Microscopic studies using mixed ultraviolet, infrared and white
light

Anton Sotirov, Viktor Sotirov

The present study presents a quick and inexpensive way to study organic and inorganic rocks and
minerals, coal, various types of minerals and crystals, as well as man-made materials, but strong
application can be found in biology and study of living organisms such as plant tissues, insects,
bacteria, etc. in a laboratory or in the field. The method is no less effective than extremely expensive
and available only to some specialists equipment. A laptop, digital microscope, white LED light,
ultraviolet light 400 ym and infrared 780 ym light lamps were used for the study. All of them have
batteries to be used as on-site mobile devices (in situ). Lamps must be attached to or free of the
microscope and must be free from it and must be free to move in all directions of space, i.e. adjust the
light to shine at any angle to the sample. A digital USB microscope with a magnification of 1000x1600
with a computer program HiView was also used. The observation was made in an airborne medium
with reflected or activating light (fluorescent and infrared). The method helps to quickly and easily
petrographically describe coal or organic matter in rocks in situ and evaluate their practical
application. It can be used in mineralogy and crystallography, for example, for the study of the
mineral magnetite, also in materials science and last but not least in the field of biology. Using all
these types of lights, we can recognize the texture faster, the structure, mineral content, coal
lithotypes, maceral content and rank of the coal, respectively, and its technological characteristics
and the content of its organic constituents.
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Mukpockoncku u3cinedsanus ¢ U3NON36AHEe HA CMECEHU YIMPAGUOl1emoed, UHppauepsena u
osana ceemnunu. (Buxmop Comupos, Anmon Comupos). Hacmoswomo uscieosane npeocmass
Obp3 U e8MUH HAYUH 3a U3Y4aA8aHe HA OP2AHUYHU U HEOPSAHUYHU CKAIU U MUHEpPANU, 6baluuyd,
PA3IUYHY 8UO08Ee MUHEPANU U KPUCTHATU, KAKMO U Cb30AOEHU OM Y08eKa MAMepuani, Ho CUTHO
NPUTIOJCEHUE MOdce O0a HaMepu 8 OuoIoSUAMA U U3VHABAHEe HA HCUBUME OP2AHUSMU KAMO
pacmumenuu MmvKaHu, Hacekomu, baxmepuu u op. 8 aabopamopus ui Ha mepen. Memooa e ne no-
Manko eghexmugern om USKMOUUMETHO CKbhnume U OOCMBNHU CAMO 34 HAKOU CHeyuanucmu
anapamypu. 3a uscieosanemo ca U3NON36aAHU 1aANmMon, yugpos muxpockon, 6sia LED ceemauna,
yampaguonemosa ceemauna 400 nm u ungpavepsenu 780 nm ceemaunnu ramnu. Bcuuku me ca c
bamepuu, 3a 0a 6GvOAM U3NOJ36AHU KAMO MOOUIHU Yycmpoucmea Ha msacmo (in situ). Jlamnume
mpabea 0a 6vOam 3aKpeneHu 3a MUKPOCKONA Uil C80O00HO Om He20, Kamo mpabea oa umam
c80b00ama O0a ce npemecmsam 6b8 8CUYKU NOCOKU HA NPOCHPAHCMBOMO, M.e. CeeMauHama o0a ce
Haznacsasa 0a ceemu noo BCAKAKLE b2bl KoM npobama. Mznonzean e u yugpos USB mukpockon ¢
yeenuuenue 1000x1600 ¢ wxomnwomwvpua npocpama HiView. Habriwodenuemo e HanpaseHo 6v6
8b30VUWIHA Cpeda C OMpazeHa Ul aKmueupawa ceemiurda (¢yopecyenmua u uH@pauepsena).
Memodvm cnomaea 3a 6bp30 U 1€CHO NEMPOZPAPCKO OnUCAHUe HA BbeIUWAMA UTU OPSAHUYHUME
seujecmea 6 ckaaume in Situ U OyeHKa 3a NPAKMuUYeckomo um npunodicenue. Moowce da ce usnonzea 6
MUHepano2usma u Kpucmaiozpaguama, Hanpumep 3a U3CIE08AHe HA MUHEPANd MAZHemum, Cbujo
maka 6 Mamepuaio3HAHUemo U He Ha NOCLeOHO MACmO & obiacmma Ha buonozusma. Msnonzeaiiku
BCUYKU me3U BU008e CEEMIUHU, MOXCeM 0a pa3no3HdeM Ho-0bp30 meKcmypama, CMmpyKmypamd,
MUHEPATHOMO CHOBPIAHCAHUE, GbTUWHUME TUMOMUNOBE, MAYEPATHOMO CbObPICAHUE U PAHed HA
BbLIUUAMA, CHOMBEMHO U MEXHONO2UYHUME UM XAPAKMEPUCMUKU U CbOBPHCAHUEMO HA
Op2aHUYHUmMe UM CbCMABKU.
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Introduction

This paper presents a fast and inexpensive way to
study coal or oil rock in the laboratory, in the field or
in the on-site mine (in situ), which is no less effective
than extremely expensive methods and equipment
available only to some specialists.

Methods for the microscopic examination of coals
using single ultraviolet and reflecting white light have
been described by Taylor et al. [1], Stach et al. [2] and
Sotirov et al. [3]. But in some cases, researchers need
more specific information, and for this reason,
infrared light is also included, and in different cases,
three types of lights are mixed together. The method
involves counting illuminated or fluoresced particles
and calculating their percentage per sample. The
possibility of coal generating natural gas, methane or
coal gas is determined by Mastalertz et al. [4] and
Hristov et al. [5]. Bell describes briefly about the salts
(NaCl) in the soils [6]. Sotirov's reference data (2013,
2007) [7, 8] on the petrographic and mineral
composition of coal from nine Bulgarian basins were
used for petrographic assessment of coal potential for
natural gas, methane formation and for industrial coal
gasification. These are the Kyustendil Basin, the
Oranovo-Simitli Basin, the Chukurovo Basin, the
Sofia Basin, the Pernik Basin, the Dobrudja Basin, the
Balkan Basin, the Svoge Basin and the Katrishte
deposit.

Methods

For the study, a laptop, a digital microscope, white
LED light, ultraviolet light 400 nm and infrared
780nm light lamps were wused, with which
microcomponent  counting  and  microscopic
photographs were made (Fig. 1, 2). All of them have
batteries to be used as on-site mobile devices (in situ).
Lamps must be attached to or free of the microscope
and must be free from it and must be free to move in
all directions of space, i.e. adjust the light to shine at
any angle to the sample. A digital USB microscope
with a magnification of 10001600 with a HiView
computer program was used. The observation was
made in an air environment, and the light was
reflected or activating. The method facilitates a quick
and easy petrographic description of coal or organics
in rocks and an express evaluation of their practical
application. Using all these types of lights, we can
recognize more briefly the texture, structure, mineral
content, coal lithotypes, maceral content,
technological characteristics and rank of coal, because
different lights are reflected or activated electrons —
the phenomenon of fluorescence and luminescence by
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the different particles of coal in different colors. The
combination of different types of lights, of different
wavelengths and of radically different parts of the
spectrum allow to see many hidden phenomena and
components in the rocks. In order to demonstrate how
this method of research can be used, the content of the
main groups of macerals and the mineral content of
coal from the Donetsk Basin, Ukraine, Bobov Dol and
Maritsa East Basin, Bulgaria, were determined.

Discussion

Using combined ultraviolet, infrared and white
lights in organic petrology and coal petrography

An example for how it might be used the
microscopic study with mixed lights is given below:

Based on the petrographic composition data of the
coal from the nine basins investigated [7, 8] the
following conclusions were drawn:

1. The prospect for exploring conventional natural
gas is the Balkan and Svoge coal basins, as the
measured values of their reflectance from coal
vitrinite are more than 1.0%, respectively Rr = 1.12%
for Balkan coal and Rr = 4.89 for Svoge anthracite,
which is higher than 1.4%, but the layers around the
basin may be promising. The Dobrudja basin is also of
interest as we expect the values of vitrinite reflectance
to reach over 1.0% on further study.

In this regard, the coal from the Katriste field is
also of interest, which is rich in - up to 40% petroleum
products, coal from the Dobrudja basin with over 20%
petroleum products and coal from the Balkan basin
with up to 30% petroleum products, represented by
migra-bitumen. Migra-bitumen is an indicator of gas
or oil condensation (Taylor et al., 1998) [3].

2. The prospect of coal exploration for industrial
gasification (not underground — in situ) are lignites
from the Sofia Coal Basin, containing macerals from
the Liptinite group 15%, Oranovo-Simitli basin
14.76% and Chukurovo basin 14.12%. They also have
a relatively low mineral content <10%, except for
Sofia coal, which has 13% mineral content.

From the coal basins with a high degree of
coalification, suitable for industrial gasification are the
coal from the Dobrudja basin, which has a maceral
content of the Inertinite group of 24.61% and a very
low mineral content of 0.15%, but its coal layers are
located at a great depth of more than 1 300 m. Balkan
coal is also of interest in this regard. It does not have
many macerals of the inertinite group 6.44% and pre-
oxidation of the coal will probably be necessary, but
their mineral content indicates that they have already
been oxidized to some extent as it is represented
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mainly by the mineral framboidal pyrite.

Petrographical data of the coals is presented in
Table 1, where rank of the studied coal and percentage
of different maceral groups were counted under
microscope study with mixed lights.

3. The prospect of exploration for natural methane
is the Sofia and Kyustendil coal basins, because the
depth of their main coal layers is up to 500 m, and the
Chukurovo coal layer is about 700 m. The Svoge
anthracite basin is also promising in this respect, as
most of the methane is formed during the
anthracitization stage, and the depth of its layer is 300

¢) Coal Bobov dol Basin

Fig.1. Petrography of coal with different rank, air
environment, combined UV, IR, white LED lights,
magnification 1000%1600.

d) Coal from Maritsa-East

Table 1 Petrographical data of the coals

A ° Donets Bobov dol East Maritsa
verage, % of . . .
total substance basin basin basin
15 samples | 18 samples 12 samples
Degree of Sub-
Coalification | Bituminous | . . . Lignite
bituminous
- Rank-R
High reflective
vitrinite, % >0 30 1
Vitrinite
macerals, % 70 >0 65
Liptinite
macerals, % > 30 15
Inertinite
macerals, % 20 10 15
Minerals, % 5 10 5
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Study of the minerals (magnetite) with ultraviolet
and infrared light

The property of minerals to be attracted to an
ordinary handheld magnet is called magnetism. The
strongest magnetic is magnetite (Fe;O4). Fluorescence
is a physical phenomenon, a type of
photoluminescence. ~ The explanation of the
phenomenon is associated with a radiative transition
of atoms or molecules from an excited to a ground
state. This is an unstable state, and therefore particles
return to their original stable state, emitting a quantum
of light (photon).

The mineral magnetite is the only highly magnetic
mineral, i.e. it is attracted by a magnet. The
orientation of magnetite crystals in rocks indicates the
direction of the Earth's magnetic field during their
formation. Magnetite is a very common mineral in
rocks and sands formed by their destruction, for
example in rivers [9 - 11]. Magnetite is known to
absorb (absorb) radiation and serve to purify
radioactive solutions [12, 13]. It is also known that
magnetite is not a radioactive mineral at birth [14 -
16]. So far, there are no fluorescent properties of
magnetite described in science [11]. The same applies
to halite (salt). More light: enabling the collection of
more photons from the sample [17].

. a) Manétit, reﬂecte
(white) light 700 nm, <100

b) Magnetite, ultraviolet
light 200 nm, <100

d) Magnetite after (20 min)
with infrared light 70 nm,
magnification X100

¢) Magnetite with infrared
light 70 nm, x100

Fig.2. Results of microscope investigations in the field of
mineralogy (air environment).

After prolonged irradiation with infrared light,
more and more minerals are activated. Such a gradual
enhancement of the irradiance is not observed with
irradiation with ultraviolet light (Fig. 2). The
fluorescence strength of magnetite depends on the
wavelength and not on the duration of ultraviolet
irradiation.



a) b)
¢) d)

Fig.3. Application of the method in mineralogy — new
findings: a) Small crystal inclusions into quartz crystals; b)
Fluorescence effects around wholes of amethyst crystal;
¢) Asterism inside moon stone crystal; d) Fluorescing salts
in soil. Combined UV, IR, LED lights, x100.

Application of the method to ecology research

Obtaining information on the quality and possible
pollution of the water and its tributaries and influence
of water pollution on the distribution of bioindicators
for clean water such as fish and zoobenthos. The area
has about 100% agricultural and fishing value for the
livelihood of the population. Water from the studied
rivers is mainly used for irrigation, agriculture,
drinking water, fishing and food industry-fruit and
vegetable processing. As a result of the study, it was
found that the following tributaries Trekljanska River
and Dragovishtitsa were not contaminated. Their
water is relatively clean and for this reason
widespread is the species of freshwater shrimp
Branchiopoda are widespread (Fig. 4). The

Novoselska River is contaminated with cyanuric acid,
copper and high alkalinity around illegal landfills.
There are no fish species in the river. Branchiopoda
disappears around illegal landfills. The Banshtitsa
River is polluted, which is evidenced by the fact that
the biological species Branchiopoda disappears

Fig4. Application of the method in ecology, better
recognition of zoobenthos — indicator for clean water:
Branchiopoda white light, blue light, IR light, x10.
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around places with illegal landfills. Bistritsa 1is
contaminated with washing chemicals, which is
evident in the foaming and again the lack of
zoobenthos-bio-indicator for clean water [11].

Study of anthropogenic microdetritus, incl. micro-
plastics — these are microscopic residues of destroyed
or whole detritus of solid waste that has fallen or
discharged into the environment — soils, waters,
sediments (Fig. 5 and Fig. 6). When examined with a
microscope with the application of a combination of
bale, ultraviolet and infrared light, it is much more
accurate and easier to specify the type of waste,
respectively its chemical composition and degree of
decomposition of the waste, its harmfulness, as well
as its amount in percentage [11].

a) b)
Fig.5. Anthropogenic micro-detritus (polyethylene textile)
in the river sediments and soils, fluorescent (blue) light,
x100.

a) Textile

Fig.6. Anthropogenic micro-detritus: textile, cellophane in
soils and sediments in river valleys, combined IR, UV, and
white LED light, x100.

b) Cellophane

Conclusion

As a result of the study the following conclusions
were drawn:

The application of different types of light in
microscopic studies in ecology, water and soil
sciences, petrography, organic petrology, mineralogy
and crystallography and biology and their
simultaneous and combined use reveals many details
in microscopic examinations, and they can be used in
the field and not only in the laboratory for rapid,
reliable diagnosis of macro- and micro-lithotypes,

"E+E", vol.59, 2-4, 2024



maceral and mineral composition, waste origin and its
decomposition.

Proposed method gives more freedom to multiplex
with different light combinations: scientists are no
longer limited to working with manipulations that
match the fixed filter sets of the microscope. More
light: enabling the collection of more photons from
the sample. More efficient data generation: The
capacity to acquire all events simultaneously and
without the need of managing multiple filter sets
accelerates the image acquisition process, improving
the efficiency of imaging large samples, such as multi-
well plates, and enabling the capture of fast events in
live samples. More confidence: the use of a Hybrid
unmixing approach means it doesn’t need to worry
about crosstalk anymore. Possibilities for new
findings and establishing of new properties of the
studied objects are increased.
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