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PREFACE 
 
This study represents a bachelor thesis completed by Carl Brännhammar and Maja Främme, 

students of the International Logistics programme at the Chalmers University of Technology. 

The theory constitutes fifteen academic credits out of a total of 180 credits. The topic of global 

trade with shipping containers is and will continue to be a hot topic. This study aims to identify 

and describe the potential occurrence of different chemical compounds in shipping containers 

and the necessary measures to prevent and mitigate the risk of occupational health accidents 

among people working close to the shipping containers.  
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about our research questions. We also thank Dr. Kent Salo, who acted as supervisor and 

provided helpful and valuable guidance and feedback throughout the report. Additionally, we 

would like to extend our gratitude to Gasmeetstation Nederland B.V., who provided us with 
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SAMMANDRAG 
 

Ungefär 30% av världens fraktcontainrar som dagligen transporteras kan innehålla vissa 

förhöjda koncentrationer av olika kemikalier som kan ha sitt ursprung i bekämpning av 

skadedjur eller emitteras av lasten. Studien fokuserar bara på containrar som transporteras på 

havet, luftburna kemikalier samt belyser flyktiga organiska föreningar.  

 

Studien undersöker om kemikalierna kan uppstå från fumigation och naturlig avgasning av 

kemikalier från det paketerade godset som fraktas. Denna studie identifierar, kategoriserar och 

jämför litterär förekomst av kemikalier och faktiska mätningar från ett företag som gör det 

dagligen. Denna studie ville undersöka om gaser kan släppas ut under transport på långa 

sjöresor eller om det bara är från fumigation kemikalierna uppstår. Resultaten visar en högre 

volym av kemiska gaser i fraktcontainrar och att de flesta emitteras med största sannolikhet 

under transporten. Detta indikerar att väsentligt fler fraktcontainrar, än de som är etiketterade, 

kan innehålla en mix av kemikalier beroende på transporten och typ av gods som transporterats.  

 

Nyckelord: Fumiganter, arbetsmiljö, farliga gaser, fraktcontainer, logistik, kemiska ämnen, 

toxikologi, mätningar 

  



 

 

 

 

iii 
 

 

Identification and Categorisation of Toxic Chemical Gases in Shipping Containers 

 

CARL BRÄNNHAMMAR 

MAJA FRÄMME 

Department of Mechanics and Maritime Sciences 

Chalmers University of Technology 

 

 

ABSTRACT 
 

Approximately 30% of all the worlds shipping containers that are transported daily may contain 

increased concentrations of different chemical compounds that may be toxic and carcinogenic. 

The study focuses only on containers transported by sea and airborne chemicals and highlights 

volatile organic compounds.  

 

This study investigates the correlation between fumigation and natural off-gassing chemicals 

from the packaged goods shipped. The study identifies, categorises, and compares literary 

appearances from chemicals and measurements from a company performing container gas 

measurements daily. This study wanted to investigate if gases can emit during transportation 

on long sea voyages or if it is just from fumigation these chemicals originate from. The results 

show a higher volume of chemical gases inside shipping containers and that most chemical 

substances in shipping containers are most likely emitted during transportation. This indicates 

that significantly more shipping containers may have a mixture of chemicals depending on the 

transportation and type of goods transported.  

 

Keywords: Fumigants, occupational safety, toxic gases, shipping container, logistics, chemical 

compounds, toxicology, gas measurement 
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1. INTRODUCTION 
 

Global world trade is derived from the supply and demand of goods and services. Today’s 

transportation of goods is necessary, and international trade plays a significant role in the world 

economy. Shipping is central to the economy, and today it links the supply of goods and the 

demand for products from consumers worldwide (Frankel, 1989; UN, 2016). The use of the 

container, an invention that dates to the 1950s, is an important development in the transportation 

industry (Levinson, 2006). Shipping containers have revolutionised and transformed how goods 

are transported, providing a standardised and efficient method for packing, transporting, and 

unloading. The increased use of standardised cargo transportation has contributed to the growth 

of maritime trade. Ships carry 80% of the global trade volume, and the world container 

throughput in 2020 was estimated to handle volumes of up to 815.6 million containers, as 

reported by the United Nations (2021). 

 

The increased use of container shipping for general cargo has brought challenges. One of these 

is the need to fumigate the container with consumer goods to reduce the invasive species and 

diseases that can cause damage to crops, ecosystems, and human health (IMO, 2008; Preisser 

et al., 2012). The fumigation process involves exposing the contents of a container to toxic gas, 

such as methyl bromide or phosphine (Svedberg & Johanson, 2013). The use of methyl 

bromide, also known as bromoethane, has been banned in the United States (US EPA, 2023) 

and the EU since 2010 (PHE, 2019), resulting in a mixture of different industrial chemicals 

being used as fumigants today in shipping.  

 

Fumigation has become standard practice in the shipping industry, ensuring the safety and 

quality of the goods transported. In a global and complex transportation network, goods are 

transported multimodal in a non-ventilated controlled environment. Research has addressed 

that fumigants derived from the fumigation process can be present in shipping containers (Bauer 

et al., 2009). The fumigation used for the process can be toxic and dangerous to human health 

and safety, resulting in the potential that the container constitutes an occupational health risk 

for people working inside or exposed to containers (Svedberg & Johanson, 2013).  

 

Containers fumigated in previous transportation can contain residual amounts of toxic gases 

that can accumulate in a shipping container (von Eichhorn, 2020). This highlights the risk that 

even residual amounts of fumigants or even the goods themselves can emit gases resulting in 

the need for proper ventilation and measuring of these gases that can help to protect the health 

and safety of workers in the shipping industry, as some gases may not have distinct warning 

characteristics. The reuse of shipping containers by multiple parties and stakeholders with 

different modes of transportation makes it crucial to have accurate information about the 

container´s contents and if the containers have been fumigated. This emphasises the need for 

proper procedures to reduce exposure to these toxic gases (Svedberg & Johanson, 2013).  

 

In the Port of Rotterdam, between the deep-sea terminals, a company called Gasmeetstation 

Nederland B.V., performs container gas measurements daily of shipping containers unloaded 

in the port from long sea voyages. The company perform gas measurements in the hinterland 

terminals, customer locations or through their drive-in facility in Maasvlaakte, Rotterdam 

(Gasmeetstation Nederland B.V., n.d.). This service is offered among other logistics activities 

in the port. The company also provides forced ventilation of shipping containers if the 

measurement is declared to have elevated levels above critical exposure limits that oppose an 

occupational health risk.  
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The correlation between toxic gases inside shipping containers and their origin is a critical issue 

that requires further research and exploration with reproducible data. The occurrence of these 

toxic gases has important implications for human health. There needs to be a standardised 

method of measuring these gases to help identify toxic chemical gases and their origin. 

Understanding current research would improve the overall knowledge regarding the harmful 

impact of gases in containers on humans and health.  

 

1.1 Aim of Study 
 

The report aims to identify what toxic chemical gases may be present in shipping containers 

and the origin of these. The study also aims to understand how these gases can be identified 

and if any procedures can reduce the risks of exposure. 

 

1.2 Research Questions 
 

1. Under what circumstances is the presence of toxic chemical gases in containers during 

transportation most likely to occur? 

2. How can these toxic compounds be measured, identified, and categorised? 

 

1.3 Delimitations 
 

1. The scope of the research is limited to shipping containers used for transporting 

packaged goods. 

2. The study will only focus on containers transported by sea. 

3. The study will only focus on data from the Port of Rotterdam compared to data from 

the literature review. 

4. The study only focuses on the shipping container, i.e., the ISO container. 

5. The study will focus on airborne chemicals and highlight volatile organic compounds 

(VOC) in a shipping container.  
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2. THEORY  
 

The theory related to the subject will, provide a deeper understanding of the topic in this study 

section. Earlier literature will be reviewed. 

 

2.1 Airborne Chemicals in Shipping Containers 
 

Airborne chemicals in containers consist of inorganic compounds, i.e., hydrogen cyanide and 

VOCs. VOCs are organic chemical compounds that can be emitted from different solids or 

liquids (US EPA, 2023). VOCs have the ability to be present in the atmosphere inside a shipping 

container, as the gases can be emitted from materials. Different airborne chemicals have 

different structures and may have different abilities, such as having adverse health effects, i.e., 

being toxic or carcinogenic. VOCs indoors have higher concentration levels than outdoors (US 

EPA, 2023). 

 

2.2 Sources of Airborne Chemicals 
 

The concerns about shipping containers’ toxic chemical gases have generated several research 

studies highlighting fumigants as a direct problem to occupational safety working with 

containers. There are several guidelines on how to treat potentially dangerous import shipping 

containers. For example, the Netherlands have adopted and incorporated guidelines and 

national legislation regarding the safe handling of containers. Most of the import containers 

arriving in Europe are not opened in ports but might still be opened by the end-user in the supply 

chain (Bråtveit et al., 2018). Goods and their material can also release chemical gases, which 

can have different unfavourable health effects (Lovas et al., 2022; Matsukawa et al., 2015; 

Budnik et al., 2017). The uncertainty and risk assessment of chemicals in shipping containers 

may differ and increase if there is an unawareness about the factors that enable chemicals to be 

present. 

 

2.2.1 Fumigation 
 

Fumigation is described in The International Maritime Dangerous Goods (IMDG) Code (IMO, 

2006). Fumigation is a pest control method where industrial chemicals such as phosphine, 

hydrogen cyanide, methyl bromide, chloropicrin or sulphuryl fluoride can be used (Svedberg 

& Johanson, 2013). Different types of cargo may require different types of fumigants for 

effective pest control (van Someren Graver, 2004). The process of fumigation may be 

mandatory to prevent invasive species and microbiological spread in a freight container with 

packaged goods (IMO, 2010). The container must be sealed to enable an effective fumigation 

process so that the gas does not leak during transportation (Banks et al., 1986; Coetzee et al., 

2020).  

 

Fumigants can oppose an occupational health threat for people loading, unloading, or opening 

a shipping container or other confined spaces. At the end of the supply chain, container 

receivers may also be at risk of exposure (Baur, 2015). Chapter 5.5.1.3.1 in the IMDG Code 

from the International Maritime Organization (IMO) states that fumigated containers shall have 

the correct warning stickers or labelling if the container has been fumigated (UNECE, 2006). 

Fumigation can also be conducted in-transit locations and is then regulated by the provisions 

of the IMDG Code as FUMIGATED UNIT CLASS 9 UN3359 (UNECE, 2006; Gafta, 2018). 

According to the IMDG code, fumigation is considered dangerous cargo. Therefore, the 
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container shall follow relevant legislation related to the fumigation provisions, as fumigation 

can be conducted before the destination and in transit. Fumigation of shipping containers can 

not be carried out during transportation unless authorised. The shipping container shall also 

have the correct documentation with the proper warning sticker with details of the fumigant 

used, the amount and the date and time when the container was fumigated (UNECE, 2006).   

 

2.2.2 Packaging Material 
 

How packaged goods inside a container are stowed may depend on the type of goods 

transported or if it is stowed in a Twenty-foot Equivalent Unit (TEU) or Forty-Foot-Equivalent-

Unit (FEU). Different cargoes have different stowing needs because of volume, shape, weight, 

and density differences. Therefore, there are different ways to load a shipping container 

depending on the goods or volumes transported. How cargo is loaded and stowed inside a 

container can result in shipping containers having a variance in the filling degree and what types 

of goods are being transported during a voyage. Different packaging materials used for the 

cargo can be different types of wood pallets, cartoon boxes made from plastic or paper wrapped 

with different dunnage materials for protection and other materials from the manufacturer of 

the products (British Columbia, 2016). 

 

2.2.3 Cargo 
 

Some general cargo that can be packaged and shipped in a container can be different consumer 

goods, i.e., foodstuffs, white goods, electronics, clothing, footwear, textiles, pharmaceutical, 

toiletries, drugs, oils and chemicals, fertilisers, paints, machinery among other general cargo 

(Neylan, Poore & Foxcroft, 2018).  

 

How the package is stowed, and which packaging materials are used depends on the type of 

commodity being transported. The purpose of logistics is the way to consolidate cargo correctly 

– as the volumes being transported directly influence the cost of the transportation. The most 

optimal is to have a high filling degree percentage of goods stowed in the container. There could 

be a combination of packaged goods in a container, depending on the type of transportation. In 

Less than Container Load (LCL), a mixture of types of goods can be shipped in the same 

container meaning that the packaged goods for several importers may be transported in the 

same container (C Land Logistics, 2022).  

 

2.3 Toxicology Effects  
 

Exposure to different chemicals has led to the awareness that occupational exposure close to 

shipping containers may have adverse health effects on humans (Bauer et al., 2015). Some 

chemicals are natural, and some are manufactured, which can have harmful and toxic effects.  

The United States Environmental Protection Agency (US EPA) describes that most fumigants 

are industrial solvents and human-made (US EPA, 2023). Long-time exposure to shipping 

containers having chemical gases inside may cause chronic adverse effects that can increase 

the risk of intoxication and cancer (European Commission, 2020). Different chemicals have 

different toxicity, such as ethylene dichloride, methyl bromide, phosphine, and methylene 

chloride, that can cause various symptoms, such as nausea and respiratory irritation (Preisser et 

al., 2012). Different VOCs can affect respiratory symptoms, and exposure can have different 

correlations to health effects leading to increased mortality (Yoon et al.). There has been 

reported that workers working with container loading have been acutely poisoned (Preisser et 

al., 2012, 2012; Kloth et al., 2014; Baur et al., 2015; (Bråtveit et al., 2018). Exposure to 
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extended periods of fumigants can also have adverse toxicological effects (Verschoor et al., 

2012).  

 

2.4 Concentration Levels and Occupational Exposure Limits 
 

Substances that are classified as carcinogenic, mutagenic and reprotoxic (CMR) may have 

different exposure limits (European Agency for Safety and Health at Work, 2022). Exposure to 

chemicals labelled as CMR should be avoided (Linköping University, 2023). Chemicals being 

named CMR can be explained by their chemical abilities, but also by the European Chemicals 

Agency (ECHA) and how they give opinions on the toxicity of the exposure limits based on the 

Directive (2004/37/EC) and in the Directive (98/24/EC) on occupational health and safety 

exposure (ECHA, 2023).  

 

The exposure limits are different but measured in small concentrations, i.e., in parts per million 

(ppm) or parts per billion (ppb) levels. The occupational exposure limits can be set as the 

threshold limit value (TLV) or occupational exposure limit (OEL) levels that either describe 

the general threshold limit of exposure or the daily limits of exposure, that is, the eight-hour 

exposure limits, e.g., the minimum levels of exposure to not get intoxicated after eight hours. 

The concentration limits may differ between countries and are regulated by regulatory 

authorities (ECHA, n.d.).  

 

Directive 98/24/EC (2021) regulates the European Union (EU) concentration limit values, and 

Directive 2004/37/EC on occupational exposure to carcinogenic and mutagenic chemicals 

(ILO, 2011). For acute exposure, another exposure limit called the short-term exposure limit 

(STEL) regulates occupational exposure for just a few minutes (George Wypych, 2014; ILO, 

2011). Analytical techniques enable the identification and detection of toxic chemicals but have 

different capabilities for detecting concentration levels. Measuring containers is a risk 

assessment where it is possible to screen containers and potentially reduce the occupational risk 

of exposure to concentrations above the exposure limits. Other chemicals have different TLV 

values and are set by the American Conference of Governmental Industrial Hygienists (ILO, 

n.d.). 

 

2.5 Relevant Regulations for Gas Analysis in Enclosed Spaces 
 

In 2007, the EU adopted a new regulation for the Registration, Evaluation, Authorisation and 

Restriction of Chemicals (REACH) to increase safety and health against chemical exposure 

risks (European Chemicals Agency, n.d.). The regulation is a framework for all chemicals. 

However, it does not regulate the occurrence of chemicals inside shipping containers, as the 

regulation regulates the manufacturing and safe use of chemicals. The REACH regulation 

serves as a framework for incentives, directives, and other national legislations in the EU for 

chemicals. 

 

Several EU directives have highlighted the need for safe container handling and inspections. 

The international conventions can be adopted by national law. Unfortunately, gas 

measurements in enclosed spaces are not standard in most countries due to a lack of 

incorporation of the directives, legal framework and incentives. Extensive guidance on the 

secure application of fumigated cargo transport units such as shipping containers has been made 

available through the IMO (IMO, 2008). The United Nations (UN) IMO Safety of Life at Sea 

(SOLAS) Convention controls the majority of relevant regulations, codes, practices and 

recommendations for shipping containers at sea. Meanwhile, Occupational Safety and Health 



   

 

6 
 

Convention 155 (ILO) have highlighted several directives on the practice of safety and health 

in ports (Bråtveit et al., 2018).  

 

The potentially hazardous environment inside shipping containers has resulted in various 

recommendations and incentives. The Netherlands is one country where gas measurements on 

shipping containers are performed daily. Different recommendations, directives and national 

legislations are relevant for gas analysis in enclosed spaces. The Dutch Ministry of Housing, 

Spatial Planning and the Environment (VROM) in the Netherlands commissioned the Dutch 

National Institute for Public Health and the Environment (RIVM) to study the presence of gases 

in import containers (RIVM, 2003). Gas analysts must inspect enclosed spaces before entering, 

as the Working Conditions Decree in Article 3.5g (Overheid, 2023) regulates it in the 

Netherlands. Shipping containers have no natural ventilation or system that enables natural 

ventilation since the container is sealed during transportation (Svedberg & Johanson, 2017).  

 

The Working Conditions Decree forces employees and employers to combat occupational risks, 

and an enclosed space that is suspected of containing a mixture of substances to a great extent 

can only be entered after investigation; in this matter, a container gas measurement will show 

that the container may not be hazardous to enter (P.J, Hahurij, personal communication, March 

16, 2023). This highlights that container gas measurements are conducted as a standard 

procedure in the Netherlands based on this law. 

 

2.6 Reused Containers in the Supply Chain 
 

Different users in the supply chain can use containers (Shipping & Freight Resource, n.d.). The 

containers can be leased or owned. In the event of a leased container, it may be returned to the 

leasing entity upon reaching its destination (Lumetzberger, 2010). If a container has undergone 

fumigation during its previous transportation, it can result in safety risks and incidental 

exposure if no appropriate documentation is supplied (Bauer et al., 2010).  

 

Container ownership is interchanging and needs to meet different transportation requirements. 

This can result in the risk that the container has been fumigated in previous transportation. This 

was when a man in the Port of Hamburg opened a container with consumer goods and got 

intoxicated by exposure to fumigants. The cargo of the consumer goods had not been fumigated, 

but the previous cargo transported in the same container had been (von Eichhorn, 2020). 

Therefore, residual trace amounts of fumigants and other toxic chemicals may remain in the 

shipping container. 

 

2.7 Container Gas Measurements and Ventilation 
 

Gas measurement is a chemical analysis that aims to determine the concentrations of a gas 

mixture inside an enclosed space, i.e., the shipping container. Using different techniques will 

result in differences in the capabilities of quantitative and qualitative analysis (Lagesson-

Andrasko et al., 1998). To identify and reduce the risk of hazardous exposure, performing a 

container gas measurement enables the identification and detection of chemical gases. 

Ventilation of the containers can reduce the fumigants and the off-gassed airborne chemicals 

present in the container (Hinz et al., 2021). The shipping containers do not enable natural 

ventilation since the container is sealed during transportation. Containers' ventilation can result 

from opening a container door or performing ventilation (Braconnier & Keller, 2015). Recently 

a new method for ventilation of containers has been studied to reduce the toxic concentrations 

of airborne chemicals inside shipping containers (Svedberg & Johanson, 2020).  
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2.7.1 How to Perform a Container Gas Measurement 
 

To be able to measure the concentrations of chemicals present in a shipping container, there is 

a need to perform a sample extraction, as seen in Figure 1. Different sampling methods can 

differ depending on the measuring technology used to perform appropriate gas extraction inside 

the shipping container. Sampling is crucial for successful chemical analysis (Sargazi et al., 

2021). The gas is then extracted with the sampling method that fits the measuring equipment. 

One sampling method is performed by penetrating the rubber, as seen in Figure 1. This 

sampling is performed the same, not limited to the container size. Before a container gas 

measurement, a sampling method must be chosen depending on the measuring equipment used, 

as this procedure may differ depending on technologies. The sampling method and the process 

of penetrating the rubber list may vary in degrees of precision and result if the sampling position 

differs between the measurements (Johanson & Svedberg, 2020).  

 

Figure 1. Own photograph. Example of how the gas inside a shipping container can be 

extracted using a metal probe as the sampling method, inserting the probe in between the 

container wall and container door, and penetrating the rubber seal. 

Figure 2. Illustration of readouts in different sampling positions (Svedberg & Johanson, 2017). 
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This standardised sampling method may vary in precision as the same spot is only measured. 

Different sampling positions are illustrated in Figure 2. The fulfilling degree may result in 

different concentration levels of chemicals. After inserting the probe, a measurement is 

conducted. The result is then whether the container is safe to enter. The container gas 

measurement is a risk assessment method and inspection, enabling an understanding of whether 

an enclosed space is safe to enter. Sampling from the bottom of the container could show lower 

concentrations of chemicals (Svedberg & Johanson, 2017). However, there is also a risk that 

the floor in a container could emit chemical gases (Svedberg & Johanson, 2017) or that 

chemicals can be found at a floor level that is heavier than air (Knol-de Vos, 2002). 
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3. METHODS 
 

The study employed a qualitative literature research method summarising existing research on 

the subject. The study also collected data from qualitative interviews.  

 

3.1 Design of Method 
 

The literature review, a meta-analysis, was used to analyse and gather existing research to 

understand the topic better. The literature review involves organising and critically examining 

chosen literature. The reason for using this method was to understand better the airborne 

chemicals present in shipping containers and their impact on humans and health and to increase 

awareness of fumigation and fumigants.  

 

The interviews were qualitative and performed using a semi-structured format. Qualitative 

interviews were conducted to gain a better understanding of the correlation between the 

occurrence of chemical gases and their origin by interviewing a well-known company in the 

Port of Rotterdam conducting daily container measurements of shipping containers. This would 

give evidence from daily measurements that could be compared to the literature appearance 

parallel to the literature research. A semi-structured interview allows a deep understanding and 

the possibility of coming to multilayered conclusions (Kalika, 2021). The type of interview also 

gave the possibility to follow up on most questions. Kalika (2021) further mentions that with a 

semi-structured interview, follow-up questions can be posed with verbal replies and non-verbal 

such as silence, laughter, or a sigh. 

 

3.2 Procedure 
 

This study’s approach to a scientific literature review consists of seven steps that Fink (2019) 

proposed. The first step was to formulate the research questions for the subject, followed by 

conducting the data collection from various sources such as bibliographic databases, websites, 

and articles. Next, the third step was searching for relevant keywords and terms related to the 

research question. After that, the literature needed to meet specific screening criteria, including 

language, article type and publication date that supports the data collection of the research 

question but also follows the limitations of the topic and includes scientific quality of the 

literature using specific methodological criteria. Later the literature picked was reviewed, and 

then the literature was synthesised and interpreted in conclusions.  

 

3.3 Data Collection 
 

The data collection combined primary and secondary resources to support the study further and 

aimed to summarise what was known within the selected topic by conducting literature research 

together with qualitative interviews. This methodology would provide the report with several 

data sources for relevant conclusions answering the research questions. The combination of 

data would also give reliable analyses of existing research and provide added information and 

data on the subject. 

 

Data given from Kevin Schwartz at Gasmeetstation Nederland B.V. were used to compare 

actual number of detected compounds in the literature versus real-time data gathered over 

several years of container gas measurements. The list of substances in the Appendix that has 
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some form of correlation to application uses, or containers have been used in this study and in 

the figures to increase awareness of the substances and compare them against relevant research.  

 

3.4 Qualitative Interviews 
 

With purposive sampling, specifically expert sampling (Hassan, 2022), the interviews became 

more in-depth understanding. They added information, allowing for greater predictability and 

reliable information about the typical scenarios behind the presence of chemical gases present 

in containers. The choice of understanding the correlation between variables, cause, and effect 

was driven by obtaining qualitative data collection, as presented by Patel and Davidson (2019). 

Therefore, the interviews served as qualitative data collection and were compared to the 

literature on this subject. The qualitative interviews were conducted to have better answers to 

the following questions: 

 

Table 1. Questions for interviews. 

 
Questions  

Why is one company performing container gas measurements? 

What were the driving forces to enable this service for clients? 

Who is the buyer of the service of the measurements? 

How many containers that are measured are fumigated containers, and which are not? 

Are more containers which are rejected originating from the fumigation process? 

Do container carriers know about the problem with chemicals present in shipping containers? 

Why is there a need for more knowledge, and can container gas measurements be implemented in other countries? 

Would container gas measurements be an incentive to increase the value-added service for container carriers in their 

hinterland operations? 

What is the procedure for the container gas measurements? How does it affect the supply chain? 

 

The respondents were Kevin Schwartz, a terminal manager at Gasmeetstation Nederland B. V., 

located in the Port of Rotterdam. He has been working since 2011 with container gas 

measurements and provided not only information about their work but also the data in 

Appendix. The second respondent were Peter Hägg, Operations director at MSC Mediterranean 

Shipping Company, that has experience and knowledge about maritime shipping and container 

transportation.  

 

3.5 Literature Search 
 

A list of specific search terms was identified from the two research questions and the topic of 

this study. These keywords and databases are described in Table 2. 

 

Table 2. Identified search terms relevant to the subject and research questions. 

 
Keywords Database Hits 

container, freight, gassing Scopus 4 

container, fumigants, chemicals, Sweden Scopus 2 

container, fumigants, risk Scopus 29 

container, fumigants, residuals Scopus 14 

shipping, container, history, economy, 

containerisation 

Scopus 3 

security, containers, practical, terminal Scopus 8 

fumigation av fraktcontainrar (in Swedish) Google Scholar 3 
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Relevant articles were found with the help of Google Scholar, ResearchGate and Chalmers 

library databases with keywords mentioned in Table 2. The articles are limited to those 

published between 2005 and 2022 to provide new and actual information supporting the study’s 

introduction. The information about containerisation and relevant scientific studies about toxic 

gases inside containers is presented from materials within the same period.  

 

3.5.1 Extending the Literature Search 
 

A more specific search was conducted, as seen in Table 3, using “” to identify relevant search 

results. 

Table 3. Extending the literature search for relevant publications. 

 
First word Conjunction Second word Hits on database 

Gas measurements and Shipping container 58 000, Google Scholar 

 

Previous studies on the subject had several references from the same studies, meaning 

snowballing was used in addition to extending the literature search. Snowballing means that 

relevant references in the reviewed literature can be used and added to the search as an 

alternative to expand the literature search (Choong et al., 2014). 

 

 
  



   

 

12 
 

4. RESULTS 
 

The results presented in this chapter are based on the literature review and the data collection 

from the qualitative interviews using the semi-structured approach. The results obtained are 

from questions found in Table 1. 

 

4.1 Under What Circumstances Do Chemical Gases Occur 
 

From the data collection obtained in this study, the comparison showed that only nine chemicals 

correlated to being a fumigant, meaning that only 2,71 % of all 332 chemicals found in shipping 

containers are fumigants. The rest is chemical compounds most likely correlated to the general 

cargo or the packaging materials. Recent literature research has been limited to the correlation 

of chemical gaseous inside shipping containers to fumigation and has been highlighting 

fumigants and industrial gases as the prior generator of chemicals present in shipping containers 

(Bauer et al., 2010; de Groot, 2007; Frost, 2010; Hinz et al., 2021; Knol-de Vos, 2002; Luyts 

& Mück, 2011; Mück & Stock, 2012; Svedberg & Johanson, 2017; Tortarolo, 2011; Wagstaffe 

et al., 2012).   

 

4.1.1 Fumigation  
 

Most of the studies presented in this study have been experimental, focusing on the gaseous 

pesticides or residual fumigants of known industrial chemicals. Containers with consumer 

goods such as shoes, furniture, foodstuffs, electrical components, manufactured goods, natural 

products, and textiles had elevated concentration levels of chemical substances (Bauer et al., 

2010). Fumigation is a contributing factor that some airborne chemicals are present in shipping 

containers. Fumigants can not be a factor that chemical gases occur during transportation since 

it is performed before the transportation.  

 

4.1.2 Humidity, Air Pressure and Temperature 
 

Temperature, air pressure and materials can affect that gases are emitted during transportation. 

The comparison of the literary appearances versus the chemical compounds that 

Gasmeetstation Nederland B.V. has correlated identifies that gases are most likely to be emitted 

during transportation due to air pressure, temperature, and humidity. A study confirmed that 

gases might increase in concentrations if analysed with higher ambient temperature (Johanson 

& Svedberg, 2020). The measuring equipment used for the analysis may differ in how good 

their abilities for quantitative and qualitative analysis are. Cargo can be affected by outside 

temperature as well as the feasibility to adsorb humidity. Cargo can also be affected by 

condensation, and the cargo can emit humidity. Further, the inside temperature of a container 

can increase as it is affected by the outside temperature (Hapag-Lloyd, 2005). 

 

4.1.3 Materials and Goods  
 

The result also shows that plastic commodities, including plastic packaging material, correlate 

to the presence of airborne chemicals and VOCs (K. Schwartz, personal communication, March 

1, 2023). For example, the report by Budnik et al. (2017) further mentions that chemicals such 

as phosphine, methyl bromide and ethylene were described in an experiment to see how 

packaging material and clothing adsorbed and released amounts of gases. The literature shows 

that consumer goods can adsorb different pesticides derived from fumigation to be later released 
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from the consumer goods (Knol et al., 2005), which can result in different containers being 

more hazardous than others depending on the goods or packaging. 

 

4.2 Factors that Affect the Measurements 
 

The concentration levels of the chemicals in shipping containers may differ when the 

measurement is performed. Ambient temperatures of +12 ℃ to +15 ℃ are the optimal weather 

conditions for gas measurements (K. Schwartz, personal communication, March 1, 2023). 

Depending on the time of the day the gas measurement is performed, the temperature will affect 

the analysis because the chemicals will tend to stick to the container wall during colder days 

(K. Schwartz, personal communication, March 1, 2023), as they can condensate changing the 

aggregation phase from gas to liquid phase. This changes depending on the chemical structure 

of each chemical and its tendency to be volatile. Chemical compounds with different chemical 

structures and capabilities, such as melting or boiling points, affect the gas measurement 

outcome (K. Schwartz, personal communication, March 1, 2023). 

 

4.3 Peer-Reviewed Studies  
 

This study found three peer-reviewed publications relevant to fumigation and containers; then, 

several reports are produced by institutions or others on the same subject. The first peer-

reviewed publication was a study on 2,113 containers in the Port of Hamburg in 2006. The 

study used a combination of technologies for sampling and measuring the gas mixture. Tedlar® 

Bags performed sampling extraction of the gas. For the chemical analysis, Selected-Ion Flow-

Tube Mass Spectrometry (SIFT-MS) and the other analytical technique, Gas Chromatography-

Mass Spectrometry (GC-MS), were used. The study confirmed that 1478 containers had toxic 

chemicals above chronic reference exposure levels, which was 70% of all the containers in the 

study, indicating a majority that ad increased levels. The study also confirmed that only 3,6% 

of the total volume of containers in the study had correct documentation according to the IMDG 

code (Bauer et al., 2010). Most measured containers (56,9%) came from China, Asia (Bauer et 

al., 2010).  

 

The second peer-reviewed publication found in this study was a study based on two earlier 

experiments conducted in 2010 and 2013 by Svedberg and Johanson (2017). The two authors 

included an earlier pilot study from the Port of Gothenburg. A total of 249 containers were 

included in the study. These containers were measured with several techniques such as 

photoionisation detector (PID), Fourier-transform infrared spectroscopy (FTIR) and GC-MS 

using Tedlar® Bags for the analysis with the GC-MS. Using the FTIR, the study found that thirty 

containers had fumigants off-gassing from the goods in concentrations above OEL. The authors 

also discovered increased levels from the floor of the containers. Further, they described 

different measuring equipment and compared their abilities to measure other gases. 

 

A more recent study in New Zealand led by Ruth Hinz et al. (2021) was peer-reviewed by 

Gunnar Johansson, one of the other authors of the previous peer-reviewed study. The study 

investigated 490 sealed containers, resulting in their findings that fumigants were found in 

11,4% of the containers. The study also found that some cargo types from China had significant 

concentrations of fumigants and other airborne chemicals. SIFT-MS was used for the 

measurement, and the sample extraction with Tedlar® Bags was used together with a probe. PID 

detection technology was also used for comparison testing in the study. 
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4.4 National Incentives in the Netherlands  
 

In 2002 the National Institute for Public Health and the Environment (RIVM) studied 303 

containers. The study concluded that 21% of the containers had a presence of gaseous pesticides 

(chemical compounds) derived from fumigation. The study also determined that only 0,99% of 

containers had the correct mandatory warning stickers after fumigation (Knol-de Vos, 2002).  

 

A probe was used to penetrate the container seal then the air was collected using Tedlar® bags. 

A GC-MS instrumentation then performed the analysis. A specific electrochemical cell was 

also used for phosphine detection. The analytical techniques HPLC with UV detection were 

used to determine the cartridges, also used in the study. The study claims with 95% certainty 

that a high percentage of import containers in Rotterdam will have higher concentrations of 

airborne chemicals that oppose a health risk (Knol-de Vos, 2002). 

 

4.5 Variance in the Results of Concentrations Above Exposure Limits 
 

In a report from 2007 from RIVM, a trend analysis between 2003 and 2006 from 277 containers 

determined variance in the presence of fumigants in shipping containers between different years 

(de Groot, 2007). There was a variance in the concentration levels' findings and what substances 

were detected. The report also categorised the substances that were not mentioned as known to 

be correlated to fumigation, correlated to glues, paints, varnishes, and plastics, among other 

commodities.  

 

Between 2007 and 2008 in Australia, 14,943 containers were tested, and 2,503 had fumigants 

above OEL (17%), using SIFT-MS and Dräger handheld sensors together with Tedlar® bags 

(Frost, 2010). Another study in 2011, also in Australia, measured 76 containers with SIFT-MS 

originating from China, Asia. The study determined that 47 of the 76 containers had some 

residual chemicals present, and eight percent had limits above OEL (Prezant, 2012).  

 

Italy has actively been conducting inspections of containers since 2004. At the publication date, 

9,482 containers had been inspected during the active years of inspections, and (20%) had 

residual concentrations of fumigants inside (Tortarolo, 2011). In another study between 2010-

2014, 2,027 containers were analysed in the Port of Hamburg with TD-GC/MSD and TD-2D-

GC-MS/FPD using Tedlar® bags (Budnik et al., 2017). The results showed that different 

chemicals exceeded OEL, e.g., toluene residues in 90% of all containers. 

 

4.6 Concentrations Above Exposure Limits 
 

In 2011, a report was made analysing 42,888 containers in the Netherlands and Belgium. Ten 

percent of the containers were measured and tested at the end-user location, and the rest were 

tested and measured in the port. SIFT-MS was used as the analytical instrumentation. The 

results concluded and determined that 4,929 containers (11%) had concentrations of toxic 

chemicals above OEL, and the origin of containers that had the most toxic concentrations had 

their origin of destination from Southeast Asia (Luyts & Mück, 2011). A study of 123,349 

containers was measured in the same year with a broader geographical reach in Austria, 

Belgium, Denmark, Germany, the Netherlands, and Spain with SIFT-MS, colourimetric tubes 

and PID. The result concluded that 13% of all the containers had concentrations above OEL. 

The extensive study also identified that fumigated containers from Asia were not commonly 

labelled as being fumigated (Mück & Stock, 2012). The study also tried categorising a 

correlation between consumer goods and the occurrence and presence of chemicals.  
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Table 4. Relevant studies for gas measurements on containers with different sample methods, 

measuring equipment for different years, and the percentage of airborne chemicals found. 

 
Experiments  Location Year Containers Sample 

extraction 

Measuring 

equipment 

Chemicals 

present above 

OEL 

(Knol-de Vos, 2002) Rotterdam 2002 

 

303 

 

DNPH 

cartridges, 

Tedlar® 

Electrochemical 

cell, HPLC & 

GC-MS 

21% 

(de Groot, 2007) The 

Netherlands 

2003–

2006 

277 n/a n/a Up to 60% 

(Tortarolo, 2011) Italy 2004–

2010 

9,482 n/a Electrochemical 

sensor, catalytical 

sensor & PID 

40% 

(Bauer et. al., 2010) Hamburg 2006 2,113 Tedlar® SIFT-MS, GC-

MS 

70% 

(Frost, 2010) Australia 2007–

2008 

14,943 Tedlar® SIFT-MS, Dräger 17% 

(Wagstaffe et. al., 

2012) 

Australia 2012 76 DNPH 

cartridges, 

Tedlar®, 

RAGS 

SIFT-MS, PID, 

GC-MS 

97,4% 

(Mück & Stock, 

2012) 

Belgium, 

Netherlands 

2010 123,439 n/a SIFT-MS, PID, 

Colorimetrical 

tubes 

13% 

(Luyts & Mück, 

2011) 

Europe 2010 42,888 n/a SIFT-MS, PID, 

Sensors, 

Colorimetrical 

tubes 

11% 

(Budnik et al., 2017) Hamburg 2010–

2014 

2,027 Tubular 

steel lance, 

Tedlar® 

TD-2D-GC-

MS/FPD, 

TD-GC/MS 

Up to 90% 

(Svedberg & 

Johanson, 2017) 

Sweden 2013 249 Tedlar® FTIR, GC-MS 12% 

(Hinz et al., 2021) New 

Zealand 

2021 490 Teflon tube, 

Tedlar® 

SIFT-MS, PID 11,4% 

 
4.7 Detection Capabilities of Different Measuring Equipment 
 

In 2017, a Swedish research study highlighted that the concentration levels found in their study 

could be described by the poor detection limits of the FTIR and that the choice of analytical 

instrumentation must be chosen by the specific location conditions (Svedberg & Johanson, 

2017). The authors further describe that GC-MS offers in-depth detailed information about 

chemicals and that an FTIR analysis may have higher specificity and sensitivity than PID 

detectors. The authors also describe an FTIR to be faster than a GC-MS. Different measuring 

equipment has different abilities to perform a chemical measurement but is an essential tool for 

different applications. The variance in the results clearly shows that the analysis may differ in 

method and performance and that some instruments are better designed to either detect specific 

substances or made to be used for a wide range of analyses performing non-targeted analysis. 

Non-targeted analysis means that a chemical analysis aims to identify as many chemicals 

present in a sample (Chromatography Today, 2022). 
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Table 5. Different capabilities of different analytical methods. General overview of the 

comparison between the methods in Table 4. 

 
 HPLC GC-MS SIFT-MS PID FTIR Sensors Tubes 

Advantages Analyte 
types1 

Volatiles and 
semi-volatiles3 

Hydrocarbons 
and VOCS5 

Handheld6 Speed8 Analytes10 Speed12 

Disadvantages Cost2 Selectivity4 Limited6 Accuracy7 Sensitivity9 Limited11 Color13 

Main Setting Lab Lab Field Field Field Field Field 

Chromatograph Yes Yes No No No No No 

Substance Several Several Several Specific Specific Specific Specific 

 

(Timchenko, 20211,2; Moore Analytical, n.d..3; WhatIsHPLC, 20234; Choi et. al, 20225; ION Science n.d.6; Kroes, 

20167; Thermo Fisher Scientific, 20158; Svedberg & Johanson, 20179; Ohashi & Dai, 200610; National Research 

Council, 199511; Homeland Security, 200812,13) 

 

In all the studies, different measuring equipment has been used, as seen in Table 4. They all 

have different capabilities in their ability for chemical analysis. PID is a photoionisation 

detector that enables a UV photon to be absorbed by a molecule. It is a simple detector which 

can be handheld. PID can measure many VOCs but be limited to the detection of other gases 

like carbon dioxide, carbon monoxides, sulphur dioxides, methane, ethane etc. (ION Science, 

n.d.) The definition of analytical instruments and detectors may have different legal definitions 

depending on their use or abilities. FTIR is a Fourier-transform infrared spectroscopy method 

(RISE, n.d.). A sample absorbs infrared radiation, which causes molecules to vibrate at specific 

frequencies that enable an analysis. FTIR is a fast analysis method but has limitations for 

complex mixtures of gases (Knol, 2007).  

 

The technology of SIFT-MS applies chemical ionisation reactions to detect VOCs and 

inorganic gases (Syft Technologies, 2013). GC-MS is regarded as the gold standard in 

analytical chemistry to determine molecules' molecular weight and structures (Turner, 2022). 

Gas chromatography is a technique where a mixture of compounds can be separated (Hopfer, 

2020). Together with a detector or spectrometry approach, a hyphenated technique enables both 

quantitative and qualitative analysis. Analysis of functional groups and classification of 

unknown compounds can differ (Nilsson et al., 2005; Lagesson-Andrasko et al., 1998). High-

performance liquid chromatography (HPLC) is an analytical instrumentation often used with a 

UV detector to analyse trace amounts of unknown chemical compounds (Dahrén, 2019). Using 

HPLC is effective for liquid samples. Different additional techniques have been used in the 

studies for parallel testing or when the analytical technique has lower capabilities for detecting 

a substance. The advantages and disadvantages can be summarised in Table 5.  

 

The study shows that container gas measurement in the Port of Rotterdam is performed outside 

a laboratory setting, where both sampling and analysis are performed. This put pressure on the 

feasibility of implementing capable measuring equipment to perform the measurements. 

Enabling the chemical measurement in import container ports enables fast identification, 

detection, and categorisation of the potentially toxic chemicals inside shipping containers. This 

study shows a variety of measuring equipment that has been used in several studies (Bauer et 

al., 2010; de Groot, 2007; Frost, 2010; Hinz et al., 2021; Knol-de Vos, 2002; Luyts & Mück, 

2011; Mück & Stock, 2012; Svedberg & Johanson, 2017; Tortarolo, 2011; Wagstaffe et al., 

2012). Import containers are measured in industrial environments, and each analysis needs to 

be performed efficiently and in a short period of time because it is a service offered (K. 

Schwartz, personal communication, March 1, 2023). 
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4.8 Comparison Between the Studies 
 

The literary appearances of different methods used for detection in different results of detection 

limit values and, therefore, most likely to be different from daily container gas measurements. 

All studies found chemicals inside the shipping containers, some of which were toxic. On the 

other side, without proper documentation, it is difficult for the operator performing the 

container gas measurement to know if the elevated levels of gaseous chemicals are derived 

from earlier fumigation of the same container or if it is the goods or packaging materials 

themselves (K. Schwartz, personal communication, March 1, 2023). All measurements, not 

limited to any measuring equipment, show that chemical gases can be present in shipping 

containers. 

 

Table 6. Chemical compounds that have been identified in the relevant literature. 

 
Chemical compounds Literary Appearances  

Alcohols  
2-chloroethanol (Svedberg & Johanson, 2017) 

Ethanol (Svedberg & Johanson, 2017) 

Isobutanol (Svedberg & Johanson, 2017) 

Isopropanol (Svedberg & Johanson, 2017) 

Methanol (Hinz et al., 2021; Svedberg & Johanson, 2017) 

Aldehydes  
Acetaldehyde (Hinz et al., 2021; Svedberg & Johanson, 2017) 

Formaldehyde (Bauer et al., 2010; Hinz et al., 2021; Knol-de Vos, 2002; Luyts & Mück, 

2011; Mück and Stock, 2012; Svedberg & Johanson, 2017; Tortarolo, 

2011; Frost, 2010 & Wagstaffe et. al, 2012) 

Alkyl halides  
1,2-dibromoethane (Ethylene dibromide) (de Groot, 2007; Frost, 2010; Hinz et al., 2021 & Wagstaffe et. al, 2012) 

Chloroethanol, 2- (Svedberg & Johanson, 2017) 

Chloroform (Svedberg & Johanson, 2017) 

Dichloro-1-fluoro ethane (Freon141b, 1,1-

(HCFC-141b)) 

(Svedberg & Johanson, 2017) 

Methyl bromide  (Bauer et al., 2010; de Groot, 2007; Frost, 2010; Hinz et al., 2021; Knol-

de Vos, 2002; Luyts & Mück, 2011; Mück & Stock, 2012; Tortarolo, 

2011; Wagstaffe et. al, 2012) 

Trichloronitromethane (Chloropicrin) 

 

(Bauer et al., 2010; Hinz et al., 2021; Luyts and Mück, 2011; de Groot, 

2007; Tortarolo, 2011; Frost, 2010; Wagstaffe et. al, 2012; Mück & Stock, 

2012) 

Aromatic hydrocarbons  
Benzene (Bauer et al., 2010; Budnik et al., 2017; de Groot, 2007; Hinz et al., 2021; 

Knol-de Vos, 2002; Luyts and Mück, 2011; Mück & Stock, 2012; 

Svedberg & Johanson, 2017; Tortarolo, 2011; Wagstaffe et. al, 2012) 

Chlorobenzene (de Groot, 2007) 

Propyl benzene, n- (Svedberg & Johanson, 2017) 

Styrene (Hinz et al., 2021; Luyts & Mück, 2011; Mück & Stock, 2012; Svedberg 

& Johanson, 2017; Tortarolo, 2011 & Wagstaffe et. al, 2012) 

Toluene (Hinz et al., 2021; Luyts & Mück, 2011; Svedberg & Johanson, 2017; de 

Groot, 2007; Tortarolo, 2011; Wagstaffe et. al, 2012; Mück & Stock, 

2012) 

Xylene (Mück & Stock, 2012; Svedberg & Johanson, 2017; Tortarolo, 2011) 

C2-alkylbenzenes (Hinz et al., 2021; Wagstaffe et. al, 2012) 

M-xylene (de Groot, 2007; Svedberg & Johanson, 2017) 

O-xylene (de Groot, 2007; Svedberg & Johanson, 2017) 

P-xylene (de Groot, 2007; Svedberg & Johanson, 2017) 

Ether  
Dimethoxymethane (Svedberg & Johanson, 2017) 

Dimethyl ether (Svedberg & Johanson, 2017) 

Esters  
Butyl acetate (Svedberg & Johanson, 2017) 

Ethyl acetate (Svedberg & Johanson, 2017) 
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Ethyl formate (Coetzee et al., 2020) 

Hexyl acetate, n- (Svedberg & Johanson, 2017) 

Halocarbons  
Tetrafluoroethene, 1,1,1,2-(HFC-134a)  (Svedberg & Johanson, 2017) 

Tetrachloromethane (de Groot, 2007) 

Trichloroethylene (Svedberg & Johanson, 2017) 

Dichloro-1-fluoro ethane (Freon141b, 1,1-

(HCFC-141b) 

(Svedberg & Johanson, 2017) 

1,2-Dichloroethane, (Ethylene dichloride) (Bauer et al., 2010; Budnik et al., 2017; de Groot, 2007; Hinz et al., 2021; 

Luyts & Mück, 2011; Mück & Stock, 2012; Svedberg & Johanson, 2017; 

Tortarolo, 2011; Wagstaffe et. al, 2012) 

Dichloromethane (Svedberg & Johanson, 2017) 

Hexachlorobutadiene (de Groot, 2007) 

Hydrocarbons  
Cyclohexane (Svedberg & Johanson, 2017) 

Heptane, n- (Svedberg & Johanson, 2017) 

Isobutane (Svedberg & Johanson, 2017) 

Isobutylene (Svedberg & Johanson, 2017) 

Isopentane (Svedberg & Johanson, 2017) 

Methane (Svedberg & Johanson, 2017) 

Octane (Svedberg & Johanson, 2017) 

Pentane, n- (Svedberg & Johanson, 2017) 

Pinene, b- (Svedberg & Johanson, 2017) 

Inorganic gases  
Ammonia (Hinz et al., 2021; Knol-de Vos, 2002; Luyts & Mück, 2011; Mück & 

Stock, 2012; Svedberg & Johanson, 2017; Tortarolo, 2011; Wagstaffe et. 

al, 2012) 

Carbon dioxide (Knol-de Vos, 2002; Luyts & Mück, 2011; Mück & Stock, 2012; 

Svedberg & Johanson, 2017; Tortarolo, 2011) 

Carbon monoxide (Knol-de Vos, 2002; Luyts & Mück, 2011; Mück & Stock, 2012; 

Svedberg & Johanson, 2017; Tortarolo, 2011) 

Hydrogen cyanide (Hydrocyanic acid) (Frost, 2010; Hinz et al., 2021; Luyts & Mück, 2011; Mück & Stock, 

2012; Tortarolo, 2011; Wagstaffe et. al, 2012) 

Hydrogen phosphide (Phosphine) (Bauer et al., 2010; de Groot, 2007; Frost, 2010; Hinz et al., 2021; Knol-

de Vos, 2002; Luyts & Mück, 2011; Mück & Stock, 2012; Svedberg & 

Johanson, 2017; Tortarolo, 2011; Wagstaffe et. al, 2012) 

Oxygen (Luyts & Mück, 2011; Mück & Stock, 2012; Tortarolo, 2011) 

Other  
Ethylene (Svedberg & Johanson, 2017) 

Ethylene oxide (Svedberg & Johanson, 2017) 

Octamethylcyclotetrasiloxane (Svedberg & Johanson, 2017) 

Sulphuryl fluoride (Vikane) (Bauer et al., 2010; de Groot, 2007; de Groot; Hinz et al., 2021; Knol-de 

Vos, 2002; Mück & Stock, 2012; Tortarolo, 2011;) 

White spirit (Svedberg & Johanson, 2017) 

 

The total number of chemical compounds described in recent and relevant literature is 56 

chemicals, categorised in this study into ten groups, as seen in Table 6. Most of the chemicals 

are hydrocarbons of different forms, i.e., aromatic hydrocarbons, hydrocarbons, and 

halocarbons. The table above describes chemicals identified in shipping containers in the 

literature over almost twenty years, from 2002 to 2021. The findings of these chemical 

compounds have been done with different measuring equipment and sampling methods to 

identify, detect and categorise these compounds. Some chemicals are more present than others 

because they have been identified in several studies over a long period of time.  

 

4.9 Chemicals Present in Shipping Containers 
 

The estimated chemicals in shipping containers are higher than in the literature, as seen in 

Figure 3. Based on data obtained from Gasmeetstation Nederland B.V., 41 chemicals are 

labelled as carcinogenic, mutagenic and reprotoxic (CMR). In the literature, only 15 of the 

airborne chemicals (36,58%) described in the literature review are found to be carcinogenic, 
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mutagenic and reprotoxic (CMR). Based on these findings, this means that more chemicals in 

shipping containers can be both carcinogenic, mutagenic and reprotoxic. Different studies have 

found different concentrations of fumigants reported. Several studies have concluded a 

correlation between containers and the presence of airborne chemicals present in import 

shipping containers deriving from the fumigation process (Bauer et al., 2010; de Groot, 2007; 

Frost, 2010; Hinz et al., 2021; Knol-de Vos, 2002; Luyts & Mück, 2011; Mück & Stock, 2012; 

Svedberg & Johanson, 2017; Tortarolo, 2011; Wagstaffe et al., 2012).  

 

 
 

Figure 3. Number of detected compounds in shipping containers. Comparison between 

chemicals found in the literature study versus the list of chemicals obtained from 

Gasmeetstation Nederland B.V. performing gas measurements in the Port of Rotterdam. 

 

The company performing container gas measurements in the Port of Rotterdam claim that they 

can measure nearly four hundred chemical gases (K. Schwartz, personal communication, March 

1, 2023), most unrelated to fumigated containers. They further claim that only five to ten 

percent of all containers with elevated airborne chemical presence have been fumigated. 

Currently, they are performing the container gas measurements using an FTIR analyser. The 

result shows that far more chemicals are present in shipping containers from the cargo and the 

packaging materials than from fumigation itself (K. Schwartz, personal communication, March 

1, 2023). 

 

Figure 3 illustrates the comparison of chemicals in the literature based on field experiments 

and data from Gasmeetstation Nederland B.V. on shipping containers. The result indicates that 

more chemicals can be identified as off-gassing chemicals from the goods or the packaging 

material and that more chemicals are not toxic and labelled as CMR. The list in the Appendix 

shows that there is proof that containers may have many types of chemical compounds present 

in shipping containers. Evidentially, this means that if more containers were analysed, there is 

a possibility that more chemicals would be detected. Using sensitive measuring equipment 

would also increase the chances of finding these substances. 

 

4.10 The Buyer of the Measurements 
 

The container gas measurements are a methodology to measure and identify if the container has 

toxic chemical gases and if there are below the OEL levels. The buyer of this container gas 
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measurement is the receiver of the goods (K. Schwartz, personal communication, March 1, 

2023). This is derived from the Dutch Working Conditions Degree 3.5, where companies are 

enforced to ensure the safety of their personnel. Container carriers do not have container gas 

measurements as a procedure for their container handling. In this case, the largest container 

carrier, MSC, does not perform container measurements as part of its operational activities. 

Their subsidiaries perform different logistics activities with the containers in the hinterland 

operation. Fumigation is performed by a third party, meaning the carriers have very little 

knowledge of the container and its potential safety hazards and can only rely on the 

documentation provided along the voyage (P. Hägg, personal communication, March 1, 2023). 

 

4.11 The Procedure of Testing, Ventilation, and the Supply Chain 
 

The shipping container is unloaded after a voyage and transported using another transportation 

method. A truck driver transports the container to its destination. If the receiver has ordered a 

container gas measurement, the container will be taken to a drive-in facility to be measured 

before continuing into the supply chain. The container gas measurement is performed today by 

FTIR-analysis in the Port of Rotterdam (GeoZICHT, 2020). The shipping container is analysed 

within a few minutes. If rejected due to high concentration levels of chemicals OEL, the 

container will be transferred to a forced ventilation system and depot. The container then needs 

to go through a so-called “redo measurement” to ensure the container has concentrations below 

hazardous exposure limits. If the container has passed the check for the container measurements 

a certificate is issued stating that the container is safe to enter during a short period after the 

measurement (K. Schwartz, personal communication, March 1, 2023). The procedure of the 

container gas measurement and operations can be shown in Figure 4. 

 

  

Figure 4. Own schematic illustration of the testing procedure of Gasmeetstation Nederland B.V. 

operations.  
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5. DISCUSSION 
 

Discussion of the results obtained in the Results chapter.  

 

5.1 Potential Bigger Problem Than Discussed 
 

The results clearly show that fumigated containers only represent a minimal number of 

containers with chemicals present. The shipping container imposes a tremendous potential risk 

for those working with shipping containers, and preventive actions such as container 

measurements may reduce the risk of negative occupational exposure. By comparing the 

literature results against the data obtained from Gasmeetstation Nederland B.V., this study 

shows that many more chemicals are present in shipping containers and are not primarily 

derived from the fumigation process but from other factors that occur most likely during 

transportation over long-sea voyages. One way to determine the occurrence of these gases 

would be to monitor each container during transportation with sensors that monitor humidity 

or a few known gases. Otherwise, it is not easy to understand when and how these gases occur 

during transportation.  

 

All previous studies and reports have physically tested several shipping containers. The studies 

have used different measuring equipment and analytical techniques in different years, most 

likely during different regional or seasonal periods. The studies show a high total percentage of 

airborne chemicals being present in shipping containers. The result shows a significant 

probability that most shipping containers may have elevated levels of toxic airborne chemicals 

affecting occupational safety upon opening but in different concentration levels. The studies 

still show a variance in their respective results showing unpredictability and uncertainty about 

the hazardous risks. The container measurement methodology would allow for excellent 

personal safety risk assessment and reduces the risk of occupational health accidents.  

 

5.2 Gases are Emitted During Transportation 
 

Several factors enable the presence of chemical substances inside a shipping container. 

Research has only focused on the findings between fumigants and the presence of these 

fumigants inside shipping containers. The result of this study shows that other factors, such as 

air pressure, temperature, and humidity, most likely, are major contributing factors to the 

occurrence of chemical gases inside the shipping container. It also shows that goods and 

packaging materials can emit gases. The variance in data is evidence of significant importance 

in understanding the correlation between packaged goods and chemical substances. An 

increased number of containers being measured and assessed by a standard and approved 

measuring methodology would enable an efficient understanding of the correlation between 

transportation and the occurrence of chemical compounds. Using suitable analytical 

instrumentation that can perform quantitative and qualitative chemical analysis with small false 

positive readings within a brief period would allow a greater measuring methodology.  

 

5.3 Experimental Studies with Different Measuring Equipment 
 

It was observed that the studies have been using different types of measuring equipment, some 

of their detectors and simple measuring equipment such as FTIR and PID. Some studies have 

combined chromatographic techniques for even more sensitivity in identifying and detecting 

unknown chemical gases. The fact that different substances are identified in the literature shows 
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clearly that there is still more to be investigated since there is a variance in the results. The 

methods may not be reproducible because of the different types of analytical techniques used, 

and it is not stated, but most likely that different periods of the year of the experiments and 

different volumes of containers being analysed have resulted in a variance of data. Enabling 

analytical instrumentation that can analyse both quantitative and qualitative would reduce the 

false positive readings and ensure reproducibility in the testing. Correction factors can be used 

to reduce the false/positive readings of a measurement, such as seen in Appendix.  

 

Categorising a shipping container with fumigants correlated to specific cargo types can increase 

awareness of specific cargo having increased risks of fumigants. To conclude if the airborne 

chemicals are directly a result of 1) the fumigation process, 2) residual trace amounts that are 

adsorbed by the goods and then emitted or 3) if temperature, air pressure and humidity can not 

be estimated if not more containers are measured, and the data evaluated.  

 

The results from the research studies are presented in a way that could indirectly argue that 

correlation and categorisation of chemical substances derive mostly from fumigation and that 

different types of cargo adsorb it and then emits it. Enabling proper container gas measuring in 

several ports would increase the data on airborne chemicals in shipping containers, reducing 

the likelihood of false conclusions.  

 

5.4 Occupational Exposure of Chemical Gases 
 

There may be significantly more containers with elevated levels of chemical gases present in 

shipping containers than observed in these studies. Container gas measurements may reduce 

the likeliness of occupational exposure and reduce the risk of occupational accidents working 

with the loading and unloading of containers. There are several measuring types of equipment, 

but the amount of chemicals detected tends to be higher when a hyphenated technique has been 

used, meaning that the analytical method combines a chromatographic technique and a detector.  

As there is a significant movement of shipping containers worldwide that are transported and 

handled by different people and organisations, there is a greater probability that many are 

exposed to occupational health risks. The container gas measurements are an excellent way to 

increase awareness of the potential risks of shipping containers. The study shows that there is 

potentially a great problem with chemical gases in shipping containers and that container gas 

measurement could be proven advantageous. More methods and standardised ways to control 

the atmosphere inside a shipping container and ensure effective handling in hinterland 

operations would allow for safety. 

 

There is still a knowledge gap about shipping containers being hazardous with toxic chemical 

gases inside. The measurements should only be prioritised and used to ensure the safety of 

personnel, and methods used for the identification and categorisation should only be chosen 

based on their abilities to detect the concentrations, both quantitative and qualitative. The 

container gas measurement is part of the supply chain, and therefore speed plays a crucial part 

in ensuring an effective workflow. Measuring equipment that is evidentially faster than 

chromatographic techniques, such as the FTIR, may not be able to detect chemicals of interest 

at lower concentrations due to its lack of a chromatographic component. Fumigation could 

cause health risks for dockworkers, container unloaders and even end-consumers, there should 

be more incentives that enforce qualitative chemical analysis of the shipping container in ports. 

The fact that a gas measurement operator ensures the safety of the container after a 

measurement should only be reliable if the best method has been used.  
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5.5 Categorisation of Chemicals in Shipping Containers 
 

The capability to accurately test shipping containers in a preferred time while still being able 

to analyse and separate a chemical mixture for qualitative analysis is essential (K. Schwartz, 

personal communication, March 1, 2023).  

 

This study categorises airborne chemicals into groups based on their literary appearances. Most 

airborne chemicals identified in the literature were some form of hydrocarbon. It was known 

that FTIR analyses are used in several publications and by Gasmeetstation Nederland B.V. This 

study shows that there is still a variance in the measurements and the reproducibility.  

 

This study identified that studies detected more airborne chemicals in shipping containers that 

had a combination of analytical instrumentation. An analytical method must be used to identify 

and quantify specific substances to ensure a precise quantitative and qualitative sample analysis. 

As most of the studies have found different chemicals that are hydrocarbons, introducing a 

hyphenated method such as a GC-UV, illustrated in Figure 5, would allow for greater 

quantitative and qualitative analysis since most chemical compounds have their absorption 

capability in the UV spectrum as seen in Figure 5. It would also ensure a better qualitative 

chemical analysis since a chromatographic analytical technique would be used.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.6 Ensuring a Safe and Correct Testing Procedure 
 

Since the chemical analysis is performed in a time-constraint operation in the supply chain, fast 

measurements are required to ensure an efficient flow of shipping containers that can be tested. 

Containers are unloaded during periods when vessels are discharging at the ports. The initial 

tests need to be fast yet enable reliable and ensure reproducible testing. More containers would 

be rejected if the container gas measurement could analyse the gas mixture at lower 

concentrations and have a lower detection limit as it determines the sensitivity. Since the 

container gas measurement is a service operation that will ensure the occupational safety of 

Figure 5. Own schematic illustration of a chromatographic technique, chemical groups and 

their respective absorption capability in the wavelength region 100 – 700 nm. 
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people working with the containers, the containers should be tested with priority to be able to 

analyse the concentration levels and not the speed of the analytical instruments. The redo of the 

gas measurements that were initially rejected and have been ventilated should not be time-

constraint since the redo measurements could be performed between the busy periods of 

container arrivals in the port.  

 
5.7 Choosing the Right Analytical Method 
 

Understanding the presence of the chemical substances by identifying and categorising them 

enables a better probability of choosing the right measuring equipment for the analysis. There 

is no universal analytical instrument that can measure a broad range of chemical substances in 

a short time frame. Instruments may differ in their ability of sensitivity, precision, and 

reproducibility. With the advanced technology being used, the cost, size and price may differ 

from different technologies and manufacturers, making it problematic for the end customer to 

choose between analytical systems or detectors. Some instruments may be better for different 

types of samples and chemical classes. Therefore, understanding the best method for container 

gas measurement can only be done by understanding the supply chain and the health risks of 

exposure. 

 

As the chemical analysis is conducted in an industrial environment, ease of use should be 

considered when performing a container gas measurement. A container gas measurement is a 

level of chemical analysis; therefore, a lack of knowledge about chemistry and lack of training 

in the measurement would reduce the likelihood of a proper chemical analysis procedure. At 

the same time, complex analytical instruments may better identify and detect unknowns in a 

sample but be more difficult to use. This study has identified and categorised what chemical 

substances could be present in shipping containers. Container gas measurement with 

appropriate analytical instrumentation is most likely needed if gases are emitted during 

transportation. This means that several unknown chemical gases can not be derived from 

fumigation. Fumigants can be categorised and correlated to the fumigation process, but since 

there are more chemical gases than just fumigants, container gas measurements are needed.  

 

5.8 Using a Standardised Method with a Combination of Techniques 
 

Increasing the safety and reducing the risk of false positive readings must require combining 

analytical techniques and instruments. The studies declared that other technologies may have 

different capabilities for measuring other specific substances. Gasmeetstation Nederland B.V. 

is only using a FTIR analyser. Their data shows much more chemical substances than the 

studies. If they would allow parallel testing with another more profound analytical method in 

their measurement service, greater security would come, and the false positive readings would 

decrease. The fact that they issue a certificate declaring the safety with just one measurement 

technique is not profound. Other analytical techniques, such as chromatographic techniques, 

can detect more volatiles and semi volatiles chemical compounds than FTIR analysis. The 

differences in the measurement capabilities in the different studies may depend on the 

measurement equipment´s spectrum libraries and their software. The interpretation of data and 

the capabilities of identifying and detecting substances may affect the reliability and 

reproducibility of the measurements.  
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5.9 Method Discussion 
 

The method used in this study was a combination of a literature review and interviews. Using 

these specific methods was essential to find relevant and existing research about the topic and 

appropriate conclusions, with insights from the interviews. This study used a qualitative method 

to analyse the literature overview and the interviews. The literature could be compared to the 

data obtained from industry-leading professionals conducting daily operations with shipping 

containers.  

 

The study did not aim to represent the economic incentives of potential container gas 

measurements. Still, understanding their daily operations with containers would enable more 

perspectives and support for the data described in existing research. Using these research 

methods, the validation of future studies would increase. The research on the consequences of 

toxic chemicals could also be studied through observations. Still, lack of time and resources 

have not efficiently enabled the study of the toxicological effects. 

 

Conducting an independent experiment would yield different results due to several factors. 

These include but are not limited to the number of containers analysed, weather conditions, and 

the type of equipment used. These variables would influence the outcome and should be 

considered when interpreting the results of such an experiment.  

 

Prior to the interviews, the respondents were given information regarding their participation in 

the study and gave their permission before answering any questions. The respondents were also 

allowed to stop answering questions at any given point during the interview. According to 

Vetenskapsrådet (2017), several principles should be complied with. With clear instructions, 

open communication and reliability in the respondents and the information that they gave.  

 

The research methodology can prove the validation and reliability of a study through data 

collection. Validity means that what is requested is measured in the study using primary 

resources (Bryman, 2016), which increases the study’s validity. Using translated Dutch data 

could result in discrepancies or inconsistencies in the findings. Translating data may introduce 

nuances, interpretations or even errors that could affect the accuracy and reliability of the 

information. Therefore, when relying on translated data, caution should be exercised.  The 

sources and references are good because of the research’s reproducibility if done again. To 

secure these, the methodology was presented clearly to reproduce the study. These steps were 

visible and clear for the reader, and the study could be produced if followed by the same steps. 

Reliability is about accuracy and precision in the study (Bryman, 2018). Therefore, if the study 

were to be performed again, there would be a similar result. Bryman (2018) argues that if 

reliability and validity are to be high, the study needs to be carefully conducted. 

        

Together, the literature and the interviews gave a deeper understanding of the subject, reducing 

the risk of indirect false conclusions. Further, the existing research has reproducibility and can 

be described, identified, and synthesised, according to Fink (2019). This is important for 

ensuring the validity and reliability of the research findings.  

 

The quality of the substance list and data presented in this study and the Appendix may be 

influenced by the measuring technology and methodology quality. Also, since the data are 

significantly higher in volume compared to the literary appearance, it may be proof that 

containers have more substances due to a lot of test data. The operator performs approximately 

60,000 gas measurements annually, and this data of substances in the Appendix has been 
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accumulated over several years, evidentially since the beginning of their operations. It is 

possible that the data from Gasmeetstation Nederland B.V. is accurate and has significant great 

value, giving insights into the possibilities of what chemical substances may be present in 

shipping containers. There is an uncertain possibility that earlier research studies had older 

measuring equipment and that the technology of the measuring equipment has been improved.  

 

Other factors may have affected the results in the research studies as well the substance list in 

the Appendix. The direct comparison of the substances should be approached with caution due 

to some discrepancies. Firstly, the list provided in the Appendix does not reflect a direct 

measurement of a handful of chosen containers. Additionally, the methods and data collection 

that has been used in the research studies differs from those employed in the compiling list 

found in the Appendix.  
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6. CONCLUSION 
 

The study´s conclusions are presented in the following chapter. The conclusion is based on the 

research questions as well as the results. Lastly, recommendations for further research are 

presented. 

 

The study aimed to identify and categorise what toxic chemical gases might be present in 

shipping containers and under what circumstances they can potentially occur. This study 

concluded that there is a variance in the data. Furthermore, the study found that several different 

airborne chemical gases could be present in shipping containers, and some are toxic. The study 

also concluded that chemical gases could be emitted during transportation from sources other 

than the fumigation process itself. Several sampling methods and measuring equipment have 

been described and compared for measuring shipping containers. It was concluded that 

implementing container gas measurement as a service could reduce occupational health risks 

and increase awareness of the potential hazards of the container.   

 

This study enhances the arguments of the probability that gaseous chemicals most likely can be 

affected by temperature, air pressure and humidity. These factors increase the risk of the 

potential presence of chemical gases in shipping containers that might be emitted from the 

packaging materials and goods. The study also shows significantly more chemicals than 

previously mentioned in research, that can be found in shipping containers, and some may be 

toxic and hazardous. The study describes different analytical techniques and sampling methods 

used for container measurements.  

 

6.1 Recommendations for Further Research 
 

During this study, several areas within this topic have been discovered. Some are correlated to 

the topic and relevant but could not be further investigated in this study. Therefore, it would 

have been interesting to investigate economic and local incentives for implementing container 

gas measurement facilities in ports and hinterland operations.  

 

Another interesting study would have been to know why there is a lack of knowledge on this 

topic and the requirements to enable more container gas measurements. Another interesting 

study that would be interesting to read would be a study on how personnel can be monitored 

from acute intoxication of symptoms and if there are methods that could allow diagnosis of 

acute symptoms.  
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