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Abstract: The use of applicable international conventiond agreements related to various types of trangmips to
ensure safe and efficient movement of passengatsgands, as well as confirmation of transport bgvjaing
appropriate, standardized documentation. Interaticonventions and agreements allow for betterdination of flow
of people and goods between countries, introduleysstandards but also help to minimize environtaletisks. In the
context of increasing challenges related to enwiremtal protection and different levels of expereenmeflected by
solutions in this field implemented in differentucdries, international regulations, applicablehieste countries play a
key role in shaping responsible and safe flow afdyo It concerns first of all flow of dangerous dspwhich, in general
can be described as any material posing a thrdairt@an health and life. The objective of the pagé¢o describe the
impact of the use of international conventions agteements on reducing the risk when transportiffiereint types of
dangerous goods. This article primarily focuseshanregulations regarding the treatment of dangegmods in road,
rail and sea transport because these regulatiersnaong the most frequently used. For the praatignization and
supervision of the flow of dangerous goods, theigsmf risk factors discussed in the article, tmgarison of dangerous
goods classifications across road, rail, and seesport conventions, as well as the examples ektsal risk-reducing
solutions based on regulatory requirements, pravecplarly useful.

1 Introduction dedicated for considered kind of transport. Enfiggdhose

The use of applicable international conventions ari@les ensures a higher level of safety for peopéeratural
agreements related to various types of transpdpsite €nvironment.
ensure safe and efficient transport of passengdrgmds' The number of road accidents related to transp‘ort (0]
as well as confirmation of such activity by provigi dangerous goods is limited. Even though the charfice
appropriate, standardized documentation [1]. Iretéonal  occurrence of an accident seems to be minimal, the
conventions and agreements allow for better coatitin ~ COnsequences can be much more devastating than of a
when transporting peop|e and goods between Coentriélmllar aCCIQent not InV0|V|ng. hazardous materlals.
introduce safety standards but also help to mirmiZContemporarily most transportation networks in fpero
environmental risks. In the context of increasingun through heavily populated areas. In such plares
challenges related to environmental protection arFcidentinvolving dangerous goods such as acfttixic
different levels of experience reflected by solnsidn this Materials, chemical fire or explosion can affeclaeye
field implemented in different countries, intermaial Population [7].
regulations, applicable in these countries plagyarkle in Because of significant consequences of any acadent
shaping responsible and safe flow of goods. It eoms: involving dangerous goods, it is critical to idéntand
first of all transport of dangerous goods namea als @analyze all of main possible risks associated wigm.
hazardous cargo, hazardous materials or hazmdt [@,3 This process should lead to establishing apprapuigtys
general such type of cargo can be described amatgrial Of handling such goods or incidents involving thefhe
posing a threat to people and environment duesiotitxic ~ Main purpose of the article is to present the irhudc
ingredients [4,5]. Dangerous goods can cause ais@agdes international conventions on rgducmg the _r!skrefitmg
in property as well as disturbances in the trartspdiangerous goods in road, rail, and maritime trarspo
system [3]. Such goods are classified first obalsed on Basic risk factors related to treatment of dangegeods
their toxicity, ecotoxicity and physicochemical pesties. and examples of universal types of actions takeadace
It should be emphasized, that despite the riskcisgsal this risk are presented in the article. Internation
with the transport of dangerous goods, nowadaigsribt ~ conventions governing road, rail, and maritime szt
justified to prohibit such transport [6]. Enhancsafety of are considered, as these modes are among the most
transport requires treatment of each type of hammrd commonly used for organizing, supervising and
goods in a specific manner, taking into accountilaipns documenting the flow of dangerous goods. There are
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several chapters distinguished in the article, tedlao

According to European Community's data regarding

presentation of methods used, assumptions of @searoad transportation of dangerous goods almostdidtie

results of research and conclusions.

2 Literature review
When considering the essence of risk in this aritdls

accidents are caused by human error or at leastroy
appearing, due to human factor being a major dwmuttoi.
This would place it as the lead cause of accidentsving
transport of dangerous materials. Most flows ofdndaus

assumed, that risk of an event is often descrileech a 9oods are exposed to transportation networks cCigssi
combination of three processes [8]: populated areas with heavy road traffic or witheoth

the probability of the occurrence of the event, ~crowded routes and places when transporting sugo @&
the noxiousness or severity of the event different ways. The technical state of vehicles)tamers

the efficacy of a recommended coping responseand packaging meant to transport dangerous goosis ha

significant influence on risk. The type of risk citfered

It also seems reasonable to take into account tH&®Y increase significantly in intermodal  transport

approach to description of risk, according to whictan condlthns [13]. Appropriate maintenance anq adh;mreo
be understood also as the relationship betweemidrexy regulat|o.ns can drast!cally I_|m|t the risk of sae, fire or
and the number of people suffering from a specilfisel othe_r incidents .mcludmg hazardous : materials.
of harm in a given population from the realizatioh E_nwronme_:ntal cqndltlons can also strongly incredse
specified hazards [9]. risk qs_somated with transport of dangerous goddgerse
Using the aforementioned ways of approaching tisk £Onditions or other unexpected events can notdayage
should be stated that transport of dangerous gtimdsthe means of transport but als_o t_he transportegi)cﬂhlch .
subject to a high level of risk not because of huften MY lead to a dangerous incident. Proper planneng i

accidents might occur but because of the high #g\j&0] esszntial in I_<e_eping the .riSkaf transport(ijng da‘?’@s
and possibly low efficacy of emergency response. goods to a minimum, starting from proper documannat

The key risk factors of dangerous goods transpaort cof mat_erials trar_lsported and communicating with
be grouped into five main categories [7,11,12]: appropriate authorities to route and emergencyoresp
human errors planning [14]. Thorough preparation decisively reski

risk during transport. Properly organized securigasures

’ techmcal, play a crucial role in ensuring safety of cargotdbeéng
’ enqunmental, potential threats and unauthorized access. It pteve
* planning, sabotage, tempering or theft of dangerous matedals
*©  securnty. means of transport. Table 1 includes the list olegal and

specific risk factors of hazardous materials tramsp
representing groups described so far.

Table 1Dangerous goods transport risk factors
Specific risk factors

insufficient educatimiated to treatment of dangerous goods, lack«péence
related to dangerous goods, old age, bad physicelitton of personnel handlir
dangerous goods, stress and exhaustion, persommecamplying with the
rules/regulations, accident due to the fault oftheoroad user, excessive speed of
vehicle with hazardous materi, miscommunicatio.

breakdown of vehicle carrylvagardous materials, bad technical conditio
infrastructure, insufficient vehicle maintenancéd e@ehicle age, bad technig
condition of the vehicle, bad technical conditiohtiee container or packagin
improper load securing prior to transport, impropesintenance of emergen
equipmer, improper technical qualification and calibratioreguipmer.
high or low external temperature, baad conditions, high traffic density, high
humidity, high population density, exposure of catg excessive heat, exposure of
cargo to sunlight for too long, occurrence of fisdeng the vehicle route, occurrence
of flooding along the vehicle route, passage oéhiale through a territory subject
to war, terrorist attack on a vehicle carrying denogis goods, external fire, external
explosior, high winds.
inadequate safety equipment on the vehi@templete dangerous goods trans
documentation, emergency plan, safety and qualityg system, lack of emergen
equipmer, guantity of dangerous materials transpc.
theft of a means of transport with hazesdmaterials, improper vehicle placement,
sabotag, fraud and the release of cargo to an unauthorizesbr.
Source: own research based on: [11,12,15,16].
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Transport of dangerous goods introduces inhergks,ri e range of countries, that take into account
encompassing various factors. Appropriate plan@ing individual, international agreements and
adherence to safety regulations are critical coraptmin conventions,
mitigating these risks. _ 3 e results of applicaton of agreements and

Transport of dangerous g.OOdS Is a SpeCIfIC_ type of conventions in terms of reducing incidents related
transport, that requires the involvement of spexdl to the impact of the transport of goods on the
material resources and application of strict proces natural environment and people,

[11,17]. These procedures and resources are estatilby + experience of carriers related to the application o
international regulations, known as transport dines. applicable regulations arising from individual
The provisions were created with the primary puepos conventions.

eliminating or reducing risks associated with ttaasport

of hazardous materials by reducing the likelihodchio Taking into consideration literature study as theosid

accident occurring and the extent of damage. Th@ethod used for preparation of this article itiortant to
regulations should not result in transport banschSu highlight main issues studied:

activity must meet many legal requirements and " ," e approaches helpful to describe risk when
restrictions. Guidelines for international trangpwy road transporting specific types of goods

(ADR — The Agreement concerning the International types of main risk factors influencing transport of
Carriage of Dangerous Goods by Rpaby rail RID — ga?ngerous goods g P

Agreement Concerning the International Carriage of results of resear,ch in the area of preparation
Dangerous Goods by Rpilby inland waterwaysAND - implementation of actions to reduce risk, and

by sea IMDG — Thelnternational Maritime Dangerous : . ;
Goods Codg and by air DGR — Dangerous Goods results of risk reduction when transporting
hazardous goods.

Regulations of IATA — International Air Transport

Assaociatiofall have common origins thus all of them have . .
similar purpose and scope [18,19]. The applied research approach enabled the prasentat

ADR is an international agreement under the auspic‘glc soluthns ;()jrepared In thedar_ea of (;educmg tb; of
of the United Nations Economic Commission for E@op tLEZniSnFiO:‘gnmgentzr(]jgferoﬂiit?oor?s zfl?n:g?na':i?nn:;pc?c:t' ase
According to it apart from some excessively dangsro | dp h 9 fd ds | '"m'?"f
goods, other dangerous goods may be carri%‘a ated to the treatment of dangerous goods intspeho
internationally by road in compliance with packagend ransport.

labeling guidelines, as well as with regulationgareling . —
the construction, equipment and operations of tticle 4  Results and dissciussion: examples of

carrying goods in question [20]. regulations in international agreements
RID is a proposal of regulation with the aim to wes that influence risk reduction when
safety, prevent accidents, damages to persongyanmd transporting dangerous goods

the environment during transport of hazardous rizsdoy ADR, RID and IMDG regulations define dangerous

rail. RID is a part of the COTIF convention condeN 44045 as substances and articles the carriage ioh igh
international carriage by rail [21]. prohibited by specific regulations or authorizetyamder

Similarly to RID, IMDG is a part of SOLAS conventio o conditions prescribed therein [18,19]. Additity
concerning safety of life at sea. IMDG was devetbliee ¢ ,ch types of goods can be described by potentially

ADR and RID to enhance and harmonize the safeaggari dangerous reactions involving them, such as [20]:
of dangerous goods in packaged form and to prevent | .,mpstion or evolution of considerable heat,

poIIutjon of the envi.ro.nment [22]. A”. the guidebia . » evolution of flammable, asphyxiant, oxidizing or
mentioned serve similar purpose in corresponding toxic gases ' '

transport sectors. While ADR and RID are mainly formation of corrosive substances
European regulations, IMDG is used worldwide. . '
« formation of unstable substances,

» dangerous rise in pressure (in case of storage in

3 Methodology tanks)

When preparing this article two main methods were
apllied: desk research and literature study. Deskarch

) . L Classification of dangerous goods is crucial in
was used for collection as well as analysis oftegsdata

. . . T . implementing procedures for safe national and
and information reflecting current situation andsérg international transport of those articles. For tfeason
problems related to: ADR, RID and IMDG implement classifications of thei

* accidents when tran.sporting- dangerous goods, own. In Table 2 hazard classes described in ADRRIBd
* status of applicable international agreements angl \..l| as IMDG regulations are included.

conventions concerning the handling of
dangerous goods in transport,
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Table 2Classfication of dangerous goods in ADR, RID an®®/Code

Class numbe ADR/RID IMDG Code
Class 1 Explosive substances and arti Explosive:
Class 2 Gase Gase
Class ¢ Flammable liquid Flammable liquid
Class 4. Flammable solids; substances liable| to

spontaneous combustion; substances
which, in contact with water, emit
flammable gast
Class 4.1. Flammable solids, self-reactive

substances, polymerizing substancesfand

solid desensitized explosiy

Class 4.2. Substances liable to spontang¢ous
combustiol

Class 4.3. Substances which, in contact with water,
emit flammable gas

Class 5. Oxidizing substances and organic

peroxide

Class 5.1 Oxidizing substanci

Class 5.2 Organic peroxide

Class € Toxic and infectious substan

Class 6.1 Toxic substanct

Class 6.2 Infectious substanc

Class 7 Radioactive materi Radioactive materi

Class ¢ Corrosive substanc Corrosive substanc

Class 9. Miscellaneous dangerous substances Biscellaneous dangerous substances|and
articles articles

Source: own research based on: [20-22].

As presented in Table 2, ADR and RID both implemerdf transport. Through presenting and describingesof
the same classification whereas the IMDG Code wiffe them the way those regulations influence risk Igvel
While the difference is visible it's worth notingat the dangerous goods transport is shown.
categorization includes the same substances bupgdan Regulations introduced by ADR, RID and IMDG
wider classes. Therefore, it is necessary to uBereint conventions are for example [20-22] marking ane lialy
typology for individual classes according to ADRDRand  vehicles and containers based on the hazard cfabe o
IMDG. goods transported, equipping vehicles with hazard

Additionally, to the class system, all three corti@rs markings identifying dangers posed by transporieadg
implement "Packing groups" which are described ass well as what substance is transported, creatidy
groups to which, for packing purposes, certain sultes sharing documentation containing all necessary
may be assigned in accordance with the degreermfeda information about transport, construction and neiahce

they present [20-22]: of the vehicle corresponding to the type of goods
» Packing group I: substances presenting higtiansported, staff training regarding adequate wafys
danger, handling dangerous goods, maintaining a high lefel
« Packing group II: substances presenting mediuggcurity to avoid tempering with the goods.
danger,
« Packing group lll: substances presenting low ©One of practices easily noticed every day is markin
danger. and labeling vehicles and containers transportirgjaring

dangerous goods. Labels and placards inform altwut t

Hazard classes and packing groups allow fdfind of danger appropriate to the goods transpottabels
procedures in place regarding certain groups oftamoes. are placed on small packages like boxes, barressnail
This combined with the possibility of quicker idiication ~ tanks, whereas placards identify vehicles or large
of goods, decreases the chance for any inciderinazase containers. Both of them are diamond shaped, ysuall
of one allow for rapid and proper emergency respondrightly colored, include a pictogram and written
Methods like these effectively decrease the risks @escription of the hazard class as well as it'sbem
hazardous goods transport. Additionally, vehicles carrying dangerous materials

All of the aforementioned conventions introduce gnanshould be equipped with type of hazard marking
regulations to achieve their goals of increasirgyshfety identifying materials that are being transportetie Top
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number indicates the primary and secondary haparslsd  response in case of an accident involving dangegoads.
by the carried substance. In the bottom the UBoth from the personnel on site as well as thedaiiibs
identification number is displayed which identifit®e and emergency services [20-22].
material transported. All of those marking techradew
for universal ways to identify the substance an¢g ar6 Conclusions
hazards posed by it. ADR, RID and IMDG conventions have a long-
Marking containers, tanks, and vehicles carryingtanding history. These have been developed based o
dangerous goods raises awareness among those mRo cextensive experience gained from various types of
into direct contact with the transport, as welpasple in  accidents involving dangerous goods. Considered
its vicinity. Most importantly, such markings infarother conventions include wide range of aspects and pmm
users of roads, railways, and shipping routes abiweit comprehensive framework for regulation of condititinat
hazards associated with the transported goods.téreanyst be met in organizing and carrying out transpbr
attention of people nearby makes them more cauiods dangerous goods. However, while these conventiaus h
decreases the risk of an accident occurring. evolved to address emerging risks and challengese s
While vehicle and container markings help to informyreas could still be improved to better serve theral
people present on site, preparation of appropriaffrpose.
documentation is important to keep every party f@ t |t js important to add that the article does n&etito
transport process informed. These documents shoécount in detail the regulations and risks related
include information about the nature of the gOOdaangerous goods in air transpor[_ Such issues toabe
transported, emergency procedures, the materibs, tonsidered separately. Air transport of dangerously is
shipper and any necessary certificates. governed first of all by the International Air Tport
Besides appropriate markings, vehicles transportingssociation (IATA) Dangerous Goods Regulations, but
dangerous goods are required to be in a propenitath a1so by the International Civil Aviation Organizai
state. Firstly, specific construction of vehicleseres their (JcAO) Technical Instructions. These regulationsrads
suitability for carrying dangerous goods. That ites the specific risks associated not only with typeoads,
fitting appropriate containers such as tanks arehaate pyt also with the high speeds, altitude, and prezesi
emergency equipment. Additionally, vehicles shobél conditions of air travel. Therefore, the range &ymbs of
fitted with ||ght|ng and reflective surfaces to fmase dangerous goods that can be transported by air are
visibility in low light conditions, systems of sety sjgnificantly limited compared to road, rail andase
transported materials and security measures toepteVtransport.
unauthorized access. Finally, to ensure safetyylaeg  Enhancing harmonization and consistency between
inspections of equipment and maintenance allow fXpR, RID and IMDG conventions as well as regulasion
keeping safety levels of transport relatively high. for air transport, would make cross-border transpor
Awareness of the personnel handling and transgprtigmoother and reduce complexity for stakeholders.
goods is also very important. To achieve this théf 8as  Essentially making the whole process less complthout
to be trained in a couple of major areas of inte@sneral |owering safety standards.
training allows for understanding of general risks |t js important to continue the process of updatime
associated with dangerous goods. It includes arveve  conventions to address emerging risks posed by new
of hazard Classes, Iabeling etc. Addlthﬂa”y StIIECI technologiesi evo|ving Supp|y chain dynamics and
training allows for comprehension of classes ofemnals changing environmental conditions. For example, new
that might be handled more often. Emergency resgonglangerous goods will either start being transpootete
load securing and security awareness trainingase®the transported at a higher scale. Additionally, issues
overall awareness of drivers and other workers,cihi connected to cybersecurity must be addressed futine.
reduc_es the risks of human error during handlirlg;dmus Apart from introducing new regu]ations, enhancim t
materials. capacity for training initiatives and programs fal
To prevent any cases of tempering, sabotage dr thef stakeholders would improve awareness and competenci
is important to put a security system in placestbuld  This requires providing more resources for educatiod
include elements like access restrictions to prevefformation exchange. Exchanging  experiences
unauthorized personnel from tempering vehiclesaog@, nternationally among countries, regulatory bodies,
employees identification to ensure the staff isppry industry stakeholders and emergency respondersdwoul
trained to handle dangerous goods, monitoring anrgrengthen the effectiveness of the conventions.
tracking cargo, containers and vehicles in reaé tatiows New technologies are not only a threat but alsoséfd
for additional security and quick emergency responsand developed properly, can increase the secesigld of
Additionally appropriate sealing and locking of i@&s as  dangerous goods transport. Implementing Industfy 4.
well as containers ensures safety of cargo anglutions, has the potential to decrease risk $ewel
communication protocols allow for easy communiaatiotranspon_
within the Organization and with the authoritie‘.asuy, Given the pre"minary nature of this article’ after
transport guidelines enable quick and adequategemey presenting the individual conventions, the attentie
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focused on exemplary practical aspects of the retimken
based on the regulations. This approach aims teasithe
practical features of such conventions. It intertds
showcase the real-world applications and impactaety
that these regulations have.
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