30 days. These dosimeters have the advantages 
of easy to prepare, inexpensive raw materials, as well as the 
absence of toxic substances. For these characteristics, these 
techniques can be applied to seed production, fresh food 
irradiation, radiotherapy applications, medical sterilization, 
and food irradiation processing.
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Table 2  Comparative study of three dosimetry systems based on the same material but different media and solvents

System Film Liquid Gel

Wavelength, nm 537 526 530
Degradation Very lower Higher Very Higher
Sensitivity Sensitive More sensitive Higher sensitivity
Dose range
In the linear part

1–10 kGy 0.3–2 kGy 50–200 Gy

Applications Food irradiation, Medical sterilization, polymer 
cross-linking and degradation

Food irradiation, water treatment and 
medical sterilization

Blood irradiation 
and radio-
therapy
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