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1. CYKL PRAC STANOWIĄCYCH ROZPRAWĘ 

DOKTORSKĄ 
 

1. Jurand Domański, Zygmunt Domagała, John E. Simmons, Marta Wanat: Terra 

Incognita in anatomical museology - a literature review from the perspective of 

evidence-based care.  Ann Anat. 2023 Jan;245:152013.  doi: 

10.1016/j.aanat.2022.152013. 

IF: 2,976; Punktacja Ministerialna: 100 punktów 

 

2. Jurand Domański, Adriana Janczura, Marta Wanat, Katarzyna Wiglusz , 

Magdalena Grajzer, John E Simmons, Zygmunt Domagała, Jacek C Szepietowski: 

Preservation fluids of heritage anatomical specimens -a challenge for modern 

science. Studies of the origin, composition and microbiological contamination of 

old museum collections. J Anat. 2023 Apr 6. doi: 10.1111/joa.13854.  

IF: 2,921; Punktacja Ministerialna: 140 punktów 

 

3. Jurand Domański, Rafał Białynicki-Birula, Urszula Nawrot, Elżbieta Piątkowska, 

Zygmunt Domagała, Jacek C Szepietowski: Microbial load of heritage 

dermatological moulages of the historic university department in Wroclaw, Poland. 

Adv Dermatol Allergol 2023, doi.org/10.5114/ada.2023.127197 

IF: 1,664; Punktacja Ministerialna: 70 punktów 

 

 

Sumaryczny IF: 7,561 

Sumaryczna Punktacja Ministerialna: 320 punktów 
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2. OMÓWIENIE ROZPRAWY DOKTORSKIEJ 
 

2.1 WSTĘP 
 
Historyczne muzea uczelniane są depozytariuszami unikalnego dziedzictwa. W przypadku 

muzeów medycznych wyjątkowość tych instytucji jest szczególna, gdyż zabezpieczają jak i 

eksponują obiekty, które ze względu na swoją właściwość są niemożliwe do odtworzenia.  

Przykładowo Muzeum Anatomiczne Uniwersytetu Medycznego we Wrocławiu zabezpiecza 

kolekcje zabytkowych płodów teratologicznych utworzoną na początku XIX wieku. 

Znajdują się tam okazy, które najprawdopodobniej prezentują wady rozwojowe powstałe w 

wyniku chorób zakaźnych okresu ciąży. Wiele z tych schorzeń jest współcześnie 

eradykowanych lub ich przebieg jest zmieniony w wyniku rozwoju nowoczesnych technik 

medycznych jak i skutecznych działań prewencyjnych. Efektem tego postępu medycyny jest 

niezwykła unikalność takiej kolekcji.. Zbiory te, niezwykle ‘wrażliwe’ na odbiór społeczny, 

nie mogłyby być eksponowane w innych instytucjach, stąd muzea medyczne to fenomen, 

legitymizowany etosem medycznym. 

 Z punktu widzenia pragmatyzmu naukowego, muzea medyczne przechowują 

atrakcyjny materiał badawczy lub też same w sobie stanowią obiekt badań. Ochrona zbiorów 

muzealnych, winna być podyktowana choćby z tego powodu, jeśli nie z oczywistych, 

moralnych powódek. Unikalność tych zbiorów wyklucza jednak stosowanie 

niesprawdzonych czy niezweryfikowanych naukowo metod ochrony. Bez ich opracowania  

nie ma możliwości wdrożenia sposobów ochrony dziedzictwa medycznego. Z kolei brak 

badań uniemożliwia opracowanie metod. Współczesna nauka powinna zatem podjąć (i) 

badania służące zarówno poznaniu właściwości samych obiektów muzealnych (tzn. badania 

podmiotowe zbiorów), (ii) badania służące opracowaniu metod ochrony zbiorów i wreszcie 

(iii) weryfikacji metod badań naukowych na zbiorach muzealnych/muzeach. 

Obiekt muzealny jako materiał badawczy wyróżniają jego wielopłaszczyznowe 

właściwości w tym historyczny kontekst, rozumiany jako przyczyny jego powstania i 

ekspozycji, techniki wykonania, zmiany dokonywane w czasie (zamierzone i samoistne - 

niezamierzone) jak i fluktuacje w identyfikacji samego obiektu na przestrzeni czasu. Z tego 

powodu badania naukowe zbiorów muzealnych są wymagające. Konieczna jest analiza 

naukowa z różnych perspektyw -  z różnych dziedzin nauki i ich wzajemna konfrontacja. 

Jedynie holistyczna determinacja projektowanych badań umożliwia obiektywne poznanie 

tego unikalnego materiału badawczego i uzyskanie  pełnych i jednocześnie obiektywnych 
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wyników,  będących skutkiem wzajemnego przenikania się czynników kształtujących obiekt 

badawczy. Ta interdyscyplinarność, zarówno w kontekście badań naukowych jak i 

podejmowanych działań ochrony zbiorów wydaje się korespondować z medycyną 

pojmowaną jako sztuka: dyscypliną nauki jak i praktyki leczniczej – ‘art and practice’. 

 

2.2 CELE 
 

Rozprawa skupia się na przedstawieniu koncepcji badania zbiorów historycznych zbiorów 

muzealnych opartej na interdyscyplinarności. 

 

2.2.1 Szczegółowe cele badań 

 
1. przeprowadzenie badań podmiotowych wybranych zbiorów muzealnych w 

koncepcji interdyscyplinarnej 

2. weryfikacji metod naukowych mogących posłużyć lepszemu poznaniu właściwości 

badanych obiektów muzealnych 

3. opracowania innowacyjnych metod ochrony cennego dziedzictwa na podstawie 

efektów przeprowadzonych badań 

 

2.2.1.1 Szczegółowe cele badań artykułu pierwszego 
 

Celem badania było odnalezienie opracowań, których wyniki mogą odegrać rolę: 

- w uzyskaniu głębszego zrozumienia technik i procedur konserwacji zbiorów 

anatomicznych; 

- w planowaniu interwencji konserwatorskich, których efektem były zmiany w strukturze 

obiektów muzealnych; 

- w optymalizacji planowanych badań na materiale muzealnym celem zapewnienia jego jak 

najlepszego zachowania 

- w planowanych modernizacjach zabytkowej przestrzeni muzealnej przy jednoczesnym 

zachowaniu jej historycznej integralności. 

 

Dodatkowymi celami pracy były: 

- ocena stanu dostępnych badań i ich rodzajów, które mogłyby mieć praktyczne 

zastosowanie w modernizacji muzeów anatomii człowieka, 
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- próba kategoryzacji istniejących publikacji naukowych dotyczących muzeów 

anatomicznych i opieki nad zbiorami muzealnymi 

- lepsze zrozumienie miejsce muzeów anatomii człowieka, historycznie związane z 

uniwersytetami, w ogólnej klasyfikacji i taksonomii muzeów 

 

2.2.1.2 Szczegółowe cele badań artykułu drugiego 
 
- celem badań było określenie składu chemicznego płynów konserwujących zabytkowe 

zbiory anatomiczne oraz przeprowadzenie oceny mikrobiologicznej płynów 

konserwujących i próbek. 

- ocena, czy proste metody wykrywania składu chemicznego płynów konserwujących są 

przydatne w pracy konserwatorskiej/analizach badawczych i czy wyniki uzyskane za ich 

pomocą można porównać z wynikami otrzymanymi poprzez zastosowanie najnowszych, 

zaawansowanych  technik analitycznych. 

 

2.2.1.3 Szczegółowe cele badań artykułu trzeciego 
 
- przeprowadzenie oceny mikrobiologicznej zabytkowych modeli dermatologicznych i 

otaczającego ich środowiska sali muzealnej.  

- zbadanie, czy kolekcja zabytkowych mulaży dermatologicznych jest skolonizowana przez 

określone mikroorganizmy i czy stanowią one zagrożenie dla zdrowia otoczenia, w tym 

zwiedzających muzeum. 

 

2.3 MATERIAŁ I METODY 
 

2.3.1 Materiał i metody artykułu pierwszego  
 

W pracy zastosowano metodę przeglądu systematycznego literatury dla dwóch haseł: ‘ 

anatomy museum’ i ‘museum technoques’ opartą o wyszukiwanie w bazach PubMed, 

Ebsco, Google Schoolar, z zastosowaniem innowacyjnych kryteriów AQUA (Anatomical 

Quality Assurance (AQUA) Checklist and the Anatomical Quality Assessment (AQUA) 

Tool). W celu zwiększenia czułości metody użyto dodatkowe kryteria eliminujące prace 

nieporównywalne, nieistotne, lub nie powiązane z badaniami/ochrona zbiorów muzealnych 

lub muzeami anatomicznymi. 
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Uzyskane w ten sposób rekordy poddano analizie porównawczej, na podstawie której 

określono strukturę klasyfikacji prac w poszczególnych grupach tematycznych oraz 

zdefiniowano kwalifikatory dla każdej z tych grup.  

 

2.3.2 Materiał i metody artykułu drugiego 
 
Badaniom poddano zabytkowe zbiory anatomiczne przechowywane w Zakładzie Anatomii 

Prawidłowej Uniwersytetu Medycznego we Wrocławiu. Ocenie poddano zbiory 

przechowywane w Muzeum Anatomicznym (grupa kontrolna - 6 okazów) i w podziemiach 

Zakładu (grupa badawcza - 10 okazów). Badania podzielono na trzy wątki: badania 

historyczne, chemiczne, mikrobiologiczne. 

 

2.3.2.1 Badania historyczne 
 
Dokonano przeglądu literatury naukowej w celu doboru odpowiednich metod 

laboratoryjnych do oceny składu płynów konserwujących wykorzystując wyniki dwóch 

przeglądów literatury: (i) przeglądu systematycznego z artykułu pierwszego 

prezentowanego w przewodzie (ii) przeglądu niesystematycznego opartego na pracach 

opublikowanych w czasopiśmie "Museologica" i ocenie wykazów literatury z monografii 

"Fluid preservation: a comprehensive reference". Dodatkowo przeanalizowano współczesne 

monografie dotyczące historii Uniwersytetu Medycznego we Wrocławiu, archiwalne prace 

naukowe Kierowników Instytutu Anatomii z XIX-XX wieku. 

 

2.3.2.2 Badania chemiczne 
 
W badaniach chemicznych analizowano płyny konserwujące i porównywano użyteczność 

zastosowanych metod. Zastosowano (i) metody analityczne farmakopopealne oparte na 

prostych reakcjach chemicznych oraz (ii) metody oceny zaawansowane: chromatografia 

gazowa - trójkątna kwadrupolowa spektrometria mas tandem [GS-MS/MS], spektroskopia 

w podczerwieni z transformacją Fouriera [FTIR], optyczna spektroskopia emisyjna z plazmą 

indukcyjnie sprzężoną [ICP-OES], ocena pH. 

 

2.3.2.3 Badania mikrobiologiczne 
 
Do oceny pobierano próbki płynów konsekrujących oraz wymazy z powłok preparatów 

anatomicznych, które posiewano na pożywkę płynną - bulion z glukozą i podłoże stale – 
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agar Sabouranda z chloramfenikolem.  W kolejnej serii posiewów zastosowano dodatkowo 

inne stałe – agar z krwia i podłoże Mc Conkeya. Wyrosłe kolonie bakteryjne izolowano i 

analizowano w MALDI-TOF (matrycowa desorpcja laserowa/jonizacja spektrometria mas 

typu time-of-flight),. Z części okazów pobrano zeskrobiny, które barwiono metodą Giemzy 

i analizowano pod mikroskopem. W przypadku wzrostu grzybów, kolonie analizowano pod 

mikroskopem (preparat bezpośredni – grzyby pleśniowe), natomiast grzyby 

drożdżopodobne poddano analizie w MALDI-TOF. 

 

2.3.3 Materiał i metody artykułu trzeciego 
 
Ocenie mikrobiologicznej poddano zabytkowe mulaże dermatologiczne i środowisko 

Muzeum Mulaży Uniwersytetu Medycznego we Wrocławiu. Za pomocą jałowej 

wymazówki pobierano wymazy z powierzchni woskowej mulaży – z 5 gablot muzealnych, 

po 5/7 okazów z każdej. Wymazy pobierano również z gablot muzealnych zarówno z 

wewnętrznej jak i zewnętrznej strony. Oceny środowiska muzeum dokonano poprzez 

analizę kontaminacji powietrza (filtracja), wymazy z podłogi i ścian oraz wyciski 

mikrobiologiczne wykonane z grzbietów gablot muzealnych. 

Materiał z wymazów i z błon filtracyjnych wytrząsano i posiewano na podłoża dla bakterii 

(agar z krwią) oraz dla grzybów (agar Sabouranda z chloramfenikolem). W przypadku 

wzrostu kolonie izolowano i analizowano – bakterie w MALDI-TOF, grzyby – analizowano 

ogólną morfologie i preparaty bezpośrednie barwione lakrofenolem. 

Ponadto dokonano niesystematycznego przeglądu literatury dotyczącej historii i 

przeprowadzonych badań nad mulażami dermatologicznymi z wykorzystaniem wyszukiwarki 

PubMed. Wykorzystano wyniki przeglądu systematycznego zaprezentowanego w przytaczanym tu 

artykule pierwszym. 

 
2.4 PODSUMOWANIE WYNIKÓW 

 

2.4.1 Wyniki artykułu pierwszego 
 

Wśród 462 prac poddanych analizie 61% z nich dotyczyło historii, kwestii społecznych lub 

aspektów muzeologii współczesnej; 8% stanowiły artykuły techniczne; a 31% artykuły 

badawcze, z których tylko 8% koncentrowało się na badaniach podmiotowych obiektów 

muzealnych. Znalezione artykuły wykazały przewagę prac z zakresu kulturoznawstwa, z 
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zaskakująco niewielką liczbą odnoszących się do praktyki muzealnej. Co więcej, w 

literaturze brakowało konsensusu co do klasyfikacji muzeów anatomicznych.  Nie istnieją 

lub niedostępne są badania w tematyce muzeów anatomii człowieka o wartości praktycznej, 

mogące stanowić wsparcie kuratorów zajmujących się ochroną dziedzictwa. Publikacja w 

istotny sposób udowadnia potrzebę prowadzenia badań opartych na metodach naukowych 

w celu stworzenia rekomendacji i strategii postępowań z unikalnymi historycznymi 

preparatami medyczno-muzealnymi. 

 

2.4.2 Wyniki artykułu drugiego 
 

Dzięki analizie źródeł historycznych i literatury pozyskano informacje na temat technik 

konserwacji zbiorów anatomicznych i składów niektórych mieszanin konserwujących 

stosowanych w XIX. Uzyskano informacje pozwalające częściowo poznać historię 

badanych kolekcji muzealnych. 

W wyniku analiz chemicznych określono niektóre składniki mieszanin konserwujących i ich 

stężenia. Wykryto m.in. obecność metanolu, etanolu, formaldehydu i glicerolu. Stężenia 

tych substancji różniły się między próbkami, a ich oznaczenie wymagało zastosowania 

różnych metod odpowiednich dla poszczególnych składników mieszaniny konserwującej. 

Żadna z zastosowanych metod analitycznych nie była wystarczająco selektywna aby mogła 

być zastosowana w podobnych badaniach indywidualnie. 

W badaniach mikrobiologicznych z wymazów pobranych z próbek anatomicznych 

wyizolowano zarówno bakterie, jak i grzyby. Flora bakteryjna była mniej liczna niż flora 

grzybowa. Wśród bakterii wyizolowano środowiskowe bakterie Gram-dodatnie Bacillus 

cereus, Bacillus thuringiensis oraz rzadką bakterię z rodzaju Cupriavidus, natomiast wśród 

grzybów wyizolowano grzyby drożdżopodobne Candida boidinii i Geotrichum silvicola 

oraz grzyby pleśniowe Penicillium sp. i Fusarium sp. Jednak ocena mikroskopowa wykazała 

większą różnorodność mikroorganizmów, których nie udało się wyizolować klasycznymi 

metodami hodowlanymi. 
 

2.4.3 Wyniki artykułu trzeciego 
 

Ocenie mikrobiologicznej poddano 32 historyczne mulaże dermatologiczne i ich otoczenie 

(muzeum). Wymazy z okazów okazały się pozytywne w 28% przypadków, wyizolowano 

głównie Micrococcus luteus. Flora wyizolowana z powietrza i zewnętrznych powierzchni 
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gablot muzealnych była znacznie bogatsza. Oznaczono bakterie i grzyby środowiskowe, a 

także organizmy prawdopodobnie związane z florą szpitalną: Pseudosomonas spp., 

Paebacillus sp., Acinetobacter sp.. Odnaleziono bardzo nieliczne opracowania dotyczące 

sposobów ochrony i konserwacji mulaży, natomiast dostępne w literaturze badania były 

poświęcone głównie identyfikacji zbiorów i ich zastosowania w dydaktyce. 

 

2.5 WNIOSKI 
 

1. Dane literaturowe odnoszące się technicznych aspektów pracy z anatomicznymi 

obiektami muzealnymi są wysoce ograniczone i nie stanowią jednoznacznego 

wsparcia do badań naukowych z zakresu muzeologii anatomicznej.  

2. Etanol, metanol, formaldehyd i gliceryna w różnych stężeniach to najczęstsze 

składniki płynów konserwujących muzealne mokre preparaty anatomiczne. 

3. Brak jest jednej wysoce selektywnej metody analitycznej oceny jakościowej                        

i ilościowej płynów konserwujących historyczne preparaty anatomiczne. 

4. Flora mikologicznych mokrych preparatów anatomicznych jest bogatsza od 

bakteryjnej i wykazuje większość różnorodność.    

5. Muzealne eksponaty mulaży dermatologicznych wykazują znikomą kontaminację 

mirobiologiczną, przy bogatszej florze bakeriologicznej i mikologicznej całego 

środowiska muzeum. 

6. Badania medycznych obiektów muzealnych wymagają podejścia 

interdyscyplinarnego z uwzględnieniem przynajmniej aspektów historycznych, 

chemicznych                                     i mirobiologicznych.   

7. Wskazany jest dalszy rozwój badań nad medycznymi obiektami muzealnymi celem 

stworzenia wytycznych dotyczących zasad ochrony i pracy z tym dziedzictwem.  

 

2.6 FINANSOWANIE 
 
Przedstawione badania sfinansowano grantem FAST (Funduszu Aktywności Studenckich - 

edycja II) pt. „Muzeum Anatomiczne Uniwersytetu Medycznego we Wrocławiu - historia, 

nauka, sztuka” o numerze w ewidencji wewnętrznej Uczelni: GMIN.A351.20.006 oraz 

subwencją Ministra Edukacji i Nauki na zadanie konkursowe pt. „Ocena mikroorganzimów 

izolowanych ze zbiorów anatomicznych pod kątem zagrożenia zdrowotnego i oporności na 

substancje dezynfekcyjne”, identyfikowanym w systemie SIMPLE: SUBK.A351.23.020. 
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a b s t r a c t

Background: The care of historical collections in anatomical museums is a highly specialized subject re-
quiring advanced knowledge. When searching for practical information on this subject, the authors were 
not able to find appropriate literature based on scientific research. The absence of this literature is probably 
due to the specialized nature of the subject and the poorly defined classification of this type of museum. 

The purpose of this study is to conduct a systematic literature review to identify (i) the current state of 
knowledge of anatomical museology and (ii) the nature and determinants of ongoing research on anato-
mical museum objects.
Materials and methods: A systematic search of the main electronic databases (PubMed, Google Scholar, 
Scopus) was conducted to identify relevant studies. The records retrieved were categorized according to 
thematic similarity and scientific content. Based on these groupings, statistics were created based on the 
number of eligible papers in each particular group.
Results: 61 % of the papers retrieved addressed the history, social issues, or related aspects of contemporary 
museology; 8 % were technical papers; and 31 % research papers, of which only 8 % were focused on the 
museum object as the topic of the research. The paper retrieved showed a predominance of works in 
cultural studies, with surprisingly few applicable to museum practice. Furthermore, there was a lack of 
consensus in the literature regarding the classification of anatomical museums.
Conclusions: Anatomical museology is a poorly defined concept in the scientific literature and it is a rare 
topic in contemporary work by anatomical practitioners. The literature review revealed that the debate 
about the fate of anatomical museums encompasses a broad spectrum of diverse, often disparate scientific 
fields as well as economic factors that influence the present status and future of these institutions. For these 
reasons, museum object research is problematic in design, may not be considered worthwhile, or is un-
attractive from an institutional perspective. The literature survey showed that there is a paucity of work in 
the available modern literature that provides significant support for museum anatomists.

© 2022 Elsevier GmbH. All rights reserved. 

1. Introduction

1.1. Anatomical museums - current challenges

The decline in the importance of anatomical museums in their 
conventional form as teaching institutions provokes a discussion 
about the role that these institutions now play. Academic museums, 
which used to be a core resource for teaching, have declined in 
importance in favour of illustrated textbooks, atlases, and digitised 
collections that are accessible online (Gulczyński et al., 2018; Zhao 
et al., 2020). In the present climate, in which institutional decisions 
are based primarily on the economics of operations rather than on 
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historical importance and tradition, the question of the value of 
maintaining these institutions is highly relevant (Marreez et al., 
2010). Europe has many anatomical museums with long histories 
that are expensive and cumbersome to maintain. In most cases, the 
historical nature of their exhibition galleries requires the preserva-
tion of their original style and the specimens stored therein require 
specialist care. Due to the fact that anatomical museology is a un-
ique, niche topic and thus difficult to access, the preservation of 
these institutions is complicated.

Museums play a special role in science as storehouses of material 
that is often unique and not available today. Museum specimens are 
useful not only didactically but also in research; for the evaluation of 
rare, eradicated diseases; analysis of congenital anomalies; retro-
spective studies; and much more. However, when working with such 
objects, it is impossible not to take into account to their historical 
properties, which are often related to the history of the institution 
and changing conservation trends over time. For example, when 
conducting research on animal material, it must be understood that 
different fixing and preserving chemicals and techniques influence 
the preservation quality of the tissues in different ways that affect 
the final morphological structure of the specimen. There has been 
very little such research on human anatomical collections (Simmons, 
2014, p.25) and it remains unclear whether the results of research on 
animal specimens in museums can be applied to human anatomical 
specimens and, if so, what the relationship is between the two. Thus, 
the consideration of historical factors when conducting a study is 
necessary, albeit difficult, due to the complicated histories of many 
museums in Europe, the multi-layered process of specialization 
during the development of these organizations, and the insufficient 
number of studies of museum objects utilizing appropriate labora-
tory techniques.

1.2. The anatomical museum as a university museum

The history of museums is obscure and complicated (Simmons, 
2016), but it is known that the earliest anatomical museums evolved 
from teaching institutions in which dissections were performed and 
anatomical specimens were prepared. Over time, some specimens 
and models passed into private ownership and were exhibited in 
cabinets of curiosities, which slowly evolved into modern museums 
beginning in the late 17th century (Lindauer, 2010; Simmons, 2016). 
In a treatise on museology published in 1727 (Caspar Friedrich 
Neickel’s Museographia), it was recommended to exhibit at one end 
of the gallery “all kinds of anatomical objects, predominantly human 
objects, as in mummies, embalmed and anatomical children whose 
skeletons are displayed along with those of fully grown adults and 
other anatomized parts of beasts and men artificially prepared in 
balsam and varnish” (Kaufman, 2021, p. 170).

Over time, some exhibitions in anatomical theaters evolved into a 
specific type of institution—the academic anatomical museum, 
which responded to the broad and diverse needs of the society, not 
only the academic community. There is a question regarding the 
establishment of anatomical museums—the available scientific data 
indicate that dedicated anatomical museums did not began to de-
velop dynamically until the 18th and 19th centuries, although there 
were exhibitions of anatomical specimens in academic museums 
earlier than that (Cole, 1949). According to the philosophy of science 
of the time, the first true anatomical museums associated with 
universities combined primitive, pathological, and comparative 
anatomy. With the evolution of didactical methodology, these dis-
ciplines became separated; it happened, for example, in Breslau at 
the end of the 19th and beginning of the 20th century, which re-
sulted, among other things, in a reduction in the number of animal 
specimens (Hasse, 1911; Otto, 1827, 1814). A similar process of spe-
cialization was experienced at this time by other anatomical mu-
seums in Europe (Monza et al., 2019). This change stemmed from the 

development of the chemical sciences which made it possible to 
better protect cadavers from biological agents of deterioration 
(Musiał et al., 2016). As a result, exhibition halls of anatomical mu-
seums were gradually filled with a variety of human anatomical 
specimens. Their appearance, preparation techniques, and methods 
of protection varied, depending on the time of their creation and the 
place and method of their exhibition and storage. Because of this, 
each specimen has great historical value. This exceptional and his-
toric quality of human anatomical preparations deposited in anato-
mical museums makes them not only valuable from the medical and 
didactic perspectives, but also interesting from the scientific and 
artistic point of view (Gulczyński et al., 2018).

Current scientific interest in anatomical collections stems from 
the study of the progress of medical science, and from the need to 
assess the anatomical variability and the dynamics of changes in 
preserved human structures. Historical collections are often the only 
source of knowledge regarding medical, sociological, and cultural 
aspects of anatomical specimens (Corradini, 2015; Marreez 
et al., 2010).

1.3. Restoration of anatomical specimens

The historical legacy can be a source of difficulties in terms of 
taking proper care of specimens stored in a museum (Bocaege et al., 
2013). Due to their value, experimental activities which may irre-
trievably damage specimens cannot be used with most historic 
museum specimens. Conservation procedures carried out on such 
specimens require a broad understanding of historical practices and 
scientific history and the intellectual trends and scientific philo-
sophy of past times, knowledge of the context in which a given 
collection was created, the specific techniques used at a given time, 
and the contemporary state of anatomical knowledge (Edwards and 
Edwards, 1959; Häner, 2015).

The uniqueness of particular specimens and the problem of de-
termining the scope of work carried out at the time of their creation 
pose major difficulties in conservation and restoration. For example, 
the Wroclaw Museum’s collection of teratological foetuses contains 
specimens showing traces of surgical cuts and sutures, but for many 
years it was impossible to determine the purpose of these opera-
tions. An explanation was finally discovered in 19th century refer-
ences which revealed that some specimens were sectioned in order 
to describe an anomaly, then their viscera were filled with packets of 
straw and the skin carefully sutured. The straw colour of their pre-
servative fluids today probably results from the use of these fillers 
(Otto, 1841).

The challenge of revising the 19th and 20th century historical 
collection of the anatomical museum in Wroclaw resulted in the 
need to find scientific publications that addressed technical aspects 
of the care and management of historical collections in anatomical 
museums. This project focuses on the search for literature on the 
preparation, care, and conservation of human anatomical specimens 
in museums, a specific group of publications that provides clues and 
guidelines of a proven and predictable nature, making them useful 
for museum work.

The aim of this project is to review existing scientific publications 
in the field of anatomical museology in order to find studies whose 
results may play a role: 

• in gaining a deeper understanding of the techniques and proce-
dures for the conservation of anatomical collections;

• in the planning of conservation interventions and other delib-
erate alterations that resulted in changes to the structure of 
museum objects;

• in optimizing planned research on museum material to ensure its 
safety;
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• in planned modernizations of the historic museum space whilst 
maintaining its historical integrity.

An additional aim of this project is to assess the status and types 
of research in this area that may have practical application for the 
modernization of museums of human anatomy, and to attempt to 
categorize these reports. Furthermore, the authors desire to better 
understand the place of human anatomical museums—which are 
historically linked to universities—in the overall classification and 
taxonomy of museums.

2. Materials and methods

2.1. Overview

In order to find useful publications, assess the amount and status 
of the research, and evaluate the accessibility of the publications, an 
independent search was conducted for scientific publications avail-
able online through a systematic review. The advantage of this re-
search method is that it allows reliable proportions of different 
groups of publications to be created in a further step.

2.2. Search strategy

A multi-phase literature search was conducted using available 
electronic databases, including PubMed, Google Scholar, and Scopus, 
in order to identify the scientific publications appropriate for ana-
lysis. Two separate review sessions were conducted using the key-
words "museum anatomy" and "museum techniques" (Fig. 1). 
Publications in any language and time frame were accepted and the 
resulting list of records was sorted according to best matches. All 
forms of publications were included, except those matching the 
exclusion criteria. The AQUA criteria were used throughout the 
search process to increase the reliability of the literature review 
(Henry et al., 2017; Tomaszewski et al., 2017).

Difficulties in assessing the qualifications of studies were re-
solved by all authors unanimously. The results from the three da-
tabase searches were sorted and summarised to avoid repetition, 
which resulted in 474 qualified publications for the “anatomy mu-
seum” search (Fig. 1). The additional keyword, "museum techni-
ques", was used to avoid omitting relevant publications, and 
repetitions were eliminated as noted above. There were 308 quali-
fied publications for the second keyword (Fig. 1).

2.3. Selection criteria

Exclusion criteria eliminated publications relating to exhibitions 
and/or research in the fields of botany, archaeology (e.g., Egyptian 
mummies), paleontology (fossils), and art. In addition, papers on 
museums of medicine (history of medicine, forensic medicine, sur-
gery, etc.) and veterinary medicine were omitted if they did not 
address anatomical collections or techniques. Records concerning 
genetic or microbiological banks were also rejected. Non-scientific 
research literature (i.e., not presenting scientific studies) such as 
catalogues, albums, and museum guides was omitted.

Conference papers, unavailable works, and studies containing 
incomplete or insignificant data were excluded as well. Books (sci-
entific monographs) were not emphasized because of the difficulty 
of assessing their eligibility and their low probability of usefulness 
with regard to the objectives of this work (see Discussion concerning 
humanities monographs).

Research on non-human animal museum specimens was ac-
cepted, as well as papers on zoological museums and collections if 
they concerned mammals. Works on natural history museums, 
nature museums, and anthropological collections were accepted if 
they referred to human anatomy, vertebrate anatomy (mammals), or 

Fig. 1. Systematic search process for the keywords anatomy museum” and “museum 
techniques” presented as a flowchart of the selection of articles and their compilation. 
In order to achieve a high level of sensitivity of search results and identify all possible 
studies, the search strategy was adapted in some cases by modifying the keyword or 
restricting the disciplines. 1additional criteria: limit to: medi, bioc, vete, dent. 2word- 
key: “museum techniques anatomy”.
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comparative anatomy. In addition, papers on anatomical models, 
wax models or moulages, or plastination were included in the ana-
lysis. Research papers on general museums were analyzed in-
dividually, as well as works whose object of study was to evaluate 
the effectiveness or safety of a technique or research method. These 
were qualified if they had a place in human anatomy collections. 
Chapters from edited monographs were accepted. All papers not 
meeting the above exclusion criteria were accepted.

2.4. Data analysis (records screened)

The authors reviewed all articles independently, analyzing the 
title, abstract, structure, materials and methods, and results, in-
cluding tables and figures. Works that were in any way unusual or 
problematic were read in full. Works that were assessed differently 
by independent reviewers were read in their entirety.

2.5. Data compilation

Following the comparative analysis of the articles (based on 
discussion and consensus), the researchers determined the structure 
for the classification of papers in specific thematic groups, and the 
essential qualifiers for each group were defined. Commonalities 
among the papers were emphasized in the analysis.

The form of the articles, scientific discipline, concepts and types 
of research, choice of research methods, objectives, and subject 
matter were compared to identify global tendencies. On this basis, a 
first categorization of the papers was made. The articles in each 
category were then re-analyzed and compared in order to verify 
conformation with the formulated rules and to validate them, 
making the method more sensitive.

A selection of articles was made from each group for discussion 
in the review.

2.6. Statistics

Groups of publications relevant to the aim of the project were 
compared quantitatively and are presented in the form of a diagram.

3. Results

Three main types of publications were categorized: (i) historical 
works (i.e., descriptive works on the history of museology); (ii) ar-
ticles addressing contemporary issues (contemporary museology); 
and (iii) articles related to museum materials. Within the three 
types, categories and subcategories were created if additional re-
lationships were found. These qualifiers helped to clarify the cate-
gorization of the articles. On this basis, the publications were divided 
into several primary categories: 

• Articles concerning historical topics (Table 1)
• Works on social and ethical issues (Table 2)
• Issues in contemporary museology (Table 2)
• Object-based research (Table 3)
• Studies of research methods (Table 3)
• External research papers (Table 3)
• Non-specific research (Table 3)
• Technical and methodological papers (Table 3)

The rules of classification and examples of reviewed papers are 
presented in tabular form. Each paper was included in one category 
only. When the nature of a given article corresponded to more than 
one category, the authors selected the category which was most 
significant in the work.

For clarity of analysis, the percentage share of particular cate-
gories among the selected publications was determined (Fig. 2).

4. Discussion

An evaluation of world literature, based on scientific criteria, 
indicated the presence of a significant disproportion of studies 
concerned with cultural and social issues compared to practical ar-
ticles (Fig. 2). The lack of the latter is a significant problem for re-
searchers and practitioners who deal with preservation of 
anatomical specimens in museums. However, many available articles 
describe anatomopathological collections, which was surprising, but 
confirms the assumption that many anatomical museums had dif-
ferent functions in the past. Nowadays, such institutions could be 
defined as hybrid museums because medical education in the 
eighteenth and nineteenth centuries was not limited to the anatomy 
of one species (Alberti and Hallam, 2013, pp. 6–7).

In the past, there was less specialization of museums based on 
scientific disciplines. In addition, the teaching of anatomy involved 
not only learning gross anatomical structures but also basic micro-
scopic techniques and pathology. Many universities provided com-
prehensive teaching so that a properly educated doctor was familiar 
with more than just human anatomy (Bonnel et al., 2019; McLachlan 
and Patten, 2006).

Even the relatively new Anatomical Institute in Breslau 
(Wrocław), established by scientists from diverse disciplines, man-
ifests a multi-layered narrative of anatomy in the nature of its mu-
seum collections. Of the sixteen thousand specimens (collected by 
several generations of eighteenth- and nineteenth-century anato-
mists), at least half are preparations of animal material that have 
survived until today. In this sense, anatomical museums can be a 
starting point for research into the history of the institutions to 
which they belong. Using preserved collections, it is possible to 
deduce the scientific interests, directions of scientific development, 
didactic methods, and cultural and social conditions of the past, 
which proves the thesis stated above that museums contain tangible 
evidence of the history of their development.

Given the broad context of the education of nineteenth- and 
twentieth-century anatomists, purely anatomical museums are a 
modern phenomenon. Describing anatomical collections in the 16th 
century, one historian of science has pointed out that they “ex-
pressed the knowledge and purpose of founders whose major pre-
occupations were certainly not anatomical, nor did the anatomists 
themselves in these pioneer days display any enthusiasm for 
museums”(Cole, 1949). Because many anatomical museums served a 
wider context than just medical teaching, it is reasonable to distin-
guish a separate category of anatomical museums alongside medical 
museums (Simmons, 2014)

On the other hand, it was primarily the teaching and practice of 
medicine that drove the development anatomical museums. 
“Human anatomy museums (and especially those in teaching hos-
pitals) gathered their specimens from the unfortunate patients of 
the adjacent wards, whose body parts radically shifted in meaning 
during transfer and preservation. By working on these preparations, 
the surgeon-curator rendered them property [museal objects], …in 
the process shifting from subject to object.” (Alberti, 2005, p. 563) In 
the nineteenth century, specific conditions favorable to these col-
lecting tendencies arose, linked to the formation of clinical com-
plexes and their predominant therapeutic-scientific role. In the 
university cities, the "districts of institutes and clinics" physically 
brought the clinical wards closer to the theoretical units, enabling 
both scientific and therapeutic activities to be carried out simulta-
neously by anatomists-practitioners such as dentists, physicians, and 
surgeons (Wójtowicz, 2020, chap. 1). Due to these historical and 
cultural differences, the authors suggest recognizing an additional 
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category of museological classification called anatomical-university 
museums.

In the context of museum research, the number of articles de-
voted to the theory of anatomical museums is small. As stated by 
Felip Cid, “Medical museology depends on research on the collec-
tions, since this will produce heuristic interactions that will revert to 
museographical thinking, which, despite emphasizing the containers 
more than the contents, it is evident raises museological signals to 
be resolved” [Museología médica depende de las investigaciones sobre 
los fondos, puesto que originarán unas interacciones heurísticas que 
revertirán en unos replanteamientos museográficos, los cuales, pese a 
imponer más los continentes que los contenidos, es evidente que sus-
citan signos museológicos a resolver] (Cid, 2007, pp. 738–739).

4.1. Historical topics

There is a lack of articles that systematize the key concepts of 
anatomical museology and why it is distinct (Monza et al., 2019). The 
usefulness of publications from the non-scientific studies group, 
from a practical perspective, is that they can help (by comparison) to 
understand the general context of the times in which the develop-
ment of anatomical collections took place (Dittmar and Mitchell, 
2016). Descriptions of historical methods can be helpful in identi-
fying museum specimens and the techniques used in their pre-
paration (Cooke, 2010), however, in these papers the technical 
aspects are not described precisely enough to be useful for re-
producing the old preparation methods. According to Samuel 

Table 1 
Articles concerning historical topics. 

Category Qualifier Description Sample publications

History of institution 
n = 53

Institutional emphasis (e.g., 
descriptions of breakthrough 
moments for the institution or 
collection).

• Historical papers—usually describe several 
intertwining issues. The reasons for the 
establishment of a museum and its particular 
collections are presented and the historical-cultural 
context is determined which makes it possible to 
establish the development of the institution over 
time and examine its individual fate.

• Specifies objects in the collections and describe their 
current condition and preparation techniques.

• The present situation is presented against the 
background of history, which provides a basis for 
reflection on the (sociological) evolution of the 
museum's role over time. Such articles are usually 
of a hybrid nature (e.g., include an analysis of 
sources, elements of review, case studies, 
comparative research). Sometimes it is difficult to 
classify these papers unambiguously.

• Due to their general, descriptive nature, the 
methodological aspect of the studies is poorly 
expressed in these papers.

(Boer et al., 2018; Bonnel et al., 
2019; Heylings, 1990)

Biographies 
n = 39

Biography of a museum's creator(s) 
in reference to the history of the 
institution.

• The main theme focuses on the life and output of a 
specific individual. Sometimes collecting is 
presented as a continuum of the work of 
subsequent generations of curators.

• The influence of a specific person's activities on the 
development of the museum.

• Description of techniques developed by the 
museum’s creator(s), their original solutions, and 
collector's and institutional activities. The effect of 
their output on the local or pan-European 
environment is analyzed.

• Based on these data, the history of the institution is 
formulated.

(Boer et al., n.d.; Patzak and 
Winter, 2013;Summerly and 
Macintyre, 2021)

Articles 
concerning historical 
sociology [socio-historical] 
n = 12

Sociological and psychological 
research concerning the past; 
articles focusing on general social 
phenomena

• Research on the relationship between the museum 
and the public (society) in the past.

• Development of social acceptance of anatomical 
exhibitions.

• Social responses to anatomical exhibitions in 
the past.

(Fakiner, 2016; Guerrini, 2003; 
Knoeff, 2015)

History of science, cultural and 
anatomical museology n = 52

Descriptions of issues in science and 
the academic community and their 
evolution over time

• The role of the museum in preserving the continuity 
of heritage, including intangible cultural and 
scientific values.

• Chronological approach to the establishment of 
institutions and development of anatomical 
collecting from a global perspective.

• Research limited to elite or specialist social groups

• Collecting trends.

• History of didactic anatomical methods in medicine 
using anatomical museums.

• Methods of acquiring museum specimens and 
research material.

(Kamath et al., 2014a, 2014b; 
Mitchell et al., 2011; Paluchowski 
et al., 2016)

History of museum techniques 
n = 16

Chronological development of a 
given technique.

• The author of a given technique is presented; its 
effects and evolution over time are described (e.g., 
articles concerning wax moulage artists)

• Technique instructions, typical of technical notes, are 
omitted.

• The importance of particular techniques in the 
history of didactics and/or science/museums.

(Cooke, 2010; Lotti et al., 2006; 
Ortug and Yuzbasioglu, 2019)
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Alberti, “To understand the intellectual, political, and cultural sig-
nificance of the collections they house, then, we need to know about 
museums’ practice. We need to look beyond the displays and texts to 
the instruments and techniques, and the materiality of objects 
(…)"(Alberti, 2015).

Among the publications in the socio-historical and history of 
science, cultural, and anatomical museology categories, most papers 
deal with social or scientific phenomena related to a single city or 
institution. Similar analyses in a global context are far less common 
(Kamath et al., 2014a, 2014b; Mariño Gutierrez et al., 2019). Based on 
the papers in these categories, and knowing the time frame of the 
creation of a particular collection, it is possible to make deductions 
about the reasons and background of its creation.

4.2. Social and ethical issues

Works covering contemporary issues in museology and social 
aspects related to anatomical museums are classified in this cate-
gory. Some of these (e.g., social research) are useful for the creation 
or management of contemporary anatomical exhibitions, while 
others focus on didactics and the use of museums for education.

A variety of topics are addressed in the papers in the discussion 
that combine different fields in the social sciences group. For ex-
ample, several articles discuss the role and future of anatomical 
museums (Ferrari et al., 2001; Wakefield, 2007). Another topic ad-
dressed in some of these papers is the issue of the Body Worlds and 
similar exhibitions and their ethics (Jones, 2002; Preuß, 2008).

The topic of ethics appears in articles addressing legal and social 
ramifications related to the complex issue of understanding anato-
mical collections as human remains and cultural heritage (Monza 
and Licata, 2015; Ousley et al., 2005; Sane et al., 2015; Svanberg, 
n.d.). Collecting issues are particularly relevant today in relation to 
historical collections, which were created at a time of different 
ethical standards in science than are accepted today. According to 
many of the authors, no other type of museum is as ethically sen-
sitive and at the same time as controversial as museums of human 
anatomy.

Articles in the modern technologies category focus on virtual 
exhibitions and the use of technology in the digitization of collec-
tions. Similar papers on the handling of historical collections would 
be useful.

4.3. Issues in contemporary museology

This group of publications includes technical and methodological 
descriptions that could be used during collection renovation or 
verified by other research to better understand and protect museum 
collections.

4.4. Research work unrelated to museology

A large number of studies conducted on museum material can be 
used as reference points as a control test for this research. This is 
most readily seen in anthropological, paleoanthropological, and 
molecular research. For example, an exemplary paper by Göbbel and 
his team describes the occurrence of congenital diseases using his-
torical material collected by several generations of anatomists of the 
Meckel family (Göbbel et al., 2007). Hampl and colleagues used 
skulls from anatomy departments and museums that were mea-
sured and evaluated to assess the topography of the mastoid 
foramen (Hampl et al., 2018). These papers demonstrate that ana-
tomical museums house and protect specimens of substantial sci-
entific importance, and proves the paradox of modern times that 
with technological progress, (i.e., the development of new research 
methods) museum collections become more scientifically useful. At Ta

bl
e 

2 
Is

su
es

 in
 c

on
te

m
po

ra
ry

 m
us

eo
lo

gy
. 

Ca
te

go
ry

Su
bc

at
eg

or
y

Q
ua

lifi
er

D
es

cr
ip

ti
on

Re
ce

nt
 p

ub
lic

at
io

ns

So
ci

al
 a

nd
 e

th
ic

al
 is

su
es

 
n 

= 
70

So
ci

al
 r

es
ea

rc
h 

n 
= 

43
A

rt
ic

le
s 

th
at

 s
ys

te
m

at
ic

al
ly

 in
ve

st
ig

at
e 

so
ci

et
y 

an
d 

so
ci

al
 c

ha
ng

es
.

• C
om

m
un

ic
at

io
n 

th
eo

ri
es

.

• R
es

ea
rc

h 
on

 t
he

 r
el

at
io

ns
hi

p 
be

tw
ee

n 
th

e 
m

us
eu

m
 a

nd
 t

he
 p

ub
lic

.

• S
oc

io
lo

gi
ca

l, 
ps

yc
ho

lo
gi

ca
l, 

an
d 

pe
da

go
gi

ca
l a

rt
ic

le
s 

co
nc

er
ni

ng
 

m
od

er
n 

m
us

eu
m

s.

• P
ro

je
ct

s 
co

m
bi

ni
ng

 v
ar

io
us

 d
id

ac
ti

c-
re

la
te

d 
sc

ie
nt

ifi
c 

di
sc

ip
lin

es
.

• C
ur

re
nt

 d
id

ac
ti

ca
l i

ss
ue

s 
in

 a
na

to
m

y

(M
on

za
 e

t 
al

., 
20

19
; 

Sa
ne

 e
t 

al
., 

20
15

; 
Yu

dh
aw

as
th

i e
t 

al
., 

20
19

)

D
is

cu
ss

io
ns

 c
om

bi
ni

ng
 d

iff
er

en
t 

fie
ld

s 
of

 s
oc

ia
l s

ci
en

ce
s 

n 
= 

27

Re
fle

ct
iv

e,
 

ph
ilo

so
ph

ic
al

, a
nd

 e
th

ic
al

 t
op

ic
s.

• E
th

ic
al

 a
nd

 le
ga

l i
ss

ue
s 

co
nc

er
ni

ng
 a

na
to

m
ic

al
 e

xh
ib

it
io

ns
.

• O
ng

oi
ng

 c
ha

lle
ng

es
 f

ac
in

g 
m

us
eu

m
s 

an
d 

th
e 

fu
tu

re
 o

f 
m

us
eu

m
s

(O
’S

ul
liv

an
 a

nd
 Jo

ne
s,

 2
01

5;
 S

an
e 

et
 a

l.,
 

20
15

;W
ak

efi
el

d,
 2

00
7)

M
od

er
n 

te
ch

no
lo

gi
es

 
n 

= 
36

M
od

er
n 

so
lu

ti
on

s
A

rt
ic

le
s 

co
nc

er
ni

ng
 t

he
 e

st
ab

lis
hm

en
t 

an
d 

fu
nc

ti
on

 o
f 

m
od

er
n 

an
at

om
ic

al
 m

us
eu

m
s.

• A
rt

ic
le

s 
de

vo
te

d 
to

 t
he

 t
ec

hn
iq

ue
s 

of
 d

ig
it

iz
at

io
n,

 o
nl

in
e 

m
us

eu
m

s,
 

an
d 

m
od

er
n 

m
et

ho
ds

 
of

 
pr

es
en

ti
ng

 
co

lle
ct

io
ns

 
an

d 
ed

uc
at

io
na

l 
te

ch
no

lo
gi

es
.

(G
an

gu
ly

 e
t 

al
., 

20
03

; 
M

og
al

i 
et

 a
l.,

 2
01

9)

J. Domański, Z. Domagala, J.E. Simmons et al. Annals of Anatomy 245 (2023) 152013

6



 21 

 

Ta
bl

e 
3 

A
rt

ic
le

s 
ba

se
d 

on
 r

es
ea

rc
h 

on
 m

us
eu

m
 m

at
er

ia
l. 

Ca
te

go
ry

Su
bc

at
eg

or
y

Q
ua

lifi
er

D
es

cr
ip

ti
on

Re
ce

nt
 p

ub
lic

at
io

ns

O
bj

ec
t-

ba
se

d 
 

re
se

ar
ch

 
n 

= 
37

D
es

cr
ip

ti
ve

 r
es

ea
rc

h 
n 

= 
18

A
na

ly
ti

ca
l p

ap
er

s 
us

in
g 

ob
se

rv
at

io
n,

 c
om

pa
ri

so
n,

 a
nd

 
so

ur
ce

 a
na

ly
se

s 
(w

it
ho

ut
 a

 t
ec

hn
ic

al
 o

r 
la

bo
ra

to
ry

 
as

pe
ct

).

• S
pe

ci
m

en
-b

as
ed

 r
es

ea
rc

h 
su

ch
 a

s 
ex

am
in

at
io

n 
of

 c
ol

le
ct

io
ns

 f
or

 
co

gn
it

iv
e 

pu
rp

os
es

.

• E
xp

lo
ra

ti
on

 o
f 

a 
m

us
eu

m
 o

bj
ec

t 
to

 e
st

ab
lis

h 
it

s 
pr

op
er

ti
es

 o
r 

id
en

ti
ty

.

• R
es

ea
rc

h 
ba

se
d 

on
 m

us
eu

m
 o

bj
ec

ts
.

• P
ap

er
s 

th
at

 a
na

ly
ze

 c
ol

le
ct

io
ns

 in
di

vi
du

al
ly

 (
e.

g.
, i

de
nt

ifi
ca

ti
on

 
st

ud
ie

s 
of

 a
 m

us
eu

m
 o

bj
ec

ts
)

• D
es

cr
ip

ti
ve

 r
es

ea
rc

h,
 o

ft
en

 b
as

ed
 o

n 
th

e 
an

al
ys

is
 o

f 
so

ur
ce

s

• T
ec

hn
ic

al
 p

ap
er

s 
us

in
g 

re
se

ar
ch

 m
et

ho
ds

 s
pe

ci
fic

al
ly

 d
es

ig
ne

d 
or

 
ad

ap
te

d 
to

 t
he

 c
ha

ra
ct

er
is

ti
cs

 o
f 

th
e 

m
us

eu
m

 c
ol

le
ct

io
n 

an
d 

it
s 

ch
ar

ac
te

ri
st

ic
s.

(C
on

de
-S

al
az

ar
 G

óm
ez

 a
nd

 H
er

as
 M

en
da

za
, 

20
15

; 
Sc

ar
an

i e
t 

al
., 

20
01

; 
Sk

rz
at

 
et

 a
l.,

 2
01

8)
Te

ch
ni

ca
l a

nd
 la

bo
ra

to
ry

 
st

ud
ie

s 
n 

= 
19

In
te

rd
is

ci
pl

in
ar

y 
re

se
ar

ch
 u

si
ng

 la
bo

ra
to

ry
 a

nd
 

te
ch

ni
ca

l t
oo

ls
, s

ta
nd

ar
d 

an
al

yt
ic

al
 m

et
ho

ds
.

(B
oe

r 
et

 a
l.,

 2
01

7;
 P

an
ze

r 
et

 a
l.,

 2
01

2;
 S

an
ti

 
et

 a
l.,

 2
01

9)

St
ud

y 
of

 r
es

ea
rc

h 
m

et
ho

ds
 

n 
= 

16
Pr

es
en

ta
ti

on
 a

nd
 a

na
ly

si
s 

of
 t

he
 a

pp
lic

at
io

n 
of

 a
 

m
od

er
n,

 s
pe

ci
al

iz
ed

 r
es

ea
rc

h 
m

et
ho

d
• S

ci
en

ti
fic

 p
ap

er
s 

te
st

in
g 

th
e 

ef
fe

ct
iv

en
es

s 
of

 a
 p

ar
ti

cu
la

r 
re

se
ar

ch
 

m
et

ho
d 

on
 m

us
eu

m
-h

is
to

ri
ca

l m
at

er
ia

l

• T
ec

hn
ic

al
 d

es
cr

ip
ti

on
s 

an
d 

di
sc

us
si

on
 o

f 
th

e 
ap

pl
ic

at
io

n 
of

 
re

se
ar

ch
 a

nd
 d

ia
gn

os
ti

c 
m

et
ho

ds

• R
ar

el
y 

an
al

yz
e 

a 
sp

ec
ifi

c 
m

us
eu

m
 s

pe
ci

m
en

 b
ut

 m
os

t 
of

te
n 

a 
gr

ou
p 

of
 s

im
ila

r 
ob

je
ct

s.

• T
he

 c
on

cl
us

io
ns

 o
bt

ai
ne

d 
in

 t
he

 c
on

te
xt

 o
f 

m
us

eu
m

 o
bj

ec
ts

 a
re

 
ra

th
er

 g
en

er
al

 a
nd

 d
er

iv
at

iv
e 

to
 t

he
 a

im
 o

f 
th

e 
pr

es
en

te
d 

st
ud

y.

(B
ur

re
ll 

et
 a

l.,
 2

01
5;

 L
au

ri
ds

en
 e

t 
al

., 
20

11
; 

Ts
an

ga
ra

s 
an

d 
G

re
en

w
oo

d,
 2

01
2)

Re
se

ar
ch

 w
or

k 
un

re
la

te
d 

to
 m

us
eo

lo
gy

 
n 

= 
65

Co
lle

ct
io

ns
 a

re
 t

he
 o

bj
ec

t 
bu

t 
no

t 
th

e 
su

bj
ec

t 
of

 
re

se
ar

ch
.

• R
es

ea
rc

h 
m

ot
iv

at
ed

 b
y 

ex
te

rn
al

, n
on

-m
us

eo
lo

gi
ca

l i
de

as

• R
es

ea
rc

h 
th

at
 d

oe
s 

no
t 

re
su

lt
 fr

om
 t

he
 n

ee
ds

 o
f a

 m
us

eu
m

 o
bj

ec
t.

• C
og

ni
ti

ve
 c

on
cl

us
io

ns
 b

as
ed

 o
n 

th
e 

fie
ld

 o
f 

st
ud

y 
ra

th
er

 t
ha

n 
th

e 
m

at
er

ia
l a

na
ly

ze
d.

• A
rt

ic
le

s 
an

al
yz

in
g 

a 
gr

ou
p 

of
 c

ol
le

ct
io

ns
 a

s 
a 

st
ud

y 
or

 c
on

tr
ol

 
gr

ou
p.

(G
öb

be
l e

t 
al

., 
20

07
; 

O
os

tr
a 

et
 a

l.,
 2

00
5;

 
Se

di
vy

 e
t 

al
., 

20
11

)

N
on

-s
pe

ci
fic

 r
es

ea
rc

h 
n 

= 
28

Co
ns

er
va

ti
on

 a
nd

 r
es

ea
rc

h 
is

su
es

 ir
re

sp
ec

ti
ve

 o
f 

m
us

eu
m

 t
yp

e
• R

es
ea

rc
h 

co
ve

ri
ng

 d
iff

er
en

t 
ty

pe
s 

of
 m

us
eu

m
s,

 r
es

ul
ts

 c
an

 b
e 

ap
pl

ie
d 

to
 a

na
to

m
ic

al
 m

us
eu

m
s.

• S
tu

di
es

 w
it

h 
pr

ac
ti

ca
l v

al
ue

 a
nd

/o
r 

co
nt

ai
ni

ng
 t

ec
hn

ic
al

 e
le

m
en

ts

• T
he

 t
yp

e 
of

 m
us

eu
m

s 
in

 w
hi

ch
 t

he
 r

es
ea

rc
h 

w
as

 c
on

du
ct

ed
 d

oe
s 

no
t 

pl
ay

 a
 s

ig
ni

fic
an

t 
ro

le
 in

 t
he

 r
es

ea
rc

h 
m

et
ho

do
lo

gy
.

• T
he

 m
et

ho
do

lo
gy

 o
f 

th
e 

w
or

k,
 if

 a
da

pt
ed

, c
ou

ld
 b

e 
us

ef
ul

 in
 a

n 
an

at
om

ic
al

 m
us

eu
m

(G
ib

so
n 

et
 a

l.,
 1

99
7;

 S
am

id
e 

an
d 

Sm
it

h,
 2

01
5;

 
Sh

en
, 2

02
1)

Te
ch

ni
ca

l n
ot

es
 

n 
= 

38
Pu

re
 t

ec
hn

ic
al

 n
ot

es
 

n 
= 

22
Te

ch
ni

ca
l w

or
k 

w
it

ho
ut

 a
na

ly
si

s 
of

 t
he

 m
us

eu
m

 
as

pe
ct

.
• W

or
ks

 o
n 

m
us

ea
l, 

an
at

om
ic

al
. o

r 
co

ns
er

va
ti

on
 t

ec
hn

iq
ue

s.

• A
rt

ic
le

s 
co

nt
ai

ni
ng

 t
ec

hn
ic

al
 in

st
ru

ct
io

ns
 f

or
 r

ep
ro

du
ci

ng
 a

 
pa

rt
ic

ul
ar

 e
ff

ec
t 

or
 t

yp
e 

of
 p

re
pa

ra
ti

on
.

• N
o 

in
fo

rm
at

io
n 

co
nc

er
ni

ng
 th

e 
du

ra
bi

lit
y 

of
 a

 d
es

cr
ib

ed
 te

ch
ni

qu
e 

ov
er

 t
im

e.

(B
ru

nd
el

et
, 1

96
3;

 H
am

ilt
on

, 1
97

7;
 M

ag
ro

 
et

 a
l.,

 2
01

5)

Te
ch

ni
ca

l-
an

al
yt

ic
al

  
no

te
s 

n 
= 

16

Te
ch

ni
ca

l p
ap

er
s 

co
nt

ai
ni

ng
 a

n 
an

al
ys

is
 o

f 
a 

gi
ve

n 
m

et
ho

d 
de

sc
ri

be
d 

in
 t

he
 m

us
eu

m
 c

on
te

xt
.

• D
et

ai
le

d 
de

sc
ri

pt
io

n 
of

 a
 g

iv
en

 m
et

ho
d 

an
d 

it
s 

im
pl

em
en

ta
ti

on
.

• A
rt

ic
le

s 
th

at
 a

na
ly

ze
 a

 m
et

ho
d 

de
sc

ri
be

d 
in

 a
 w

id
er

 c
on

te
xt

 o
r 

re
se

ar
ch

 c
on

te
xt

.

• T
he

 c
ho

ic
e 

of
 m

et
ho

ds
 is

 b
as

ed
 o

n 
ob

se
rv

at
io

n 
or

 in
ve

st
ig

at
io

n

• T
he

 d
ur

ab
ili

ty
 o

r u
se

fu
ln

es
s 

of
 th

e 
m

et
ho

d 
is

 b
as

ed
 o

n 
ad

di
ti

on
al

ly
 

pe
rf

or
m

ed
 v

er
ifi

ca
ti

on
s 

or
 r

es
ea

rc
h.

(D
w

iv
ed

i e
t 

al
., 

20
14

; 
Pr

ab
hu

 e
t 

al
., 

20
15

; 
Sa

nd
hy

am
an

i e
t 

al
., 

20
05

)

J. Domański, Z. Domagala, J.E. Simmons et al. Annals of Anatomy 245 (2023) 152013

7



 22 

 

the same time, museums, as the depositories of this scientific po-
tential, are failing due to economic reasons (Kemp, 2015).

4.5. Object-based research

In the opinion of the authors, proper research and museological 
articles are those that explore the museum from within (Table 3). 
Identifying collections and understanding the specimens they con-
tain is the reason for scientific research concerning a specific method 
and its effects. Although this group of articles has been divided into 
(i) descriptive (non-laboratory) and (ii) technical (laboratory) cate-
gories, theoretical (anatomical, collector) and practical knowledge 
(e.g., anatomical techniques) are necessary to understand the issues 
and broad context of the studies in both cases. Research is usually 
interdisciplinary, consisting of the following stages: (1) collection 
analysis; (2) evaluation of written source materials; (3) comparative 
or laboratory research; and (4) comparison of results with other 
available research. The reasons for creating these articles vary but 
include (i) studies of specific museum specimens (Santi et al., 2019), 
which is to say, to learn about the properties of an object (Drifi and le 
Floch-Prigent, 2009) or its identification (McCulloch et al., 2002); (ii) 
research concerning a museum section (Boer et al., 2018); or (iii) 
source research (McCulloch et al., 2002; Skrzat et al., 2018).

Whereas in past centuries the effectiveness of the techniques 
used were verified by observation (Alberti and Hallam, 2013, p. 3) or 
by trial and error, the modern stock of analytical possibilities seems 
inexhaustible. Therefore, the small number of available scientific 
publications devoted to this topic in indexed scientific journals is 
surprising (Simmons, 2014, p. 66)i

4.6. Study of research methods

Developments in genetics and molecular biology have created 
new uses for museum collections (Baker, 1994; Burrell et al., 2015). 
Genome analyses are used in biodiversity studies (Ewart et al., 2019), 
animal evolution, systematics, climate change (Bi et al., 2013), and 
epidemiology (Tsangaras and Greenwood, 2012).

In the context of anatomical museums, laboratory methods (e.g., 
PCR, Sanger's method) as well as medical diagnostic methods (e.g., 

magnetic resonance, computer tomography) are used in object- 
based research to identify animal species that constitute specimens 
in the collection or to diagnose diseases or anomalies presented by 
anatomical specimens (Boer et al., 2017; Oostra et al., 1998). Mi-
crobiological analyses are used to identify and study the genomes of 
microorganisms extracted from museum materials(Kemp, 2015; 
Tsangaras and Greenwood, 2012), but we did not find research that 
analyzed the microbiomes of anatomical specimens for the design of 
conservation efforts, even though bacteria and fungi may be a sig-
nificant factor in damaging specimens (Simmons, 2014, pp. 56, 
109-119)

The difficulty of determining which papers belong in this group 
was due to their thematic relationship with the others (technical 
notes, object-based research, and general museum research pub-
lications), which is one of the limitations of the method used. The 
relevance of these works lies in the fact that the techniques pre-
sented are adapted to a particular type of research material, which is 
to say, museum-anatomical material. In some of the papers, the 
authors recognize the importance of protecting the specimens that 
are studied and of creating research methods that are not destruc-
tive (Hofreiter, 2012; McDonough et al., 2018; Wisely et al., 2004). 
These actions—dictated by a concern for heritage rather than re-
search pragmatism—are worth singling out as ethical models.

4.7. Technical and methodological papers

The few technical works that were found mostly dated from the 
20th century. The majority of these are hard to access, and the 
techniques described in them are difficult to use. For this review, 
more than half of the technical papers were rejected from the ana-
lysis due to lack of availability. A relatively small number of con-
temporary technical notes concerning museum and anatomical 
techniques have been found. Perhaps these topics are no longer at-
tractive or have been superseded by a form of technical papers 
subordinate to research objectives, the development of which is 
easier to obtain funding for.

Technical notes may be appropriate for creating new collections, 
but most of them are not useful for conservation work. Another 
reason for the lack of new papers may be the fact that many historic 

Fig. 2. Percentage of each type of research work. 
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museums are now facing the more significant problem of survival 
(Marreez et al., 2010). Hence, the topic of enriching the collection 
and studying its historical development becomes a secondary issue. 
Traditional specimens (and specimen preparations) seem to be less 
attractive than alternatives such as digitized images or 3D projection 
techniques, especially in less traditional environments.

This situation can be related to the history of the anatomy de-
partment in Breslau. In the 19th century Prof. Hans Carl Leopold 
Barkow built up a large collection of vascular injected mummies 
including both animal and human specimens, which he used for 
extensive research on angiology and syndesmology (Barkow, 1869). 
These preparations were added to the anatomical museum and were 
popular research objects in the following centuries, which was a 
decisive factor in the choice of Prof. Carl Hasse as the successor to 
Prof. Barkow. It is not known which of the reasons for the creation of 
the collection—scientific or didactic—was primary (perhaps both?). 
From today's perspective, the research methodology would be de-
signed differently (e.g., using angio-CT/x-ray with contrast), re-
sulting in research data without the need for time-consuming 
preparation techniques. In the past, many specimens in museum 
collections were created as a by-product of scientific research. Due 
to the evolution of research methods, many anatomical techniques 
have been abandoned, resulting in fewer specimens being created 
that have exhibition potential.

One of the aims of the present analysis is to provide scientific 
support for institutions planning to revitalize anatomical museums. 
This was the basis of the search for (i) detailed technical notes on old 
museum techniques together with their contemporary analysis and 
(ii) modern conservation and exhibition methods supported by re-
search on their usefulness (e.g., conservation, reactivity of sub-
stances, visual effects). During the analysis of the available literature, 
few such articles in the latter category were found.

In his article, an example of pure technical work, Moore outlines 
very meticulously the techniques for replacing preservative fluid, 
installing the preparation, and sealing museum the containers 
(Moore, 1980). This is an example of very useful information for 
everyday conservation practice. In one chapter of the Handbook of 
Autopsy Practice (Ludwig and Edwards, 2002), the authors reviewed 
selected techniques, mainly based on earlier publications, including 
three leading works in the field of anatomical museum techniques 
(D. H. Tompsett, 1956; Edwards and Edwards, 1959; and Pulvertaft, 
1950). Unfortunately, these publications are now largely outdated in 
the light of modern technological developments. Sandhyamani and 
colleagues, evoking the ethos of ancient anatomical practices, pre-
sented a rare technique for recoloring slides and refined it 
(Sandhyamani et al., 2005). The meticulous analysis of its effec-
tiveness at the cellular level and the retrospective data on the sus-
tainability of the method are significant contributions. 
Unfortunately, few similar works with such instrumental accuracy 
have been found. Thus, although there are articles referencing some 
of the past practices in collections (e.g., monographs devoted to so- 
called anatomical museum techniques), only a few of the papers 
contain the much-needed analytic retrospective. For example, Kai-
serling's method (developed in the 19th century) is consistently 
repeated in review articles, but in the long history of museology, 
specimen preparations were preserved using many different sub-
stances, sometimes particular to specific institutions, and even 
Kaiserling’s method has several variations (Toledano, 2016). 
Knowledge of these methods and verification of their effectiveness 
are essential in conservation work if it is to be historically informed.

4.8. Non-Specific Research

The authors were surprised by the potential application of these 
papers to anatomical museums and as a source of inspiration in 
designing their own research. For example, the paper "A diffusion 

tube sampler for the determination of acetic acid and formic acid 
vapours in museum cabinets" investigates the concentration of a 
toxic substance in museum spaces using a meter (Gibson et al., 
1997). Similar studies measuring the concentration of formic acid 
(an oxidation product of formaldehyde) in anatomical museums 
could help identify occupational exposure of museum workers and 
would be useful for assessing the quality of the seals of containers of 
preservative liquids displayed in the museum. Two other studies 
report on the use subjective tests to investigate the effect of corro-
sive materials in the museum environment (Samide and Smith, 
2015; Shen, 2021).

There are probably other such publications, but they were not 
identified in the search, and no works with similar themes were 
found in reference to human anatomy museums. This is further 
proof that the niche of anatomy museums is still poorly understood.

5. Summary

The significant disproportion of descriptive (historical-social) 
and research publications probably results from the difficulties 
concerning the creation of the latter. While museum and historical 
topics are extremely popular, practical research requires the estab-
lishment of interdisciplinary teams, a wide range of research tools, 
and, consequently, financial resources. Furthermore, during the 
course of the research there is no certainty as to the intended results. 
These types of articles are intended for a narrow audience, which 
may further limit the publication of these sorts of papers.

The available literature may provide a general idea of the history 
of a given collection, but it is rarely sufficient to provide guidelines 
for its care and maintenance.

The authors are aware of the existence of valuable publications in 
the subject area which have not been indexed in searches. Many of 
these are published in specialized journals with limited distribution 
which are of limited availability. Similarly, it is probable that the 
general contribution of papers concerning cultural and social aspects 
of anatomical museums is much larger than was shown in this study 
because much of this knowledge is contained in existing books and 
journals that were not indexed in the search, which is a limitation of 
the analysis.

It needs to be emphasized that the available articles about the 
history of past anatomical methods and practices have limited utility 
for anatomical practitioners whose goal is to provide scientific care 
and maintenance for anatomical museums. Unfortunately, the au-
thors who undertake publications on this subject usually do not 
come from institutes of anatomy and thus their publications are 
either merely descriptive or are very theoretical and devoid of sig-
nificant practical advice. Without detailed historical knowledge 
about a given technique, step-by-step instructions, and con-
temporary equivalents for archaic reagents, it is usually not possible 
to repair a damaged specimen or preparation, reconstruct a missing 
part, or repair damage while simultaneously respecting the speci-
men’s historical integrity.

The results of this review indicate that in the case of anatomical 
museums, particularly university anatomical museums, the litera-
ture generally considers these institutions in terms of the social, 
philosophical, and historical aspects of museology, while ignoring 
technical issues. This is surprising because these museums were 
created by scientists (anatomists-practitioners), doctors, anthro-
pologists, ethnologists, and the artists and craftsmen who worked on 
their behalf. Anatomy is an extremely practical science that requires 
sublime technical skills. Research requires material that the re-
searcher has to prepare and evaluate—this inspires the creative 
process, but it is the actual techniques—the craftsmanship that 
evolves into art—that create the anatomical preparation. Thus, the 
making of an anatomical museum object requires intention, in-
tellectual input, and technical contributions that get one's hands 
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dirty. Many papers were found that analyze anatomical preparations 
with exceptional aesthetics, but in these works the effect is de-
scribed rather than its results. The impression made by the spe-
cimen, the emotional message, the sociological context, etc., are all 
emphasized, but there is no concomitant mention of what the spe-
cimen actually represents, its anatomical value is, or how was it 
created. What craftsmanship did the anatomist show? What actually 
determined the preparation’s creation and for what purpose? Would 
it be ethical to create an anatomical specimen for aesthetic pur-
poses only?

It should also be noted that ”.every object in an anatomical 
museum is a product of time-specific practices,” while “Every ac-
tion—including alterations to an object—has an effect on the history 
of the collection” (Häner, 2015). For this reason, both the scientist 
and the conservator working on a museum object must consider the 
historical integrity of the object. The interdisciplinarity of this issue 
emphasizes the need for thorough preparation and input from dif-
ferent, often unrelated disciplines.

There is a dearth of publications with retrospective and pro-
spective analyses that provide information concerning the applica-
tion of anatomical techniques and their usefulness. This is an 
unfilled research niche, perhaps caused by low interest in the topic, 
or the gap may be the result of the decrease in importance of ana-
tomical museums in the last century due to the availability of in-
formation via the Internet, the popularization of images of the 
corpse (e.g., the Human Body Exhibition and Body Worlds) (Alberti 
and Hallam, 2013, p. 13), or attractive didactic aids that have made 
the process of anatomical education independent of museums 
(Marreez et al., 2010; Sugiura et al., 2019; Wakefield, 2007).

For economic reasons, some museums have been closed or their 
exhibition areas or collections have been reduced. In addition, the 
need for space is putting increasing pressure on museums to favor 
laboratories which are considered to be of greater importance 
(Marreez et al., 2010; Wakefield, 2007). As a result of the availability 
of data, universities no longer feel the need to present tangible forms 
of the scientific output of their researchers, hence the role of aca-
demic museums in image creation has declined and is often con-
sidered to be an extravagance; this function seems to have been 
taken over by online exhibitions.

The anatomical museum in Wrocław faces yet another problem. 
Due to warfare, theft, and the transfer of specimens to other cities 
after war, the original [German] collection was reduced by three- 
fourths and the museum exhibition area was reduced by half. To this 
day the whereabouts of the lost specimens and preparations have 
not been established.

The problem of the museum's historical identity and adaptation 
to changing times (Turk, 1994) and the change in the traditionally 
used communication systems (Yudhawasthi et al., 2019) affects even 
institutions with an established position in European culture. The 
subject of concern is the future of these institutions and the actions 
to be taken to secure their funding (Turk, 1994). From a pragmatic 
point of view, modern science, with its increasing interest in his-
torical collections, needs museum collections. For this reason, the 
topic of collections care will remain relevant, even as anatomical 
museums are facing destruction in the present age.

6. Conclusions

The classification of anatomical museums is a complex issue, 
requiring knowledge and comparative analysis of their origins 
around the world. Different categories have been used to categorize 
contemporary museums, whose form was established when they 
were founded, compared to museums with a long history, whose 
structure and functions have evolved over time. The care of heritage 
is the responsibility of the institutions that have custody of them, 
because they are part of the cultural patrimony of all mankind, not 

merely their owner. As we have shown, anatomical museums have 
had an impact on the development of science and are still useful for 
research, therefore it is important to maintain them for posterity. 
The scientific community has a special responsibility for these in-
stitutions, hence observations and research on them should be en-
couraged and disseminated, because knowledge is a common good.

The authors hope that this text will inspire all those who care for 
museum collections to be proactive and bold in presenting their 
observations and conclusions, as each one contributes to the general 
awareness of the importance of these museums.

6.1. Limitation of method

Considering museology as a humanistic science, the method used 
here may seem too mechanical, but the authors have applied it de-
liberately. It needs to be emphasized that there are sources that can 
be helpful in working on museum objects which were not included 
in this review (e.g., catalogs, albums, conference reports, archival 
handbooks on anatomical techniques). However, it is not technically 
possible to compare these sources with the available scientific re-
search publications reviewed here. The aim of this review is, in fact, 
to find empirical studies in the medical and natural sciences as well 
as technical papers on the specific phenomenon that human ana-
tomical museums represent. Systematic review is one of the most 
sensitive methods used in medical science to identify and analyze 
such publications. Moreover, the authors have adapted this review 
methodology to objectively assess the quantitative proportions of 
the given categories of works and thus infer scientific and publishing 
trends, which is not possible with any other method.

With regard to the method used, it is important to explain the 
selection of the key word “museum techniques.” In the review, in-
formation was sought on broad activities involving museum objects, 
so for this reason it was not possible to limit the search only to 
anatomical preparations, although these constitute the bulk of the 
anatomy museum exhibitions. The term “anatomical preparation” is 
not the same as “museum specimen.” For example, a preparation as 
a museum specimen is a coherent whole, established by its maker, 
consisting of properly preserved tissues, the container in which they 
are stored, and the way that they are displayed, described, and 
sealed, and intended for long-term preservation. Although there is 
no consensus in the literature on the nomenclature for the activities 
involved in preparing museum specimens (for example, the “ana-
tomical techniques” of Thompsett; the ”medical museum techni-
ques” of Edwards and Edwards; and the “museum techniques” of 
Pulivneart), the authors have decided that the term “anatomical 
techniques” is insufficient to describe the work of creating museum 
specimens. This is further supported by the fact that museum spe-
cimens do not necessarily consist of tissues (e.g., corrosion pre-
parations, plaster models, moulages). The term anatomical 
techniques may refer to dissection or preparation techniques such as 
procedures for eliminating certain types of tissues in order to se-
parate them and visualize others, which constitute the subject of the 
preparation, or to preparations intended to be used for a specific 
purpose and discarded (not preserved). Thus, preparation creates a 
specimen, but not necessarily a museum object.
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Abstract
Anatomical museums preserve specimens of great historical value and undiscovered 
scientific potential. However, frequently these collections lack documentation of the 
techniques of preparation and the composition of preservative substances (conserva-
tion principles). This poses a huge problem for the care and preservation of these ma-
terials, more so because understanding this issue requires knowledge of fundamentals 
from different scientific disciplines. The aim of the research was to obtain information 
about the composition of substances used to preserve historic specimens, as well as to 
conduct a microbiological assessment of the specimens to detect possible factors caus-
ing their deterioration. Furthermore, we wanted to fill an existing gap in the literature, 
as there is a lack of reports on analytical methods that could be successfully applied by 
anatomists involved in the daily care of museum collections in human anatomy depart-
ments. The starting point was the analysis of the sources and history of the collections, 
on which basis the choice of research methods was made. Methods based on simple 
chemical reactions and specialised methods (such as gas chromatography- tandem 
mass spectrometry, Fourier transform infrared spectroscopy, inductively coupled 
plasma optical emission spectroscopy) were used in the analyses of the composition 
of fluids. Microbiological analyses were based on culture and isolation methods, analy-
sis of microscopy slides and matrix- assisted laser desorption/ionisation time- of- flight 
mass spectrometry analysis. As a result of these analyses, some components of the 
preservative mixtures and their concentrations were determined. The presence of 
methanol, ethanol, formaldehyde and glycerol was detected, among other chemicals. 
The concentrations of these substances were different between the samples and their 
determination required the use of a variety of methods suitable for the individual com-
ponents of the preservative mixture. In microbiological tests, both bacteria and fungi 
were isolated from swabs taken from anatomical specimens. The bacterial flora was 
less numerous than the fungal flora. Among the bacteria, environmental Gram- positive 
Bacillus cereus, Bacillus thuringiensis and a rare bacterium of the Cupriavidus genus were 
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$_;�-bl�o=�o�u�u;v;-u1_��-v�|o�7;|;ulbm;�|_;�1_;lb1-Ѵ�1olrovbŊ
|bom�o=�|_;�ru;v;u�-|b�;�=Ѵ�b7v�-m7�1om7�1|�-�lb1uo0boѴo]b1-Ѵ�;�-Ѵ�-Ŋ
|bom�o=�|_;�ru;v;u�-|b�;�=Ѵ�b7v�-m7�|_;�vr;1bl;mvĺ

Im� -77b|bomķ��;��-m|;7� |o� -vv;vv��_;|_;u� vblrѴ;�l;|_o7v� =ou�
7;|;1|bm]� |_;� 1_;lb1-Ѵ� 1olrovb|bom� o=� ru;v;u�-|b�;v� �;u;� �v;=�Ѵ�
-m7��_;|_;u�|_;��1o�Ѵ7�0;�1olr-u;7��b|_�u;1;m|�-7�-m1;7�-m-Ѵ�|Ŋ
b1-Ѵ� |;1_mbt�;v� Ő;ĺ]ĺķ� ]-v� 1_uol-|o]u-r_;u�Ŋ�|ubrѴ;�t�-7u�roѴ;� |-mŊ
7;l� l-vv� vr;1|uol;|u�� Œ�Sŋ�MSņMSœķ� o�ub;u� |u-mv=oul� bm=u-u;7�
vr;1|uov1or�� Œ$I!œķ� bm7�1|b�;Ѵ�� 1o�rѴ;7� rѴ-vl-� or|b1-Ѵ� ;lbvvbom�
vr;1|uov1or��ŒI��Ŋ�O�Sœķ�l-|ub�Ŋ�-vvbv|;7�Ѵ-v;u�7;vour|bomņbombv-|bom�
|bl;Ŋ�o=Ŋ�=Ѵb]_|�l-vv�vr;1|uol;|u��ŒMA�DIŊ�$O�MSœőĺ

2  | MATERIALS AND METHODS

$_;�ruo1;vv�o=�l-|;ub-Ѵ�v;Ѵ;1|bomķ�|_;�1_ob1;�o=�u;v;-u1_�l;|_o7vķ�
-m7�|_;�v;Ѵ;1|bom�o=�|;1_mbt�;v��v;7��;u;�l�Ѵ|bv|-];7�-m7�=oѴѴo�;7�
|_;�o0f;1|b�;v�o=�|_;�ruof;1|�Őb]�u; 1őĺ

$_;� u;v�Ѵ|v� =uol� |_;� |_u;;� u;v;-u1_� 1�1Ѵ;v� Ővo�u1;� v|�7b;vķ�
1_;lb1-Ѵ�-m-Ѵ�vbvķ�-m7�lb1uo0boѴo]b1-Ѵ�-m-Ѵ�vbvő��;u;�1olr-u;7ķ�-v�
-vr;1|v�o=�|_bv�u;v;-u1_;v��;u;�=o�m7�|o�0;�v|uom]Ѵ��-vvo1b-|;7ĺ�$_bv�
u;v�Ѵ|;7�bm�1om1Ѵ�vbomv�|_-|�-u;��-Ѵ�-0Ѵ;�=ou�1omv;u�-|bom�-v��;ѴѴ�-v�
scientifically relevant.

2.1  | Material

$_;�l-|;ub-Ѵ� 1-l;� =uol� |_;� 1oѴѴ;1|bom� o=� _bv|oub1-Ѵ� l�v;�l� -m-Ŋ
|olb1-Ѵ� vr;1bl;mv� 7;rovb|;7� bm� |_;� Am-|olb1-Ѵ� M�v;�l� o=� |_;�
D;r-u|l;m|�o=�Am-|ol��o=�)uo1Ѵ-��M;7b1-Ѵ�&mb�;uvb|�ĺ

$_;�v|�7��]uo�r�1omvbv|;7�o=�ƐƏ�f-uvķ�v;Ѵ;1|;7�=uol�|_;�u;1;m|Ѵ��
=o�m7�1oѴѴ;1|bom�o=�=o;|-Ѵ�vr;1bl;mvĺ

$_;�0-vb1�1ub|;ubom�=ou�t�-Ѵb=b1-|bom��-v��bv�-Ѵ�7;=;1|v�o=�|_;�-mŊ
-|olb1-Ѵ�vr;1bl;mv�l-bm|-bm;7�bm�-m��mvr;1b=b;7�ru;v;u�-|b�;�=Ѵ�b7ĺ�
Major defects were considered to be any indication of deterioration 
7;|;1|;7� 7�ubm]� |_;� �bv�-Ѵ� ;�-lbm-|bom� o=� |_;� vr;1bl;mv� v�1_� -v�
7bv1oѴo�u-|bomķ� v;7bl;m|-|bomķ� o�b7-|bom� o0v;u�;7� 7bu;1|Ѵ�� om� |_;�
vr;1bl;mķ�ru;1brb|-|;v� bm� |_;�0o||ol�o=� |_;�1om|-bm;uvķ�ou� vb]mb=bŊ
1-m|� Ѵovv�o=�1Ѵ-ub|��o=�|_;�=Ѵ�b7ĺ�AѴѴ�vr;1bl;mv��;u;�v|ou;7� bm�|_;bu�
original jars.

$_;�1om|uoѴ�]uo�r�1omvbv|;7�o=�vb��|;u-|oѴo]b1-Ѵ�vr;1bl;mv�v|ou;7�
bm�|_;�;�_b0b|bom�-u;-�o=�|_;�Am-|olb1-Ѵ�M�v;�lĺ

$_;�1Ѵov�u;v��;u;�;==;1|b�;Ѵ��v;-Ѵ;7�|o�|_;�f-uv��b|_�-�_-u7�0Ѵ-1h�
0bm7;uĺ�$_;�vr;1bl;mv��b|_bm�|_;�]uo�r��;u;�1_-u-1|;ubv;7�0��louŊ
r_oѴo]b1-Ѵ�vblbѴ-ub|�ķ�v|-|;�o=�ru;v;u�-|bomķ��bv�-Ѵ�-vr;1|v�o=�ru;v;uŊ
vative fluids, and identical containers.

D;v1ubr|b�;�ŐTable S1ő�-m7�r_o|o]u-r_b1�Őb]�u; 2ő�7o1�l;m|-|bom�
�-v�1u;-|;7ĺ�$_;�r-u-l;|;uv��;u;�7;v1ub0;7Ĺ�Őbő�1om|-bm;u�Őv_-r;�o=�|_;�
f-uķ�1om7b|bom�o=�|_;�1Ѵov�u;őķ�Őbbő�ou]-moѴ;r|b1�1_-u-1|;ubv|b1v�o=�|_;�ru;vŊ
;u�-|bom�=Ѵ�b7�Ő1Ѵ-ub|�ķ�1oѴo�uķ�blr�ub|b;vķ�ru;v;m1;�o=�r-u-==bmőķ�-m7�Őbbbő�
-m-|olb1-Ѵ�ru;r-u-|bom�Ő1oѴo�uķ�|bvv�;�=b�-|bomķ�m-|�u;�o=�|_;�Ѵ;vbomv�;�Ŋ
-lbm;7ķ�l-|;ub-Ѵ��b|_��_b1_�|_;�0o7��1-�b|b;v��;u;�v|�==;7ķ�b=��bvb0Ѵ;őĺ

S-lrѴ;v��;u;�|-h;m�=uol�|_;�v�u=-1;v�o=�-m-|olb1-Ѵ�vr;1bl;mv�
-m7� |_;bu� ru;v;u�-|b�;� =Ѵ�b7vķ� �vbm]� -v;r|b1� |;1_mbt�;v� =ou� lb1uoŊ
0boѴo]b1-Ѵķ� l�1oѴo]b1-Ѵķ� -m7� 1_;lb1-Ѵ� -m-Ѵ�v;vĺ� $o� o0|-bm� v-lrѴ;v�
v�b|-0Ѵ;� =ou� -m-Ѵ�vbvķ� |_;� =Ѵ�b7��-v� -vrbu-|;7� �vbm]� -� 1-|_;|;u� bm|o�
-�ƐƏƏՓl��v�ubm];�=uol�7b==;u;m|�7;r|_v�o=�|_;�f-u�-m7�|_;m�bmf;1|;7�
into clean, sterilised glass tubes.

2.2  |  Source studies

A�u;�b;��o=�|_;�v1b;m|b=b1�Ѵb|;u-|�u;��-v�1-uub;7�o�|�bm�ou7;u�|o�v;Ѵ;1|�
-rruorub-|;�Ѵ-0ou-|ou��l;|_o7v�=ou�|_;�;�-Ѵ�-|bom�o=�|_;�1olrovbŊ
|bom�o=�ru;v;u�-|b�;�=Ѵ�b7v�Őb]�u; 3aőĺ

$_;�Ѵb|;u-|�u;��-v�v;-u1_;7�=ou�bm=oul-|bom�om�l;|_o7v�o=�ru;Ŋ
v;u�bm]�-m-|olb1-Ѵ�vr;1bl;mv�-m7�rovvb0Ѵ;�l;|_o7v�o=�7b-]movbm]�
=Ѵ�b7�1olrovb|bomĺ�$_;�u;v�Ѵ|v�o=�|�o�Ѵb|;u-|�u;�u;�b;�v��;u;��v;7Ĺ�
Őbő�-�v�v|;l-|b1�u;�b;��ŐDol-ॉvhb�;|�-Ѵĺķ�2023ő�0-v;7�om�-�v;-u1_�o=�
v1b;m|b=b1�r-r;uv�bm���0M;7ķ�M;7Ѵbm;ķ�-m7��0v1o�7-|-0-v;v�-m7�Őbbő�
-�momŊ�v�v|;l-|b1� u;�b;��0-v;7�om�r-r;uv�r�0Ѵbv_;7� bm� |_;� fo�um-Ѵ�
ļM�v;oѴo]b1-Ľ�-m7�;�-Ѵ�-|bom�o=�Ѵb|;u-|�u;�Ѵbv|v�=uol�|_;�lomo]u-r_�
ļѴ�b7� ru;v;u�-|bomĹ� -� 1olru;_;mvb�;� u;=;u;m1;Ľ� ŐSbllomvķ� ƑƏƐƓőĺ�
A77b|bom-ѴѴ�ķ�lomo]u-r_v�om�|_;�_bv|ou��o=�|_;�M;7b1-Ѵ�&mb�;uvb|��
o=�)uo1j-��ŐKo��v1_;hķ�2002, 2007ő��;u;�-m-Ѵ�v;7ĺ

$_;�u;v�Ѵ|v�o=�|_;v;�u;�b;�v�7;|;ulbm;7�|_;�1_ob1;�o=�l;|_o7v�
=ou�|_;�m;�|�v|-];v�o=�|_;�u;v;-u1_ĺ

2.3  |  Chemical composition analyses

Sr;1b-Ѵbv;7�1_;lb1-Ѵ�1olrovb|bom�-m-Ѵ�v;v��;u;�1-uub;7�o�|�om�|_;�
=Ѵ�b7v� |-h;m� =uol� |_;� vr;1bl;mv� bm� |_;� v|�7�� ]uo�r� -m7� 1om|uoѴ�
]uo�r�Őb]�u; 3bőĺ

F IGURE  1ՊA�7b-]u-l�o=�|_;�u;v;-u1_�ruo1;vv�ŐvblrѴb=b;7őĺ
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$_;�v-lrѴ;v��;u;�-m-Ѵ�v;7�|o�7;|;ulbm;�|_;�b7;m|b|��o=�|_;�v�0Ŋ
v|-m1;v�1olrovbm]�|_;�=b�-|b�;�-m7�ru;v;u�-|b�;�=Ѵ�b7vķ�0-v;7�om� bmŊ
=oul-|bom� -1t�bu;7� 7�ubm]� |_;� -m-Ѵ�vbv� o=� |_;� vo�u1;� 1olrom;m|v�
Ő;|_-moѴķ�r_;moѴķ�]Ѵ�1;ubm;ķ�=oul-Ѵ7;_�7;ķ�-m7�-1;|b1�-1b7��;u;�|�r;7őĺ

$_;�-m-Ѵ�v;v��;u;�1om7�1|;7�bm�|�o�v|;rvĹ�=buv|ķ�|_;�=Ѵ�b7v��;u;�
1_-u-1|;ubv;7�0��vblrѴ;�1_;lb1-Ѵ�u;-1|bomv��b|_�-�Ѵo�Ŋ�1ov|�|;v|ķ� bm�
ou7;u�|o�7;|;ulbm;�|_;�ru;v;m1;�ou�-0v;m1;�o=�|_;�v�0v|-m1;v�|�rbŊ
1-ѴѴ��1olrovbm]�|_;�voѴ�|bomĺ

$_;� u;-1|bomv� �;u;� v;Ѵ;1|;7� -11ou7bm]� |o� |_;� u;1oll;m7-Ŋ
|bomv�o=�|_;��oѴbv_��_-ul-1oro;b-ķ�ƐƐ|_�;7b|bomķ�ou�|_ov;�v�rrou|;7�

bm� |_;� Ѵb|;u-|�u;� ŐMoubvvom� ş� �o�7ķ� ƐƖѶƔ; Robins et al., 2011; 
Simmons, ƑƏƐƓőĺ

A�v|-m7-u7�0Ѵbm7�|;v|��-v�1om7�1|;7�0;=ou;�;-1_�1_;lb1-Ѵ�u;-1Ŋ
tion was carried out.

S;Ѵ;1|;7�t�-Ѵb|-|b�;�v-lrѴ;v�-u;�7;v1ub0;7�bm�Table 1.
$_;� r��o=� |_;� ru;v;u�-|b�;� =Ѵ�b7v��-v� -Ѵvo� 7;|;ulbm;7� -|� |_bv�

stage.
$_;�r��l;-v�u;l;m|��-v�o0|-bm;7��b|_�-�l;|;u��vbm]�-�1olŊ

0bm;7�]Ѵ-vv�;Ѵ;1|uo7;�Őr��ş�IomŊ�M;|;uķ����ƑƑ+, Crison Instruments 
SĺAĺķ�Sr-bmőĺ�$_;�;Ѵ;1|uo7;��-v�1-Ѵb0u-|;7�0-v;7�om�v|-m7-u7�0�==;u�

F IGURE  2ՊS;Ѵ;1|;7�vr;1bl;mv�=uol�|_;�v|�7��-m7�1om|uoѴ�]uo�rvĺ�Ő-ő�M�v;�l�vr;1bl;m�MƒƏĺ�$_;�-rr-u;m|�;�1;ѴѴ;m|�1om7b|bom�o=�|_;�
vr;1bl;m�bv�bѴѴ�vou�ĺ�A��_b|;�7;rovb|�_-v�1oѴѴ;1|;7�om�|_;�v�u=-1;�o=�|_;�vhbmķ��bvb0Ѵ;�-uo�m7�|_;�lo�|_�-m7�-ulvĺ�Ő0ķ�1ő�Sr;1bl;m�AƓƏ�bm�b|v�
f-u�-m7�u;lo�;7�=uol�|_;�1om|-bm;uĺ�$_;�=Ѵ�b7�bv��bvb0Ѵ��|�u0b7ķ�v;7bl;m|�bv�bm�|_;�0o||ol�o=�|_;�1om|-bm;uķ�-m7�=Ѵo1v�-u;�=Ѵo-|bm]�m;-u�|_;�
v�u=-1;ĺ�$_;�=-1;�o=�|_;�vr;1bl;m�bv�1o�;u;7��b|_�v;7bl;m|ĺ�Ő7ő�Sr;1bl;m�AƑƏĺ��;|;uo];m;o�v�7-uh�Ѵ;vbom�om�|_;�hm;;ĺ�Ő;ķ�=ő�Sr;1bl;m�AѵƔ�
bm�b|v�f-u�-m7�u;lo�;7�=uol�|_;�1om|-bm;uĺ��o|;�|_;�Ѵo��Ѵ;�;Ѵ�o=�ru;v;u�-|b�;�=Ѵ�b7�-m7�0uo�m�7;rovb|v�om�|_;�v�u=-1;�o=�|_;�vr;1bl;mĺ
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voѴ�|bomv�Őr��ƓĺƏƏķ�ƕĺƏƏķ�ƐƏĺƏƏőĺ�AѴѴ�l;-v�u;l;m|v��;u;�u;r;-|;7�bm�
|ubrѴb1-|;�-m7�|_;m�-�;u-];7ĺ

$o�1olr-u;� |_;�-11�u-1��o=� |_;�-1_b;�;7� u;v�Ѵ|vķ� -�t�-Ѵb|-|b�;�
-m7�t�-m|b|-|b�;�-m-Ѵ�vbv��-v�r;u=oul;7��vbm]�u;=;u;m1;�l;|_o7vĺ�
$_;v;�|;v|v�1omv|b|�|;7�|_;�v;1om7�v|;r�bm�|_;�1_;lb1-Ѵ�;�-Ѵ�-|bom�
o=�|_;�ru;v;u�-|b�;�=Ѵ�b7v�=uol�0o|_�v|�7��]uo�rvĺ��Sŋ�MSņMSķ�$I!ķ�
-m7�I��Ŋ�O�S��;u;��v;7�|o�1olrѴ;l;m|�|_;�1_;lb1-Ѵ�-m7�0boѴo]b1-Ѵ�
u;v;-u1_ĺ

ƑĺƒĺƐՊ ŇՊ D;|;ulbm-|bom�o=�=oul-Ѵ7;_�7;ķ�;|_-moѴķ� 
-m7�l;|_-moѴ�0��]-v�1_uol-|o]u-r_�ņ|ubrѴ;�l-vv�
vr;1|uol;|u�

oul-Ѵ7;_�7;� v|-m7-u7� v|o1h� voѴ�|bom� ŐƒƕĺƓ� �|� ѷ� bm� �-|;uőķ� 
OŊ�ŐƑķƒķƓķƔķѵŊ�r;m|-=Ѵ�ouo0;m��Ѵő�_�7uo��Ѵ-lbm;�_�7uo1_Ѵoub7;�Ő���Aőķ�
=oul-Ѵ7;_�7;� OŊ�r;m|-=Ѵ�ouor_;m�Ѵl;|_�ѴŊ�o�bl;� ŐƐƏ� l]ņƐ� l�� bm�
�-|;uő� -m7� 1�1Ѵo_;�-mom;� Ɛ� l]ņƐ� l�� Őbm� �-|;uőķ� l;|_-moѴ� ŐƖƖĺƖѷőķ�
;|_-moѴ�ŐƖƖĺƖő��;u;�r�u1_-v;7�=uol�M;u1h�K�-Aĺ�D;bombv;7��-|;u��-v�
�v;7�-v�0Ѵ-mh��-|;uĺ����A�voѴ�|bom��-v�ru;r-u;7�0��7bѴ�|bm]�ƐƏ�l]�o=�
���A�bm�0Ѵ-mh��-|;u�|o�-�1om1;u|-|bom�o=�ƏĺƐѷĺ

A�Ɛ�l��-Ѵbt�o|�o=�;-1_�v-lrѴ;��-v�-77;7�|o�ƑƏՓl��_;-7vr-1;�
�b-Ѵv� =ou� -m-Ѵ�vbv��b|_o�|� 7bѴ�|bom� -m7� ru;Ŋ�=bѴ|u-|bomĺ� ƔƏՓμ�� ���A�
solution and 1 μ��o=�Ɛѷ�1�1Ѵo_;�-mom;� bm��-|;u��;u;�-77;7ķ�-m7�
;-1_��b-Ѵ��-v�bll;7b-|;Ѵ��v;-Ѵ;7��b|_�-�$;=ѴomŊ�1o-|;7�vbѴb1om;�v;rŊ
|�lĺ�$_;�v-lrѴ;��-v�lb�;7ķ�bm1�0-|;7�-|�uool�|;lr;u-|�u;�=ou�Ɠ�_ķ�
-m7�_;-|;7�-|�ѵƏŦ��=ou�ƒƏՓlbm�bm�|_;�_;-7vr-1;�0-|_�|o�u;-1_�]-vŊ�
Ѵbt�b7�;t�bѴb0u-|bomĺ�$_;�_;-7vr-1;�v�ubm];��-v�v;|�-|�ƐƏƏŦ��-m7�|_;�
v-lrѴ;��oѴ�l;��-v�Ɛ�l�ĺ

D;|;ulbm-|bom��-v�r;u=oul;7�om�-m�A]bѴ;m|�ƕѶƖƏ�ņƕƏƏƏD���ŋ�
MSņMS� v�v|;lķ� ;t�brr;7��b|_� -� vrѴb|ņvrѴb|Ѵ;vv� bmѴ;|ķ� -� �A�� !SI� ѶƔ�
_;-7vr-1;� |ooѴ� -m7�MSD��_;l�S|-|bom� vo=|�-u;ĺ� $_;� 1oѴ�lm��-v�
-�ѵƏ�ŐlőՓ×ՓƏĺƒƑƏ�ŐllőՓ×ՓƏĺƔ� Őμlő�D��)A*�&I� ŐA]bѴ;m|�$;1_moѴo]b;vőĺ�
Imf;1|bom��-v�bm�-�vrѴb|�lo7;��b|_�-�_;Ѵb�lķ�ƐĺѶ�l�ņlbm�1omv|-m|�=Ѵo��
v;|�-|�ƒƔŦ��-v�-�1-uub;u�]-vĺ�$_;�bmf;1|bom�|;lr;u-|�u;��-v�v;|�-|�ƑƏƏŦ��
-m7�|_;�vrѴb|�u-|;��-v�ƑƔĹƐĺ�$_;�|;lr;u-|�u;�ruo]u-ll;�o=�|_;�1oѴ�lm�
�-v�_;Ѵ7�-|�-m�bmb|b-Ѵ�|;lr;u-|�u;�o=�ƒƔŦ��=ou�ƔĺѵѵՓlbmķ�|_;m�bm1u;-v;7�
|o�ƐƏƏŦ��-|�ѶĺѶŦ�ņlbmķ�_;Ѵ7�-|�ƐƏƏŦ��=ou�Ɛĺƕ�lbmķ�|_;m�bm1u;-v;7�|o�
ƑƑƏŦ��-|�ƐƒĺƒŦ�ņlbmķ�_;Ѵ7�-|�ƑƑƏŦ��=ou�ƒĺƒƖՓlbmķ�-m7� bm1u;-v;7� |o�
ƑƓƏŦ��-|�ƑƑĺƐŦ�ņlbmķ�_;Ѵ7�-|�ƑƓƏŦ��=ou�ƒĺƓƒՓlbmĺ�$_;�MSD�|u-mv=;u�
Ѵbm;��-v�v;|�-|�ƑƓƏŦ�ķ�|_;�vo�u1;�|;lr;u-|�u;�-|�ƑƒƏŦ��ŐƕƏՓ;(őķ�t�-7�
|;lr;u-|�u;�-|�ƐƔƏŦ�ķ�v1-m�u-m];�ƑƏŋ�ƒƏƏՓm/zĺ�ou�t�-m|b=b1-|bomķ�|_;�

F IGURE  3Պ$_;�ruo1;vv�o=�r-u|b1�Ѵ-u�v|-];v�o=�|_;�u;v;-u1_ĺ�Ő-ő�S;-u1_�=ou�-m7�-m-Ѵ�vbv�o=�vo�u1;�l-|;ub-Ѵvĺ�Ő0ő�Am-Ѵ�vbv�o=�1_;lb1-Ѵ�
1olrovb|bom�-m7�o0v;u�-|bomv�o=�vblrѴ;�1_;lb1-Ѵ�u;-1|bomv�-m7�r��l;-v�u;l;m|�0-v;7�om�-77b|bom-Ѵ�|;v|vĺ�Ő1ő�Mb1uo0boѴo]b1-Ѵ�-m-Ѵ�v;vĺ
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analyses were registered in Sim Mode and following masses were reŊ
1ou7;7Ĺ�=oul-Ѵ7;_�7;�OŊ�r;m|-=Ѵ�ouor_;m�Ѵl;|_�ѴŊ�o�bl;�ƐѶƐķ�1�1ѴoŊ
_;�-mom;Ĺ�ƔƔķ�;|_-moѴĹ�ƓƔķ�l;|_-moѴĹ�ƒƐĺ

ƑĺƒĺƑՊ ŇՊ o�ub;u�|u-mv=oul�bm=u-u;7�vr;1|uov1or�

$_;� vr;1|u-�l;-v�u;l;m|v��;u;� u;1ou7;7�om� -�$_;ulo�S1b;m|b=b1�
�b1oѴ;|�bSƔƏ�$Ŋ�I!�vr;1|uol;|;u�ŐA$!�l;|_o7ő��b|_�D$�S�7;|;1|ou�
-m7�K�u�0;-l�vrѴb||;uĺ�$_;�A$!Ŋ�$�I!�vr;1|u-��;u;�7;|;1|;7�bm�|_;�
u-m];�o=�ƔƏƏŋ�ƓƏƏƏՓ1lƴƐķ�-|�uool�|;lr;u-|�u;��b|_�-�vr;1|u-Ѵ�u;voŊ
Ѵ�|bom�Ɠ�1lƴƐ and number of scans was 32.

ƑĺƒĺƒՊ ŇՊ Im7�1|b�;Ѵ��1o�rѴ;7�rѴ-vl-�or|b1-Ѵ�;lbvvbom�
vr;1|uov1or�

$_;� |_bu7� v|;r� o=� |_;� 1_;lb1-Ѵ� 1olrovb|bom� -m-Ѵ�v;v� 1omvbv|;7� o=�
r;u=oulbm]� I��Ŋ�O�S� |o�7;|;1|� |_;�ru;v;m1;�o=� v;Ѵ;1|;7�l;|-Ѵv� bm�
|_;�ru;v;u�-|b�;�=Ѵ�b7vĺ

$_u;;�v-lrѴ;v�o=�=Ѵ�b7v��;u;�|;v|;7�=ou�|_;�ru;v;m1;�o=�l;|-Ѵv�
Őom;�v-lrѴ;�=uol�|_;�1om|uoѴ�]uo�rķ�-m7�|�o�v-lrѴ;v�=uol�|_;�u;Ŋ
v;-u1_�]uo�r�ŒAƐƖķ�AѵƔķ�-m7��Ƒœőĺ

Mbm;u-Ѵbv-|bom��-v�r;u=oul;7�om�-m��u|;1�M-]m�l�II�-rr-u-Ŋ
|�v� bm���O3�voѴ�|bom�ŐѵƔѷ�r�ubvv�rĺ-ĺőķ� |_;m�|u-mv=;uu;7�|o�ƑƔՓl��
=Ѵ-vhvĺ� $_;� u;v�Ѵ|bm]� voѴ�|bom� �-v� 1Ѵ;-u� -m7� |u-mvr-u;m|ĺ� $_bv�

TA B L E  1ՊS;Ѵ;1|;7�vblrѴ;�1_;lb1-Ѵ�u;-1|bomv�=ou�|_;�-m-Ѵ�vbv�o=�ru;v;u�-|b�;�=Ѵ�b7vĺ�M;|_o7v��;u;�v;Ѵ;1|;7�0-v;7�om�bm=oul-|bom�
o0|-bm;7�|_uo�]_�vo�u1;�v|�7b;v�ŐSbllomvķ�ƑƏƐƓĸ�$_;7;ķ�ƐƖƖѵőĺ

Verified substance Test Reagents Positive result Negative result Comment

�|_-moѴ�Ő|_;�|;v|�]b�;v�
-�rovb|b�;�u;v�Ѵ|�
=ou�Ŗrubl-u��-m7�
v;1om7-u��-Ѵ1o_oѴvő�
Ŗ-|�uool�|;lrĺ�|_;�
u;v�Ѵ|�=ou�Ɛv|Ŋ�7;]u;;�
-Ѵ1o_oѴv��bѴѴ�0;�
negative

��1-v�|;v| ,m�Ѵƙ�-m_�7uo�v�
in HCl 
Ő1om1;m|u-|;7ő

$�u0b7b|��o=�|_;�
voѴ�|bom�ŐlbѴh��
1oѴo�uő

�o�mo|b1;-0Ѵ;�
1_-m];v�-|�uool�
|;lr;u-|�u;

It is recommended to use 
-�_b]_�1om1;m|u-|bom�
o=�;|_-moѴ�ŐƕƔѷő�=ou�
r�urov;v�o=�bm1u;-vbm]�
Ѵbt�b7��oѴ�l;ķ�;vr;1b-ѴѴ��
bm�;�_b0b|v��_;u;�lo�Ѵ7�
-rr;-uv�ŐSbllomvķ�ƑƏƐƓő

Glycerine !;-1|bom��b|_�
��ŐO�ő2 
Ő�m_;-|;7ő

u;v_Ѵ��ru;1brb|-|;7�
��ŐO�ő2

S-rr_bu;�voѴ�|bom�
�b|_o�|�
ru;1brb|-|;

�o��bvb0Ѵ;�1_-m];v �Ѵ�1;ubm;�bv�-�ror�Ѵ-u�
addition to conservative 
lb�|�u;vĺ�I|�bv�0;Ѵb;�;7�|o�
=oul�-�ļruo|;1|b�;�Ѵ-�;uĽ�
om�|_;�|bvv�;v�o=�|_;�
ru;r-u-|bomķ�ru;�;m|bm]�
|_;l�=uol�7u�bm]�o�|�
�_;m�|_;�Ѵbt�b7�bv�7u-bm;7

oul-Ѵ7;_�7; S1_b==�|;v| At�;o�v�voѴ�|bom�
o=�=�1_vbm;�
v-|�u-|;7��b|_�
v�Ѵ=�u�o�b7;�ŐSO2ő

��urѴ;�1oѴo�u-|bom�
Ő|ub|�Ѵ�1-|bomő

�o�1_-m];�bm�1oѴo�u�
ou�momŊ��boѴ;|�
1oѴo�ubm]�o=�|_;�
solution

$_;�ru;v;m1;�o=�
=oul-Ѵ7;_�7;ķ�-v�-�
constituent of museum 
=Ѵ�b7vķ�_-v�0;;m�1om=bul;7�
bm�v|�7b;v�o=�|_;�voѴ�|bomv�
o=�o|_;u�M�v;�lvķ�
bm1Ѵ�7bm]�|_;�Mু||;u�
M�v;�l�o=�|_;��oѴѴ;];�o=�
�_�vb1b-mv�o=��_bѴ-7;Ѵr_b-�
ŐSbllomvķ�ƑƏƐƓő

$_;�=oul-Ѵbm�1om1;m|u-|bom�
=ou�vr;1bl;mv��_b1_�
�b;Ѵ7;7�-�u;v�Ѵ|�7�ubm]�|_;�
HCl titration averaged 
-0o�;�ƐƏѷĺ��olbm-ѴѴ�ķ�|_;�
formalin concentration of 
storage solutions is about 
Ɠѷ�($_;7;�ƐƖƖѵő

�_;moѴv�ou�1-u0o��Ѵb1�
acids

!;-1|bom��b|_�;�Ѵ3 Diluted solution of 
;�Ѵ3

Green, blue, violet 
ou�r�urѴ;�
colouration— 
r_;moѴ�ru;v;m|

�o�1_-m];�bm�
1oѴo�ubm]�o=�|_;�
solution

Red colouration— 
1olro�m7v�-0Ѵ;�
to enolise

A1;|-Ѵ7;_�7;ķ�;|_-moѴ Iodoform test Solution of iodine in 
ro|-vvb�l�bo7b7;

+;ѴѴo�bv_�bo7o=oul�
needles are 
formed

�o�bo7o=oul�
needles

May be formed as a result of 
o�b7-|bom
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ruo1;vv��-v�u;r;-|;7�=o�u�|bl;vĺ�$_;�;Ѵ;l;m|-Ѵ�1om|;m|� ŐAvķ�,mķ�
AѴķ� ��ķ� �0ķ� �]ķ� ;ő� o=� |_;� v-lrѴ;v� �-v� |_;m�l;-v�u;7� �vbm]� -m�
b�A��ƕƓƏƏ�D&O�I���;lbvvbom�vr;1|uol;|;u�=uol�$_;ulo�bv_;u�
Scientific.

2.4  | Microbiological studies

S-lrѴ;v��;u;�vbl�Ѵ|-m;o�vѴ��1�Ѵ|�u;7�om�0-1|;ub-Ѵ�-m7�=�m]-Ѵ�l;7b-�
-11ou7bm]�|o�|_;�=oѴѴo�bm]�ruo1;7�u;vĹ�Őbő�vr;1bl;m�1om|-bm;uv��;u;�
|u-mv=;uu;7�|o�|_;�-m-|olb1-Ѵ�Ѵ-0ou-|ou�ķ�-m7�v-lrѴ;v��;u;�u;lo�;7�
�_bѴ;�l-bm|-bmbm]�|_;�]u;-|;v|�rovvb0Ѵ;�v|;ubѴ;�;m�buoml;m|-Ѵ�1om7bŊ
|bomv�Ő&(�Ѵ-lrķ�v�u=-1;�7bvbm=;1|bomő�Őb]�u; 3cőĺ�$_;�v-lrѴ;v��;u;�
|-h;m��vbm]�7bvrov-0Ѵ;�0-1|;uboѴo]b1-Ѵ�Ѵoorv�=uol�-ѴѴ�Ѵ;vbom;7�-u;-v�
-m7�0��u�00bm]�|_;�v|;ubѴ;� Ѵoor�-Ѵom]�|_;�;m|bu;� Ѵ;m]|_�o=�|_;�ru;Ŋ
v;u�;7� vr;1bl;mĺ� $_;� l-|;ub-Ѵ� 1oѴѴ;1|;7� �-v� |_;m� bmo1�Ѵ-|;7� om�
1�Ѵ|�u;�l;7b-ĺ�Sbm]Ѵ;Ŋ��v;�v|;ubѴ;�rbr;||;v��;u;��v;7�|o�1oѴѴ;1|�=Ѵ�b7�
v-lrѴ;v�=ou�1�Ѵ|�ubm]ĺ�Őbbő�S-lrѴ;v�=uol�|_;�1om|uoѴ�]uo�r�vr;1bl;mv�
�;u;�|-h;m�7bu;1|Ѵ��-|�|_;�l�v;�lŌ�|_;�1om|-bm;uv��;u;�7bvbm=;1|;7�
;�|;um-ѴѴ�ķ�|_;�v;-Ѵ�u;lo�;7ķ�-m7�|_;�1Ѵov�u;v�u;lo�;7ĺ�&vbm]�v|;ubѴ;�
;t�brl;m|ķ�-�1-|_;|;u��-v�bmv;u|;7�|o�-vrbu-|;�=Ѵ�b7�v-lrѴ;v�-|��-ubŊ
o�v�7;r|_vĺ�$_;�1-|_;|;u��-v�0u�v_;7�-]-bmv|�|_;�vhbm�o=�|_;�vr;1bŊ
l;m�-m7�|_;�u;v�Ѵ|bm]�ļlbv|Ľ��-v�-vrbu-|;7ĺ�$_;�=Ѵ�b7��-v�bmo1�Ѵ-|;7�
on culture media.

�-1_�v-lrѴbm]�=ou�lb1uo0boѴo]b1-Ѵ�|;v|v��-v�u;r;-|;7ĺ
)_;m�]uo�|_��-v�o0v;u�;7�om�|_;�lb1uo0boѴo]b1-Ѵ�l;7b-ķ�b7;mŊ

tification was carried out according to standards for bacteria and 
fungi.

ƑĺƓĺƐՊ ŇՊ �-1|;ub-

Im� |_;� =buv|� v|-];�o=� |_;�v|�7�ķ�1�Ѵ|�u;v��;u;�1�Ѵ|�u;7�omĹ� Őbő�m�|ubŊ
;m|�0uo|_��b|_�]Ѵ�1ov;�Ő�$���oѴ-m7ő�=ou�-;uo0b1�0-1|;ub-�1�Ѵ|�u;ķ�Őbbő�
S1_-;7Ѵ;u�0uo|_��b|_��b|�Kƒ�Ő0boM;ub;��ő�=ou�-m-;uo0b1�0-1|;ub-ķ�-m7�
�mb�;uv-Ѵ�|_bo]Ѵ�1oѴ-|;�l;7b�l�Ő�$���oѴ-m7őĺ

M;7b-� �;u;� bm1�0-|;7� �r� |o� ƐƏՓ7-�v� -|� ƒƕŦ�� bm� -m� bm1�0-|ou�
Ő)-l;7� K��Ŋ�ѵƔ�ő� -m7� 1_;1h;7� ;�;u�� ƑƓ� _ĺ�)_;m� |�u0b7b|���-v�
o0v;u�;7� |_;�l-|;ub-Ѵ��-v� 1�Ѵ|�u;7�om� voѴb7�l;7b-��oѴ�l0b-� -]-u�
+Ɣѷ�v_;;r�0Ѵoo7�Ő0boM;ub;��ő�-m7�bm1�0-|;7�-|�ƒƕŦ���m7;u�-;uo0b1�
1om7b|bomv��r�|o�ƓѶՓ_ķ�-m7��m7;u�-m-;uo0b1�1om7b|bomv�=ou�ƓѶՓ_ĺ

��Ѵ|�u;7�1oѴomb;v��;u;�b7;m|b=b;7��vbm]�MA�DIŊ�$O�MS�Ő�u�h;uķ�
MA�DI��bo|�r;uőĺ

I7;m|b=b1-|bom� u;v�Ѵ|v�o0|-bm;7�0�� |_;�MA�DIŊ�$O�MS�l;|_o7�
�;u;�-m-Ѵ�v;7�0-v;7�om�-�v1ou;��-Ѵ�;ĺ�$_ov;��b|_�Ѵo��v|u;m]|_�o=�
evidence were rejected.

�-1|;uboѴo]b1-Ѵ� 1�Ѵ|�u;v� �;u;� u;r;-|;7Ō�=ou� |_bv� v|;rķ� Ѵbt�b7�
l;7b-��b|_�|_bo]Ѵ�1oѴ-|;� Ő=ou�-;uo0b1�-m7�-m-;uo0b1�0-1|;ub-ő��;u;�
v;Ѵ;1|;7ĺ�uol�rovb|b�;�1�Ѵ|�u;vķ�l-|;ub-Ѵ��-v�1�Ѵ|�u;7�om�v;Ѵ;1|b�;�
1omv|-m|�l;7b-Ĺ� Őbő�M-1�omh;��A]-u� II� Ő�;1|om�Db1hbmvomő� -m7� Őbbő�
�oѴ�l0b-�A]-u��b|_�Ɣѷ�S_;;r��Ѵoo7�Ő�;1|om�Db1hbmvomőĺ

Im� -77b|bomķ� ]u-lŊ�v|-bm;7� vѴb7;v� �;u;� l-7;� =uol� v1u-rbm]v� o=�
0bo=bѴl�1o-|bm]v�=uol�vol;�vr;1bl;mvĺ�$_;�=oѴѴo�bm]�u;-];m|v��;u;�

�v;7� |o� l-h;� lb1uo0boѴo]b1-Ѵ� vѴb7;vĹ� �u�v|-Ѵ� �boѴ;|� Ő0boM;ub;��őķ�
��]oѴŝv� =Ѵ�b7� Ő0boM;ub;��őķ��|_�Ѵ� -Ѵ1o_oѴ� Ő0boM;ub;��őķ� -m7�AѴh-Ѵbm;�
=�1_vbm�Ő0boM;ub;��őĺ

A=|;u�v|-bmbm]ķ�vѴb7;v��;u;�;�-Ѵ�-|;7��m7;u�-��-uѴ�,;bvv�Ѵb]_|�lbŊ
1uov1or;� -|� ƐƏƏƏ×� l-]mb=b1-|bom� -m7� |_;m� bl-];7� �vbm]� -� �;ѴѴŖ�
ŐOѴ�lr�vő�v�v|;lĺ

ƑĺƓĺƑՊ ŇՊ �m]b

Test materials were cultured on solid media— Sabouraud medium 
�b|_�Ɠѷ�1_Ѵou-lr_;mb1oѴ�Ő�$���oѴ-m7őĺ�)_;m�=�m]-Ѵ�]uo�|_��-v�
v�vr;1|;7� om� Ѵbt�b7� |_bo]Ѵ�1oѴ-|;� l;7b�lķ� -77b|bom-Ѵ� bvoѴ-|bomv�
were made on solid Sabouraud medium. Cultures were incuŊ
0-|;7�=ou��r�|o�ƑՓ�;;hv�-|�ƑѶŦ��ŐM;ll;u|�Im1�0-|ou�I�ƐƐƏő�-m7�
1_;1h;7�;�;u��ƑƓ�_ĺ�)_;m� =�m]-Ѵ�]uo�|_��-v�o0v;u�;7ķ�l-1uoŊ
v1orb1�;�-Ѵ�-|bom�o=�1oѴomb;v��-v�r;u=oul;7ķ�|-hbm]�bm|o�-11o�m|�
|_;bu�lour_oѴo]�� Ő1oѴo�uķ� u;�;uv;ķ� o0�;uv;ķ� 1oѴom�� v|u�1|�u;őĺ� Im�
-77b|bomķ�1�Ѵ|�u;7�1oѴomb;v��;u;�v1u;;m;7�om�1_uolo];mb1�l;7b-�
Ő�bol;ub;��� 1_uolIDţ� �-m7b7-ő� -m7� 7bu;1|� ru;r-u-|bomv� �;u;�
l-7;�bm�v-Ѵbm;�=ou�lb1uov1orb1�;�-Ѵ�-|bomĺ�$-�omol��o=�=�m]b��-v�
;v|-0Ѵbv_;7� |o� ];m�vĺ� ou�lo�Ѵ7� =�m]b� 7;|;ulbm-|bom��-v� 0-v;7�
om�|_;�-rr;-u-m1;�o=�|_;�=�m]�v�om�|_;�l;7b�l�-m7�|_;�ru;r-u-Ŋ
|bom�o=�|_;�1�Ѵ|�u;ĸ�=ou��;-v|Ŋ�Ѵbh;�=�m]bķ�1�Ѵ|�u;v��;u;�vb;�;7�om|o�
1_uolo];mb1�l;7b-�-m7�|_;�];m�v��-v�7;|;ulbm;7�0-v;7�om�|_;�
-rr;-u-m1;� o=� |_;� 1oѴomb;v� o0|-bm;7ĺ� MA�DIŊ�$O� MS� l;|_o7�
Ő�u�h;uķ�MA�DI� �bo|�r;uő��-v� �v;7� =ou� vr;1b;v� b7;m|b=b1-|bom� o=�
�;-v|Ŋ�Ѵbh;�=�m]b�1oѴomb;v�]uo�m�om�S-0o�u-�7�l;7b�lĺ�$_;�u;v�Ѵ|v�
o=� |_;� vr;1|uov1orb1� -m-Ѵ�v;v��;u;� 1olr-u;7��b|_� |_ov;�o=� |_;�
l�1oѴo]bv|�-v�7;v1ub0;7�ru;�bo�vѴ�ĺ

3  |  RESULTS

3.1  |  Source studies

So�=-uķ��;u��Ѵb||Ѵ;�u;v;-u1_�_-v�0;;m�1om7�1|;7�om�ru;v;u�-|b�;�=Ѵ�b7v�
bm� |_;�1om|;�|�o=�_�l-m�-m-|ol��l�v;�lvĺ� I|� bv� Ѵbh;Ѵ�� |_-|� bm� |_;�
r-v|ķ� 0o|_� 1ollom�ru;v;u�-|bom�l;|_o7vŌ�|_ov;�r�0Ѵbv_;7� bm� |_;�
|_;mŊ�-�-bѴ-0Ѵ;�Ѵb|;u-|�u;ķ�-v��;ѴѴ�-v�m;��u;1br;��-ub-|bomv�vr;1b=b1�|o�
-�r-u|b1�Ѵ-u�v1b;m|b=b1�1;m|u;��;u;��v;7�bm�ru-1|b1;�ŐSbllomvķ�ƑƏƐƓ, 
rrĺ��bŋ���ķ�ѵѵőĺ

$_;�_bv|ou��o=� |_;� -m-|olb1-Ѵ� 1oѴѴ;1|bom� bm��u;vѴ-��7-|;v� 0-1h�
|o�ƐƕƓƔ��_;m�|_;�S�u];omv�S1_ooѴ��-v�;v|-0Ѵbv_;7ĺ�$_;�1oѴѴ;1|bom�
�-v� 1u;-|;7� 0���uo=;vvou�A7oѴr_�)bѴ_;Ѵl�O||o� ŐƐƕѶѵŋ�ƐѶƓƔőķ� -m7�
_bv�v�11;vvouvķ��uo=ĺ��-mv��-uѴ��-uho��ŐƐƕƖѶŋ�ƐѶƕƒő�-m7��uo=ĺ��-uѴ�
�-vv;� ŐƐѶƓƐŋ�ƐƖƑƐőĺ� Im�om;�o=� |_;�lomo]u-r_v�om� |_;�-m]boѴo]b1-Ѵ�
1oѴѴ;1|bomķ� �uo=ĺ� �-uho�� l;m|bom;7� |_-|� vol;� �;|� ru;r-u-|bomv�
�;u;� v|ou;7� om� |_;� l�v;�l� ]uo�m7v� bm� �bm1� ou� Ѵ;-7� 1om|-bm;uv�
Ő�-uho�ķ�ƐѶѵƖőĺ�$_;�1-|-Ѵo]�;v�o=�|_;�l�v;�l�1oѴѴ;1|bomv�1u;-|;7� 
0�� �uo=;vvouv� |_;lv;Ѵ�;v� ruo�b7;� u;Ѵ;�-m|� 7-|-ķ� Ѵbv|bm]� ļ=o;|-Ѵ�
�vr;1bl;mv�bll;uv;7�bm�|_;�vrbub|�o=��bm;Ľķ�0�|�b|�bv�mo|�hmo�m�b=�|_;�
vr;1bl;mv��;u;�|;u-|oѴo]b1-Ѵĺ
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$_;�1oѴѴ;1|;7�-11o�m|v�o=�1�uu;m|�-m7�=oul;u�;lrѴo�;;v�o=�|_;�
D;r-u|l;m|�o=�Am-|ol��v_o�� |_-|� |_;� |;u-|oѴo]�� vr;1bl;mv� |_-|�
u;l-bm;7�-=|;u�)ouѴ7�)-u� II��;u;�lo�;7� =uol�|_;�-||b1� |o�-�m;��
Ѵo1-|bom�bm�|_;�0-v;l;m|ĺ�Sol;��;u;�7om-|;7�|o�o|_;u��mb�;uvb|b;vĺ�
Mou;o�;uķ� |_;�ru;v;u�-|b�;�=Ѵ�b7� bm�vol;�o=� |_;�1om|-bm;uv��-v�ou�
v�rrѴ;l;m|;7� �vbm]� v�0v|-m1;v� v�1_� -v� ;|_-moѴķ� ]Ѵ�1;ubm;ķ� -t�;Ŋ
o�v� r_;moѴ� voѴ�|bomķ� ou� l;|_-moѴĺ� �o�;�;uķ� |_;u;� bv� mo� 7;|-bѴ;7�
bm=oul-|bom� -0o�|� |_;� 1olrovb|bom� -m7� �oѴ�l;� o=� |_;� |orr;7Ŋ��r�
ru;v;u�-|b�;vĺ

$_bv�u;v;-u1_�_-v�mo|��b;Ѵ7;7�7-|-�|_-|�-ѴѴo�v��v�|o��m;t�b�Ŋ
o1-ѴѴ��7;|;ulbm;�_o��|_;�_bv|oub1-Ѵ�-m-|olb1-Ѵ� vr;1bl;mv� bm� |_;�
1oѴѴ;1|bom�o=� |_;�-m-|olb1-Ѵ�l�v;�l��;u;�1omv;u�;7ĺ� Im�om;�-uŊ
|b1Ѵ;ķ��_b1_�u;=;uv�|o�Ѵo1-Ѵ�|u-7b|bomvķ�|_u;;�=oul�Ѵ-v�|u-7b|bom-ѴѴ��
�v;7� |o� ru;v;u�;� -m-|olb1-Ѵ� ru;r-u-|bomv� -=|;u� ƐƖƓƔ� -u;� l;mŊ
|bom;7Ĺ�Őbő�;|_-moѴķ�=oul-Ѵbmķ�-m7��-|;uĸ�Őbbő�;|_-moѴķ�]Ѵ�1;ubm;ķ�-m7�
�-|;uĸ� Őbbbő� -m7�;|_-moѴķ� 1_Ѵouo=oulķ�-m7�-1;|b1�-1b7� Ő�-mbv�;�vh-�
et al., 2018őĺ� $_;� l;|_o7� o=� v;-Ѵbm]� |_;� 1om|-bm;uv� bv� -Ѵvo� 7bvŊ
1�vv;7�Ő�Ѵ�|-�;|�-Ѵĺķ�2019őĺ

3.2  |  Chemical composition analyses

Im� |_;� 1o�uv;� o=� 1_;lb1-Ѵ� 1olrovb|bom� -m-Ѵ�v;vķ� =oul-Ѵ7;_�7;ķ�
-Ѵ1o_oѴķ� -m7� ]Ѵ�1;ubm��;u;� 7;|;1|;7ĺ� $_;� ov1bѴѴ-|ou�� vr;1|u-ķ� u;Ŋ
1ou7;7��b|_� |_;�A$!� Ő-||;m�-|;7� |o|-Ѵ� u;=Ѵ;1|bomő� |;1_mbt�;ķ� -u;�
v_o�m�bm�b]�u;v SƐŋ�SƔĺ�$_;�u;v�Ѵ|v�o=�|_;�vblrѴ;�1_;lb1-Ѵ�u;-1Ŋ
|bomv� -m7� |_;� r�� l;-v�u;l;m|vķ� ]-v� 1_uol-|o]u-r_�� 1o�rѴ;7�
|o� l-vv� vr;1|uov1or�� Ő�SņMSőķ� -m7� $I!� -u;� ru;v;m|;7� bm� |_;�
b]�u; Ɠ; Table S2ĺ�A�1olr-ubvom�o=� |_;�1om1;m|u-|bom�o=� |_;�-vŊ
v-�;7� v�0v|-m1;v� bm� bm7b�b7�-Ѵ� vr;1bl;mv� bv� v_o�m� bm� |_;� ]u-r_�
Őb]�u; Ɠőĺ

ƒĺƑĺƐՊ ŇՊ !;v�Ѵ|v�o=�u;=;u;m1;�l;|_o7v

3.2.1.1ՊŇՊGas chromatography coupled to mass spectrometry
�_uol-|o]u-r_b1� -m-Ѵ�vbv� u;�;-Ѵ;7� |_;� ru;v;m1;� o=� =oul-Ѵ7;_�7;�
-m7�|_;�=buv|Ŋ�ou7;u�-Ѵ1o_oѴv�l;|_-moѴ�-m7�;|_-moѴĺ��|_�Ѵ�-Ѵ1o_oѴ��-v�
7;|;1|;7�bm�-ѴѴ�|;v|;7�=Ѵ�b7vĺ�M;|_-moѴ��-v�=o�m7�bm�v-lrѴ;v�Aѵƒ�-m7�
Aƕƕķ�-m7�|u-1;�-lo�m|v��;u;�-Ѵvo�7;|;1|;7�bm�|_;�=Ѵ�b7�o=�v-lrѴ;v�
AƐƖķ�AƒѶ�-m7�AƓƏ�Őb]�u; Ɠ; Table S2őĺ

3.2.1.2ՊŇՊFourier transform infrared spectroscopy
$_;�-m-Ѵ�vbv�ruo�;v�|_-|�|_;�v-lrѴ;v�v|�7b;7�1om|-bm�=oul-Ѵ7;_�7;�
Ő-ѴѴ�|;v|;7�v-lrѴ;vőķ�-m7�v;1om7-u��-Ѵ1o_oѴvĺ�Sol;�v-lrѴ;v�v_o��|_;�
ru;v;m1;�o=� ]Ѵ�1;uoѴ� Őv-lrѴ;v�AƖƒķ��Ƒķ�MƒƏőķ��_b1_� 1om|-bmv� |�o�
rubl-u��-m7�om;�v;1om7-u��-Ѵ1o_oѴb1�]uo�rvĺ�A�7;|-bѴ;7�7;v1ubr|bom�
o=�|_;�bm|;uru;|-|bom�o=�|_;�u;v�Ѵ|v�bv�ruo�b7;7�bm�b]�u; S1.

3.2.1.3ՊŇՊInductively coupled plasma optical emission spectroscopy
D�ubm]�|_;�7;|;ulbm-|bom�o=�|_;�-�;u-];�l;|-Ѵ�1om|;m|�o=�|_;�v;Ѵ;1|;7�
=Ѵ�b7�v-lrѴ;vķ�|_;�ru;v;m1;�o=��bm1ķ�buomķ�-m7�1orr;u��-v�7;|;1|;7�bm�v-lŊ
rѴ;v�AƐƖ�-m7��Ƒķ�-m7�-Ѵ�lbm�l�1om|;m|��-v�-77b|bom-ѴѴ��7;|;ulbm;7�bm�
v-lrѴ;�AѵƔ�ŐTable S3őĺ�Mbm;u-Ѵbv-|bom��-v�1-uub;7�o�|�u;ruo7�1b0Ѵ�ĺ

ƒĺƑĺƑՊ ŇՊ !;v�Ѵ|v�o=�vblrѴ;�1_;lb1-Ѵ�u;-1|bom�-m7� 
r��l;-v�u;l;m|

$_;�u;v�Ѵ|v�o=�|_;�u;-1|bom�1-m�0;�v;;m�bm�b]�u; Sѵ.
FeCl3Ĺ�$_;�1oѴo�u-|bom�o=�v-lrѴ;v�0��u;-1|bomv��b|_�;�Ѵ3 may inŊ

7b1-|;�|_;�ru;v;m1;�o=�r_;moѴ�7;ub�-|b�;vķ�=ou�;�-lrѴ;ķ�mb|uor_;moѴv�
Ő�;ѴѴo��1oѴo�uő�Ő�-v|o�ş��o_mvomķ�1979ő�ou�o|_;u�1olro�m7v�1-r-0Ѵ;�
o=�;moѴbv-|bom�Őu;7�1oѴo�uő� Ő�uo�l-m7ķ�ƐƖƔƑőĺ��o�;�;uķ�r;u=oulbm]�

F IGURE  4Պ�om1;m|u-|bom�Ѵ;�;Ѵv�o=�l;|_-moѴķ�;|_-moѴ�-m7�=oul-Ѵ7;_�7;�bm�-vv-�;7�v-lrѴ;vĺ�Av|;ubvh�bm7b1-|;v�1om|-bm;uv��b|_�-�u;Ѵb-0Ѵ;�
v;-Ѵ�Ővr;1bl;mv�moĺ�Aƕƕ�|_uo�]_��Ɠőĺ��-u;m|_;v;v�bm7b1-|;�vr;1bl;mv��b|_��bv�-Ѵ�1om|-lbm-|bom�Ő;b|_;u�lb1uo0boѴo]b1-Ѵ�ou�r_�vb1o1_;lb1-Ѵőĺ�
�olr-u;��b|_�u;v�Ѵ|v�ru;v;m|;7�bm�b]�u; ѵ.
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-m� -m-Ѵ�vbv� �vbm]� $I!� vr;1|u-� |o� 1om=bul� |_;� ru;v;m1;� o=� r_;moѴ�
7;ub�-|b�;v�bm�ru;v;u�-|b�;�Ѵbt�b7v�7b7�mo|�v_o��vb]mv�o=�|_;bu�ru;vŊ
;m1;ĺ�$_;�=-bѴ�u;�|o�o0|-bm�-�r�urѴ;�voѴ�|bom�-ѴѴo�v��v�|o�;�1Ѵ�7;�|_;�
ru;v;m1;�o=�r_;moѴ�b|v;Ѵ=�bm�|_;�|;v|;7�v-lrѴ;v�ŐArov|b1-�;|�-Ѵĺķ�2018; 
Mo;ѴѴ;u�ş�S_;ѴѴl-mķ�ƐƖƔƒőĺ

Cu(OH)2Ĺ�$ub-Ѵv��b|_���ŐO�ő2�ruo�b7;7�u;v�Ѵ|v�|_-|��;u;�7b==b1�Ѵ|�
|o�bm|;uru;|ĺ�Im�vol;�v-lrѴ;vķ�|_;u;��-v�-�1oѴo�u�1_-m];�|o�v-rr_bu;�
Őv�]];v|bm]�|_;�ru;v;m1;�o=�]Ѵ�1;uoѴő�0�|��b|_o�|�-�1om1olb|-m|�7bvŊ
voѴ�|bom�o=�|_;�ru;1brb|-|;�Ő�-vv-m�;|�-Ѵĺķ�2001ĸ�S;b0;u|�ş��om]ķ�ƐƖƑƔőĺ�
Am��m-l0b]�o�vѴ��rovb|b�;�u;v�Ѵ|��-v�o0|-bm;7�omѴ��=ou�MƒƏĺ

Lucas testĹ�A=|;u�r;u=oulbm]�|_;���1-v�|;v|ķ�mo�vb]mb=b1-m|�1_-m];v�
bm�|_;�1oѴo�u�ou�v|u�1|�u;�o=�|_;�Ѵbt�b7v��;u;�o0v;u�;7ķ�bm7b1-|bm]�|_;�
-0v;m1;�o=�-Ѵ1o_oѴv�ou� |_;�ru;v;m1;�o=�omѴ�� =buv|Ŋ�ou7;u�-Ѵ1o_oѴv� bm�
|_;�|;v|;7�voѴ�|bomvĺ

Iodoform test: Ambiguous results were obtained, difficult to 
0o|_�u;-7�-m7�bm|;uru;|ĺ�!;v�Ѵ|v��-ub;7�1omvb7;u-0Ѵ��0;|�;;m�vr;Ŋ
1b=b1�v-lrѴ;vĺ�Im�lov|�o=�|_;lķ�|_;�u;-1|bom�u;v�Ѵ|;7�bm�-�ru;1brb|-|;�
�_ov;� -rr;-u-m1;� 7b7� mo|� u;v;l0Ѵ;� bo7o=oul� m;;7Ѵ;vĺ� $_�vķ� mo�
1Ѵ;-u�1om=bul-|bom�ou�m;]-|bom�o=�|_;�-vv�lr|bom�|_-|�-m�-Ѵ7;_�7;�
ou�-�v;1om7-u��-Ѵ1o_oѴ��-v�ru;v;m|�bm�|_;�l�v;�l�Ѵbt�b7v��-v�o0Ŋ
|-bm;7�ŐMoubvvom�ş��o�7ķ�ƐƖѶƔőĺ�AѴ7;_�7;�1o�Ѵ7�1ol;ķ�=ou�;�-lrѴ;ķ�
=uol�|_;�o�b7-|bom�o=�;|_-moѴķ��_b1_��-v�lov|� Ѵbh;Ѵ��-�1olrom;m|�
o=�|_;�ru;v;u�-|b�;ķ�ou�b|�1o�Ѵ7�0;�-�1om|-lbm-m|�=uol�v-lrѴ;v�|_-|�
�;u;�=b�;7�bm�=oul-Ѵ7;_�7;�0;=ou;�|u-mv=;u�|o�-mo|_;u�ru;v;u�-|b�;ĺ

Schiff testĹ��;u=oulbm]�|_;�|;v|�u;v�Ѵ|;7� bm�|_;�-rr;-u-m1;�o=�-�
1oѴo�u� Őb]�u; Sѵ=ő�-vvo1b-|;7��b|_� |_;�=oul-|bom�o=�-� |ub|�Ѵ�1-|bom�
-m7�bm7b1-|b�;�o=�|_;�ru;v;m1;�o=�-m�-Ѵ7;_�7;�bm�-ѴѴ�|_;�|;v|;7�=Ѵ�b7v�
Ő!o0bmv�;|�-Ѵĺķ�2011őĺ

r��o=�|_;�voѴ�|bomĹ�lov|�o=�|_;�Ѵbt�b7v��;u;�-1b7b1�ŐƒĺƖƕՓ±ՓƏĺƏƐŋ�
ѵĺƑƏՓ±ՓƏĺƏƐőķ� 0�|� |_;� r�� o=� -� =;�� v-lrѴ;v� -rruo-1_;7� m;�|u-Ѵ�
ŐѵĺѶѵՓ±ՓƏĺƏƐ�-m7�ѵĺƖѶՓ±ՓƏĺƏƑőĺ��o�;�;uķ�7�;� |o� |_;�ru;v;m1;�o=�ouŊ
]-mb1�voѴ�;m|vķ�1-�|bom�v_o�Ѵ7�0;�;�;u1bv;7�bm�bm|;uru;|bm]�|_;�u;v�Ѵ|v�
o=�|_;�r��l;-v�u;l;m|�Ő�;�l-mm�ş��ubll;mķ�2022ķ�rrĺ�ƒƓŋ�ƒƔőĺ

3.3  | Microbiological studies

ƒĺƒĺƐՊ ŇՊ ��Ѵ|�u;

�ovb|b�;�1�Ѵ|�u;v��;u;�o0|-bm;7�=uol�v-lrѴ;v�|-h;m�=uol�-m-|olbŊ
1-Ѵ� vr;1bl;mv� ŐTable SƓőĺ� $_;� lb1uoou]-mbvlv� 1�Ѵ|�u;7� 0;Ѵom];7�
|o� �;-v|Ŋ�Ѵbh;� =�m]bŌ�Candida boidinii, Geotrichum silvicola� vr;1b;v�
Őb]�u; Ɣőķ�lo�Ѵ7vŌ�Penicillium and Fusarium�];m;u-ķ��u-lŊ�rovb|b�;�
bacteria—  Bacillus cereus, Bacillus thuringiensis� -m7� �u-lŊ�m;]-|b�;�
bacteria Cupriavidus metallidurans� Őb]�u; S7őĺ� Im� |_;� v;1om7� v|-];�
Őu;r;|b|bom�o=�1�Ѵ|�ubm]őķ�-ѴѴ�1�Ѵ|�u;v��;u;�m;]-|b�;ĺ

ƒĺƒĺƑՊ ŇՊ !;v�Ѵ|v�=uol�lb1uov1orb1�;�-Ѵ�-|bom�o=�
]u-lŊ�v|-bm;7�lb1uo0boѴo]b1-Ѵ�ru;r-u-|bomv

S;Ѵ;1|;7�-m-|olb1-Ѵ� vr;1bl;mv� Őmoĺ�ƒƔķ�ƓƏķ�ѵƒķ�ѵƔő��;u;�-m-Ѵ�v;7�
lb1uov1orb1-ѴѴ�� Őb]�u; S8őĺ� �u-lŊ�rovb|b�;� 1o11bķ� 7bvr;uv;7� ou� bm�

1Ѵ�v|;uvķ� �u-lŊ�rovb|b�;� 1ou�m;=oulķ� �u-lŊ�rovb|b�;� 0-1bѴѴbķ� �u-lŊ�
rovb|b�;�=bѴ-l;m|o�v�0-1|;ub-�u;v;l0Ѵbm]�-1|bmol�1;|;vķ�-m7��u-lŊ�
m;]-|b�;�]u-m�Ѵ;v�-uu-m];7�Ѵbh;�7brѴo1o11bķ�-v��;ѴѴ�-v�0Ѵ-v|ovrou;v�o=�
�;-v|Ŋ�Ѵbh;� =�m]bķ��;u;�lov|Ѵ��o0v;u�;7ĺ� Im� |_;�l-foub|��o=�v-lrѴ;v�
�-ubo�v�blr�ub|b;vķ�1u�v|-Ѵvķ�-m7�;rb|_;Ѵb-Ѵ�=u-]l;m|v��;u;�o0v;u�;7ĺ

4  | DISCUSSION

$_;�_bv|oub1-Ѵ�m-|�u;�o=�|_;�u;v;-u1_�l-|;ub-Ѵ�7;|;ulbm;7�|_;�l�ѴŊ
|b=-1|oub-Ѵ� 1_-u-1|;u�o=� |_;� bm�;v|b]-|bomv�1-uub;7�o�|� bm� |_bv� v|�7�ĺ�
Im� |_bv� |�r;�o=� u;v;-u1_ķ� |_;� =buv|� |_bm]� |o� u;l;l0;u� bv� |o� u;vr;1|�
|_;�1oѴѴ;1|bom�-m7�h;;r� b|� bm�|_;�0;v|�rovvb0Ѵ;�1om7b|bomķ�vo�|_-|� b|�
1-m� v;u�;� =�|�u;� ];m;u-|bomvĺ� A7� _o1� 1omv;u�-|bom��ouhķ��b|_o�|�
bmŊ�7;r|_�_bv|oub1-Ѵ�hmo�Ѵ;7];�o=�|_;�1_;lb1-Ѵv�-m7�|;1_moѴo]���v;7�
-m7�|_;�1bu1�lv|-m1;v�bm��_b1_�|_;�1oѴѴ;1|bom��-v�1u;-|;7ķ�1-m�u;Ŋ
v�Ѵ|�bm�7-l-];�|o��mbt�;ķ�_bv|oub1-Ѵ�-m-|olb1-Ѵ�vr;1bl;mvĺ

4.1  |  Chemical composition analyses

$_;�1olrovb|bom�o=�|_;�ru;v;u�-|b�;�=Ѵ�b7�bv�-m�;vv;m|b-Ѵ�;Ѵ;l;m|�bm�
v|-0bѴbvbm]�-m7�=b�bm]�-m-|olb1-Ѵ�vr;1bl;mv� Ő)-v1_h;�;|�-Ѵĺķ�2019őĺ�
$_;u;� -u;� l-m�� l;|_o7v� o=� ru;v;u�bm]� 1-7-�;uv� -m7� -m-|olb1-Ѵ�
vr;1bl;mv� bm�lo7;um�-m-|ol�ĺ��o�;�;uķ� |_;�]oѴ7� v|-m7-u7� bv� v|bѴѴ�
=oul-Ѵ7;_�7;�Ő�-Ѵ|-�;|�-Ѵĺķ�ƑƏƐƔőĺ�I|�_-v�0;;m�ruo�;m�|_-|�ru;v;u�-Ŋ
|b�;v�-==;1|�|_;�-rr;-u-m1;�-v��;ѴѴ�-v�|_;�7bl;mvbomv�o=�|_;�o0f;1|v�
bll;uv;7�bm�|_;l�ŐS|;bmh;�;|�-Ѵĺķ�2012ĸ�+;-r�;|�-Ѵĺķ�2007őĺ�$_;u;=ou;ķ�
b|� bv��;u��blrou|-m|��_;m��ouhbm]��b|_�_bv|oub1-Ѵ�l-|;ub-Ѵ�|o�-�ob7�
1_-m]bm]�ru;v;u�-|bom�voѴ�|bomvĺ�$_bv�=-1|��-v�0;_bm7�|_;�7;1bvbom�
|o� v;-u1_� =ou� |_;� _bv|oub1-Ѵ� 1olrovb|bom� o=� |_;� ru;v;u�-|b�;� =Ѵ�b7�
�v;7�bm�|_;�1oѴѴ;1|bom�-vv;vv;7�bm�|_bv�v|�7�ĺ

$_;�_;|;uo];m;o�v�u;v�Ѵ|v�-m7�7b==b1�Ѵ|b;v�bm�bm|;uru;|-|bom�-u;�
7�;�|o�0o|_�|_;�7b�;uvb|��o=�|;1_mb1-Ѵ�-m-Ѵ�v;v�-m7�1olrѴ;�b|��o=�|_;�
-m-Ѵ�v;7�l-|;ub-Ѵĺ�$_;�bm=Ѵ�;m1;�|_-|�|_;�r-u|b1�Ѵ-u�1olrom;m|v�o=�
|_;�voѴ�|bom�_-7�om�;-1_�o|_;u�o�;u�|bl;�bv��mhmo�mĺ��;u|-bmѴ�ķ�|_;�
ru;v;m1;�o=�|�u0b7b|�ķ�momŊ��mb=oul�voѴ�|bom�1oѴo�uķ�-m7�|_;�ru;v;m1;�
o=�ru;1brb|-|;v� -77b|bom-ѴѴ��_bm7;u;7� |_;�;�-Ѵ�-|bom�o=� |_;� u;v�Ѵ|vĺ�
�u|_;ulou;ķ��m7;vbu-0Ѵ;�;==;1|v�o=�|_;�Ѵ-1h�o=�1omv;u�-|bom�v�r;uŊ
�bvbom�bm�|_;�v|�7��]uo�r�1-mmo|�0;�;�1Ѵ�7;7ĺ

ƓĺƐĺƐՊ ŇՊ !;-1|bom��b|_���ŐO�ő2 and iodoform test

$_;� -7�-m|-];� o=� |;v|v� 0-v;7� om� 1_;lb1-Ѵ� u;-1|bomv� Ѵb;v� bm� |_;bu�
vblrѴb1b|�ĺ�$_;�7bv-7�-m|-];�bv�|_;��-��|_;�u;v�Ѵ|v�-u;�bm|;uru;|;7ķ�
�_b1_�bv�0-v;7�om�v�0f;1|b�;��bv�-Ѵ�;�-Ѵ�-|bomĺ

Im�|_;���ŐO�ő2�1oѴ7�|;v|ķ�|_;�bm|ub]�bm]�=-1|�bv�|_-|�-Ѵ|_o�]_�-t�-�
1olrѴ;�;v�1-�vbm]�|_;�v-rr_bu;�1oѴo�u��;u;�7;|;1|;7ķ�|_;u;��-v�-m�
-77b|bom-Ѵ�ru;1brb|-|;� bm�|_;� Ѵbt�b7v� Őb]�u; Sѵ1őĺ�$_bv�r_;mol;mom�
bm7b1-|;v�-�vb7;�u;-1|bom��b|_�-mo|_;u�v�0v|-m1;�ru;v;m|�bm�|_;�=Ѵ�b7ķ�
-v�|_;�ruo7�1|�o=�|_;�v-lrѴ;�b|v;Ѵ=�v_o�Ѵ7�omѴ��0;�-�1orr;u�ŐIIő�1oouŊ
7bm-|bom�1olro�m7ĺ�Amo|_;u�;�rѴ-m-|bom�l-��0;�|_;�=-bѴ�u;�|o�0bm7�
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r-u|�o=� |_;� u;-1|-m|� bm� |_;� 1olrѴ;��7�;� |o� |_;�7b==b1�Ѵ|��o=�l-bmŊ
|-bmbm]�|_;�v|ob1_bol;|u��o=�|_;�u;-1|bomķ�u;v�Ѵ|bm]�=uol�|_;�Ѵ-1h�o=�
hmo�Ѵ;7];�o=� |_;�1olrovb|bom�o=� |_;�ru;v;u�-|b�;� =Ѵ�b7vĺ� Im�l�Ѵ|bŊ�
1olrom;m|� v-lrѴ;vķ� |_;� bm|;uru;|-|bom� bv� 1olrѴb1-|;7� 0�� |_;� Ѵ-1h�
o=�hmo�Ѵ;7];�o=�|_;�l-|ub�ķ��_b1_�1omvbv|v�o=�1_;lb1-Ѵ�1olro�m7v�
Ѵo1-|;7�m;�|�|o�|_;�v�0v|-m1;�0;bm]�7;|;ulbm;7ĺ

$_;� bo7o=oul� |;v|� ruo�b7;7� ;t�-ѴѴ�� �m�v�-Ѵ� o0v;u�-|bomv� bm�
�_b1_�|_;�=Ѵo1v�|_-|�=oul;7�7b7�mo|�u;v;l0Ѵ;�|�rb1-Ѵ�bo7o=oul�m;;Ŋ
7Ѵ;v�Őb]�u; Sѵőĺ��-]-|-�-m7��bv_b�-hb�7;v1ub0;7�-�vb|�-|bom�bm��_b1_�
�;ѴѴo�� ru;1brb|-|;v� �;u;� o0|-bm;7� bm� -m� bo7o=oul� |;v|� 7�;� |o� |_;�
ru;v;m1;�o=�;|_�Ѵ�-1;|-|;�bm�|_;�v-lrѴ;ĺ�$_;�rovvb0bѴb|��o=�_�7uoѴ�vbv�
o11�uubm]�Ѵ;-7bm]�|o�|_;�=oul-|bom�o=�;|_-moѴ�l-h;v�b|�7b==b1�Ѵ|�|o�bmŊ
|;uru;|�|_;�u;v�Ѵ|��m-l0b]�o�vѴ�ĺ��|_-moѴ�|_-|�=oulv�=uol�;|_�Ѵ�;v|;uķ�
b=�b|�bv��v;7�-v�-�voѴ�;m|ķ��bѴѴ�-Ѵvo�]b�;�-�rovb|b�;�bo7o=oul�|;v|�u;v�Ѵ|�
Ő�-]-|-�ş��bv_b�-hbķ�2021őĺ��;1-�v;�;v|;u�1olro�m7v�-m7�-Ѵ1o_oѴv�
]b�;�-�rovb|b�;�bo7o=oul�|;v|�u;v�Ѵ|ķ�b|�bv�blrovvb0Ѵ;�|o�-11�u-|;Ѵ��|�r;�
|_;�1olro�m7�|_-|�bv�bm�|_;�=Ѵ�b7v�0-v;7�om�|_;�bo7o=oul�|;v|�u;v�Ѵ|ĺ

Im�|_;�1-v;�o=�0o|_�|;v|vķ�|_;�u;v�Ѵ|v�1o�Ѵ7�0;�=-Ѵvb=b;7�0��v;7bŊ
l;m|v�ru;v;m|ĺ�$_;bu� bm=Ѵ�;m1;�om�|_;�u;-1|bom�u;v�Ѵ|�1o�Ѵ7�0;�lbŊ
mblbv;7�0��rubou�=bѴ|u-|bom�o=�|_;�v-lrѴ;ĺ��o�;�;uķ�|_bv�bm�oѴ�;v�|_;�

ubvh� |_-|� |_;� 1om1;m|u-|bom�o=� |_;� 1olrom;m|v�o=� |_;�lb�|�u;��bѴѴ�
7;1u;-v;�|_uo�]_�-0vour|bom�0��|_;�=bѴ|;u�Ővbl�Ѵ|-m;o�v�Ѵovv�o=�v;7Ŋ
bl;m|�ru;v;m|�bm�|_;�Ѵbt�b7ő�ouķ�bm�|_;�1-v;�o=�|_;�-m-Ѵ�vbv�o=��oѴ-|bѴ;�
v�0v|-m1;vķ�|_uo�]_�;�-rou-|bomĺ�ou�|_bv�u;-vomķ�|_;�u;-1|bom��b|_�
��ŐO�ő2�-m7�|_;�bo7o=oul�|;v|�bv�mo|�v�b|-0Ѵ;�=ou�|;v|bm]�|�u0b7�voѴ�Ŋ
|bomv�-m7�v_o�Ѵ7�mo|�0;�u;1oll;m7;7�=ou�|_;�;�-Ѵ�-|bom�o=�l�v;�l�
conservation fluids.

ƓĺƐĺƑՊ ŇՊ !;-1|bom��b|_�;�Ѵ3�Őr_;moѴvķ�-1b7vő

$_bv�|;v|��-v�-bl;7�-|��;ub=�bm]�|_;�ru;v;m1;�o=�r_;moѴķ��_b1_��o�Ѵ7�
-11o�m|� =ou� |_;� ru;v;m1;� o=� -� r�m];m|ķ� v�==o1-|bm]� o7o�u� �_;m�
vol;�1om|-bm;uv��;u;�or;m;7ĺ

S�urubvbm]Ѵ��|_;�u;v�Ѵ|v�o0|-bm;7�ruo0-0Ѵ��bm7b1-|;�|_;�Ѵo��v;mvbŊ
|b�b|��o=�|_bv�l;|_o7ĺ�Am-Ѵ�vbv�o=�|_;�Ѵb|;u-|�u;�u;�;-Ѵ;7�|_-|�buom�ŐIIIő�
1_Ѵoub7;�u;-1|v�mo|�omѴ���b|_�r_;moѴ�0�|�-Ѵvo��b|_�1-u0o��Ѵb1�-1b7vĺ�
�;m1;ķ�b|�bv�rovvb0Ѵ;�|o�o0|-bm�-�=-Ѵv;�rovb|b�;�u;v�Ѵ|ĺ�$_;�ru;v;m1;�o=�
1-u0o��Ѵb1�-1b7v�bm�|_;�v-lrѴ;v�l-��0;�bm7b1-|;7�0��|_;��-ubo�v�momŊ�
vr;1b=b1�1oѴo�uv�o0|-bm;7�ŐK-roouķ�1988őĺ

F IGURE  5Պ�m]b�bvoѴ-|;7�=uol�v-lrѴ;vĺ�Ő-ķ�0őĺ�Penicillium�vrĺ�bvoѴ-|;7�=uol�vr;1bl;m�AƑƏ�om�S-0o�u-�7ŝv�-]-uŌ�o0�;uv;�Ő-őķ�u;�;uv;�Ő0őĺ�Ő1ķ�
7ő�Candida boidinii�om�S-0o�u-�7ŝv�-]-uŌ�0b]�1u;-l�1oѴomb;v��b|_�uo�]_�]uo�|_�Ő1ő�-m7�Geotrichum silvicola�om�S-0o�u-�7ŝv�-]-u�v_o�bm]�o==Ŋ�
�_b|;ņ1u;-l�1oѴomb;v��b|_�l-||;7�-rr;-u-m1;�Ő7őĺ
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A1;|b1�-1b7��-v�|�rb=b;7�-v�-�1olrom;m|�o=�|_;�lb�|�u;vķ�0-v;7�
om�|_;�-vv�lr|bom�|_-|Ĺ�Őbő�-1;|b1�-1b7��-v�-�1olrom;m|�o=�|_;�u;1br;ĸ�
Őbbő� b|� bv�-�ruo7�1|�o=�|_;�o�b7-|bom�o=�;|_-moѴ�|o�-Ѵ7;_�7;�-m7�-1b7�
|_-|�o11�uu;7�7�;�|o�|_;�Ѵ;-h-];�o=�|_;�f-uvĸ�-m7�Őbbbő�b|�bv�-�ruo7�1|�
o=� |_;�_�7uoѴ�vbv�o=� -��;-h�-1b7� v-Ѵ|ĺ� Im� vol;�l;|_o7v�o=� 1omv;uŊ
�-|bom�o=�l�v;�l�ru;r-u-|bomvķ�-1;|-|;v�_-�;�0;;m��v;7�Ő;ĺ]ĺķ�|_;�
K-bv;uѴbm]� l;|_o7ķ� |_;� ��7-_� l;|_o7ő� ŐSbllomvķ� ƑƏƐƓķ� rrĺ� ƑѶƖŋ�
ƑƖƔőķ�|_;�_�7uoѴ�vbv�o=��_b1_�1-m�ruo�b7;��;-hѴ��7bvvo1b-|bm]�-1;|b1�
-1b7�|o�|_;�v�v|;lĺ��o�;�;uķ�|_;�ru;v;m1;�o=�|_;v;�v�0v|-m1;v��-v�
mo|�7;lomv|u-|;7��b|_�=�u|_;u�-m-Ѵ�v;vĺ

ƓĺƐĺƒՊ ŇՊ r��l;-v�u;l;m|

$_;� |;v|;7�voѴ�|bomv�]-�;�1�ubo�vѴ�� Ѵo��r�� u;v�Ѵ|vĺ�$_;�-1b7b1�r��
Őb]�u; Ɠ; Table S2ő� bv� lov|� ruo0-0Ѵ�� 1-�v;7� 0�� |_;� ru;v;m1;� o=�
=oul-Ѵ7;_�7;ķ��_b1_� bm� -m� -t�;o�v� voѴ�|bom� _-v� -� r�� o=� ƑĺѶŋ�ƓĺƏ�
ŐSbllomvķ�ƑƏƐƓőĺ

$_;� bm1u;-v;7� -1b7b|�� o=� |_;� voѴ�|bom� l-�� -Ѵvo� 0;� u;Ѵ-|;7� |o�
|_;� u;-1|b�b|�� o=� l;|-Ѵ� v-Ѵ|v� Ő;ĺ]ĺķ� �]ķ� �-ķ� Kő� �_b1_ķ� bm� ou7;u� |o�
bm1u;-v;� |_;� -m|bv;r|b1� ro|;m|b-Ѵķ� �;u;� �v;7� bm� oѴ7� =oul�Ѵ-|bomv�
Ő�-uvomvķ�1831; Simmons, 2007, ƑƏƐƓ; Swan, 1833őĺ�$_;�ru;v;m1;�
o=� v�1_�v�0v|-m1;v�_-v�0;;m�7;lomv|u-|;7�0�� u;v;-u1_�l;|_o7v�
1om7�1|;7� om� vblbѴ-u�l�v;�l� 1oѴѴ;1|bomv� ŐSbllomv� ;|� -Ѵĺķ�2007; 
$_;7;ķ�ƐƖƖѵőĺ

$_;�r���-Ѵ�;�o=�=Ѵ�b7v�bv�=�ѴѴ��7;r;m7;m|�om�|_;�ruorou|bomv�o=�
|_;�bm7b�b7�-Ѵ�1olrom;m|v�ru;v;m|�bm�|_;�lb�|�u;ĺ�$_;�blrovvb0bѴb|��
o=�;v|-0Ѵbv_bm]�-�1olrѴ;|;�u;1br;�ru;�;m|v�-m��m-l0b]�o�v�bm|;uru;Ŋ
|-|bom�o=�|_;�r�ĺ��|_-moѴ�ru;v;u�-|b�;v�_-�;�vѴb]_|Ѵ��-1b7b1�|o�m;�Ŋ
|u-Ѵ�r��ŐSbllomvķ�ƑƏƐƓő��_b1_�1o�Ѵ7ķ�Ѵbh;�|_;�-77b|bom�o=�l;|_-moѴķ�
bm=Ѵ�;m1;�|_;�r��o=�|_;�;m|bu;�lb�|�u;ĺ�$_;�;�-1|�r��o=�|_;�-Ѵ1o_oѴ�

7;r;m7v� om� |_;� 1om1;m|u-|bom� o=� |_;� voѴ�|bom� -m7� l;-v�u;l;m|�
l;|_o7�ŐD;Ѵ;;0;;1h�;|�-Ѵĺķ�2021őĺ�$_;�r���-Ѵ�;�bv�ruo0-0Ѵ��vol;Ŋ
�_-|�7bv|�u0;7�7�;�|o�|_;�=-1|�|_-|�|_;�|;v|;7�Ѵbt�b7v�1omvbv|�l-bmѴ��
o=�ou]-mb1�voѴ�;m|vķ�mo|��-|;u�Ő�;�l-mm�ş��ubll;mķ�2022őĺ

4.2  |  Formaldehyde

�ubou� |o� |_bv� v|�7�ķ� |_;� ru;v;m1;� o=� =oul-Ѵ7;_�7;� bm�l�v;�l� =Ѵ�Ŋ
b7v��-v�|�rb=b;7�-m7�|_;u;=ou;�-m�-||;lr|��-v�l-7;�|o�1om=bul�b|v�
ru;v;m1;��vbm]�-�u;-];m|�o=�ruo�;m�v;mvb|b�b|��|_-|��-v�ru;�bo�vѴ��
�v;7� bm�l�v;�l�ru-1|b1;ķ� bm1Ѵ�7bm]� |o� t�-m|b=�� |_;� 1om1;m|u-|bom�
o=� -bu0oum;� =oul-Ѵ7;_�7;� bm�l�v;�l� uoolv� Ő�b0vom�;|� -Ѵĺķ�2008őĺ�
A�u;�b;��o=�|_;�vr;1b-Ѵbv|�Ѵb|;u-|�u;�v_o�;7�|_-|�|_;�S1_b==�|;v|�bv�-�
u;1o]mbv;7�l;|_o7�=ou�1om=bulbm]�|_;�ru;v;m1;�o=�-Ѵ7;_�7;vķ��v;7�
0��ou]-mb1�1_;lbv|v�Ő!o0bmv�;|�-Ѵĺķ�2011őĺ�$_bv�|;v|�_-v�0;;m��v;7�|o�
;�-Ѵ�-|;�l�v;�l�=Ѵ�b7v�0��vol;�-�|_ouv� ŐSbllomvķ�ƑƏƐƓķ�rĺ�ƐѶƐőĺ�
$_;�u;v�Ѵ|v�o0|-bm;7�=uol�|_;�S1_b==�|;v|�1Ѵ;-uѴ��bm7b1-|;�|_;�ru;vŊ
;m1;�o=�-m�-Ѵ7;_�7;�bm�|_;�ru;v;u�-|b�;�=Ѵ�b7vĺ

$_;�b7;m|b|��o=�=oul-Ѵ7;_�7;ķ�1om|-bm;7�bm�|_;�=Ѵ�b7v�|;v|;7ķ��-v�
1om=bul;7�0���m-l0b]�o�v�bm=u-u;7�vr;1|u-ķ�-m7�b|v�;�-1|�-lo�m|v�
�;u;�7;|;ulbm;7�0��]-v�1_uol-|o]u-r_�ĺ

$_;� -�-bѴ-0Ѵ;� Ѵb|;u-|�u;� bm7b1-|;v� |_-|� bm=u-u;7� vr;1|uov1or�� bv�
om;�o=�|_;�lov|��v;=�Ѵ�l;|_o7v�=ou�b7;m|b=�bm]�1_;lb1-Ѵ�1olro�m7v�
ŐS-0Ѵb;u�;|�-Ѵĺķ�2020őĺ�$_;�vr;1|u-�v_o��=ou�;�-lrѴ;ķ�v|u;|1_bm]�-m7�
7;=oul-|bom��b0u-|bomv�1_-u-1|;ubv|b1�o=�vr;1b=b1�1_;lb1-Ѵ�]uo�rv�bm�
-�]b�;m�u-m];�ŐK-�-ub-mķ�ƐƕƔѶőĺ�D�;�|o�|_;�-0vour|bom�o=�bm=u-u;7�u-Ŋ
7b-|bomķ�ov1bѴѴ-|bomv�o=�loѴ;1�Ѵ;v�o11�uķ�v�1_�|_-|�|_;��-Ѵ;m1;��b0u-Ŋ
|bomv�o=�]uo�rv�o=�-|olv�-u;� u;1ou7;7� bm� |_;bu�1_-u-1|;ubv|b1�-u;-v�
Ő$_olrvomķ�2018őĺ�I|�bv�-�u;1o]mbv;7�r_-ul-1or;b-Ѵ�l;|_o7�=ou�|_;�
b7;m|b=b1-|bom�o=�m�l;uo�v�1_;lb1-Ѵvĺ

F IGURE  6ՊSr;1bl;mv�=uol��_b1_�lb1uoou]-mbvlv��;u;�bvoѴ-|;7�-m7�1om1;m|u-|bomv�o=�ru;v;u�-|b�;�=Ѵ�b7vĺ�Av|;ubvh�bm7b1-|;�f-uv��b|_�-�
reliable seal.
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�-v�1_uol-|o]u-r_��bv�-Ѵvo�-�u;1o]mbv;7�-m-Ѵ�|b1-Ѵ�l;|_o7�=ou�
|_;� t�-Ѵb|-|b�;� -m7� t�-m|b|-|b�;� 7;|;ulbm-|bom� o=� 1_;lb1-Ѵ� 1olŊ
ro�m7v� ŐAѴŊ�!�0-�;�;|� -Ѵĺķ�2017őĺ� $_;� v;r-u-|bom�o=� bm7b�b7�-Ѵ� v�0Ŋ
v|-m1;v�bv�rovvb0Ѵ;�7�;�|o�|_;bu�7b==;u;m|�r_�vb1o1_;lb1-Ѵ�ruor;u|b;v�
�_b1_� u;v�Ѵ|v� bm�7bv1u;r-m1b;v� bm�lb]u-|bom� u-|;� |_uo�]_� |_;� 1_uoŊ
l-|o]u-r_�1oѴ�lmķ��_b1_��-v�1_ov;m�=ou�|_;�=Ѵ�b7v��m7;u�v|�7�ĺ

uol�|_;�u;v�Ѵ|v�o0|-bm;7�7�ubm]�|_;�-m-Ѵ�vbv�Őb]�u; Ɠ; Table S2őķ�
b|� bv�;�b7;m|� |_-|�]-v�1_uol-|o]u-r_�� bv� |_;�0;v|�l;|_o7� |o�-11�Ŋ
u-|;Ѵ��7;|;ulbm;�|_;�ru;v;m1;�-m7�1om1;m|u-|bom�o=�=oul-Ѵ7;_�7;ĺ�
$_;�S1_b==�|;v|�-m7�$I!�-m-Ѵ�vbv�-u;�-Ѵvo�v�b|-0Ѵ;�|o�7;|;ulbm;�|_;�
ru;v;m1;�o=�=oul-Ѵ7;_�7;ĺ

$_;�u;v�Ѵ|v�o0|-bm;7�ruo�b7;�|_;�0-vbv�=ou�-�0uo-7;u�7bv1�vvbom�
om�|_;�bm=Ѵ�;m1;�o=�=oul-Ѵ7;_�7;�om�-m-|olb1-Ѵ�ru;r-u-|bomvĺ

oul-Ѵ7;_�7;ķ�-v�-�=b�-|b�;ķ�1-�v;v�|bvv�;�_-u7;mbm]�bm�|_;�-lbmo�
-1b7�1uovvѴbmhbm]�u;-1|bomĺ�Im�-77b|bomķ�7;_�7u-|bom�-m7�7-uh;mbm]�o=�
|bvv�;v�bv�o0v;u�;7�ŐSbllomvķ�ƑƏƐƓķ�rĺ�Ƒѵőĺ

$_;� Ѵom]Ŋ�|;ul� ;==;1|v� o=� =oul-Ѵ7;_�7;� om� |bvv�;v� bm1Ѵ�7;� |_;�
0u;-h7o�m�o=�-7brov;�|bvv�;�-m7�|_;�ru;1brb|-|bom�o=��-|;uŊ�bmvoѴ�0Ѵ;�
=u;;� =-||�� -1b7vķ� �_b1_� =oul� =Ѵo11�Ѵ;m|� 7;rovb|v� |_-|� =Ѵo-|� om� |_;�
v�u=-1;�o=�|_;�ru;v;u�-|b�;�=Ѵ�b7ĺ�A|� Ѵo��|;lr;u-|�u;v�ŐƴƔ�|o�+Ɣv|ő�
=oul-Ѵ7;_�7;� bm� -t�;o�v� voѴ�|bomv� �m7;u]o;v� vrom|-m;o�v� roŊ
Ѵ�l;ubv-|bomķ�|_;�ruo7�1|�o=��_b1_�r-u|Ѵ��1om�;u|;7�|o�r-u-=oul-ѴŊ
7;_�7;�ŐSbllomvķ�ƑƏƐƓķ�rrĺ�ƒƏķ�ƓƓőĺ�$_bv�roѴ�l;u�ru;1brb|-|;v�o�|�
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b|�1-m�o�b7bv;�=oul-Ѵ7;_�7;�|o�=oulb1�-1b7�|_uo�]_�=oul-Ѵ7;_�7;�7;Ŋ
_�7uo];m-v;�ŐS-_lķ�1977őĺ

$_;�;|_-moѴ�o�b7-|bom�1-r-0bѴb|b;v�o=�|_bv��;-v|�_-�;�0;;m�u;Ѵ-Ŋ
|b�;Ѵ��roouѴ��7;v1ub0;7ĺ�I|�bv�hmo�m�|_-|�b|�-vvblbѴ-|;v�;|_-moѴ�=-v|;u�
|_-m�l;|_-moѴĺ�&vbm]�l;|_-moѴ�-v�|_;�omѴ��1-u0om�vo�u1;�bm�|_;�l;Ŋ
7b�lķ�]uo�|_�o=�C. boidinii�bv�o0v;u�;7�ŐS-_l�ş�)-]m;uķ�1972őĺ

$_;�]uo�|_�u-|;�7;r;m7v�v|ub1|Ѵ��om�|_;�bmo1�Ѵ�l�o=�|_;�lb1uoouŊ
]-mbvlĺ�$_;�Ѵ-u];u�|_;�bmo1�Ѵ�l�bm�|_;�l;7b�l�|_;�0;||;u�|_;�]uo�|_�
Ő�bѴ࢙|�ş��uohorķ�ƐƖƕƔőĺ��o�;�;uķ�|_;�-0bѴb|��o=�|_bv�=�m]�v�|o�-vvblŊ
bѴ-|;�-m7�o�b7bv;�l;|_-moѴ�bv�Ѵblb|;7ĺ�$_;�_b]_;u�|_;�l;|_-moѴ�1omŊ
1;m|u-|bomķ�|_;�lou;�|_;v;�-0bѴb|b;v�7;1u;-v;�Ő�bѴ࢙|�ş��uohorķ�ƐƖƕƔőĺ

Candida boidini� |oѴ;u-|;v� -�l;|_-moѴ� 1om1;m|u-|bom� bm� |_;�l;Ŋ
7b�l� o=� �r� |o� Ɣѷķ� -|� �_b1_� Ѵ;�;Ѵ� ;m��l-|b1� -1|b�b|�� -m7� ]uo�|_�
1;-v;v�ŐS-_l�ş�)-]m;uķ�1972őĺ

$_;�ru;v;m1;�o=�=oul-Ѵ7;_�7;�ou�l;|_�Ѵ�=oul-|;�bm�|_;�l;7b�l�
-==;1|v�|_;�]uo�|_�o=�C. boidinii�bm�|_;�ru;v;m1;�o=�l;|_-moѴ�-m7�|_;�
-1|b�b|��o=�l;|_-moѴŊ�7;]u-7bm]�;m��l;vĺ�Av�-� u;v�Ѵ|�o=� |_;bu�ru;vŊ
;m1;ķ�|_;�0bol-vv�o=�|_;�lb1uoou]-mbvl�l�Ѵ|brѴb;7�bm�|_;�l;7b�l�bmŊ
1u;-v;vķ�0�|�|_;�l;|_-moѴ��|bѴbv-|bom�u-|;�7;1u;-v;vĺ�Im�|_;�ru;v;m1;�
o=�=oul-Ѵ7;_�7;ķ�|_;�-1|b�b|b;v�o=�=oul-Ѵ7;_�7;�7;_�7uo];m-v;�-m7�
=oul-|;�7;_�7uo];m-v;� bm1u;-v;�vb]mb=b1-m|Ѵ�ķ��_bѴ;�|_;�-1|b�b|��o=�
l;|_-moѴ�o�b7-v;�7;1u;-v;v�vb]mb=b1-m|Ѵ�ĺ�Im�|_;�ru;v;m1;�o=�l;|_�Ѵ�
=oul-|;ķ�|_;�;�-1|�orrovb|;�_-rr;mvŌ�l;|_-moѴ�o�b7-v;�-1|b�b|��bmŊ
1u;-v;v�-m7�7;_�7uo];m-v;�-1|b�b|��7;1u;-v;v�ŐA]];Ѵbvķ�2000őĺ

I|�_-v�0;;m�v_o�m�|_-|�|_bv�=�m]�v��v;v�|_;�l;|-0oѴb1�ruo7�1|v�
o=�vol;�0-1|;ub-��b|_��_b1_�b|�_-v�-�v�l0bo|b1�u;Ѵ-|bomv_brķ�b=�b|�bv�mo|�
rovvb0Ѵ;�|o�bm1ourou-|;�|_;�1olro�m7v�-�-bѴ-0Ѵ;�bm�|_;�;m�buoml;m|�
bm|o� b|v� o�m� 0bo1_;lb1-Ѵ� r-|_�-�v� ŐS-_l� ş� )-]m;uķ� 1972őĺ� $_;�
metabolism of C. boidinii�l-��_-�;�_-7�-m�;==;1|�om�1_-m];v�bm�|_;�
t�-m|b|��-m7�t�-Ѵb|��o=�ru;v;u�-|b�;�=Ѵ�b7vĺ

oul-Ѵ7;_�7;�ou�=oul-|;�bv�l�1_�lou;�|o�b1�|o�lb1uoou]-mbvlv�
|_-m�l;|_-moѴķ�_;m1;�b|�bv�-vv�l;7�|_-|�=�m]b��bѴѴ�mo|�]uo��bm�|_;bu�
ru;v;m1;ĺ���;m�Ѵo��1om1;m|u-|bomv�o=�=oul-Ѵ7;_�7;ķ�om�|_;�ou7;u�o=�
ƏĺƏƐѷķ�l-��0;�|oo�|o�b1ķ�0�|��bѴ-|�;|�-Ѵĺ�v_o�;7�|_-|�bm�=oul-Ѵ7;_�7;�
�b|_�|_;�-77b|bom�o=�-�vl-ѴѴ�-lo�m|�o=�l;|_-moѴ�ŐƐѷő�b|��-v�rovvb0Ѵ;�
|o�bm7�1;�|_;�]uo�|_�o=�C. boidiniiĺ�$_bv�_-rr;m;7�bm�-�u-m];�o=�=oulŊ
-Ѵ7;_�7;�1om1;m|u-|bomv�=uol�ƏĺƏƏƔѷ�|o�ƏĺƏѶѷĺ�A|�_b]_;u�=oul-ѴŊ
7;_�7;�1om1;m|u-|bomvķ�bm_b0b|bom�o=��;-v|�]uo�|_�o11�uu;7�Ő�bѴ࢙|�ş�
�uohorķ�ƐƖƕƔőĺ�$_;�;==;1|�o=�-l0b;m|�1om1;m|u-|bomv�o=�;|_-moѴ�ou�
=oul-Ѵ7;_�7;�om�|_;�v�u�b�-Ѵ�o=�|_bv��;-v|�bv�mo|�hmo�mĺ

Candida boidinii�bm�|_;�ru;v;m1;�o=�l;|_-moѴ�-v�|_;�omѴ��vo�u1;�
o=�1-u0om�-m7�;m;u]�ķ� bm7�1;v�bm� b|v�1;ѴѴv�|_;�0bo];m;vbv�o=�r;uo�bŊ
vol;vķ��_b1_� 1om|-bm� -� Ѵ-u];� m�l0;u� o=� ;m��l;v� u;vromvb0Ѵ;� =ou�
|_;�|u-mv=oul-|bom�o=��-ubo�v�v�0v|-m1;vķ�bm1Ѵ�7bm]��;mo0bo|b1v�Ő�-m�
Dbfh�;|�-Ѵĺķ�2000őĺ

Amo|_;u��;-v|Ŋ�Ѵbh;�=�m]�vķ�G. silvicola, isolated from an anatomŊ
b1-Ѵ�v-lrѴ;ķ�_-v�|_;�-0bѴb|��|o�l;|-0oѴbv;ķ�-lom]�o|_;u�v�0v|-m1;vķ�
]Ѵ�1;uoѴķ�;|_-moѴķ�-m7�b|v�;v|;u��b|_�-1;|b1�-1b7�Ő;|_�Ѵ�-1;|-|;ő�-v�1-uŊ
0om� vo�u1;v� Ő�bl;m|-� ;|� -Ѵĺķ� ƑƏƏƔőĺ�Geotrichum� vrrĺ� -u;� �;-v|Ŋ�Ѵbh;�
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=�m]b��b7;Ѵ���v;7�bm�0bo|;1_moѴo]�ķ�=ou�;�-lrѴ;�bm�1_;;v;�l-hbm]ķ�
bm� |_;�0bo7;]u-7-|bom�o=� obѴ� v|-bmv� -m7�7;1olrovb|bom�o=� 1;ѴѴ�Ѵov;�
Ő��7;�;|�-Ѵĺķ�2019őĺ�,_��;|�-Ѵĺķ�Ő2017ő�v_o�;7�vb]mb=b1-m|�7;]u-7-|bom�
o=�_b]_;u�-Ѵ1o_oѴvķ�v�1_�-v�_;�-moѴ�-m7�bvo-l�Ѵ�-Ѵ1o_oѴķ�-|� Ѵo��r��
0��]Ѵ�|-l-|;�7;_�7uo];m-v;�ruo7�1;7�0��|_;�vr;1b;v�G. candidum.

Cupriavidus metalliduransķ� �_b1_� �-v� bvoѴ-|;7� =uol� om;� o=� |_;�
v-lrѴ;vķ�bv�-m�;m�buoml;m|-Ѵ�0-1|;ub�l�|_-|�bv�-0Ѵ;�|o��b|_v|-m7�;�Ŋ
|u;l;�;m�buoml;m|-Ѵ�1om7b|bomv�-m7�|o�l;|-0oѴbv;�|o�b1�v�0v|-m1;v�
v�1_�-v�]oѴ7�1_Ѵoub7;ĺ�I|�_-v�-��b7;�u-m];�o=�-7-r|-|bomvķ� bm1Ѵ�7bm]�
|_;� -0bѴb|�� |o� v�u�b�;� bm� _b]_� 1om1;m|u-|bomv� o=� _;-��� l;|-Ѵvķ� bmŊ
1Ѵ�7bm]�;ķ�,mķ���ķ��]ķ��_b1_�b|�u;7�1;v�0��bm1ourou-|bm]�|_;l�bm|o�
l;|-0oѴb1�r-|_�-�vĺ�I|�7o;v�mo|�_-�;�|_;�-0bѴb|��|o�-0vou0�]Ѵ�1ov;�
=uol� |_;� ;m�buoml;m|ķ� 0�|� 1-m� ruo7�1;� ;m;u]�� 0��l;|-0oѴbvl� o=�
-1;|-|;vķ�;|1ĺ�I|�-Ѵvo�ruo7�1;v�|_;�;m��l;v�-Ѵ1o_oѴ�-m7�-Ѵ7;_�7;�7;Ŋ
_�7uo];m-v;v�-m7�1-m�7;]u-7;�v_ou|�=-||��-1b7v�-m7�-uol-|b1�1olŊ
ro�m7v�Ő�-mvv;m�;|�-Ѵĺķ�2010ĸ��-Ѵ�;|�-Ѵĺķ�2013őĺ

Cupriavidus metallidurans, until recently mainly isolated from 
1om|-lbm-|;7� vobѴv� -m7� v;7bl;m|vķ� �-v� bvoѴ-|;7� =ou� |_;� =buv|� |bl;�
bm�ƑƏƐƐ�=uol�1Ѵbmb1-Ѵ�l-|;ub-Ѵ�=uol�_�l-mvĺ�$_;�bvoѴ-|bom��-v�=uol�
0Ѵoo7� o=� -� r-|b;m|� �b|_� v;rvbv� Ő�-m];�bm� ;|� -Ѵĺķ� 2011ĸ� (of|ho࢙�� ş�
�-m�Ѵho࢙�ķ�2012őĺ

$_;�7;|;1|bom�o=�Cupravidius bacteria may indirectly demonstrate 
|_;�ru;v;m1;�o=�_;-���l;|-Ѵv�bm�|_;�ru;v;u�-|b�;�voѴ�|bomĺ�$_;u;�l-��
0;�v;�;u-Ѵ�u;-vomv�=ou�|_;bu�ru;v;m1;Ĺ�Őbő�bm|;m|bom-Ѵ�1olrom;m|v�o=�
ru;v;u�-|b�;�lb�|�u;vķ�Őbbő�bomv�u;Ѵ;-v;7�|_uo�]_�1om|-1|�o=�|_;�Ѵbt�b7�
�b|_�l;|-Ѵ�;Ѵ;l;m|v�o=�|_;�vr;1bl;m�Őv�1_�-v�|-]v�Ő�-uho�ķ�ƐѶѵƖő�
ou�ļ�bm1�1om|-bm;uvĽķ�-v�v�]];v|;7�0��om;�o=�|_;�_bv|oub1-Ѵ�vo�u1;v��;�
=o�m7őķ�Őbbbő�bomv�u;Ѵ;-v;7�=uol�|_;�|bvv�;v��_;m�;�rov;7�|o�=oul-ѴŊ
7;_�7;�ŐSbllomvķ�ƑƏƐƓķ�rĺ�ƒƒőķ�ou�Őb�ő�1om|-1|�o=�|_;�vr;1bl;m��b|_�
l;|-Ѵ� bmv|u�l;m|v� 7�ubm]� ru;r-u-|bom� ŐSѴ;�bmķ�1927őĺ� Sol;� o=� |_;�
vr;1bl;mv�;�-lbm;7��;u;�mo|�omѴ��=b�;7�-m7�ru;v;u�;7�0�|�-Ѵvo�7bvŊ
v;1|;7�Ő�b7;�b]�u; 2főķ�vo�|_;�Ѵ-||;u�vb|�-|bom�bv�Ѵbh;Ѵ�ĺ

I���-m-Ѵ�vbv�ruo�b7;7�vblbѴ-u�u;v�Ѵ|v�=ou�v-lrѴ;v�=uol�|_;�v|�7��
]uo�r�vr;1bl;mv�AƐƖ�-m7�AѵƔĺ�$_bv�bv�v�urubvbm]ķ�0;1-�v;�AƐƖ��-v�
-�vb]mb=b1-m|Ѵ��_;-�b;u�=o;|�v�|_-m�AѵƔķ�-77b|bom-ѴѴ��;mub1_;7��b|_�-�
�;ѴѴŊ�ru;v;u�;7�rѴ-1;m|-ĺ�$_;u;=ou;ķ�b|��-v�;�r;1|;7�|_-|�|_;�ru;v;uŊ
�-|b�;�=Ѵ�b7�o=�|_;�Ѵ-u];u�vr;1bl;m��o�Ѵ7�1om|-bm�_b]_;u�1om1;m|u-Ŋ
|bomv�o=�l;|-Ѵ� bomvķ�r-u|b1�Ѵ-uѴ�� buomķ�7;ub�;7�=uol�|_;�7;]u-7-|bom�
o=� ;u�|_uo1�|;� _-;lo]Ѵo0bm� 1om|-bm;7� bm� |_;� ub1_Ѵ�� �-v1�Ѵ-ubv;7�
rѴ-1;m|-Ѵ�v|u�1|�u;ĺ��;u_-rv�|_;v;�bomv��;u;��|bѴbv;7�0��lb1uoou]-mŊ
bvlvķ�-m7�bm�|_bv��-�ķ�|_;�-lo�m|�o=�=u;;�l;|-Ѵv�bm�|_;�=Ѵ�b7�u;l-bm;7�
low.

A�1-v;�_-v�0;;m�7;v1ub0;7�o=�ru;r-u-|bomv�|_-|�_-�;�7-uh;m;7ĺ�
$_;v;�v|�7b;v�v_o�;7�|_;�ru;v;m1;�o=�;Ѵ;l;m|-Ѵ�l;u1�u�ķ�r;u_-rv�
ru;1brb|-|;7�0��|_;�u;7�1|bom�o=�l;u1�u��v-Ѵ|v�0��0-1|;ub-�Ѵb�bm]�bm�
|_;�ru;r-u-|bom�f-uķ�ou�0��vrom|-m;o�v�u;-1|bomv�o=�|_;�1olrom;m|v�
o=� |_;�ru;v;u�-|b�;� Ѵbt�b7ĺ� I|� bv� 7b==b1�Ѵ|� |o�7;|;ulbm;� |_;� 1-�v;�o=�
|_;�1oѴombv-|bom�;==;1|�om�|_;�vr;1bl;mv�0;1-�v;�mo�0-1|;ub-��;u;�
b7;m|b=b;7� ŐSbllomv�;|�-Ѵĺķ�2007ķ�rrĺ�ƒƑŋ�ƒѵőĺ��o�;�;uķ� b|� bv�hmo�m�
|_-|�0-1|;ub-�o=� |_;�];m�v�Cupravidius�ru;1brb|-|;�l;|-Ѵv� =uol�|_;�
voѴ�|bomķ��_b1_� _-v� 0;;m� bl-];7�lb1uov1orb1-ѴѴ�� -m7�l-1uov1orbŊ
1-ѴѴ��Ő!;b|_�;|�-Ѵĺķ�2009őĺ

Cupriavidus� bm� |_bv� v|�7���-v� bvoѴ-|;7� =uol� om;� v-lrѴ;� o=� |_;�
|_u;;� |-h;m� =uol� ru;r-u-|bom� AƐƖķ� |_�v� |_;� rovb|b�;� vl;-u� 1o�Ѵ7�
_-�;�0;;m�o0|-bm;7�=uol�omѴ��-�=;��vr;1b=b1�rѴ-1;v�om�|_;�vr;1bl;m�
Ő|_;� Ѵ;vbomv��;u;�o=��;ѴѴo��1oѴo�uķ�-uo�m7��_b1_�7;mv;�l�1;Ѵb�lŊ�
Ѵbh;� Ѵ;vbomv��;u;�o0v;u�;7őĺ�D�;� |o� |_;�7bvbm=;1|bom�o=� |_;�ru;r-Ŋ
u-|bomķ�-77b|bom-Ѵ��;ub=b1-|bom�|;v|v�=ou�|_;�ru;v;m1;�o=�0-1|;ub-Ō�-v�
1-uub;7�o�|�bm�o|_;u�1-v;vŌ��;u;�mo|�rovvb0Ѵ;ĺ

$_;��u-lŊ�rovb|b�;�0-1bѴѴb�B. cereus and B. thuringiensis cultured 
=uol� v;�;u-Ѵ� vr;1bl;mv� -u;� Ѵbh;Ѵ�� |o� 0;� 1om|-lbm-m|v� bm|uo7�1;7�
=uol� |_;�-bu� bm|o� |_;�ru;v;u�-|b�;� =Ѵ�b7vĺ�$_;v;�-u;�;m�buoml;m|-Ѵ�
lb1uoou]-mbvlv�|_-|�v�u�b�;��;u��_-uv_�1om7b|bomv�0��|u-mv=oulbm]�
bm|o�vrou;Ŋ�Ѵbh;�v|u�1|�u;vĺ�A�vrou;�_-v�-�|_b1h;m;7�1;ѴѴ��-ѴѴķ�7bv1-u7v�
�-|;uķ�7o;v�mo|�l;|-0oѴbv;ķ�_-v�mo�1;ѴѴ�Ѵ-u�ruo1;vv;vķ�-m7�1-m�|_;u;Ŋ
=ou;� u;l-bm� bm� |_;� ;m�buoml;m|� =ou�l-m�� �;-uvĺ�OmѴ�� -rruorub-|;�
1om7b|bomv� Ő;ĺ]ĺķ� -� 1_-m];� bm� r�ķ� m�|ub;m|v� ru;v;m|� bm� |_;� ;m�buomŊ
l;m|ő�-ѴѴo��b|�|o�|u-mv=oul�bm|o�-��;];|-|b�;�1;ѴѴ�-m7�=�m1|bom�mouŊ
l-ѴѴ��Ő�_o�ş��_�m]ķ�2020őĺ

Mo�Ѵ7�o=�|_;�];m;u-�Penicillium and Fusarium were also isolated. 
S�1_�lb1uoou]-mbvlv�-u;�ru;v;m|�bm�|_;�-bu�bm�|_;�=oul�o=�vrou;v�-m7�
=Ѵo-|�=u;;Ѵ�ķ�vo�|_;��_-�;�|_;�orrou|�mb|��|o�1om|-lbm-|;�-ѴѴ�hbm7v�o=�
v-lrѴ;v� =ou�lb1uo0boѴo]b1-Ѵ� |;v|vĺ� I|� bv� |_;u;=ou;�7b==b1�Ѵ|� |o�-vv;vv�
|_;�m-|�u;�o=�|_;bu�ru;v;m1;�bm�v-lrѴ;vĺ�I|�l-��0;�|_-|�1om|-lbm-|bom�
�b|_�|_;v;�vrou;v�vblrѴ��o11�uu;7�7�ubm]�|_;�1oѴѴ;1|bom�o=�l-|;ub-Ѵ�
|o�|;v|ķ�u;v�Ѵ|bm]�bm�-�rovb|b�;�1�Ѵ|�u;ĺ

Om�|_;�o|_;u�_-m7ķ�Moou;�l;m|bomv�1om|-lbm-|bom�o=�vr;1bl;m�
f-uv�0��=�m]b�o=�|_;�];m�v�Penicillium�r-u|b1�Ѵ-uѴ���_;m�ru;v;u�-|bom�
=Ѵ�b7v� 1om|-bm;7� Ѵo�� 1om1;m|u-|bomv� o=� ;|_-moѴņ=oul-Ѵbm� ou� �;u;�
-11b7;m|-ѴѴ��7bѴ�|;7��b|_��-|;u�ŐMoou;ķ�1999ķ�rrĺ�ƐƏѶŋ�ƐƏƖőĺ�SblbѴ-u�
1bu1�lv|-m1;v�bm�|_;�r-v|�ruo0-0Ѵ��-Ѵ|;u;7�|_;�=Ѵ�b7v�-m-Ѵ�v;7�bm�|_bv�
v|�7�ĺ�I|�bv�blrou|-m|�|o�1om|uoѴ�|_;�=Ѵ�b7�1om1;m|u-|bomv�-m7�bm|;]ub|��
o=�|_;�1om|-bm;u�v;-Ѵķ�-m7�r;u_-rv�-77�-m�-m|b=�m]-Ѵ�v�0v|-m1;�v�1_�
-v�|_�loѴ�ou�l;m|_oѴĺ

Mb1uov1orb1� o0v;u�-|bomv� u;�;-Ѵ;7� -� l�1_� _b]_;u� 7b�;uvb|�� o=�
lb1uoou]-mbvlv�bm�|_;�v-lrѴ;v�1olr-u;7�|o�|_;�u;v�Ѵ|v�o=�lb1uo0bŊ
oѴo]b1-Ѵ�1�Ѵ|�u;vĺ�Sol;�o=�|_;�lb1uoou]-mbvlv�7;|;1|;7�bm�|_bv��-�ķ�
ru;v�l-0Ѵ��;m�buoml;m|-Ѵķ�l-��0;�vr;1b;v��mhmo�m�|o�|u-7b|bom-Ѵ�
0-1|;uboѴo]b1-Ѵ� -m7� l�1oѴo]b1-Ѵ� 1�Ѵ|�u;ĺ� $_;� omѴ�� �-�� |o� 0;� v�u;�
�o�Ѵ7�0;�|o�b7;m|b=��|_;�lb1uoou]-mbvlv��vbm]�loѴ;1�Ѵ-u�v�v|;l-|b1�
l;|_o7vķ�0�|�|_;��|bѴb|��o=�|_;v;�l;|_o7v�bv�u;v|ub1|;7�7�;�|o�|_;bu�
;�r;mv;ĺ

4.4  | Mutual chemical and microbiological 
influences: Conservation aspects

Om�|_;�0-vbv�o=�|_;�1_;lb1-Ѵ�1olrovb|bom�-m-Ѵ�v;vķ�b|��-v�v_o�m�|_-|�
;-1_�o=�|_;�|;v|;7�=Ѵ�b7v�_-7�-�7bv|bm1|ķ�bm7b�b7�-Ѵ�1olrovb|bomĺ�$_bv�
l-��v�]];v|�|_-|�|_;�1olrovb|bom��-v�7;r;m7;m|�om�Őbő�|_;�oub]bm-Ѵ�
r�urov;�=ou�ru;v;u�bm]�-�]b�;m�vr;1bl;m�Ő;ĺ]ĺķ�-v�-�l�v;�l�vr;1bŊ
l;mķ� =ou�7;lomv|u-|bomķ� =ou� u;v;-u1_őķ� Őbbő� |_;�7-|;�-|��_b1_� b|��-v�
1u;-|;7ķ� Őbbbő�|_;�v|-|;�o=�|_;�1om|-bm;u�v;-Ѵķ�ou�Őb�ő�lo7b=b1-|bomv�o=�
|_;�=Ѵ�b7�Ő�_;|_;u�bm|;m7;7�ou�vrom|-m;o�vőĺ
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$_;�Ѵo��1om1;m|u-|bomv�o=��oѴ-|bѴ;�v�0v|-m1;v�bm�|_;�ru;v;u�-Ŋ
|b�;�=Ѵ�b7v�l-��_-�;�0;;m�7�;�|o�;�-rou-|bomķ�;vr;1b-ѴѴ��b=�|_;�f-uv�
�;u;�roouѴ��v;-Ѵ;7ĺ�$_;�1om|-bm;u�v;-Ѵv��;u;�ruo0-0Ѵ��blruo�;7�
0��-�Ѵ-�;u�o=�r-u-==bm�obѴ�|_-|�1o-|;7�|_;�l;mbv1�v�o=�|_;�voѴ�|bomv�
Ő�Ѵ�|-�;|�-Ѵĺķ�2019ő� Ő�b7;�Table S1; b]�u;v S1b, SƔőķ�0�|� b|v�;==;1|�
om�u;7�1bm]�;�-rou-|bom�ou�o�b7-|bom�o=�|_;�v�0v|-m1;v�bm�|_;�ru;Ŋ
v;u�-|b�;v�_-v�mo|�0;;m�7;v1ub0;7ĺ�Om� |_;�o|_;u�_-m7ķ�;�;m� |_;�
v;-Ѵ;7�1om|-bm;uv�=uol�|_;�1om|uoѴ�]uo�r�ŐAƖƒķ��Ƒķ��ƒķ��Ɠő�7b7�mo|�
_-�;��;u��_b]_�1om1;m|u-|bomv�o=��oѴ-|bѴ;�v�0v|-m1;vķ�vo�r;u_-rv�
b|��-v�bm|;m|bom-Ѵ�mo|�|o��v;�_b]_�1om1;m|u-|bomvķ�ou�|_;v;�vr;1bŊ
l;mv�-u;�ru;v;u�;7�0��-mo|_;u� ļ7olbm-m|Ľ�v�0v|-m1;ķ��_b1_��-v�
not detected.

�-v;7�om�|_bv�v|�7��b|�l-��0;�1om1Ѵ�7;7�|_-|�|_;�7;|;ubou-|bom�
o=�vr;1bl;m�t�-Ѵb|��bv�|_;�u;v�Ѵ|�o=�vbl�Ѵ|-m;o�v�-m7�bm|;u7;r;m7;m|�
0bo1_;lb1-Ѵ�-m7�r_�vb1oŊ�1_;lb1-Ѵ�u;-1|bomv�u;v�Ѵ|bm]�=uol�|_;�o�;uŊ
Ѵ-rrbm]�bm=Ѵ�;m1;v�o=�Őbő�|_;�Ѵo1-|bom�o=�|_;�o0f;1|ķ�Őbbő�|_;�vr;1bl;m�
v|ou-];�;m�buoml;m|ķ�-m7�Őbbbő�|_;�lb1uoou]-mbvlv�|o��_b1_�|_;�vr;1Ŋ
bl;m��-v�;�rov;7ĺ

$_;� rubl-u�� 1-�v;v� o=� |_;� 1_-m];v� bm� |_;� -m-|olb1-Ѵ� vr;1Ŋ
bl;mv� �;u;� ruo0-0Ѵ�� Ѵ;-h�� 1om|-bm;uv� -m7� |_;� rѴ-1;� �_;u;� |_;�
1oѴѴ;1|bom��-v� v|ou;7� Őbĺ;ĺķ� -� 7-uhķ� 1ooѴķ� 7-lr� 1;ѴѴ-u��b|_� Ѵblb|;7�
�;m|bѴ-|bomőĺ� ��-rou-|bom� o=� |_;� 1olrom;m|v� o=� |_;� ru;v;u�-|b�;�
lb�|�u;v� -m7� |_;bu� o�b7-|bom� 0�� -bu� u;-1_bm]� |_;� v�u=-1;� o=� |_;�
=Ѵ�b7�l-�� _-�;� -==;1|;7� mo|� omѴ�� |_;� �oѴ�l;� -m7� 1om1;m|u-|bom�
o=� |_;� =Ѵ�b7v�0�|� -Ѵvo� |_;bu� -m|bv;r|b1�ruor;u|b;vĺ�$_;�1_-m];v� bm�

;m�buoml;m|-Ѵ� 1om7b|bomvķ� 7�;� |o� �mv;-Ѵbm]� |_;� 1om|-bm;uvķ� l-��
_-�;� v|bl�Ѵ-|;7� 7oul-m|� lb1uoou]-mbvlv� |o� ];ulbm-|;ĺ� Im� |_;�
ru;v;m|� v|�7�ķ� b|��-v� v_o�m� |_-|� bm� 1;u|-bm� 1om1;m|u-|bomvķ� v�0Ŋ
v|-m1;v� |u-7b|bom-ѴѴ�� �v;7� bm� ru;v;u�-|bom� 1-m� 0;1ol;� m�|ub;m|v�
=ou�lb1uoou]-mbvlv� Ő;ĺ]ĺķ�;|_-moѴ� =ou�C. boidiniķ�_;-���l;|-Ѵ� bomv�
for C. metalliduranső�Őb]�u; 7őĺ

$_bv�u;v;-u1_�v_o�v�|_-|�1omv;u�-|bom�ru-1|b1;�_-v�-�v�0v|-m|b-Ѵ�
blr-1|�om�|_;�v|-|;�o=�vr;1bl;m�ru;v;u�-|bomĺ�I|�bv�ubvh��|o�l-h;�-m��
1_-m];v� |o� |_;� v|u�1|�u;� o=� _bv|oub1� =Ѵ�b7Ŋ�ru;v;u�;7� ru;r-u-|bomvķ�
vo�-�1olrѴ;|;�u;rѴ-1;l;m|�o=�|_;�ru;v;u�-|b�;�=Ѵ�b7� bv� bm-7�bv-0Ѵ;Ĺ�
bmv|;-7ķ� ru;v;u�-|b�;� =Ѵ�b7v� v_o�Ѵ7� 0;� u;rѴ-1;7� vѴo�Ѵ�� o�;u� |bl;�
ŐSbllomvķ�ƑƏƐƓķ�rĺ�ƓƔőĺ�$_;�;t�bѴb0ub�l�0;|�;;m�|_;�=Ѵ�b7�-m7�|_;�
vr;1bl;m� bv�-�=-1|ou�v;mvb|b�;�|o�1_-m];vĺ�$_;�0-Ѵ-m1;�;v|-0Ѵbv_;7�
0��|_;�u;-1|bomv�0;|�;;m�|_;�vr;1bl;m�|bvv�;�-m7�ru;v;u�-|bom�=Ѵ�b7�
1-m�0;�;-vbѴ���rv;|�0��u-7b1-Ѵ�=Ѵ�b7�1_-m];vķ��_b1_�l-��bm7�1;�m;��
r_�vb1oŊ�1_;lb1-Ѵ�u;-1|bomv�|_-|��bѴѴ�l-mb=;v|�|_;lv;Ѵ�;v�bm�-��-ub;|��
o=��-�v�|_-|�-u;�7b==b1�Ѵ|�|o�ru;7b1|ĺ

Am�bvoѴ-|;7�;m�buoml;m|�=ou�|_;�vr;1bl;m�Ѵblb|v�|_;�bm=Ѵ���o=�lbŊ
1uoou]-mbvlv�=uol�o�|vb7;ķ�_;Ѵrv�l-bm|-bm�|_;�-m|bv;r|b1�ro|;m|b-Ѵ�o=�
|_;�ru;v;u�-|b�;�voѴ�|bomķ�-m7�u;7�1;v�|_;�u;-1|b�b|��o=�|_;�ru;v;u�-Ŋ
|b�;vĺ�Am-Ѵ�vbm]�|_;�u;v�Ѵ|v�o0|-bm;7�bm�-�lou;�];m;u-Ѵ��-��Őb]�u;v Ɠ 
and ѵőķ� b|�-rr;-uv�|_-|�|_;�bvoѴ-|bom�=-1|ou�rѴ-�v�|_;�lov|� blrou|-m|�
uoѴ;�bm�|_;�Ѵom]Ŋ�|;ul�ru;v;u�-|bom�o=�-m-|olb1-Ѵ�vr;1bl;mvĺ�$_;u;��-v�
mo�1ouu;Ѵ-|bom�0;|�;;m�|_;�1om1;m|u-|bom�o=�ru;v;u�-|b�;v�-m7�1omŊ
|-lbm-|bom�0��lb1uoou]-mbvlv�ou� |_;�7;]u;;�o=� vr;1bl;m�roѴѴ�|bomĺ�

F IGURE  7ՊSr;1bl;m�AƐƖ�7;v1ub0;7�bm�|_;�Ѵ-0;Ѵ�-v�ŝFetus et placentaŝĺ�Ő-ő�$_;�1;m|bl;|u;Ŋ�|_b1hķ�l-ѴѴ;-0Ѵ;�Ѵ-�;u�ŐCandida�vrrĺő�1o�;ubm]�|_;�
vr;1bl;m��-v�u;lo�;7ķ�v_o�bm]�7-uh�1oѴomb;v�ŐGeotrichum�vrrĺő�]uo�bm]��m7;um;-|_ĺ�Ő0ő�$_;�ru;r-u-|bom��-v�];m|Ѵ��1Ѵ;-m;7�l;1_-mb1-ѴѴ��
|o�u;lo�;�|_;�=�m]bķ�|_;m�|u-mv=;uu;7�|o�-�m;��1omv;u�-|bom�voѴ�|bom�-|�Ѵo��1om1;m|u-|bom�|o�vѴo�Ѵ��ŝ-7-r|ŝ�|_;�|bvv�;v�|o�|_;�m;��
;m�buoml;m|ĺ��o�;�;uķ�bm|;mvb�;�=�m]-Ѵ�]uo�|_��-v�voom�o0v;u�;7�bm�|_;�Ѵbt�b7ĺ��-v;7�om�|_;�u;v�Ѵ|v�o=�|_;�1_;lb1-Ѵ�-m7�lb1uo0boѴo]b1-Ѵ�
-m-Ѵ�v;v�ruo�b7;7ķ�b|��-v�7;1b7;7�|o�bmf;1|�|_;�ru;r-u-|bom�-m7�v�0l;u];�bm�=oul-Ѵbm�-m7ķ�-=|;u�|bl;ķ�]u-7�-ѴѴ��|u-mv=;u�b|�|o�bm1u;-vbm]Ѵ��
_b]_;u�1om1;m|u-|bomv�o=�|_;�-Ѵ1o_oѴ�voѴ�|bomĺ�$_;�]Ѵ-vv�Ѵb7��-v�r;ubo7b1-ѴѴ��u;lo�;7�-m7�|_;�vr;1bl;m��-v�lomb|ou;7ĺ�A=|;u�-��;-uķ��;�
mo|b1;7�|_;�-rr;-u-m1;�o=��_b|;�7;rovb|v�Őruo0-0Ѵ��Candida�vrrĺő�om�|_;��mŊ�vo-h;7�r-u|v�o=�|_;�ru;r-u-|bom�Ő;ĺ]ĺ�r-u|�o=�rѴ-1;m|-ķ�hm;;őĺ�
I|�bv�Ѵbh;Ѵ��|_-|�|_;�r-u-==bm�Ѵ-�;u�_-v�1u;-|;7�-�0-uub;uķ�l-hbm]�|_;�l;|_-moѴ�1om1;m|u-|bom�bm�|_;�;lr|��Ő-buő�vr-1;�o=�|_;�f-u�|oo�Ѵo��ou�|_;�
vr;1bl;m�_-v�0;;m�1om|-lbm-|;7�=uol�|_;�-bu�7�ubm]�1_;1hbm]ĺ���b7;Ѵbm;v�7;�;Ѵor;7�=ou�|_;�1-u;�o=�m-|�u-Ѵ�_bv|ou��1oѴѴ;1|bomv�l-��0;��v;=�Ѵ�
bm�|_;�1omv;u�-|bom�o=�v�1_�vr;1bl;mv�ŐMoou;ķ�1999ĸ��;�l-mm�;|�-Ѵĺķ�2022őĺ



 43 

 

16  |    DOMAŃSKI et al.

Sr;1bl;m�1om|-bm;uv��b|_�]oo7�1Ѵov�u;v�Őbm�0o|_�|_;�v|�7��-m7�1omŊ
|uoѴ�]uo�rvő��;u;�bm�0;||;u�1om7b|bom�|_-m�vr;1bl;mv�|_-|�l-��_-�;�
_-7�|_;bu�1om|-bm;u�v;-Ѵv�1olruolbv;7�ou�|_-|�v_o�;7�vb]mv�o=�vѴorr��
bm|;u�;m|bomv�Ő;ĺ]ĺķ�|u-1;v�o=�v;�;u-Ѵ�Ѵ-�;uv�o=�l�Ѵ|brѴ;�v;-Ѵvķ�roou�v;-Ѵ�
-7_;vbom�o�;u�|_;�;m|bu;�v�u=-1;�o=�|_;�f-uŊ�Ѵb7�f�m1|bomőĺ��u|_;ulou;ķ�
|_;�Ѵ-||;u�1om|-bm;uv�v_o�;7�_b]_;u�1om1;m|u-|bomv�o=�-Ѵ1o_oѴķ�ruo0-Ŋ
0Ѵ��|_;�u;v�Ѵ|�o=�u;r;-|;7�u;=bѴѴbm]�bm�|_;�r-v|ĺ

Im�|_;�]uo�r�o=�vr;1bl;mv��b|_�]oo7�1om|-bm;u�v;-Ѵvķ�|_;u;��;u;�
-�=;��1om|-bm;uv�|_-|�7bvrѴ-�;7�-;v|_;|b1�7;=;1|vķ�=ou�;�-lrѴ;ķ��_b|;�
7;rovb|v�om�|_;�0o||olķ�1u�v|-ѴѴbm;�ru;1brb|-|;v�om�|_;��-ѴѴv�o=�|_;�
f-uķ�o�b7bv;7�v;-Ѵvĺ�$_bv�v;;lv�|o�1om=bul�|_;�|_;vbv�ru;v;m|;7�_;u;�
|_-|�r_�vb1o1_;lb1-Ѵ� =-1|ouv�-Ѵvo� bm=Ѵ�;m1;�|_;��bv�-Ѵ�-vr;1|v�o=�-�
vr;1bl;mĺ

I|�v_o�Ѵ7�0;�;lr_-vbv;7�|_-|��ouhbm]��b|_�1om|-lbm-|;7�ru;r-Ŋ
u-|bomv�rov;v�_;-Ѵ|_�ubvhvĺ�Mb1uoou]-mbvlv�_-�;�-��-ub;|��o=�r-|_oŊ
];mb1� 1_-u-1|;ubv|b1v� �m7;u� 7b==;u;m|� ;m�buoml;m|-Ѵ� 1om7b|bomvĺ�
$_;bu��bu�Ѵ;m1;�Ѵ;�;Ѵ�=ou�_�l-mv�bv��mhmo�mķ�0�|�o|_;u�u;v;-u1_�_-v�
7;v1ub0;7�|_;�bvoѴ-|bom�o=�r-|_o];mv�|_-|�-u;�_-�-u7o�v�|o�_�l-mv�
=uol�=b�;7�_�l-m�-m-|olb1-Ѵ�vr;1bl;mv�ŐSr;uu��ş�S�;;m;�ķ�1987; 
);;7�ş��-]];mv|ovvķ�ƐƖƔƐőĺ�Kmo�Ѵ;7];�o=�|_;�rovvb0Ѵ;�ubvh�=-1|ouv�
bv�|_;u;=ou;�;�|u;l;Ѵ��blrou|-m|ĺ�A��-ub;|��o=�1_;lb1-Ѵ�v�0v|-m1;vķ�
o=|;m�|o�b1ķ��;u;��v;7�=ou�=b�-|bom�-m7�ru;v;u�-|bomķ�-m7�|_;v;�1-m�
;�-rou-|;�|_uo�]_�bm-7;t�-|;�1om|-bm;u�1Ѵov�u;v�bm|o�|_;�l�v;�l�
vr-1;� u;v�Ѵ|bm]� bm� Ѵom]Ŋ�|;ul�_;-Ѵ|_� 1omv;t�;m1;vĺ� �;uvomv��m7;uŊ
|-hbm]� |_;� 1omv;u�-|bom�o=�_bv|oub1� vr;1bl;mv�-u;�r-u|b1�Ѵ-uѴ�� ��ѴŊ
m;u-0Ѵ;ķ�-v�|_;��-u;�lov|�;�rov;7�|o�|_;v;�1_;lb1-Ѵvĺ

�b||Ѵ;�_-v�0;;m��ub||;m�-0o�|�|_;�uoѴ;�o=�lb1uoou]-mbvlv�bm�|_;�
1om|;�|� o=� -m-|olb1-Ѵ�l�v;�lvĺ�O�u� v|�7�� bm7b1-|;v� -� vb]mb=b1-m|�
u;Ѵ-|bomv_br�0;|�;;m�|_;�lb1uoou]-mbvlv�b7;m|b=b;7�_;u;ķ�|_;�1olŊ
rovb|bom�o=�|_;�ru;v;u�-|b�;�=Ѵ�b7ķ�-m7�|_;�t�-Ѵb|��o=�ru;v;u�-|bom�o=�
-m-|olb1-Ѵ�ru;r-u-|bomvĺ

5  |  CONCLUSIONS

$_;�1_;lb1-Ѵ�v|�7b;v�7;lomv|u-|;7�|_;�ru;v;m1;�o=�l;|_-moѴķ�;|_-Ŋ
moѴķ�=oul-Ѵ7;_�7;ķ�-m7�]Ѵ�1;uoѴ�bm�ru;v;u�-|b�;�=Ѵ�b7vĺ�$_;�1om1;mŊ
|u-|bomv�o=�|_;v;�v�0v|-m1;v�7b==;u;7�0;|�;;m�|_;�v-lrѴ;vķ�-m7�|_;bu�
7;|;ulbm-|bom�u;t�bu;7�|_;��v;�o=�-��-ub;|��o=�l;|_o7v�|o�-m-Ѵ�v;�
|_;� bm7b�b7�-Ѵ� 1olrom;m|v� o=� |_;� ru;v;u�-|b�;� lb�|�u;vĺ� $_;� 7b=Ŋ
=;u;m1;v�0;|�;;m�|_;�u;v�Ѵ|v�o0|-bm;7�=uol�|_;�-7�-m1;7�lo7;um�
-m-Ѵ�|b1-Ѵ�|;1_mbt�;v�-m7�|_ov;�o0|-bm;7�=uol�|_;�vblrѴ;�1_;lb1-Ѵ�
u;-1|bomv� bm7b1-|;� |_-|� |_;� Ѵ-||;u�-u;�mo|� v�==b1b;m|Ѵ�� v;Ѵ;1|b�;�-m7�
-u;�|_;u;=ou;�bm-rruorub-|;�=ou�-vv;vvbm]�|_;�1olrovb|bom�o=�|_;�ru;Ŋ
v;u�-|b�;�=Ѵ�b7�bm7;r;m7;m|Ѵ�ĺ

$_bv�v|�7��v_o�v�|_-|�_bv|oub1-Ѵ�ru;v;u�-|b�;�=Ѵ�b7v�1-m�0;�-�_-0b|-|�
=ou�l-m��lb1uoou]-mbvlvĺ�Im�lb1uo0boѴo]b1-Ѵ�|;v|vķ�0o|_�0-1|;ub-�-m7�
=�m]b��;u;�bvoѴ-|;7�=uol�v�-0v�|-h;m�=uol�-m-|olb1-Ѵ�vr;1bl;mvĺ�$_;�
0-1|;ub-Ѵ�=Ѵou-��-v�Ѵ;vv�m�l;uo�v�|_-m�|_;�=�m]-Ѵ�=Ѵou-ĺ�$_bv�u;v;-u1_�
_b]_Ѵb]_|v�|_;�=-1|�|_-|�lb1uoou]-mbvlv�1-m�0;�-m�-77b|bom-Ѵ�=-1|ou�bm�
7;|;ulbmbm]� |_;� 1olrovb|bomv� o=� ru;v;u�-|b�;� =Ѵ�b7v� -m7ķ� -|� 1;u|-bm�
=Ѵ�b7�1om1;m|u-|bomvķ�lb1uoou]-mbvlv�v_o��u;vbv|-m1;�|o�|_;bu�;==;1|vĺ

$_;�-m-Ѵ�vbv�o=�ru;v;u�-|b�;�=Ѵ�b7v�u;ru;v;m|v�-�vb]mb=b1-m|�1_-ѴŊ
Ѵ;m];�=ou�1om|;lrou-u��-m-|olb1-Ѵ�l�v;oѴo]�ĺ�$_;��mbt�;�-m7�bmŊ
mo�-|b�;� u;v;-u1_�1-uub;7�o�|�0��o�u� |;-l�ruo�b7;v�]�b7;Ѵbm;v� =ou�
1om|;lrou-u�� -m-|olbv|v� -m7� l�v;�l� ruo=;vvbom-Ѵvĺ� �;orѴ;� bmŊ
�oѴ�;7� bm� |_;�ruo|;1|bom�o=�l�v;�l�1oѴѴ;1|bomv�m;;7� u;Ѵb-0Ѵ;ķ� =-v|�
-m7�;-v��|o�blrѴ;l;m|�l;|_o7v�=ou��;ub=�bm]�|_;�1olrovb|bom�o=�|_;�
=Ѵ�b7�ruo|;1|bm]�|_;�vr;1bl;mvĺ��o�;�;uķ�7�;�|o�1olrovb|bom-Ѵ��-ubŊ
-0bѴb|��vblrѴ;�v1u;;mbm]�=ou�1_;lb1-Ѵ�1olrovb|bom�bv�-m�bm;==;1|b�;�7bŊ
-]mov|b1�|ooѴ�=ou�|_;�l�v;�l�-m-|olbv|ĺ�Imv|u�l;m|-Ѵ�-m-Ѵ�vbv��vbm]�
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Abst rac t
Introduction: Many historic dermatology departments keep and preserve valuable collections of dermatological 
moulages. 
Aim: The aim of the present research was to find out whether the specimens collected in the Museum of the Depart-
ment of Dermatology, Venereology, and Allergology of Wroclaw Medical University are colonized by microorganisms, 
and whether these organisms can pose a risk of damage to this heritage or a health risk to visitors. 
Material and methods: In the study 32 historic moulages and their environment (museum) were subjected to micro-
biological evaluation. 
Results: Swabs from moulages turned to be positive in 28% of cases. Micrococcus luteus was mainly isolated. The flora 
isolated from the air and the external surfaces of the museum display cases was much richer. Environmental bacteria 
and fungi were determined, as well as organisms probably associated with the hospital flora: Pseudosomonas spp., 
Paebacillus sp., Acinetobacter sp. 
Conclusions: The close proximity of clinical wards probably influences the composition of the museum environment. 
The surprisingly low contamination of the moulages may be due to the antiseptic properties of the bee wax from 
which they were made. Conservation work on the moulages as well as people visiting the museum do not pose 
significant health risks. However, the small number of studies devoted to this topic limits the conclusions. Further 
research on medical collections is needed to provide ‘evidence-based care’ for this heritage.

Key words: moulages, microbiology, museum, dermatology.

Introduction

Wroclaw Medical University in Poland is the deposi-
tary of several collections of cultural heritage that sur-
vived the turbulent period of World War II and, in ac-
cordance with tradition, are exhibited in the museums 
of individual faculties and/or departments. These col-
lections include wax models that were used as teach-
ing tools for educating future physicians on a daily basis. 
After establishing a complex of clinics in the 19th century, 
the university became one of the most modern in Eu-
rope. Wax models had several advantages, the most 
important of which was their durability and legibility, al-
lowing for quick identification. Probably for this reason, it 
was decided to make a costly investment related to their 
creation. From 1853, the university employed the out-

standing artist Gustavo Zeiller, who made wax models 
for the Institute of Anatomy and Pathology in Wrocław 
(formerly: Breslau, Germany) [1]. It is possible that some 
of the wax models stored in the Anatomical Museum are 
his masterpieces.

A unique collection of wax models, the so-called der-
matological moulages, was created for the purposes of 
the local dermatology clinic, founded by Heinrich Koeb-
ner in 1877. From 1882, this clinic was headed by Albert 
Neisser, who initiated the creation of the collection of 
moulages in 1890. At his request, the specimens were 
created in the building of the clinic by the employed  
artists: Paul Berliner from 1890 to 1897 and Alfons Kröner 
from 1897 to 1937. The most intensive production of 
moulages was 100 pieces per year, making the Breslau 
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our knowledge, such studies including dermatologic wax 
moulages have not been performed so far.

Material and methods

The specimens for microbiological examinations 
(bacterial and mycological) were swabs obtained from 
(i) the surfaces of wax moulages, (ii) internal and exter-
nal surfaces of the cabinets in which they were stored, 
and (iii) the walls and floor of the museum hall. The air 
samples taken from the museum’s exhibition room were 
examined. For technical reasons, showcase 6 and its col-
lections were omitted from the study.

 Collection and microbiological proceeding  
of surface samples 

Five museum display cabinets (nos. 1–5) were includ-
ed in the study. The samples were obtained from at least  
5 moulages in each case. A total of 32 specimens, with 
a variety of textures and morphologies, were selected. In 
display case no. 1, specimens hanging at each height of the 
display case were selected. In showcases nos. 2–5, mou-
lages were selected that were hung at different heights  
of the showcase, on either side of perforated boards.

collection of 2696 objects one of the largest in Europe 
at the time. A collection of such a large size necessitated 
the preparation of a special space for exhibition, so in 
1906 the former lecture hall was used as a storage place 
for the moulages, resulting in the creation of the Mou-
lage Museum, which exists to this day [2].

There are 323 original moulages that have survived 
to the present day, of which 315 are made of wax and  
8 of plaster. They are presented in 6 original wooden 
display cases with glass. The layout of the museum has 
remained unchanged since its creation (Figure 1).

The protection and maintenance of this unique cul-
tural heritage is a challenge for contemporary times. 
However, there are not many reports that systematize 
how to take care of dermatological moulages, although 
they are part of the collections of many medical universi-
ties in Europe [3]. 

Taking the above into consideration, the current study 
was undertaken to perform microbiological examinations 
of dermatological wax models as well as of the neigh-
bouring environment of the museum hall. We aimed to 
investigate whether the collection of historic dermatologi-
cal moulages is colonized by specific microorganisms and 
whether these microorganisms pose a health risk to the 
environment, including museum visitors. To the best of 

Figure 1. A – The Moulage Museum is a 9.7 × 9.7 m square with a barrel-vaulted ceiling supported by a 4.88 m high 
column in the centre of the room. The collections hang on perforated metal panels in 6 wooden display cases with glass. 
Showcases nos. 1 and 6 are set up against the walls to the right and left: showcase no. 1, with plaster moulages, measur-
ing (width × height × depth) – 1.10 × 2.10 × 0.32 m; showcase 6, facing the lecture hall – 3.70 × 2.00 × 0.32 m (omitted from 
the study). The centre of the museum is occupied by four display cases (no. 2–5) measuring 3.00 × 1.92 × 0.6 m. B – View 
of showcases 1 to 4 (C) view of showcases 3 to 6

A B

C
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A sterile swab (Equimed, Poland) moistened with 
sterile 0.9% sodium chloride solution was used to wipe 
in 3 different places the waxy surface of a single mou-
lage. Swabs were also taken from the surfaces in the 
museum space: the upper outer surface of the display 
cases nos. 2–5 (3 swabs from 3 different display cases), 
the floor (3 swabs), and the walls (3 swabs taken from 
a height of 2 m). In addition, material was collected from 
the top surface of the cabinets nos. 1–5 using Rodac 
contact plates with Saboraud Dextrose Lab agar (Bio-
Maxima). The imprint plates were opened and the agar 
side was applied to the top outer surface of each of the 
5 cabinets for 10 seconds. Material from one of the im-
pression plates was transferred to Columbia agar with 
5% sheep blood (Becton Dickinson) to assess bacterial 
growth. All samples were transported to a laboratory 
within an hour and immediately seeded on microbio-
logical media. From each swab, the material was succes-
sively inoculated onto the entire surface of the plate with 
Columbia agar supplemented with 5% sheep blood (Bec-
ton Dickinson) for bacteria and Sabouraud Dextrose Agar 
supplemented with chloramphenicol (Biomaxima, Lub-
lin, Poland) for fungi. The plates were incubated either 
at 37°C for up to 3 days (bacteria) or at 28°C for up to  
14 days (fungi). Every 24–48 h, the cultures were re-
viewed and the cultured colonies were identified in 
accordance with standard microbiological procedures 
(evaluation of colony morphology and microscopic exa-
mination – Gram staining for bacteria and lactophenol 
slides for fungi). For bacteria species identification was 
obtained using mass spectrometry (MALDI TOFF MS) and 
a Bruker MALDI Biotyper IVD instrument (Bruker).

 Collection and microbiological proceeding  
of the air samples

Air was tested using a MicroBio MB1 (220) Bioaerosol 
Sampler (Cantium Scientific, UK) according to the manu-
facturer’s instructions. Sampling was carried out from  
5 different parts of the museum. At each site, air samples 
were taken at a hight of 1.5 m sequentially onto an open 
plate with either Saboraud Dextrose Agar supplemented 
with chloramphenicol (BioMaxima, Lublin, Poland) for 
fungi (500 l of air per plate) or Columbia agar with 5% 
sheep blood (Becton Dickinson) for bacteria (300 l of air 
per plate), with a flow rate of 100 l/min. Incubation of 
plates and identification of cultured microorganisms was 
performed according to the standards described above. 
The cultures were observed every 24–48 h and the num-
ber of grown colonies was counted (each time, the fungal 
growth sites on the plate were marked to avoid counting 
secondary colonies). The number of fungi and bacteria in 
the air was calculated using MicroBio counts. The follow-
ing formula was used for the calculations: 

CFU/m3 = 1000 × (n
c
/V

s
),

where n
c
 is the corrected number of colonies on the 

plate, and V
s
 is the volume of the tested air in litres.

Results

Moulages

Positive moulage swab cultures were obtained from 
9/32 (28%) of the tested samples. Microbial growth each 
time was sparse, from 8 samples grown 1–2 bacterial colo-
nies and from a single mould colony (Table 1). All other 

Table 1. Results of the analysis of microbial contamination of the dermatological moulages and internal surfaces of the 
museum cabinets

Cabinet 
number 

Moulages Internal surfaces of cabinets

Number of positive 
samples/number  
of samples tested

Identified microorganisms1 Number of positive 
samples/number  
of samples tested

Identified microorganisms1

1 3/6 2× Micrococcus luteus 
1× unidentified fungi 
(hialohyphomycetes)

1/1 1× Rhodotorula sp.

2 3/7 2× Micrococcus luteus

1× unidentified Gram-positive bacilli
4/5 2× Micrococcus luteus

1× unidentified Gram-positive cocci 
(species II)

1× unidentified Gram-positive cocci 
(species III)

3 1/7 1× Bacillus pumilus 2/2 1× Penicillium sp. 
1× Micrococcus luteus

4 1/5 1× Bacillus pumilus 0/1 –

5 1/7 1× unidentified Gram-positive bacilli 0/1 –

Total  
(Nos. 1–5)

9/32 (28%) – 7/10 (70%) –

1The value by the organism’s name indicates the quantity of positive samples for it
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cultures were negative. The predominant microorganism 
identified in the cultures was Micrococcus luteus.

Interior surfaces of the display cabinets

Microbial growth was obtained from 3/5 cabinets; 
positive results were obtained from more than half of 
the swabs taken (70%) (Table 1).

External surfaces of the cabinets

As a result of the examination of the swabs, bacterial 
growth was obtained from 2/3 and fungal from 3/3 dis-
play cases. From each positive sample 2–4 bacterial and 
5–10 fungal colonies were obtained. Cultures of samples 
taken with imprint methods revealed abundant growth 
of fungi from all 5 showcases tested (at least 50 fungal 
colonies per 25 cm3 surface) (Table 2 and Figure 2). In 
the culture obtained from the transfer of material to the 
microbiological medium the growth of numerous bacteria 
was achieved (Table 2).

Floor and walls of the museum

Bacterial and fungal growth was obtained in cultures 
from the floor swabs (Table 3 and Figure 3). No bacterial 
and fungal growth was obtained in culture from swabs 
from the walls.

Museum air

As a result of the analysis, both fungi and bacteria 
were isolated (Table 4). The mean number of bacteria in 
a cubic metre of air was 161 CFU/m3, and the number 
of fungi was 38 CFU/m3. The quantitative proportions of 
microorganisms in the air are shown in Figure 2.

Discussion

The results obtained allow us to state that the space 
of the cabinets and the moulages protected in them are 
contaminated to a minor degree by several microorga-
nisms. Probably the tight fit of the historic cabinet doors 
effectively isolates their interior environment.

It is puzzling why the studied elements were colo-
nized mainly by one and the same species of bacteria, 
Micrococcus luteus. According to Young et al. [4], this 
micro organism is adapted to a limited ecological niche 
of mammalian skin, while its presence in other ecological 
niches (water and soil) may be the result of contamina-
tion of the epidermis. Contamination of the specimens 
could have occurred, for example, by touching the mou-
lages with bare hands, but the absence of other identi-
fied representatives of the skin flora on these specimens 
indicates a higher probability of contamination from the 
ambient air. Obtaining a small number of positive cul-
tures is intriguing. Perhaps the materials from which the 
castings were made contain substances that are toxic to 
microorganisms [5] or are colonized by microorganisms 
that cannot be identified by traditional culture methods.

The unique abilities of microorganisms enable them 
to survive in environments inaccessible to other living 
organisms [6]. For example, Bacillus pumilis, isolated 
from one of the moulages, is characterized by high resis-
tance to UV radiation and H

2
O

2 
disinfecting properties [7]. 

It tolerates the lack of assimilation of nutrients in the 
environment of drying irradiation [8]. Meanwhile, M. lu-
teus managed to grow from material preserved in amber 
from 120 million years ago. It is suggested that bacterial 
growth must have taken place while the resin was still 
liquid and therefore nutrients were available. Studying 

Figure 2. Imprint plate culture from the exterior surface (top) of the museum display cases: A – obverse, B – reverse 

A B
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Table 2. Results of the analysis of microbial contamination of the upper surfaces of museal cabinets. The results of 
cultures and direct impressions were included

Cabinet 
number

Microorganism cultured from

Swab sample Imprint plate

1 Swabs were not taken Alternaria spp.

Cladosporium

Fusarium spp.

Mucor spp.

Penicillium spp.

Yeast

2 Acremonium spp. Mucor spp.

Alternaria spp. Other fungi1

Aspergillus spp.

Fusarium spp.

Pheohyphomycetes

Micrococcus luteus Micrococcus luteus (strain 1)

Micrococcus luteus (strain 2)

Paenibacillus lautus

Pseudomonas plecoglossicida

Solibacillus silvestris

Unidentified Gram-positive bacilli (species III)

Unidentified Gram-positive cocci (species III)

Unidentified Gram-positive polymorphic bacteria (species I)

Unidentified Gram-positive polymorphic bacteria (species II)

3 Cladosporium spp. Mucor spp.

Fusarium spp. Other fungi1

Penicilium spp.

Pheohyphomycetes

No bacterial growth

4 Penicillium spp. Aspergillus niger

Aspergillus fumigatus Alternaria spp.

Chrysonila spp. Cladosporium spp.

Cladosporium spp. Fusarium spp.

Fusarium sp. Penicilium spp.

Hyalohyphomycetes

Micrococcus luteus

Paenibacillus pabuli

Unidentified Gram-positive bacilli (species II)

Unidentified Gram-positive cocci (species II)

5 Swabs were not taken Aspergillus niger

Alternaria spp.

Cladosporium spp.

Fusarium spp.

Penicilium spp.

1Impossible to isolate and identify due to massive growth of Mucor spp.
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the bacteria’s genome allowed us to understand some of 
the enzymes it produces and, on this basis, deduce the 
metabolic pathways available to it. For example, thanks 
to succinate dehydrogenase, an isolated strain was able 
to biotransform succinic acid taken from the environ-
ment, one of the components of amber. It also assimi-
lated other resin components such as terpenes [6]. One 
wonders whether the materials used to make the wax 
casts contained substances particularly favoured by this 
species, and what factors prevented it from colonizing 
the rest of the collection.

The technique of making moulages was a secret.  
An imprint (negative) was made of the patient’s skin us-
ing modelling plaster. A mixture of bee wax and various 
other organic and inorganic substances was poured into 
the mould thus prepared. The hardened cast was then 
coloured and “characterized” [9]. Siemiątkowski [10] em-
phasizes that the evidence of the use of different recipes 
of wax masses explains the variable durability of historic 
specimens observed today. In addition, he uses turpen-
tine-based dyes in his conservation work, which may 

suggest that this natural solvent was used in the past to 
colour prepared moulds. Moreover, turpentine, along with 
alcohol, is an important solvent of bee wax [5], which 
may have been used to prepare the raw material.

It can therefore be suspected that the terpenes 
(a component of turpentine) contained in the moulages 
could be a potential food source for bacteria such as  
M. luteus, but the aseptic properties of bee wax and 
heavy metals contained in the pigments with which the 
wax was coloured prevented the survival of microorga-
nisms. It is likely that the positive cultures came from 
specimens that were particularly contaminated with dust.

Studies of the museum environment showed a great-
er biodiversity of microorganisms than results from in-
side the display cases. Numerous florae were isolated in 
air samples and from swabs and impressions from the 
upper surfaces of the cabinets. Environmental bacteria 
and fungi, microorganisms forming the human skin flora 
(M. luteus, S. hominis, S. capitis), and pathogenic micro-
organisms were determined.

The identified bacteria of the genus Paebacillus sp. 
play an ambiguous role in the clinical context. They are 
likely to contaminate laboratory samples; however, some 
may also represent the true pathogens and cause noso-
comial infections [11]. Similarly identified Acinetobacter 
ursinigii colonizes the hospital environment [12] and may 
be a casuistic cause of bacteraemia, even in immuno-
competent patients [13]. Pseudomonas spp. bacteria are 
sometimes opportunistic human florae, and in conditions 
of immunosuppression or damage to natural barriers, it 
can be the aetiology of infections [14].

The air of the building of the local Department of Der-
matology in Wroclaw, Poland has already been analysed 
for fungal spore contamination in a previous study. Our re-
sults indicate that the fungal diversity in the museum en-
vironment is very similar to that in other areas of the build-
ing. We isolated fungi from the genera Acremonium sp., 
Penicillium spp., Fusarium sp., Aspergillus spp., Mucor sp., 
Rhodotorula sp., similar to those documented by Łuka-
szuk et al. [15]. However, a comparison of the averaged 
quantitative data from both studies suggests that the 
museum air is less polluted than other areas of the same 
building (Table 5). 

Some species of filamentous fungi have a negative 
impact on human health. Through colonization, they can 
cause superficial skin infections as well as systemic infec-
tions, especially in immunocompromised individuals. In 
addition, some mycotoxins released into the air or food 
are harmful to humans. They have various health ef-
fects: they are toxic to internal organs, carcinogenic, ter-
atogenic, immunosuppressive, or endocrine disruptors.  
The occurrence of certain characteristic symptoms 
caused by exposure to mycotoxins is called mycotoxico-
sis [16]. Aspergillus fumigatus identified here is a source 
of mycotoxins such as fumagillin, gliotoxin, verruculogen, 
viriditoxin, and A. niger: malformin, oxalic acid, and och-

Table 3. Results of the analysis of microbial contamination  
of museal floor

Sample Cultured microorganism

A No fungal growth

Acinetobacter ursingii

Unidentified Gram-positive bacilli (species I)

Unidentified Gram-positive bacilli (species II)

Unidentified Gram-positive cocci

Unidentified Gram-positive rod (species I)

Unidentified Gram-positive rod (species II)

B Cladosporium spp.

Fusarium spp.

Bacillus pumilus

Kocuria rhizophila

Micrococcus luteus (strain 1)

Micrococcus luteus (strain 2)

Staphylococcus hominis (strain 1)

Staphylococcus hominis (strain 2)

Unidentified Gram-positive bacilli (species II)

Unidentified Gram-positive cocci (species V)

C Cladosporium spp.

Uidentified Gram-positive bacilli

Micrococcus luteus

Staphylococcus capitis
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ratoxin A. Mycotoxins are released by fungi in response 
to specific environmental conditions such as tempera-
ture and humidity [17]. Therefore, simply identifying 
a fungus does not equate to exposure to its mycotoxins; 
for this to happen, the niche inhabited by the fungus 
must meet certain conditions and (probably) the amount 
of toxin released into the space must reach the appropri-
ate concentration. The presented comparison (Table 5) 
shows that the spores of some fungi polluting the air in 
the museum (Penicilium sp. and Aspergillus spp.) were 
probably transferred from other rooms of the building.

Among the airborne fungi identified here, Cladospo-
rium sp. was the most prevalent. This fungus is widely 
distributed on the earth. Its growth medium is paper and 
wood-based materials, so it commonly inhabits libraries 

and museums [18, 19]. Its spores contain numerous pro-
teins that irritate the respiratory tract, causing symptoms 
of inhalant allergies (allergic rhinitis, sinusitis, conjuncti-
vitis, mould asthma, allergic alveolitis) [20]. Cladosporium 
spp. are one of the common causes of allergy in museum 
employees who are constantly exposed to air contami-
nated with fungal spores [18, 19]. The occurrence of al-
lergic reactions depends on the concentration of spores 
in the air and the individual sensitivity of the exposed 
organism. Different threshold concentrations of airborne 
spores causing allergic symptoms are proposed in the lit-
erature [21]. Studies on the Polish population have shown 
that a concentration of 2800 Cladosporium sp. spores in 
a cubic metre of air is necessary to induce allergic symp-
toms in predisposed individuals, and a value of 5000 in 

Figure 3. Contribution of particular microorganisms in contamination of museal air in calculation in CFU/m3. Percentage 
distribution of bacteria (A) and fungi (B). C – percentage distribution of both fungi and bacteria
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Table 4. Results of microbial air pollution analysis

Microorganisms Number of colonies Number 
of  

CFU/m3Plate 1
(window 1)

Plate 2
(window 2)

Plate 3
(window 3)

Plate 4
(door)

Plate 5
(table)

Mean

Cladosporium spp. 18 13 10 20 14 15 30

Aspergillus spp. 2 0 1 1 0 1 2

Other fungi 0 2 
Naganishia albida3 (1 colony) 

(dematiaceous fungi)4 (1 colony)

0 0 0 0 1

Penicillium spp. 3 2 1 2 2 2 4

Micrococcus luteus (total)1 28 28 20 25 17 24 79

Corynebacterium freneyi 0 1 0 0 0 0 1

Pseudomonas spp. 0 1
Pseudomonas  

oryzihabitans

1
Pseudomonas 

oryzihabitans

1
Pseudomonas 

plecoglossicida

0 1 2

Sollibacillus silvestris 4 3 0 0 0 1 5

Staphylococcus  

epidermidis
7 2 2 0 6 3 11

Unidentified Gram-positive 
polymorphic bacteria

3 3 6 3 0 3 10

Unidentified Gram-positive 
bacilli (total)2 

5 (II) 9 (V) 8 (II) 10 (III) 12 (II) 9 29

Unidentified Gram-positive 
cocci

2 1 1 5 0 2 6

1Several strains of M. luteus were differentiated according to growth morphology.
2The number of distinguished species is indicated in brackets.
3No exact identification.
4Identification obtained from Phoenix Yeast ID-BD metabolic test (Becton Dickinson).

Table 5. Comparison of the microbiological contamination of the museum air with the data obtained by Łukaszuk and 
Her team

Fungi 1Mean number of colonies in museum air 
[volume of analysed air – 500l]

1Mean number of colonies from other rooms  
in Dermatology Clinic verified by Lukaszuk  

[volume of analysed air – 100 l]

Cladosporium spp. 15 –

Penicilium spp. 2 36

Aspergillus spp. 1 26

Naganishia albida 1 –

Feohyfomycetes 1 –

1Average sum of colonies obtained from all measurement trials divided by their number: (i) museum – 5 measurements from different locations in the museum, 
(ii) clinic – 5 measurements from different rooms.
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all tested subjects [22]. Thus, the number of spores de-
termined in the museum air was not sufficient to cause 
disease symptoms.

Conclusions

Based on our results, one may hypothesize that the 
materials from which the moulages are made may pre-
vent the development of microorganisms on their sur-
faces, and the few isolated microorganisms probably 
came from dirt (dust). However, when working with these 
exhibits, we recommend the use of gloves to avoid con-
tamination of the specimens with skin flora, as well as to 
protect them from the destructive effects of sweat and 
heat, which can desulpastize the natural wax and dam-
age the object. The main microorganisms isolated from 
the museum environment were bacteria constituting 
the natural flora of the skin (of which M. luteus was the 
most numerous) and fungi of the genus Cladosporium sp. 
Compared to other rooms in the building, the air in the 
museum was slightly polluted with fungal spores. Work-
ing with moulages or visiting the museum do not pose 
a significant health risk, but individual findings of As-
pergillus spp. fungi in the air (probably transferred from 
other rooms of the building) require further scrutiny. Air 
analysis can be used as a monitoring tool. The probable 
sudden appearance of new species or the observation of 
changes in the proportions of microorganisms in the air 
can provide valuable information about the condition of 
museum objects and health risk factors. Very few stud-
ies are devoted to the microbiology of medical school 
museums. Their location near medical facilities makes 
their biodiversity unique. Similarly, only a few studies 
dedicated to the protection of dermatological moulages 
are available [2, 10]. Articles on the conservation of art-
work could be helpful in the care of these collections [23] 
as well as other rare studies performed, for example, on 
wax anatomical models [24]. This gap in the literature 
suggests that heritage medical collections need more at-
tention from the scientific community, particularly with 
regard to designing solutions for their protection and 
a better understanding of their properties, especially in 
an interdisciplinary context [25, 26].
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6. STRESZCZENIE W JĘZYKU POLSKIM 
 

Rozprawa doktorska powstała w oparciu o montematyczny cykl trzech artykułów 

opublikowanych w międzynarodowych czasopismach naukowych indeksowanych w bazie 

PubMed i uwzględnionych na liście Journal Citation Reports oraz znajdujących się w 

wykazie czasopism naukowych Ministerstwa. Artykuły zostały opublikowane w 

recenzowanych czasopismach o łącznym współczynniku wpływu 7,561 i 320 punktów 

ministerialnych. Badania sfinansowano grantem FAST (Funduszu Aktywności Studenckich 

- edycja II) pt. „Muzeum Anatomiczne Uniwersytetu Medycznego we Wrocławiu - historia, 

nauka, sztuka” o numerze w ewidencji wewnętrznej Uczelni: GMIN.A351.20.006 oraz 

subwencją Ministra Edukacji i Nauki na zadanie konkursowe pt. „Ocena mikroorganzimów 

izolowanych ze zbiorów anatomicznych pod kątem zagrożenia zdrowotnego i oporności na 

substancje dezynfekcyjne”, identyfikowanym w systemie SIMPLE: SUBK.A351.23.020. 

 Pierwszym artykułem spośród cyklu jest praca obejmująca przegląd jak i metaanalizę 

literatury poświęconej badaniom muzeów i zbiorów muzealnym anatomii człowieka. W 

pracy przedstawiono stan wiedzy w tym temacie oraz występujące domeny zainteresowań 

badawczych. Udowodniono zaskakujący brak badań poświęconych konserwacji zbiorów 

muzealnych jak i brak badań obiektów muzealnych (tzn. badań podmiotowych). W tematyce 

tej nie odnaleziono satysfakcjonujących badań projektowanych w koncepcji 

interdyscyplinarnej. 

 W kolejnej pracy, poświęconej analizie płynów konserwujących zabytkowe 

preparaty anatomiczne, zaprezentowano wyniki przeprowadzonych badań (badania 

historyczne, chemiczne i mikrobiologiczne) poświęconych płynom konserwującym 

zabytkową kolekcje anatomiczną. W ich efekcie ustalono istotne fakty historyczne 

dotyczące badanej kolekcji, wytypowano i zweryfikowano metody badawcze, oznaczono 

niektóre substancji chemiczne wchodzących w skład mieszanin konserwujących jak i 

wyizolowano bakterie i grzyby tworzące florę preparatów muzealnych. Wyniki z tych trzech 

części pozwoliły stworzyć koncepcję preparatu anatomicznego jako bardzo specyficznego 

ekosystemu, którego stan determinują wpływające na siebie czynniki zewnętrzne, 

zachodzące reakcje fizyko-chemiczne i działalność mikroorganizmów. Ustalono nowe fakty 

użyteczne w praktyce konserwatorskiej, jak i mogące stanowić wsparcie projektowanych w 

przyszłości badań zbiorów muzealnych.  Zidentyfikowano nieznane dotychczas czynniki 

zagrażające zdrowiu, mogące wystąpić podczas pracy z materiałem muzealnym. W 
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rezultacie udowodniono, że jednoczesne zastosowanie metod z poszczególnych dziedzin 

istotnie zwiększa proces poznawczy prowadzonego badania. 

 Trzeci z artykułów poświęcony jest badaniom Muzeum Mulaży Dermatologicznych 

Uniwersytetu Medycznego we Wrocławiu. Przeprowadzono badania źródeł historycznych, 

literatury naukowej poświęconej mulażom woskowym (przegląd niesystematyczny) oraz 

badania mikrobiologiczne i mikologiczne kolekcji i jej otoczenia. Informacje uzyskane na 

temat procesów powstawania zbiorów jak i materiałów z jakich je wykonywano pozwoliły 

wyjaśnić dlaczego są one kolonizowane w niewielkim stopniu. Wyniki z analizy 

kontaminacji powietrza porównano z innymi dotychczas przeprowadzonymi badaniami 

prowadzonymi w budynku Katedry Dermatologii, Wenerologii i Alergologii Uniwersytetu 

Medycznego we Wrocławiu. Ustalono, że muzeum nie jest bardziej zanieczyszczone od 

reszty pomieszczeń, ale niektóre ze zidentyfikowanych organizmów są charakterystyczne 

dla oddziałów szpitalnych. Ponadto zaproponowano tę metodę badawczą jako potencjalne 

narzędzie konserwatorskie do monitorowania zmian zachodzących w przestrzeni muzeum i 

kolekcji. Dostępne badania zbiorów mulaży przydatnych technicznie są kazuistyczne. 

Ogranicza to możliwości wnioskowania i wskazuje na potrzebę kontynuację badań tych w 

przyszłości. 

 W rozprawie przedstawiono zaistnienie paradoksu, polegającego na tym, że choć 

dostępne są różne opracowania naukowe podejmujące zagadnienia muzeów medycznych, to 

(i) badania poświęcone samym zbiorom, tj. badania podmiotowe obiektów muzealnych, (ii) 

badania weryfikujące użyteczność metod badawczych oraz (iii) badania mające 

zastosowanie praktyczne np. w konserwatorstwie, są nieliczne. Zaproponowano 

interdyscyplinarną koncepcję badań materiału muzealnego i muzeów medycznych, jako 

obiektów badawczych, których analiza poprzez pryzmat pojedynczej dyscypliny nauki, nie 

pozwala na ocenę obiektywną.  
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7. STRESZCZENIE W JĘZYKU ANGIELSKIM 
 

The dissertation was based on a montematic series of three articles published in international 

scientific journals indexed in the PubMed database and included in the Journal Citation 

Reports list and included in the Ministry's list of scientific journals. The articles were 

published in peer-reviewed journals with a total impact factor of 7,561 and 320 ministerial 

points. The research was funded by a FAST (Student Activities Fund - 2nd edition) grant 

entitled. "Anatomical Museum of the Medical University of Wrocław - history, science, art" 

with the number in the University's internal records: GMIN.A351.20.006 and a subsidy from 

the Minister of Education and Science for the competition task entitled. "Evaluation of 

microorganisms isolated from anatomical collections in terms of health risks and resistance 

to disinfectants", identified in the SIMPLE system: SUBK.A351.23.020. 

 The first article among the series is a paper covering a review as well as a meta-

analysis of the literature on the study of museums and museum collections of human 

anatomy. The paper presents the state of knowledge on the subject and the occurring domains 

of research interest. A surprising lack of research dedicated to the conservation of museum 

collections as well as a lack of research on museum objects (i.e. subject-based research) was 

demonstrated. Satisfactory research designed in an interdisciplinary concept was not found 

in this field. 

 In the following paper, dedicated to the analysis of the preservation fluids of historic 

anatomical specimens, the results of the conducted research (historical, chemical and 

microbiological research) dedicated to the preservation fluids of the historic anatomical 

collection are presented. As a result, important historical facts about the studied collection 

were established, research methods were selected and verified, some chemical substances 

included in preservation mixtures were determined, and bacteria and fungi forming the flora 

of the museum preparations were isolated. The results of these three parts allowed the 

concept of the anatomical specimen as a very specific ecosystem, whose condition is 

determined by influencing external factors, occurring physico-chemical reactions and the 

activity of microorganisms. New facts have been established that are useful for conservation 

practice and that can support the projected research of museum collections in the future.  

Previously unknown health risk factors that can occur when working with museum material 

were identified. As a result, it was shown that the simultaneous application of methods from 
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the individual disciplines significantly enhances the cognitive process of the research being 

carried out. 

 The third article is devoted to the research of the Moulages museum of the Medical 

University of Wrocław. Historical sources, scientific literature on wax moulages (non-

systematic review) and microbiological and mycological studies of the collection and its 

surroundings were carried out. The information obtained on the processes of collection 

formation as well as the materials from which they were made helped to explain why they 

are poorly colonised. The results from the air contamination analysis were compared with 

other studies carried out to date in the building of the Department of Dermatology, 

Venereology and Allergology at Wrocław Medical University. It was found that the museum 

is not more contaminated than the rest of the premises, but some of the identified organisms 

are characteristic of hospital wards. Furthermore, this research method was proposed as a 

potential conservation tool to monitor changes in the museum space and collections. 

Available studies of technically useful moulage collections are casuistic. This limits the 

possibilities for inference and points to the need to continue this research in the future. 

 The dissertation outlines the existence of a paradox in that, although various scientific 

studies addressing medical museums are available, (i) studies dedicated to the collections 

themselves, i.e. subject studies of museum objects, (ii) studies verifying the usefulness of 

research methods, and (iii) studies with practical applications, e.g. in conservation, are 

scarce. An interdisciplinary concept of research on museum material and medical museums 

has been proposed, as research objects whose analysis through the prism of a single 

discipline of science does not allow for objective evaluation.   
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