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Vazeni Citatelia, veduci pracovnici a krizovi manazéri organov

verejnej spravy a zainteresovanych pravnickych 0sob,
kolegovia z akademického prostredia, vedecki pracovnici,
doktorandi a Studenti vysokych $kol, predkladame Vam druhé
Cislo 24. ro¢nika vedeckého Casopisu, Fakulty bezpe€nostného
inzinierstva UNIZA, Krizovy manazment.

Dakujem vsetkym domacim a zahraniénym autorom, Ze
venovali svoj Cas a vypracovali pestré spektrum c&lankov.
Oponentom dakujem za ich kritické posudenie ¢lankov
systémom ,Double-blind peer review“. V tomto Cisle sa autori
venuju viacerym zaujimavym a inSpirativnym problematikam.

Predkladané ¢Cislo Casopisu je inovované prostrednictvom
rozSirenych ¢lankov, resp. rozSirenych posterov, z nasej
tohtoro¢nej konferencie s medzinarodnou ucastou, RieSenie
krizovych situécii v $pecifickom prostredi 2025, v Ziline na
Zilinskej univerzite. Z dévodu nového formatu tejto konferencie,
kde boli prispevky prezentované formou posterovej prezentacie
atak priestor na podrobnejSie vysvetlenie poskytujeme
prostrednictvom nasho ¢asopisu.

Rad by som dal do pozornosti internetové stranky ¢asopisu,
zvySenie podielu ¢lankov v anglickom jazyku a jeho propagaciu
v domacom a zahrani¢nom prostredi. Nas Casopis preSiel je
registrovany v medzinarodnej databaze ERIH plus a jednotlivé
¢lanky su tiez registrované v databaze Google Scholar a maju
priradené DOI, ¢im zvySujeme nie len kvalitu ¢asopisu, ale aj
dosah informéacii, ktoré umozrujeme prezentovat.

Aj v budicnosti radi privitame Vase ¢lanky zo vSetkych oblasti
tedrie apraxe krizového manazmentu, civilnej ochrany,
zachrannych sluzieb, ochrany osd6b a majetku, ochrany kritickej
infradtruktury a daldich oblasti obg&ianskej bezpeé&nosti. Clanky
prijimame vo forme vedeckych prispevkov, odbornych Studii
a skusenosti, ako aj informacii o konferenciach, projektoch
a novych publikaciach, pocCas celého roka. Vzor c¢lanku
sa nachadza na poslednych stranach ¢asopisu, ako aj na web
stranke Casopisu.

Nas Casopis je volne dostupny v elektronickej podobe aj na
stranke fbi.uniza.sk (https://fbi.uniza.sk/stranka/casopis-krizovy-
manazment).

Budem velmi rad za Vase pripadné podnety a pripomienky,
zaslané e-mailom na adresu Jozef Ristvej@fbi.uniza.sk alebo
vyslovené osobne na pdde Zilinskej univerzity v Ziline.

Prajem vam zaujimavé Citanie

Jozef Ristvej
predseda redakcnej rady

KRIiZOVY MANAZMENT

Casopis pre pracovnikov zaoberajlcich sa otazkami
bezpecnosti, rizik, krizovym manazmentom a krizovym
planovanim. Vychadza 2x rocne. Nevyziadané rukopisy
nevraciame. Kopirovanie a verejné rozSirovanie povolené len
so stihlasom vydavatela. Clanky su postidené redaké&nou radou
a nezavislymi oponentmi systémom ,Double-blind peer review".
Casopis je evidovany v medzinarodnej databazach ERIH plus
a Google Scholar.

Redakéna rada

Predseda:

prof. Ing. Jozef Ristvej, PhD. EMBA
Clenovia:

doc. Ing. Vilém Adamec, Ph.D.

prof. dr. Zoran Cekerevac

prof. Ing. Jaroslav Belas, PhD.

prof. PhDr. Jan Buzalka, CSc.

Dr. Agota Drégelyi - Kiss, Ph.D.

prof. Ing. Zdenék Dvorak, PhD.

plk. doc. JUDr. Miroslav Felcan, PhD.
doc. Ing. Stanislav Filip, PhD.

prof. Ing. Jozef GaSparik, PhD.

prof. dr. ir. P.H.A.J.M. Pieter van Gelder
prof. Ing. Vladimir Gozora, PhD.

kpt. dr. hab. inz. Pawet Gromek, Ph.D.
prof. Ing. Marcel Harakal, PhD.

Dr. Timo Hellenberg, Ph.D.

prof. Ing. Ladislav Hofreiter, CSc.
prof. Ing. Martin Hromada, PhD.

prof. Ing. Monika Hudakova, PhD.
prof. Ing. Vojtech Jur¢ak, CSc.

doc. Ing. Jozef Klu¢ka, PhD.

doc. Ing. Bohus Leitner, PhD.

prof. Ing. Tomas Lovecek, PhD.

prof. h. c. prof. Ing. Milan Majernik, PhD.

prof. Ing. Jozef Majer¢ak, PhD.
Dr. Frank Markert

doc. Ing. Vladimir Mézer, PhD.
prof. RNDr. Iveta Markova, PhD.
prof. MUDr. Leo$ Navratil, CSc.
Dr. Marcin Paweska, PhD.

prof. Ing. Jifi Pokorny, Ph.D., MPA
prof. Ing. David Rehak, Ph.D.
prof. Ing. Miloslav Seidl, PhD.
prof. dr. Andrej Sotlar

doc. Ing. Eva Sventekova, PhD.
doc. Ing. Jozef Svetlik, PhD.

prof. Ing. Bedfich Sestak, DrSc.
prof. Ing. Ladislav Simak, PhD.
doc. Ing. Jaromir Siroky, Ph.D.
doc. Dr. Jolanta TamoSaitiené, Ph.D.
prof. dr. inz. Detelin Vasiliev, PhD.
prof. Ing. Andrej Velas, PhD.

prof. inz. Jaroslav Vykljuk, DrSc.
prof. Bartel Van de Walle, Ph.D.
prof. Bo Wang, Ph.D.

prof. inz. Zenon Zamiar, Ph.D.

Technicka redakcia

Predseda

doc. Ing. Maria Hudakova, PhD.
Clenovia:

Ing. Michal Ballay, PhD., LL.M.
Ing. Ladislav Mari§, PhD.
PaedDr. Lenka Mbécova, PhD.
doc. Ing. Zuzana Zvakova, PhD.

SR

CR
Srbsko
CR

SR
Madarsko

Pol'sko
CR

CR

CR
Slovinsko

Litva
Bulharsko
SR
Ukrajina
Holandsko
Cina
Pol'sko

Vydava Zilinska univerzita v Ziline, Fakulta bezpe&nostného
inZinierstva, Univerzitna 8215/1, 010 26 Zilina, SR

ICO: 00397563

tel.: 041/ 513 67 04, fax: 041/ 513 66 20
e-mail: Jozef.Ristvej@uniza.sk

Tlaé€ EDIS, vydavatel'stvo UNIZA
Registracia MK SR zo dria 8.3.2009
pod Cislom EV 3481/09 (tlaCené vydanie)
Registracia MK SR zo dna 15.12.2022
pod Cislom EV 45/22/EPP (online)

DOI 10.26552/krm.J.2025.2

ISSN 1336-0019 (tlatené vydanie)
ISSN 2730-0544 (online)

Datum vydania: december 2025
Graficka uprava obalky

doc. Ing. Maria Hudakova, PhD.


https://scholar.google.com/
https://scholar.google.com/

KRIiZOVY MANAZMENT - 2/2025

VEDECKE
CLANKY

6

12

26

32

42

52

60

67

77

88

99

109

117

VYUZITIE GEOGRAFICKYCH INFORMACNYCH SYSTEMOV
V RAMCI CYKLU KRiZOVEHO RIADENIA
JOZEF RISTVEJ, JOZEF KUBAS, BORIS KOLLAR, DANIEL CHOVANEC

ASSESSING WATER CONSUMPTION AND WASTEWATER QUALITY IN UNDERGRADUATE
CHEMISTRY AND PHARMACY LABORATORIES: IMPLICATIONS FOR SUSTAINABLE
WATER RESOURCE MANAGEMENT AND OCCUPATIONAL HEALTH AND SAFETA
SIPHUMZE BANI, ROMAN TANDLICH

ROZVOJ TRANSVERZALNYCH ZRUCNOSTiI STUDENTOV KRiZOVEHO MANAZMENTU
POMOCOU PRISTUPU ESP
KATARINA SMOLKOVA

PROTECTION OF ENCLOSED UNIVERSITY FACILITIES IN THE EUROPEAN UNION
AGAINST CBRN THREATS: LESSONS LEARNED FROM PAST INCIDENTS AND
PREPAREDNESS STRATEGIES
JOSEF RAJDL, JOZEF SABOL

COMPARISON OF MATHEMATICAL MODELS OF REGRESSION ANALYSIS ON YOUTH
CRIME AND DELINQUENCY
SAMUEL HUBOCAN, VIKTOR SOLTES

VIETNAMESE ORGANISED CRIME IN THE CZECH REPUBLIC: IDENTIFICATION OF
CURRENT THREATS AND RISK ASSESSMENT
LUBOS MARTINEK

FIRE PROTECTION OF WOOD BASED ON MULTICOMPONENT MIXTURES OF
SUBSTANCES

OLEH HRYHOR, IHOR MALADYKA, IVAN NESEN, SERHII ROTTE

ME'TODVY ZACHRANY 0OSOB POMOCOU LEZECKEJ TECHNIKY V OPUSTENYCH BANIACH
PRISLUSNIKMI HAZZ

MAREK PLAVCKO, IVANNA BETUSOVA, MIROSLAV BETUS

THE MAJOR CHALLENGES FACING SLOVAK ROAD AND RAILWAYS INFRASTRUCTURE:
CURRENT CONDITIONS, ADMINISTRATION AND PRIORITIES
MICHAL MISKE, LUCIA FIGULI

FYZICKE UTOKY NA PENAZNE AUTOMATY: TYPOLOGIA A TRENDY
LENCSES, LUCIA FIGULI

BEZPECNOSTNI OPATRENIi VE ZDRAVOTNICKYCH ZARIZENICH: ANALYZA
A DOPORUCENI
JITKA KOSACKOVA, RENATA HAVRANKOVA

VLASTNA OCHRANA AKO CESTA K ZVYSOVANIU BEZPECNOSTI
NA UNIVERZITACH
ANDREJ VELAS

POUZITI ARMADY CESKE REPUBLIKY PRI RESENI KRIZOVYCH SITUACI NEVOJENSKEHO
CHARAKTERU NA UZEMi STATU
JIRi KALENDA, JIRi BARTA



INFORMACIA

128

135

139

147

156

166

174

181

184

186
187
188
189

COST-BENEFIT ANALYSIS AS A TOOL TO STRENGTHEN ORGANISATIONAL CYBER
RESILIENCE

KATARINA KAMPOVA, MATUS MADLENAK, TIMOTEJ MACUHA, SAMUEL
HUBOCAN, MARTIN HROMADA

SPECIFIKA  ZACHRANNYCH PRAC PRI ZDOLAVANI NEZIADUCEJ UDALOSTI V
ZELEZNICNEJ DOPRAVE
JAROSLAV KAPUSNIAK

DODAVATELSKY RETAZEC A KYBERNETICKA BEZPECNOST
UBOMIRA SOKOLOVA, MATUS MADLENAK, TIMOTEJ MACUHA

ZACHRANA NA ZAMRZNUTYCH VODNYCH PLOCHACH: STANDARDY, PRAX A MOZNOSTI
ZLEPSENIA VYCVIKU
MAREK MIHALIC, MAREK JASKO, PETER RUSNAK

BEZPECNOSTNi KULTURA ORGANIZACE JAKO NASTROJ FYZICKE BEZPECNOSTI
LUKAS KOTEK, TEREZA MICULKOVA, PAVEL KRAL

VYUZITI UKOLOVYCH KARET V KOORDINACNICH PLANECH
PAVEL KRAL, DORA KOTKOVA

SYSTEM BEZPECNOSTNIHO VZDELAVANI S VYUZITIM MODERNICH TRENDU
TEREZA MICULKOVA, LUKAS KOTEK

PREDSTAVENIE PROJEKTU APVV-24-0153: VYTVORENIE DATOVEHO MODELU A JEHO
IMPLEMENTACIA DO GEOGRAFICKYCH INFORMACNYCH SYSTEMOV NA ZVYSENIE
PRIPRAVENOSTI VEREJINEJ SPRAVY ZVLADAT MIMORIADNE UDALOSTI

JOZEF KUBAS

VZOR A POKYNY NA PISANIE PRISPEVKOV DO CASOPISU
,KRIZOVY MANAZMENT*

POSTUP PRI PRIJIMANI PRISPEVKOV DO CASOPISU ,KRIiZOVY MANAZMENT*
OPONENTSKY POSUDOK CLANKU

PROCEDURE FOR SUBMITTING ARTICLES 'CRISIS MANAGEMENT' JOURNAL
PAPER REVIEW REPORT FOR CRISIS MANAGEMENT JOURNAL



1?,';3" .~ KRIZOVY MANAZMENT
I E DOl 10.26552/kim.C.2025.2.6-11

@ % § s 1SSN- 13360019 (tad)
2 T 188N - 2730 - 0544 (online)

VYUZITIE GEOGRAFICKYCH INFORMACNYCH SYSTEMOV
V RAMCI CYKLU KRIZOVEHO RIADENIA

THE USE OF GEOGRAPHIC INFORMATION SYSTEMS
WITHIN THE CRISIS MANAGEMENT CYCLE

JOZEF RISTVEJ, JOZEF KUBAS, BORIS KOLLAR, DANIEL CHOVANEC

ABSTRACT: The spatial nature of crisis events requires the use of specialised tools that allow visualisation of their manifestations
and, at the same time, more advanced analyses for informed decision-making. Geographic information systems enable the
handling of spatial data and therefore represent one of the most appropriate tools for this purpose. Crisis management is a
complex system whose phases form a continuous circle. The aim of this paper is to analyse and describe the use of geographic
information systems within the whole cycle of crisis management. The analysis of domestic and foreign literature has allowed a
clear summarisation and visualisation of their use within the entire crisis management cycle. The results also allow to discuss the
shortcomings in their use in the field of crisis management in the conditions of the Slovak Republic.

KEYWORDS: Crisis Management, Civil Protection, Crisis Management Cycle, Geographic Information Systems.
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Krizové riadenie je subor aktivit a opatreni institucii, ktorych hlavnou ulohou je predchadzanie a rieSenie
krizovych javov s cielom ochrany obyvatelstva a majetku. Tento subor aktivit zahfha najma
monitorovanie rizikovych Cinitefov, prevenciu, planovanie, koordinaciu sil a prostriedkov a kontrolu
¢innosti zameranych na predchadzanie a samotné rieSenie krizovych javov (Bezpe€nostna rada SR,
2017). V snahach o pochopenie krizového riadenia ako celku je moZné vychadzat z jeho modelov, ktoré
Clenia krizové riadenie na fazy. V podmienkach Slovenskej republiky (dalej len SR) sa modelom
krizového riadenia venovali Simak (2015) a Ristvej (2018). Stihrnnej charakteristike modelov krizového
riadenia, popisu ich faz a €innosti, ktoré su ich sucastou, sa v ostathnom obdobi venuje vo svojej praci
Kollar (2024).Posudzovanie rizik ako samostatna faza krizového riadenia alebo sucast fazy prevencie
predstavuje vyznamny prvok pre podporu rozhodovania v krizovom riadeni. Tento proces je vdeobecne
charakterizovany technickou normou ISO 31 000:2018 Manazérstvo rizika. Zaroven je sucastou oblasti
zaujmu viacerych domaécich a zahraniénych autorov (Hudakova a kol., 2021), (Siméak, 2015),
(Pursiainen, 2017).

Hlavny prinos procesu posudzovania rizik v oblasti krizového riadenia s dérazom na mozny vznik
krizovych javov vychadza z jednotlivych faz. Vo vSeobecnosti ide o identifikaciu rizik, ktoré mozu nastat
v konkrétnom prostredi, analyzu ich dopadov a kone¢né hodnotenie rizika podla modelov. Priestorovy
charakter rizik a prvkov Uzemia (Kromer, 2010) si vyzaduje vyuzitie nastrojov, ktoré umoznia ich
vizualizaciu a analyzu pomocou informacnych technolégii. Nevyhnutnou su€astou posudzovania rizik
Uzemia je tieZ udajova dostupnost, priCom cely proces si vyZaduje zber, transformaciu a vyuzitie
Sirokého spektra udajov z réznych zdrojov a od réznych poskytovatelov a prevadzkovatelov.
Geografické informaéné systémy (dalej len GIS) su uceleny systém pozostavajuci z hardvéru, softvéru
a Udajov priestorového a nepriestorového charakteru (Duradiova, 2014). Prave GIS st najvhodnej$im
nastrojom pre proces posudzovania rizik. Okrem vizualizacie zdrojov rizika, prvkov Uzemia a rozsahu
ich pdsobenia umozniuju vytvaranie dalSich udajov, ktoré su potrebné v modeloch hodnotenia rizik.
Prikladom vyuzitia GIS su vypocty poc&tu ohrozenych objektov, infrastruktury a obyvatelov, ktoré
vstupuju do modelu hodnotenia vybranych rizik na vnutrostatnej urovni (JanoSikova a kol., 2013).
Vyuzitiu GIS v ramci posudzovania rizik, ale i v dalSich fazach cyklu krizového riadenia, sa venuje vo
svojej praci viacero autorov. Na zdklade identifikovanych mozZnosti ich aplikacie poskytuje tento
prispevok v dalSom texte suhrnny prehfad ich vyuzitia v podmienkach krizového riadenia, s moznostami
vyuzitia nie len na Slovensku, ale aj s aplikaciou v zahranici, najma v ¢lenskych statoch Eurdpskej tnie.
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1. VYUZITIE GIS VO FAZACH CYKLU KRiZOVEHO RIADENIA

Prepojenie problematik cyklu krizového riadenia, posudzovania rizik Uzemia a geografickych
informaénych systém umozniuje identifikovat oblasti ich vzajomnej aplikacie v systéme krizového
riadenia. Prehladna sumarizacia zaroveh umozni komparaciu s aktualnym stavom ich vyuzitia
v podmienkach krizového riadenia Slovenskej republiky. GIS je mozné vyuzit v procese posudzovania
rizik, ako aj v ostatnych fazach krizového riadenia. Vzajomné prepojenie vysledkov ich aplikacie v
jednotlivych fazach zobrazuje nasledujuci obrazok 1.
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Obrazok 1 MozZnosti vyuzitia GIS v ramci cyklu krizového riadenia (vlastné spracovanie)

J

Posudzovanie rizik a prevencia

Hlavné vyuZitie GIS v tejto faze cyklu krizového riadenia vychadza najma z pripravy a tvorby podpornych
materialov pre rozhodovanie a dalSie fazy tohto cyklu. Po nacitani potrebnych udajov mézeme prekryt
vektorové vrstvy a vypocitat potrebné Statistiky. Vyuzitim rastrovych udajov mézeme pomocou analyz
identifikovat rizikové oblasti alebo vypoditat’ Udaje potrebné pre dalSie vypodty.

S vyuzitim moznosti priestorovych analyz je dalej mozné komplexné analyzovanie rizik. Prikladom
mdze byt prekrytie obalovej zony okolo ciest, vypocitanej pre potencialny unik nebezpecnej latky,
s prvkami Uzemia, ako su objekty, vodné zdroje a pod. Vystupom budu poclty ohrozenych prvkov
Uzemia, ich identifikacia alebo polty ohrozenych obyvatelov s vyuzitim dalSich udajov.

VyuZitim vystupov z analyzy udajov a komplexnych analyz rizik je mozné pomocou GIS vytvérat

prehladné mapy rizik sledovaného uzemia pre podporu rozhodovania o0sOb s rozhodovacou
pravomocou. GIS umoznuju tiez vizualizovat zranitelné oblasti a prvky Uzemia (Singh, 2024).

-7-



Planovanie a pripravenost’

Vystupy vyuzitia GIS vo faze posudzovania rizik a prevencie dalej sluzia pre fazu planovania a pripravy.
Tato faza zahffia najma krizové planovanie. Ide napriklad o planovanie evakuaénych tras pomocou
sietovych analyz, ktoré su su&astou jednotlivych GIS (Kubas a kol., 2025). Dal$im prikladom méze byt
vyuzitie GIS pre planovanie vhodného rozmiestnenia ukrytov, ako tiez navrh evakuacénych tras k tymto
Ukrytom (Rodriguez-Espindola a kol., 2016), (Chelariu a kol., 2022). S prepojenim vSetkych doposial
ziskanych a spracovanych udajov pomocou GIS je mozné v tejto faze modelovat rézne scenare vyvoja
krizovych javov (Tomaszewski, 2015).

Reakcia

Z ¢asového hladiska delenia cyklu krizového riadenia, nachadza GIS vyuzitie tiez vo faze reakcie.
Odbornici na GIS mézu krizovym manazérom posyktnut cenné informacie integraciou udajov v realnom
Case. S vyuzitim tychto udajov je mozné mapovat redlnu situaciu a nasledky krizového javu, €o umozni
efektivnejSie rozlozenie sil a prostriedkov (Singh, 2024).

GIS ma vo faze reakcie uplatnenie tiez v oblasti informovania obyvatelstva. Vizualizaciou pdésobenia
krizovych javov a tvorbou prehfadovych méap je mozné zdielat pozadované informécie prostrednictvom
hromadnych médii (Roche a kol., 2011).

Obnova a rekonstrukcia

Geografické informaéné systémy zohravaju vyznamnu uUlohu aj v etape obnovy po krizovych javoch,
kde sluzia ako podpora pre rozhodovanie a koordinaciu rekonstrukénych €innosti. Pomahaju najma pri
vizualnom zobrazeni poskodenych oblasti a infrastruktury, ako aj pri porovnavani situacie pred
udalostou a po nej, €o ulah&uje hodnotenie dopadov a planovanie dalSich krokov (JanoSikova a kol.,
2018). GIS sa v tejto faze vyuziva aj na identifikaciu poSkodenych tras a navrh alternativnych ciest pre
zasobovanie a zachranné operacie, €o je klucové pri odstranovani nasledkov katastrof (Tomaszewski,
2015). Celkovo predstavuje GIS nastroj, ktory umoZziuje efektivne riadit obnovu Uzemia na zéklade
aktualnych a priestorovo presnych udajov.

2. MOZNOSTI VYUZITIA GIS V PODMIENKACH KRIiZOVEHO MANAZMENTU NA
SLOVENSKU

Praktickym prikladom vyuzZitia GIS v jednotlivych fazach cyklu krizového riadenia su napriklad mapy
rie€neho povodhového ohrozenia v globalnom meradle. Tieto udaje su vo formate GEOTIFF a su
spracované pre povodne rézneho rozsahu. Ide o hydrodynamické a hydrologické modely, ktoré
vychadzaju z klimatologickych udajov systémov v€asného varovania EFAS a GIoFAS sluzby krizového
riadenia Copernicus (Baugh, 2024). Dal$im prikladom vyuzitia GIS je planovanie vhodnych
evakuacnych miest pre pripad povodni v Rumunsku. Pomocou GIS boli vypocitané vhodné zoény, ktoré
sa nenachadzaju v ohrozenej oblasti. Zaroven boli vypocitané najkratSie evakuaéné trasy aj s Casom
trvania evakuacie (Chelariu a kol., 2022). Prikladom vyuZitia GIS vo faze reakcie je ONOVA GIS HUB.
Ide o platformu poskytujicu informacie o poskodenych zariadeniach na Ukrajine vplyvom vojny a ich
technickom stave. Platforma umozniuje sledovat stav poSkodenych nemocni¢nych, administrativhych
alebo Sportovych zariadeni prostrednictvom mapy a dashboardov. Tieto informacie sliZia najma na
sledovanie rozsahu $kod a nasledné planovanie obnovy (ONOVA, 2025).

Uvedené praktické priklady vyuZitia GIS, ako tieZ mozZnosti vyuZivania GIS v jednotlivych fazach cyklu
krizového riadenia popisané v domacej a zahrani¢nej literature, poukazuju na ich Siroku aplikovatelnost.
Moznosti vyuzitia GIS v krizovom riadeni priamo poukazuju na ich prinos pre podporu rozhodovania.
V podmienkach Slovenskej republiky bol v oblasti krizového riadenia a civilnej ochrany k dispozicii
informaény systém CIPREGIS, ktory umoznoval vizualiziciu vybranych prvkov a ohrozeni na mape.
Tento systém vSak v su€asnosti uz nie je k dispozicii. V ramci krizového riadenia je pracovnikom
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v oblasti integrovaného zachranného systému k dispozicii informacny systém s podporou GIS. Ide
napriklad o systém CoordCom, ale aj dalSie obdobné systémy. Tento systém umozfiuje spravu udajov
a vizualizaciu lokacie sil a prostriedkov. V oblasti varovania obyvatelstva ma SR k dispozicii systém
SEHIS, ktory umozriuje dialkové ovladanie sirén a vizualizaciu ich lokacie a dosahu. Priamo pre krizové
riadenie a civilni ochranu nema SR k dispozicii ziadne informacné systémy s podporou GIS (Bibelova,
2024). V oblasti hospodarskej mobilizacie je k dispozicii aplikacny softvér EPSIS, ktory ma k dispozicii
GIS rozhranie pre vizualizaciu vybranych prvkov (Schultz, 2025). Podrobny popis jednotného
informacného systému hospodarskej mobilizacie a aplikacného softvéru EPSIS popisuje Ristvej a kol.
(2017).

Pracovnici odboru krizového riadenia na okresnych uradoch v sidle kraja sa v ramci prieskumu ohfadom
spracovania dokumentu Analyza Uzemia a procesu posudzovania rizik vyjadrili, Ze aktualne absentuje
dostatoéné technické a softvérové vybavenie pre jednotlivé Glohy a pozadované vystupy. Dal$im
z identifikovanych problémov je udajova dostupnost a rozptylenost zdrojov dostupnych udajov.
Absencia GIS v krizovom riadeni neumozriuje vyuzitie aktualne dostupnych Udajov a vykonavanie
pozadovanych analyz, pricom prave GIS su nevyhnutné pre spracovanie pozadovanych vystupov
v oblasti dokumentu Analyza Uzemia a posudzovania rizik Uzemia.

Podla Sofranka (2014) je praca s udajmi a ich geografické znazorfiovanie neoddelitelnou sugastou
krizového riadenia a krizového planovania. Kedze v podmienkach SR neexistuje komplexny informacny
systém s podporou GIS pre krizové riadenie, je mozné vyuzit volne dostupné alebo komeréné produkty.
V pripade komerénych GIS nastrojov je mozné vyuzit ArcGIS od spolocnosti Esri, Inc. alebo napriklad
AutoCAD Map a dalSie, ktoré spifiaju takmer vsetky poziadavky komplexnych rieSeni pre krizové
riadenie. K dispozicii su vSak aj nekomeréné nastroje, ktorych prikladom je geograficky informacény
systém QGIS. Pomocou QGIS a jednotlivych nastrojov, ktoré poskytuje, je mozné napriklad filtrovat
Udaje zo suborov, vykreslovat vybrané udaje, pracovat, analyzovat a vytvarat nové rastrové
a vektorové vrstvy a pod. (Sofranko, 2015).

Problémom vyuzivania &i uz komerénych alebo volne dostupnych nastrojov mdze byt podiato¢na
technicka narocnost pre pracovnikov odboru krizového riadenia. Vyuzivanie tychto nastrojov by si
vyZadovalo spracovanie metodiky, 8kolenia a implementaciu tychto nastrojov do pracovnych procesov.
Dalsim problémom moZe byt prave identifikovana rozptylenost zdrojov potrebnych udajov, ich
agregacia a v neposlednom rade ich dostupnost. Preto by sa ako vhodnejSie rieSenie javilo vytvorenie
komplexného informaéného systému s podporou GIS, ktory budu spravovat Specializovani pracovnici
so vzdelanim v oblasti informacnych technoldgii a odbornou znalost'ou v oblati krizového manazmentu.
Tento informacny systém by zaroven musel disponovat privetivym uzivatelskym rozhranim, priCom
samotni pracovnici odboru krizového riadenia by podavali podnety na toto rozhranie v suvislosti s ich
pracovnymi postupmi a procesmi.

ZAVER

Komplexnost sytému krizového riadenia si v suCasnosti vyzaduje implementaciu modernych
informacnych technoldgii. GIS je jednoznaéne mozné povazovat za pokrocilt technnolégiu s presahom
do krizového riadenia. Vyuzivanie GIS v ramci cyklu krizového riadenia ma Siroké uplatnenie na
Slovensku, ale najma v zahrani€énych podmienkach. Z odbornej literatury, ale i realnych prikladov
vyuzitia, je zrejmé, Ze ide o komplexny nastroj s uplatnenim najma v podpore rozhodovania krizovych
manazérov. Siroké uplatnenie GIS v krizovom riadeni v zahrani¢i véak doposial nebolo prenesené do
podmienok krizového riadenia SR. Z prieskumu medzi pracovnikmi na odboroch krizového riadenia
okresnych uradov v sidle kraja vyplyva, Zze okrem nedostupnosti GIS nastrojov v podmienkach
ministerstva je problémom najma rozptylenost zdrojov Udajov a ich samotna dostupnost. Jednym z
rieSeni je vyuzitie komerénych alebo volne dostupnych GIS, €o si vSak vyzaduje praktické skusenosti
pouzivatelov. Dostupnost Udajov sa aj podla odbornikov z ramca Sendai najlepSie zabezpecuje
pravnou upravou. Rozptylenost' Udajov je mozné vyriesit nastavenim systému datového manazmentu
a vytvorenim jednej spolo€nej databazy alebo datového skladu.
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ASSESSING WATER CONSUMPTION AND WASTEWATER QUALITY IN
UNDERGRADUATE CHEMISTRY AND PHARMACY LABORATORIES:
IMPLICATIONS FOR SUSTAINABLE WATER RESOURCE MANAGEMENT
AND OCCUPATIONAL HEALTH AND SAFETY

SIPHUMZE BANI, ROMAN TANDLICH

ABSTRACT: Academic institutions play a crucial role in fostering skills development, advancing environmental sustainability, and
addressing global socio-economic challenges, including those outlined in the Sustainable Development Goals (SDGs). A key
factor ensuring the effective functioning of universities is the consistent availability and reliable access to clean water. This is
especially critical in the face of increasing climate variability. In particular, droughts, which are caused by climate change, pose a
significant threat to institutional resilience, operations, and academic continuity. This study focused on quantifying water usage
and wastewater generation during Chemistry and Pharmacy undergraduate practical sessions conducted over four weeks. Among
the sessions analysed, the highest average consumption of distilled water occurred in Pharmaceutics 4, amounting to 96.50 +
1.60 L. While Pharmaceutical Chemistry 3 generated the highest average volume of wastewater at 128.70 + 3.05 L. The most
heavily polluted wastewater was recorded in Pharmaceutics 3. The observed average values for key contamination indicators
were Total Bacteria of 3.75x10% £+ 1.07x10* CFU/100 mL, Chemical Oxygen Demand of 6050.00 + 450.92 mg/L, Electrical
Conductivity of 0.77 £ 0.43 mS/cm, pH of 8.20 + 0.29, Surface Tension of 39.75 + 2.99 mN/m, Total Suspended Solids of 273.00
+47.81 mg/L, and Turbidity of 263.50 + 54.71 NTU. The continuation of this research is essential. It will enhance the understanding
of water-related risks in academic institutions and contribute significantly to disaster risk management, resource planning, and
promoting environmentally sustainable practices in higher education.

KEYWORDS: Academic institutions. Climate change. Drought. Water usage and wastewater quality. Water resource
management.

INTRODUCTION

Universities are important in developing a skilled workforce and significantly affect the sustainability of
the environment, for instance, impact on achieving the SDGs (Mukwevho & Togo, 2020; Bovea & Valls-
Val, 2021; Galvao et al., 2024; Nyambiya et al., 2024). Water is one of the most consumed resources
on university campuses because it is essential for health, well-being and daily business functioning
(Broering et al., 2024; Galvao et al., 2024). Specifically, in Chemistry and Pharmacy undergraduate
laboratories with more students, high volumes of water are used for experiments, cleaning, and
equipment maintenance. The wastewater from these laboratories is contaminated with chemical and
pharmaceutical pollutants, which are posing public health and environmental health risks. Water
management is challenged by climate change impacts (i.e. drought and floods), exponential population
growth, and improper waste management. The challenges, such as higher water demand and
inconsistent supply, show the need for efficient water usage and wastewater treatment and reuse
practices in all sectors, including higher education institutions (Arriga-Medina & Piedra-Miranda, 2021;
Gherhes & Cernicova-Buca, 2025). At the same time, universities have conducted surveys on drinking
water and implemented various sustainable water resource management initiatives (Espinosa-Garcia et
al., 2015; Siruma et al., 2015; Mahler, 2018; Azaki & Rivett, 2020; Mahmood et al., 2024; Tshivhase &
Bisschoff, 2024; Alnasrawy and Ali, 2025; Al-Sumati et al., 2025; Hashim et al., 2025; Kalumba et al.,
2025). Limited research focuses on water consumption patterns and wastewater quality in specific
academic settings, such as Chemistry and Pharmacy undergraduate laboratories.

1. WATER SCARCITY IS A DISASTROUS CHALLENGE IN ACADEMIC INSTITUTIONS

Water scarcity and quality concern environmental and public health and are pressing disaster risks,
particularly in academic institutions, as they rely primarily on water for educational, operational, and
safety functions. The management in academic institutions and laboratories tends to underestimate
institutional disaster preparedness planning, such as sustainable water resources and wastewater
management. Many universities' science laboratories are designed without water-saving and recycling
systems. Designing and operating efficient water-saving, treatment, recycling systems, and efficient
distributing infrastructure is important to ensure sustainable water management and use (Assi et al.,
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2021; Val et al., 2021; Ferreante et al., 2024). Apart from the impactful natural disasters such as
earthquakes, tsunamis, tropical cyclones (floods), and tornadoes (Abedin & Shaw, 2015; Georges et al.,
2017), prolonged drought can also severely affect functioning in academic institutions (Dzvimbo et al.,
2022; Luttik & Maters, 2023).

Unsustainable water supply can result in academic disruption, compromised safety, and improper
sanitation and hygiene (Afiatun et al.,, 2019). For instance, Barreiros et al. (2023) reported that the
amount of water needed per person on campus ranges from 1.8 to 23.5 litres per day. Although safety
observations, equipment and procedures are provided in laboratory settings, fire and explosion
accidents have been reported to be frequent and cause an alarming number of deaths (Schroder et al.,
2016; Sonawane et al., 2022; Wu et al., 2023; Yang et al., 2023; Zhao et al., 2024; Liu et al., 2025). In
addition to the risk assessments and suggestions on safety protocols and management in university
laboratories (Payne et al., 2020; Li et al., 2021; Wang et al., 2021; Ezenwa et al., 2022; Kuzmina et al.,
2022; Li et al., 2022; Tziakou et al., 2023; Zhao et al., 2023; Zhong et al., 2023; Lin et al., 2024;
Abedsoltan & Shiflett, 2024), consistent water supply is also essential because emergency fire
extinguishing requires high volumes of water (Van Zyl & Haarhoff, 1997; Kondashov et al., 2023;
llemobade, 2023). During periods of drought and extended municipal water cut-offs, laboratory activities
are restricted or completely stopped, resulting in ineffective delivery and assimilation of the information
and research outcomes. Additionally, institutions struggle to maintain adequate functional, sanitation
and hygiene standards, resulting in practices that compromise human and environmental health and
academic integrity. For instance, inadequate sanitation and hygiene can lead to evolving and spread of
diseases (Alwan et al., 2023). At the same time, insufficient water availability in laboratories can result
in improper dilution and disposal of hazardous reagents, leading to highly concentrated pollutants in
wastewater networks (Gadipelly et al., 2014; Munzhelele et al., 2024). This increases environmental
health risks and regulatory non-compliance (Foster, 2005; Gomes et al., 2023).

Therefore, concerning water scarcity as a disaster risk in academic institutions gives insights and plans
such as sustainable water resource and wastewater management, resilience building and
preparedness. Practical approaches for executing these insights and plans include quantifying water
consumption and wastewater quality in undergraduate laboratories and designing water-saving and
wastewater treatment systems. These approaches are essential for preparedness and resilience during
long drought conditions caused by unpredicted climate change (Dzvimbo et al., 2022). Continuous
analysis of laboratory wastewater quality is also important for tracking environmental impacts.

WATER CONSUMPTION AND WASTEWATER QUALITY IN UNDERGRADUATE
LABORATORIES

The design and setting of the Chemistry and Pharmacy undergraduate laboratories are mainly for
hands-on activities requiring significant amounts of water for preparing reagents, conducting
experiments and cleaning the glassware before and after use. The water for laboratory operation is
sourced from the Municipality reservoir. The water used to prepare the reagents is distilled/deionised,
treated and obtained from ultrafiltration systems such as the Millipore Milli-Q Direct 16 Water Purification
System. The washing of the hands and glassware and preparation of the water baths are done using
tap water. The amount of water that is used in these activities is not metered or monitored. Hence, there
is a shortage of data on water usage in these laboratories. The lack of water quantification systems in
undergraduate laboratories results in inefficiency in water usage. The quantification of water
consumption is an essential step towards designing and implementing water-saving systems within the
undergraduate laboratory setting. Additionally, continuous assessment of water usage in undergraduate
laboratories is aligned with the sustainable water resource management strategy in academic
institutions.

The quality of wastewater from the Chemistry and Pharmacy laboratories comprises hazardous
constituents such as heavy metals, inorganic/organic solvents, and pharmaceutical compounds.
Laboratory wastewater poses high health risks to the public and environment because it can
contaminate tap water distribution networks via pipe leakage and affect aquatic ecosystems through
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disposal to surface water such as rivers (Madikizela & Ncube, 2022; Udebuani et al., 2023; Paiga &
Delerue-Matos, 2024; Newman et al., 2024). Alarming concentrations of chemical and pharmaceutical
contaminants have been reported to be present in surface waters, wastewater and effluent networks
and subsequently in municipal taps (Madikizela et al., 2022; Ogunlaja et al., 2022; Oluwalana et al.,
2022; Archer et al., 2023; Manyepa et al., 2024; Nsibande et al., 2024; Netshithothole et al., 2024;
Netshithothole and Madikizela, 2024; Sihlahla & Mngadi, 2024; Munzhelele et al., 2024; Olaoluwa et al.,
2024; Mazhundu & Mashifana, 2024). Disposal of wastewater with high concentrations of chemical and
pharmaceutical residues is also a risk of regulatory violation. Hence, performing quality wastewater
analysis throughout undergraduate practical sessions is important. The knowledge of the composition
of wastewater from different experiments/practical sessions is important for designing and implementing
treatments, such as adsorption-filtering systems within the undergraduate laboratory drainage network
(Ajiboye et al., 2024; Sihlahla & Mngadi, 2024). This would be a sustainable approach to decrease the
chemical and pharmaceutical contamination load that is deposited to the general wastewater network,
thereby reducing public and environmental health risks (Letsoalo et al., 2023; Manyepa et al., 2024;
Inarmal & Moodley, 2025).

SUSTAINABLE WATER RESOURCE MANAGEMENT IN ACADEMIC INSTITUTIONS

Sustainable water resource management in academic institutions refers to the implementation of
strategies that encourage water conservation, efficient usage, and effective wastewater treatment and
reuse. These strategies are implemented and practised through the aid of research centres because
they are essential for alleviating climate change impacts such as prolonged drought, which turns out to
be disastrous. Over the years, efforts on sustainable water resource management have been put by
different universities across South Africa and globally (Gleick, 2010; llemobade et al., 2011; Powell &
Larsen, 2012; Marinho et al., 2014; Crow-Miller et al., 2016; Afiatum & Gustria, 2019); Barreiros et al.,
2023; Chowdhury et al., 2024). These efforts include implementing rainwater harvesting systems,
underground water abstraction and treating greywater from student residences and academic buildings
(lemobade et al., 2011; Malapane et al., 2012; Chivenge et al., 2024). The higher education institutes
have also created a network and engagement with communities to emphasise awareness of efficient
water usage and continuous quality assessment (Malapane et al., 2012; Saito et al., 2012; Siruma et
al., 2015). The key pillars to support the universities include policies and strategies such as the National
Water Act of 1998, National Water Resource Strategy (NWRS), Integrated Water Resource
Management (IWRM), Resource Directed Measures (RDMS) and Source Directed Controls (SDCs),
Water Conservation and Water Demand Management (WC/WDM) Strategy, and Drought Management
Plan (DMP).

The quantification of water usage and wastewater quality analysis from undergraduate science
laboratories is rarely performed. It is a crucial approach to encouraging sustainable water resource
management and managing drought disasters. Quantifying water usage in undergraduate laboratory
sessions is a preparedness strategy because sufficient volumes of water can be predicted and supplied
for catering practical sessions or experiments during drought seasons, particularly when municipal water
supply is stopped. This would then mitigate the impact of drought disasters on academic progress.
Quality analysis of wastewater generated during the experiment sessions is also a proactive approach
that informs the design and formulation of wastewater treatment systems that can be built or retrofitted
within the laboratory drainage systems. This would reduce concentrations of chemical and
pharmaceutical residues that potentially contaminate municipal tap water and surface waters.
Additionally, treated laboratory wastewater can be recovered and preserved for reuse in toilet flushing
and emergency firefighting. This approach aligns with the above policies and strategies and the SENDAI
Framework for Disaster Reduction 2015-2030 (2018).

Therefore, this study aims to assess the water consumption patterns and wastewater quality in
undergraduate Chemistry and Pharmacy laboratories at Rhodes University. The objectives include the
quantification of the water that is used and the analysis of the microbiological and physicochemical
quality of wastewater generated during specific practical sessions. The findings of this study will provide
valuable insights into the water usage and wastewater quality in university laboratories, informing the

-14 -



ongoing development of policies and practices that promote sustainable water resource management
and preparedness for drought disasters in higher education institutions.

2. METHODOLOGY

This project was conducted during the second term of the 2025 academic year. Data and observations
were collected over four-weeks from the practical sessions in Chemistry Extended/Foundation studies,
Pharmaceutical Chemistry 3, and Pharmaceutics 3 and 4. Lecturers, laboratory demonstrators, and
technicians responsible for each session were asked to report the number of attending students and
provide information about the experiment titles/topics and protocols. The data collection focused on the
number of students attending each practical session, the titles and protocols of the experiments, the
types and quantities of glassware and reagents used, the volume of distilled water used to prepare
experimental solutions, and the volume of water used for rinsing and washing glassware before and
after the experiments. To collect wastewater samples, six pairs of students were instructed to place
stoppers in their sinks to prevent drainage during rinsing and washing. The resulting wastewater was
aseptically collected for microbiological and physicochemical analysis.

QUANTIFICATION OF WATER CONSUMPTION

In the practical sessions, distilled/Milli-Q water was supplied by an ultrafiltration system (Millipore Milli-
Q Elix, Merck) and provided in 25-liter barrels. Students accessed the water via taps on the barrels to
prepare their solutions (Figure 1). The amount of distilled/Milli-Q water used was calculated using
Equation 1.

| oelomiseD
WATER J

J al s T

Figure 1 Supply and access of distilled/deionised water for preparing solutions

Wu (L) =Vi-Vf (1)
where: Wu (L)— water used in litres,

Vi — Initial volume before the practical session

Vf - Final volume after the practical session

The amount of water used for rinsing and washing glassware before and after experiments was
quantified using laboratory sink dynamics and calculated based on Equation 2.
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V)= 1000 @)
where: V (L)- Volume in litres,

L —Lenght incm

W — Widht in cm

D- Depth in cm

The dynamics varied between sinks due to differences in laboratory design. In these calculations
(Equation 2), Depth was treated as the dependent variable, as it represented the actual water level in
the closed sink during measurements (Figure 2). The total water usage was calculated by summing the
volume of water used to prepare solutions and the volume used for rinsing and washing glassware. The
water consumption/usage per student during practical sessions was then determined using Equation 3.

Figure 2 Measurement of generated wastewater after rinsing and washing of the glassware

Wups (L) = % 3)
where: Wups (L)— Water used per student in litres,

Wt Total water used in litres
Ns — Number of students in a practical session

QUANTIFICATION OF WATER CONSUMPTION

Wastewater generated from rinsing and washing glassware was collected in the sinks and aseptically
sampled using sterile 500 mL Schott bottles, which had been autoclaved using an Equitron autoclave.
The samples were immediately transported to the laboratory for microbiological (Total Bacteria and
Faecal Coliforms) and physicochemical analyses, which included Chemical Oxygen Demand (COD),
Electrical Conductivity (EC), pH, Surface Tension (ST), Total Suspended Solids (TSS), and Turbidity.
Total bacterial analysis was conducted by spread plating 100 pL of the wastewater sample onto Nutrient
Agar plates (NEOGEN culture media). The number of colony-forming units per 100 mL (CFU/100 mL)
for both Total Bacteria and Faecal Coliforms was calculated using Equation 4.
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where: CFU - Colony Forming Units per 100 ml,
Nc— Number of colonies
Df- Dillution factor
Vp — Volume platted in ml

The analysis of Faecal Coliforms, COD, EC, pH, TSS, and Turbidity was performed according to the
methods described by Bani et al. (2024a, b). Surface tension (ST) was measured at room temperature
using a KRUSS tensiometer, with distilled water and 0.05 M sodium lauryl sulphate used as standards.

DATA ANALYSIS AND PRESENTATION

The average * standard deviation (n=4) amount of distilled/Milli-Q water used, generated wastewater,
and water used per student over the four weeks in all the practical sessions are presented in a bar graph
(Figure 3). The significance of the difference across all the practical sessions on the amount of
distilled/Milli-Q water used, generated wastewater, and water used per student is calculated using one-
way ANOVA statistics. Figure 3 and ANOVA (p-value) statistical analysis are used to evaluate the level
and significance of the difference in the consumption of water across the observed practical sessions.

The average + standard deviation (STDEV) (n=4) of the wastewater quality in all the practical sessions
over four weeks is presented in Table 1. The microbiological quality parameters (Total bacteria and
Faecal Coliforms are presented as Geometric mean + STDEV). The significance of the difference (one-
way ANOVA statistics) of the wastewater quality parameters across all the practical sessions is also
presented in Table 1. The calculations of the average, geometric mean, STDEV, and one-way ANOVA
statistics were performed using Excel (Microsoft Office Professional Plus 2019).

3. RESULTS AND DISCUSSION

The analysis of the results obtained from each practical session reports contributing factors to the
observed differences. Variations in the consumption of distilled or Milli-Q water is associated with the
number of students attended and the specific experimental protocols conducted during each practical
session. Also, the variation in the volume and quality of wastewater generated is influenced by the
capacity of the laboratory sinks, the number, type and degree of contamination of the used glassware.
The level of contamination of the glassware and subsequently wastewater is linked to the used reagents
and complexity of the experiments conducted, which vary across practical sessions.

WATER CONSUMTPTION IN THE PRACTICAL SESSIONS

Over four weeks, the average levels of distilled water consumption, wastewater generation, and water
usage per student during Chemistry and Pharmacy practical sessions are presented in Figure 3. A
statistically significant difference in distilled water usage was observed between the practical sessions
(p-value = 5.03 x 107'%), with Chemistry sessions consuming lower volumes. The Chemistry practical
sessions focused on introductory scientific concepts and methods. The experiments included identifying
inorganic substances, determining vinegar concentration using volumetric analysis, and applying Le
Chatelier’s Principle to study the solubility of acids and bases in water and Soap formulation. Across the
Chemistry experiments, distilled water consumption by 30 pairs of students ranged from 5.00 + 1.00 to
10.00 £ 2.00 L, with an average of 6.50 + 2.00 L. The laboratory sink capacity, calculated based on
measured dimensions (length = 31 cm, width = 25 cm, depth = 14.5 cm), was 11.24 L. The wastewater
generated by the same group over four weeks ranged from 69.00 + 0.50 to 93.00 + 3.10 L, with an
average of 76.00 + 2.22 L. The water usage per student over the four weeks ranged from 1.22 + 1.71
to 1.74 £ 3.80 L, with an average of 1.40 + 2.28 L.

In the Pharmaceutical Chemistry 3 practical sessions, the experiments that were performed over four
weeks included the Isolation of red pigment from paprika, the Synthesis of local anaesthetic benzocaine,
the Synthesis of Sulphanilamide, and the Synthesis of 4-cholestene-3-one from cholesterol. Across
these experiments, the distilled water consumption by 42 students ranged from 42.00 + 2.00 to 46.00 +
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1.45 L, with an average of 43.25 + 1.56 L. According to the measured dimensions (length = 42.5 cm,
width = 32 cm, depth — 22.5 cm), the laboratory sink capacity was found to be 30.6 L, and the wastewater
generated by 42 students over four weeks ranged from 114.24 £ 1.56 to 199.50 £ 2.21 L, with an average
of 160.55 + 2.34 L. The water usage per student over the four weeks ranged from 3.76 + 4.12t0 5.75 =
3.52 L, with an average of 8.85 + 4.72 L. Distilled water consumption was due to refluxing which was
essential step experiments, while elevated wastewater generation was caused by multiple rinsing and
washing of the glassware (round bottom flasks, Erlenmeyer flasks, reflux condensers, beakers, and
watch glasses) before and after the experiments.

The Pharmaceutics 3 practical sessions were based on an assessment of suppositories, which included
examination of their external appearance, weight, internal appearance, and disintegration test using 0.3
L of 37 °C distilled water per suppository. The following experiments involved the formulation of
suppositories using different dye/base combinations, which included Amaranth, Sudan Il Red,
Macrogol, and Theobroma oil. Each formulated suppository was placed in beakers containing 0.3 L of
37 °C distilled water to observe the rate and behaviour of dye release. Across these experiments, the
distilled water consumption by 57 students (29 pairs) ranged from 17.40 £+ 3.21 to 26.10 £ 0.56 L, with
an average of 21.75 1+ 1.82 L. The laboratory sink capacity (length =34.5 cm, width = 24.5 cm, depth =
15 cm) was found to be 12.68 L, and the wastewater generated by 29 pairs of students over four weeks
ranged from 61.28 + 5.67 to0 196.10 + 1.23 L, with an average of 128.70 + 3.05 L. The water usage per
student over the four weeks ranged from 3.76 £ 4.12 t0 5.75 + 3.52 L, with an average of 2.64 + 2.60 L.
Low values of distilled water were consumed in the Pharmaceutics 3 compared to the Pharmaceutical
Chemistry 3 practical sessions. The washing of glassware stained with Sudan Ill Red and Theobroma
oil resulted in a high generation of wastewater from these experiments.

The experiments performed in Pharmaceutics 4 practical sessions included quantifying the active
pharmaceutical ingredient (API), which was done by producing a calibration curve of paracetamol in
water using a UV-VIS spectrophotometer. The second experiment focused on chemical kinetics, which
was mainly on the evaluation of the pH stability of a drug by dissolving in water (about 0.1 L) to produce
a calibration curve. The third experiment was based on releasing an APl from two suppository
formulations, which consume 1.00 L of 37 °C distilled water as a dissolution medium. The fourth
experiment focused on releasing an API from 3 tablet formulations, which consumes 3.00 L of 37 °C of
distilled water as a dissolution medium. Across these experiments, the consumption of distilled water by
31 students (16 pairs) over four weeks ranged from 93.00 + 1.03 to 99.00 + 2.10 L, with an average of
96.50 + 1.60 L. The laboratory sink capacity (length = 30 cm, width = 25.5 cm, depth= 17.5 cm) was
found to be 13.39 L, and the wastewater generated by 16 pairs of students ranging from 85.20 + 3.20
to 109.54 + 2.10 L, with an average of 89.93 + 2.05 L. the water demand or water usage per student in
these experiments ranged from 5.56 + 3.21 to 6.53 + 1.54 L, with an average of 6.01 £ 2.14 L. Amongst
the observed practical sessions, Pharmaceutics 4 consumed high volumes of distilled water and this is
due to the dissolution experiments. The rinsing and washing of dissolution beakers before and after the
experiments resulted in high volumes of wastewater from the Pharmaceutics 4 practical sessions. The
laboratory sink capacity, which was found to be high in Pharmaceutical Chemistry 3, impacts wastewater
generation; students tend to rinse the glassware several times.

Although the quantification of water usage and wastewater generation in university laboratories is rarely
conducted or reported, it is evident that water consumption mainly depends on the nature of the
experiments. The observed demand for distilled water and the volume of wastewater shows the need
for reliable and sustainable water access in academic laboratories. Therefore, ongoing data collection
and observation of water usage during practical sessions are essential to effective and sustainable water
resource management. Additionally, the volumes of generated wastewater show the potential for
treatment and reuse for non-portable purposes to alleviate the impacts of drought disasters in higher
education institutes.

-18 -



181 1
161 3
141 3
= 121 3
a 7
£ 101 1
= 3
©° 81 7
‘;' |
61 3

41 3

21 5

1 3

Chemsitry Pharmaceutical Pharmaceutics 3 Pharmaceutics 4
Chemistry 3

Practical sessions

m Distilled water ~ mWastewater @ Water used /student

Figure 3 Levels of distilled water consumption, wastewater generation and water used per student in
Chemistry and Pharmacy practical sessions

QUALITY OF WASTEWATER GENERATED FROM THE PRACTICAL SESSIONS

As shown in Table 1, the wastewater samples from the Chemistry, Pharmaceutical Chemistry 3, and
Pharmaceutics 4 practical sessions contained Total Bacteria and Faecal Coliforms in the range below
0 CFU/M0 ml (designated as TFTC in further text of the article) and, therefore, insignificant in
representing microbial concentration. In contrast, the Total Bacteria count in the Pharmaceutics 3
wastewater was significantly higher, measured at 3.75 x 10* + 1.07 x 10* CFU/100 ml. The low bacterial
counts in Chemistry, Pharmaceutical Chemistry 3, and Pharmaceutics 4 practical sessions are likely
due to the presence of residual reagents and the use of detergents during glassware washing, which
disinfected the microorganisms in the wastewater. However, in the case of Pharmaceutics 3, the use of
warm water for washing, combined with the presence of recalcitrant reagent residues such as
Theobroma oil and Sudan Red Il dye, have promoted microbial proliferation rather than inhibition.

Among the physicochemical contaminants analysed,COD levels were found to be high in the wastewater
from Pharmaceutics 3, Pharmaceutical Chemistry 3, and Pharmaceutics 4. In contrast, the Chemistry
wastewater showed low COD concentrations due to the lower quantities of reagents and salts used in
the experiments, as well as minimal detergent use during glassware cleaning. The differences in EC
and pH values across all practical sessions were found to be statistically insignificant. However, ST was
highest in the Chemistry wastewater, suggesting limited use of detergent, while lower ST values in the
other sessions indicate more extensive detergent use. High TSS and Turbidity levels were also observed
in the Pharmaceutical Chemistry 3 wastewater. This was primarily due to the presence of Theobroma
oil aggregates and Sudan Red Il dye, which contributed to brownish colouration. Among all the practical
sessions, Pharmaceutics 3 generated the most contaminated wastewater due to the nature and intensity
of the experiments conducted over four weeks.

The analysis of laboratory wastewater quality has important implications for public health and
environmental safety. It informs the profiling and mitigation of health risks, supports environmental
protection efforts, and guides decisions regarding appropriate treatment for reuse or safe discharge
(Reed, 2006). Notably, the evaluation of wastewater from Pharmaceutics 3 practical sessions revealed
issues such as microbial regrowth and residual reagents. These factors not only pose direct health risks
but also contribute to the emergence of antimicrobial-resistant strains in surface waters and wastewater
treatment plants (Odjadjare and Olaniran, 2015; Olaniran et al., 2015; Pillay & Olaniran, 2016; Booth
etal., 2020; Holton et al., 2022) Additionally, elevated COD levels show the concentration of organic
and inorganic pollutants which are hazardous to surface water bodies, as they lead to oxygen depletion,
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which results in disruption of aquatic ecosystems and threaten livestock and biodiversity (Mamba et al.,
2009; Wilhelm, 2009; Chigor et al., 2013; Li and Liu, 2019; Han et al., 2022).In addition to these
concerns, the quality of wastewater generated across all practical sessions indicates the potential for
efficient on-site treatment. Adsorbent-filter-based systems show promise for integration into existing
laboratory plumbing networks to reduce pollutant loads before discharge or reuse (Nondlazi et al.,
2017; Bani et al., 2024a, b). Implementing laboratory wastewater treatment technologies addresses
contamination concerns and supports strategies for sustainable water resource management. This
approach is important in academic institutions vulnerable to water scarcity and drought conditions.

Table 1 Microbiological and Physicochemical quality of wastewater generated from the Practical

sessions
Microbiological Physicochemical quality
quality
Geometric mean * Average + STDEV
STDEV
Practical Total Faecal coD EC pH ST TSS Turbidity
session Bacteria | Coliforms | (mg/l) (mS/cm) (mN/m) | (mg/1) (NTU)
(CFU/100 | (CFU/100
ml) ml)
Chemistry TFTC TFTC 128.25 0.75 + 810 +|6825 +|47.00 +| 3750 =+
+7.37 0.24 0.28 1.71 17.40 17.46
Pharmaceutical | TFTC TFTC 4000.00 | 0.87 + | 835 + |3500 +|54.75 +|46.50 =
Chemistry 3 + 0.23 0.44 3.92 8.73 6.86
509.90
Pharmaceutics | 3.75x10* | TFTC 6050.00 | 0.77 + | 820 +|39.75 +| 273.00 263.50 *
3 t * 0.43 0.29 2.99 +47.81 | 54.71
1.07x10* 450.92
Pharmaceutics | TFTC TFTC 2575.00 | 1.04 + {800 +|41.75 +|53.00 £ |48.25 £
4 + 0.15 0.34 4.50 12.75 13.91
403.11
ANOVA (p- | - - 6.48x10° | 4.64x10° | 5.44x10° | 4.58x10" | 8.05x10" | 2.90x107”
Value) 10 1 1 8 8
CONCLUSION

Overall, this study has emphasized the important role of academic institutions as centres for human skill
development, environmental sustainability, and contributions to global socio-economic objectives,
including the SDGs. The effective functioning of universities relies on various resources, among which
water is particularly critical. However, climate change impacts such as droughts and floods increasingly
contribute to water scarcity via reduced rainfall or siltation of water reservoirs. Among natural disasters,
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prolonged droughts have a particularly disruptive effect on academic institutions. Consequences include
operational interruptions, intense anxiety among staff and students, compromised health and safety
conditions, and increased vulnerability to emergencies such as laboratory fires. Reliable water access
is essential for maintaining safe and efficient operations in science laboratories and supporting the
broader delivery of knowledge and skills.

The quantification of water usage and wastewater generation in Chemistry, Pharmaceutical Chemistry,
and Pharmaceutics 3 and 4 practical sessions provide valuable insights into sustainable water resource
management within universities. Moreover, analysing laboratory wastewater quality provides a
foundation for designing and integrating efficient treatment technologies. Such approaches enable safer
discharge into wastewater systems or reuse for non-potable applications such as toilet flushing and
firefighting, thus supporting sustainability and disaster preparedness.

Future phases of this research will involve continued data collection and observation of additional
practical sessions during the 2025 second semester. Additional analysis is recommended, including
identification of bacterial strains and pharmaceutical residues in the wastewater. These efforts will
enhance the impact and details of the study and association with local and international disaster
management strategies and policies.
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ABSTRACT: As crisis management evolves into a more interdisciplinary and high-stakes profession, English for Specific
Purposes (ESP) training must adapt with innovative strategies that extend beyond linguistic accuracy. This paper analyses the
incorporation of soft skills training into English for Specific Purposes education for students prepared for professions in crisis
management. Emphasizing the growing demand for communication, teamwork, critical thinking, and leadership abilities, the study
draws on graduate profile descriptors from a selected university faculty and data from the National System of Occupations to
identify key competencies required by the labour market. The paper outlines language learning activities designed to foster these
soft skills within the ESP classroom and highlights the importance of aligning language instruction with real-world professional
expectations. A student questionnaire is introduced as a self-assessment tool, providing insights into learners' awareness and
perceived proficiency in specific soft skills. The findings endorse a redefined ESP model that actively facilitates the comprehensive
development of future crisis managers.

KEYWORDS: Crisis Management, English for Specific Purposes, Transferable skills, Education, Self-assessment

uvoD

V kontexte su€asného pracovného prostredia, charakterizovaného dynamickymi zmenami, nastupom
technologii umelej inteligencie a globalizacnymi procesmi, Celia buduci absolventi vysokych $kél
viacerym vyzvam prameniacim zich obmedzenej pripravenosti v oblasti praktickych skidsenosti
a profesijnych zruénosti. Medzi dalSie aspekty, ktoré si zasluhuju pozornost, je aj vysoka miera
konkurencie na trhu prace, finanéna neistota a iné systémové obmedzenia. Efektivna reakcia na tieto
vyzvy si vyzaduje ciefavedomé nadobudanie a rozvijanie relevantnych zruénosti, ako aj schopnost
adaptacie na aktualne trendy a poZiadavky trhu prace (Almonte, 2022).

Anglicky jazyk predstavuje v suc€asnosti dominantny komunikaény nastroj v oblastiach vzdelavania,
obchodu, vedy a technoldgii. Jeho kompetentné ovladanie a pouzivanie vyrazne napomaha Studentom
v pristupe k odbornym informaciam, sledovaniu aktivnych vyvojovych trendov na medzinarodnom trhu
prace, pricom zvySuje ich konkurencie schopnost v ramci profesijného uplatnenia sa. Hlavny ciel vyucby
anglického jazyka ako cudzieho jazyka prestavuje ziskanie komunikacnej kompetencie, ktora pozostava
zo Styroch Ciastkovych kompetencii — gramatickej, sociolingvistickej, diskurzivnej a strategickej (Hymes,
1972). Vyuc€ba anglického jazyka v su€asnom kontexte do velkej miery presahuje tradi€né zameranie
sa na najma gramatickl kompetenciu.

1. ANALYZA POTRIEB A METODOLOGIA

S cielom reagovat na dynamicky sa meniace poZiadavky su€asného trhu prace, predstavuje vyucba
angli¢tiny ako cudzieho jazyka na UNIZA (UCV — Zameranie, 2025) zamerana na vyucbu angliétiny pre
Specifické ucely (ang. ESP — English for Specific Purposes), teda prakticky orientovany didakticky
pristup. Prispdsobenim jazykového vzdelavania konkrétnym odbornym a komunikaCnym potrebam
Studenta daného odboru ESP zabezpecluje, Ze uliaci sa si osvojuju nielen jazykové kompetencie
(schopnosti, ktoré charakterizuje vynikajuci vykon v niektorej oblasti ¢innosti) (Hrmo &Turek, 2003), ale
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aj schopnost efektivne sa uplatnit’ v autentickych profesionalnych situaciach. Z toho vyplyva, ze pristup
k vyu€be cudzieho jazyka podla ESP v oblasti krizového manazmentu rozvija vy3sie uvedené Ciastkové
kompetencie nasledovne:

e Gramaticka kompetencia — teda schopnost pouzivat spravne gramatické Struktdry, syntax,
grafémy a vyslovnost. Tento pristup umozhuje krizovym manazérom presne a jasne
komunikovat prikazy, protokoly a technické informacie, &¢im sa znizuje pravdepodobnost
nespravneho vykladu v kritickych situaciach.

e Sociolingvisticka kompetencia — inymi slovami schopnost vhodne pouzivat jazyk v danych
socialnych a kulturnych situaciach. V oblasti krizového riadenia je tato schopnost’ nevyhnutna
pre komunikaciu s réznymi zainteresovanymi stranami, napr. miestne obyvatelstvo, zahrani¢ni
partneri alebo zachranné zlozky Statu.

e Diskurzivna kompetencia — predstavuje schopnost produkovat a interpretovat koherentné
a sudrzné jazykové prejavy v Ustnej a pisomnej forme. V oblasti krizovej komunikacie zohrava
diskurzivha kompetencia zasadnu ulohu pri tvorbe prehladnych a logicky usporiadanych
brifingov, sprav a operac¢nych hlaseni. Efektivna krizova komunikacia si vyzaduje nie len vecnu
presnost, ale aj zrozumitelnu Strukturu vykladu, ktoré napomahaju recipro€nému porozumeniu
medzi u€astnikmi komunikacie.

e Strategicku kompetencia — oznacuje schopnost zvladat komunikaéné zlyhanie a optimalizovat
efektivnost interakcie v réznych kontextoch. V krizovych situaciach, najma v prostredi
charakterizovanom neistotou, je tato strategicka kompetencia mimoriadne délezita. Odbornici
v oblasti krizového manazmentu musia byt schopni flexibilne prispdsobit svoje vyjadrenia,
objasnit’ pripadné nedorozumenia a uplathovat kompenzaéné stratégie, napr. re-formulacia
vypovedi, prispdsobenie jazykovych prostriedkov recipientovi alebo pouzitie efektivnych
vizualnych a gestikularnych naznakov - s cieflom zachovat funk&nost a zrozumitelnost
komunikacie aj v podmienkach obmedzenych jazykovych zdrojov.

Pri vyu€be cudzieho jazyka pre Specifické ucely predstavuju zru€nosti, teda ,nadobudnuté pohotovosti
spravne €o najrychlejSie a s €o najmendou ndmahou vykonavat ur€itu €innost' na zaklade osvojenych
vedomosti (Petlak, 1997), kfuCovy koncept (Woodrow, 2018). Na zaklade uvedeného mozZno
konstatovat, ze vyucba anglického jazyka s pristupom ESP je zakladom pre rozvijanie transverzalnych
(prenositelnych) zru€nosti uciacich sa.

Na urCenie poziadaviek na zruCnosti Studentov v odbore Krizovy manazment na Fakulte
bezpe&nostného inZinierstva (FBI) Zilinskej univerzity v Ziline (UNIZA) a na reviziu vzdelavacich
programov bol zvoleny nasledujuci dvoj-krokovy proces:

1. Analyza transverzalnych zruénosti absolventov slovenskych univerzit (Horny, Durina & 2016),
2. Profil absolventa odboru krizovy manazment (FBI — Profil absolventa, 2025).

Analyza P. Horného a J. Durinu, ktora predstavuje nas primarny zdroj, poskytuje rozsiahly prehlad tejto
problematiky. Hoci autori (Horny & Durina, 2016) uvadzaju, Ze nie je mozné identifikovat jednu hlavnu
transverzalnu zruénost, ktora zarudi uspech na pracovnom trhu, vo vSeobecnosti existuje pozitivna
korelacia medzi transverzalnymi zruénostami a profesionalnym Uspechom jednotlivca. Odborna
publikacia identifikovala najziadanejSie kompetencie absolventov nasledovne:

e Schopnost prevziat zodpovednost,

e Schopnost identifikovat a rieSit problémy,

e Schopnost zvladat stresové situacie,

e Proaktivny pristup,

e Praca s informaciami,

e Schopnost robit nezavisle rozhodnutia,

e Schopnost kreativne a flexibilne mysliet’ a konat,
e Schopnost pracovat v time,

e Znalost cudzich jazykov,

e Schopnost pracovat v interkultirnom prostredi.
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Krizovy manazment sa vyznacuje interdisciplinaritou, priCom spaja koncepty z oblasti riadenia rizik,
vztahu s verejnostou, psycholdgie a komunikacie. Absolvent Studijného programu Krizovy manazment
sa v ramci inzinierskeho studia Specializuje na krizové riadenie a ochranu obyvatelstva. Méze pésobit’
ako krizovy manazér v Statnej sprave, samosprave, v podnikovej bezpe&nosti, riadeni rizik a krizovom
manazmente v podniku. Na vSetkych pracovnych poziciach su absolventi schopni zabezpedit riadenie
kontinuity Cinnosti, zlepSovanie kvality manazérskych systémov a prevadzky. Su kvalifikovani na
vykonavanie manazérskych c&innosti spojenych s riadenim procesov, vedenim jednotlivcov a
pracovnych timov, ako aj komunikaciu a konzultacie s rdznymi zainteresovanymi stranami. Okrem toho
vedu, motivuju a hodnotia podriadenych zamestnancov, pri€¢om zabezpeduju ich vzdelavanie a dalSi
rozvoj.

Na zaklade porovnania udajov uvedenych v oboch zdrojoch, mozno identifikovat najziadanejSie
transverzalne zruénosti buducich absolventov:

e Schopnost vedenia fudi,

e Schopnost identifikovat a rieSit problémy,
e Schopnost robit nezavisle rozhodnutia,

e Schopnost adaptacie a flexibility,

e Organizacia a planovanie prace.

2. VYSLEDKY

Vyskumny dotaznik bol koncipovany s cielom identifikovat mieru sebauvedomenia a sebahodnotenia
Studentov v suvislosti s vyznamom transverzalnych zrucnosti (tzv. prenosnych kompetencii) v ich
buducom profesijnom pdsobeni. Zber dat prebiehal v zimnom semestri akademického roka 2023/2024
medzi Studentmi 4. a 5. roénika dennej formy Studia Studijného programu Krizovy manaZzment na
Fakulte bezpe&nostného inZinierstva Zilinskej univerzity v Ziline. Po aplikacii uéelového vyberu
respondentov bol dotaznik distribuovany prostrednictvom oficialnych univerzitnych e-mailovych adries.
Vyskumny subor tvorilo 35 Studentov, ktorych odpovede bolo moZné povazovat za validné.

Uvodna &ast dotaznika sa zameriavala na zistovanie profesijnych zaujmov $tudentov, konkrétne ich
motivacie a oCakavani v suvislosti s budicim zamestnanim. Vychodiskovym predpokladom bolo, ze
respondenti prejavia silny zaujem v oblasti pracovného uplatnenia v odbore, ktory zodpoveda ich
vysokoskolskému vzdelavaniu. Tento predpoklad sa potvrdil — 69 % UC€astnikov vyskumu uviedlo
zaujem o pracu v oblasti zodpovedajucej ich Stadiu. ZvysSnych 31 % respondentov zvolilo moznost
~neviem/ mozno®, €o poukazuje na istu mieru neistoty alebo otvorenost vodi alternativnym profesijnym
smerovaniam.

V druhej €asti vyskumu mali Studenti na vyber maximalne tri odpovede na Styri predloZzené otazky:
1. Ktoré zrucnosti povaZujete za najdblezitejSie pre vas buduci kariérny uspech?

Vysledky su zobrazené na niz8ie uvedenom obrazku.

Adaptabilita 15(42.9 %)

Riesenie problémov 22 (62,9 %)

Casovy manaZment

10(28,6 %)
13(37,1%)
1(314%)

Vodcovstvo
Kreativita
Komunikacia

18 (514 %)

Emoéna inteligencia 3(8,6%)

Kritické myslenie 13 (37,1 %)

Strategické myslenie 1440 %)
Rie3enie konfliktov 4 (114 %)
Organizovanie a planovanie 14 (40 %)

Iné (prosim, uvedte ake)

Obrazok 1 Zru&nosti pre buduci uspech
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Podla vysledkov vyskumu nadpoloviéna vacsina respondentov (63 %, teda 22 z 35 odpovedi) povazuje
schopnost’ riesit problémy za klugovu vlastnost pre Uspe$né uplatnenie na trhu prace. Dalej sa za
vyznamné zru€nosti povazuju schopnost prispdsobit sa (43 %) a komunikaéné zru€nosti (51 %).

priblizne 9 % uc&astnikov.

2. Ktoré zrucnosti povaZujete za tie, ktoré ste doposial najviac rozvijali?

Takmer polovica respondentov (49 %) oznalila moznost schopnosti v oblasti organizovania a
planovania. Na druhom mieste sa umiestnili dve zruénosti — komunikacia a kritické myslenie, obe s
hodnotou 43 %. Tretie miesto patri opatovne dvom zru€nostiam, teda prispdsobivosti a rieSeniu
problémov, pricom kazda dosiahla hodnotu 37 %. Rovnako ako v prvej otazke, aj v tomto pripade bola
za najmenej rozvinutu schopnost’ ozna¢ena emocionalna inteligencia.

Tretia otazka sa zameriavala na identifikaciu zruénosti, ktoré je potrebné zdokonalit:

3. Ktoré zrucnosti povaZujete za tie, ktoré je potrebné najviac zdokonalit’?

V tejto oblasti boli najcastejSie vybrané odpovede pomerne podobné. Takmer polovica (46 %) povazuje
C¢asovy manazment za zru¢nost, na ktorej zlepSeni by sa mali najviac sustredit, pricom tuto moznost
zvolilo 16 zo 35 Studentov. Na druhom mieste sa umiestnili vedenie ludi a komunikacia, pricom kazda
z tychto zruénosti ziskala 40 % hlasov. Naopak, prispdsobivost’ bola vyhodnotena ako zruénost, na
ktoru nie je potrebné zameriavat pozornost.

Posledna otazka sa tykala zru€énosti nadobudanych poc€as hodin anglického jazyka:

4. Ktoré zrucnosti povaZujete za tie, ktoré ste rozvijali poc¢as seminarov anglického jazyka?

Adaptabilita

10 (28,6 %)
Riesenie problémov 6(17,1%)
Casovy manazment 2(5.7 %)
2(5,7 %)

Vodcovstvo

Kreativita

18 (514 %)

Komunikacia

30(85,7 %

Emoéna inteligencia

3(8,6%)

Kritické myslenie

8(22,9 %)

Strategické myslenie 3(8,6%)
4(11,4 %)
3(8,6 %)
1(2.9 %)

1(2,9 %)

) 10 20 30

Riesenie konfliktov
Organizovanie a planovanie
Iné (prosim, uvedte aké)

Ziadne

Obrazok 2 Zruénosti nadobudnuté pocas seminarov cudzieho jazyka

Ako je zobrazené na Obr. 2, najviac respondentov vyjadrilo preferenciu rozvoja komunika&nych
zruénosti. Az 86 % respondentov (30 z 35) identifikovalo tuto zru€nost ako tu, ktord maju prilezitost
rozvijat v ramci vyu€by cudzich jazykov. Viac nez polovica u€astnikov prieskumu (51 %, 18 z 35)
uviedla, Ze sa zameriavaju na rozvijani svojej kreativity, zatial €o 28 % respondentov (10 z 35) si vybralo
prispdsobivost. Na rozdiel od toho Studenti vnimaju nedostatok prilezitosti na rozvoj schopnosti
C¢asového manazmentu a vedenia ludi v ramci hodin anglického jazyka.

3. UCEBNICA ENGLISH FOR CRISIS MANAGEMENT

Na zaklade nastavenia jazykovej vyucby na UNIZA, ako aj podrobnej analyzy relevantnych dokumentov
a vysledkov dotaznika, bola vypracovana vysoko$kolska uéebnica s nazvom English for Crisis
Management (Mécova & Smolkova & Kovacs, 2025).
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Cielom ucebnice je pripravit Studentov inZinierskeho stupfia na poziadavky profesionalnej praxe
a pracovného Zivota. Publikacia spéja konceptualizaciu vyucby anglického jazyka pre Specifické ucely
(ESP) s problematikou krizového manazmentu, priom sa zameriava na rozvoj makkych
a prenositelnych zruénosti a osobnostny rozvoj uciacich sa (Kulla, 2025). U¢ebnica integruje aplikovanu
lingvistiku, metodolégiu vyucby odborného jazyka arozvoj transverzalnych zruénosti. Autori kladu
mimoriadny déraz na terminologicku presnost, prakticku relevantnost a aktualnost vybranych
tematickych oblasti. UCebnica je ako S&tudijny material urena najma pre Studentov Krizového
manazmentu a pribuznych odborov. Rozsah ucebnice English for Crisis Management je zlozeny z 20
kapitol — pokryva teda obsahovu naplf pre minimélne dva semestre vysokoSkolskej vyucby. Krizovy
manazment, ako interdisciplinarna vedna disciplina, pokryva Siroké spektrum tém. Z toho dévodu obsah
uCebnice charakterizuje rozmanitost tém, od Statnej bezpecnosti (napr. Unit 19 — Integrated Rescue
System in Slovakia), krizovych situacii (napr. Unit 20 — Mass Casualty Incidents) podnikového riadenia
(napr. Unit 8 — Cutting Business Costs), pracovného rozvoja (napr. Unit 9 — A Happy Workplace),
ludského zdravia (napr. Unit 15 — First Aid), rozvoja samotnych transverzalnych zruénosti (napr. Unit 6
— Leadership) po osobnostny rozvoj (napr. Unit 2 — Your Life Passion). Pri samotnom koncipovani
ucebnice Eglish for Crisis Management bol vyuzity model navrhovania vyucbovych materialov podla T.
Hutchinsona a A. Watersa (1987). Obsah kazdej kapitoly bol Struktdrovany v nasledujucom poradi:
lead-in (Uvod), imput (vstup), practice (precviCovanie), production (produkcia), review (zhrnutie).

Pokial ide o metddy, aktivity a techniky prace, u¢ebnice English for Crisis Management reflektuje vSetky
stupne Bloomovejtaxonédmie kognicie (Anderson a kol., 2001), pri€om sa zameriava najma na zruénosti
vy8Sieho radu, teda analyzu, tvorbu a hodnotenie, ktorych rozvoj je nevyhnutny pre ziskavanie
samotnych transverzalnych zruénosti. Rozvijanie makkych zruénosti u Studentov prebieha efektivne
prostrednictvom interaktivnych a na Studenta orientovanych vyucovacich metdd, akymi su praca vo
dvojiciach a skupinach, projektovo orientované vyucovanie Ci simulécie kritickych situacii. Uvedené
pristupy podporuju posiliiovanie komunikacnych a kooperativnych schopnosti, schopnosti riesit
problémy, adaptability a i. Sebahodnotenie a vzajomné hodnotenie medzi Studentmi napomahaju
formovaniu reflexie a zodpovednosti, zatial ¢o personalizacia aktivit zvySuje ich angazovanost a
motivaciu. Kolaborativne formy ucenia zaroven vytvaraju priestor pre rozvoj vyjednavacich zrucnosti,
empatie a vodcovskych kompetencii. Tieto stratégie poskytuju autentické situacie, v ktorych si Studenti
0SVOojuju a upevriuju transverzalne zruénosti nevyhnutné pre ich osobny a profesionalny rozvoj.

ZAVER

Analyza udajov vramci vyskumu potvrdzuje, Ze implementacia ESP v cudzojazyCnej vyucbe
predstavuje vyznamny nastroj na rozvoj odbornej jazykovej spdsobilosti Studentov v oblasti krizového
manazmentu, ako aj transverzalnych kompetencii, ktoré su nevyhnutné pre Uspesné uplatnenie sa na
trhu prace. Napriek obmedzenej velkosti vyskumného suboru a potreby dalSej analyzy, vysledky
dotaznikového vyskumu realizovaného medzi Studentmi druhého stupria Stadia na Fakulte
bezpe&nostného inZinierstva na Zilinskej univerzity v Ziline potvrdzujd, Ze respondenti za klugové pre
svoju buduicu kariéru povazuju najma schopnost riesi problémy, schopnost komunikovat a byt flexibilni.
Zaroven identifikovali komunikaciu ako zru¢nost, ktord mali moznost najintenzivnejSie rozvijat pocas
semindrov cudzieho jazyka. Tieto zistenia boli premietnuté to vysokoSkolskej u¢ebnice English for Crisis
Management, ktora bola navrhnuta ako prostriedok na rozvijanie makkych zru¢nosti v uvedenom
Studijnom odbore. U€ebnica prostrednictvom simulacii, kooperativnych aktivit, vzajomného hodnotenia
sa personalizovanych aktivit napomaha rozvoju vysSich kognitivnych procesov a praktickych
kompetencii relevantnych pre profesijné pésobenie v oblasti krizového riadenia. Tento model vyuéby
reflektuje aktualne vyzvy vo vzdelavacom a spolo¢enskom kontexte a zaroven poskytuje aplikovatelny
ramec pre dalSie odborné discipliny, ktorych zamerom je systematicky prepojit jazykové vzdelavanie so
ziskavanim transverzalnych kompetencii.
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PROTECTION OF ENCLOSED UNIVERSITY FACILITIES IN THE EUROPEAN
UNION AGAINST CBRN THREATS: LESSONS LEARNED FROM PAST
INCIDENTS AND PREPAREDNESS STRATEGIES

JOSEF RAJDL, JOZEF SABOL

ABSTRACT: The paper examines the protection of enclosed university facilities in the European Union against chemical,
biological, radiological and nuclear (CBRN) threats. It analyses key incidents, such as the 2001 explosion at the AZF factory in
Toulouse, the 2018 Novichok poisonings, and the 2018 ricin attack in Cologne. It explores current preparedness measures,
including training initiatives and infrastructural improvements inspired by these events. The 2023 shooting at the Faculty of Arts
of Charles University in Prague serves as a case study, highlighting the need for rapid response, effective communication and
psychological support. The paper also proposes specific measures to enhance the security of universities and other higher
education institutions. These measures include, among others, detection systems, entry control systems and cooperation with
local authorities and agencies, aiming to minimise the risks posed by both CBRN and conventional threats.

KEYWORDS: CBRN threats, university security, emergency preparedness, decontamination, Charles University shooting.

INTRODUCTION

Universities face increasing CBRN-related risks, yet documented university-specific incidents are very
sparse. Therefore, this paper analyses analogous public-space CBRN incidents to extract lessons
relevant to enclosed academic environments. Such incidents—though they occur in industrial, business,
or political contexts—reveal vulnerabilities directly applicable to universities, where enclosed spaces,
high population density, and laboratory activities elevate risk.

This paper explores how enclosed university environments across the European Union (EU) are
increasingly vulnerable to unconventional threats—specifically chemical, biological, radiological, and
nuclear (CBRN) hazards. Drawing on high-profile incidents such as the 2001 Toulouse, France Azote
Fertilisant (AZF) factory explosion, the 2018 Novichok poisonings in the United Kingdom, and the
attempted 2018 ricin attack in Cologne, Germany, the analysis highlights how such events, though not
always university-centred, offer critical lessons for academic settings.

The 2023 mass shooting at Charles University in Prague is presented as a case study to illustrate the
broader implications of emergency readiness in educational institutions. The paper assesses
universities' existing preparedness, examines gaps in infrastructure and training, and evaluates national
and EU-level coordination frameworks. In doing so, it sheds light on the developing concept of campus
resilience, including both physical safeguards and psychological response strategies.

This paper is based primarily on results and analyses from the UNICOPS project. References to
eNOVATION project, the EU Centres of Excellence (CoE), and national emergency plans such as the
UK’s National CBRN governance arrangements and France’s Plan ORSEC serve only to illustrate
complementary EU-level training resources.

1. CBRN INCIDENTS IN THE EUROPEAN UNION

Although major intentional CBRN attacks on European university campuses remain rare, documented
events such as discoveries of legacy radioactive sources and chemical-reaction evacuations show that
academic institutions nevertheless face tangible hazards. The four cases published on the following
pages underline the need for systematic hazardous-materials inventories, regular audits of legacy
equipment and stocks, rigorous lab ventilation and maintenance programmes, tailored incident response
plans, and improved governance of technology parks and spin-off research facilities.
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1.1 Discovery of radioactive sources at the University of Bordeaux, France, 2015

On 18 September 2015, staff at a joint INSERM (French National Institute of Health and Medical
Research) / University of Bordeaux laboratory discovered two previously undocumented sealed
radioactive sources in a research room. The event was reported to the French Nuclear Safety Authority
(ASN) and declared a Level-2 incident; incident follow-up included radiological monitoring,
characterisation of the sources, dose assessments for potentially exposed personnel and
implementation of ASN-requested corrective measures. This case highlights the persistent risk of legacy
or forgotten radioactive sources in older research facilities and underscores the need for systematic
inventories, decommissioning protocols, and periodic radiological audits in university laboratories.

1.2 Discovery of legacy radioactive sources and residual contamination at University
Hospitals of Strasbourg, France

Inspections in 2020-2021 at buildings operated by the University Hospitals of Strasbourg revealed
legacy radioactive sources and localised residual contamination tied to historical medical radiotherapy
and research activities dating back many decades. The case required radiological characterisation,
mapping of contamination points, packaging and removal of legacy sources, and dosimetry evaluations
for workers — demonstrating that legacy radiological hazards may persist at university-affiliated sites
and require dedicated resources to identify and remediate them before reuse or refurbishment of older
buildings.

1.3 Evacuation after chemical reaction at Radboud University, Netherlands, 2023

On 29 August 2023, a chemical reaction in a laboratory inside the Mercator Il building on the Radboud
University campus (Nijmegen) released fumes that prompted an immediate evacuation of the building
and the attendance of the local fire service and hazardous-materials responders. No serious injuries
were reported; the affected laboratory was sealed for cleaning and specialist remediation before re-use.
The event emphasises that routine laboratory operations in university campuses can produce sudden
airborne chemical hazards in multi-use buildings and underlines the importance of robust ventilation
maintenance, spill-response plans and well-rehearsed evacuation procedures.

1.4 Explosion at the New University of Lisbon technology park, Portugal, 2024

On 4 July 2024, an explosion occurred in the technology-park area of the Faculty of Science and
Technology at the New University of Lisbon, Caparica (Almada), with emergency services mobilised
and at least one fatality reported. The event (investigated by national authorities) illustrates that larger-
scale accidents — including those involving prototype systems, gas or pressurised containers or process
equipment in university innovation parks — can produce consequences similar to industrial incidents
and therefore require that campus risk governance covers technology parks, spin-off labs and incubators
in addition to conventional teaching and research spaces.

Specific CBRN contamination incidents in EU university facilities, such as lecture halls or libraries, are
not widely documented, likely because of their rarity or sensitivity. However, several notable CBRN-
related incidents in the EU provide critical context for understanding the broader threat landscape and
its implications for educational institutions. Starting on the next page are key examples, their
circumstances, substances involved, decontamination procedures, and lessons learned.

1.5 TOULOUSE AZOTE FERTILISANT (AZF) FACTORY EXPLOSION IN 2001

The September 2001 explosion at the AZF factory in Toulouse, France, which killed 31 people and
injured thousands, brought to the public’s attention the critical need for stringent chemical storage
regulations in urban areas. The Seveso Il Industrial Safety Protocol (Directive 2012/18/EU) had to be
revised to enhance risk management for facilities handling hazardous substances. Emergency services
focused on evacuating affected areas, treating respiratory and ocular injuries, and monitoring air quality.

-33-



Contaminated areas were cleaned using water-based solutions to neutralise chemical residues. Long-
term efforts included soil and water remediation to address environmental contamination. The incident
emphasised the need for urban planning to separate industrial zones from educational institutions,
reducing exposure risks. Regular audits of nearby industrial facilities and collaboration with local
authorities are now seen as essential for campus safety. For universities, this highlighted the importance
of preparing for external chemical threats, such as airborne contaminants, that could affect campus
facilities. Universities must implement air quality monitoring systems and rapid evacuation protocols to
protect students and staff. Training programs should include scenarios for chemical spills to ensure
preparedness for such external threats.

1.6 NOVICHOK POISONINGS IN MARCH 2018

These poisonings took place in Salisbury, UK, of Sergei Skripal and his daughter, Yulia Skripal,
demonstrating the challenges of identifying and containing chemical agents in public spaces. See Fig.1
below.

Figure 1 Individuals in protective suits and a tent covering the bench where Skripal collapsed
(Authors, 2025)

Novichok is a highly toxic nerve agent developed for chemical warfare. The incidents, involving a nerve
agent, led to severe health impacts and international diplomatic tensions. Universities can apply these
lessons by installing chemical detection systems in high-traffic areas, such as lecture halls and
laboratories. Staff training on recognising symptoms of chemical exposure, such as respiratory distress
or neurological symptoms, is crucial for early intervention. Rapid response protocols, including
coordination with local hazmat teams, should be established to contain contamination. The incidents
also highlighted the need for secure storage of research chemicals to prevent misuse. Public awareness
campaigns can educate campus communities about reporting suspicious substances, enhancing overall
safety. These proactive measures reduce the risk of chemical threats on campuses.

Decontamination efforts involved sealing off affected areas, including public spaces and buildings, and
using specialised chemical neutralisation agents. Responders wore Level A hazmat suits, and
contaminated objects were removed or destroyed. Public health campaigns informed residents about
the risks of secondary exposure.

1.7 POLONIUM-210 POISONING IN 2006

In November 2006, Alexander Litvinenko was poisoned with Polonium-210 in London. Po-210 is a highly
radioactive isotope causing severe radiation poisoning. This incident exposed the insidious nature of
radiological threats, which are difficult to detect without specialised equipment. Universities must invest
in radiation detectors for laboratories and public spaces to mitigate similar risks. Training personnel in
radiological safety protocols, including handling and disposal of radioactive materials, is essential. The
incident also underscored the importance of international cooperation in tracking radiological
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substances, as universities often collaborate globally on research. Emergency response plans should
include procedures for isolating contaminated areas and providing medical support. Public health
campaigns can raise awareness about radiological risks, ensuring a proactive approach to safety.
Regular drills simulating radiological incidents can further enhance preparedness and protect campus
communities from such threats.

Affected areas, including hotel rooms and public spaces, were sealed and decontaminated using
specialised radiological cleaning techniques, including HEPA (high-efficiency particulate air) filtration,
vacuuming, and chemical washing. Contaminated materials were disposed of as radioactive waste.

1.8 RICIN PLOT IN COLOGNE IN 2018

The ricin plot, uncovered on 12 June 2018 in Cologne, Germany, involved a Tunisian extremist, Sief
Allah H. He produced ricin, a biological toxin derived from castor beans, capable of causing severe
organ damage. This marked the first time a jihadi terrorist in the West successfully created this biological
agent for a planned terrorist attack. See Fig. 2 below.

The plot was swiftly resolved when the suspect was arrested in his apartment, highlighting the
effectiveness of electronic surveillance and intelligence sharing. As the plot was intercepted before
execution, no actual contamination occurred. However, preparedness measures included plans for
biological decontamination, such as using bleach-based solutions and isolating affected areas.

Figure 2 Police officers wear protective clothes and respiratory masks during
the operation on June 12, 2018, in Cologne, Germany (Authors, 2025)

Universities must implement strict access controls for laboratories handling biological agents, with
biometric security and regular audits. Monitoring online communications for radicalisation is critical, as
the Islamic State inspired the suspect. Training programs should include protocols for identifying and
reporting suspicious activities to ensure early intervention. These measures strengthen university
defences against biological threats.

The incident underscored the need for vigilance in monitoring hazardous substances and securing
research facilities. Universities with laboratories handling biological agents must implement strict access
controls and monitoring systems. These incidents, while not directly involving universities, demonstrate
the diverse nature of CBRN threats and their relevance to enclosed public spaces, including educational
institutions. The lack of specific university incidents suggests that such events are either rare or not
publicly reported, necessitating a focus on preparedness and lessons from broader CBRN events.

1.9 POLIO INCIDENT IN THE NETHERLANDS IN 2022

Utrecht Science Park/Bilthoven is a research hub in the Netherlands, hosting facilities that study
infectious diseases. The 2022 poliovirus incident in the Netherlands revealed the importance of
wastewater monitoring for early detection of biological contaminants. Regular wastewater testing can
provide early warnings of biological threats, allowing for rapid containment and was intensified after the
incident. Universities with research facilities that handle pathogens must ensure up-to-date vaccination
status for laboratory personnel to prevent outbreaks. Collaboration with public health authorities is
essential to align university protocols with national guidelines. Training should include biosafety
measures, such as proper handling and disposal of biological agents. Public awareness campaigns can
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educate students and staff about the importance of vaccination, reducing the risks of spreading disease.
These strategies enhance university preparedness for biological incidents, ensuring campus safety.

2. PREPAREDNESS MEASURES IN EU UNIVERSITIES FOR CBRN THREATS

Past CBRN incidents, such as the Toulouse, France AZF factory explosion and the Cologne ricin plot,
have significantly shaped up university preparedness strategies. These events highlighted the need for
enhanced laboratory security, including biometric access controls and regular audits of hazardous
materials. Regular training and drills for staff and students, simulating CBRN scenarios, have become
standard to ensure rapid response capabilities. Collaboration with national and local emergency
services, as seen in the response to the Charles University shooting, ensures coordinated action during
crises. Investments in detection equipment, such as chemical and radiation sensors, and
decontamination facilities reflect lessons from incidents like the Novichok poisonings, emphasising
proactive safety measures.

The first EU CBRN CoE (Centre of Excellence) initiative was formally launched in 2010. The CoE
supports partner countries in mitigating CBRN risks through capacity building and training. Universities
benefit from access to advanced research on CBRN defence technologies, such as portable chemical
detectors and decontamination systems. The initiative fosters interagency collaboration, enabling
universities to align with national security frameworks. For example, universities in Germany have
adopted the CoE guidelines to enhance laboratory safety post the Cologne ricin plot. Training programs
developed through the CoE equip faculty with the skills to handle CBRN incidents, thereby improving
campus resilience. Partnerships with regional centres ensure access to cutting-edge resources,
reducing response times during emergencies. Universities should integrate the CoE best practices into
their emergency plans, ensuring compliance with EU standards. Regular workshops with the CoE
experts can further enhance preparedness, making universities proactive in addressing CBRN threats.

National emergency plans, such as the UK’s national CBRN governance arrangements and France’s
Plan ORSEC, include protocols for CBRN incidents. Universities are required to integrate these plans
into campus-specific procedures and coordinate with local authorities. For instance, the Netherlands
universities adopted wastewater monitoring protocols following the 2022 polio incident. The EU civil
protection mechanism facilitates cross-border cooperation and provides guidelines for managing CBRN
threats. Universities can adapt these for campus use, establishing clear lines of command. Audits are
conducted regularly to ensure compliance with national standards. Joint exercises with emergency
services enhance preparedness. These measures reflect lessons from past incidents, ensuring robust
response capabilities in future. Universities should also participate in national CBRN simulations to test
their protocols and improve readiness for real-world scenarios.

Universities develop tailored emergency response plans that include evacuation, decontamination, and
communication procedures. For example, the University of Copenhagen conducts annual CBRN drills,
simulating chemical spills. These plans designate decontamination zones and secure storage for
hazardous materials used in research. CBRN response teams, composed of trained faculty and staff,
are established to manage crises. Regular audits ensure compliance with safety standards, while
student orientation programs include safety briefings. Lessons from the explosion at the AZF factory in
Toulouse emphasise the need for clear evacuation routes and communication systems. Universities
should invest in mobile applications to deliver real-time alerts, improving response efficiency.
Collaboration with local fire and hazmat teams can further streamline emergency responses, ensuring
campus safety during CBRN incidents.

Regular training and drills are critical to prepare university communities for CBRN threats. The
eNOVATION initiative, coordinated by the Belgian national crisis centre, develops advanced training
methods for first responders, which universities can adopt. For example, German universities conduct
biannual CBRN drills, involving police and hazmat teams. These exercises simulate scenarios as
chemical leaks, thus ensuring staff and students are familiar with protocols. Training includes
recognising symptoms of chemical or biological exposure and improving early detection. Post-incident
reviews, as seen after the Cologne ricin plot, refine training programs. Universities should increase drill
frequency and include students to enhance community resilience. Partnerships with national training
programs can provide access to advanced simulation tools, improving preparedness.

Infrastructure upgrades have been implemented in several universities, including the installation of
advanced air filtration systems, secure storage facilities, and decontamination zones. Loughborough
University installed radiation detectors in laboratories soon after the Polonium-210 incident. Air sampling
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devices, inspired by the explosion at the AZF factory in Toulouse, mitigate chemical risks. Biometric
access controls prevent unauthorised laboratory access, a lesson from the Cologne ricin plot. Regular
maintenance ensures equipment reliability, while partnerships with technology providers enhance
capabilities. Universities should prioritise funding for these upgrades to ensure compliance with EU
safety standards and reduce vulnerabilities. Regular infrastructure audits can identify gaps, ensuring
campuses are equipped to handle CBRN threats effectively.

3. Case Study - Shooting Incident at Charles University

On December 21, 2023, a tragic shooting occurred at the Faculty of Arts of Charles University in Prague,
resulting in 14 deaths and 25 injuries. The gunman, a 24-year-old postgraduate student named David
Kozak, was found dead at the scene, having committed suicide after being confronted by police. This
incident, while not a CBRN event, provides critical insights into emergency response in university
settings and offers a basis for comparison with potential CBRN incidents. Some students, who escaped
from the shooting, are trying to find a safe place and are shown in Figure 3 below.

The shooting began at approximately 15:00 local time in the Faculty of Arts building, located in Jan
Palach Square, a popular tourist area in Prague’s historic Old Town. Student David Kozak, armed with
a rifle and other weapons, targeted students and staff in classrooms and corridors. The attack was
described as a premeditated violent act, possibly inspired by mass shootings abroad, though not linked
to international terrorism. Earlier that day, Kozak’s father was found dead, and he was later connected
to a double murder in Klanovice.

Figure 3 Students crouched on a ledge at Charles University building to hide from gunfire
(Authors, 2025)

Police and emergency services responded within minutes, securing the area and providing the first
medical aid to the injured. Prior alerts about Kozak’s intentions facilitated the rapid response, as he was
suspected of planning to take his own life. Emergency medical teams treated 11 seriously injured, eight
moderately injured, and five lightly wounded individuals, demonstrating effective triage.

The university’s emergency plan was also promptly activated, with clear communication channels
established to guide individuals to evacuation routes or shelter-in-place procedures. See Fig. 3 above.
Some of the students escaped through windows and onto ledges, highlighting the need for flexible
response strategies in extreme situations. Social media footage showed students barricading
themselves in classrooms, indicating they were aware of lockdown protocols.

The incident had a profound psychological impact on the university community, particularly affecting the
deaf studies program, where eight students and a professor were among the victims. The Czech
Government declared a National Day of Mourning on 23 December 2023, and Charles University
organised a memorial service to honour the victims. The event underscored the need for comprehensive
mental health support post-incident, as reported by Charles University.

The shooting at Charles University’s Faculty of Arts confirmed the great value of several lessons learned
from previous incidents elsewhere. A rapid police response minimised casualties, underscoring the need
for immediate action. Clear communication via digital platforms and public address systems guided
students and staff, a model for CBRN incidents. Pre-existing lockdown protocols enabled effective
responses, underscoring the value of regular drills. The significant psychological trauma experienced
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by survivors necessitated robust mental health resources. Therefore, universities should establish
counselling services and peer support groups to address trauma. Collaboration with local authorities, as
seen in the swift response, is critical for managing crises. Regular reviews of security protocols can help
prevent future incidents and ensure campus safety. These lessons should be applied to enhance CBRN
preparedness, particularly in crisis management.

4. COMPARISON AND LESSONS LEARNED

A thorough comparison between the Charles University shooting and potential CBRN incidents reveals
several reinforced strengths and persisting vulnerabilities. Drawing on the incidents discussed in
previous chapters, we can better evaluate current readiness and propose further enhancements.

The Charles University shooting demonstrated commendable strengths in emergency response. The
rapid deployment of armed police, immediate area lockdown, and swift triage by emergency medical
teams prevented further casualties. This type of decisive action should serve as a blueprint for CBRN
scenarios. Quick mobilisation, particularly if hazardous materials are involved, can be the difference
between containment and catastrophe. Interagency cooperation functioned efficiently. Police, fire
departments, medical services, and the university administration worked in tandem to control the
situation. Such coordination is paramount for CBRN emergencies, where hazmat response teams must
integrate with university safety officers. Events like the 2018 ricin plot in Cologne further emphasise the
importance of early intelligence and law enforcement coordination in preventing incidents.

Communication systems functioned but proved not to be entirely fail-safe. The incident showed that
communication tools—public address systems, mobile alerts, and social media—were well-utilised and
effective. However, their over-reliance on electricity and mobile connectivity could be problematic in
CBRN attacks involving infrastructure sabotage. Universities should invest in redundant communication
systems, including battery-powered or battery-backed-up public address systems and offline alert
applications. Moreover, multilingual messaging should be standard, given the diverse nature of
university populations. The 2018 Novichok incident showed that effective public health communication
can reduce panic and help direct public behaviour.

While basic lockdown procedures were followed well during the Prague shooting, many students lacked
clarity on whether to evacuate or shelter in place. This exposes a weak point that could have severe
consequences in a CBRN situation. CBRN scenarios require tailored drills that include chemical spill
simulations, radiological decontamination practices, and biological exposure protocols.

Some university infrastructure items have been modernised, but many still need upgrading. Audits
conducted at Charles University shortly after the incident revealed ageing ventilation systems and limited
biometric access in research labs. In contrast, Loughborough University’s proactive installation of
radiation detectors following the Litvinenko incident illustrates a high standard of modernising
infrastructure. Most EU universities still lack advanced chemical detection systems in non-laboratory
environments like libraries or cafeterias. Similarly, not all facilities are equipped with secure, negative-
pressure rooms or decontamination chambers.

Psychological preparedness is still a critical weak spot. Charles University provided immediate
counselling after the shooting, a model response for emotional recovery. However, the trauma
associated with invisible threats like radiation or pathogens can be even more psychologically
destabilising. Long-term psychological care, not just post-incident but also preventive education about
CBRN risks, should be incorporated into campus wellness programs. Lessons from the aftermath of the
Novichok poisonings show that communities exposed to CBRN threats endure lingering fear and
uncertainty. Universities should offer multilingual mental health support and proactive resilience-building
programs.

5. STRATEGIC RECOMMENDATIONS TO STRENGTHEN EU UNIVERSITY RESILIENCE
Based on the case analysis, the following key recommendations are proposed to strengthen CBRN
preparedness in EU universities:

The development of redundant, battery-operated, or at least battery-backed-up communication systems
must be prioritised. Beyond public address systems and mobile phone applications, universities must
prepare for CBRN-specific disruption scenarios. These include manual signalling tools, printed
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emergency instructions in multiple languages, and clear signage to direct movement during low-visibility
events (e.g., smoke or chemical mist).

Universities' participation in EU and national CBRN programs should be expanded to include active
involvement in training initiatives such as the EU Centres of Excellence and eNOVATION. These
programs offer simulations, virtual reality training, and collaborative exercises that can significantly
enhance university staff preparedness.

All enclosed university buildings should be evaluated for CBRN-readiness, and infrastructure upgrades
prioritised. Investment in ventilation systems with HEPA and chemical filters, radiation and gas
detectors, and secure access controls must become standardised. EU or national grants can be pursued
to support such upgrades. CBRN preparedness must extend beyond laboratories, and a campus-wide
emergency culture must be established. Libraries, cafeterias, and administrative areas should also have
marked shelter zones, stocked decontamination kits, and accessible emergency instructions.
Awareness campaigns during orientation weeks can embed a culture of safety. Standing support teams
composed of counsellors, psychologists, and trained peer supporters should be created. Offer post-
incident trauma care and pre-incident awareness about coping with uncertainty. Universities can
collaborate with public health agencies to streamline services and ensure readiness for mass-scale
psychological interventions. Universities must review existing statutes and policies to ensure swift
activation of emergency powers. Legal clarity on campus lockdowns, staff duties, and communication
responsibilities will reduce hesitation during CBRN crises. Case studies from the UK’s Defra’s CBRN
emergency arrangements and France’s plan ORSEC provide guidance. By implementing these
strategies, EU universities can significantly raise their preparedness for future CBRN or hybrid threats,
thereby enhancing the safety and resilience of academic communities across the continent.

CONCLUSION

The protection of enclosed university facilities against CBRN threats is no longer a hypothetical
challenge. Recent incidents such as the Charles University shooting, past poisonings involving Novichok
and ricin, and evolving geopolitical tensions highlight the fact that academic institutions in Europe are
increasingly vulnerable to both conventional and unconventional attacks. These events underline the
urgent need for comprehensive risk assessments, cross-sectoral coordination, and a proactive
approach to resilience.

Throughout this paper, we have examined critical areas where EU universities have demonstrated
strength—such as rapid emergency response and inter-agency coordination—as well as areas still
requiring serious improvement. The lack of consistent CBRN-specific drills, outdated infrastructure in
many facilities, and limited psychological preparedness stand out as persistent vulnerabilities that could
severely undermine the response in case of a real CBRN crisis. What emerges is the necessity of
mainstreaming CBRN preparedness across all layers of university operations. This includes not only
laboratory and research spaces, but also lecture halls, libraries, cafeterias, and student residences. Just
as critical is the need to embed a safety culture that is not reactive but anticipatory, supported by legal
clarity, regular training, robust infrastructure, and well-funded emergency protocols.

The recommendations provided in this paper are not merely aspirational—they are actionable, and in
many cases, already implemented in pockets across the EU. The goal now must be to scale these best
practices, supported by EU-wide frameworks such as the EU Centres of Excellence and national
programs such as the UK's CBRN Governance Arrangements and France’s Plan ORSEC. In closing,
safeguarding university campuses against CBRN threats is a shared responsibility among government,
university leadership, emergency services, and the academic community. Only by working in unison can
we ensure that places of learning remain bastions of safety, science, and civil resilience in an
increasingly unpredictable and turbulent world.
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COMPARISON OF MATHEMATICAL MODELS OF REGRESSION
ANALYSIS ON YOUTH CRIME AND DELINQUENCY
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ABSTRACT: This paper presents a comparative analysis of regression models applied to juvenile crime and minors’ delinquency
in the Slovak Republic. The aim of the research is to identify the most appropriate mathematical model for predicting the future
development of juvenile crime and minors’ delinquency, based on official statistical data from the Ministry of the Interior of the
Slovak Republic for the period 2010-2024. The research analyses linear, exponential, logarithmic, polynomial, and power
regression models, and evaluates their reliability using the coefficient of determination (R?). The results show that the logarithmic
model is the most suitable for the state and rate of minors’ delinquency (R? = 0.8526; R = 0.8819), while the polynomial model
(R?=10.981; R = 0.968) proved to be the most reliable for the state and rate of juvenile crime. An analysis of demographic trends
and the crime index reveal a downward trend in both groups, with the prediction models indicating a continuation of this trend.
The research provides important information for the development of preventive strategies and policies aimed at reducing youth
crime. The research also highlights the fact that, although crime and delinquency show a declining tendency, schools are
increasingly facing the emergence of violent socio-pathological phenomena. The findings of this study can serve as a starting
dataset for future research on direct criminogenic factors.

KEYWORDS: Criminology. Crime analysis. Statistical Research. Minors. Juveniles.

INTRODUCTION

Youth crime and delinquency represent one of the most significant socio-pathological phenomena of
contemporary society, which requires systematic scientific research and effective preventive measures.
In the context of the Slovak Republic, similarly to other European countries, it is possible to observe
changing trends in youth crime, which require precise analysis and prediction of future development
(Lantz, 2024), (Vasko, 2023). Regression analysis can be used as a basic tool for such research tasks.
The use of statistical methods in criminology allows not only to analyse the current state, but also to
create reliable prediction models that can serve as a basis for the creation of preventive strategies
(Lacey, 2016), (Malik, 2015).

The specificity of youth crime lies in its different characteristics compared to adult crime. According to
multiple research the most fundamental difference lies in the neurobiological development of the brain
— significant endogenous criminogenic factor. Juvenile offenders aged 14-18 have an underdeveloped
prefrontal cortex that matures approximately at the age of 25. This area of the brain is responsible for
planning, self-control, impulse regulation, and assessing the consequences of actions. The immaturity
of the prefrontal cortex explains why youth is significantly more impulsive, less able to control their
emotions, and weaker at anticipating the long-term consequences of their actions (Steinberg, 2009;
Icenogle, 2019). When it comes to exogenic criminogenic factors, youth can be more susceptible to peer
pressure, fear of missing out and parent-child’s relationships, when compared to adults (Ga3pierik,
2010). Minors (persons under 14 years of age) and juveniles (persons aged 14-18 years) represent
special categories that require a differentiated approach to crime analysis (Criminal code of the Slovak
Republic, 2025). Research on crime in these age groups is particularly important in terms of early
identification of risk factors and implementation of effective preventive measures (Olaoye, 2024),
(Gaspierik, 2010).

The research uses official statistical data from the Ministry of the Interior of the Slovak Republic (2025)
and the Statistical Office of the Slovak Republic (2025) for the period 2010-2024, which allows for a
comprehensive longitudinal analysis. Demographic trends in the population of minors and juveniles in
the monitored period show different characteristics - while the population of minors recorded an increase
until 2022 with a subsequent decrease, the population of juveniles shows a gradual decrease throughout
the monitored period.
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The aim of this study is to compare the effectiveness (i.e., the ability to accurately describe historical
data and provide reliable predictions) of different mathematical regression analysis models in predicting
the development of crime and delinquency, evaluated through the coefficient of determination R2.
Specifically, the analysis of linear, exponential, logarithmic, polynomial, and power models can be used
to identify the most reliable approach based on the coefficient of determination R? (Hendl, 2004). The
results of this comparative analysis can contribute to improving the methodology of youth crime and
delinquency prediction and provide valuable information for law enforcement agencies and public policy
makers. This research offers the review and comparison of different regression models which can be
utilized. The contribution of this study is to provide professional and scientific public with demonstration
of this method that can be also utilized for specific types of crime with combination of factors directly
impacting the occurrence of socio-pathological phenomena.

1. CRIME ANALYSIS

Crime is a phenomenon that changes and develops over time. Crime statistics processed by the Ministry
of the Interior of the Slovak Republic can be used as data sets for crime analysis. Crime analysis allows
to create overviews of the development of registered crime over the monitored period. This information
can be used for creation of crime prevention strategies. Criminology is a discipline that studies crime
based on statistics, known perpetrators, victims. Criminology also studies possible prevention options,
suitable response when crime emerges and consequences that can be the result of crime. The crime
analysis is the study of quantitative and qualitative variables that can be clearly identified. Crime analysis
studies:

+ crime state,

+ crime rate,

» structure,

* dynamics,

+ clearance rate of crime (GaS$pierik, 2010), (Dzur&anin, 2003).

For the purposes of this work, the state, rate and dynamics of crime will be further examined. The crime
state is a quantitative indicator expressing the number of registered crimes in a certain territory at a
certain time. It is expressed in absolute numbers. The crime state does not take into account the size of
the population, which makes it an indicator with low informative value. The crime rate can be considered
a more accurate quantitative indicator. This indicator takes into account the size of the population. As a
generally accepted rule, it indicates the number of crimes per 100,000 inhabitants. It is calculated as the
ratio of the number of registered crimes to the number of inhabitants and then multiplied by 100,000.
The level of crime is expressed by the crime index Ik, and is calculated as (DianiSka, 2022), (GaSpierik,
2010):

State of crime

. = .100 000

Population
Where: I;, — Index of Crime.

The dynamics of the crime expresses changes in the state, rate or crime structure in a certain period. It
is possible to distinguish the tendency of crime development as (Dianiska, 2022), (GaSpierik, 2010):

+ growing development tendency (ascending),

» declining development tendency (descending),

« stagnant development tendency (steady).

Based on the above information, it can be stated that through statistical data processed by the Ministry
of the Interior of the Slovak Republic, it is possible to study selected quantitative crime indicators. Using
the regression analysis, it is possible to predict the future development of the number of crimes (crime
state and crime rate) committed in the territory of the Slovak Republic. For the purposes of this paper,
the possible future development according to the regression function of crime rate of juveniles and
minors born in the Slovak Republic will be examined.
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Minor is a person (child) who is younger than 14 years of age. A person (also a child) aged 14 to 18
years is a juvenile. This description is based on the Criminal Code of the Slovak Republic. There is also
a term youth, which is often used in the context of crime and delinquency. Youth can be described as
“young adults”, people who are under the age of 26 years. It is a specific group of people who are
preparing to become a productive asset to the whole society and contribute to its development (Narodny
institat vzdelavania a mladeze, 2005).

According to the Statistical Office of the Slovak Republic it is possible to observe an increase in
population of minors from year 2010 to 2022 (from 770732 to 817966 minors). The increase of
population stopped in 2022, and since the 2022 a decrease of population can be observed up to the
year 2024 with 803662 minors. Development of population of juveniles is a bit different. The
development is steady — over the observed period from 2010 to 2022 it is possible to observe a slow
decrease of population from 266014 to 219761 juveniles. This data is later used to calculate the crime
rate. The development of population of minors and juveniles is shown in figure 1 and figure 2.

Development of minors (age 0 - 14 years)
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Figure 1 Development of minors (Statistical Office of the Slovak Republic)
Development of juveniles (age 14-17 years)
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Figure 2 Development of juveniles (Statistical Office of the Slovak Republic)

According to this information it is possible to investigate possible future development of crime state and
crime rate which can be used to determine possible need of new preventive measures.

2. METHODS

Within the framework of the analysis, data published by the Ministry of the Interior of the Slovak Republic
and the Statistical Office of the Slovak Republic are processed. Based on the data, overviews of the
crime state and rate from 2010 to 2024 are processed in the MS Excel program. Data on the number of
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minors and juveniles in the territory of the Slovak Republic for the monitored time period are also
processed.

The crime rate is calculated according to the formula given in Introduction (the population is considered
only as population of minors or juveniles). A graph of the crime situation and crime rate for the monitored
period is then created using MS Excel. Trend lines reflecting various mathematical models are gradually
inserted in the above graphs. Trend lines for linear, exponential, logarithmic, polynomial and power
models are processed. Mathematical models of equations are also generated by MS Excel for individual
trend lines, to which the determination coefficient R? is subsequently assigned, defining the reliability of
the model. A prediction of the future development of the status and level of juvenile and minor crime is
then created for the most reliable model.

3. RESULTS

Official statistical data provided by Ministry of Interior of the Slovak Republic and Statistical Office of the
Slovak Republic have been processed. In the table 1 it is possible to observe development of crime of
juveniles and delinquency of minors and calculated crime rate for selected year.

Table 1 Development of minors and their crimes

Minors Juveniles

Number | Number Index of Year Number Number | Index of
Year of of Minors Crime of of Crime

Crimes Rate Crimes | Juveniles Rate
2010 | 1105 770 732 143,37 2010 4282 266 014 1609,69
2011 | 1112 772 971 143,86 2011 4216 251 669 1675,22
2012 | 845 773 912 109,19 2012 3669 240 322 1526,70
2013 | 783 773 992 101,16 2013 3615 233 648 1547,20
2014 | 726 774 550 93,73 2014 3264 228 722 1427,06
2015 | 694 777 828 89,22 2015 2764 222 798 1240,59
2016 | 678 784 965 86,37 2016 2448 216 225 1132,15
2017 | 687 793 756 86,55 2017 2404 211 047 1139,08
2018 | 694 801 103 86,63 2018 2349 208 368 1127,33
2019 | 656 806 711 81,32 2019 2232 209 257 1066,63
2020 | 576 811 855 70,95 2020 1968 212 220 927,34
2021 | 696 816 652 85,23 2021 1735 212 079 818,09
2022 | 592 817 966 72,37 2022 1826 215 265 848,26
2023 | 393 812 652 48,36 2023 1741 219748 792,27
2024 | 378 803 662 47,035 2024 1443 219 761 656,62

Presented data of crime state and crime rate can be graphically shown in figure 3 (for minors) and figure
4 (for juveniles).
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Figure 3 State and index of crime of minors
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Figure 4 State and index of juvenile crime

For the presented graphical representation of analysed data, it is possible to analyse possible regression
functions. The regression functions are presented in figure 5 (for minors) and figure 6 (for juveniles).
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Figure 5 Examined regression models of crime state and rate of minors
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Figure 6 Examined regression models of crime state and rate of juveniles
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4. CONCLUSION AND DISCUSION

The real state and level cannot be clearly predicted, as several factors can directly influence the
development of crime and delinquency. These factors can include external factors - those that
objectively affect minors and juveniles and can influence their criminality (leisure activity options,
financial situation of the environment, employment in the region, quality of education, etc.). The second
group is internal factors (child upbringing, parental behaviour, peer behaviour, peer pressure, individual
psychology and development, genetic predispositions, etc.) (Gaspierik, 2010), (Dianidka, 2022).

In general, it can be stated, that the total crime state and the crime rate of juveniles are significantly
higher than those of minors. Based on the analysis performed, it can be stated that in all cases the
tendency of the future development of minor delinquency and juvenile crime appears to have a declining
trend.

Interestingly, the linear regression model demonstrates strong coefficients of determination both for
state and index of crime, particularly for juveniles (R? = 0.81-0.84 for minors and 0.94-0.97 for juveniles
as shown in Figure 6). This raises a critical methodological question regarding model selection criteria.
While R? values are exceptionally high, the linear model possesses a fundamental logical limitation: it
mathematically allows for negative crime values at future time points, which is conceptually impossible
(a negative number of crimes or negative crime rate has no meaningful interpretation). From a practical
standpoint, the logarithmic model for minors and polynomial model for juveniles better respect the logical
constraints of the problem domain. However, it is acknowledged that for short-term predictions (1-3
years) the linear model could serve as a pragmatic tool for practitioners seeking simplicity over
mathematical rigor, particularly for juveniles where the linear model maintains superior R? values.

The one reason, why the linear model is particularly high is not clear from the performed analysis. There
might be multiple reasons, such as growing standard of living, low unemployment rate of adults/parents,
changes in legislation or it can be an indication, that a continuous investment in prevention programs is
effective crime prevention measure.

Based on the highest determination coefficient R?, it is possible to select and consider the models
presented in Table 3 as the most accurate for the state and level of criminality (delinquency).

Table 2 Mathematical models of regression functions according to the highest coefficient of
determination

Delinquency of Minors

Crime state Crime rate
Logarithmic model Logarithmic model
y = —242,21n(x) + 1158,2 y = —33,111In(x) + 151,28
R2=0,8526 R?=0,8819

Crime of Juvenile

Crime state Crime rate
Polynomial model Polynomial model
y = 10,66x* — 372,38x + 4761,5 y = 0,5987x% — 81,47x + 1771,2
R2=0,981 R2? =0,968

Based on the above findings, it is possible to assume a stable decrease in the development of the state
and level of crime and delinquency. From the selected mathematical functions, it is possible to predict
the development of the state and level of crime and delinquency for the coming years. The values
calculated based on the mathematical functions (from table 3) can be seen in Table 4.
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Table 3 Prediction according to the mathematical model

Delinquency of Minors
Crime state prediction Crime rate prediction
Year State Year Crime Index
2025 502 2025 61,62
2026 486 2026 59,48
2027 471 2027 57,47
Crime of Juvenile
Crime state prediction Crime rate prediction
Year State Year Crime Index
2025 1574 2025 683,86
2026 1532 2026 620,95
2027 1511 2027 559,23

It can be stated that the mathematical functions describing the models represent a gradual downward
trend in the state and level of juvenile crime and minor’s delinquency. However, these models cannot
be taken as binding. They represent only an informative prediction that can serve as a basis for crime
prevention subjects in creating prevention programs. These findings also represent a possible basis for
future research when specific factors influencing socio-pathological behaviour will be examined.

It is also important to point out, that even though the crime and delinquency have declining tendency,
the schools are having issues with emergence of violent socio-pathological phenomena, such as
radicalization or violent extremism. This fact can be the result of high latency of crime, or lack of coherent
situational awareness of school management that does not report antisocial behaviour (possible law
violations) to the police authorities possibly leading to tragical violent incidents in the future. Based on
the above information, it is necessary to examine those factors that have an impact on the criminality
and delinquency, identify them as criminogenic factors and act on them with appropriate preventive
measures.

The practical significance of this research extends to law enforcement agencies, educational institutions
and school administration, policy makers and academic research. Law enforcement agencies can utilize
these prediction models to allocate resources efficiently and design preventive measures and
intervention strategies. Specifically, the identified declining trends in both minors and juveniles'
delinquency provide evidence-based justification for continued investment in prevention programs, while
the distinction between age groups allows for age-tailored prevention strategies. School administrators
and educators can use these forecasts to anticipate resource needs for socio-pathological prevention.
Policy makers require reliable data for evidence-based decision-making regarding legislative changes
and preventive policies. The research also serves as a foundational dataset for future interdisciplinary
studies examining the direct criminogenic factors (socioeconomic, neurobiological, or environmental)
that drive crime dynamics.

The comparative analysis of regression models contributes methodologically to criminology by
demonstrating that logarithmic models (for minors) and polynomial models (for juveniles) provide
superior logical validity compared to linear approaches for this problem domain, which has implications
for crime prediction methodology in other research contexts.

5. LIMITATIONS OF THIS RESEARCH

Table 4 represents the practical output of this research. The predictions indicate a continuous decline
in both juvenile crime and minors' delinquency through 2027. However, the accuracy of these forecasts
can only be validated through subsequent empirical observation. These predictions should be
interpreted as baseline scenarios representing the continuation of current trends under stable
socioeconomic and legislative conditions. Table 4 projections can serve as a reference point for
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detecting anomalies. If actual values significantly diverge from predictions, this will indicate a significant
change in criminogenic factors.

A critical limitation of the current models pertains to their assumption of stable legislative and institutional
contexts. The regression models presented are based on historical crime statistics from 2010-2024, a
period with specific legal definitions. Recent and anticipated legislative changes in the Slovak Republic
may significantly alter the predictive accuracy of these models. Changes in the legislation might reflect
in next 1-2 years — especially changes in the misdemeanour amendment (small thefts). These changes
in legislation will be studied separately in next research.

The crime statistics that were used to process the regression analysis. These open-source data may
represent imperfections and depend on the accuracy of reporting by state administration entities.
Information on the possible recidivism of offenders or information on the age and gender of minors and
juveniles was also not considered.

ACKNOWLEDMENT

This contribution was processed within the framework of project KEGA “Gamifikdcia a inovéacia
ugebnych pomédcok v oblasti kriminoldgie a verejnej spravy” (0582U-4/2025).

REFERENCES

Criminal Code of the Slovak Republic 300/2005 Z. z.

Dianiska, G., Strémy, T., Vrablova, M., (2022). Kriminoldgia. 4. Edition. Plzen, Ales Cenék.
Dzuréanin, S. (2003) Kriminolégia pre bezpednostny manazment. Zilina, EDIS.

Gaspierik, L. (2010). Prevencia criminality a inej protispolo€enskej ¢innosti. Multiprint KoSice.
Hendl, J., (2004). Pfehled statistickych metod spracovani dat. Praha: Portal, ISBN 80-7178-820-1

Icenogle, G., Steinberg, L., Duell, N., Chein, J., Chang, L., Chaudhary, N., Di Giunta, L., Dodge, K. A., Fanti, K. A.,
Lansford, J. E., Oburu, P., Pastorelli, C., Skinner, A. T., Sorbring, E., Tapanya, S., Uribe Tirado, L. M., Alampay, L. P,
Al-Hassan, S. M., Takash, H. M. S., & Bacchini, D. (2019). Adolescents’ cognitive capacity reaches adult levels prior
to their psychosocial maturity: Evidence for a “maturity gap” in a multinational, cross-sectional sample. Law and Human
Behavior, 43(1), 69-85. https://doi.org/10.1037/Ihb0000315

Lantz, B., & Knapp, K. G. (2024). Trends in juvenile offending: What you need to know. Council on Criminal Justice.
Retrieved from https://counciloncj.org/trends-in-juvenile-offending-what-you-need-to-know/

Lacey, A. A. (2016). A mathematical model of serious and minor criminal activity. Applied Mathematics Research, 12(3),
123-145.

Malik, T., Ali, S. A., Rasheed, A., & Siddiqui, A. A. (2015). Assessment of statistical approaches to model low count data:
An empirical application to youth delinquency. International Journal of Statistics in Medical Research, 4(3), 282-286.

Ministry of the Interior of the Slovak Republic (2025). Crime statistics. Retrieved from: https://www.minv.sk/?statistika-
kriminality-v-slovenskej-republike-xml

Narodny institut vzdelavania a mladeze (2005). Review of Youth Policy — Slovak National Report. Retrieved from:
https://www.minedu.sk/data/att/d61/2289.869f85.pdf

Olaoye, F., Egon, A. (2024) Predictive policing and crime prevention. Crime & Delinquency. Retrieved from
https://www.researchgate.net/publication/383565286_Predictive_Policing_and_Crime_Prevention

Statistical  Office of the Slovak Republic (2025). Demographic  statistics. Retrieved  from?
https://datacube.statistics.sk/#!/folder/sk/100147 1

Steinberg, L., Cauffman, E., Woolard, J., Graham, S., & Banich, M. (2009). Are adolescents less mature than adults?:
Minors' access to abortion, the juvenile death penalty, and the alleged APA "flip-flop." American Psychologist, 64(7),
583-594. https://doi.org/10.1037/a0014763

Vasko, A., Klatik, J., (2023) Criminal Law Protection of a Child by means of Slovak Criminal Law and European Union
Law, Access to Justice in Eastern Europe, 3(20), 120-131. https://doi.org/10.33327/AJEE-18-6.3-a000301

Samuel Huboé€an - Ing.
Faculty of Security Engineering, Department of Security Management
e-mail: samuel.hubocan@uniza.sk

Viktor Soltés - Doc., Ing., PhD.
Ministry of Interior of the Slovak Republic

-51 -


https://counciloncj.org/trends-in-juvenile-offending-what-you-need-to-know/
https://www.minv.sk/?statistika-kriminality-v-slovenskej-republike-xml
https://www.minv.sk/?statistika-kriminality-v-slovenskej-republike-xml
https://www.researchgate.net/publication/383565286_Predictive_Policing_and_Crime_Prevention
https://datacube.statistics.sk/#!/folder/sk/1001471
https://doi.org/10.33327/AJEE-18-6.3-a000301

‘.m.ggwj -~ KRIZOVY MANAZMENT
L A DOI 10.26552/krm.C.2025.2.52-59
P y% \s ISSN — 13360019 (tlac)

IS S ISSN - 2730 - 0544 (online)

VIETNAMESE ORGANISED CRIME IN THE CZECH REPUBLIC:
IDENTIFICATION OF CURRENT THREATS AND RISK ASSESSMENT

LUBOS MARTINEK

ABSTRACT: The issue of Vietnamese organised crime represents a current, adaptive, and challenging security threat in the
Czech context. Based on a review of scholarly literature and employing analytical-synthetic and descriptive methods, this paper
briefly examines the Vietnamese ethnic group within the structures of organised crime in the Czech Republic. It offers a working
definition of Vietnamese organised crime and, in its core section, presents the results of an expert investigation. This investigation
focused on identifying current security threats posed by Vietnamese organised crime in the Czech Republic and assessing their
associated risks. The findings indicate that Vietnamese organised crime is primarily oriented towards economic crime and drug-
related offences, with the highest-risk security threats falling within these areas. The paper also emphasises the need for
continuous analysis, systematic identification of security threats, and ongoing risk assessment to support the development and
implementation of appropriate preventive and repressive measures.

KEYWORDS: Security threat. Vietnamese. Gangs. Organised crime. Criminal activities.

INTRODUCTION

Ensuring the security of citizens and society is one of the fundamental duties of a democratic state
governed by the rule of law. The Czech Republic, like other nations, must be adequately prepared
to confront current and constantly evolving security threats. One such threat is the notoriously pervasive
organised crime. In its contemporary form, organised crime, through its complex network of personal
and business connections, often transcends national borders. Coupled with its engagement in illegal
activities, it poses a risk to specific values that are inherently meant to be safeguarded against such
threats. These values include, for instance, democratic foundations, economic interests, and the rights
and legitimate claims of both individuals and legal entities. This issue is also highlighted in the Security
Strategy of the Czech Republic (Ministry of Foreign Affairs of the Czech Republic, 2023), which has long
identified organised crime as a priority security threat necessitating continuous preventive measures
and effective counteraction. Consequently, organised crime represents not only a societal challenge but
also a systemic issue.

The threat posed by serious and organised crime to the European Union (EU) and its member states is
also highlighted in Europol's 2025 analytical report (Europol, 2025), which states that this threat is
ubiquitous, dangerous, and undergoing significant transformation. Key changes are identified in the
fundamental tools, modes of operation, and structures of criminal networks, which are noted for their
destructive and destabilising impact on internal security, the economy, and the rule of law. Furthermore,
the report emphasises the crucial importance of threat-oriented analysis concerning the impact
of serious and organised crime on the EU's internal security. This analysis serves as a foundation for
setting EU priorities in combating such crime and for directing law enforcement agencies towards the
most serious challenges within the extensive criminal landscape.

The author's contribution is specifically focused on Vietnamese organised crime, considering
the long-standing and significant presence of individuals of Viethamese nationality within organised
criminal groups in the Czech Republic. Despite a certain foundational level of research, Vietnamese
organised crime in the Czech Republic remains under-explored, and the results published so far suggest
an inadequate reflection of current trends (such as developments in modes of operation). This situation
is significantly influenced by objective factors such as community closedness, language barriers, and
high latency, which make acquiring relevant and comprehensive information about such groups
considerably challenging (Martinek & Kratina, 2025).

The aim of this contribution is to briefly and fundamentally introduce the Viethamese ethnic group's
involvement in organised crime structures in the Czech Republic using a literature review,
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analytical-synthetic methods, and descriptive methods. It seeks to define Vietnamese organised crime
for practical purposes and, using the research technique of expert inquiry conducted through the
"round-table" method, to conduct an exploratory pilot study aimed at identifying current security threats
posed by Vietnamese organised crime in the Czech Republic and to assess their risks.

1. VIETNAMESE ETHNICITY AND ORGANISED CRIME IN THE CZECH REPUBLIC

Within the international criminal landscape, the EU, or Europe from a geographical perspective,
occupies a pivotal position. Its close connections with other continents render it a source, transit, and
destination area for various forms of illegal trade and the provision of illicit services. Criminal networks
operating within the EU have demonstrable reach into more than 150 countries across continents,
including regions in Asia, Africa, the Americas, and the southern Pacific. The transnational nature
of their operations is significantly reflected in the ethnic and national heterogeneity of organised criminal
groups. Typically, such groups are composed either of individuals from neighbouring states or foreign
nationals with significant diasporic representation in the affected countries, where regional specifics
influence not only the functioning of criminal groups but also efforts to combat them (Europol, 2025).

Significant Vietnamese diasporas have established themselves in various countries worldwide, with
estimates suggesting that the Vietnamese community abroad numbers approximately four million
individuals (Nozina & Kraus, 2020). Prominent and often socially isolated communities exist, for
example, in the United States, Canada, Australia, and several European countries, including the
Netherlands, France, Germany, Poland, and the Czech Republic. The largest and longest-established
Vietnamese diaspora in Europe is in France, estimated to number over 350,000 people as of 2017
(Le Petit Journal, 2017). A substantial representation of Viethnamese nationals is also found in Germany,
where, according to official statistics from 2022 (Statistisches Bundesamt, n.d.), there are 120,535
residents. In the Czech Republic, Vietnamese consistently form the third-largest group of foreigners,
with an upward trend. For instance, in 2021, there were 64,808 individuals living in the Czech Republic
with proper residence permits, and by 2023, this number had increased to 67,783 (Czech Statistical
Office, n.d.).

Due to extensive emigration from Vietham, Vietnamese organised crime groups represent the most
influential actors among criminal organisations from Southeast Asia. These groups are inherently
diverse and exhibit a variable nature with significant differences in their activity preferences and scope,
size and geographic reach, as well as in their internal organisation. Based on current knowledge, it can
be stated that their structure and operational mechanisms at least partially reflect elements of all three
general models of organised crime—hierarchical, local-cultural, and business (United Nations Office on
Drugs and Crime, n.d.) — and that they have gradually evolved into flexible, highly adaptable criminal
networks (Le, 2012). Through these networks, they are capable of effectively operating and expanding
their criminal activities on a transnational level.

In the context of the Czech Republic, the Vietnamese ethnic group is identified as one of the key actors
in the realm of organised crime. Regular expert surveys conducted by the Institute for Criminology and
Social Prevention (IKSP) reveal that Vietnamese individuals have consistently ranked prominently within
the structures of organised crime in the Czech Republic. This fact is illustrated by Figure 1, compiled
based on published results of such expert surveys (MareSova et al., 2000; MareSova et al., 2002;
MareSova et al., 2003; MareSova et al., 2005; MareSova et al., 2006; MareSova et al., 2008; MareSova
et al., 2009; MareSova et al., 2010; MareSova et al., 2012; MareSova et al., 2013; MaresSova et al., 2014;
Diblikova et al., 2018; Scheinost et al., 2018; Scheinost et al., 2021; Scheinost et al., 2022; Scheinost
et al., 2023). It shows development trends over selected years. The data presented clearly indicate that
individuals of Vietnamese ethnicity have consistently ranked among the top ten since 1999, occupying
the first position predominantly from 2009 to 2022, with the exception of 2019 and 2022, when they
dropped to second place in the overall ranking.
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Figure 1 Development of the Representation Rate of Vietnamese in Organised Crime Structures within
the Czech Republic Based on Expert Estimates for Selected Years

The significant position of Vietnamese organised crime groups in the Czech Republic began to form
in connection with migration waves prior to 1989, which in some cases also brought manifestations
of criminal activity. Currently, these groups are characterised by a high degree of adaptability, allowing
them to prefer various forms of illegal activities or expand them, depending on current demand in the
illegal market, presence of competition, societal changes, or the economic profitability of specific criminal
activities (Martinek, 2024).

The criminal activities of these groups are characterised by a high degree of latency, sophistication, and
systematic organisation. According to the 2022 annual report by the National Organised Crime Agency
(National Organised Crime Agency, 2023), Vietnamese criminal groups, like in previous years, primarily
focus on economic crime (such as tax fraud, money laundering), drug-related crime, corruption, and
illegal migration-related crime.

Many forms of crime committed by Viethamese organised crime groups are characterised by being
provided as "services" aimed at satisfying the needs not only of members of the Viethamese community
but also other entities, including criminal organisations. In these cases, such actors appear as clients,
while Viethamese organised crime groups act as intermediaries or providers. These "services" referred
to in the Vietnamese community as DICH VU, can be understood as certain parallel and independent
systems of legal entities. Their operation, or use, is typically associated with the collection
of predetermined fees. The existence and nature of these practices are also evidenced by specific cases
adjudicated by Czech courts, as illustrated by the decision of the Prague City Court on January 22,
2016, file no. 43 T 2/2010, or the decision of the Prague City Court on December 5, 2018, file no. 56 T
6/2017-14166.

2. WORKING DEFINITION OF VIETNAMESE ORGANISED CRIME

The central term in this contribution is organised crime. Despite being an established and widely used
term that is the subject of ongoing scholarly discourse, a unified and generally accepted definition of this
phenomenon has not yet been achieved within theory (Diviak, Coutinho, & Stivala, 2020). As a result,
the literature and legal documents, both nationally and internationally, offer a range of definitions that
can differ significantly in certain aspects. For example, criminological definitions often focus on the
descriptive characteristics of organised crime, emphasising the identification of its typical features.
In contrast, legal definitions primarily focus on the subject. It is also crucial to distinguish organised crime
clearly from the term organised criminality, which is committed by organised groups representing a lower
type of group criminal activity (Némec, 2003). In practice and some theoretical approaches, these terms
are sometimes undesirably conflated.

Given these circumstances, it was necessary to define the subject of inquiry—Vietnamese organised
crime—as a theoretical basis for the study, ensuring respondents have a unified and comprehensible
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understanding. The working definition of Viethamese organised crime was guided by the author's
chosen legal definition of the subject of organised crime (organised criminal group), the interpretation of
organised groups as subjects of organised criminality, the Vietnamese nationality of the perpetrators
while considering the possible mixed composition of groups, the primary intent of organised crime
groups to consistently and systematically gain financial profit (Martinek, 2019), and their potential activity
not only on a national but also an international level.

An organised criminal group is defined as: "a community of at least three criminally responsible persons
with an internal organisational structure, division of roles, and allocation of activities, aimed
at systematically committing intentional criminal activities" (Criminal Code of the Czech Republic, 2009,
§ 129). According to the law, such a group does not require a hierarchical arrangement (Samal, 2023),
and thus groups with a looser organisation or lower degree of organisation can also be legally assessed
as subjects of organised crime, provided they meet the mandatory features listed (cf. Supreme Court
of the Czech Republic, 2024).

An organised group is understood as: "an association of more than (at least three) persons, within which
a certain division of tasks among individual members is carried out, and whose activity is therefore
characterised by planning and coordination, increasing the likelihood of successfully committing a crime,
and thus its harmfulness and severity... An internal organisational and hierarchical structure with
superior-subordinate relationships is not necessary, nor is a focus on systematically committing
intentional criminal activities, which characterises the qualitatively more serious organised criminal
group in the sense of § 129 of the Criminal Code, which must be distinguished from an organised group
not directly defined by the Criminal Code" (Supreme Court of the Czech Republic, 2023, p. 1).

Based on the above summary, Vietnamese organised crime was conceptualised for working purposes
as a higher type of group criminal activity, the subject of which is at least one organised criminal
group—a community composed of at least three criminally responsible persons predominantly
of Viethamese ethnicity, with an internal organisational structure of a vertical and/or horizontal nature,
a division of roles, and an allocation of activities among members, oriented towards the intentional and
systematic commission of criminal activities to achieve systematic financial gain, operating on a national
or international level either independently or in cooperation with other entities, particularly within criminal
networks, and not to be equated with an organised group.

3. METHODOLOGY FOR IDENTIFYING THREATS AND ASSESSING THEIR RISKS

To identify current security threats posed by Vietnamese organised crime in the Czech Republic
and to evaluate the risks arising from them, the research technique of expert inquiry was utilised,
conducted through the "round-table" method (Martinek, 2024).

Given the specificity of the phenomenon being studied, the respondents consisted of four police
specialists in the detection and documentation of Asian organised crime, who are part of the National
Organised Crime Agency of the Criminal Police and Investigation Service of the Police of the Czech
Republic. The selection of respondents was based on their expert competence, verified by their total
length of service in the operational components of the police and the duration of their current assignment
in the aforementioned field. The participating specialists were predominantly experienced, as all
reported having eight or more years of practice in the operational components of the police, and two
of them had nine or more years in the monitoring of Viethamese or Asian organised crime. The remaining
experts had been involved in the respective field for up to two years.

The reliability and validity of the expert responses were ensured through independent evaluation prior
to the discussion and a certain level of anonymisation. Each expert first recorded their opinions
individually, without influence from others and without knowing the identities of other participants in the
subsequent group discussion. Timed intervals during the moderated discussion guaranteed that all
participants had equal opportunities to contribute. Experts were also assured that their responses would
remain publicly non-identifiable.

-5



During the guided discussion held on January 16, 2024, the group of participants was first provided with
an explanation of the understanding of the research subject, namely Viethamese organised crime (see
Chapter 2). Subsequently, the respondents were asked to state the illegal activities of Vietnamese
organised crime groups that they personally perceive as security threats. Following this identification
of security threats, they were to comprehensively assess the level of risk potential each threat posed
to the internal security and legitimate interests of the Czech Republic, and based on this assessment,
determine the specific risk level (high, medium, or low) they believe arises from each threat. They were
also required to justify the assignment of the highest risk to a specific security threat.

4. RESULTS OF THE EXPERT INQUIRY

The results of the expert inquiry are illustrated in Figure 2 below. It is evident from the graph that the
experts identified a total of twelve illegal activities currently posing security threats, perpetrated
by Vietnamese organised crime groups within the Czech Republic. The list primarily highlights forms
of activities of Vietnamese criminal groups in the Czech Republic considered the most prevalent
according to the latest expert estimates (Scheinost et al., 2022; Scheinost et al., 2023). These include
activities such as illegal production and smuggling of cigarettes and alcohol, which were predominant
in the 1990s, and the less widely known yet unlawfully and extensively conducted activities of gambling
and betting. Conversely, the graph does not feature activities that have significantly diminished over
time, such as the previously typical distribution of pirated media or violent criminal activities, which were
strongly associated with the operations of Vietnamese organised crime groups. For instance, in 1996,
violence among Vietnamese gangs escalated in Germany, particularly in Berlin, Brandenburg, Saxony,
and Thuringia, with 26 known murders and 15 attempted murders, resulting in 35 Vietnamese victims.
This violence was largely attributed to the rivalry between different groups (Bundeskriminalamt, 1997).
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% [—
o LOW RISK
DEGREE OF RISK
SECURITY THREATS
m Trade in goods infringing trademarks m lllegal product., smuggl. of cigarettes/alcohol
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m Forgery (of documents) m |llegal migration
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m Tax offenses Customs fraud
Drug production, smuggling, and distribution Money laundering

Figure 2 Identified Security Threats of Viethamese Organised Crime and Evaluation of the Risks
Arising from Them

Experts provided detailed commentary on certain activities. They unanimously agreed that violence is
not currently perceived as a security threat, as Vietnamese criminal groups are now more focused
on economic crime, with violent criminal acts occurring only rarely and in exceptional situations.
Moreover, violence does not usually manifest in its most extreme forms, such as murder or torture, and
is primarily directed within the community. Additionally, all experts mentioned that unauthorised
business activities pose a security threat, particularly in connection with enterprises known as
KARAOKE and intermediary services called DICH VU, emphasising the role of "money transfer
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services". One expert noted that activities like counterfeiting and illegal migration often involve
collaboration with staff from the Embassy of the Socialist Republic of Vietnam in Prague, who "assist"
in document legalisation. Furthermore, two respondents expressed their views on potential future
developments, predicting that Viethamese organised crime groups in the Czech Republic might
increasingly shift their activities to cyberspace (e.g., internet fraud).

The content of Figure 2 also illustrates how respondents assessed the level of risk arising from specific,
previously identified illegal activities, or security threats. The specific risk level was determined based
on the experts' subjective assessment, primarily grounded in their personal experiences and knowledge
not only of Viethamese organised crime but also of the legal environment and relevant court cases
in the Czech Republic.

High risk was attributed by experts to tax-related crimes, customs fraud, drug production, smuggling and
distribution, and money laundering. The perception of tax-related crimes as a high-risk security threat
was unanimously justified by the respondents due to the Viethamese community's basic orientation
towards consumer goods sales and the related need to import goods from Asia (China, Vietnam, etc.).
They added that Vietnamese criminal groups, offering "customs services" known as DICH VU HAI
QUAN (cf. Nozina & Kraus, 2020), play a key role in this, resulting, among other things, in tax evasion
amounting to tens of billions of crowns annually. Conversely, gambling and betting pose the least risk,
according to the experts, primarily occurring as illegal casino operations and betting activities.

CONCLUSION

Vietnamese organised crime represents a significant and current security threat, challenging not only
law enforcement agencies in the Czech Republic but also in other countries with substantial Viethamese
diasporas.

Findings from the exploratory pilot study indicate that Vietnamese organised crime in the Czech context
is primarily focused on economic crime and drug-related offenses, with identified high-risk security
threats mainly falling within these areas. However, other relevant threats with significant risk potential,
such as corruption, counterfeiting, and unauthorised business activities, should not be overlooked. The
primary impact of these illegal activities by Vietnamese criminal groups concerns economic interests,
yet their nature can negatively affect other protected societal values. Notably, drug production,
smuggling, and distribution have undeniable and severe impacts on public health (particularly for users
of narcotic and psychotropic substances), the environment (inadequate disposal of toxic waste from
drug production), and are sources of other drug-related crimes (e.g., crimes committed under the
influence of drugs, aimed at acquiring drugs or funds for their use, or crimes against drug addicts).

Effectively managing the security threats associated with Vietnamese organised crime requires
a comprehensive and coordinated approach, accounting for its dynamic development and international
nature. Key elements of this approach undoubtedly include continuous analysis, timely identification
of current threats, and systematic risk assessment. Equally important is the identification and monitoring
of crime indicators—signals suggesting the occurrence of specific illegal activities. Examples include
the sudden arrival of groups of Viethamese migrants accommodated at the same addresses with limited
freedom of movement, or small businesses with a high proportion of cash transactions, irregular
accounting, rapid turnover, and frequent cash withdrawals. These activities have practical implications
as they form the essential foundation for developing and implementing appropriate preventive and
repressive measures aimed at reducing security risks, protecting state-protected values, and ensuring
the capability of security forces to respond swiftly and effectively to new forms of criminal activity.
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FIRE PROTECTION OF WOOD BASED ON MULTICOMPONENT MIXTURES OF
SUBSTANCES
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ABSTRACT: The article presents the results of scientific research aimed at determining and improving the fire-protective
properties of powdered substances and their impregnating solutions for the fire protection of wooden products, building materials
and structures. A research methodology is proposed for the development of effective fire-extinguishing and fire-retardant agents
for wood, based on three-component mixtures in which one of the components is a nitrogen-containing compound. Experimental
findings show that a three-component mixture consisting of monoammonium phosphate, ammonium sulphate and carbamide, in
appropriate proportions, provides highly effective fire protection for wood. In addition, a composition in the form of an epoxy
polymer was developed, containing a mixture of ammonium phosphate and urea-formaldehyde resin, intended for use as a surface
fire-retardant coating for wood.

Keywords: firefighting powder, fire efficiency, gas chromatography, epoxy polymer, non-additivity.

INTRODUCTION

Recent decades have seen a rise in fire hazards due to the widespread use of wood, synthetic, and
polymeric materials in industry and daily life. This has increased the likelihood of fires and,
consequently, led to a greater number of deaths and injuries from dangerous fire factors like high
temperatures and toxic decomposition products released during combustion.

It is difficult to encounter a fire involving a single class; most incidents typically involve class A, B, and
C fires. Among the fire loads represented by solid combustibles (Class A fires), wood is the most
commonly encountered material.

An analysis of scientific, technical, and patent literature (Shkarabura et. al. 2002, Shkarabura et. al.
2003) indicates that most developments of fire-extinguishing powder compositions are based on
improving formulations using already known and well-tested components. Intensive research is currently
underway to determine the optimal composition of these powders to achieve maximum fire-extinguishing
efficiency and versatility, which is reflected in the large number of existing formulations.

New formulations of fire-retardant agents are being developed based on two-component flame
retardants. Research is underway to create new formulations aimed at both enhancing efficacy and
reducing the cost of fire-extinguishing and fire-protective agents—objectives that cannot be fully
achieved with the existing single- or two-component mixtures. This highlights the relevance of further
scientific research aimed at developing new, more effective, and economically viable multicomponent
mixtures of substances as fire-extinguishing and fire-retardant agents for wood.

1. MAIN RESULTS

To facilitate the development of efficient fire-extinguishing and fire-retardant agents, it is essential to
investigate the theoretical framework underlying the preparation of three-component compound
mixtures. To represent the composition (active basis) of three-component systems, it is appropriate to
use an equilateral triangle (Figure 1). The vertices of the triangle ABC correspond to the pure
components A, B, and C. The sides of the triangle represent the binary mixtures AB, BC, and AC. The
points on the sides of the triangle ABC indicate the percentage content of components in the binary
systems AB, BC, and AC. Any point inside the triangle corresponds to a defined composition of a three-
component mixture. For example, point G represents a ternary composition abc (where a is the
concentration of component A, b is the concentration of component B, and ¢ is the concentration of
component C). This method of constructing the composition of three-component systems is known as
the Gibbs—Rosenbaum method.
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Using the above-described method, we constructed an equilateral triangle whose sides are divided into
percentages at 20% intervals (Figure 2).

Three-component systems are studied by first obtaining a composition diagram. The corresponding
efficiency values are then plotted on perpendiculars drawn to the plane of the diagram. By connecting
these points, an efficiency surface is generated.

o
A pF F B A° 20 40 60 8 1o
Figure 1 Three-component system Figure 2 Gridded triangle for constructing

three-component compositions

After determining the efficiency for each point, the data were entered into the Statsoft Statistica software
matrix. This program was then used to construct the additive surface (Figure 3), the efficiency surface
of the three-component mixture (Figure 4), a zone map (Figure 5), and a contour plot (Figure 6).

Furthermore, the equation describing the dependence of efficiency on the mixture's composition was
derived.
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-6l -



1,00 - . 0,00 0,00
A 0.00 060 080 1,00 g A 000 02 040 060 080 1005
C, % C, %
Figure 5 Zonal map of the efficiency surface Figure 6 Contour plot of the efficiency
of the three-component mixture surface of the three-component

mixture

The darkest color on the zonal map indicates the maximum efficiency of the given mixture. By selecting
the mixture concentrations within this zone, further studies can be conducted to determine the most
optimal concentrations of the components in the mixture.

Experimental studies of the fire-extinguishing powders were carried out using a laboratory setup based
on a Bunsen burner.

A mathematical calculation was performed to determine the dependence of the fire-extinguishing
efficiency of powders on the initial temperature. The results showed a linear relationship:

E(t)=a0+a1't, (1)

where tis the temperature in °C, E is the fire-extinguishing efficiency, ao is the free term, a1 is the angular
coefficient.

During the analysis of the experimental graphs, as described in the work (Maladyka, 2005), to determine
the nature of the dependence of the slope coefficients on the melting temperature of the powders and
to approximate this dependence using the corresponding function f(t,) the MathCAD program was
applied. This program allowed the determination of the unknown coefficients of the function. As a result,
the following function was obtained:

f(tm) =22t %7> + 0.45, )
where t, is melting temperature of the powder in °C.

This function allows determining the slope coefficient a1 for a fire-extinguishing powder if its melting
temperature is known. Using the function f(t»), it is possible to determine the predicted increase in fire-
extinguishing efficiency Ez of a powder when preheated to a certain temperature f, if its fire-
extinguishing efficiency E1 at a lower temperature t1 (ambient temperature) is known.

E2 = E1 + (22 * tm_0'75 + 045) * (tz - tl) (3)

Calculations using this formula allow drawing conclusions regarding the feasibility of preheating the fire-
extinguishing mixture.

Research was conducted on the effect of nitrogen-containing compounds (carbamide, urotropine, and
diphenylamine) on the effectiveness of fire-extinguishing powders. The results showed a maximum
increase in efficiency at a nitrogen compound content of about 1%. Similar results were obtained by
adding 1% carbamide to two-component salt mixtures of monoammonium phosphate and ammonium
sulfate in a 1:1 ratio, and diammonium phosphate and ammonium sulfate in a 1:1 ratio. These mixtures
are used for wood impregnation. The obtained results indicate the possibility of increasing the
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effectiveness of existing fire-extinguishing powders and creating advanced fire-extinguishing and fire-
protective compositions for wood.

A study was conducted to investigate three-component mixtures of inorganic salts that had previously
shown a synergistic effect as two-component mixtures. The experiments demonstrated (Figure 7) that

the effectiveness of the three-component mixtures was enhanced compared to their two-component
counterparts.

E, a.u
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, /0
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Figure 7 Results of determining the zone of maximum efficiency for a three-component mixture
(monoammonium phosphate, ammonium sulfate, carbamide)

As can be seen from Figure 7, the zone of maximum efficiency is observed between points (80; 20; 0),

(40; 60; 0), and (40; 20; 40), which form an equilateral triangle, and further research was continued
inside it.
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Figure 8 Results of determining the zone of maximum efficiency for a three-component mixture
(monoammonium phosphate, ammonium sulfate, carbamide)

As the studies have shown, a mixture of the aforementioned salts in a ratio of monoammonium

phosphate (40%), ammonium sulfate (40%), and carbamide (20%) yielded the best results for fire
extinguishment.

To assess the feasibility of preparing impregnation solutions, a study was conducted using optical
spectroscopy to investigate the inhibitory effect of aqueous solutions of ammonium sulfates,
phosphates, and carbamide on an n-heptane flame. It was established that these solutions have a
significant inhibitory effect on combustion processes and can be effectively used for the fire protection
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of cellulose-containing materials. Furthermore, it was found that at a carbamide mass concentration in
the range of 15-25%, a synergistic effect is enhanced, which reduces the relative intensity of OH+ radical
emission by 24%. These properties are also preserved in a composition based on monoammonium
phosphate, ammonium sulfate, and carbamide.

For the purpose of determining the temperature ranges at which the thermal decomposition of salts
occurs most intensively, thermogravimetric studies of the thermal decomposition processes were carried out
in a dynamic mode using a Q-1500 D derivatograph. The following mixtures were tested: mixture of
diammonium phosphate (50%), ammonium sulfate (49%), and carbamide (1%); mixture of monoammonium
phosphate (50%), ammonium sulfate (49%), and carbamide (1%); mixture of carbamide (50%) and
monoammonium phosphate (50%); mixture of monoammonium phosphate (40%), ammonium sulfate (40%),
and carbamide (20%). The results demonstrated that incorporating urea into the mixture increases the
wood’s heat absorption capacity. The most significant effect was observed in mixture 4, corresponding
to the endothermic events at 164 °C (Figure 9).
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Figure 9 Thermogravimetric analysis curves of a mixture of monoammonium phosphate (40%),
ammonium sulfate (40%), and urea (20%)

Thermogravimetric studies of the thermal degradation processes of pine sawdust samples were carried
out, as well as of wood treated with fire-retardant agents based on ammonium phosphates and sulfates
with the addition of carbamide, in an atmosphere of normal air composition (oxygen content — 21%)

The results of gas chromatographic studies on the pyrolysis of untreated and treated wood, using fire
retardants based on monoammonium phosphate, ammonium sulfate, and carbamide (Table 1), show
that the degradation products differ significantly in their nitrogen content and the amount of combustible
gases.

Table 1 Qualitative and quantitative composition of gaseous products of wood thermal decomposition.

Content of components in volatile decomposition products, %
Component Pine wood, |Pine wood treated with|Pine wood treated with|Pine wood treated with
untreated diammonium monoammonium monoammonium
phosphate (20 %) + | phosphate (15 %) + | phosphate (15 %) +
ammonium sulfate carbamide (15 %) ammonium sulfate
(10 %) (10 %) + carbamide
(10 %)
CO 39.08 15.9 11.91 11.04
CO2 51.93 Not detected 40.51 38.76
CH4 6.05 0.58 0.19 0.16
C2oHe + C2oH4 0.45 Not detected Not detected Not detected
CsHs 0.19 Not detected 0.07 Not detected
CsHe 0.32 Not detected Not detected Not detected
H> 0.73 0.44 0.14 0.12
02 0.26 Not detected 0.44 Not detected
N2 0.99 83.27 46.99 49,92
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The average mass loss of samples treated with a mixture of monoammonium phosphate and carbamide
was 8.9%, with a fire-retardant salt absorption rate of 54.0 kg/m*® (on a dry basis). The maximum
temperature of the flue gases was 237 °C.

In order to evaluate the fire-retardant properties of wood treated with mixtures based on
monoammonium phosphate and urea, as well as mixtures of monoammonium phosphate, ammonium
sulfate, and urea, experimental investigations were carried out to determine the fire-protective
effectiveness of the impregnation agents, following the methodology prescribed by GOST 16363.

The average mass loss for samples treated with a mixture of monoammonium phosphate, ammonium
sulfate, and carbamide was 7.4%, with a fire-retardant salt absorption rate of 54.0 kg/m? (on a dry basis).
The maximum temperature of the flue gases was 213 °C.

Based on the mass loss values of the samples after fire tests, wood treated with the impregnating
mixtures of monoammonium phosphate and carbamide, as well as monoammonium phosphate,
ammonium sulfate, and carbamide, demonstrated high fire-retardant effectiveness.

To develop fire-retardant polymer coatings for wooden structures, it is necessary to investigate the
flammability of filled epoxy polymers with the addition of flame retardants. The influence of a two-
component fire retardant and intumescent additive system (monoammonium phosphate: carbamide and
monoammonium phosphate: urea-formaldehyde resin) on the flammability of epoxy polymers was
investigated using the "fire tube" method. The results showed that with the combined use of these fire
retardants and additives, the materials transitioned into the group of non-combustible materials. The
flammability of the filled epoxy polymers was assessed based on the oxygen index (Ol) and resistance
to a heated rod (heat resistance), which was used to calculate the mass loss of the polymer coating
samples.

The results showed that the highest Oxygen Index (Ol) value is achieved in compositions with a higher
content of monoammonium phosphate. Regarding heat resistance, compositions containing a mixture
of monoammonium phosphate with urea-formaldehyde resin are more resistant to a heated rod than
those with a mixture of monoammonium phosphate and carbamide. Based on these findings, optimal
compositions of epoxy composites were identified. These materials belong to the group of non-
combustible materials and have an Ol of 33-35%.

To determine the effect of selected fire retardants and additives on the thermo-oxidative degradation of
an epoxy coating, thermogravimetric analysis was conducted on epoxy polymer samples containing
monoammonium phosphate, urea, and urea-formaldehyde resin. The results indicate the optimal
conditions for forming a fire-retardant coating for wood based on epoxy-polymeric binders (as reported
in the work (Maladyka, 2006)).

To test the fire-retardant coating for wood based on epoxy-polymeric binders (Maladyka, 2006), experimental
studies were conducted to determine its fire-retardant effectiveness in accordance with GOST 16363. The
results of these studies are presented in Table 2.

Table 2 Results of the studies on determining the fire-retardant effectiveness of coatings

Protective layer thickness
0.5 mm 1 mm 1.5 mm
Composition of the fire- | Average Average | Average | Average Average Average
retardant coating ample mass sample sample sample sample mas{ | r%as<
loss, mass loss, | mass loss, | mass loss, loss, >ar|npe o )
g % g % g 0ss, %
Carbamide 9.36 6.84 8.89 5.93 11.61 6.38
Urea-formaldehyde 19.51 13.82 17.05 11.96 19 11
resin
Monoammonium
phosphate, urea- 4.05 24 3.99 2.65 4.73 2.63
formaldehyde resin
Monoammonium 4.15 2.86 3.88 2.51 5.05 3.09
phosphate, carbamide
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As shown by the research results, the coatings with mixtures of monoammonium phosphate and
carbamide, and monoammonium phosphate and urea-formaldehyde resin, demonstrated the highest
fire-retardant effectiveness.

CONCLUSIONS

The study confirms that two-component powder mixtures of inorganic salts can produce a synergistic or
antagonistic effect, depending on their proportions. A synergistic effect was also found in two- and three-
component fire-extinguishing powder mixtures when one of the components is an amine. Thermal
analysis of multicomponent mixtures showed that a two-component mixture of monoammonium
phosphate and ammonium sulfate is thermally stable up to 200 °C. In contrast, a three-component
mixture of monoammonium phosphate, ammonium sulfate, and carbamide exhibits significant
endothermic effects in the 120-165 °C temperature range. Furthermore, thermogravimetric analysis
demonstrated that adding a mixture of monoammonium phosphate and urea-formaldehyde resin to
epoxy polymers reduces the oxidation rate of the carbonized residue at 500—-600 °C. Consequently, this
blend is recommended as a more effective fire-protective coating for wood.
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METODY ZACHRANY OSOB POMOCOU LEZECKEJ TECHNIKY
V OPUSTENYCH BANIACH PRISLUSNIKMI HAZZ

ROPE-BASED RESCUE METHODS FOR PEOPLE IN ABANDONED MINES
USED BY THE FIRE AND RESCUE SERVICE

MAREK PLAVCKO, IVANNA BETUSOVA, MIROSLAV BETUS

ABSTRACT: This paper addresses the rescue of persons from abandoned underground mines using rope techniques employed
by members of the Fire and Rescue Corps of the Slovak Republic. Abandoned mine workings pose a significant safety risk,
particularly due to their deteriorated technical condition, unstable geological environment, and the frequent presence of
unauthorized individuals. The aim of the research was to test and evaluate selected rescue methods directly in the environment
of the former Bankov magnesite mine near KoSice. Several experimental rescue exercises were conducted, during which various
rope techniques were applied under real conditions. The evaluation criteria included evacuation time, the amount of equipment
required, the level of technical difficulty, and overall safety for both rescuers and rescued persons. The results showed that some
techniques are better suited for inclined or vertical mine passages, while others are more effective in horizontal workings. Based
on these findings, recommendations were formulated for the practical application of the most effective methods by Fire and
Rescue Corps units. The study contributes to increasing preparedness and operational efficiency in underground rescue
situations, where time is a critical factor in saving human lives.

KEYWORDS: Rescue. Rope Techniques. Abandoned Mines. Fire and Rescue Corps.
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Bezpec&nost v podzemnych priestoroch je jednou zo z&kladnych podmienok ochrany Zivota a zdravia
obyvatel'stva. Opustené banskeé diela, ktoré vznikli v minulosti ako sucast tazobnej Cinnosti, sa postupne
menia na rizikové prostredie. Ich technicky stav sa v désledku prirodzenych geologickych procesov a
chybajucej udrzby neustéle zhorSuje (Sanmiquel et al., 2018; Stojadinovi¢ et al., 2012; Singo et al.,
2022).

Tieto priestory su zaroven Coraz CastejSie navstevované neodbornou verejnostou, najma v ramci tzv.
urbex aktivit. Takéto konanie so sebou prinaSa zna¢né nebezpedenstva — riziko padu, zasypania, straty
orientacie, podchladenia alebo udusenia v dosledku nedostatku kyslika ¢€i pritomnosti nebezpecnych
plynov (Brodny & Tutak, 2018; Kowalska et al., 2021; Li et al., 2023).

V pripade ohrozenia zivota alebo zdravia je nevyhnutné, aby zasahujuce zlozky disponovali uginnymi
metddami zachrany. V podzemnych priestoroch nemozno vyuzit Standardné spésoby evakuacie, preto
je nutné testovat a aplikovat’ Specifické lezecké techniky. Ich ciefom je umoznit bezpeny a rychly
presun ohrozenych oséb do bezpecia pri zachovani maximalnej ochrany zasahujucich prislusnikov
(Hildebrandt et al., 2019; Su & Hu, 2024; Naeini & Badri, 2023; Qiang et al., 2025).

Cielom tejto prace je analyzovat a porovnat vybrané metddy zachrany oséb z opustenych bani
pomocou lezeckej techniky. V ramci experimentov sa hodnotil najma Cas potrebny na evakuaciu,
naro¢nost jednotlivych postupov a ich vhodnost pre podmienky banského prostredia.

1. MATERIALY A METODY

Samotny vyskum bol realizovany v podzemnych banskych priestoroch byvalej magnezitovej bane
Bankov, ktora sa nachadza v blizkosti mesta KoSice. Lokalita bola zvolena z dbévodu vhodnych
podmienok na simulaciu zachrannych zasahov — 3achty a horizontalne chodby umoZznili overit
pouzitelnost réznych postupov.
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V ramci vyskumu boli definované tieto hodnotiace kritéria:

Cas potrebny na zachranu — od zadiatku zasahu po Uspesnu zachranu,

technicka naro€nost — zloZitost jednotlivych krokov a potreba Specializovanych zruénosti,
materialno-technické zabezpefenie — mnozstvo a typ potrebného lezeckého vybavenia,
bezpecnost — rizika pre zasahujucich hasiCov a aj zachranované osoby.

Testované boli tri zakladné lezeckeé techniky:

e Jednoducha lanovka — zakladna metdda, pri ktorej je osoba spustena po nosnom lane z vySsie
polozenej Casti bane do niz3ej urovne. Vyhodou je rychla priprava a kratky €as zasahu,
nevyhodou obmedzena pouzitelnost len pri menSich vzdialenostiach.

o Tirolsky traverz — metdda vyuzivajuca nosné lano natiahnuté medzi dvomi pevnymi bodmi, po
ktorom je osoba transportovana horizontalne alebo Sikmo. Vyhodou je univerzalne pouzitie aj
vo vacsich priestoroch, nevyhodou vyssi ¢as potrebny na osadenie systému.

e Tirolsky traverz motorovym navijakom — rozSirena verzia Tirolského traverzu, kde pohyb osoby
zabezpecuje motorovy navijak. Tento systém umoziiuje plynulejsi presun na vacésie vzdialenosti
a znizuje fyzicku zataz zachranarov. Nevyhodou je potreba dodatocného technického
vybavenia a dlh§i ¢as na pripravu.

Kazda z metdd bola odskisana niekolkokrat pri réznych priestorovych podmienkach. Pri experimentoch
sa simulovala realna situacia, ked je potrebné dostat osobu z ohrozeného Useku podzemného diela na
bezpecné miesto. Vysledky merani boli spracované do tabuliek a pouzité na porovnanie efektivnosti
jednotlivych postupov.

2. VYSLEDKY

V ramci experimentov uskutoénenych v magnezitovej bani Bankov sa testovali tri vybrané metédy
zachrany oséb: jednoducha lanovka, tirolsky traverz a tirolsky traverz s motorovym navijakom. Pre
kazdu metddu sa sledovali nasledovné parametre:

Cas prichodu a prieskumu,

Cas potrebny na vybudovanie lanového systému,
Cas samotnej zachrannej €innosti,

celkovy Cas zasahu.

Vysledky merani su zhrnuté v tabulkach 1 az 4.

Tabulka 1 Casovy priebeh udalosti (vlastné spracovanie)

Parameter CE:\S

(min)
Cas od vzniku udalosti po spozorovanie (t_obs) 2
Cas ohlasenia udalosti (t_report) 4
Cas spracovania hovoru (t_call) 3
Cas prijazdu hasi¢ov na miesto (t_d1) 7
Spolu (t_event) 16
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Tabulka 2 Casovy prieskumnej skupiny (vlastné spracovanie)

Parameter Ca.s

(min)
Cas obliekania vystroja (t_gear) 3
Cas kotvenia lana (t_anchor) 5
Cas zostupu k zranenej osobe (t_reach1) 3
Cas vySetrenia a uréenia spdsobu zachrany (t_eval) 4
Spolu (t_survey) 15

Tabulka 3 Casy lezeckej &innosti podra jednotlivych metéd (vlastné spracovanie)

Metéda 1 (jednoducha Metéda 2 (tirolsky Metoda 3 (tl.r-olsky
Parameter . . traverz s navijakom)
lanovka) (min) traverz) (min) (min)
Cas druhého zostupu k 5 3 3
osobe (t_reach2)
Cas imobilizacie
(t_immob) 4 4 4
Cas nakladania do
nosidiel (t_load) ! 6 6
Cas samotnej
evakuacie (t_extract) 29 8 4
Spolu (t_climb) 45 21 17
Tabulka 4 Celkovy €as lezeckej zachrany podfa metdd (vlastné spracovanie)
Parameter Metéda 1 (min) Metéda 2 (min) Metoda 3 (min)
Cas prieskumu 15 15 15
(t_survey)
Cas ’budovama 5 17 17
systému (t_setup)
Cas .Iezeckej Cinnosti 45 21 17
(t_climb)
Celkovy ¢as zachrany 65 53 49
(t_rescue_total)

Okrem merani ¢asovych parametrov sa zohladnovali aj dalSie faktory, ktoré vyznamne ovplyvnuiju
efektivnost zasahu. Vybrané kritéria zahffiali polet zasahujucich hasi€ov, mnozZstvo pouzZitého
vybavenia, subjektivne hodnotenie néarolnosti zasahu a budovania systému, ako aj komfort
zachranovanej osoby pocCas evakuacie.

Vysledky tohto hodnotenia su uvedené v tabulke 5. Z tabulky vyplyva, Ze metdéda jednoduché lanovka
bola sice technicky najmenej narocna na vybudovanie, avSak z pohladu ¢asu, komfortu a fyzickej
zataze hasicov vysla ako najmenej vhodna. Naopak, tirolsky traverz (s motorovym navijakom aj bez
neho) vykazoval vyrazne lepSie hodnoty v parametroch komfortu a bezpecénosti.

Na urCenie vahy jednotlivych kritérii bola aplikovana metéda Fullerovho trojuholnika. Tento pristup
umoznil stanovit, ktoré kritérid su rozhodujuce pri vybere najefektivnejSej metddy zachrany. Vysledky
parového porovnania kritérii su uvedené v tabufke 6. Ako najdéleZitejsi faktor bol identifikovany celkovy
Cas zachrany, nasledovany po¢tom zasahujucich hasi€ov a mnozstvom pouzitého vybavenia.
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Na zaklade vahového hodnotenia sa ako najefektivnejSia ukazala metéda 3 — Tirolsky traverz

s motorovym navijakom, ktora dosiahla najlepSie skére vo vacésine kritérii.

Tabulka 5 Hodnotenie zachrannych metdd podla kritérii (vlastné spracovanie)

oy _Metoda 1 Metoda 2 (tirolsky Metoda 3 (tirolsky
Kritérium (jednoducha . traverz s navijakom)
. traverz) (min) .
lanovka) (min) (min)

Celkovy ¢as zachrgny 65 53 49

(t_rescue_total) [min]

Pocgt zasahujucich 11 10 9

hasicov

Mnozstvo lezeckého

vybavenia

Narocnost zasahu (1-10) 8 6 4

Néaro&nost budovania

systému (1-10) 2 6 6

Komfort pre zachrafiovanu 5 9 9

osobu (1-10)

Tabulka 6 Fullerov trojuholnik — vahy kritérii (vlastné spracovanie)

Kritérium Pocet ,vitazstiev™ v parovom Vaha kritéria (Wi)
porovnani

Celkovy ¢as zachrany (K1) 5 najvyssia
Pocet hasiov (K2) 3 vysoka
MnoZstvo vybavenia (K3) 2 stredna
Néaro&nost zdsahu (K4) 1 nizka
Néarocnost budovania systému 2 stredn

(K3)

Komfort pre zachrafiovaného 1 nizka

(K6)

Po vyhodnoteni ¢asovych parametrov (tab. 1 — 4) a viac-kritérialneho hodnotenia (tab. 5 — 6) boli
vysledky doplnené aj o obrazovi dokumentaciu priebehu experimentov. Obrazky ilustruju jednak
podmienky v bani Bankov, jednak samotné metddy zachrany.

Schéma na obrazku 1 zobrazuje polohu zranenej osoby vo vetracej Sachte a prilahlych priestoroch.
Jasne su vyznacené horizontalne chodby, portal a naklonena ploSina, na ktorej sa zraneny nachadzal.
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Summary of Scenario

A maintenance worker concating a routinn-injured

inspection llas fallen into a vertical ventilation shaft.

Suffering injuries injury in injuried petvy (femur limb),

spine injury, spme injury, and multiple head injures

but is conscious and able to communicate.

Immed moves wnitin standard hours of Fire and /
Rescue Service (07:00—16:00).

20 meters

Referencce in text Depiction on map g 3
Third Level __|I38

Vertical ventilation shaft Clearly on the mapk

Position of injured person | Clearly clealy icon Fourth Level
e 4. Fourth Level
Spine injury Pelrhoip fy head ———

Alevel / ALevel 7271 Middle and bottom ? Booster

Fan Ny

s
American Shaft Door Implied by acciess — — S
/ Booster Fan or enisement-tras
Emergency call and response Implyimbed by

posltion of insuce

Obrazok 1 Nacrt miesta nehody (vlastné spracovanie)

Na obrazku 2 je znazorneny pohlad na zabezpeleny portal s ocelovym zabradlim, ktoré bolo
v havarijnom stave a znemoziovalo jeho vyuZitie pri zachrannych pracach.

Obrazok 2 Vstup do vetracej Sachty (vlastné spracovanie)

Obrazok 3 zobrazuje vstupnu €ast do vetracej Sachty so Zeleznym zébradlim. Tento priestor sluzil ako
nastupny bod pre lezecké skupiny.

Obrazok 3 Nastupny priestor pre lezecké skupiny (vlastné spracovanie)
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Na obrazku 4 su znazornené hodnoty (rychlost vetra, teplota, vlhkost, rosny bod). Po¢as cvi¢enia bola
teplota 3,9 °C, vlhkost 70,6 % a maximalna rychlost vetra 13,2 km/h.

3 L}PIHT ‘

MODE  SET/EL
& MODE  SET/EL UNITS ok vy

| |
MODE SET/EL  UNITS |

Obrazok 4 Meteorologické podmienky pocas zasahu (vlastné spracovanie)

Na obrazku 6 su znazornené hodnoty nameranych plynov vo vetracej Sachte. Merania koncentracie
CO, CO: a H>S ukazali, ze hodnoty boli v norme a nebolo potrebné pouzitie autondmnych dychacich
pristrojov.

Obrazok 5 Hodnoty nameranych plynov vo vetracej $achte (vlastné spracovanie)

Okrem vS8eobecnych udajov o prostredi a &asovych parametroch zasahu sa osobitna pozornost
venovala samotnym lezeckym technikam, ktoré boli predmetom skimania. V ramci experimentov sa
testovali tri vybrané metédy — jednoducha lanovka, tirolsky traverz a tirolsky traverz s motorovym
navijakom. Kazda z nich bola prakticky nasadena v redlnych podmienkach a nasledne vyhodnotena
z pohladu €asu, technickej naro¢nosti, komfortu zachrafiovanej osoby a bezpecnosti zasahujucich.
Nasledujuce obrazky dokumentuju priebeh a charakteristické znaky jednotlivych metéd.

Na obrazku 6 je znazorneny systém zachrany — jednoducha lanovka, kde zasahujuci hasi¢ sa spusta
na nosnom lane k zranenej osobe. Vyhodou metddy je rychla priprava a nizka technickd naroénost,
avSak limitovana pouzitelnost na vacsie vzdialenosti.
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Kotviaci bod s pomocou lana a dvoch osmickovych uzlov
s okom na jednom konci

manualny blokator

hrudny blokator

=

,?T zachytavac padu

Obrazok 6 Jednoducha lanovka — zostup k zranenej osobe (vlastné spracovanie)

Na obrazku 7 je znazornenie transportu zranenej osoby smerom nadol po nosnom lane pomocou
nosidiel. Komfort zachranfiovaného je nizky a pohyb je menej plynuly.

Obrazok 7 grafické znazornenie prechodu cez hranu s evakuaénymi nosidlami z priestoru vetracej
Sachty (A — znazornenie kotviacej dosky na ktorej su napojené evakuacné nosidla, B — znazornenie
kladkostroja na vytahovanie nosidiel) (vlastné spracovanie)

Na obrazku 8 je znazornena metdda Tirloského traverzu, kde metdda je zaloZzena na manipulacii
s bremenom (v tomto pripade s evakuaénymi nosidlami) vo vertikdlnom aj horizontdlnom smere. Tento
spbsob zachrany je vS§ak naro¢nejsi na ¢as, vybudovania kotviacich stanovisk, traverzu, pocet pouzitych
pomécok ale aj pocet lezcov, ktori zostavuju tento lanovy systém. Po vykonani prieskumu pomocou
jednoduchej lanovej drahy dvomi lezcami a po uréeni spdsobu zachrany pouzitim tyrolského traverzu
mdze byt osoba vyslobodena rychlejSie a bezpecnejsie.
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Obrazok 8 Tirolsky traverz (vlastné spracovanie)

Na obrazku 9 je znazornena samotna zachrana pomocou Tirolského traverhu.

Obrazok 9 Zachrana pomocou Tirolského traverzu (vlastné spracovanie)
Na obrazku 10 je znazorneny systém rozSirenej verzie Tirolského traverzu, kde pohyb nosidiel

zabezpecuje elektricky navyjak. Tento prvok znizuje fyzicki zataz zasahujucich hasiCov a urychluje
evakuaciu.
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Obrazok 10 Zachrana pomocou Tirolského traverzu a motorového navyjaku (vlastné spracovanie)

3. DISKUSIA

Vysledky experimentov preukazali vyrazné rozdiely medzi jednotlivymi metédami zachrany oséb
z podzemnych priestorov. Najvacsi vplyv na efektivitu zasahu mal celkovy Cas potrebny na evakuaciu,
ktory priamo rozhoduje o $anci na prezitie zachrafovanej osoby.

Metdéda jednoduchej lanovky sa ukazala ako najrychlejSia z hfadiska pripravy systému, no zaroven
najdlihSia pri samotnej evakuacii. Tento postup je vhodny najma pri kratSich vzdialenostiach alebo ked
nie je k dispozicii zloZitejSie vybavenie. Nevyhodou je obmedzeny komfort pre zachrafovanu osobu,
ktory moze pri dlhSom transporte viest k sekundarnym zraneniam ¢&i zhorSeniu zdravotného stavu.

Naopak, tirolsky traverz poskytol vyS3iu mieru bezpec€nosti a komfortu, pri¢om celkovy ¢as zasahu bol
krat3i ako pri jednoduchej lanovke. Hlavnou nevyhodou v3ak zostava dlhsi €as potrebny na budovanie
systému a vy$Sia technicka naro€nost, o méze byt v prostredi s nestabilnymi podmienkami rizikové.
NajlepSie hodnotenia dosiahla metdda tirolského traverzu s motorovym navijakom. Tato technika
skrétila ¢as evakuacie na minimum a zaroven zniZila fyzicku zataz hasi¢ov. Motorovy navijak zabezpecil
plynuly a kontrolovany presun, ¢o vyznamne prispelo k vy$Siemu komfortu aj bezpeénosti. Nevyhodou
je potreba Specialneho technického vybavenia a dostato¢ného priestoru na jeho nasadenie.

Z hladiska po&tu zasahujucich hasi€ov boli rozdiely medzi metédami relativne malé, no aj tu metéda
s navijakom preukazala miernu vyhodu. Hodnotenie pomocou Fullerovho trojuholnika potvrdilo, ze
rozhodujucim kritériom je celkovy €as zasahu, ¢o zodpoveda zasade, Ze pri zachrane v podzemi je
kfu€ovym faktorom rychlost.

Tieto vysledky su v sulade s doterajSimi poznatkami z medzinarodnej praxe, kde sa pri podobnych
zasahoch uprednostriuju technické systémy umoznujice rychlu a bezpeénu evakuaciu, aj za cenu
vy$Sej narocnosti na materialne zabezpecenie (Sanmiquel et al., 2018; Stojadinovi¢ et al., 2012; Singo
et al., 2022; Brodny & Tutak, 2018; Kowalska et al., 2021).

ZAVER

Vyskum realizovany v podzemnych priestoroch byvalej magnezitovej bane Bankov potvrdil, Ze vyber
vhodnej lezeckej techniky ma zasadny vplyv na uspednost a bezpecnost zachrannych zasahov.

-75-



Jednoducha lanovka je sice rychlo nasaditefna, no pri dlh3ej evakuacii predstavuje vysoké riziko
a obmedzeny komfort pre zachrafovanu osobu.

Tirolsky traverz je univerzalnejSi a bezpecénejsi, aviak ¢asovo narocnejSi na pripravu. Tirolsky traverz
s motorovym navijakom sa ukazal ako najefektivnejSia metdda, pretoZe vyrazne skratil celkovy Cas
zasahu, znizil fyzicku zataz zasahujucich a zvysil bezpecnost aj komfort evakuovanej osoby.

Na zaklade zisteni mozno odporucit, aby jednotky HaZZ v podmienkach podzemnych banskych diel
uprednostiiovali prave techniky s vyuzitim mechanizovanych prvkov, ktoré dokazu vyrazne urychlit
priebeh zasahu. Zaroven je potrebné zabezpecit dostatoény vycvik prislusnikov v pouzivani tychto
systémov a pravidelne preverovat ich pripravenost v realnych podmienkach.

Vysledky prispievaju k zvySeniu Urovne pripravenosti a efektivnosti zasahov HaZZ v prostredi
opustenych bani, kde je ¢as rozhodujucim faktorom pri zachrane ludskych Zivotov.
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