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One of the biggest challenges facing the designers of the radiobiological experimental X-ray
systems is to determine the dose absorbed in the biological live cells. This task consists of
determining the total absorbed dose on the surface of the irradiated cells as well as determining
the dose at each point of the surface. The dosimetry process can be organized in different ways
from determining the dose absorbed by Monte-Carlo simulation through the use of physical
dosimeters to chemical dosimetry (Hill et al. 2014). Due to the fact that in this work the low-
energy X-rays radiation was used with maximum photon energy equal to 60 keV, hence two
types of Gafchromic films were chosen i.e., XR-RV3 and EBT2. The first of the films i.e., XR-RV3
is intended to be used in the radiation energy range from 30 keV to 30 MeV and in the dose
range from 0.01 Gy to 30 Gy for X-ray radiation (XR-RV3, 2017). The second film i.e., EBT2 is not
limited by the manufacturer's to specific energy range and can be used both for energy range
from keV to MeV and in the dose range from 0.01 Gy to 8 Gy or up to 40 Gy in relation to the
color of the reading channel: red or green, respectively (EBT2, 2017). Both films have already
been used to determine relative dosimetry and show good compatibility with Monte Carlo
simulations for X-rays emitted by X-ray tubes in the kilovolt range as shown by (McCabe et al.
2011; Hill et al. 2014) .

Two types of Gafchromic films: EBT2 and XR-RV3 were used to estimate relative dose rate
(Gy/min) in experimental setup with low energy of X-ray corresponding to setting the 60 kV X-
ray tube voltage. The EBT2 films show lower dose rates than XR-RV3 type for all measuring
positions used in this research. Additionally, the difference in reading of the dose rate between
the two films reaches from 0.2 to 0.1 Gy/min for NetMPV and depends on the location of the
film in the experimental setup. The maximum difference occurs when the films are exposed to
X-rays without placing the Petri dish. The values read from the films have a minimal difference
when the films are situated at the back of the Petri dish filled with medium.

Fig.1. shows calibration curve in function of absorbed dose in water for MPVirradiated (A),
NetMPV (B) of Gafchromic films type: EBT2 and XR-RV3.

Fig.2. shows comparison dose rate for two Gafchromic films irradiated: a) without Petri dish
(only X-ray beam), b) at the back of the Petri dish, c) at the back of lid of Falcon company (only
lid), d) at the back of the Petri dish filled by medium.

Fig.3. presents scan of the EBT2 films after irradiation at four different positions in
experimental setup. The coverglass is marked as a square.

Fig. 1. The calibration .curve.

The main parts of the experimental system are X-ray tube with molybdenum anode (no. 9430
922 00291, PANalytical, Holland) and generator (no. PW3830, PANalytical, Holland) (Czub et
al. 2018). The experimental setup was designed for radiobiological research. For this reason, a
position to irradiate a live cells was created at distance equal to 50 cm from the X-ray tube.
The position consists of a plastic handle that holds the Petri dish and that is attached to the
metal holder. In this arrangement, the X-ray beam falls on a vertically positioned Petri dish.
The vertical position of the Petri dish forced her a custom construction. The Petri dish
components include: a lid from standard, commercially available Petri dish (Corning™ Falcon™
Easy-Grip Tissue Culture Dishes no. 353001, Falcon, USA), coverglass (24 mm × 24 mm,
D263M, Schott, Germany) and plastic closure. The preparation of the hand-built Petri dish for
use in the radiobiological experiment consists of placing the coverglass in Falcon's lid, seeding
the cells, flooding the entire volume of the medium and closing the plastic closure. The plastic
closure was printed on a 3D printer. The cells attach to the coverglass after 24 h from seeding
under the conditions of the incubator (37°C, 5% CO2). The entire preparatory procedure takes
place under the conditions of the laminar chamber.

The calibration procedure for two Gafchromic films: type XR-RV3 and EBT2 was done at Nofer
Institute of Occupational Medicine, Department of Radiological Protection, Łódź, Poland
(NIOM DRP) for the half value layer equals to 0.75 mmAl (Al – aluminium) estimated for
parameters: 60 kV and 50 mA, with filtration of X-ray beam through 1 mm of thickness
aluminium filter using ionization plate chamber no. TM77334 (PTW, Germany). Then, in the
same conditions, free in air (McCabe et al. 2011), the Gafchromic films were irradiated at
NIOM DRP. After that, the NetMPV was estimated based on the mean pixel value (Farah et al.
2015). Next, the absorbed dose in water was calculated from air kerma value using in-air
method presented in Hill et al. 2014. Afterwards, the two calibration curves, which were the
functions of absorbed dose in water and MPV for irradiated films or NetMPV were created.

Two Gafchromic films EBT2 and XR-RV3 were irradiated X-ray radiation (60 kV, 50 mA, 1
mmAl filter) at the distance equal to 50 cm from X-ray tube. The films were irradiated using
various points of experimental setup relative Petri dish: a) without Petri dish (only X-ray
beam), b) at the back of Petri dish, c) at the back of lid of Falcon company (only lid),

d) at the back of Petri dish filled medium.
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Fig. 2. Dose rate for Cafchromic
EBT2 and XR-RV3 irradiated at
different positions.
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Fig. 3. Scan of Gafchromic EBT2 after
irradiation at different positions of
experimental setup.
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