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Abstract

In the history of the German state, the world-wide economic crisis (1929-1939) probably also
had an impact on the availability of inks. The research aimed to find out whether it is possible
to discriminate between inks and determine the prevalence of ink manufacturers in a specific
area, which, in statistical terms, could provide insight into the development of regional ink
producers. The research covered selected inscriptions in ink written in a Diary from a small
geographical area. Ink examination was carried out using non-invasive VIS-NIR and RS
spectroscopic methods involving a statistical approach. The obtained results allowed effective
discrimination of the inks and divided them into several groups. Research has shown that iron-
gall inks from several ink manufacturers were used to prepare the entries in the Diary. It cannot
be ruled out that the differences in individual inks resulted from technological changes in their
production process. Additionally, the research revealed a multitude of entries made with iron-
gall inks, which may testify to the development of small-scale production of iron-gall inks
confined to one geographical area. This type of historical document may constitute a forgery
in whole or in specific parts of the inscriptions executed to falsify significant facts, therefore it
is an object of interest of forensic science. The non-invasive VIS-NIR and RS spectroscopic
methods supported by statistical approach should continue to develop to become an alternative
and reliable solution offering great potential in forensic examination of inks.

Keywords: Document examination, Forensic science; Ink research; Iron-gall ink; Non-invasive
methods; Reflectance spectra; Raman spectra; Scanning microscopy; VSC8000/HS; FORAM
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Introduction

In the history of the German state, the period from 1918 to 1933 was special for many
reasons. As a result of the German Empire’s defeat in World War I, the Weimar Republic was
established, officially called the German Reich. It was a federal, democratic state with a mixed
presidential and parliamentary form of government, with its capital in Berlin. The history of the
Republic from its founding can be divided into three stages. From 1919 to 1923, the Weimar
Republic struggled with the immediate effects of the war, hyperinflation and attempts to
overthrow the government. The second stage was the "five fat years" period, which lasted from
1924 to 1929. The republic then achieved certain political and economic stability and
international recognition [ 1-3]. The Great Depression (1929-1939) peaked in 1930-1933 and the
growing influence of National Socialism led to the agony and collapse of the Weimar Republic.
The global economic crisis, which affected the German Reich to a greater extent than other
European countries, had a decisive significance for the radicalization of politics. After the Wall
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Street crash, many short-term loans were withdrawn from the Weimar Republic and the
American government began implementing a protectionist tariff policy [4, 5]. As a result, the
German economy completely collapsed. In January 1928, there were approximately 1.8 million
unemployed people, while at the end of the Weimar Republic, in 1933 unemployment reached 6
million. Many people lived in extreme poverty [6—S8].

The economic crisis and the accompanying unfavourable events could also have impacted
the availability of all types of stationery, such as writing materials and inks used to prepare
documents for official and private purposes. As a result of the difficult economic situation of the
Weimar Republic and the related unfavourable consequences, "home" methods of ink production
were most likely frequently used, often resulting in amateur ink composition. The consequence
of this situation was probably the establishment of local manufacturers and craft workshops
producing writing materials and inks for customers from the local area.

A characteristic feature of liquid writing materials, including inks, regardless of their type,
is their task to create a permanent colour stain of a specific shape on the surface. It follows that
inks can be any substance that is able to meet the above conditions, even if its main purpose is
different. Almost anything that leaves a visible or identifiable mark on paper or other surfaces
can be used to write with. Over hundreds of years, very different inks of various compositions,
including those responsible for colour, have appeared. For example, iron ions and various types
of natural tannins, such as oak galls, were used to produce iron—tannin inks. Among many inks,

iron—gall ink was the one most commonly used at the beginning of the 20" century. Its popularity
resulted from its high durability, low production costs and easy access to ingredients. Iron—gall
ink was used primarily to prepare documents in central and local administration offices but also
for personal use to create private documents. Over time, other ingredients were used in the
production of iron—gall inks, for example, plant parts rich in tannins, such as oak bark and other
tree species, fruits of evergreen oak species, acorn cups, blackthorn, juniper berries and others
[9]. In ancient times, it was common practice for each writer to personally prepare ink according
to his own or heard recipe and often mix random ingredients in various proportions. Other
additives can be found in the recipes of old iron—gall inks, such as alum, salt, honey, beer, vodka,
vermouth, verdigris, urine, coloured wood extracts and many others. Many recipes recommend
that the galls or bark be macerated in water or beer for one or two weeks. The obtained extract
was often boiled — in this way, the substance was thickened and the tannin content was increased.
Iron sulfate — green vitriol — was also added before or after cooking, depending on the recipe. It
was often recommended that air be allowed free access to the ink for a few days for the latter to
turn black. The advantage of the variant with the dye formation process taking place earlier was
that the ink was already clearly visible when writing. The disadvantage, however, was that the
black ink dye, being insoluble in water, precipitated after some time and formed a precipitate
because the presence of gum Arabic did not keep it in suspension. Inks were generally stored
dried in the form of powder, which was diluted with an appropriate solvent when necessary. Some
recipes advise diluting the finished ink with hot wine before use. Then, the ink dye, which may
already have precipitated, will reappear in the solution under the influence of the organic acids
present in the wine. A good practice was to sprinkle freshly written text with fine sand to dry it,
which also prevented it from blurring. In many countries, the production of iron—gall ink used to
be the responsibility of a "good housewife" because to produce a relatively simple ink
composition, water, galls (preferably oak), green vitriol and a bit of mineral acid were needed
and according to some of the oldest recipes, only galls an iron pot and vinegar as an acid source
were sufficient [10-13].

Object of research

For the purposes of researching ink entries, access was gained to private collections of
various German—language documents from the late 1920s [14]. One compact document, a Diary,
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was selected as the object of research (Fig.1). The examined handwritten document is an element
of the broadly understood written heritage. Due to the information which they convey, such
documents are important for society and science, constituting the object of research, including
forensic examination. Such documents need to be protected and remain unchanged as their
authenticity renders them reliable sources of information [15]. This inconspicuous notebook
offers interesting research potential, e.g. reference to and development of the idea indicated in
the article "Forensic examination of inks used as inscription on historical documents" [16]. The
material used for the ink research (journal) was also added to the collections located in the Ink
and Writing Materials Library of the Department of Forensic Sciences, University of Wroctaw
[17-21]. The library collections have been successively expanded for many years with new inks,
writing tools and various historical and contemporary documents. The library resources are used
for various kinds of document examination, including that of ink. Taking into account the difficult
economic situation of the Weimar Republic, especially in the late 1920s, the question arises of
how the crisis affected the industry in relation to such "little things" as the production of writing
products such as inks.

Purpose of research

The research aimed to find out whether it is possible to determine the commonness
(multiplicity) of ink producers, which, from a statistical perspective, could provide insight into
the development of the ink—producing small industry.

The following were examined (Fig. 2):
a. 14 entries from Mariensee, including 11 entries from January; 1 entry from February;
2 entries from March 1929;
b. 2 entries signed Mariensee Ostern (Easter)1929;
3 entries from the town of Empede from February 1929;
d. 5 entries from the town of Neustadt, including 4 entries from February and 1 entry
from March 1929;
e. 5 entries signed Ostern (Easter) 1929.

o

Research problem

The examined Diary contains several dozen pages of handwritten entries from 1929. The
pages of the Diary with visible handwritten entries were analyzed. Inside the document, a
bookbinder's stamp was revealed, stating that it was a handcrafted product (Fig. 1). Initial
inspection involving the use of simple optical devices showed that every entry was made with a
single type of ink. A hypothesis was adopted that iron—gall ink, the most popular at that time, was
used to prepare the examined entries. The entries were written in a short period (from a few days
to a few weeks). The city and villages listed on the pages of the Diary suggested the place where
the entries were made — the city Neustadt am Riibenberge, village Empede, village Mariensee
(Hanover Region, Lower Saxony, Germany). Determining such seemingly trivial information at
the beginning of the analysis provides a solid research basis. The entries in the Diary were
subjected to further examination to determine whether:
a. The inks can be differentiated?
b. Additional conclusions can be drawn by examining the mutual similarity of the inks
used in the Diary entries.
The examined handwritten Diary entries came from the beginning of 1929 and specifically
from the period from January to April 1929 (Figs. 1 and 2).
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Fig. 1. Cover of the Diary (a); Inside the Diary — page with a stamp (b); Bookbinder's stamp (c).
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Fig. 2. Examples of examined Diary pages.
Methods

Ink analysis is based on research methods of varying degrees of complexity, from the
simplest to the most complex. This is due to the historical development of available and reliable
research methods as well as the historical development of the document itself, type of substrate,
type of writing tool, common use of the document, state of preservation of the document, extent
of'its destruction, importance of the document in everyday life, type of substances used to produce
ink, methods of applying ink on paper. In practice, a very large number of variables that are
difficult to determine result in an impact on the ink — paper relationship and the passage of time,
problems with establishing the initial conditions for document creation, difficulties in
determining the conditions of storage and use of the document are just a few examples. They have
influence on the selection of correct research methods, the use of appropriate research
methodology, which in turn has a significant impact on the efficiency, accuracy and objectivity
of ink research [22-24].

In ink examination, a general distinction can be made between non—invasive (optical) and
invasive (chemical) methods. Optical methods include primarily optics, which allow determining
the intensity and shade of the color of the ink as well as performing fluorescence analysis. Optical
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methods enable the determination of the structure and spatial properties of the substrate and ink,
as well as physical properties such as light absorption/reflectance [25, 26]. Chemical methods
enable the examination of the qualitative and quantitative chemical composition of the ink and
its chemical properties, such as the ability to undergo specific chemical reactions. Physico—
chemical methods involve examining the relationship between the composition of the ink and its
physical properties. When examining documents to determine their authenticity, physico—
chemical research is used, among others, to identify both the documents base and the ink (resins,
dyes or solvents) used to prepare the document. The spectra obtained for the samples are
compared with the spectra of standard substances to determine their composition and possible
differences that could indicate forgery. Basic research employs optical methods that use
information transmitted by electromagnetic waves of a specific range of length in the process of
analyzing matter. The resulting optical information signal is received directly visually or
preferably through devices. Non-invasive ink methods use devices that measure the light
absorption or reflection coefficient [27-29]. In practice, non—invasive methods are preferable
because they do not damage or destroy the research material. This makes it possible to carry out
the research again in order to verify the previously obtained results by another independent
researcher. Non—invasive methods enable the examination and analysis of a document without
disturbing its integrity, which is crucial for maintaining the entirety of the entries in the document.
The use of reliable non—invasive methods is necessary in the research of historical documents.

To protect the collector’s private property, the research was carried out using only non—
invasive methods. The document (Diary) was analyzed using spectroscopic methods such as
(VIS—NIR) reflection spectroscopy and Raman spectroscopy (RS) [30-34]. The research also
used the methods similar to those used in statistics and chemometrics to highlight possible
differences between inks [35-37]. Additionally, the scanning electron microscopy (SEM) method
was used for identification purposes [38, 39].

The research used advanced devices: Forensic Document Workstation VSC8000/HS
(Video Spectral Comparator 8000 Hiper Spectra Camera), [https://fosterfreeman.com]; Raman
Spectrometer for Forensic Applications: FORAMG685-2 (Raman Spectral Comparator) with a
685nm laser excitation line making measurements in the range of 400-2000cm™, (equipped with
a VIS-NIR spectrometer making measurements in the spectra range of 400-1000nm)
[https://fosterfreeman.com] and SEM—-EDS (Scanning Electron Microscope—Energy Dispersive
Spectroscopy).

Reflectance spectroscopy VIS—NIR

Reflectance spectroscopy in visible and infrared light was used in the research. VIS-NIR
reflectance analysis enables the determination of subtle changes in ink colour. The VIS-NIR
spectrum also enables quantitative measurement of the reflectance of light by a sample in relation
to the reflectance of a specific white standard [40].

Raman spectroscopy RS

Raman spectroscopy is preferable because of its high sensitivity. This method determines
the content of various substances based on the analysis of inelastic light scattering on
characteristic groups in the molecule of the examined substance [41, 42].

CIELab color space

CIELab has several applications and is also a useful method for the examination of inks.
The CIELab colour space is defined by the "Commission Internationale de 'Eclairage (CIE)" and
is used to describe all colours visible to the human eye in a three—dimensional model using L*,
a* and b* as coordinates in a three—axial system for colour calculation [43—45]. The L* value
indicates the brightness and corresponds to the brightness corresponding to human perception in
the range of 0 (black) to 100 (white), a* and b* are colour values and represent different colour
ratios, where the a* value represents the ratio of green to red and the b* value represents the ratio
of yellow to blue. The L*, a* b* values are direct output parameters of the VIS—NIR
spectrophotometer. They are calculated based on the obtained spectral data in the wavelength
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range from 400 to 1000 nm. This allows, using the method of measuring the chromaticity of ink
lines (CIELab colour space) based on the Euclidean distance formula, estimating the colour
difference of ink entries from different dates and different places. The research checked
differences in the colours of entries on the document using the AE* formula.

AE*=[(AL*)2+(Aa*)2+(Ab*)2] 12 [1]

Scanning microscopy SEM

Scanning electron microscopy allows the analysis of faint or invisible microscopic trace
evidence by imaging it, image comparison and X-ray microanalysis. The SEM microscope is a
good solution due to the ease of preparing, storing and securing samples and the possibility of
examining them in their natural state. It is a non—optical microscope in which a high—energy
scanning electron beam moves over the sample. When the electron beam falls on a fragment of
the examined object, the so—called secondary electrons, which, after being ejected from the
sample, are collected, transferred to a photomultiplier and an optical amplifier and then
transferred to the image. Due to the fact that the scanning electron beam is deflected so that it
precisely sweeps the entire sample surface, a three—dimensional image of the analyzed
preparation is obtained. SEM scanning electron microscopy combined with an EDS X-ray
microanalyzer allows, for example, determining the elemental composition of ink, toner, ink and
paint as well as revealing the microstructure of paper [46—50].

Research

While carefully examining the research material (Diary), several characteristic features
were noticed. Very characteristic yellowish spots were found on almost all pages of the Diary
when examined in white (visible) light. These spots were identified as a probable phenomenon
called foxing, the origin of which is ambiguous. According to some scientists, these are traces of
corrosion of iron particles from various sources; others claim that these are remnants of lignin
breakdown and still other researchers believe that these are stains of microbiological origin [51—
54].

When examined under various lighting conditions, the luminescence of the paper substrate
in ultraviolet light was surprising (Figs. 3 and 4). Nowadays, UV luminescence is caused by the
intentionally added presence of optical brighteners, which were introduced around the second
half of the 1930s, i.e. slightly later than the creation of the document (Diary). In addition, bleach
was initially used solely in the USA and only in washing powders and much later in paper
production. In Europe, optical brighteners were introduced even later. A class of chemicals has
been identified that can enhance bleaching through the action of fluorescence. These materials,
often called colourless dyes, are known as fluorescent whitening agents or optical brighteners,
i.e. a group of molecules that absorb light mainly in the ultraviolet range and emit light in the
visible range, thereby brightening the substrate by emitting more than 100% of the incident visible
light. These materials were first used in food packaging and X—ray film covers to prevent damage
from ultraviolet light. Their bleaching properties were soon exploited and brighteners were added
to many commercial materials, fostering a taste for "whiter than white" papers, textiles and non—
yellowing plastics. In conservation of works of art and cultural property, the preservation and
aging of optical brighteners play an important role, especially in the works from the second half
of the 20" century. The technology and development of these materials and their chemical
composition enhances their durability, appearance and interaction with conservation procedures
[55-57].

However, at that time, a common practice in the production of higher quality paper was to
use agents that compensated for the yellowish tint of cellulose pulp, such as ultramarine or
Prussian blue. However, in addition to compensating for the yellowish tint, they also caused
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"graying" of the paper product. Then, in addition to the classic mineral fillers, ultraviolet
fluorescing compounds were added, such as lithopone, zinc sulfide, gypsum (calcium sulfate),
barite (barium sulfate).

- .
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Fig. 3. View of a paper base with an entry on a random Diary page
in white (visible) light (a); in ultraviolet light UV 365 nm (b).
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Fig. 4. Comparison of paper in various lighting conditions: white (visible) light (1), ultraviolet light UV 365nm
(2 and 3), monochromatic light 490/560 nm observed through a 645nm cut-off filter (4).
a) document being examined, b) sample paper without filler and bleach (quantitative bag), ¢) modern printer paper.

Experimental part

In an attempt to determine what bleach was used in the case of the examined Diary, a
series of spectral measurements — Raman spectra were performed (Fig. 5).

Unfortunately, the intensity of the signals coming from the paper substrate (cellulose)
masked possible filler and brightener signals. Therefore, the decision was made to use the
scanning electron microscopy method (Fig. 6). The SEM results showed that the probable reason
for the failure of the determination attempts using Raman spectroscopy was that the filler grain
size was too small to "hit" the laser beam at the image magnification offered by the Raman
comparator microscope. Moreover, the colour of the filler in relation to the colour of the sheet of
paper (white on white) is also important. Unfortunately, it was also impossible to examine the
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bleach grains, although slightly larger, using Raman spectroscopy. Additionally, it should be
remembered that cellulose fibers, filler and bleach are white, so at low magnification of a Raman
comparator, maximum 20 times, they are practically impossible to capture and observe.

o
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Fig. 5. Compilation of Raman spectra of a paper substrate with a possible
filler - kaolin (a); bleach - crystalline calcium sulfate (gypsum) (b).
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Fig. 6. SEM spectrum of paper with a random Diary entry indicating that:
(a). the filler is an aluminosilicate; (b). bleach is calcium sulfate

At the onset of the next part of the research, it was assumed that the ink, as a very runny
medium, would evenly fill the writing line (Fig. 7).

L

lorceersce . ¥,

a b
Fig. 7. General view of an example page (a); Different degrees of filling (saturation) with ink (b).

However, it turned out that there are visible differences between strongly and poorly filled
places in the writing line and characteristic traces of pressure on the pen (nib) were observed in
the form of a "track" effect, where the edges of the writing line are more saturated, while the
centre is less so (in several cases only the "track" is visible, while its interior remains blank),
which causes significant differences in the spectra (especially in the brightness value L*).
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Additionally, examination of the documents in various lighting conditions (monochromatic and
UV light) revealed that apart from visible foxing spots, there were more or less visible additional
black spots (Figs. 8 and 9). To check the influence of these factors on the quality of measurements,
a number of reflection (Fig. 10) and luminescence (Fig. 11) spectra were taken.

| mfg
ﬁﬂ'gp‘-’»“w

Fig. 8. Yellow spot in the paper base (so-called foxing) in white (visible) light (a);
365 nm ultraviolet light (b); 490/560nm cut-off filter 645nm (c); 720/800nm cut-off filter 830nm (d).

yellow stain
- foxing

o

paper

entry

a

Fig. 9. Fragment of the letter D. Image in white light enriched with infrared radiation (a);
Image in monochromatic 490/560nm spot light viewed through a 64 nm cut-off filter (b).
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Fig. 10. Image of the maximum and minimum spectra for an example entry - here: Mariensee 06.03.1929 (a);
summary of reflection spectra of incident white light enriched with infrared radiation after normalization (b).

http://www.ijcs.ro 1415



R.CIESLA

yellow stein paper surface
——black stein ——black entry

120 - yellow stein paper surface
——black stein ——black entry

100 -

80 4

luminescence intensity

04 ‘\MI\pf/

400 500 600 700 800 900 1000

wavelength [nm]

Fig. 11. Summary of spectra of luminescence induced by ultraviolet light 365 nm and luminescence induced
by monochromatic light 490/560 nm, detected by a 645 nm cut-off filter.

The above results forced the development of a methodology providing reliable colour
measurements. After averaging, the difference of colours within the examined entry was close to
zero. Therefore, an attempt was made to estimate the number of necessary measurements for an
entry from one date that should be performed to meet the above condition. Successive spectra
were taken from different entry points, then their colour parameters were determined in the
CIELab system and averaged, observing a gradual reduction in the difference of colours.
Research has shown that conducting reliable comparative examination of inks (by measuring the
difference in their colour) requires a minimum number of approximately 100 measurements
(Table 1). This should result in a maximum reduction of a possible measurement error caused by
the inhomogeneity of the recording lines (Figs. 12 and 13) [58-59].

a b 120 -

4
reflectance

400 500 600 700 800 900 1000

wavelength [nm]
Fig. 12. Randomly selected spectrum and chromatic value extraction points for the entry: Mariensee 06.03.1929 (a);
Received image of 100 spectra for entry: Mariensee 06.03.1929 (b).

This methodology was used in the examination of subsequent selected entries with
different dates and different locations. An identical procedure was used for Raman spectra.

In order to find the range of signals originating from the ink, the Raman spectrum of the
paper substrate was taken and then compared with the spectra of the entries. The reflection
spectrum does not identify iron—gall ink, while the Raman spectrum hardly differentiates them at
all (Fig. 14). Only expanding the spectral range for iron—gall ink allowed differences to be noticed
(Fig. 15).
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Table 1. Chromaticity. Euclidean distance. Averaging of measured values.

Number of spectra L* a* b*
1 58.6 6.3 14.3
11 51.3 2 11.9
21 54 0.9 13.1
31 54.3 0.9 12.7
41 55.4 1.3 12.5
51 56.7 0.8 12.6
61 57.5 0.8 12.7
71 57.4 0.8 12.5
81 57.4 0.4 12.5
91 57.8 0.4 12.6

100 57.6 0.4 12.5
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Fig. 13. Trend line of AE changes with an increasing number of measurements.

12
. —— 170129 Marinsee | —— 170129 Mariesee
] 190129 Maricrsee 2 150129 Matiesee
< miweee £ 03 —— 200129 Mariesee
3 OIWMeee 2 210129 Mariesce
3 230129 Maricnesee -§ 06 —— 1230129 Marksee
E 230129 Mariersec | % 04 230129 Mariesee

;
240129 Mariensee g —— 240129 Mariesee
—— 060329 Maricosce g 02 060329 Maricsee

0¥ e : 3
500 1000 1500 2000
wavelength [nm] wavenumber [ 1/em]
a b

Fig. 14. Normalized reflection spectra of white light enriched with infrared radiation of entries signed Mariensee (a);
Normalized Raman spectra of entries signed Mariensee (b).
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Fig. 15. The range of Raman spectra of entries marked Mariensee after rejection of the fragment
common to the paper substrate, attributed to iron-gall peaks.
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To confirm that the examined ink was an iron—gall ink, an SEM spectrum of one of the
entries from the Diary was taken, which confirmed this assumption (Fig. 16).
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Fig. 16. SEM spectrum of a fragment of a random page from the Diary with a note indicating iron-gall ink.
The acquired reflection and Raman spectra provided data for further calculations that
would arrange the inks into a recognizable pattern. The data used and their symbols (including

their expansions) used in the calculations are presented in Table 2.

Table 2. Data preparation.

Symbol Development
R min Reflectance at minimum [%]
A min Reflectance wavelength in minimum [nm]
L* The brightness (luminance) of the entry line colour
a* a* component of the entry line color
b* b* component of the entry line color
AE piace Colour difference between entries within one town
AE Colour difference between entries from all towns
S 400:1000 The surface area under the reflectance graph
in the range of 400 to 1000 nm
U max Wave number (Raman shift) of the peak (band)
I max Peak (band) intensity in the Raman spectrum

The data obtained in various configurations were compiled and then, using statistical
methods, an attempt was made to find mutual connections that would allow them to be grouped.

Discussions

After laborious calculations, the data can be presented in a more readable form of charts.
They indicate that individual entries form quite distinct and characteristic groups (Fig. 17). The
grouping of ink entries becomes clearer after performing another autoscaling operation (Fig. 18).
Even though all the examined inks were black, quite distinct clusters can be seen in the
graphs, especially the autoscaled ones, which allow us to draw the following conclusions:
a. The inks can be discriminated and arranged into several groups.
b. There was probably more than one shop selling ink in the three places considered.
c. Various ink producers supplied shops selling ink.
d. It is quite possible that there was only one ink supplier and the differences between
the inks are caused by technological changes in their production process.
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Conclusions

The period covered by the research is the end of the 1920s. The place of origin of the
samples is a relatively small geographical area. The obtained results of ink research after applying
statistical analysis made it possible to discriminate inks and, additionally, to arrange them into
several groups. This leads to the conclusion that inks from several manufacturers were used to
prepare entries in the Diary. Although the research does not rule out the possibility of changes in
the technology of producing the inks in question, the relatively short period of time during which
the entries were made allows the conclusions indicated in points b. and c. to be considered correct.
The multitude of different inks used also indicates the multitude of manufacturers. As a result,
this suggests the development of small—scale ink production in a small area.

Historical documents such as the examined Diary may be a forgery in whole or in part
carried out in order to change significant facts. False inscriptions in the document may influence
findings that are inconsistent with reality and, consequently, may lead to unfavourable private or
official decisions. Therefore, this type of documents is of interest in forensic examination. The
non—invasive spectroscopic methods (VIS-NIR and RS) with statistical methods used and the
obtained research results should be further developed and be applied in the future as an alternative
approach offering great potential in the forensic examination of inks.
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