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Abstract. Several recently developed techniques, based fully or partially on digital technology, are currently being
used in studies on soil zoology. The advantages of the technique called “Microradiography”, which is still not yet
generally used in soil zoological research, is demonstrated. This method provides an ideal and almost new way of
studying the structure of organisms living in soil and various materials in soil. Roentgen transmission radiography
is based on the attenuation of X-rays in matter. The X-ray is partly absorbed by the sample scanned and the rest
is detected by a suitable detector. When attenuation of the radiation is not uniform the outgoing radiation differs
in intensity and contains latent screen information on the sample scanned. Soft tissues do not attenuate X-rays to
the same extent so the differences are difficult to distinguish. The currently used imaging detectors, radiography
film or scintillator detectors cannot be used to visualize information about the inner structure of scanned samples.
But semiconductor pixel detectors count single particles of radiation and their non-limited dynamic range allows
appropriate imagining of soft tissues using X-ray radiation. Detectors Medipix2 do not have so called black current
(noise) and work in a non-limited dynamic range. These features of detectors confer high quality and high contrast
to the final images. Radiographic imaging using Medipix2 detectors does not disturb or damage organisms. It
allows the study of not only internal structures of various organisms living on the surface or in soil but also of
dynamic processes inside these organisms. Here it is demonstrated that microradiography can be used to study the
internal structures of the larval and adult stages of soil arthropods such as terrestrial isopods, chilopods, spiders,
apterygotes, insects etc. In addition to its use in morphological and anatomical studies the results of a preliminary
study of the dynamic processes occurring inside organisms using micro-radiographic video-capturing at slow
frequency (2 fps) are presented. Using microradiography it is also possible to investigate the activities of various
organisms inhabiting soil or soil detritus, in wood and other habitats.
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The study of small biological organisms, such as insects and their parasites, small seeds and lea-
ves can be very difficult when the aim is to use a non-invasive method that does not damage the
organisms. Optical and electron microscopes require that the sample is prepared and therefore in
vivo studies and some 3D observations are impossible. Biologists are interested in observing the
behaviour of organisms in their natural environments. This can be done by taking photographs
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and producing films using high resolution cameras, which usually only provide little and unsatis-
factory information about the morphology and anatomy of the organism. It is possible however, to
follow an organism through its life cycle, observing its social life and recording its morphological
changes (metamorphosis, various growth processes) using X-ray imaging techniques. For this
kind of study a high spatial resolution (micrometer scale) radiographic system, an X-ray source
and an X-ray detector are required.

In this paper, a desktop size radiographic-tomographic X-ray system suitable for real-time
microscopy and micro-tomography in various fields of biology, such as entomology, nematology,
botanical and medical imaging (Frallicciardi et al. 2008), is described. The system is based on a
commercial micro-focus X-ray tube and the single photon counting (SPC) X-ray experimental
detector Medipix2 (see also www.cern.ch/medipix and www.utef.cvut.cz/medipix).

The X-ray p-imaging system

The system used (Fig. 1) consists of the p-focus FeinFocus FXE-160.51, spot <1 um operated
at 10-160 kV and 50 pA — 1 mA (tube with tungsten, copper or molybdenum anode), a sample
holder and the pixel detector Medipix2. The positions of the source and the detector are fixed
and the sample is placed on a rotating stage. Both the detector and the holder for the sample can
be moved along the Cartesian axes X, y and z, by means of motorized stages and the X-ray tube
can be positioned manually. By altering the distance between the sample and the detector, an ad-
ditional (geometric) magnification from 1x to 30x can be achieved.
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Fig. 1. Experimental setup for X-ray p-radiography and p-tomography: p-focus X-ray tube, calibration carrousel, auto-
matic sample holder and Medipix2 detector.
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Fig. 2. Left: pupae of the horse chestnut leafminer, Cameraria ohridella (Lepidoptera, Gracillariidae, Lithocolletinae)
photographed in visible light; right: microradiograph of horse chestnut leafminer pupae; two are unparasitized and one
is parazitized by a hymenopteran larva (marked with asterisk).

The response of each individual pixel in the detector was calibrated for different absorber
thicknesses to suppress the beam hardening effect on a given object and to compensate pixel
inhomogeneity across the whole pixellated sensor (Jakubek 2007). For the calibration aluminum
filters were used.

Pixel detector Medipix2

The hybrid semiconductor pixel detector Medipix2, which counts individual particles of ionizing
radiation, is used as an imager. It consists of 256x256 square pixels with a pitch of 55 pm and
a total sensitive area of 14.08x14.08 mm. Each pixel has in its cell a complete electronic chain
of single channel analyzer. Detector Medipix2 is highly sensitive to low energy X-ray photons;
position sensitive and noiseless single photon detection of preselected photon energies; photon
counting in each pixel is performed by a digital counter; has digital integration; high speed digital
communication and data transfer. Soft tissues of biological samples are difficult to image using a
X-ray beam, but can be imaged using Detector Medipix2 (Llopart et al. 2002).

Biological samples from soil used for imaging
The experimental X-ray p-radiography system was used to produce 2D and 3D images and real-
time films of living and dynamic organisms.

Static 2D radiography imaging

In Figs 2 & 3 are micro-radiographic morphological and anatomical studies of the horse chest-
nut leafminer, Cameraria ohridella (Insecta: Lepidoptera, Gracillariidae) and its hymenopteran
parasitoids. The exposure time is about 10 sec per picture.

Static 3D radiography imaging — computed p-tomography

By scanning a sample from several angles and by suitable image reconstruction, high resolution
tomographic images can be obtained with real micrometer-scale resolution. This is illustrated by
the high quality of the pictures of the fire bug, Pyrrhocoris apterus (Insecta, Heteroptera) (Figs.
4 and 5). The high dynamic range of detector Medipix2 is obvious.
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Fig. 3. Microradiograph of normally developing pupae of the horse chestnut leafminer (Cameraria ohridella).

In-vivo real-time radiography study

Several model species and situations were studied and biological processes and movements visu-
alized: movement of the digestive system during food intake in waxworms, Galleria mellonella
(Insecta: Lepidoptera), muscle contraction and movement of various internal organs in terrestrial
isopods (Crustacea: Oniscidea) (Figs. 6—8) and movement of legs in chilopods (Tracheata: Chi-
lopoda) were visualized using contrast markers. The exposure time is from 20 ms to 500 ms per
radiograph picture. Such pictures can be used for video capturing.

Fig. 4. Common laboratory insect — fire bug (Pyrrhocoris apterus, Heteroptera).
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Fig. 5. Microtomographic reconstruction of the body of the fire bug (Pyrrhocoris apterus, Heteroptera) viewed from
various angles. 3D images are computed from 180 projections.

Fig. 6. Terrestrial isopod firmly attached to special holder by a soft membrane before micro-radiographical observation.
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Fig. 7. Microradiograph of terrestrial isopod.

Fig. 8. A series of individual frames from a micro-radiographic video of a terrestrial isopod (400 frames, exposure time
500 ms).
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CONCLUSION

Radiographic imaging with Medipix2 detectors does not damage or disturb organisms. It is
used here to visualize the internal structures of tiny organisms. In addition to morphological and
anatomical studies a micro-radiographic video can be produced of the dynamic processes that
take place inside organisms using Medipix2. The imaging is limited by the energy and amount of
photons that are emitted by the X-ray tube. Detector Medipix2 is suitable for imaging even small
biological samples in soil (Weyda 2006, Weyda & Hrdy 2002, Dammer et al. 2009).
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