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“Quando si parla di prevenzione del cancro, tutti pensano alla cosiddetta diagnosi precoce, ma c'è 

una prevenzione che si può fare a monte, cercando non di limitare i danni della malattia 

diagnosticandola al più presto, quanto piuttosto di evitare l'insorgere del cancro, impedendo 

l'esposizione alle sostanze che lo provocano. La prevenzione primaria si occupa proprio di questo: 

fare ricerca sulle sostanze naturali o sintetiche per capire quali sono cancerogene e, una volta 

individuate, suggerire alle autorità sanitarie delle misure di salute pubblica per toglierle dalla 

circolazione. Si tratta di una strategia che protegge tutti—il ricco come il povero—ma purtroppo è 

bistrattata da scienziati, politici e autorità sanitarie” 

 

[“When it comes to cancer prevention everyone thinks on the so-called early diagnosis. However, 

there is a prevention that can be done even earlier that does not try to limit the damage of the 

disease by diagnosing it as soon as possible, but rather to avoid the onset of cancer by preventing the 

exposure that causes it. Primary prevention is concerned with this: conducting research on natural or 

synthetic substances to understand which are carcinogenic, and once they are identified, suggesting 

public health measures to the health authorities to remove these substances from circulation. It is a 

strategy that protects all—the rich as the poor—but unfortunately it is mistreated by scientists, 

politicians, and health authorities “] 

 

 

Lorenzo Tomatis 

Director of the International Agency for Research on Cancer (IARC) 1982–1993 

Founder of the IARC Monographs on the Evaluation of Carcinogenic Risk to Humans 

(TuttoScienze, La Stampa no. 1196, September 7, 2005) 
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1. Introduction 

 

1.1. Brief background notes on the Norwegian offshore oil and gas industry 

Exploration of oil and gas started on the Norwegian continental shelf in the mid-1960s. After the 

discovery of the first profitable oil field, Ekofisk, production started in 1971, and the activity 

expanded rapidly throughout the 1970s and the 1980s (Alveberg & Melberg, 2013). With 76 oil fields 

in production, Norway is currently the world’s seventh largest oil exporter, and was in 2011 the 

world’s third largest gas exporter. The petroleum activities have contributed substantially to 

economic growth in Norway, and in 2012 the sector accounted for 23 percent of the country’s total 

value creation (Alveberg & Melberg, 2013). As the leading contributor to the Norwegian economy, 

the offshore sector is also an important employer, and currently some 17,000 workers are engaged in 

offshore work on the Norwegian continental shelf (Statistics Norway, 2012). However, the total 

number of workers employed in offshore work through the decades is not known, as no complete 

historical registry of all employees in the Norwegian offshore oil and gas industry exists. 

 

The offshore industrial activity has been facing a number of challenges in the search for technical and 

logistic solutions, in the use of human resources, and in the control of safety and environmental 

issues. Climate, weather, and long distances from society and service institutions influence the 

organization of the tour patterns, shifts, and everyday life at the installations. Operative conditions 

vary along the Norwegian coastline, and activities are carried out from both movable and stationary 

installations, operated in shallow as well as deep waters.  

 

The risk of accidents is constantly present in the offshore work environment, and the industrial 

activity entails exposures to a number of toxic agents that may have long-term impact on human 

health. Attention has been directed towards the risk of chronic diseases, and in the 1990s, an 

initiative was taken by the Norwegian Oil and Gas Association and the Cancer Registry of Norway to 

establish a cohort of offshore workers for prospective follow-up of cancer and cause-specific 

mortality among Norwegian offshore workers. The cohort was defined among participants in a 

survey, and is described in more detail in Chapter 3. 
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1.2. The processes and workforce offshore  

Offshore petroleum operations are so-called “upstream” processes, involving exploration, drilling, 

and extraction of crude oil and raw natural gas from underwater reservoirs, as opposed to the 

“downstream” petroleum industry, which refers to refining and distribution of oil and gas derivatives. 

Briefly, the exploration process consists of seismic operations to locate and estimate the size of 

underwater oil and gas reserves, as well as drilling exploration wells. The drilling process is defined as 

drilling new wells for oil and gas production by removing cuttings which are pumped to old wells for 

storage. Drilling “mud” or drilling fluid is a complex oil-, or water-based mixture that is pumped with 

high pressure through the hollow drill stem to cool and lubricate the drill bit, to provide pressure 

support in the well, and subsequently, to transport cuttings to the surface (Figure 1.) (Steinsvåg et al., 

2006).  

 

Figure 1. The drilling mud cycle. Base oil and additives are mixed in the mud pit. The mud leaves the pumps at high 
pressure, flows inside the drill stem, passes through the nozzles of the drill bit, returns to the outside of the stem and 
transports rock cuttings to the platform surface. The solids and liquids are separated by vibrating screens and other 
cleaning equipment. The mud returns to the mud pit and is recycled, while the cuttings and sand are crushed in 
slurrification units, blended with water and pumped to an old well for storage. Reproduced with kind permission from 
Oxford University Press (license number: 3140800809499) (Steinsvåg et al., 2006). 



 

8 

The production process starts with attaching a production string to the well, and then natural 

pressure in the reservoir will thrust the petroleum stream of oil, gas, and water to the production 

installation where gas and water are separated from the oil phase, and sand, rock, and sediment 

particles are removed. Next, oil and gas are cooled before transport ashore through pipelines or by 

tankers to (Steinsvåg, 2007). 

  

The drilling and production activities each require a highly specialized workforce in addition to 

auxiliary service personnel engaged in maintenance, catering, health services, and administration. 

The workforce offshore may be grouped according to four main activities: (1) production and 

process; (2) drilling and well maintenance; (3) maintenance, inspection, deck and construction; and 

(4) catering, health, office, and administration (Table 1).  

 

Table 1 Grouping of offshore workers according to main activity and job-category 

Main activity Job-category 

Production and process 
Process technician 
Control room operator 
Laboratory technician/engineers 

Drilling and well maintenance 

Drill floor crew 
Drilling mud workers 
Derrickmen 
Drillers 
Well service workers 
Measure-while-drilling-operators/mud loggers 

Maintenance, inspection, deck and construction 

Electricians 
Electric instrument technicians 
Tele/radio-operators 
Non-destructive-testing inspectors 
Plumbers and piping engineers 
Welders 
Sheet metal workers 
Mechanics 
Machinist 
Turbine/ hydraulics technicians 
Deck crew 
Industrial cleaners 
Surface workers 
Scaffold workers 
Insulators 

Catering, health, office and administration.   
Catering crew 
Chefs 
Office/administration 

 

In principle, most of these activities are similar to those taking place in upstream activities onshore, 

Compared to downstream activities such as distillation and condensation of crude oil in refineries 

and distribution of oil derivatives, upstream activities differ and represent an earlier stage in the 

petroleum recovery process. However, the work-tasks and exposure situations are fairly similar 

between these two segments of the petroleum industry (Bakke & Solbu, 2011).  
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1.3. Exposures and health hazards related to offshore work  

Although many work-tasks and exposure situations are similar between offshore and onshore 

petroleum workers, some circumstances are particular for the offshore working environment. 

Physical isolation, concern about helicopter flights, platform security, extreme tour patterns, long 

shifts, and night work, have been noted as potential health threats typical  for offshore work 

(Gardner, 2003; Ljoså et al., 2011). The diet offshore is reported to be rich in fat and calories, and 

there is access to slightly cheaper tobacco (Coleshaw & Harris, 1998; Strand & Andersen, 2001). 

Further, the constrained physical space on an offshore installation may create situations where 

several potentially hazardous exposures occur close in time and space, and may include noise, 

vibration, various forms of radiation, thermal extremes, chemical substances, as well as dust from 

grinding and sandblasting (Gardner, 2003).  

 

Chemical hazards offshore have been of particular concern in recent years in Norway, and in 2007 

the Petroleum Safety Authority (PSA) prompted the Norwegian Oil Industry Association to undertake 

a thorough assessment of the present and former exposure situation on the Norwegian continental 

shelf, known as the “Chemical Exposure Project” (PSA, 2007). Exposures offshore may involve both 

skin contact and inhalation of toxic, corrosive, sensitizing, and carcinogenic chemicals. According to 

the International Agency for Research on Cancer (IARC), classification of carcinogenicity relies on an 

agent’s ability to increase the incidence of cancer, reduce the latency time, or increase the severity of 

the disease (IARC, 2006). The criteria may apply to specific chemicals, fibers, or other physical agents, 

groups of related agents and mixtures, or even coarsely characterized occupational or environmental 

exposures. IARC uses three groups of carcinogenicity: group 1, carcinogenic to humans; group 2A, 

probably carcinogenic to humans; and group 2B, possibly carcinogenic to humans. This grouping is 

based on the degree of evidence available for an evaluation, where epidemiological studies play an 

important role (IARC, 2014).  

 

Known and suspected carcinogenic agents that are present in the offshore work environment include 

benzene, ethylbenzene, toluene, xylene, n-hexane, asbestos, crystalline silica, polycyclic aromatic 

hydrocarbons (PAHs), formaldehyde, tri- and tetra-chloroethylene (IARC, 1989, 1995, 2012a, 2012b; 

Bakke & Solbu, 2011; Hopf et al., 2012; Gardner, 2003). While many of these agents also are present 

in the refining and distribution segments of the petroleum industry, some exposure situations are 

specific for upstream operations of which drilling operations, maintenance of water cleaning 

systems, and maintenance work on hydrocarbon-leading processing equipment (flanges and valves), 

should be mentioned (Bakke & Solbu, 2011; Bråtveit 2011, 2012).  
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1.3.1. A closer look on benzene exposure in the offshore work environment 

One of the agents that have received particular attention from the PSA is benzene, and its relation to 

cancer is a field of priority (PSA, 2007). Benzene (C6H6 CAS nr. 71-43-2) is an aromatic hydrocarbon 

which is inherently present in the crude oil and gas. The toxic effects of benzene on bone marrow 

have been known for a century, carcinogenic effects have been discussed since the 1970s (Infante, 

2002), and since 1982 benzene has been listed as Group 1 carcinogen by the IARC (1982). Benzene 

primarily enters the human body through inhalation (Hayes et al., 2001), it is also absorbed by skin, 

but due to its highly volatile nature, it evaporates quickly, and dermal exposure poses a minor threat 

than inhalation (Kalnas & Teitelbaum, 2000; Vermeulen et al., 2006). Exposure may take place in the 

process area at an offshore installation, work inside crude oil tanks and separators (during shut-

down), work in the mud-handling area, and in mechanical work. Job-categories with assumed 

benzene-exposure include workers from all main activities, except catering, health, office and 

administration activities (Table 2) (Steinsvåg et al., 2005, 2007).  

 

Table 2 Grouping of offshore workers possibly exposed to benzene according to main activity, job-category, and certainty 
of exposure after Steinsvåg et al. (2005) and Bråtveit et al. (2011, 2012). 

Main activity Job-category Exposure certainty 

Production and process 
Process technician Probable 
Laboratory technician/engineers Probable 

Drilling and well maintenance 
Drill floor crew Possible/unlikely* 
Measure-while-drilling operators/mud loggers Possible/unlikely* 

Maintenance, inspection, deck and construction 

Electric instrument technicians Probable 
Plumbers and piping engineers Probable 
Mechanics Probable 
Industrial cleaners Probable 
Surface workers Probable 
Insulators Probable 
Non-destructive-testing inspectors Possible 
Deck crew Possible 
Welders Unlikely 
Sheet metal workers Unlikely 
Machinist Unlikely 
Scaffold workers Unlikely 

*Possibly exposed to benzene before 1985. 

 

Process technicians and laboratory engineers probably are exposed during manual sampling of crude 

oil, condensate or produced water. Moreover, production and process activities include analysis of 

the petroleum stream (water content and weight of crude oil and condensate). Several analytical 

procedures involved benzene in the 1970s and 1980s, and laboratory work was performed without 

adequate ventilation up to 1985 when fume cupboards were installed on most installations. 

Maintenance workers performed several work tasks with probable or possible benzene-exposure: 

opening, changing and closing blind flanges; inspection and maintenance of the water treatment 

system (produced water); pipeline cleaning operations; cleaning and inspection of tanks and 

separators (jetting of systems); testing, bleeding off pressure, disassembly/assembly of sampling 



 

11 

devices, transmitters and flowmeters; and cleaning, maintenance, and change of filters (Bråtveit et 

al., 2011, 2012). 

 

Benzene has to be metabolized before it achieves its carcinogenic effect. Several mechanisms and 

pathways may be involved, and may be more or less relevant for the different types of 

lymphohematopoietic disease. There is evidence of genotoxic effects at the stem cell level, and a 

number of genotoxic changes have been observed in white blood cells of exposed workers (IARC, 

2012b).  

 

1.3.2. Some exposures, relevant for cancer, occurring in the offshore work environment 

Exposure to oil may involve crude oil or refinery products, used for processing or technical purposes. 

Typically, oils are complex mixtures consisting of several chemical compounds in which some with 

carcinogenic potential for humans. The IARC has classified untreated or mildly treated mineral oils as 

carcinogenic to humans (Group 1), while highly refined mineral oils and crude oil were not 

classifiable as to their carcinogenicity when last evaluated in 2009 and in 1988, respectively (IARC, 

2012b, 1989). Skin contact with oil and oil derivatives, might occur during several offshore work-

tasks. Up until the late 1980s and early 1990s, handling of drill-pipes was conducted manually on 

many drilling installations, and workers engaged in drilling and mud handling activities may have 

experienced extensive dermal exposure to mud based on mineral oil during such operations 

(Ormerod et al., 1998; Steinsvåg et al., 2007). Measurements of oil mist and oil vapor from heated 

mud in the mud pit and in the shale shaker area have shown medians of approximately 1/3 of the 

occupational exposure limit (OEL) offshore, but measurements well beyond the OEL offshore were 

also recorded (Bakke & Solbu, 2011; Bråtveit et al., 2011, 2012). Hence, workers engaged in these 

activities might have been exposed to mineral oil also through inhalation. The highest potential for 

exposure to crude oil is probably through skin contact that occurs during cleaning of tanks and 

production equipment, involving industrial cleaners specialised to clean and finalize such equipment 

during shut-down periods of the process area. Other work-tasks that may involve skin contact with 

crude oil include sampling, laboratory analysis, and maintenance operations in the process area, 

which involves workers engaged in both production and maintenance activities (Steinsvåg et al., 

2007).  

 

Asbestos is a general term for several forms of naturally occurring mineral silicate fibres (including 

actinolite, amosite, anthophyllite, chrysotile, crocidolite, tremolite), and all forms have been 

classified as carcinogenic to humans (IARC, 2012a). In the offshore industry, asbestos was used in 

derrick brake bands until 1991, and as a drilling mud additive until the early 1980s 
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(Steinsvåg et al., 2007). Derrickmen, engaged as “sack-cutters”, fed asbestos and other dry additives 

onto hoppers for mixing, and were probably the job-category with the highest exposure potential 

until asbestos was banned in the mid-1980s, whereas exposure among drill floor crew most likely 

originated from derrick brake pads. Due to its non-flammable properties, asbestos was widely used 

both as fire protection and insulation, and workers engaged in maintenance activities such as 

machinists, insulators, and plumbers were also likely to experience exposure in the first two decades 

of the offshore industry (Bråtveit et al., 2011, 2012). Refractory ceramic fibres (RCF) is listed as a 

possible carcinogen (IARC Group 2B), and replaced asbestos as a drilling mud additive after the ban, 

and hence those engaged in sack cutting and mud mixing work-tasks might have been exposed to 

RCFs (Steinsvåg et al., 2007). Dry additives containing crystalline silica (a Group 1 carcinogen) were 

also used as drilling mud components, and therefore derrickmen may also have been exposed to this 

agent. Also maintenance workers, performing cementing tasks and sandblasting tasks, might have 

been exposed to crystalline silica (Steinsvåg et al., 2007).  

 

Recently, diesel engine exhaust (DEE) was upgraded to a Group 1 carcinogen by the IARC (IARC, 

2013a). The upgrade from probably carcinogenic (Group 2A) to carcinogenic, was largely based on 

the results from studies in US miners (Silverman et al., 2012; Attfield et al., 2012), that showed 

increasing lung cancer risk with increasing exposure to respirable elemental carbon (from DEE). In 

the offshore work environment, sources of DEE include diesel driven machines, generators, and 

forklift trucks (Steinsvåg et al., 2007). In comparison to the studies in miners, the DEE from machines 

and generators offshore is discharged in open-air, and have probably posed low risk of exposure for 

workers outside on the platform deck (Steinsvåg et al., 2007). However, diesel driven forklift trucks 

were used indoor in the sack rooms, and workers in this area (derrickmen and deck crew) might have 

experienced higher levels of DEE. The Norwegian National Institute of Occupational Health 

conducted an assessment of the burden of DEE in the Norwegian offshore work environment today 

(2011–2012), and measured elemental carbon (EC) and nitrogen oxide (NO2) (as markers of DEE) on 

six offshore installations (Solbu et al., 2012). The assessment project found that the exposure levels 

of EC and NO2 were lower than those found in mining and tunnel workers, and that EC levels (median 

of 9.2 µg/m3) from forklift trucks were in line with those reported from the land-based petroleum 

industry (Solbu et al., 2012).  

 

Formaldehyde—a Group 1 carcinogen—is a methanol-derivate used in the production of resins for 

the plastic, paper, and wood industries, in the manufacturing of chemicals, and directly as a 

disinfectant (IARC, 2012b). Offshore, it has been used as a biocide in water injection and processing 

equipment, and process technicians, deck crew,  mechanics, and electricians might have been 
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exposed while carrying out maintenance tasks such as opening pumps, calibration of injection 

pumps, filling biocide tanks, and adding biocide into water injection systems (Steinsvåg et al., 2007). 

In the offshore work environment exposure to solvent vapors containing cholorinated hydrocarbons 

such as trichloroethylene and tetrachloroethylene, might have occurred while performing tasks 

related to degreasing, dry cleaning, and surface treatment. Trichloroethylene and 

tetrachloroethylene are listed by the IARC as known and suspected carcinogens (IARC, 2013b). 
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1.4. Cancer incidence in petroleum workers 

Increased risk of cancer has been reported among petroleum workers both onshore and offshore 

(Schnatter et al., 1992, 2012a; Rushton, 1993; Sorahan, 2007; Wong & Raabe, 2000; Glass et al., 

2003; Kirkeleit et al., 2008, 2010; Aas et al., 2009). Cancer types with elevated risk include 

lymphohematopoietic cancers (Rushton & Romaniuk, 1997, 2014; Schnatter et al., 1996, 2012a; 

Järvholm et al., 1997; Glass et al., 2003, 2014; Kirkeleit et al., 2008; Aas et al., 2009), malignant 

melanoma (Schnatter et al., 1992; Sorahan 2007; Gun et al., 2004, 2006), cancer of the pleura (Lewis 

et al., 2003; Sorahan 2007; Gun et al., 2006; Aas et al., 2009; Stenehjem et al., 2014), cancer of the 

lung (Schnatter et al., 2012b), esophageal adenocarcinoma (Kirkeleit et al., 2010), bladder cancer 

(Gun et al., 2004), prostate cancer (Gun et al., 2004, 2006; Christie et al., 1991), and kidney cancer 

(Gun et al., 2006; Rushton, 1993; Pukkala, 1998). 

 

1.4.1 Associations between occupational exposures and cancers in petroleum workers 

Excess of malignant melanoma mortality has been found in Canadian upstream petroleum workers 

exposed to hydrocarbons (Schnatter et al., 1992). Similarly, excess of malignant melanoma mortality 

has been reported in Australian petroleum workers, but an occupational cause could not be 

identified (Gun et al., 2006).  In a literature review, Mehlman argued for a causal relationship 

between dermal exposure to hydrocarbons and malignant melanoma (2006), although ultraviolet 

radiation from sun tanning is acknowledged as the predominant cause of this disease (IARC, 2012d).  

  

Lung cancer has been linked to asbestos and petroleum coke dust in Canadian petroleum workers 

(Schnatter et al., 2012b). Moreover, asbestos is a candidate for the explanation of cancer of the 

pleura in offshore workers (IARC, 2012a) due to its use as a drilling-mud additive and as a component 

in derrick brake bands (Steinsvåg et al., 2007). 

 

Increased risk of esophageal adenocarcinoma has been reported in Norwegian offshore workers, and 

occupational exposure to asbestos and hydrocarbons were suggested as possible causes (Kirkeleit et 

al., 2010). Possible effects from other known risk-factors such as smoking (IARC, 2012c) and obesity 

(Engeland et al., 2004) were not taken into account in the analyses.  

 

Gun and colleagues (2004) found a positive trend between hydrocarbon rankings of job categories 

and standardized incidence ratios of bladder cancer in Australian petroleum workers, and assumed 

that possible confounding from smoking was unlikely due to a similar prevalence of smoking in 

petroleum workers as in the reference population.     
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Excesses of incidence and mortality from kidney cancer has been reported in Australian and UK 

petroleum distribution workers (drivers), repectively, and an association with hydrocarbon exposure 

has been suggested (Gun et al., 2006; Rushton, 1993).   

 

In general, there are few and uncertain occupational exposures linked to prostate cancer (Platz & 

Giovannucci, 2006), and hence the elevated risk observed in petroleum workers may not be of 

occupational origin (Gun et al., 2004, 2006; Christie et al., 1991). 

 

1.4.2. The relationship between benzene and lymphohematopoietic cancers in petroleum workers 

The risk of contracting lymphohematopoietic (LH) cancers among petroleum workers has primarily 

been linked to occupational benzene exposure due to its natural presence in oil and gas. However, 

other aromatic hydrocarbons such as toluene, ethylbenzene, and xylene are also natural components 

of the petroleum stream (Bråtveit et al., 2007 and Steinsvåg et al., 2007), and ethylbenzene has been 

listed as a possible carcinogen by the IARC [IARC classification list2014]. Hence, co-exposure from 

these agents cannot be ruled out when LH cancer risk is evaluated in relation to benzene.  

 

Among LH cancers, benzene has primarily been linked to acute myeloid leukemia (AML), but in 

recent years several studies have connected benzene to other lymphohematopoietic (LH) 

malignancies as well (Glass et al., 2003; Kirkeleit et al., 2008; Vlaanderen et al., 2011; Hayes et al., 

1997). Accordingly, the IARC noted that positive associations had been observed between benzene 

exposure and acute lymphocytic leukemia (ALL), chronic lymphocytic leukemia (CLL), multiple 

myeloma (MM), and non-Hodgkin lymphoma (NHL) in their most recent evaluation of the 

carcinogenicity of benzene (IARC, 2012b).  

 

The link between benzene and myeloid malignancies among workers in both upstream and 

downstream segments of the petroleum industry is well documented (Schnatter et al., 1996, 2012a; 

Kirkeleit et al., 2008; Sorahan et al., 2005; Glass et al., 2003; Lewis et al., 2003; Collins et al., 2003; 

Rushton, 1993; Rushton and Romaniuk, 1997). Few studies have, however, examined benzene 

related to subtypes of lymphoid malignancies (Kirkeleit et al., 2008, 2010; Gun et al., 2004, 2006), 

and only one study with metrics of benzene exposure (Glass et al., 2003). In particular, the 

association between benzene-exposure and NHL is less clear (Vlaanderen et al., 2011).  

The last 15 years, reports have suggested that benzene may be carcinogenic and hematotoxic also at 

low doses (<10 ppm) of exposure (Schnatter et al., 2012a, Glass et al., 2003, Hayes et al., 1997, Lan et 

al., 2004, Vlaanderen et al., 2010). There is, however, limited evidence to decide which 
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characteristics of benzene exposure that are the most important drivers for LH disease: e.g., 

cumulative exposure, duration of exposure, average intensity, or peak exposures (Collins et al., 

2003).   
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2. Aims 

 

The aims of the present work were to study whether there is an excess of cancer among offshore 

workers compared to the general working population, to examine whether there is evidence of 

benzene-related occupational cancer, and to identify predictors of self-reported exposure for future 

refinement of a JEM. 

 

To achieve the aims, we: 

 

 merged two cohorts of Norwegian offshore workers and followed this cohort 

prospectively to compare the observed number of cancer cases with those expected 

based on background incidence rates from the entire Norwegian population (Paper I) 

 

 drew a subcohort from a cohort of nearly 25,000 male offshore workers, extracted 

complete work histories for all subcohort members and all lymphohematopoietic (LH) 

cancer cases, linked work histories to an expert assessed job-time-exposure matrix for 

benzene, and examined the relation between occupational benzene exposure and LH 

cancer risk according to a case-cohort design (Paper II).  

 

 examined self-reported occupational exposures in a cross-sectional survey of nearly 

28,000 male and female offshore workers according to main platform activity, job-

category, and other work-related factors (Paper III). 
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3. Material and methods 
 
3.1. Study populations  

In the 1990s, questions were raised about potential health hazards in offshore work, which 

encouraged the oil and gas employers’ association, labor unions, and the Cancer Registry of Norway 

to plan a follow-up study of cancer incidence and cause-specific mortality among Norwegian offshore 

workers. However, it proved impossible to establish a uniform historical cohort of offshore workers 

based on data from employers only, and data on offshore work in the Norwegian State Register of 

Employers and Employees (EE Register) were not available for research at the time. The situation 

prompted the Cancer Registry of Norway (Department of Research) to conduct a survey to recruit 

participants for a prospective cohort study (hereafter the survey-based cohort) in the mid-1990s 

(Strand & Andersen, 2001). In 2004, data in the EE register became available for research purposes, 

and an historical cohort of offshore workers was extracted for a research group at the University of 

Bergen (hereafter, the register-based cohort) (Kirkeleit et al., 2008). 

 

3.1.1 The survey-based offshore cohort  

A roster of 61,339 men and women, who might have been employed in the Norwegian offshore oil 

industry, was compiled between 1996 and 1998. The roster was based on employment lists of 

offshore and onshore workers in oil companies, trade unions, schools, and other sources. In 

September 1998, 57,328 men and women were alive and resident in Norway and were mailed a 

questionnaire to their home address. Reminder questionnaires were distributed in October and 

November 1998 to improve the response rate. A total of 35,303 persons responded, of whom 7316 

were excluded from the offshore cohort because they never worked offshore and 70 excluded 

because they worked on ships only, or were missing a personal identification number. The remaining 

27,917 men and women confirmed offshore work for more than 20 days on a stationary or movable 

installation offshore between 1965 and 1999, and constituted the survey-based offshore cohort 

studied in Paper III. In Paper II, women were not studied and further restrictions of the inclusion 

criteria were applied on the study population. Hence, the numbers of workers studied in these two 

papers differ slightly (Table 3).  

 

3.1.2 The register-based cohort 

In 2004, a cohort of 27,997 Norwegian offshore workers, based on employments between 1981 and 

2003 in the EE Register, was established by Statistics Norway on request by a research group at the 

University of Bergen, and constitutes the register-based cohort. For Paper I, the survey-based and 
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the register-based cohort were merged by Statistics Norway, together with all non-responders 

(n = 22,025) invited to the survey. The cohorts overlapped with about 50%, and after 13,285 

duplicates were removed, the merged cohort yielded 42,629 unique individuals. Those with year of 

first employment before 1965 (n = 289), with age under 15 or over 67 at year of first employment (n 

= 45), and those who died or emigrated before start of follow-up for cancer (n = 1155) were 

excluded, leaving a sample of 41,140 individuals with offshore work from the period 1965–2003 for 

analysis (Table 3).  

 

Table 3 displays the establishment of the survey-based cohort, the merging with the register-based 

cohort, and the numbers of excluded and studied workers by paper.  

 

Table 3 Overview of the number of workers excluded and studied by paper in Ph.D.-thesis. 

Subject groups 
 

No. of workers 

Paper I  Paper II  Paper III 

 SB RB  SB  SB 

Roster of possible offshore workers*  61 339   61 339  61 339 

Dead before 1999 – 1 572   1 572  1 572 

Emigrated before 1999 – 2 439   2 439  2 439 

Eligible for questionnaire = 57 328   57 328  57 328 

Non-respondents – 22 025   22 025  22 025 

Respondents, never worked offshore – 7 316   7 316  7 316 

Survey respondents (offshore workers from EE register) = 27 987 (27 997)  27 987  27 987 

Crude merged cohort (SB+RB) = 55 984     

Duplicates removed – 13 285     

Women not studied –   2 572   

Excluded, missing work history –   4   

Excluded, worked on ships† – 68  66  68 

Excluded, missing personal ID number – 2  2  2 

Excluded, year of first employment before 1965‡ – 289  218   

Excluded, age <15 or >67 at start of first employment  – 45  36   

Excluded, dead or emigrated before start of follow-up – 1 155  172   

The merged offshore cohort / the SB offshore cohort  = 41 140   24 917  27 917 

Subcohort non-cases in case-cohort study =   1 661   

Lymphohematopoietic cancer cases in case-cohort study =   112   

SB, survey-based; RB, register-based; EE, Norwegian State Register of Employers and Employees 
*Compiled from lists from oil companies, educational institutions, trade unions, and other sources. 
†Typically supply, lifting, seismic, and pipelaying vessels with no drilling or production activity. 
‡Start of offshore oil activity in the North Sea, earlier employments were considered not possible.  

 

3.1.3 The survey response rate 

The roster used for the survey included an unknown proportion of people that never had worked 

offshore, and these could be less prone to respond to a questionnaire meant for offshore workers. 

Thus, an exact survey response rate for offshore workers could not be calculated from the survey 

data alone. At the time of the survey, no uniform and independent information existed to verify 

offshore experience. However, when the survey non-respondents (n = 20,025) and the survey 
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offshore workers (n = 27,987) had been merged with the EE register-based cohort (n = 27,997) in 

Paper I, we were able to identify the number of survey non-respondents and the number of survey 

offshore workers who also were registered as offshore workers in the independent EE register. 

Among a total of 22,025 survey non-respondents, 5915 were retrieved as offshore workers in the 

register-based cohort, while the number of survey offshore workers retrieved in the register-based 

cohort was 13,124. Although these numbers did not include all survey offshore workers, an 

estimated survey response rate of 69% [13,124 / (5915 + 13,124)] was derived. 
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3.2. The Cancer Registry of Norway 

Reporting of cancer incidence to the Cancer Registry Norway (CRN) has been compulsory since the 

establishment in 1952. Sources reporting neoplasms to the Cancer Registry include hospitals and 

pathology laboratories. Additional data are collected from death certificates, and data from the 

Norwegian Patient Register (since 2002). Cancer topography (localization) is based on the World 

Health Organization’s (WHO) international classification for diseases seventh revision (ICD-7), and 

cancer morphology (histology) is based on the Manual of Tumor Nomenclature and Coding 

(MOTNAC), ICD oncology second and third revision (ICD-O-2 and ICD-O-3), all converted into ICD 

tenth revision (ICD-10) codes (CRN, 2012). The total number of cancer registrations has, since 1953, 

been considered to be close to complete (Larsen et al., 2009). Identification of cancer cases in the 

CRN has since the 1960s been based on an 11-digit personal identity (PID) number, assigned to every 

Norwegian at birth.  

 

For follow-up purposes data were supplied from the national Population Register on vital status, and 

on year of death or year of emigration if relevant. In all cancer analyses, subjects were followed until 

death, emigration, or the end of the follow-up period, whichever occurred first. 

 

3.3.1. Follow-up and identification of cancer cases in Paper I  

In Paper I, the merged cohort (n = 41,140) was linked to the CRN for identification of cancer cases (all 

sites). The workers were followed for cancer from 1 January 1999 or from year of first employment if 

later (until 31 Dec. 2003) until end of study the 31 December 2009. A total of 2191 new cancer cases 

were identified, and 433,891 person-years were generated during follow-up.  

 

3.3.2 Follow-up and identification of cancer cases in Paper II 

In Paper II, the survey-based cohort (n = 24,917) was followed from June 30, 1999 through 2011. 

Some questionnaires were received during the spring 1999. To assure prospective follow-up for 

workers with delayed questionnaires, start of follow-up was set to six months later compared to 

Paper I. A total of 112 first primary lymphohematopoietic cancer cases were identified in the CRN 

during follow-up. Table 4 displays numbers of lymphohematopoietic cancer cases by subtype and 

ICD-10 code. 
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Table 4 Numbers of lymphohaematopoietic cancer cases by subtype and code from 
the International Classification of Diseases (10th revision) among 24,917 male 
Norwegian offshore oil industry workers followed 1999–2011. 

 
Type of cancer 

ICD-10  
Code 

No. of 
cases 

Lymphohematopoietic (LH) C81–C96 112 
Lymphoid C81–C91 91 

Hodgkin lymphoma (HL)* C81 6 
Non-Hodgkin lymphoma (NHL)† C83–C90 51 

High grade NHL (HG-NHL)*†  C83.3, C85 23 
Low grade NHL (LG-NHL)*† C90.3, C82, C83.0–1, C88 26 
NHL not otherwise specified* C84 2 

Multiple myeloma (MM) C90.0 17 
Acute lymphoblastic leukemia (ALL)*† C91.0 3 
Chronic lymphocytic leukemia (CLL)† C91.1, C91.4 14 

Myeloid C92, D45–7 21 
Acute myeloid leukemia (AML) C92.0 10 
Chronic myeloid leukemia (CML)* C92.1 3 
Myelodysplastic syndrome (MDS)* D46 4 
Other myeloid diseases* D45, D47 4 

*Not analysed separately. 
†ALL and CLL were also analysed as NHL-subtypes, and combined with HG-NHL and 
LG-NHL, respectively. 
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3.4. Exposure assessment 

 

3.4.1. Development of a job-time-exposure matrix for the survey-based cohort 

In 2005, a research group of occupational hygienists at the University of Bergen, developed an 

expert-based job-time-exposure matrix (JEM) for the survey-based cohort with the aim of 

characterizing the exposure to carcinogenic agents, mixtures, or exposure situations among offshore 

workers on the Norwegian continental shelf employed between 1970 and 2005 (Steinsvåg et al., 

2005). The expert-based approach was chosen as there were very little measurement data available. 

 

The JEM was based on four dimensions; 1) job-category, 2) carcinogenic agent, 3) time period, and 4) 

exposure. The job-categories (n = 27) were defined by grouping self-reported job-titles collected 

from the survey-based cohort. The carcinogenic agents (n = 17) were chosen from IARC’s list of 

agents, mixtures, or exposure situations that were considered relevant for the offshore industry. 

Time of exposure was divided into the following periods 1970-79, 1980-89, 1990-99, and 2000-05. 

For each combination of job-category, agent, and time period, exposure was assessed according to 

three different dimensions: 1) probability of exposure (improbable/possible/probable); 2) frequency 

of exposure (<1 day pr week/1-3 days pr week/4-7 days pr week), and 3) If the exposure was 

considered probable, intensity was rated as low, medium, or high, and if an occupational exposure 

limit (OEL) existed for the agent, intensity was to be evaluated relatively to the OEL as:  low = <1/3 of 

OEL, medium = >1/3-1/1 of OEL, or high = >norm. The final rating of exposure for each combination 

of job, agent, and time period, was a summary score of the three exposure dimensions. This final 

summary score was calculated as follows: value “3”, consensus among experts that exposure to the 

given agent was probable for a certain proportion of the given job-category in the given decade, and 

that this job-category was assumed to have the highest relative exposure ranking compared to the 

other job-categories with probable exposure; value “2”, consensus among experts that exposure to 

the given agent was probable for a certain proportion of the given job-category in the given decade, 

but not the highest relative exposure ranking; value “1”, consensus among at least half the experts 

that exposure to the given agent was possible for a certain proportion of the given job-category in 

the given decade; in addition to value 1, 2, or 3, an asterisk “*” was assigned to cells in the JEM 

where exposure was assumed to lie between 1/3 and 1/1 of the OEL,  for cells without the asterisk 

exposure was assumed to be below 1/3 of the OEL; empty cells in the JEM equalled improbable 

exposure (Steinsvåg et al., 2005).  
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3.4.2. Refinement of the job-time-exposure matrix with respect to benzene 

For a study of the link between occupational benzene exposure and risk of contracting LH cancer 

(paper II), the expert based JEM was refined. Such a refinement was desirable in order to obtain 

exposure estimates that: 1) more clearly captured the contrasts in benzene exposure between job-

categories and time periods; and 2) were based on performed work-tasks with assumed exposure, 

rather than the job-categories’ probability of exposure (Bråtveit et al., 2012). 

 

The refinement process was commissioned by the offshore-research group at the Cancer Registry of 

Norway to the research group at the University of Bergen who developed the original JEM. In 

collaboration with the Norwegian Oil Industry Association’s “Chemical Exposure Project” 

[Kjemikalieprosjektet], the two research groups invited representatives from labour unions, the 

industry, the petroleum authorities, as well as researchers within the field of occupational hygiene 

and medicine, to a workshop to get input on different aspects of the JEM refinement process. The 

workshop was divided into two parts. In the first part, the two research groups met with 

representatives from the industry, unions, and petroleum authorities, to get input on variations in 

benzene concentration between fields, to what extent a quantitative assessment of exposure was 

possible, if it was possible to quantify benzene exposure before 1990 by use of today’s 

measurements, and if there were any job-categories, installations, or fields where disease from 

solvents had been reported more frequently than others. In the second part of the workshop, the 

research groups discussed the input received in the first part with the other researchers. The 

workshop concluded that of the original JEM should be refined with respect to benzene with 

emphasis on exposed work-tasks rather than exposed job-categories and job-titles. 

 

After the workshop, the University of Bergen research group compiled and systemised information 

on benzene exposure from several projects with relevance to historical exposure in the offshore 

petroleum industry (Bråtveit et al., 2012). In addition, the research group asked petroleum 

companies, operating on the Norwegian continental shelf, to provide information on factors that 

could have influenced the workers’ exposure to benzene such as technological modifications, 

installation of laboratory hoods, closing of open drains, changes in work practices, new regulations, 

and outsourcing of work-tasks with potentially high exposure. Data on benzene exposure from the 

Norwegian offshore industry are limited before year 2000 (Bråtveit et al., 2012).  Hence, a semi-

quantitative approach was chosen for refinement of the JEM. The refinement strategy was based on 

the method proposed by Hopf and colleagues for PCB-exposed workers (2010), and in brief, the JEM 

was refined by rating the full-shift exposure (benzene JEM exposure burden) semi-quantitatively 

according to a four step procedure: step 1, identifying relevant tasks associated with benzene 
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exposure; step 2, rating exposure determinants for these tasks for estimation of relative exposure 

intensity; step 3, estimating frequency and duration of these tasks; and step 4, rating of exposure 

burden as a function of intensity, frequency and duration, for different job-categories based on the 

set of tasks they normally perform.  In addition, scores representing the frequency of exceeding the 

short-term exposure limit (STEL) were estimated by job-category as a function of how often the STEL 

was exceeded during the respective tasks and the frequency of performing these tasks within each 

job-category (benzene JEM and STEL available at http://www.uib.no/filearchive/supplementary-

information-to-the-jem-.pdf) (Bråtveit et al., 2011, 2012). The benzene ratings were performed for 

27 job-categories (29 job-categories were rated in STEL matrix) for four 10-year periods from 1970.  

 

From an epidemiological point of view, the main aim with the JEM refinement process was to obtain 

estimates of benzene exposure that were as precise and accurate as possible, and that were 

applicable to individual work histories from the survey-based cohort for subsequent analyses of 

cancer risk. An in-depth critical evaluation of the JEM refinement process itself was beyond the scope 

of the present work, although a thorough understanding of the strength and limitations of the 

exposure estimates remains crucial for an adequate interpretation of the link between benzene 

exposure and LH cancer risk.  

 

Individual exposure to benzene was derived by linking work histories with the JEM and the STEL 

exceeding scores. Work-history data from 1965 through 1969 were assigned exposure ratings for the 

period 1970–1979. Employments grouped according to main activity only, due to missing job-

category data, were assigned the average JEM and STEL ratings of the job-categories within the same 

main activity.  

 

 

 

 

 

 

 

 

 

 

http://www.uib.no/filearchive/supplementary-information-to-the-jem-.pdf
http://www.uib.no/filearchive/supplementary-information-to-the-jem-.pdf
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3.4. Study designs and study variables 

The three studies included in this thesis were conducted according to different study designs. Paper I 

was based on a merged cohort and carried out as a prospective cohort study with external reference 

rates. Paper II and paper III were based on the survey-based cohort and carried out as a case-cohort 

study and as a cross-sectional study, respectively. Below, a description of the study designs and study 

variables is presented according to each paper. 

 

3.5.1. Paper I: a prospective cohort study 

Paper I reports from a cohort established by merging the survey-based cohort and the register-based 

cohort, giving a combined cohort of 41,140 workers with year of first employment between 1965 and 

2003. The survey-based cohort is closed, meaning that no subjects were added to the cohort after 

the cohort was defined upon reception of all questionnaires in 1998. Moreover, the survey-based 

cohort is a survivor cohort including only subjects who were alive and resident in Norway in 1998, 

and hence no unbiased follow-up of cancer could be conducted before 1999. The register-based 

cohort, however, was an open cohort where subjects were added to the cohort at the date their first 

offshore employment was registered in the EE register (until 31 December 2003). Therefore, the 

merged cohort was analysed as an open cohort from 1999 through 2003, and a closed cohort from 

2004 through 2009. 

 

3.5.1.1. Study variables in Paper I 

 Cohort affiliation (survey-based only/register-based only/both cohorts) 

 Gender (male/female) 

 Year of first employment (1965–1985/1986–2003) 

 Age at start of first employment (continuous) 

 Age at end of follow-up (continuous) 

 Cancer data: All sites were analyzed according to data on topography, morphology, and 

month and year of diagnosis.  

 

3.5.2. Paper II: a case-cohort study 

For Paper II we examined exposure to benzene and risk of lymphohematopoietic (LH) cancers among 

male workers in the survey-based cohort (n = 24,917) with a case-cohort design. A random sample of 

1675 workers, stratified on 5-year birth-cohorts and frequency matched to the birth year distribution 

of all cancers combined, was drawn for a subcohort representative of the full survey-based cohort. 

Fourteen of the subcohort members were LH cases, and hence 112 cases and 1661 subcohort non-
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cases were left for analysis. The case-cohort design was preferred to a traditional cohort design 

because complete work histories had to be extracted manually, which was done for all cases and all 

subcohort non-cases. Figure 2 gives an overview of the study design and the exclusions in Paper II. 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Offshore cohort 
Members of full cohort  
(n=27 987) 

Offshore cohort 
Male members eligible  
for subcohort sampling  
(n=24 917) 

Exclusions before sampling 
of subcohort (n=498) 
Year of first employment 
     before 1965 (n=218);  
Work on ships only (n=66);  
Age <15 or >67 at first 
    employment (n=36); 
Dead or emigrated before 

start of follow-up 
(n=172); 

Missing work history (n=4); 
Missing personal ID (n=2) 
 
 

Subcohort 
Subcohort members 
sampled randomly from 
5-year birth cohorts  
(n=1 675) 

Cases  
for analyses  
LH cancer  
cases   
(n=112) 
 

Subcohort  
for analyses 
Non-LH 
cancer cases 
(n=1 661) 
 

Exclusion of LH cases  
LH cancer cases drawn 
randomly to the subcohort 
(n=14) were excluded from 
the subcohort 

Figure 2 Overview of Paper II’s study design and exclusions  

Offshore cohort 
Male members of full cohort  
(n=25 415) 

Women not studied  
Female cohort members 
(n=2 572) 
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3.5.2.1. Study variables in Paper II 

 Age (based on year of birth, ranging 1915–1979) 

 Work history: 

o Job-category and main activity (as displayed in table 1) 

o Employment start (year and month) 

o Employment stop (year and month) 

 Benzene exposure from offshore work: 

o Ever or never exposed 

o Cumulative and intensity JEM exposure burden (unexposed/low/medium/high) 

o Exposure duration (0 years/>0–5.49 years/5.5–11.9/12–33.5 years) 

o Cumulative and intensity STEL exceeding scores (unexposed/low/medium/high) 

 Benzene exposure from other work (yes/no) 

 Ever daily smoker (yes/no/unknown) 

 Cancer data: Topography, morphology, and date of diagnosis.  

 

3.5.3. Paper III: a cross-sectional study 

Paper III reports from a cross-sectional survey. Data on seven selected self-reported exposures, from 

last or current position offshore, were examined according to main offshore activity, demographic 

variables, and other work-related factors. Job-categories were categorized into groups according to 

main platform activity (production, drilling, maintenance, and catering) as displayed in Table 1. Job-

titles that did not match any main activity were grouped as miscellaneous. 

 

3.5.3.1. Self-reported exposures 

Paper III addresses seven exposures: (i) skin contact with oil and diesel, (ii) oil vapor from shaker and 

other mud cleaning (denoted as oil vapor), (iii) exhaust fumes (diesel), (iv) vapor from mixing 

chemicals used for drilling (denoted as chemical vapor), (v) natural gas, (vi) chemicals used for water 

injection and processing, and (vii) solvent vapor (from painting, cleaning, degreasing). 

 

For each exposure, the respondents reported the proportion of the daily work shift that they were 

exposed into one of six categories: (1) almost the entire work shift, (2) ¾ of the work shift, (3) ½ of 

the work shift, (4) ¼ of the work shift, (5) rarely during the work shift, and (6) never during the work 

shift. 
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3.5.3.2. Demographic variables 

 Gender (male/female) 

 Age in 1998  

 Educational level (compulsory/folk high school/vocational training/upper 

secondary/university or college degree)  

 

3.5.3.3. Other work-related factors  

 Supervisor or manager position (yes/no) 

 Type of company (operating/contractor) 

 Type of installation (stationary/movable) 

 Work schedule (daytime/nighttime/shiftwork) 

 Year started position (continuous) 

 Duration in position (continuous years and months).  

 Year left position (summed start and duration, continuous) and grouped into three time 

periods: (1967-1979/1980-1989/1990-1999). 
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3.5. Statistical analyses 

 

In Paper I, standardized incidence ratios (SIRs) were calculated by gender and period of first 

employment (1965–1985 and 1986–2003) from national gender-, 5-year age-, and 1-year time-

specific incidence rates for the entire Norwegian population (4.9 million persons by 31 December 

2009). Ninety-five percent confidence intervals (CIs) were calculated around the SIRs assuming a 

Poisson distribution of the observed cases. 

 

In Paper II, Cox regression, adapted to a stratified case-cohort design (Borgan et al., 2000), was used 

to estimate hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) of cancer 

associated with the benzene-metrics (see point 3.5.2.1.). Cases were assigned a weight of 1 and 

subcohort non-cases were given weights according to the inverse sampling fraction from their 

corresponding 5-year birth cohort stratum. Robust variances were used to compute standard errors 

of the HRs. Age was used as time scale with entry-time at age of start of follow-up. Subjects were 

censored at the date of cancer, date of emigration, date of death, or end of study, whichever came 

first. A total of 14 cases were identified as members of the randomly drawn subcohort, and were 

analysed as cases only (weight=1) according to the method described by Borgan and colleagues 

(2000). Thus, a sample of 112 LH-cases and 1661 subcohort non-cases was used in the analyses 

(Figure 2).  The robustness of the results was examined by conducting two sensitivity analyses. First, 

we conducted an analysis excluding the workers categorized according to main platform activity only, 

and excluding workers (56 cases and 713 non-cases) with replaced start or stop dates. Second, we 

conducted an analysis where the 457 workers still employed in 1998 were assumed to be exposed at 

the same intensity level until censoring (methodological details and results in supplemental 

material).  In all analyses, HRs were adjusted for potential confounding effects from age (as the time 

scale), benzene exposure from other work (yes, no), and ever being a daily smoker (yes, no, 

unknown). Tests for linear trend across categories were performed by using the median within each 

exposure category as a quantitative score. The proportional-hazards assumption was evaluated by 

Schoenfeld residuals. Tests for significance were two-sided, and p values of 0.05 or smaller were 

considered to represent statistical significance.  

 

In Paper III, descriptive statistics were displayed for all exposures by cross tabulation of main activity 

and time periods based on year left position. To take into account the effects of other work-related 

factors on the reporting of exposure, a regression approach was chosen. The 6-category frequency of 

exposure variables were ordinal, and in preliminary analyses we used ordered logistic regression 
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models to evaluate potential predictors of reporting higher (or lower) categories of frequency of 

exposure (results not shown). However, because of empty or sparsely-filled cells in the higher 

frequency categories and because the distribution of the exposure variables were heavily skewed 

towards the low frequency categories (unexposed and rarely exposed), the analyses focus on models 

that dichotomized frequency of exposure with a cutoff between the “rarely” and “¼” categories to 

provide insight into predictors of reporting exposure that occurred ≥¼ of the work shift.  Binary 

Poisson regression with robust variance was used to examine the probability of reporting exposure 

≥¼ of the work shift (frequent exposure) compared to rarely or never during the work shift. The 

relative risk (RR) and corresponding 95% confidence intervals (CIs) of reporting frequent exposure 

were estimated according to main platform activity, calendar year left position, supervisor/manager, 

type of company, type of installation, work schedule, and educational level. Tests for trend were 

examined for year left position (treated as a continuous variable). For each exposure, a regression 

model that also included job category was developed separately for the main activity with the 

highest probability of reporting that exposure.  

 

In all papers, statistical analyses were performed using Stata, version 13 (StataCorp, College Station, 

TX, USA). 
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3.6. Ethics 

Participation in the survey was voluntary and based on informed consent. Necessary legal and ethical 

approvals were obtained for all the studies from the Norwegian Data Inspectorate, the Regional 

Committee for Medical Research Ethics, and the Norwegian Directorate of Health for all papers. 
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4. Brief summary of results 

 

Paper I: Cancer incidence in 41,000 offshore oil industry workers 

In female offshore workers, the overall cancer incidence (all sites) was slightly above that expected 

based on incidence rates from the general Norwegian population (Obs 211, SIR 1.2, 95% CI 1.0–1.3). 

Moreover, significant excesses were observed for malignant melanoma (Obs 28, SIR 2.1, 95% CI 1.4–

3.1) and AML (Obs 5, SIR 5.3, 95% CI 1.7–12), and a 70 percent excess of borderline significance was 

observed for cancer of the lung (Obs 20, 95% CI 1.0–2.6). In male workers, the observed number of 

all cancers was close to that expected (Obs 1980, SIR 1.0, 95% CI 1.0–1.1), for pleural cancer a 

significant excess (Obs 21, SIR 2.6, 95% CI 1.6–3.9) was observed, and for oesophageal 

adenocarcinoma (Obs 18, SIR 1.6, 95% CI 0.9–2.5) and bladder cancer (Obs 133, SIR 1.3, 95% CI 1.0–

1.5) elevated risks were suggested.  

 

When cancer incidence was examined in male workers by year of first employment, a total of 1414 

cancer cases occurred among the 16,373 workers with first employment between 1965 and 1985, 

while 556 cancer cases occurred among the 20,470 workers employed after 1985. A suggestive 

increase in the total number of cancers was observed for the first employment period (Obs 1414, SIR 

1.1, 95% CI 1.0–1.1), while a deficit was suggested for the second one (Obs 556, SIR 0.9, 95% CI 0.8–

1.0). Irrespective of period of first employment, a significant excess was observed for pleural cancer 

(Obs 14, SIR 2.3, 95% CI 1.2–3.8 and Obs 7, SIR 3.4, 95% CI 1.3–6.9 for employment before and after 

1985, respectively). For those with first employment before 1986, excesses of borderline significance 

were observed for oesophageal adenocarcinoma (Obs 14, SIR 1.8, 95% CI 1.0–2.9), lung cancer (Obs 

178, SIR 1.2, 95% CI 1.0–1.4), and bladder cancer (Obs 97, SIR 1.3, 95% CI 1.0–1.6). For those with 

first employment after 1985, there was no striking divergence from the expected numbers for other 

types of cancer, except for a deficit of non-melanoma skin cancer (Obs 9, SIR 0.5, 95% CI 0.2–0.9). 

 

Paper II: Benzene exposure and risk of lymphohematopoietic cancers in 25,000 offshore oil 

industry workers 

Risk estimates were elevated for most cancer outcomes when examined with respect to cumulative 

JEM exposure, but none were statistically significant. For all myeloid cancers combined, for AML, for 

MM, and for CLL, risk estimates increased with increasing cumulative JEM exposure. The risk 

estimates according to cumulative STEL exceedings followed a similar pattern as cumulative JEM 

exposure, with suggestions of a dose-related risk pattern most clearly seen for AML and for CLL. 

When risks were examined according to duration of benzene exposure, the dose-related patterns 
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seemed less clear than for the analyses based on duration and intensity combined. For JEM-based 

exposure intensity, statistically significant trends were observed across exposure intensity for all 

myeloid cancers combined, for AML, and for CLL. Similarly, increasing exposure intensity based on 

STEL exceedings were associated with increased risk estimates for all myeloid cancers combined, for 

CLL, and for AML. For the two latter outcomes there were indications of dose-response relations.  

 

When HG-NHL was analyzed in combination with ALL, risk estimates were fluctuating around the null 

for the different exposure metrics, while risk estimates for LG-NHL combined with CLL were generally 

elevated for all exposure metrics. In contrast to CLL analyzed separately, the dose-related patterns 

were generally less marked for LG-NHL+CLL. 

 

Paper III: Self-reported occupational exposures relevant for cancer among 28,000 offshore oil 

industry workers employed between 1965 and 1999 

Among all offshore workers, the two most frequently reported exposure were skin contact with oil 

and diesel and solvent vapor, where 29% and 22%, respectively, reported such exposure for ¼ or 

more of the work shift. Differences in exposure were observed when examined by main activity and 

by time period. One third of the production workers reported exposure to natural gas, half the 

drilling workers reported skin contact with oil and diesel, and 30% and 16% of the maintenance and 

catering workers, respectively, reported exposure to solvent vapor, all for ¼ or more of the work 

shift. For most exposures, the proportion reporting exposure only rarely during the work shift 

increased over time, while those reporting exposure for ¾ or almost the entire work shift decreased 

over time.  

 

Linear tests for trend by year left position (continuous variable) showed statistically significant 

decreasing trends for reporting frequent exposure to all exposures except skin contact with oil and 

diesel and exposure to exhaust fumes. For most exposures, being in a managerial position reduced 

the probability of reporting frequent exposure. Contractor employees had higher or equal 

probabilities of reporting frequent exposure except for exposure to natural gas and chemicals used 

for water injection and processing, as opposed to those employed in operator companies. Compared 

to work on stationary installations, working on a movable installation increased the probabilities of 

reporting frequent exposure to all types except exposure to natural gas and to chemicals used for 

water injection and processing, where (for the latter two exposures) probabilities were reduced. 

Compared to daytime workers, shiftworkers had higher probabilities of reporting frequent exposure 

to all the examined types. Similarly, nighttime workers had increased probabilities of reporting 

frequent exposure to oil vapor, to exhaust fumes, to chemical vapor, and to solvent vapor. Workers 
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with only compulsory education as their highest attained educational level had higher probabilities of 

reporting frequent exposure to all kinds than workers with a university or college degree.  
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5. Discussion 
 
Occupational epidemiology may be defined as the systematic study of disease related to exposures in 

the workplace environment (Checkoway et al., 2004). In the subfield of occupational cancer 

epidemiology, there are three core components that are of material importance for the study of 

relationships: the quality of exposure data, the quality of cancer data, and whether the study 

population is an unbiased sample of the workers within the occupational under study.  

 

The papers included in this thesis reflect different aspects of these three components: Paper I 

focused on the incidence of different forms of cancer in a cohort merged from two smaller cohorts 

derived from a register and from a survey, respectively. Rates were compared to the general 

population. Exposure data were not included in this study due to personal secrecy restrictions 

imposed by the ethical committee. Paper II focused on the link between the “exposure component” 

and the “cancer component” by examining the relationship between benzene exposure and to 

cancers of hematopoietic and lymphoid tissues. Paper III focused on the “exposure component” by 

identifying predictors of exposure that can be used to aid future refinement efforts of the JEM 

developed to the survey-based cohort. None of the study populations, in any of the papers, included 

all offshore workers of all times, and must be considered samples of the complete, time-varying, 

unknown, population of offshore workers. Hence, to make inferences about this population from the 

samples, the estimated outcomes in each of the Papers were expressed together with a measure of 

uncertainty (i.e. p value or confidence interval) based on probability distributions.  

 

The quality of data may distort our results through lack of precision (random error) or lack of validity 

(systematic error). Below these methodological issues will be discussed in relation to the three 

papers, followed by an appraisal of the principal findings in light of other research.  
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5.1. Methodological considerations 
 
5.1.1. Precision and random error 

High, random, variability in the data threatens an estimate’s precision and introduces uncertainty. 

With a higher number of observations the estimate’s precision will improve as more data points in 

the variables under study will reduce the variance of an estimate. The probability that an observed 

association occurs as a result of random variability (chance) is evaluated by tests of statistical 

significance. The p value of a test statistic expresses the probability that an association, at least as 

strong as the observed association, could be caused by chance alone. When the p value is low 

(typically below the chosen value of 5% in medical research), we say that the data are not consistent 

with the null hypothesis (no association) and conclude that an association is more likely than no 

association. However, the p value does not reflect an estimate’s precision or strength of relation. To 

evaluate the precision of an estimate, one way is to calculate confidence intervals (CIs) around the 

point estimate. The confidence level is usually set to be 95%, which indicates that the frequency with 

which the CI will contain the true parameter value will be at least 95% if the study were repeated, 

given that the statistical model is correct and there is no systematic error. The width of a CI depends 

on the amount of random variability in the data, and hence a wide CI reflects more random 

variability and lower precision than a narrow CI (Rothman et al., 2008). 

 

In Paper I, standardized incidence ratios (SIRs) were calculated by dividing the observed numbers of 

cancer cases in the merged offshore cohort with those expected based on the cohort members’ 

person-years multiplied with cancer incidence rates for the entire Norwegian population. The 

uncertainty of the SIRs was expressed by deriving ninety-five percent confidence intervals (CIs), 

assuming a Poisson distribution of the observed cases. For some cancer types few cases were 

observed, which led to wide CIs calculated around the SIR.  

 

In Paper II, many of the risk estimates for subtypes of LH cancer were imprecise due to low number 

of cancer cases. Yet, the overall picture was one of generally elevated risk estimates in the medium 

and high exposure categories for most LH cancer subtypes, although few estimates were statistically 

significant. The statistically significant tests for trend across categories of benzene intensity exposure 

for all myeloid cancers combined, for AML, and for CLL, suggested dose-response relationships even 

though only a couple of the risk estimates in the upper exposure categories were  statistically 

significant. Also the monotonic manner, in which the risks of these cancers were increasing with 

increasing exposure, added support to a possible association.  
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In paper III, we estimated the probability of reporting exposure in relation occupation (main platform 

activity and job-category) and other work-related factors. In many of the analyses, the numbers of 

exposed workers were large and thus yielded precise estimates with narrow confidence intervals. 

However, some subgroups contained few workers being ever exposed, such as the group of workers 

who left their position in the 1960s and 1970s. The estimated probability of reporting exposure for 

this group was, for some exposure types, less precise with wider CIs.  

 

5.1.2. Validity and systematic error 

Validity may be defined as the extent to which a measurement or study reflects the effect that we 

intended to investigate (Greenberg et al., 2005). The concept of validity is usually divided into 

internal validity and external validity. The internal validity of a study is threatened by systematic 

error or bias. Bias may be divided into three groups: selection bias, information bias, and 

confounding. External validity refers to the degree of applicability of the results to other populations, 

or, in other words, the generalizability of the results. External validity relies on internal validity, and  

the differences in characteristics between the study group and an external group. Differences may 

exist in exposure or background factors such as lifestyle, socioeconomic status, or ethnicity. For 

example, results from a study of prostate cancer in Japanese men may not be applicable to African 

American men due to differences in endogenous and exogenous factors affecting tumor growth and 

progression (Platz & Giovannucci, 2006).  

 

5.1.2.1. Selection bias 

Selection bias refers to systematic errors introduced during selection procedures of subjects for a 

study, such as selection by the inclusion criteria or self-selection by the participants. For instance, 

volunteers for a study may differ from individuals that do not volunteer in various characteristics 

such as age, gender, health status, economic status, and educational level. Further, these factors may 

influence both exposure and disease.  

 

In Paper I, we estimated the response rate of the survey-based cohort to be 69% of available 

offshore workers, which is in line with other questionnaire-based surveys among Norwegian 

occupational groups in the 1990s (Strand & Andersen, 2001). A high response rate is important 

because it reduces the chance of having a selected subgroup that is not representative of the total 

population. The survey-based cohort might have been subject to some self-selection resulting in 

participants that are healthier than those who did not participate. This has been reported elsewhere 

(Hill et al., 1997).  
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In comparison to the general Norwegian working population, offshore workers represent a selected 

group in terms of health status and economic status. Offshore workers have to pass a strict medical 

examination before employment (Moen et al., 2004), and their earnings are on average 50% higher 

than the general Norwegian working population (Statistics Norway, 2013a, 2013b). Due to these 

differences, estimating cancer risk using offshore workers as controls (as in Paper II) is a strength 

with respect to selection bias.  

 

5.1.2.2. Information bias 

Information bias is a general term for systematic errors introduced during acquisition of information 

(data), which lead to misclassification of the data. Hence, information bias is often referred to as 

misclassification bias. If the misclassification of data is independent of disease (outcome) status, the 

misclassification is referred to as non-differential. However, if the misclassification of data is 

systematically related to disease (outcome) status, then we say that the misclassification is 

differential. 

 

In large-scale epidemiological studies, it is a great challenge to avoid systematic errors, and the 

Papers presented here may be prone to misclassification bias. We find it more likely that 

misclassified information exist in the data acquired from the survey and from the EE Register, than in 

the cancer data acquired from the CRN, which have been validated and found to be reasonably 

accurate (Larsen et al., 2009).  

 

In the regression models presented in Paper III, the outcome was exposure (not disease), and we 

discussed the fact that some workers with their last position offshore in the 1960s or 1970s, had to 

recall exposure from up to three decades earlier when asked in 1998.  Hence, misclassification in the 

work histories is likely, and we cannot rule out that the ability to recall the correct degree of 

exposure was differential between those who left their position in the early periods compared to 

those with last employment in the 1990s, although self-reported occupational history has been 

found to be quite robust (Wärneryd et al., 1991). 

 

In Paper II, we followed the offshore workers prospectively after the survey data were collected. 

Those with the LH cancer before start of follow-up were excluded, and hence, the cases included in 

the analyses reported work history independent of disease status. In addition, work history was not a 

direct measure of exposure, but linked with independently derived exposure estimates. Thus, we do 

not believe that differential misclassification of exposure between cases and non-cases has occurred, 

which might else had biased our results away from the null. To the extent that misclassification has 
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occurred, we find it more likely to be non-differential, and more likely to happen between 

neighbouring exposure categories rather than between extremes (from unexposed to highly exposed 

and vice versa). We therefore expect a possible misclassification to bias our risk estimates towards 

the null, i.e. to result in an underestimation of the true effect from benzene on LH cancer risk. 

 

5.1.2.3. Confounding 

Confounding occurs when one or more extraneous factors, related both to the exposure and the 

disease, disturb the observed association between exposure and disease. These extraneous factors 

cannot be an intermediate step in the causal path between exposure and disease, and have to be 

distributed differently between cases and non-cases. If these criteria are fulfilled, such extraneous 

factors are confounding factors. Unlike selection bias and information bias, the influence of potential 

confounding factors can be addressed in the study design by matching or restriction, or in the 

analysis by stratification or regression techniques, given that data on these factors are available 

(Rothman et al., 2008; Greenberg et al., 2005).  

 

Age is a potential confounder in observational cancer studies because: (1) it is usually related to 

exposure because exposure may accumulate during the life course; (2) it is usually related to cancer 

because most cancers occur late in life; (3) it is not in the causal pathway between exposure and 

cancer, and (4) it is often distributed differently between cases and non-cases because cancer cases 

naturally tend to be older than non-cases. Hence, we adjusted for the confounding effect of age in all 

our cancer analyses by stratification (Paper I) or by using age as time scale in regressions (Paper II).   

 

In Paper II, we adjusted for the potential confounding effect from benzene exposure from other work 

and smoking in addition to age. We considered the effect from benzene exposure obtained 

elsewhere than offshore as especially relevant, because long periods of shore leave allows for other 

work with possible benzene exposure, and because offshore workers were recruited from industries 

with possible benzene exposure such as refineries, other industry, and the shipping industry. Tobacco 

smoke is an established, although weak cause of myeloid leukemia (IARC, 2012c), and even though 

smoking is not an established cause of lymphoid cancers, we chose to adjust for this variable for all 

cancer outcomes. Although the differences between the crude (age-adjusted only) and the adjusted 

estimates were minor for most LH cancers, some of the adjusted estimates increased slightly 

compared to the crude estimates, suggesting a possible but small confounding effect towards the 

null from smoking and other benzene exposure.  
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5.2. Appraisal of principal findings  

5.2.1. Cancer incidence in a merged file based on two cohorts of offshore oil workers 

The overall cancer incidence was in line with the expected for men and slightly elevated (17%) for 

women. Due to benzene’s natural presence in oil and oil derivatives, the incidence of LH cancers in a 

cohort of offshore workers is of particular interest. The observed excess of AML in Paper I, has to our 

knowledge not been reported earlier in female petroleum workers specifically. Although the excess 

was marked (SIR 5.3, 95% CI 1.7–12), it should be interpreted with caution as it was based on five 

cases only. While further information on type or duration of work was unavailable for this study, 

unpublished data from the survey-based cohort indicated that three out of four women with AML 

were engaged in catering or administrative services. Some offshore installations had dry cleaning 

units run by catering workers who may have been exposed to chlorinated hydrocarbons such as 

tetrachloroethylene (Steinsvåg et al., 2007), and benzene exposure is not necessarily the main 

causative factor for this excess (Aschengrau et al., 1993). 

  

The increased risk of malignant melanoma observed among women is in line with results reported 

from Australia, Canada, and UK petroleum workers (Schnatter et al., 1992; Sorahan, 2007; Gun et al., 

2006). In a review from 2006, Mehlman argued in favor of a causal relationship between malignant 

melanoma and work in the petroleum refining industry (2006), and IARC concluded in 2009 that 

dermal exposure to some petroleum products may cause skin cancer in humans (IARC, 2012b), 

although largely based on non-melanoma skin cancer. Ultraviolet radiation is widely accepted as the 

predominant cause of this disease (IARC, 2012d), and because an increase in risk was not evident in 

male workers, an occupational cause of the observed risk is not obvious. 

 

The increased risk of pleura cancer (mesothelioma) among males has been found in Australian and 

British petroleum workers as well (Sorahan, 2007; Gun et al., 2006). The most likely explanation is 

asbestos exposure (IARC, 2012a), and it is conceivable that at least part of the exposure may be 

ascribed to offshore work as asbestos was used on Norwegians platforms until the ban in the 1980s 

(Steinsvåg et al., 2007). Still, an excess was equally apparent among those with first employment 

after 1985, indicating that asbestos exposure from sources outside the offshore industry have 

contributed to the observed excess.  

 

The elevated risk of bladder cancer among male workers accords with findings in Australia petroleum 

workers (Gun et al., 2004), although the evidence of an occupational origin has been questioned 

(Gun et al., 2006). Some suspected bladder carcinogens, such as polycyclic aromatic hydrocarbons 
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from diesel exhaust, do exist in the offshore oil industry (Silverman et al., 1983; Boffetta et al., 2001; 

Tolbert, 1997). 

 

While we used the general Norwegian population as reference population in all analyses in Paper I, 

two earlier reports from the register-based cohort used a reference group of nearly 370,000 

economically active workers drawn from the same register (the EE register) (Kirkeleit et al., 2008, 

2010). In a recent study, addressing the healthy worker effect in cancer studies, the authors 

compared cancer incidence in their reference group with the general Norwegian population and 

found a 10% lower than expected SIR for all cancers combined in men, but not in women (Kirkeleit et 

al., 2013). The authors argued that a there is a potential for both underestimation and 

overestimation of cancer risk by using the general population as reference, depending on the type of 

cancer under study. Interestingly, their reference group showed a 20% lower than expected 

incidence of bladder cancer, leukemia, and lung cancer, while a 10% and 30% increase was found for 

malignant melanoma in men and women, respectively. This may change the interpretation of our 

results. As ageing is an important factor related to most cancer types, a healthy worker effect would, 

be expected to decrease with age and length of observation, and hence level out the possible bias 

created by using the general population as reference. Advantages of using reference rates based on 

data from the general population are that they are more robust than a selected reference group, and 

that they are less vulnerable to selection bias created from sampling procedures such as criteria for 

matching. 

 

It was surprising to see that the survey-based cohort and the register-based cohort overlapped with 

only 50%. The cumulative number of workers employed plotted against year of first employment for 

each cohort affiliation (i.e. survey-based only, both cohorts/overlap, and register-based only), 

illustrated the growing activity in oil drilling and production on the Norwegian continental shelf and 

showed that the degree of overlap between the two original cohorts remained quite similar back to 

1980, while the survey-based cohort clearly included a larger proportion of workers starting before 

1980 (Table 1 and Figure 1 in Paper I). 

 

The most probable explanations for the relatively low degree of overlap between these cohorts are 

the fundamental difference in the way they were established and the different inclusion criteria. The 

criterion for the survey-based cohort of 20 days of offshore work was different from the criterion for 

the register-based cohort of having the Norwegian continental shelf registered as “municipality of 

work” in the EE Register. For example, many drilling workers might have been employed by a land-

based contracting companies, and hence may not be listed with the Norwegian continental shelf as 
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“municipality of work” in the EE Register. Still, they may have worked offshore for more than 20 days 

and thus fulfill the inclusion criterion of the survey-based cohort. Additionally, in the establishing of 

the register-based cohort, any oil industry worker with his or her first employment onshore would be 

counted as an onshore worker from the EE Register, disregarding potential later offshore 

employments.  

 

5.2.2. The relation between benzene and lymphohemtapoietic cancers 

Our findings of benzene related risks for AML and MM suggest that exposure to benzene may explain 

the findings of Kirkeleit and colleagues (2008) who reported increased risks for these cancers in 

Norwegian upstream operators (i.e. the register-based cohort) compared to an economically active 

reference group. As shown in Paper I the survey-based cohort used for the analysis of LH cancer risk 

related to benzene exposure in Paper II, was partly overlapping with the register-based cohort used 

by Kirkeleit and colleagues. Vlaanderen and colleagues found an increase of MM in a meta-analysis 

of 44 studies on the relation between occupational benzene exposure and risk of lymphoma 

subtypes (2011), which corresponds with our findings.  

 

Since the mid-1990s several reports have been published on benzene exposure and LH cancer risk 

among Australian, UK, and Canadian petroleum workers (Glass et al, 2003, 2014; Rushton & 

Romaniuk, 1997; Rushton et al., 2014; Schnatter et al., 1996; 2012a). Although the pattern was not 

as clear as in our results, both the Australian and UK studies reported increased risks of myeloid 

leukemia related to cumulative exposure of benzene (Glass et al., 2003; Rushton & Romaniuk, 1997), 

while the Canadian study did not find any association between such exposure and risk of leukemia 

(all subtypes combined) (Schnatter et al., 1996). Neither the Australian nor the Canadian study 

reported an association between benzene exposure and risk of MM (combined with NHL in the 

Australian study) (Glass et al., 2003; Schnatter et al., 1996). Recently, these three cohorts pooled all 

their LH cancer cases and respective controls in order to reanalyze the risk of specific LH cancer 

subtypes with increased statistical power. A total of 60 AML cases were pooled, and showed a 

generally elevated risk for both cumulative, intensity, and duration metrics of benzene exposure 

(Schnatter et al., 2012a). However, clear dose-response patterns were not detected for any of the 

metrics. NHL and MM was not examined in this pooled analysis.  

 

The observed positive association between the cumulative benzene exposure metrics and risk of CLL, 

was in line with the Australian and UK studies (Glass et al., 2003; Rushton & Romaniuk, 1997). 

However, our finding of a dose-response patterns in the intensity metrics were not found in the UK 
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study (Rushton & Romaniuk, 1997). The meta-analysis by Vlaanderen and colleagues (2011), also 

demonstrated an association between occupational benzene exposure and risk of CLL. 

 

The IARC has pointed out that NHL is a heterogeneous group of histological subtypes, which include 

ALL and CLL, and that historically lymphoid leukemias have not been analysed in combination with 

other subtypes of NHL according to present-day understanding (IARC, 2012b). When we combined 

LG-NHL with CLL and HG-NHL with ALL, the benzene-related risks seemed to be different between 

these two NHL subgroups for all exposure metrics. Benzene exposure appeared more closely related 

to LG-NHL+CLL than to HG-NHL+ALL. The heterogeneity might explain some of the inconsistency 

between studies of NHL risk in relation to benzene exposure (Fabbro-Peray et al., 2001; Glass et al., 

2003; Hayes et al., 1997; Schnatter et al., 1996; Kirkeleit et al., 2008; Vlaanderen et al., 2011). 

  

Cumulative exposure has been used in several studies as the main metric of benzene exposure as it 

captures both duration and intensity (Glass et al., 2003; Schnatter et al., 1996; Rushton & Romaniuk, 

1997). However, it is an ongoing discussion what metrics provide the most relevant description of 

benzene-related risks (Collins et al., 2003). Our data suggested the strongest dose-related patterns 

for the intensity metrics. This may, however, depend on existing contrasts between and within the 

exposure metrics in each data set.  

 

Generally, adjustment for benzene exposure from other work and from smoking had negligible 

effects on the hazard ratios, and no change of direction occurred, except for estimates close to the 

null, in agreement with a low degree of confounding from these factors. It can be argued that our 

adjustment was rather crude, and residual confounding may exist. Exposure situations offshore are 

often complex and may involve several agents, possibly acting simultaneously (Bakke & Solbu, 2011). 

It is conceivable that co-exposure to other aromatic hydrocarbons in the BTEX-group (benzene, 

toluene, ethylbenzene, and xylene), may have contributed to the risk of LH cancers in our study (Hopf 

et al., 2012). Still, the carcinogenic effect of benzene is well documented and the only BTEX-agent 

classified as carcinogenic to humans (IARC, 2012b). Moreover, carcinogenic and hematotoxic effects 

have been found to exist at low doses (Glass et al., 2003; Lan et al., 2004). We therefore consider 

benzene as the strongest candidate to explain the observed risk pattern. We find it unlikely that bias, 

confounding or chance should create an overall picture like the one seen in our results.  

 

Important strengths of Paper II were the prospective design, the independent outcome data from a 

national cancer registry of high quality, linkage based on unique personal identity numbers, and the 

independent expert derived exposure estimates developed specifically for cancer studies in the 
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survey-based cohort.  The suggested dose-response pattern observed between benzene exposure 

(cumulative and intensity) and AML, comply with existing knowledge, and indicate that the JEM 

performed reasonably well. The benzene exposure assessment has some important limitations. 

Exposure estimates were not calculated as parts per million (ppm), which hindered a direct 

comparison with other studies. The semi-quantitative approach for exposure assessment for benzene 

was preferred to quantitative estimates since measurements of benzene exposure had mainly been 

conducted among process operators after year 2000 (Bråtveit et al., 2011, 2012). Exposure burden to 

benzene was estimated for typical workers within the respective job-categories in three time 

periods, and did not incorporate any variability in exposure across installations and fields. Thus, 

several generalizations were made during the estimation of the semi-quantitative exposure scores. 

The sensitivity of the exposure estimates may also be limited as no data on inter-worker variation 

(within job categories) was available. Further, we had no information on exposures after 1999 for the 

study subjects. Although recent exposures are assumed to be lower than those taking place before 

the year 2000, lack of updated exposures may also introduce misclassification. However, the 

sensitivity analysis, where workers still employed in 1998 were assigned a continued 1998-exposure 

until censoring, did not differ much from the first results.  

 

5.2.3. Self-reported predictors of exposures relevant for cancer in the Norwegian offshore oil 

industry 

Self-reported exposures do not represent a gold standard, but may yield valuable exposure 

information with higher sensitivity than JEMs if subjects are presented predefined questions 

regarding broad classes of exposure that are related to what they can sense and if the exposure 

information is collected independently of disease status (Teschke et al., 2002). In Paper III, the 

exposure questions were predefined and developed in collaboration with occupational hygienists 

from the oil industry and the Norwegian petroleum authorities. They were also related to exposure 

situations rather than specific agents, and they were refined based on feedback from the 

respondents in a pilot study (Strand & Andersen, 2001).  

 

The results from the regression modelling showed two clear patterns with respect to the predictive 

effect of main activity on the probability of reporting different exposures. First, drilling workers had 

the highest probabilities of reporting frequent skin contact with oil and diesel, exposure to oil vapor, 

to exhaust fumes, and to vapor from mixing chemicals used for drilling. Second, production workers 

had the highest probabilities of reporting frequent exposure to natural gas and to chemicals used for 

water injection and processing. Maintenance workers had the highest probability of reporting 

frequent exposure to solvent vapor.  
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The observed declining trends in probability of reporting exposure over time, coincide with the 

implementation of improved technology such as closed fluid flow lines and mud pits and more 

efficient ventilation systems (Steinsvåg et al., 2006). The observed downward changes in probability 

of reporting exposure to vapors from oil and chemicals used for drilling are in line with the findings 

by Steinsvåg and colleagues (2006), who observed a decline in concentrations of oil mist and vapor in 

the mud-handling areas offshore between 1979 and 2004. Some of the declined probability of 

reporting exposure over time might also be explained by an increase in use of personal protective 

equipment (PPE) such as respirators and better clothing in the 1990s.  

 

Our finding that level of education was inversely related with the probability of reporting exposure, 

after controlling for main platform activity, suggests that educational level predicts the reporting of 

exposure among offshore workers, and may reflect differences in job tasks, use of personal 

protective equipment, or that differential recall or reporting occurred across categories of education. 

Accordingly, Quinn and colleagues (2007) found that low wage was associated with high chemical 

exposure, after controlling for industry and job, and concluded that sociodemographic characteristics 

should be considered when exposure is assessed by means of questionnaires.  

 

For most exposures, the probabilities of reporting exposure tended to be lower among supervisors 

compared with non-supervisors. This pattern may be explained by supervisors having more 

administrative office work than colleagues without a managerial responsibility. The finding that 

workers employed on a movable installation had higher probabilities of reporting exposure to oil 

vapors is in line with the results of Steinsvåg and colleagues (2006), who found that drilling workers 

on movable drilling rigs experienced twice the concentrations of oil mist and vapor as their peers on 

stationary rigs. The elevated probabilities among contractor employees to report exposure to vapors 

from oil and mixing chemicals coincide with the prevailing job tasks in drilling activities and by the 

fact that 77% of the drilling workers were employed by contractor companies. Likewise, the reduced 

probabilities of reporting frequent exposure to natural gas and chemicals used for water injection 

and processing among contractors, accords with the fact that natural gas and chemicals used for 

water injection and processing are typical exposures in production and process activities, and that 

only 13% of the production workers were employed by contractor companies. Compared to daytime 

work, shiftwork was associated with a higher probability of reporting all exposures. This finding may 

also be a result of exposed work tasks assigned to shift workers, but it is worth noting that other 

factors such as reduced alertness due to sleep deficit may also contribute (Parkes et al., 1997). 
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These predictors of reported exposure will be used in future refinement efforts of the original JEM 

developed by Steinsvåg and colleagues (2005, 2007). We suggest to modify the four-step semi-

quantitative exposure assessment method proposed by Hopf and colleagues (2010) (see chapter 

3.4.2), which gives relative ratings of exposure burden of performed tasks according to combinations 

of job-category and time period, by adding a fifth step where these ratings are stratified on relevant 

predictors for the agent under study. For skin contact with oil and diesel, the ratings derived in step 4 

of the Hopf-procedure could be stratified on the education variable where the ratings are multiplied 

with the RRs from each of the educational categories (Table V in Paper III). That is, the categories 

“vocational training” and “upper secondary” did not differ significantly from “compulsory” 

(reference) with respect to skin contact with oil and diesel, and could be multiplied with a factor of 1 

(roughly corresponding to the RRs), while the rating for the “university/college” category would be 

reduced with 35% by multiplying with the RR of 0.65. The ratings of this “job-time-education 

exposure matrix” would then be linked to individual work history and education data. 
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6. Concluding remarks 

 

 The overall cancer incidence in the large combined cohort was close to the national 

background rates. We observed significantly elevated risks of AML and malignant melanoma 

in female offshore workers, and a statistically significant risk of cancer of the pleura in men. 

These and other cancers deserve to be addressed further in studies with information on 

exposure, information on onshore work, and control of potential confounding factors. 

 

 It is worth noting that the two cohorts were only overlapping with 50%, and hence that still, 

after almost 50 years of activity, no complete register of all Norwegian offshore workers 

exists, which has made research on this occupational group challenging.  

 

 The overall picture in the analyses of LH cancer and benzene suggested an increased risk 

among exposed workers, although case numbers were limited and few associations 

statistically significant.  

 

 A dose-response relationship was found categories of the benzene intensity metrics for all 

myeloid cancers combined, for AML, and for CLL. 

 

 The difference in the benzene related risk pattern between LG-NHL+CLL (elevated risks) and 

HG-NHL+ALL (no association), indicated heterogeneity between histological subtypes of NHL. 

Future studies that address occupational benzene exposure related to NHL subtypes are 

warranted.  

 

 Our results suggest that historical benzene exposure from offshore work increases the risk of 

certain LH cancers. Improved protection should be considered for job-categories such as 

process technicians, mechanics, industrial cleaners, and laboratory engineers, who perform 

work tasks with high potential for benzene exposure. 

 

 We examined seven self-reported exposures relevant for cancer, among Norwegian offshore 

oil workers in the period 1965–1999, and found that the three most frequently reported 

ones were: (1) skin contact with oil and diesel, (2) oil vapor from shaker, and (3) solvent 

vapor, all of which may contain known or suspected carcinogens. 
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 For most exposures, there was evidence of a declining trend in the reporting of exposure 

during the period 1965–1999, which implies that HSE standards in the Norwegian offshore oil 

industry have improved over time. 

 

 Length of education, type of company (operator or contractor), time period of employment, 

and having night or shiftwork seemed to be important predictors of reporting exposure. 

These predictors of perceived exposure may serve as mediators in JEM-refinement 

processes, by stratifying JEM-ratings of exposure burden on relevant predictors before 

individual data are linked with the JEM. 
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Abstract 

Background: Cancer incidence among Norwegian offshore oil industry workers has been 

reported from two equally sized cohorts of 28 000 workers: one survey-based cohort followed 

1999–2005, and one register-based cohort followed 1981–2003.  

Aim: To show the overall cancer incidence in a file merged from both cohorts with an extended 

follow-up. 

Methods: The merged cohort yielded 41 140 unique workers who were followed for cancer 

between 1999 and 2009. Standardized incidence ratios (SIRs) with 95% confidence intervals 

(CIs) were computed by gender and by period of first employment, using cancer registry data. 

Results: Among female workers, the total number of cancers was slightly higher than expected 

(SIR 1.2, 95% CI 1.0–1.3), and excess risks of acute myeloid leukaemia (AML) (SIR 5.3, 95% 

CI 1.7–12) and malignant melanoma (SIR 2.1, 95% CI 1.4–3.1) were observed. Among male 

workers, the total number of cancer cases was close to the expected (SIR 1.0, 95% CI 1.0–1.1), 

but risks of pleural cancer (SIR 2.6, 95% CI 1.6–3.9) and bladder cancer (SIR 1.3, 95% CI 1.0–

1.5) were increased. Among male workers first employed before 1986, the numbers of observed 

cancer cases were higher than the expected for most sites, while those with later employment 

showed an opposite pattern. 

Conclusion: Some previously reported excess risks (pleural cancer, oesophageal 

adenocarcinoma, and AML) were confirmed in this merged cohort. Further studies with exposure 

data and confounder control are needed to address whether these risks can be attributed to 

offshore work.  
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Introduction  

Offshore production of crude oil and natural gas emerged in the North Sea from the late 1960s 

onwards.  Offshore work may involve skin contact and inhalation exposure to crude oil and oil 

derivatives such as solvents, natural gas, oil vapour, exhaust fumes, and drilling mud 

components [1]. Additionally, the diet offshore has been reported to be rich in fat and calories, 

there is access to slightly cheaper tobacco, and workers follow extreme tour patterns, some with 

night shifts, – all factors that may influence the risk of cancer [1,2]. 

In Norway, cancer incidence has been reported from two cohorts of offshore 

workers, both counting about 28 000 workers. In 1998, the Cancer Registry of Norway 

established a survey-based cohort for prospective follow-up, and by 2004 a historical cohort was 

extracted from the Norwegian State Register of Employers and Employees (hereafter, the 

register-based cohort), with a matched reference group from the same register. Thus far, excess 

risks of acute myeloid leukaemia (AML), multiple myeloma, oesophageal cancer, and pleural 

cancer have been reported from the two cohorts with follow-up until 2003 and 2005 for the 

register-based cohort and the survey-based cohort, respectively [2–4]. The aim of the present 

study was to merge these two cohorts in order to update the analysis of cancer incidence in a 

larger and more complete sample of Norwegian offshore workers with a follow-up extended to 

2009.  
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Methods 

The two cohorts were merged by Statistics Norway, together with all non-respondents 

(n = 22 025) invited to the 1998 survey.  The cohorts overlapped with about 50%, and after 

13 285 duplicates were removed, the merged cohort yielded 42 629 unique individuals. Those 

with year of first employment before 1965 (n = 289), with age under 15 or over 67 at year of first 

employment (n = 45), and those who died or emigrated before start of follow-up for cancer 

(n = 1 155) were excluded, leaving a sample of 41 140 individuals with offshore work from the 

period 1965–2003 for analysis.  

The 1998 survey was conducted in the absence of a complete and reliable employment 

registers and records of Norwegian offshore workers. A roster of 57 000 possible offshore 

workers was compiled from personnel lists from oil companies (onshore and offshore), member 

lists from labour unions, and lists of participants at safety courses. An unknown part of the roster 

was believed not to have worked offshore, and the exact response rate among offshore workers 

in the survey-based cohort could not be calculated. As an estimate of the response rate, we 

checked how many individuals in the original roster of possible offshore workers (respondents 

and non-respondents, respectively) that could be retrieved in the register-based cohort. Among 

the 22 025 non-respondents, only 5 915 were retrieved as offshore workers in the register-based 

cohort. The number of workers found in both cohorts (i.e. the offshore worker overlap) was 

13 124, suggesting a response rate of 69% [13 124 / 5 915 + 13 124] for the survey-based cohort. 

The merged cohort (n = 41 140) was linked to the national database of incident cancers at 

the Cancer Registry of Norway for information on cancer diagnoses, and to the Norwegian 

National Population Register for information on vital status, year of death, and year of 

emigration, if relevant. The workers were followed for cancer from 1 January 1999 or from year 
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of first employment if later, to date of emigration, to date of death, or to 31 December 2009 (end 

of study), whichever came first. A total of 2 191 new cancer cases were identified during follow-

up. Reporting of incident cancers to the Cancer Registry is compulsory in Norway, and data from 

a number of sources ensure a high degree of completeness [5]. Information on cancer topography 

(localisation) was based on a modified version of the International Classification of Diseases 7
th

 

and 10
th

 revision (ICD-7 and ICD-10), all converted into ICD-10 codes. Subtypes of oesophagus 

cancer were classified according to morphology codes from the ICD-Oncology second revision, 

and subtypes of lymphohaematopoietic cancer were classified according to morphology codes 

from the Kiel-based system [5]. Neoplasms are classified as low grade (LG) or high grade (HG) 

in the Cancer Registry based on the degree of cell differentiation reported from pathology 

laboratories. We grouped Non-Hodgkin lymphoma (NHL) into HG or LG subgroups, and 

considered acute lymphoid leukaemia (ALL) and chronic lymphoid leukaemia (CLL) as 

subgroups of NHL according to the most recent WHO classification of lymphomas [6]. In 

addition to analysing NHL, ALL, and CLL separately, we combined HG-NHL with ALL (HG-

NHL/ALL) and LG-NHL with CLL (LG-NHL/CLL), and analysed these subtypes as two 

groups.  

Standardized incidence ratios (SIRs) were calculated by gender and period of first 

employment (1965–1985 and 1986–2003) from national gender-, 5-year age-, and 1-year time-

specific incidence rates for the entire Norwegian population (4.9 million persons by 31 

December 2009). Ninety-five percent confidence intervals (CIs) were calculated around the SIRs 

assuming a Poisson distribution of the observed cases. Analyses were performed using Stata 

software, version 13 (StataCorp LP, Texas, USA). 
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The study was approved by the Norwegian Regional Committee for Medical and Health 

Research Ethics, South East D, but to protect personal privacy after linkage with multiple 

sources, the committee allowed only a limited set of data from each cohort, restricted to gender, 

birth year, and year of first employment offshore.  
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Results 

Table 1 displays background characteristics of the merged cohort, as a whole and by cohort 

affiliation. The merged cohort consisted largely of male workers (90%), the major part of the 

cohort began working offshore after 1985, and the mean start age was 30 years. The survey-

based cohort contributed the largest number of workers (n = 14 460) into the merged cohort, 

while the register-based cohort contributed the largest number of workers (n = 10 440) with year 

of first employment after 1986. The historical profile of the work histories according to cohort 

affiliation is illustrated in Figure 1.  

Observed and expected numbers of cancers by gender are shown in Table 2. In female 

workers, the overall cancer incidence (all sites) was slightly above that expected based on 

incidence rates from the general Norwegian population (Obs 211, SIR 1.2, 95% CI 1.0–1.3). 

Moreover, significant excesses were observed for malignant melanoma (Obs 28, SIR 2.1, 95% 

CI 1.4–3.1) and for AML (Obs 5, SIR 5.3, 95% CI 1.7–12), and a 70 percent excess of borderline 

significance was observed for cancer of the lung (Obs 20, 95% CI 1.0–2.6). In male workers, the 

observed number of all cancers was close to that expected (Obs 1980, SIR 1.0, 95% CI 1.0–1.1), 

for pleural cancer a significant excess (Obs 21, SIR 2.6, 95% CI 1.6–3.9) was observed, and for 

oesophageal adenocarcinoma (Obs 18, SIR 1.6, 95% CI 0.9–2.5) and bladder cancer (Obs 133, 

SIR 1.3, 95% CI 1.0–1.5) elevated risks were suggested.  

In Table 3, observed and expected numbers of cancers are shown by period of first 

employment for male workers. A total of 1 414 cancer cases occurred among the 16 373 workers 

with first employment between 1965 and 1985, while 556 cancer cases occurred among the 

20 470 workers employed after 1985. A slight increase in the total number of cancers was 
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observed for the first employment period (Obs 1414, SIR 1.1, 95% CI 1.0–1.1), while a deficit 

was suggested for the second one (Obs 556, SIR 0.9, 95% CI 0.8–1.0).  

For those with first employment before 1986, a significant excess was observed for 

pleural cancer (Obs 14, SIR 2.3, 95% CI 1.2–3.8), and excesses of borderline significance were 

observed for oesophageal adenocarcinoma (Obs 14, SIR 1.8, 95% CI 1.0–2.9), lung cancer (Obs 

178, SIR 1.2, 95% CI 1.0–1.4), and bladder cancer (Obs 97, SIR 1.3, 95% CI 1.0–1.6). For those 

with first employment after 1985, the significant excess of pleural cancer persisted 

(Obs 7, SIR 3.4, 95% CI 1.3–6.9), while there was no striking divergence from the expected 

numbers for other types of cancer, except for a deficit of non-melanoma skin cancer (Obs 9, SIR 

0.5, 95% CI 0.2–0.9). 
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Discussion 

In this large group of offshore workers we found an overall cancer incidence in line with 

expected numbers for men and a slightly elevated incidence (17%) for women. The cohort was 

merged from two cohorts addressed in earlier reports, and we confirmed an excess risk of pleural 

cancer and oesophageal cancer in male workers, while the excess AML in female employees 

represented a novel finding. There was no sign of any overall excess of lymphohaematopoietic 

cancers in men. There was a doubled risk of malignant melanoma in women, and a 30% excess 

of bladder cancer suggested among male workers only. 

Strengths of the current study are the large study population, the prospective design, and 

the use of a national cancer registry, which reduce the probability of errors caused by random 

variation, and secure unbiased estimates of cancer incidence. The large number of female 

offshore workers allowed for gender-specific analyses. An important limitation of the present 

study was the lack of information on exposure, details in work history, and lifestyle factors, 

which hampered the identification of causal factors. 

All 21 pleural cancers were mesotheliomas, and asbestos exposure—the most likely 

explanation—may have taken place while asbestos was used offshore as a drilling mud additive 

(until 1980) and in derrick brake bands (until 1991) [7]. Still, our finding of similarly increased 

risk among workers with their first employment after 1985, indicates that exposure outside the 

offshore industry must have played a role, at least for the seven cases observed in the latter 

group.  Excess mortality and incidence from pleural cancer have been reported in UK and 

Australian petroleum workers [8,9], both ascribed largely to asbestos exposure in oil refineries. 
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An increased risk of oesophageal adenocarcinoma was reported from the register-based 

offshore cohort by Kirkeleit and colleagues [4], and the authors suggested a link to hydrocarbon 

exposure from crude oil. In the present merged cohort, the excess was confirmed among males 

with first employment before 1986, although with borderline statistical significance. The 

aetiology cannot be addressed much further in the absence of data on exposure and potential 

confounders such as smoking [10].  

The excess of bladder cancer observed in male workers has not been reported in earlier 

analyses of Norwegian offshore workers. A similar observation was, however, made in 

Australian petroleum workers [11] although it was not confirmed in a later update [9]. There is 

not much evidence of increased risk of bladder cancer in petroleum workers, and the possibility 

of a chance finding should be kept in mind. The suggested and modest 14 percent excess of lung 

cancer in men did not indicate much contribution from smoking, neither for oesophageal cancer 

nor for bladder cancer.  

The incidence of lymphohaematopoietic cancer is of special interest in workers with 

potential benzene exposure from oil and natural gas. Benzene exposure is a recognized cause of 

AML, and a suspected cause of other types of leukaemia, multiple myeloma, and non-Hodgkin 

lymphoma [12]. The excess of AML in women was marked, but based on five cases only, and 

should be interpreted with caution. Unpublished data from the contributing survey-based cohort 

showed that three out of four women with AML were engaged in catering or administrative 

services where exposure to benzene is less likely to occur. However, it cannot be ruled out that 

exposure to other solvents, either in cleaning work or other tasks, may have contributed to the 

finding.  
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A preliminary cancer report on men from the survey-based part of our merged cohort 

suggested a borderline significant doubling of AML risk [2], which was not confirmed in the 

present analysis. Kirkeleit and co-workers identified an excess of leukaemia among workers with 

their first offshore employment 

before 1985 in the register-based cohort [3]. There was only a five-year overlap between the 

follow-up periods in the Kirkeleit study and the present follow-up (1981–2003 versus 1999–

2009, respectively). The lack of increased leukaemia risk among male offshore workers in the 

present follow-up, could be a result of lower exposures in recent years, and an attenuation of the 

risk with time after last exposure [13].  

In the current study, the general Norwegian population was used as reference population 

in all analyses. Two earlier reports from the register-based cohort used a reference group of 

nearly 370 000 non-offshore and non-oil-industry workers drawn from the same register (the 

Norwegian State Register of Employers and Employees), matched on age, employment date, and 

municipality of residence [3,4]. Recently, the authors compared cancer incidence in their 

reference group with the general Norwegian population and found a 10% lower than expected 

SIR for all cancers combined in men, but not in women [14]. The authors argued that use of the 

general population as reference might bias the cancer risk downwards in working populations as 

a result of a healthy worker effect. Interestingly, their reference group showed a 20% lower than 

expected incidence of bladder cancer, leukaemia, and lung cancer, while a 10% and 30% 

increase was found for malignant melanoma in men and women, respectively. Potentially, this 

may change the interpretation of our results, and it suggests that we may have underestimated the 

risk for bladder cancer, lung cancer and leukaemia. A healthy worker effect would, however, be 
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expected to decrease with age and length of observation, and rates based on data from the 

general population has the advantage of being more robust than a selected reference group.  

The increased risk of malignant melanoma observed in female workers has not been noted in 

earlier reports from Norwegian offshore workers, neither from the register-based nor from the 

survey-based cohort. However, the finding is in line with mortality and incidence reports from 

UK and Australian refinery workers [8,9]. An occupational explanation is not obvious, as 

ultraviolet radiation is widely accepted as the predominant hazard [15], and the excess was only 

evident in women. Further analyses with exposure data, adjusted for sunbathing habits, would be 

necessary to uncover a possible occupational cause.  

In conclusion, the overall cancer risk among offshore workers was close to the expected. 

Yet, marked excesses of AML and cancer of the pleura were observed in female and male 

workers, respectively. The possibility of a causal relationship with offshore work warrants 

further study with data on exposure and control of possible confounding factors.  
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Key points: 

 The overall numbers of cancers in Norwegian offshore workers were close to those 

expected from population background rates. 

 

 In women, a significantly increased risk of acute myeloid leukaemia was found, but 

based on five cases only. In men, a significant excess of pleural cancer was observed. 

 

 Further clarification of the aetiological role of offshore work requires information on 

exposure and potential confounders. 

 

Conflict of Interest: The authors declare that they have no conflicts of interest. 

 

Funding: This work was supported by the Research Council of Norway’s PETROMAKS 

programme [grant number 189612]. 

 

Acknowledgements: We wish to thank former Department Head Aage Andersen and 

Researcher Leif-Åge Strand for conducting the offshore survey, Senior Consultant Tone Eggen 

and Data Manager Jan Ivar Martinsen for data management assistance, all at the Cancer Registry 

of Norway. Moreover, we thank Professor Trond Riise at the University of Bergen and 

Occupational Hygienist Jorunn Kirkeleit at Haukeland University Hospital for advice in the 

acquisition of data for the register-based cohort.  

 



 

 

14 

 

 

References 

 

1. Gardner R. Overview and characteristics of some occupational exposures and health 

risks on offshore oil and gas installations. Ann Occup Hyg 2003;47:201–210.  

 

2. Aas GB, Aagnes B, Strand LÅ, Grimsrud TK. Suggested excess of occupational 

cancers in Norwegian offshore workers: preliminary results from the Cancer 

Registry of Norway Offshore Cohort. Scand J Work Environ Health 2009;35:397–

399. 

 

3. Kirkeleit J, Riise T, Bråtveit M, Moen BE. Increased risk of acute myelogenous 

leukemia and multiple myeloma in a historical cohort of upstream petroleum 

workers exposed to crude oil. Cancer Causes Control 2008;19:13–23. 

 

4. Kirkeleit J, Riise T, Bjørge T, Moen BE, Bråtveit M, Christiani DC. Increased risk 

of oesophageal adenocarcinoma in a historical cohort of upstream petroleum 

workers. Occup Environ Med 2010;67:335–340. 

 

5. Larsen IK, Småstuen M, Johannesen TB, Langmark F, Parkin DM, Bray F. Data 

quality at the Cancer Registry of Norway: an overview of comparability, 

completeness, validity and timeliness. Eur J Cancer 2009;45:1218–1231. 

 

6. World Health Organization (WHO). (2011). Statistical classification of diseases and 

related health problems 10
th

 revision (ICD-10, 2010 ed.). Geneva, Switzerland: 

World Health Organization; Vol. 2. Instruction manual. Available from: URL: 

http://www.who.int/classifications/icd/ICD10Volume2_en_2010.pdf (accessed 10 

May 2013). 

 

7. Steinsvåg K, Bråtveit M, Moen BE. Exposure to carcinogens for defined job 

categories in Norway’s offshore petroleum industry, 1970 to 2005. Occup Environ 

Med 2007;64:250–258. 

 

8. Sorahan T. Mortality of UK oil refinery and petroleum distribution workers, 1952–

2003. Occup Med (Lond) 2007;57:177–185. 

 

9. Gun RT, Pratt N, Ryan P, Roder D. Update of mortality and cancer incidence in the 

Australian petroleum industry cohort. Occup Environ Med 2006;63:476–481. 

 

10. Enzinger PC, Mayer RJ. Esophageal cancer. N Engl J Med 2003;349:2241–2252. 

 

11. Gun RT, Pratt NL, Griffith EC, Adams GG, Bisby JA, Robinson KL. Update of a 

prospective study of mortality and cancer incidence in the Australian petroleum 

industry. Occup Environ Med 2004;61:150–156. 

 

http://www.who.int/classifications/icd/ICD10Volume2_en_2010.pdf


 

 

15 

 

 

12. International Agency for Research on Cancer (IARC). A review of human 

carcinogens: Chemical agents and related occupations. Lyon, France: IARC 

monographs on the evaluation of the carcinogenic risks to humans, 2012; Vol. 100 

F. 

 

13. Hayes RB, Yin S-N, Dosemeci M, Li GL, Wacholder S, Travis LB, et al. Benzene 

and the dose-related incidence of hematologic neoplasms in China. J Natl Cancer 

Inst 1997;89:1065–1071.  

 

14. Kirkeleit J, Riise T, Bjørge T, Christiani DC. The healthy worker effect in cancer 

incidence studies. Am J Epidemiol 2013;177:1218–1224. 

 

15. International Agency for Research on Cancer (IARC). A review of human 

carcinogens: Radiation. Lyon, France: IARC monographs on the evaluation of the 

carcinogenic risks to humans, 2012; Vol. 100 D. 

 

 

 



 

 

16 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 1. Background characteristics of a merged cohort of 41 140 Norwegian offshore workers, followed for cancer 1999–2009 

Variable Merged cohort  
Cohort affiliation 

Survey-based cohort only  Both cohorts  (overlap)  Register-based cohort only 

Number of subjects (% males) 41 140 (89.6)  14 460 (91.7)  13 124 (89.8)  13 556 (87.1) 

Number of cases (% males) 2 191 (90.4)  759 (94.5)  826 (88.4)  606 (88.0) 

Year of first employment, n (% males)        

        1965–1985 17 475 (93.7)  6 754 (96.0)  7 605 (93.2)  3 116 (89.9) 

        1986–2003 23 665 (86.5)  7 706 (87.9)  5 519 (85.0)  10 440 (86.3) 

Age, mean (standard deviation)        

        At start of first employment 30.0   (8.1)  29.5 (7.8)  29.2 (7.3)  31.4   (8.8) 

        At the end of follow-up 52.5 (10.6)  53.7 (9.8)  54.8 (9.3)  49.1 (11.6) 

Average follow-up (years) 10.5  10.7  10.5  10.4 

Person-years of follow-up 433 891              154 518                  138 403           140 370       
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Table 2.  Standardized incidence ratios with 95% confidence intervals for cancer in 41 140 Norwegian offshore workers followed 
1999–2009 by gender. 

  Females,  n = 4 297 
 

Males,  n = 36 843  

Cancer site, subgroup ICD-10  Obs  Exp  SIR  95% CI 
 

Obs  Exp  SIR  95% CI 

Oral cavity and pharynx  C01–C14      1  1.9  0.5  0.0–2.8  36  48.4  0.7  0.5–1.0 

Oesophagus  C15      0   0.5  0.0  0.0–7.5 
 

 29  21.9  1.3  0.9–1.9 

     Adenocarcinoma C15 –     18 11.5 1.6 0.9–2.5 

     Squamous cell carcinoma C15 –     8 8.3 1.0 0.4–1.9 

Stomach  C16      5  1.9  2.6  0.8–6.0  40  39.4  1.0  0.7–1.4 

Colorectal  C18–C21    16  16.9  0.9  0.5–1.5  234  237.8  1.0  0.9–1.1 

Pancreas  C25      5  2.7  1.8  0.6–4.3  42  43.8  1.0  0.7–1.3 

Larynx  C32      1  0.3  3.8  0.1–21  20  18.4  1.0  0.7–1.7 

Lung  C34    20  11.8  1.7  1.0–2.6  233  204.7  1.1  1.0–1.3 

Pleura  C38.4      0  0.1  0.0  0.0–36  21  8.2  2.6 1.6–3.9 

Malignant melanoma  C43    28  13.1  2.1  1.4–3.1  110  115.8  0.9  0.8–1.1 

Non-melanoma skin  C44      5  4.1  1.2  0.4–2.8  62  67.7  0.9  0.7–1.2 

Breast*  C50    67  61.8  1.1  0.8–1.4     

Prostate  C61  –  509  492.9  1.0  0.9–1.1 

Testis  C62  –  69  57.5  1.2  0.9–1.5 

Kidney  C64      1  3.0  0.3  0.0–1.9  87  77.3  1.1  0.9–1.4 

Bladder  C66–C68      4  2.6  1.5  0.4–3.9  133  106.1  1.3  1.0–1.5 

Brain  C71      6  10.3  0.6  0.2–1.3  85  82.2  1.0  0.8–1.3 

Lymphohaematopoietic  C81–C96      8    10.9  0.7  0.3–1.4  158  177.8  0.9  0.8–1.1 

     Lymphoproliferative  C81–C91      3      8.3  0.4  0.1–1.1  133  141.7  0.9  0.8–1.1 

         Hodgkin lymphoma C81 –     15 12.4 1.2 0.7–2.0 

         Non-Hodgkin lymphoma C85 1 4.8 0.2 0.0–1.2  67 76.3 0.9 0.7–1.1 

         Multiple myeloma C90 2 1.5 1.3 0.2–4.9  27 27.0 1.0 0.7–1.5 

         Acute lymphoid leukaemia C91.0 –     3 1.9 1.6 0.3–4.6 

         Chronic lymphoid leukaemia C91.1 –     21 22.0 1.0 0.6–1.5 

         HG-NHL/ALL  C85, 91.0 –     32 35.2 0.9 0.6–1.3 

         LG-NHL/CLL C85, 91.1 1 3.6 0.3 0.0–1.5  59 63.3 0.9 0.7–1.2 

     Myeloproliferative  C92–C94      5      2.6  2.0  0.6–4.6  26  34.8  0.7  0.5–1.1 

         Acute myeloid leukeamia  C92.0      5      0.9  5.3  1.7–12  13  12.9  1.0  0.5–1.7 

         Chronic myeloid leukaemia C92.1 –     2 3.8 0.5 0.1–2.8 

         Myelodysplastic syndrome D46 –     6 7.0 0.9 0.3–2.0 

Other specified sites       41    36.3  1.1  0.8–1.5  85  89.9  0.9  0.7–1.1 

Unspecified sites  C76–C80      3      2.0  1.5  0.3–4.3  27  27.3  1.0  0.7–1.4 

All sites  C00–C96  211  180.3  1.2  1.0–1.3  1980  1916.4  1.0  1.0–1.1 

ICD-10, international classification of diseases 10th revision; Obs, no. of observed cancer cases; Exp, no. of expected cancer cases; 
SIR, standardized incidence ratio; CI, confidence interval; HG-NHL/ALL, high-grade non-Hodgkin lymphoma/ acute lymphoid 
leukaemia; LG-NHL/CLL, low-grade non-Hodgkin lymphoma/chronic lymphoid leukaemia.  
Bold SIRs and CIs indicate statistically significant estimates at a 0.05 level. 
 *Male breast cancer cases placed under other specified sites. 
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Table 3.  Standardized incidence ratios with 95% confidence intervals for cancer in 36 843 Norwegian male offshore workers 
followed 1999–2009 by period of first employment. 

  First employment 1965–1985 
n = 16 373   

First employment 1986–2003 
n = 20 470 

Cancer site, subgroup ICD-10  Obs  Exp  SIR  95% CI 
 

Obs  Exp  SIR  95% CI 

Oral cavity and pharynx  C01–C14  27 31.9 0.8 0.5–1.2  9 16.5 0.5 0.2–1.0 

Oesophagus  C15  23 15.3 1.5 1.0–2.3  6 6.5 0.9 0.3–2.0 

     Adenocarcinoma C15 14 8.0 1.8 1.0–2.9  4 3.5 1.1 0.3–2.9 

     Squamous cell carcinoma C15 7 5.8 1.2 0.5–2.5  1 2.4 0.4 0.0–2.3 

Stomach  C16  28 27.6 1.0 0.7–1.5  12 11.8 1.0 0.5–1.8 

Colorectal  C18–C21  179 167.4 1.1 1.0–1.3  55 70.5 0.8 0.6–1.1 

Pancreas  C25  33 30.9 1.1 0.7–1.5  9 12.9 0.7 0.3–1.3 

Larynx  C32  16 13.0 1.2 0.7–2.0  4 5.4 0.7 0.2–1.7 

Lung  C34  178 147.6 1.2 1.0–1.4  55 56.8 1.0 0.7–1.3 

Pleura  C38.4  14 6.1 2.3 1.2–3.8  7 2.1 3.4 1.3–6.9 

Malignant melanoma  C43  66 70.0 0.9 0.7–1.2  44 45.8 1.0 0.7–1.3 

Non-melanoma skin  C44  53 48.7 1.1 0.8–1.4  9 19.0 0.5 0.2–0.9 

Prostate  C61  384        
368.0 

       1.0   0.9–1.2  125 124.9 1.0 0.8–1.2 

Testis  C62  17        15.7        1.1   0.6–1.7  52 41.8 1.2 0.9–1.6 

Kidney  C64  63 53.7 1.2 0.9–1.6  24 25.6 0.9 0.6–1.4 

Bladder  C66–C68  97 75.9 1.3 1.0–1.6  36 30.1 1.2 0.8–1.7 

Brain  C71  51 45.7 1.1 0.8–1.5  34 36.5 0.9 0.6–1.3 

Lymphohaematopoietic  C81–C96  106 113.1 0.9 0.7–1.1  52 64.7 0.8 0.6–1.1 

     Lymphoproliferative  C81–C91  88 89.9 1.0 0.8–1.2  45 51.8 0.9 0.6–1.2 

           Hodgkin lymphoma C81 3 5.2 0.6 0.1–1.7  12 7.2 1.7 0.9–2.9 

           Non-Hodgkin lymphoma C85 48 48.8 1.0 0.7–1.3  19 27.5 0.7 0.4–1.1 

           Multiple myeloma C90 17 18.6 0.9 0.5–1.5  10 8.5 1.2 0.6–2.2 

           Acute lymphoid leukaemia C91.0 3 0.8 3.6 0.7–10  0 1.1 0.0 0.0–3.4 

           Chronic lymphoid leukaemia C91.1 17 15.2 1.1 0.7–1.8  4 6.8 0.6 0.2–1.5 

           HG-NHL/ALL  C85, 91.0 24 21.3 1.1 0.7–1.7  8 13.9 0.6 0.2–1.1 

           LG-NHL/CLL C85, 91.1 44 42.4 1.0 0.8–1.4  15 20.9 0.7 0.4–1.2 

     Myeloproliferative  C92–C94  18 22.4 0.8 0.5–1.3  8 12.4 0.6 0.3–1.3 

           Acute myeloid leukeamia  C92.0  9 8.1 1.1 0.5–2.1  4 4.8 0.8 0.2–2.1 

           Chronic myeloid leukaemia C92.1 1 2.2 0.5 0.0–2.6  1 1.7 0.6 0.0–3.3 

           Myelodysplastic syndrome D46 5 5.1 1.0 0.3–2.3  1 1.9 0.5 0.0–2.9 

Other specified sites     59 56.1 1.1 0.8–1.4  26 33.8 0.8 0.5–1.2 

Unspecified sites  C76–C80  20 19.3 1.0 0.6–1.6  7 8.0 0.9 0.3–1.8 

All sites  C00–C96  1414 1304.
1 

1.1 1.0–1.1  556 612.8 0.9 0.8–1.0 

ICD-10, international classification of diseases 10th revision; Obs, no. of observed cancer cases; Exp, no. of expected cancer 
cases; SIR, standardized incidence ratio; CI, confidence interval; HG-NHL/ALL, high-grade non-Hodgkin lymphoma/acute l 
lymphoid leukaemia; LG-NHL/CLL, low-grade non-Hodgkin lymphoma/chronic lymphoid leukaemia.  
Bold SIRs and CIs indicate statistically significant estimates at a 0.05 level. 
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Figure 1.  Stacked line chart showing the cumulative number of workers according to first employment year in the offshore oil 
industry, by cohort affiliation, i.e., either identified exclusively in the survey-based cohort (white area), exclusively in the 

Employers and Employees Register-based cohort (EE Register, black area), or in both cohorts (overlap, grey area).  

13 556  
unique workers  

14 460  
unique workers  

13 124  
unique workers  
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ABSTRACT 

Objectives To examine risk of lymphohematopoietic (LH) cancer according to benzene exposure among 

male Norwegian offshore oil industry workers.  

Methods Cancer registry data were used to identify 112 first primary LH cancer cases diagnosed 1999–

2011 in a cohort of 24 917 Norwegian men reporting offshore work between 1965 and 1999. A stratified 

case-cohort design was chosen in order to extract detailed work histories for all cases and for a 

reference subcohort of 1661 workers. Exposure estimates were derived from a job-time-exposure 

matrix (JEM) and short-term exposure limit exceeding scores. Cox regression, adapted to stratified case-

cohort data, was used to estimate hazard ratios with 95% confidence intervals, adjusted for other 

benzene exposure and smoking. 

Results Risks were consistently elevated for all LH cancers combined and for most LH cancer subtypes, 

but case numbers were limited, and few associations were statistically significant. For all myeloid 

cancers combined, for acute myeloid leukemia (AML), and for chronic lymphocytic leukemia (CLL), 

statistically significant trends were observed across categories of benzene intensity. CLL and acute 

lymphoblastic leukemia (ALL) were also analysed in combination with low grade (LG) and high grade 

(HG) non-Hodgkin lymphoma (NHL), respectively. Risks were consistently elevated for LG-NHL+CLL, but 

no association was observed between benzene exposure and HG-NHL+ALL. 

Conclusions The results add support to an association between the intensity of benzene exposure and 

AML and CLL. Studies that address possible differences in risk between NHL subtypes in relation to 

benzene exposure are warranted.  
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INTRODUCTION 

Offshore production of crude oil and natural gas has been carried out in the North Sea from movable or 

stationary installations since the late 1960s. As opposed to the “downstream” petroleum industry, 

which refers to refinement and distribution of petroleum products, the offshore industry is an 

“upstream” activity and refers to exploration, drilling, and extraction processes from underwater 

reservoirs.  

 

Aromatic hydrocarbons such as benzene, toluene, ethylbenzene, and xylene (collectively labelled: BTEX) 

are natural components of the petroleum stream, and exposure to these agents in the offshore work 

environment may occur during control and maintenance work on production and process systems 

where the stream is separated into crude oil, natural gas, condensate and water (Bråtveit et al., 2007; 

Steinsvåg et al., 2007). The International Agency for Research on Cancer (IARC) has classified benzene as 

carcinogenic to humans, while the other BTEX-hydrocarbons are either suspected carcinogens or not 

classifiable (IARC, 2014).  

 

During a 12-hour work shift exposure to benzene has been reported to be low (geometric means 

between 0.002–0.010 parts per million (ppm)) among Norwegian offshore workers. Yet, measurements 

vary from lower than the detection limit to 2.6 ppm, indicating that some workers may have 

experienced exposure to benzene above the Norwegian recommended occupational exposure limit of 

0.6 ppm for a 12-hour shift (Steinsvåg et al., 2007). Compared to occupational situations, benzene 

exposure from other sources has been considered less important, with a possible exception of tobacco 

smoking (Duarte-Davidson et al., 2001; IARC, 2012).   

 

In 1982, IARC considered the relationship between benzene exposure and acute myeloid leukemia 

(AML) as causal and established, while evidence for other malignancies was inadequate for evaluation 

(IARC, 1982). In 2009, IARC reaffirmed the association between benzene and AML, and noted that 



4 
 

positive associations also had been observed between benzene exposure and acute lymphoblastic 

leukemia (ALL), chronic lymphocytic leukemia (CLL), multiple myeloma (MM), and non-Hodgkin 

lymphoma (NHL) (IARC, 2012). Studies that have examined the association between benzene exposure 

and NHL, have, however, reported inconsistent findings (Vlaanderen et al., 2011; Hayes et al., 1997; 

Collins et al., 2003; Schnatter et al., 1996).  

 

For myeloid malignancies, several studies have provided evidence for the link to benzene in both 

downstream and upstream segments of the petroleum industry (Glass et al., 2003; Järvholm et al., 1997; 

Kirkeleit et al., 2008; Lewis et al., 2003; Nilsson et al., 1998; Rushton, 1993; Rushton & Romaniuk, 1997; 

Schnatter et al., 1996, 2012; Sorahan et al., 2005), but for lymphoid malignancies few studies have 

examined such a link, especially among upstream petroleum workers (Gun et al., 2004, 2006; Kirkeleit et 

al., 2008), and only one study used quantitative estimates of benzene exposure (Glass et al., 2003). The 

last decade, reports have suggested that benzene may be leukemogenic and hematotoxic also at low 

concentrations (<10 ppm) (Glass et al., 2003; Hayes et al., 1997; Lan et al., 2004; Schnatter et al., 2012; 

Vlaanderen et al., 2010). Still, there is limited evidence to decide which characteristics of benzene 

exposure that are the most important drivers for lymphohematopoietic (LH) disease: e.g., cumulative 

exposure, duration of exposure, average intensity, or peak exposures (Collins et al., 2003).  

 

The aim of the present study was to examine the risk of LH cancers according to benzene exposure 

quantified by cumulative measures, duration, and intensity measures in a case-cohort study based on a 

cohort of 24 917 male Norwegian offshore workers.  
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METHODS 

Study population and study design 

As complete and reliable employment registers of Norwegian offshore workers were not available in the 

early 1990s, the Cancer Registry of Norway established a cohort by conducting a survey in 1998 among 

active and earlier offshore workers. Postal questionnaires were distributed to a roster of 57 328 men 

and women compiled from personnel lists with onshore and offshore workers from oil companies, 

member lists from labour unions, and lists of participants at safety courses. Data on work history and 

lifestyle factors were collected for prospective analysis of cancer and cause-specific mortality. A total of 

27 987 individuals confirmed that they had been working offshore on the Norwegian continental shelf 

for at least 20 days between 1965 and 1999 (inclusion criterion), and in a recent study, the survey 

response rate was estimated to 69% among true offshore workers verified by linkage to the Norwegian 

State Register of Employers and Employees (Stenehjem et al., 2014). 

 

For workers with more than two offshore employments, and for onshore employments, information had 

to be extracted manually from the questionnaires (appendices). For economic reasons, this data 

extraction was performed for a representative and randomly sampled subcohort of the full cohort, and 

for all LH cancer cases according to a stratified case-cohort design as proposed by Borgan and colleagues 

(2000). Female offshore workers were not considered for the present study due to a low number of 

subjects (n=2572), and because most women were employed as administrative and catering personnel 

assumed to have low exposure to benzene.  

 

A total of 498 subjects were excluded from the full cohort due to irregularities in the reporting (Figure 

1), and the remaining 24 917 male offshore workers were eligible for sampling of the subcohort. We 

drew at random 1675 workers, stratified on 5-year birth-cohorts and frequency matched to the birth 

year distribution of all cancers combined (Figure 1). The size of the subcohort was planned to 

accomodate case-cohort analyses of several cancer sites, with a  
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case non-case ratio of 1:5 for all relevant sites combined, observed through 2009. For the present study, 

112 LH cancers were identified in the full cohort.  

 

Based on the work histories, the offshore workers were grouped into four main platform activities 

(production, drilling, maintenance, and catering) and 29 job-categories. A total of 913 employments and 

615 workers (42 cases and 573 subcohort non-cases) were grouped according to main activity only (no 

job-category available). Missing start dates for 289 employments and 157 workers (16 cases and 141 

subcohort non-cases) were assigned the average start date within each corresponding birth cohort 

stratum (1918–1940, 1941–1949, or 1950–1978) and job-category. Missing stop dates for 328 

employments and 196 workers (18 cases and 178 subcohort non-cases) were assigned the average stop 

date within each corresponding stratum of start date (1965–1979, 1980–1989, or 1990–1999) and job-

category. A total of 457 workers (33 cases and 424 subcohort non-cases) were still employed offshore 

when the survey was conducted in 1998, and they were considered terminated by 31 December 1998.  

 

Participation in the survey was voluntary and based on informed consent. Necessary legal and ethical 

approvals were obtained from the Norwegian Data Inspectorate, the Regional Committee for Medical 

Research Ethics, and the Norwegian Directorate of Health. 

 

Cancer linkage 

The full cohort (n=24 917) was linked to the national database of incident cancers at the Cancer Registry 

of Norway for information on cancer diagnoses, and to the Norwegian National Population Register for 

information on vital status, year of death, and year of emigration, if relevant. Cases were required to be 

first primary LH cancers diagnosed between 30 June 1999 and 31 December 2011. The observed 112 LH 

cancer cases are displayed by subtype and International Classification of Diseases 10th revision (ICD-10) 

code in Table 1. Reporting of incident cancers to the Cancer Registry is compulsory in Norway, and data 

from a number of sources ensure a high degree of completeness (Larsen et al., 2009). Information on 



7 
 

cancer topography (localisation) was based on a modified version of the ICD-7 and ICD-10, all converted 

into ICD-10 codes. For distinction between subtypes of LH cancers, we used morphology codes 

according to ICD-Oncology (ICD-O) second revision for the time period 1999–2001, and the third revision 

of ICD-O for the time period 2002–2011.  

 

By routine neoplasms are classified at the Cancer Registry as high-grade (HG) or low-grade (LG) 

according to the degree of cell differentiation reported from pathology laboratories. Hodgkin lymphoma 

(HL), NHL, MM, ALL, and CLL were grouped as lymphoid malignancies. In a sub-analysis, we grouped NHL 

into HG or LG subgroups, and considered ALL and CLL as subgroups of NHL (HG and LG, respectively) 

according to the most recent WHO classification of hematopoietic and lymphoid tissues (Swerdlow et 

al., 2008). AML, chronic myeloid leukemia (CML), myelodysplastic syndrome (MDS), and other myeloid 

diseases were grouped as myeloid malignancies.  

 

Exposure assessment 

In 2007, Steinsvåg and colleagues published an expert developed, job-time-exposure matrix (JEM) for 

selected carcinogens in the Norwegian offshore industry from 1970 to 2005, especially prepared for the 

present cohort (Steinsvåg et al., 2005, 2007, 2008). In 2011, the same expert group refined the JEM with 

respect to benzene exposure by using more monitoring data and information on determinants of 

benzene exposure (Bråtveit et al., 2011, 2012). In brief, semi-quantitative exposure estimates were 

derived according to a four step-procedure based on the principle used for PCB exposed workers by 

Hopf and colleagues (2010): step 1, identifying relevant tasks associated with benzene exposure; step 2, 

rating exposure determinants for these tasks for estimation of relative exposure intensity; step 3, 

estimating frequency and duration of these tasks; and step 4, rating of exposure burden as a function of 

intensity, frequency and duration, for different job-categories based on the set of tasks they normally 

perform. In addition, scores were developed as estimates of the frequency of exceeding short-term 

exposure limits (STEL) by job-category, based on the estimated number of exceedings for each task and 
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the frequency of performing the tasks (benzene JEM and STEL available at 

http://www.uib.no/filearchive/supplementary-information-to-the-jem-.pdf) (Bråtveit et al., 2011, 2012). 

The benzene ratings were performed for 29 job-categories for four 10-year periods from 1970. Work 

between 1965 and 1969 were assigned exposure ratings for the period 1970–1979. Employments 

described according to main platform activity only, were assigned the average JEM and STEL ratings of 

the job-categories within the relevant main platform activity.  

 

Data analysis 

Based on job-category (or main activity), duration, and time period, cumulative exposure of benzene 

was calculated for each employment and summed for each individual worker until 31 December 1998. 

Five exposure metrics were derived to reflect different characteristics of benzene exposure: (1) 

cumulative JEM exposure (range: 0–802); (2) cumulative exceedings of STEL (range: 0–3013); (3) 

exposure duration (years exposed, range: 0–33.5); (4) intensity JEM exposure (cumulative JEM exposure 

divided by exposure duration, range: 0–46); and (5) intensity of exceeding STEL (cumulative exceedings 

of STEL divided by exposure duration, range: 0–157). Cut-off points for exposure duration were chosen 

as “0 years” (reference), “>0–5.49 years”, “5.5–11.9 years”, and “12–33.5 years”. Exposure strata for the 

benzene metrics 1, 2, 4, and 5 above were defined as “low”, “medium”, and “high” according to tertiles 

among exposed workers (cases and subcohort non-cases), unexposed workers were used as reference 

(benzene exposure estimates equal to 0). “Ever” and “never” (reference) exposed to benzene were 

defined as exposure duration>0 years and duration=0 years, respectively, and were also analysed by 

period of first employment (1965–1979 and 1980–1998). 

 

Cox regression, adapted to a stratified case-cohort design (Borgan et al., 2000), was used to estimate 

hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) of cancer associated with the 

benzene-metrics. Cases were assigned a weight of 1 and subcohort non-cases were given weights 

according to the inverse sampling fraction from their corresponding 5-year birth cohort stratum. Robust 

http://www.uib.no/filearchive/supplementary-information-to-the-jem-.pdf
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variances were used to compute standard errors of the HRs. Age was used as time scale with entry-time 

at age of start of follow-up. Subjects were censored at the date of cancer, date of emigration, date of 

death, or end of study, whichever came first. A total of 14 cases were identified as members of the 

randomly drawn subcohort, and were analysed as cases only (weight=1) according to the method 

described by Borgan and colleagues (2000). Thus, a sample of 112 LH-cases and 1661 subcohort non-

cases was used in the analyses (Figure 1).   

 

The robustness of the results was examined by conducting two sensitivity analyses. First, we conducted 

an analysis excluding the workers categorized according to main platform activity only, and excluding 

workers (56 cases and 713 non-cases) with replaced start or stop dates. Second, we conducted an 

analysis where the 457 workers still employed in 1998 were assumed to be exposed at the same 

intensity level until censoring (methodological details and results in supplemental material).  

In all analyses, HRs were adjusted for potential confounding effects from age (as the time scale), 

benzene exposure from other work (yes, no), and ever being a daily smoker (yes, no, unknown). 

Assessment of “benzene exposure from other work” was based on self-reported job-titles and industry 

sector (question 35 in questionnaire, appendices). Workers reporting job-titles that included one or 

more of the keywords: “tank”, “mechanic”, “lab”, “painter”, “machinist”, “refinery”, and ”chemi” were 

assumed to be exposed to benzene. Similarly, benzene exposure was assumed to have taken place for 

workers reporting experience from the following industry sectors: “shipping (bridge, deck, machinist)”, 

“chemical industry”, “painting and surface treatment”, “farming and forestry”, and “other industry”. 

Tests for linear trend across categories were performed by using the median within each exposure 

category as a quantitative score. The proportional-hazards assumption was evaluated by Schoenfeld 

residuals. Tests for significance were two-sided, and p values of 0.05 or smaller were considered to 

represent statistical significance. Data analyses were performed using Stata version 13.1 (StataCorp, 

College Station, TX, USA). 
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RESULTS 

Background characteristics of the case group and non-case subcohort are displayed in Table 2. The 

distributions of first year of employment offshore, benzene exposure from other work, and history of 

ever being a daily smoker, were fairly similar among cases and non-cases. 

 

Table 3 shows the risk estimates (hazard ratios, HRs) for LH cancers according to ever exposure to 

benzene. Risk estimates were consistently elevated among the exposed workers for all LH cancer 

groups, except for HG-NHL+ALL, but none were statistically significant. A similar pattern was observed 

when ever exposed to benzene was examined by period of first employment, although estimates were 

somewhat unstable due to the low number of cases. 

 

Tables 4 and 5 show the effects of different benzene exposure metrics (cumulative, duration, intensity 

according to JEM exposure burden and exceedings of STEL) for all LH cancers combined, all lymphoid 

cancers combined, and all myeloid cancers combined in Table 4, and for LH cancer subtypes in Table 5.  

 

For cumulative JEM exposure, risk estimates were elevated for most cancer outcomes, but none were 

statistically significant. For all myeloid cancers combined, for AML, for MM, and for CLL, the risk 

estimates increased with increasing cumulative JEM exposure, although the tests for trend were not 

statistically significant.  

 

The risk estimates according to cumulative STEL exceedings followed a similar pattern as cumulative 

JEM exposure, but risk estimates were somewhat higher for all myeloid cancers combined, for AML, and 

for CLL. A statistically significant increased relative risk was found for CLL (HR 5.50, 95% CI 1.09 to 28) in 

the highest exposure category based on five cases, only. 
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For exposure duration, the highest relative risk were observed in the category “5.5–12 years” for all LH 

cancers combined, for all myeloid cancers, for MM, and for AML, compared to the unexposed (0 yrs 

exposed). None of the risk estimates related to exposure duration were statistically significant.  

 

Statistically significant trends were observed across categories of JEM-based exposure intensity for all 

myeloid cancers combined, for AML, and for CLL, with p Trends of 0.046, 0.045, and 0.009, respectively. 

For all LH cancers combined and for CLL, HRs of 1.73 (95% CI 1.00 to 2.99) and 4.98 (95% CI 1.04 to 24), 

respectively, were observed for workers in the high category of JEM-based exposure intensity.   

 

Increasing exposure intensity based on STEL exceedings were associated with increased risk estimates 

for all myeloid cancers combined, for CLL, and for AML. For the two latter outcomes, p Trends of 0.012 

and 0.041, respectively, gave indications of dose-response relations. For CLL, risk estimates in the 

medium (HR 5.36, 95% CI 1.06 to 27) and high (HR 5.91, 95% CI 1.15 to 30) exposure categories were 

somewhat higher than those seen for JEM-based exposure intensity. 

 

When NHL, ALL and CLL were analysed combined (Table 6), we observed a pattern similar to that for 

NHL analysed separately (Table 5) for the cumulative exposure metrics and for exposure duration, 

whereas for the exposure intensity metrics slightly higher risk estimates were observed for 

NHL+ALL+CLL. For HG-NHL+ALL, risk estimates were fluctuating around the null for the different 

exposure metrics. For LG-NHL+CLL, risk estimates were generally elevated for all exposure metrics. In 

contrast to CLL analysed separately (Table 5), there were no indications of dose-response relations in 

any of the exposure metrics for LG-NHL+CLL. 

 

The analyses shown in Tables 3 and 4 for all LH cancers combined were repeated with a case-cohort set 

restricted to subjects with job-category and without missing start- and stop dates. The results were 

largely similar to those presented in Tables 3 and 4 (Tables S2 and S3, supplemental material). The 
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analyses for all LH cancers combined in Table 4 were also repeated where the 457 workers still 

employed in 1998 were assumed to be exposed until censoring. The results showed a similar pattern, for 

all exposure metrics, as those presented in Table 4 (Table S4, supplemental material). 
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DISCUSSION 

This study was designed to examine risk of LH cancers according to metrics of benzene exposure in a 

cohort of male Norwegian offshore workers with their first offshore employment between 1965 and 

1999. The overall picture was one of a generally increased risk of LH cancer from benzene exposure, 

with a dose-related pattern for intensity of exposure, most clearly seen for AML, CLL, and myeloid 

cancers combined. 

 

Our findings are generally in line with other studies conducted in petroleum workers. Kirkeleit and 

colleagues (2008) reported a threefold increased risk of AML in Norwegian upstream operators 

compared to an economically active reference group. An Australian study reported a sevenfold 

increased risk of acute non-lymphocytic leukemia among petroleum workers exposed to over 8 ppm-

years (Glass et al., 2003). Further, a study in UK petroleum marketing and distribution workers, reported 

increased risks of AML combined with monocytic leukemia in relation to cumulative, duration, and 

intensity metrics of benzene (Rushton & Romaniuk, 1997). In contrast, a Canadian study did not find any 

association between risk of leukemia (all subtypes combined) and cumulative benzene exposure 

(Schnatter et al., 1996). A recent pooled analysis of the Canadian, the Australian, and the UK studies, 

comprising a total of 60 AML cases, showed a generally elevated risk of AML for both cumulative, 

intensity, and duration metrics of benzene exposure (Schnatter et al., 2012). However, the authors did 

not find a dose-response pattern.  

 

The observed positive association between the cumulative benzene exposure metrics and risk of CLL, 

was in line with the Australian and UK studies (Glass et al., 2003; Rushton & Romaniuk, 1997). However, 

our findings of dose-response patterns in the intensity metrics were not found in the UK study (Rushton 

& Romaniuk, 1997). A recent meta-analysis by Vlaanderen and colleagues (2011), also demonstrated an 

association between occupational benzene exposure and risk of CLL. 
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Our data showed consistently increased risks of MM for all exposure metrics, and thereby accord with 

the results by Kirkeleit and colleagues (2008) of a threefold increase of MM, and with similar findings in 

two meta-analysis (Vlaanderen  et al., 2011; Infante, 2006). The Australian and Canadian studies, 

however, found no association between benzene exposure and risk of MM (combined with NHL in the 

Australian study) (Glass et al., 2003; Schnatter et al., 1996).  

 

In their most recent evaluation of benzene, the IARC pointed out that NHL is a heterogeneous group of 

histological subtypes, and that subtypes such as ALL and CLL historically have not been analysed in 

combination with other subtypes of NHL according to present-day understanding (IARC, 2012). When 

we combined LG-NHL with CLL and HG-NHL with ALL, the benzene-related risks seemed to be different 

between these two NHL subgroups for all exposure metrics. Benzene exposure appeared more closely 

related to LG-NHL+CLL than to HG-NHL+ALL. Our results accord with those of Cocco and colleagues 

(2010), who studied the risk of lymphoma subtypes in relation to occupational exposure to solvents. For 

benzene exposure, they found an increased risk of CLL and follicular lymphoma (both LG subtypes of 

NHL), while no increase in risk was found in diffuse large B-cell lymphoma (HG subtype of NHL). The 

heterogeneity between LG and HG subtypes of NHL, might explain some of the inconsistency between 

the findings of previous studies that analysed benzene in relation to NHL as one group (Fabbro-Peray et 

al., 2001; Glass et al., 2003; Hayes et al., 1997; Schnatter et al., 1996).  

 

It is an ongoing discussion what metrics provide the most relevant description of benzene-related risks 

(Collins et al., 2003). Our data suggested the strongest dose-related patterns for the intensity metrics. 

This may, however, depend on the contrasts between and within the exposure metrics in each data set.  

 

Generally, adjustment for benzene exposure from other work and from smoking had negligible effects 

on the hazard ratios, and no change of direction occurred except for estimates close to the null, in 
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agreement with a low degree of confounding. Still, it can be argued that our adjustment was rather 

crude, and that residual confounding cannot be ruled out.   

 

Important strengths of this study were the prospective design, the independent outcome data from a 

national cancer registry of high quality, linkage based on unique personal identity numbers, and the 

independent expert derived exposure estimates developed specifically for cancer studies in the cohort. 

Some of the workers reported occupations from up to three decades earlier, and although self-reported 

occupational history has been found to be quite robust (Wärneryd et al., 1991), we believe that errors 

and some degree of misclassification exists in our data. A potential recall bias in our prospective study 

would probably be related to age, and not to disease status. A bias towards the null thus seems to be 

the most likely effect. Errors in the exposure estimates also exist, as no data on inter-worker variation 

(within job categories) was available. Further, we had no information on exposures after 1999 for the 

study subjects. Although recent exposures are assumed to be lower than those taking place during 

before the year 2000, lack of updated exposures may introduce misclassification. The sensitivity analysis 

where workers still employed in 1998 were assigned exposure until censoring did, however, not differ 

much from the first results. Moreover, the observed risk pattern for AML, indeed, suggested that the 

exposure estimates were reasonably good. It is conceivable that co-exposure to other aromatic 

hydrocarbons in the BTEX-group (benzene, toluene, ethylbenzene, and xylene), may have contributed to 

the risk of LH cancers in our study (Hopf et al., 2012; Cocco et al., 2010). Still, our findings in NHL 

subtypes accorded closely with those of Cocco and colleagues (2010), who studied benzene separately 

from toluene and xylene. For myeloid neoplasms, the carcinogenic and hematotoxic effect from 

benzene is well documented and suspected to exist at low doses (Glass et al., 2003). We therefore 

consider benzene as the strongest candidate to explain the observed risk pattern, and we find it unlikely 

that bias, confounding or chance should create the overall picture seen in our results. 
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A limitation of our study is that exposure estimates were not calculated as ppm, which hindered a direct 

comparison with other studies. A semi-quantitative approach for exposure assessment for benzene was 

preferred to quantitative estimates since measurements of benzene exposure had mainly been 

conducted among process operators after year 2000 (Bråtveit et al., 2011, 2012). Exposure burden to 

benzene was estimated for typical workers within the respective job-categories in three time periods, 

and did not incorporate any variability in exposure across installations and fields. Thus, several 

generalizations were made during the estimation of the semi-quantitative exposure scores. 

 

In conclusion, our analyses showed that risks of LH cancer were generally elevated for cumulative, 

duration, and intensity metrics of benzene exposure. In particular, AML and CLL seemed to be closely 

linked to the intensity of benzene exposure. A marked difference was observed between subtypes of 

NHL where risks of LG-NHL+CLL were elevated, while no association was found for HG-NHL+ALL. Studies 

that address possible differences in risk between NHL subtypes in relation to benzene exposure are 

warranted 
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Table 1 Numbers of lymphohematopoietic cancer cases by subtype and 
code from the International Classification of Diseases (10th revision) 
among 24 917 male Norwegian offshore oil industry workers followed 
1999–2011. 

 
Type of cancer 

ICD-10  
code 

No. of 
cases 

Lymphohematopoietic (LH) C81–C96 112 
Lymphoid C81–C91 91 

Hodgkin lymphoma (HL)* C81 6 
Non-Hodgkin lymphoma (NHL)† C83–C90 51 

High grade NHL (HG-NHL)*†  C83.3, C85 23 

Low grade NHL (LG-NHL)*† 
C90.3, C82, 
C83.0–1, C88 

26 

NHL not otherwise specified* C84 2 
Multiple myeloma (MM) C90.0 17 
Acute lymphoblastic leukemia (ALL)*† C91.0 3 
Chronic lymphocytic leukemia (CLL)† C91.1, C91.4 14 

Myeloid C92, D45–7 21 
Acute myeloid leukemia (AML) C92.0 10 
Chronic myeloid leukemia (CML)* C92.1 3 
Myelodysplastic syndrome (MDS)* D46 4 
Other myeloid diseases* D45, D47 4 

*Not analysed separately. 
†ALL and CLL were also analysed as NHL-subtypes, and combined with 
HG-NHL and LG-NHL, respectively. 
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Table 2 Demographic data, smoking habits, and work-
related data of male lymphohematopoietc cancer cases and 
a subcohort of non-cases among Norwegian offshore oil 
industry workers. 

 
Cases*  Non-cases 

N %  N % 

Total 112 100  1661 100 
Year of birth                  

1915–1919     0      0.0         3              0.2 
1920–1924     0      0.0       31      1.9 
1925–1929     5      4.4     141      8.4 
1930–1934   10      8.9     129      7.8 
1935–1939   12    10.7     221    13.3 
1940–1944   18    16.1     397    23.9 
1945–1949   20    17.9     323    19.5 
1950–1954   13    11.6     110      6.6 
1955–1959   20    17.9     172    10.3 
1960–1964   10      8.9       88      5.3 
1965–1969     4      3.6       29      1.8 
1970–1974     0      0.0       10      0.6 
1975–1979     0      0.0         7      0.4 

First employment offshore        
1965–1969     4      3.6       48      2.9 
1970–1974   12    10.7     187    11.3 
1975–1979   43    38.4     621    37.4 
1980–1984   22    19.6     348    20.9 
1985–1989   22    19.6     284    17.1 
1990–1994     5      4.5     115      6.9 
1995–1998     4      3.6       58      3.5 

Other benzene exposure†      
Yes   19    17.0     300   18.1 
No   93    83.0  1361   81.9 

Ever daily smoker       
Yes   80    71.4  1190    71.6 
No   24    21.5     349    21.0 
Unknown     8      7.1     122      7.4 

*All lymphohematopoietc cancer cases. 
†Benzene exposure from other work (before, after, and in-
between offshore work). 
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Table 3 Hazard ratios with 95% confidence intervals of lymphohematopoietic cancers  according to benzene exposure and 
first employment among 24 917 Norwegian male offshore oil industry workers followed 1999–2011 

Type of cancer 
Benzene exposure 
Ever vs. never*    

Benzene exposure by first employment offshore  

<1980 ever vs. never*    ≥1980 ever vs. never*   

 C HR† HR‡ (95% CI)  C HR† HR‡ (95% CI)  C HR† HR‡ (95% CI) 

Lymphohematopoietic 83 1.42 1.45 (0.94 to 2.24)  46 1.51 1.58 (0.84 to 2.97)  37 1.28 1.24 (0.69 to 2.25) 
Lymphoid 68 1.44 1.46 (0.91 to 2.34)  39 1.49 1.55 (0.79 to 3.04)  29 1.30 1.24 (0.64 to 2.40) 

MM 13 1.60 1.64 (0.55 to 4.89)    9 3.77 4.02 (0.58 to 28)  4 0.74 0.70 (0.17 to 2.85) 
NHL  38 1.42 1.38 (0.74 to 2.60)  20 1.44 1.46 (0.59 to 3.63)  18 1.35 1.23 (0.52 to 2.89) 
CLL 12 2.74 2.99 (0.70 to 13)  8 1.65 1.69 (0.36 to 7.80)  4 NA  
NHL+ALL+CLL 51 1.44 1.44 (0.83 to 2.50)  29 1.23 1.26 (0.61 to 2.60)  22 1.65 1.56 (0.67 to 3.63) 
HG-NHL+ALL 17 0.90 0.86 (0.39 to 1.92)  10 0.87 0.84 (0.29 to 2.45)  7 0.90 0.76 (0.24 to 2.45) 
LG-NHL+CLL 32 1.93 1.96 (0.91 to 4.23)  17 1.43 1.52 (0.56 to 4.10)  15 2.65 2.51 (0.71 to 8.87) 

Myeloid 15 1.35 1.39 (0.51 to 3.82)  7 1.59 1.79 (0.32 to 10)  8 1.20 1.20 (0.35 to 4.14) 
AML 8 2.13 2.18 (0.47 to 10)  5 NA   3 0.87 0.86 (0.15 to 4.82) 

*Reference category. 
†Adjusted for age (as the time scale).  
‡Adjusted for age (as the time scale); benzene exposure from other work (yes, no); ever daily smoker (yes, no, unknown). 
C, cases among ever exposed; HR, hazard ratio; CI, confidence interval; MM, multiple myeloma; NHL, non-Hodgkin 
lymphoma; ALL, acute lymphoblastic leukemia; CLL, chronic lymphocytic leukemia; HG, high grade; LG, low grade; AML, acute 
myeloid leukemia; NA, not applicable (no cases among never exposed). 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 
 

Table 4 Hazard ratios with 95% confidence intervals of lymphohematopoietic, lymfoproliferative, and myeloid cancers according to benzene exposure 
among 24 917 Norwegian male offshore oil industry workers followed 1999–2011. 

Exposure metric 
Lymphohematopoietic (n=112)  Lymphoid (n=91)  Myeloid (n=21)  

C NC HR* HR† (95% CI)  C NC HR* HR† (95% CI)  C NC HR* HR† (95% CI)  

Cumulative JEM  
exposure burden‡ 

               

Unexposed  29 547 1.00 1.00 (reference)  23 547 1.00 1.00 (reference)  6 547 1.00 1.00 (reference)  
Low 29 370 1.28 1.29 (0.75 to 2.21)  24 370 1.34 1.35 (0.75 to 2.42)  5 372 1.02 0.98 (0.26 to 3.63)  
Medium 29 370 1.58 1.62 (0.95 to 2.75)  25 369 1.66 1.67 (0.94 to 2.97)  4 373 1.22 1.30 (0.34 to 5.01)  
High 25 374 1.46 1.50 (0.86 to 2.62)  19 375 1.35 1.36 (0.73 to 2.54)  6 369 2.12 2.36 (0.67 to 8.32)  

p Trend     0.228     0.507     0.154 
Cumulative STEL 
exceedings‡                

Unexposed  39 682 1.00 1.00 (reference)  33 682 1.00 1.00 (reference)  6 682 1.00 1.00 (reference)  
Low 24 327 1.08 1.10 (0.64 to 1.89)  19 327 1.03 1.04 (0.57 to 1.88)  5 327 1.34 1.33 (0.38 to 4.72)  
Medium 27 324 1.60 1.63 (0.98 to 2.71)  22 324 1.51 1.51 (0.87 to 2.63)  5 326 2.18 2.29 (0.65 to 8.10)  
High 22 328 1.39 1.44 (0.83 to 2.49)  17 328 1.23 1.24 (0.68 to 2.28)  5 326 2.42 2.78 (0.76 to 10)  

p Trend     0.178     0.441     0.112 
Duration (yrs exposed)                

0 29 547 1.00 1.00 (reference)  23 547 1.00 1.00 (reference)  6 547 1.00 1.00 (reference)  
>0–5.49 31 394 1.35 1.38 (0.82 to 2.35)  26 394 1.44 1.45 (0.81 to 2.59)  5 394 1.02 1.08 (0.30 to 3.83)  
5.5–11.9 27 363 1.53 1.55 (0.91 to 2.65)  21 363 1.47 1.48 (0.82 to 2.67)  6 363 1.81 1.79 (0.52 to 6.18)  
12–33.5 25 357 1.42 1.44 (0.83 to 2.52)  21 357 1.42 1.44 (0.79 to 2.64)  4 357 1.41 1.47 (0.37 to 5.87)  

p Trend     0.297     0.399       0.510 
Intensity JEM 
exposure burden‡                  

Unexposed  29 547 1.00 1.00 (reference)  23 547 1.00 1.00 (reference)  6 547 1.00 1.00 (reference)  
Low 33 366 1.44 1.45 (0.86 to 2.45)  30 364 1.65 1.66 (0.95 to 2.90)  3 374 0.63 0.57 (0.14 to 2.43)  
Medium 22 377 1.17 1.21 (0.68 to 2.16)  17 377 1.11 1.12 (0.59 to 2.13)  5 371 1.49 1.66 (0.46 to 5.98)  
High 28 371 1.68 1.73 (1.00 to 2.99)  21 373 1.53 1.55 (0.84 to 2.85)  7 369 2.47 2.80 (0.83 to 9.48)  

p Trend     0.098     0.385       0.046 
Intensity STEL 
exceedings‡                  

Unexposed  39 682 1.00 1.00 (reference)  33 682 1.00 1.00 (reference)  6 682 1.00 1.00 (reference)  
Low 24 327 1.27 1.29 (0.77 to 2.16)  19 327 1.23 1.24 (0.71 to 2.17)  5 327 1.48 1.43 (0.42 to 4.89)  
Medium 27 324 1.39 1.42 (0.84 to 2.41)  22 324 1.28 1.29 (0.72 to 2.29)  5 326 2.03 2.24 (0.65 to 7.76)  
High 22 328 1.34 1.38 (0.80 to 2.40)  17 328 1.20 1.21 (0.66 to 2.23)  5 326 2.20 2.48 (0.70 to 8.78)  

p Trend     0.243     0.547     0.128 

*Adjusted for age (as the time scale).  
†Adjusted for age (as the time scale); benzene exposure from other work (yes, no); ever daily smoker (yes, no, unknown). 
‡Categories were generated according to tertiles among exposed workers. 
C, cases; NC, non-cases; HR, hazard ratio; CI, confidence interval; JEM, job-time-exposure-matrix; STEL, short-term exposure limit. Bold HRs, CIs, and p 
Trends indicate statistical significance at a 0.05-level. 
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Table 5 Hazard ratios with 95% confidence intervals of subtypes of lymphohematopoietic cancers according to benzene exposure in 24 917 Norwegian male offshore oil industry workers 
followed 1999–2011. 

Exposure metric 
MM (n=17)  NHL (n=51)  CLL (n=14)  AML (n=10)  

C NC HR* HR† (95% CI)  C NC HR* HR† (95% CI)  C NC HR* HR† (95% CI)  C NC HR* HR† (95% CI)  

Cumulative JEM  
exposure burden‡ 

   
  

   
  

   
 

    
  

Unexposed  4 547 1.00 1.00 (reference)  13 547 1.00 1.00 (reference)  2 547 1.00 1.00 (reference)  2 547 1.00 1.00 (reference)  
Low 3 373 0.91 0.91 (0.20 to 4.22)  14 370 1.40 1.37 (0.64 to 2.94)  3 373 2.08 2.22 (0.36 to 14)  2 372 1.30 1.31 (0.16 to 11)  
Medium 5 372 1.89 1.94 (0.52 to 7.16)  15 369 1.76 1.70 (0.80 to 3.60)  4 372 2.78 3.07 (0.58 to 16)  2 373 1.73 1.81 (0.25 to 13)  
High 5 369 2.31 2.49 (0.66 to 9.50)  9 375 1.10 1.06 (0.46 to 2.48)  5 369 3.37 3.73 (0.75 to 19)  4 369 3.76 3.99 (0.68 to 23)  

p Trend     0.125     0.855     0.162     0.116 
Cumulative STEL 
exceedings‡                     

Unexposed  5 682 1.00 1.00 (reference)  20 682 1.00 1.00 (reference)  2 682 1.00 1.00 (reference)  2 682 1.00 1.00 (reference)  
Low 4 327 1.45 1.49 (0.36 to 6.19)  10 327 0.90 0.87 (0.40 to 1.91)  3 329 3.03 3.40 (0.55 to 21)  2 327 1.78 1.85 (0.24 to 14)  
Medium 4 326 1.82 1.85 (0.49 to 6.96)  14 323 1.56 1.52 (0.76 to 3.05)  4 325 4.17 4.46 (0.82 to 24)  3 326 3.55 3.65 (0.60 to 22)  
High 4 326 2.08 2.31 (0.61 to 8.76)  7 329 0.81 0.77 (0.32 to 1.84)  5 325 4.88 5.50 (1.09 to 28)  3 326 3.84 4.13 (0.65 to 26)  

p Trend     0.260     0.658     0.066     0.130 
Duration (yrs exposed)                     

0 4 547 1.00 1.00 (reference)  13 547 1.00 1.00 (reference)  2 547 1.00 1.00 (reference)  2 547 1.00 1.00 (reference)  
>0–5.49 4 394 1.26 1.31 (0.32 to 5.36)  14 394 1.38 1.34 (0.62 to 2.87)  5 394 3.37 3.74 (0.72 to 19)  3 394 1.98 2.06 (0.33 to 13)  
5.5–11.9 5 363 2.02 2.05 (0.58 to 7.23)  10 363 1.22 1.19 (0.53 to 2.69)  4 363 2.98 3.27 (0.61 to 17)  4 363 3.31 3.36 (0.66 to 17)  
12–33.5 4 357 1.61 1.65 (0.42 to 6.51)  14 357 1.68 1.64 (0.76 to 3.54)  3 357 1.93 2.05 (0.35 to 12)  1 357 0.96 0.97 (0.08 to 11)  

p Trend     0.442     0.295     0.817     0.888 
Intensity JEM 
exposure burden‡                     

Unexposed  4 547 1.00 1.00 (reference)  13 547 1.00 1.00 (reference)  2 547 1.00 1.00 (reference)  2 547 1.00 1.00 (reference)  
Low 4 372 1.19 1.14 (0.28 to 4.69)  21 363 2.13 2.08 (1.03 to 4.23)  1 375 0.65 0.67 (0.06 to 7.06)  1 373 0.70 0.69 (0.06 to 8.73)  
Medium 4 372 1.57 1.70 (0.43 to 6.78)  9 375 1.04 0.99 (0.42 to 2.34)  5 370 3.44 3.87 (0.76 to 20)  2 372 1.63 1.72 (0.23 to 13)  
High 5 370 2.27 2.44 (0.65 to 9.16)  8 376 0.97 0.94 (0.38 to 2.28)  6 369 4.38 4.98 (1.04 to 24)  5 369 4.54 4.95 (0.88 to 28)  

p Trend     0.154     0.358     0.009     0.045 
Intensity STEL 
exceedings‡                     

Unexposed  5 682 1.00 1.00 (reference)  20 682 1.00 1.00 (reference)  2 682 1.00 1.00 (reference)  2 682 1.00 1.00 (reference)  
Low 4 327 1.48 1.49 (0.38 to 5.89)  15 322 1.41 1.36 (0.68 to 2.72)  2 329 1.98 2.21 (0.30 to 16)  1 328 0.96 0.98 (0.08 to 12)  
Medium 3 327 1.38 1.47 (0.36 to 6.05)  9 328 0.98 0.95 (0.43 to 2.10)  5 325 5.03 5.36 (1.06 to 27)  3 326 3.44 3.64 (0.56 to 24)  
High 5 325 2.49 2.70 (0.77 to 9.41)  7 329 0.79 0.75 (0.31 to 1.82)  5 325 5.15 5.91 (1.15 to 30)  4 325 4.80 5.26 (0.90 to 31)  

p Trend     0.130     0.406     0.012     0.041 

*Adjusted for age (as the time scale).  
†Adjusted for age (as the time scale); benzene exposure from other work (yes, no); ever daily smoker (yes, no, unknown). 
‡Categories were generated according to tertiles among exposed workers. 
MM, multiple myeloma; NHL, non-Hodgkin lymphoma; CLL, chronic lymphocytic leukemia; AML, acute myeloid leukemia; C, cases; NC, non-cases; HR, hazard ratio; CI, confidence interval; 
JEM, job-time-exposure-matrix; STEL, short-term exposure limit. Bold HRs, CIs, and p Trends indicate statistical significance at a 0.05-level. 
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Table 6 Hazard ratios with 95% confidence intervals of non-Hodgkin lymphoma combined with acute lymphoid leukemia and chronic lymphoid leukemia 
according to benzene exposure among 24 917 Norwegian male offshore oil industry workers followed 1999–2011. 

Exposure metric 
NHL+ALL+CLL (n=68)  HG-NHL+ALL (n=26)  LG-NHL+CLL (n=40)  

C NC HR* HR† (95% CI)  C NC HR* HR† (95% CI)  C NC HR* HR† (95% CI)  

Cumulative JEM  
exposure burden‡ 

               

Unexposed  17 547 1.00 1.00 (reference)  9 547 1.00 1.00 (reference)  8 547 1.00 1.00 (reference)  
Low 18 372 1.40 1.40 (0.71 to 2.74)  7 370 1.06 1.02 (0.40 to 2.62)  10 372 1.61 1.62 (0.61 to 4.27)  
Medium 19 368 1.67 1.67 (0.86 to 3.25)  5 372 0.81 0.76 (0.25 to 2.29)  14 368 2.65 2.71 (1.14 to 6.42)  
High 14 374 1.25 1.26 (0.62 to 2.56)  5 372 0.82 0.79 (0.27 to 2.34)  8 374 1.59 1.61 (0.61 to 4.28)  

p Trend     0.795     0.639     0.540 
Cumulative STEL 
exceedings‡                

Unexposed  24 682 1.00 1.00 (reference)  12 682 1.00 1.00 (reference)  12 682 1.00 1.00 (reference)  
Low 14 327 1.08 1.08 (0.55 to 2.14)  5 326 0.80 0.74 (0.26 to 2.08)  8 329 1.19 1.22 (0.48 to 3.11)  
Medium 18 323 1.65 1.65 (0.88 to 3.08)  5 326 0.89 0.85 (0.30 to 2.44)  13 322 2.43 2.47 (1.12 to 5.43)  
High 12 329 1.10 1.10 (0.54 to 2.24)  4 327 0.71 0.67 (0.21 to 2.13)  7 328 1.35 1.38 (0.54 to 3.53)  

p Trend     0.774     0.567     0.490 
Duration (yrs exposed)                

0 17 547 1.00 1.00 (reference)  9 547 1.00 1.00 (reference)  8 547 1.00 1.00 (reference)  
>0–5.49 20 394 1.53 1.53 (0.79 to 2.96)  6 394 0.88 0.83 (0.30 to 2.30)  13 394 2.08 2.13 (0.86 to 5.26)  
5.5–11.9 14 363 1.29 1.29 (0.64 to 2.61)  3 363 0.51 0.49 (0.14 to 1.79)  11 363 2.17 2.20 (0.89 to 5.43)  
12–33.5 17 357 1.48 1.48 (0.75 to 2.94)  8 357 1.30 1.25 (0.47 to 3.32)  8 357 1.51 1.52 (0.57 to 4.07)  

p Trend     0.490     0.756     0.597 
Intensity JEM 
exposure burden‡                

Unexposed  17 547 1.00 1.00 (reference)  9 547 1.00 1.00 (reference)  8 547 1.00 1.00 (reference)  
Low 23 366 1.76 1.76 (0.93 to 3.33)  9 368 1.33 1.30 (0.54 to 3.13)  14 368 2.21 2.21 (0.89 to 5.47)  
Medium 13 375 1.12 1.12 (0.54 to 2.33)  5 373 0.81 0.75 (0.25 to 2.30)  8 374 1.49 1.53 (0.58 to 4.05)  
High 15 373 1.39 1.39 (0.68 to 2.84)  3 373 0.50 0.48 (0.13 to 1.79)  10 372 2.05 2.09 (0.82 to 5.37)  

p Trend     0.737     0.171     0.298 
Intensity STEL 
exceedings‡                

Unexposed  24 682 1.00 1.00 (reference)  12 682 1.00 1.00 (reference)  12 682 1.00 1.00 (reference)  
Low 17 324 1.34 1.34 (0.71 to 2.54)  7 324 1.14 1.05 (0.42 to 2.64)  10 326 1.52 1.55 (0.65 to 3.73)  
Medium 15 326 1.34 1.34 (0.69 to 2.58)  6 325 1.05 1.01 (0.37 to 2.74)  9 327 1.63 1.66 (0.70 to 3.95)  
High 12 329 1.10 1.10 (0.54 to 2.27)  1 330 0.18 0.16 (0.02 to 1.32)  9 326 1.72 1.78 (0.74 to 4.30)  

p Trend     0.823     0.039     0.211 

*Adjusted for age (as the time scale).  
†Adjusted for age (as the time scale); benzene exposure from other work (yes, no); ever daily smoker (yes, no, unknown). 
‡Categories were generated according to tertiles among exposed workers. 
NHL, non-Hodgkin lymphoma; ALL, acute lymphoblatic leukemia; CLL, chronic lymphocytic leukemia; HG, high grade; LG, low grade; C, cases; NC, non-
cases; HR, hazard ratio; CI, confidence interval; JEM, job-time-exposure-matrix; STEL, short-term exposure limit. Bold HRs, CIs, and p Trends indicate 
statistical significance at a 0.05-level. 
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SUPPLEMENTAL MATERIAL  
 
 

Sensitivity analysis 1 

 
Workers with only main platform activity offshore (and no job-category), and with replaced start 
dates and stop dates were excluded in this sensitivity analyses (56 cases and 713 non-cases excluded). 
 
 
Table S1 Demographic data, smoking habits, and work-
related data of male lymphohematopoietc cancer cases and 
a subcohort of non-cases among Norwegian offshore oil 
industry workers. 

 
Cases*  Non-cases 

N %  N % 

Total 56 100    948 100 
Year of birth                  

1915–1919    0      0.0   1              0.1 
1920–1924    0      0.0       20      2.1 
1925–1929    2      3.6     81      8.5 
1930–1934    4      7.1     82      8.7 
1935–1939    2      3.6     131    13.8 
1940–1944    9    16.1     229    24.2 
1945–1949  10    17.9     175    18.5 
1950–1954    7    12.5     54      5.7 
1955–1959  11    19.5     97    10.2 
1960–1964    8    14.3       50      5.3 
1965–1969    3      5.4       16      1.7 
1970–1974    0      0.0       6      0.6 
1975–1979    0      0.0         6      0.6 

First employment offshore        
1965–1969    1      1.8       18      1.9 
1970–1974    4      7.2     98    10.3 
1975–1979  22    39.3     375    39.6 
1980–1984  11    19.5     199    21.0 
1985–1989  12    21.4     158    16.7 
1990–1994    3      5.4     62      6.5 
1995–1998    3      5.4       38      4.0 

Other benzene exposure†      
Yes  11    19.6     185   19.5 
No  45    80.4  763   80.5 

Ever daily smoker       
Yes   42    75.0  711    75.0 
No   12    21.4     174    18.3 
Unknown     2      3.6     63      6.7 

*All lymphohematopoietc cancer cases with job-category 
and original start- and stop dates. 
†Benzene exposure from other work (before, after, and in-
between offshore work). 
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Table S2 Hazard ratios with 95% confidence intervals of lymphohematopoietic (LH) cancers, original and restricted,  according 
to benzene exposure and first employment among 24 917 Norwegian male offshore oil industry workers followed 1999–
2011. 

Type of analysis 
Benzene exposure 
Ever vs. never    

Benzene exposure by first employment offshore  

<1980 ever vs. never    ≥1980 ever vs. never   

 C HR* HR (95% CI)†  C HR* HR (95% CI)†  C HR* HR (95% CI)† 

LH original analyses            
Ever 83 1.42 1.45 (0.94 to 2.24)  46 1.51 1.58 (0.84 to 2.97)  37 1.28 1.24 (0.69 to 2.25) 
Never 29 1.00 1.00 (reference)  13 1.00 1.00 (reference)  16 1.00 1.00 (reference) 

LH restricted analyses            
Ever 38 1.57 1.62 (0.91 to 2.88)  17 1.08 1.16 (0.52 to 2.57)  21 2.22 2.13 (0.91 to 4.97) 
Never 18 1.00 1.00 (reference)  10 1.00 1.00 (reference)  8 1.00 1.00 (reference) 

*Adjusted for age (as the time scale).  
†Adjusted for age (as the time scale); benzene exposure from other work (yes, no); ever daily smoker (yes, no, unknown). 
C, cases among ever exposed; HR, hazard ratio; CI, confidence interval. 

 
 

 

 
 
 
 
 

Table S3 Hazard ratios with 95% confidence intervals of lymphohematopoietic (LH) cancers, original and 
restricted, according to benzene exposure among 24 917 Norwegian male offshore oil industry workers 
followed 1999–2011. 

Exposure metric 
LH original analyses  LH restricted analyses  

C NC HR* HR (95% CI)†  C NC HR* HR (95% CI)†  

Cumulative JEM  
exposure burden‡ 

          

Unexposed  29 547 1.00 1.00 (reference)  18 394 1.00 1.00 (reference)  
Low 29 370 1.28 1.29 (0.75 to 2.21)  13 205 1.16 1.17 (0.55 to 2.52)  
Medium 29 370 1.58 1.62 (0.95 to 2.75)  14 147 2.38 2.51 (1.20 to 5.27)  
High 25 374 1.46 1.50 (0.86 to 2.62)  11 202 1.61 1.66 (0.74 to 3.71)  

p Trend     0.228     0.196 
Cumulative STEL 
exceedings‡           

Unexposed  39 682 1.00 1.00 (reference)  25 497 1.00 1.00 (reference)  
Low 24 327 1.08 1.10 (0.64 to 1.89)    8 145 0.88 0.89 (0.39 to 2.07)  
Medium 27 324 1.60 1.63 (0.98 to 2.71)  14 119 2.89 2.93 (1.44 to 5.98)  
High 22 328 1.39 1.44 (0.83 to 2.49)    9   187 1.30 1.32 (0.58 to 3.00)  

p Trend     0.178     0.317 
Duration (yrs exposed)           

0 29 547 1.00 1.00 (reference)  18 394 1.00 1.00 (reference)  
>0–5.49 31 394 1.35 1.38 (0.82 to 2.35)  13 197 1.25 1.29 (0.59 to 2.80)  
5.5–11.9 27 363 1.53 1.55 (0.91 to 2.65)  13 171 1.90 1.96 (0.95 to 4.05)  
12–33.5 25 357 1.42 1.44 (0.83 to 2.52)  12 186 1.79 1.82 (0.83 to 4.01)  

p Trend     0.297     0.083 
Intensity JEM 
exposure burden‡           

Unexposed  29 547 1.00 1.00 (reference)  18 394 1.00 1.00 (reference)  
Low 33 366 1.44 1.45 (0.86 to 2.45)  18 199 1.64 1.66 (0.82 to 3.37)  
Medium 22 377 1.17 1.21 (0.68 to 2.16)    9 152 1.49 1.55 (0.67 to 3.57)  
High 28 371 1.68 1.73 (1.00 to 2.99)  11 203 1.55 1.61 (0.73 to 3.53)  

p Trend     0.098     0.343 
Intensity STEL 
exceedings‡           

Unexposed  39 682 1.00 1.00 (reference)  25 497 1.00 1.00 (reference)  
Low 24 327 1.27 1.29 (0.77 to 2.16)  13 133 1.68 1.70 (0.84 to 3.45)  
Medium 27 324 1.39 1.42 (0.84 to 2.41)  10 127 1.77 1.80 (0.84 to 3.88)  
High 22 328 1.34 1.38 (0.80 to 2.40)    8 191 1.03 1.06 (0.46 to 2.42)  

p Trend     0.243     0.776 

*Adjusted for age (as the time scale).  
†Adjusted for age (as the time scale); benzene exposure from other work (yes, no); ever daily smoker (yes, no, 
unknown). 
‡Categories were generated according to tertiles among exposed workers. 
C, cases; NC, non-cases; HR, hazard ratio; CI, confidence interval; JEM, job-time-exposure-matrix; STEL, short-
term exposure limit. Bold HRs, CIs, and p Trends indicate statistical significance at a 0.05-level. 
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Sensitivity analysis 2 
 
A total of 457 workers (33 cases, 424 non-cases) out of a case-cohort set of 1773 workers (112 cases, 
1661 non-cases), were still employed when the survey was conducted in 1998. In the present 
sensitivity analysis, these workers’ 1998-value of benzene exposure was added to their total value of 
benzene exposure for each year during follow-up (1999–2011) as a running cumulative sum and 
analyzed as time-varying exposure variables. The remaining 1316 workers, whose exposure history 
ended before 1998, were only assigned their total value of benzene exposure throughout the follow-
up period.  
 
Analyses with standard errors derived from Stata’s “cluster”-option [vce(cluster personID)] were also 
conducted to take into account repeated observations on individuals. However, the results remained 
similar to the analysis with standard errors derived from robust variance. Hence, the results presented 
below here are based on robust variance. 
 

 
Table S4 Hazard ratios with 95% confidence intervals of lymphohematopoietic (LH) cancers, original and 
time-varying exposure analyses, according to benzene exposure among 24 917 Norwegian male 
offshore oil industry workers followed 1999–2011. 

Exposure metric 
LH original analyses  LH TVE analyses 

C NC HR* HR (95% CI)†  C HR* HR (95% CI)†  

Cumulative JEM  
exposure burden‡ 

         

Unexposed  29 547 1.00 1.00 (reference)  29 1.00 (reference)  
Low 29 370 1.28 1.29 (0.75 to 2.21)  28 1.29 1.31 (0.76 to 2.25)  
Medium 29 370 1.58 1.62 (0.95 to 2.75)  27 1.49 1.51 (0.88 to 2.58)  
High 25 374 1.46 1.50 (0.86 to 2.62)  28 1.52 1.58 (0.92 to 2.72)  

p Trend     0.228    0.168 
Cumulative STEL 
exceedings‡          

Unexposed  39 682 1.00 1.00 (reference)  39 1.00 (reference)  
Low 24 327 1.08 1.10 (0.64 to 1.89)  22 1.06 1.08 (0.62 to 1.88)  
Medium 27 324 1.60 1.63 (0.98 to 2.71)  29 1.75 1.75 (1.07 to 2.88)  
High 22 328 1.39 1.44 (0.83 to 2.49)  22 1.26 1.30 (0.75 to 2.26)  

p Trend     0.178    0.346 
Duration (yrs exposed)          

0 29 547 1.00 1.00 (reference)  29 1.00 (reference)  
>0–5.49 31 394 1.35 1.38 (0.82 to 2.35)  28 1.37 1.41 (0.82 to 2.41)  
5.5–11.9 27 363 1.53 1.55 (0.91 to 2.65)  31 1.74 1.75 (1.04 to 2.92)  
12–33.5 25 357 1.42 1.44 (0.83 to 2.52)  24 1.19 1.22 (0.70 to 2.13)  

p Trend     0.297    0.496 
Intensity JEM 
exposure burden‡          

Unexposed  29 547 1.00 1.00 (reference)  29 1.00 (reference)  
Low 33 366 1.44 1.45 (0.86 to 2.45)  29 1.30 1.30 (0.76 to 2.23)  
Medium 22 377 1.17 1.21 (0.68 to 2.16)  24 1.31 1.35 (0.77 to 2.36)  
High 28 371 1.68 1.73 (1.00 to 2.99)  30 1.71 1.78 (1.04 to 3.05)  

p Trend     0.098    0.095 
Intensity STEL 
exceedings‡          

Unexposed  39 682 1.00 1.00 (reference)  39 1.00 (reference)  
Low 24 327 1.27 1.29 (0.77 to 2.16)  27 1.32 1.34 (0.79 to 2.25)  
Medium 27 324 1.39 1.42 (0.84 to 2.41)  22 1.26 1.29 (0.75 to 2.21)  
High 22 328 1.34 1.38 (0.80 to 2.40)  24 1.41 1.45 (0.85 to 2.49)  

p Trend     0.243    0.243 

*Adjusted for age (as the time scale).  
†Adjusted for age (as the time scale); benzene exposure from other work (yes, no); ever daily smoker 
(yes, no, unknown). 
‡Categories were generated according to tertiles among exposed workers. 
TVE, time-varying exposure; C, cases; NC, non-cases; HR, hazard ratio; CI, confidence interval; JEM, job-
time-exposure-matrix; STEL, short-term exposure limit. Bold HRs, CIs, and p Trends indicate statistical 
significance at a 0.05-level. 

 
   



 

 

Paper III 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

1 

 

MAIN DOCUMENT 

 

 

Title: Self-reported Occupational Exposures Relevant for Cancer among 28,000 Offshore Oil 

Industry Workers Employed between 1965 and 1999 

 

 

Authors: Jo S Stenehjem
1
, Melissa C Friesen

3
, Tone Eggen

1
, Kristina Kjærheim

1
, Magne 

Bråtveit
2
, Tom K Grimsrud

1
* 

 
1
Department of Research, Cancer Registry of Norway, Oslo, Norway  

2
Department of Global Public Health and Primary Care, University of Bergen, Bergen, 

Norway 
3
Occupational and Environmental Epidemiology Branch, Division of Cancer Epidemiology 

and Genetics, National Cancer Institute, Bethesda MD, USA 

 

 

*Address correspondence to: Principal Investigator, M.D. Ph.D., Tom K Grimsrud  

Cancer Registry of Norway, P.O. box 5313 Majorstuen, N-0304 Oslo, Norway 

E-mail: tom.k.grimsrud@kreftregisteret.no 

Phone: +4722451300 

Fax: +4722451370 

 

Keywords: petroleum industry; inhalation; skin contact; carcinogens; health hazards 

 

Number of words: 4190 (main text) 

 

Number of tables: 9 

 

 

 

 

 

 

 

 

 

 

 



   

2 

 

ABSTRACT 

The objective of this study was to identify predictors of exposure, in order to aid future 

refinement efforts of a job-exposure-time matrix (JEM) developed for cancer analyses in a 

cohort of 28,000 Norwegian offshore workers. Seven exposures were examined: skin contact 

with oil and diesel, and inhalation of oil vapor from shaker, exhaust fumes, vapor from 

mixing chemicals used for drilling, natural gas, chemicals used for water injection and 

processing, and solvent vapor. 

Exposure frequency was reported by the workers as the exposed proportion of the 

work shift in their current or last position offshore (between 1965 and 1999) and was 

examined in stratified descriptive analyses by main activity (drilling, production, 

maintenance, catering). In addition, the proportion reporting frequent exposure (≥¼ of work 

shift) was calculated, and binary Poisson regression models with robust variance were used to 

examine the probabilities of reporting frequent exposure according to main activity, job 

category, time period, and other work-related factors. 

 Skin contact with oil and diesel was the most frequently reported exposure among the 

offshore workers. One third of the production workers reported frequent exposure to natural 

gas, half the drilling workers reported skin contact with oil and diesel, and 30% and 16% of 

the maintenance and catering workers, respectively, reported exposure to solvent vapor. 

Holding a non-supervisory position, working shift, being employed in the early period of the 

offshore industry, and having only compulsory education, increased the probability of 

reporting frequent exposure. 

 During the first four decades of the Norwegian offshore oil industry, self-reported 

exposure varied substantially between different main platform activities and job categories. 

Additionally, other work-related factors seemed to modulate the reporting of frequent 
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exposure. The identified group-level patterns by main activity and job category will aid future 

refinement of the JEM previously developed for the present cohort.  
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INTRODUCTION 

From the late 1960s, exploration and drilling for oil and gas in the North Sea resulted in a 

large number of wells that are operated from movable and stationary installations. The 

workers have experienced disastrous accidents, and questions have been raised about potential 

long-term ill-health such as cancer, skin disorders, neurological disease, hearing impairment, 

and consequences of psychological stress.
(1)

 A Norwegian initiative to evaluate incidence of 

chronic diseases among offshore workers was hampered by incomplete employee lists and 

lack of recorded work histories. Thus, a large survey was conducted in 1998 to more fully 

identify Norwegian offshore workers and their employment patterns.
(2)

 From the survey, a 

cohort of 28,000 Norwegian offshore workers was established with self-reported information 

on work history, occupational exposure, and lifestyle factors.
(2)

  

A group of occupational hygienists used offshore job categories from the survey to 

develop a job-time-exposure matrix (JEM) for prospective analyses of cancer risk in the 

cohort.
(3-4)

 Exposure estimates for each job category by time period were assessed by a team 

of experts because monitoring reports from the Norwegian offshore work environment that 

could assist the exposure assessment efforts were scarce, especially from the period before 

1990.
(3)

 

In the present study, we address the survey data on self-reported occupational 

exposures relating to the participants' last or current position offshore, which ranged in time 

from the late 1960s through 1998. These self-reported exposure data were not used by the 

experts who developed the JEM, but will be used to refine the expert assessed JEM by 

identifying differences in exposure patterns between job categories and across time periods. 

While self-reported exposures do not represent a gold standard, a review of the literature 

found that self-reports may yield valuable exposure information with higher sensitivity than 

JEMs if subjects are presented predefined questions regarding broad classes of exposure that 
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are related to what they can sense and if the exposure information is collected independently 

of disease status.
(5)

 In this survey, the exposure questions were predefined and developed in 

collaboration with occupational hygienists from the oil industry and the Norwegian petroleum 

authorities, were related to exposure situations rather than specific agents, and were refined 

based on feedback from the respondents in a pilot study.
(2)

 Moreover, the survey was not 

outcome focused as data on disease status for prospective analyses were to be taken 

prospectively from independent registers, reducing the likelihood that difficulties in recall 

would be differentially related to case status. However, since self-reports have important 

limitations related to the workers’ ability to accurately and reliably report their own 

exposures,
(5)

 the self-reported exposures will be used at the group-level rather than individual-

level to refine exposure estimates for epidemiologic analyses. 
 

As a first step to aid future refinement efforts of the expert assessed JEM, this study 

uses the self-reports to identify potential predictors of exposure prevalence, including 

differences in exposure frequency between main platform activities, job categories within the 

main activities, time period, and job characteristics (e.g. supervisory or non-supervisory jobs, 

type of company, type of installation, work schedule, and educational level). 
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METHODS 

Study Population 

The 1998 offshore worker survey was based on a roster of 61,339 men and women who 

possibly had been employed in the Norwegian offshore oil industry, based on employment 

lists of onshore and offshore petroleum workers, member lists from unions, and data from 

schools, and other sources. Questionnaires were mailed to the home addresses of 57,328 men 

and women who were alive and resident in Norway by September 1998 (Table I). Reminder 

questionnaires were distributed later the same year to improve the response rate. A total of 

35,303 persons responded, whereof 7316 were excluded from the cohort because they never 

worked offshore, and 70 were excluded because they worked on ships only, or were missing a 

personal identification number (Table I). In total, 27,917 men and women who confirmed 

work for more than 20 days on an offshore installation (hereafter, offshore workers) between 

1965 and 1999 were included in the cohort.  

The roster used for the survey included an unknown proportion of people that never 

had worked offshore, and these could be less prone to respond to a questionnaire meant for 

offshore workers. Thus, an exact survey response rate for offshore workers could not be 

calculated from the survey data alone. In an ongoing study, however, the roster was merged 

with employment data from the Norwegian State Register of Employers and Employees (EE-

register). We used this EE-register as an independent source of employment in offshore work, 

and identified the number of survey non-respondents and the number of survey offshore 

workers who also were registered as offshore workers in the EE-register. Among a total of 

22,025 survey non-respondents, 5915 were retrieved as offshore workers in the EE-register, 

while the number of survey offshore workers retrieved in the same register was 13,124. 

Although these numbers did not include all survey offshore workers, an estimated survey 

response rate of 69% [13,124 / (5915 + 13,124)] was possible to calculate. 
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Participation in the survey was voluntary and based on informed consent. Necessary 

legal and ethical approvals were obtained from the Norwegian Data Inspectorate, the Regional 

Committee for Medical Research Ethics, and the Norwegian Directorate of Health. 

 

Questionnaire 

The questionnaire collected information on demographics, current or last position offshore, 

additional employments offshore (if applicable), occupational exposures in current or last 

position, activities during off-duty periods, non-offshore occupational history, and data on 

lifestyle and diet (see supplemental material). Since exposure information was reported only 

for the current or last position offshore, our focus hereafter is on characteristics associated 

with this employment. From the survey we identified 31 job categories, which were grouped 

according to main platform activity: (1) production (production and process, 4 job categories); 

(2) drilling (drilling and well maintenance, 7 job categories); (3) maintenance (maintenance, 

inspection, deck and construction, 16 job categories); (4) catering (catering and 

office/administration, 4 job categories). Job categories that did not match the previous four 

activities (e.g. pilots, divers, radio operators, helicopter guards, maritime deck workers) were 

grouped as (5) miscellaneous. 

From a list of 17 exposures (question 29, supplemental material), the workers were 

asked to identify which occupational exposures they experienced in their current or last 

offshore position. The respondents categorized the proportion of the daily work shift that they 

were exposed into one of six categories: (1) almost the entire work shift, (2) ¾ of the work 

shift, (3) ½ of the work shift, (4) ¼ of the work shift, (5) rarely during the work shift, and (6) 

never during the work shift. The following seven exposures were selected for detailed 

characterization based on the exposures’ relevance for cancer and on their potential to aid 

refinement of the agents addressed in the expert assessed JEM: (1) skin contact with oil and 
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diesel, (2) oil vapor from shaker and other mud cleaning (denoted as oil vapor), (3) exhaust 

fumes (diesel), (4) vapor from mixing chemicals used for drilling (denoted as chemical 

vapor), (5) natural gas, (6) chemicals used for water injection and processing, and (7) solvent 

vapor (from painting, cleaning, degreasing).   

Demographic variables included gender (male/female), age in 1998, and educational 

level (compulsory/folk high school/vocational training/upper secondary/university or college 

degree). In subsequent analyses, the category “folk high school (one-year boarding school)”, 

which was reported by only 1% of the workers, was merged with “compulsory". Other 

collected variables related to last or current position offshore included: supervisor or manager 

position (yes/no), type of company (operating/contractor), type of installation 

(stationary/movable), work schedule (daytime/nighttime/shiftwork), year started position 

(continuous), and duration in position (continuous years and months). The year left position 

(summed start and duration) was grouped into three time periods: 1967–1979, 1980–1989, 

and 1990–1999. Movable installations refer to jack-up and semi-submersible drilling rigs, 

drilling ships, MOPUs (Mobile Offshore Production Units), and FPSOs (Floating Production 

and Storage Units), whereas stationary installations refer to both drilling and production 

platforms that are anchored directly onto the seabed.  

 We did not have detailed information on the work tours and work shifts directly from 

the respondents, but the Norwegian oil industry practiced regular offshore tour patterns.  

During the 1970s, the offshore tour pattern was 2 weeks offshore followed by 2 weeks of 

shore leave. During the 1980s and 1990s the shore leave was extended to 3 or 4 weeks. Tours 

usually did not exceed 2 weeks, and one offshore tour usually consists of 168 hours (12 hours 

a day for 14 consecutive days). The variable work schedule captured the longest held 

schedule-type, with the categories “daytime” and “nighttime” mainly representing 168 hours 

of daytime or nighttime work for each tour, respectively, and with “shiftwork” referring to 
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rotating or changing work schedules. The most common “shiftwork” patterns in the 

Norwegian offshore industry were: (1) “full-shift” where the respondent worked either 

daytime only or nighttime only for each tour of 168 hours, changing to the opposite schedule 

every other tour; (2) “rollover-shift day/night” with 84 hours daytime shifts followed by 84 

hours nighttime shifts; (3) “rollover-shift night/day” with 84 hours nighttime shifts followed 

by 84 hours daytime shifts.
(6)

  

 

Statistics  

Descriptive statistics were displayed for all exposures by cross tabulation of main activity and 

time periods based on year left position. To take into account the effects of other work-related 

factors on the reporting of exposure, a regression approach was chosen. The 6-category 

frequency of exposure variables were ordinal, and in preliminary analyses we used ordered 

logistic regression models to evaluate potential predictors of reporting higher (or lower) 

categories of frequency of exposure (results not shown). However, because of empty or 

sparsely-filled cells in the higher frequency categories and because the distribution of the 

exposure variables were heavily skewed towards the low frequency categories (unexposed 

and rarely exposed), the analyses presented here focus on the models that dichotomized 

frequency of exposure with a cutoff between the “rarely” and “¼” categories to provide 

insight into predictors of reporting exposure that occurred ≥¼ of the work shift.  

Binary Poisson regression with robust variance was used to examine the probability of 

reporting exposure ≥¼ of the work shift (coded as 1, hereafter “frequently exposed”) 

compared to rarely or never during the work shift (coded as 0, hereafter “infrequently 

exposed”). Poisson regression was preferred to logistic regression to avoid extreme estimates 

(odds ratios) for frequent outcomes.
(7)

 The relative risk (RR) and corresponding 95% 

confidence intervals (CIs) of reporting frequent exposure were estimated according to main 
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platform activity, calendar year left position, supervisor/manager, type of company, type of 

installation, work schedule, and educational level. Relative risks greater than 1 indicate a 

higher probability of reporting frequent exposure than the reference group. Tests for trend 

were examined for year left position (treated as a continuous variable). For each exposure, a 

regression model that also included job category was developed separately for the main 

activity with the highest probability of reporting that exposure.  

All statistical analyses were performed using Stata, version 13 (StataCorp, College 

Station, TX, USA). 
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RESULTS 

In 1998, when the survey was conducted, 85% of the respondents were between 25 and 54 

years old, nearly half (46%) of the survey respondents reported maintenance as their main 

platform activity, and over 85% of the respondents started working in their last or current 

position in the 1980s or 1990s. Only 2% of the respondents reported leaving their last position 

in the 1960s and 1970s. Thus, the data largely consisted of work and exposure information 

from the 1980s and 1990s (Table II). Almost 39% had a supervisor or managerial position, 

nearly 34% worked for an operating company, over 70% worked at a stationary installation, 

and 41% were working shifts. Over 39% had vocational training as highest achieved 

education. Women constituted 9% of the study population. Some differences between the 

female and the male survey respondents were observed: women were somewhat younger, had 

a higher educational level, and only 13% held a managerial position. Moreover, most of the 

women were employed in catering activities (67%) (Table II). 

The most frequently reported exposure was skin contact with oil and diesel (Table III). 

More than 8,000 offshore workers (29%) reported such dermal exposure for ¼ or more of the 

work shift. The second most frequently reported exposure was solvent vapor, where 22% of 

all workers reported such exposure for ¼ or more of the work shift. Differences were 

observed by main activity. The most frequently reported exposures among production 

workers were natural gas, chemicals used for water injection, and skin contact with oil and 

diesel, about 30% of these workers reported such exposure for ¼ or more of the work shift. 

Over half of the workers engaged in drilling activities reported skin contact with oil and diesel 

or exposure to oil vapor from shaker and other mud cleaning for ¼ or more of the work shift, 

and about 30% of the maintenance workers reported skin contact with oil and diesel and 

exposure to solvent vapor for ¼ or more of the work shift. The latter exposure was also the 
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most frequently reported exposure by catering workers, with 16% reporting exposure for ¼ or 

more of the work shift.  

For most exposures (Table IV), the proportion reporting exposure only rarely during 

the work shift increased over time, while those reporting exposure for ¾ or almost the entire 

work shift decreased over time. Among those reporting exposure for ¼ or ½ the work shift, 

decreasing proportions were observed over time for oil vapor, exhaust fumes, chemical vapor, 

and solvent vapor, whereas the proportions were somewhat fluctuating over time for skin 

contact with oil and diesel, natural gas, and chemicals used for water injection and processing.  

Factors associated in regression models with the probability that an offshore worker 

reported that he or she was frequently exposed (¼ or more of work shift) are shown in Tables 

V-IX. Production workers had the highest probabilities of reporting frequent exposure to 

natural gas and to chemicals used for water injection and processing, while drilling workers 

had the highest probabilities of reporting frequent skin contact with oil and diesel, exposure to 

oil vapor, exhaust fumes, and chemical vapor. Maintenance workers had the highest 

probabilities of reporting frequent exposure to solvent vapor (Tables V and VI). The 

probabilities of reporting frequent exposure were higher among those who left their position 

in the 1980s, compared to those who left in the 1990s for all exposures. Linear tests for trend 

by year left position (continuous variable) showed statistically significant decreasing trends 

for reporting frequent exposure to all exposures except skin contact with oil and diesel and 

exposure to exhaust fumes. For most exposures, being in a managerial position reduced the 

probability of reporting frequent exposure. Contractor employees had higher or equal 

probabilities of reporting frequent exposure to all exposures except natural gas and chemicals 

used for water injection and processing, as opposed to those employed in operator companies. 

Compared to work on stationary installations, working on a movable installation increased the 

probabilities of reporting frequent exposure to all types except exposure to natural gas and to 
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chemicals used for water injection and processing, where (for the latter two exposures) 

probabilities were reduced. Compared to daytime workers, shiftworkers had higher 

probabilities of reporting frequent exposure to all the examined types. Similarly, nighttime 

workers had increased probabilities of reporting frequent exposure to oil vapor, to exhaust 

fumes, to chemical vapor, and to solvent vapor. Workers with only compulsory education as 

their highest attained educational level had higher probabilities of reporting frequent exposure 

to all kinds than workers with a university or college degree.  

 Probabilities of reporting frequent exposure (adjusted for other work related factors) 

were also examined according to job category and year left position within the main activity 

that showed the highest probability of reporting the exposure in question. Among production 

workers (Table VII), laboratory technicians had the highest probability of reporting frequent 

exposure to both natural gas and chemicals used for water injection and processing and 

control room operators had the lowest probabilities. Cells were sparse for the earliest 

categories of year left position, and clear time trends could not be observed. Among drilling 

workers (Table VIII), the probability of reporting frequent skin contact with oil and diesel was 

lower for drillers and measure-while-drilling (MWD)/mud loggers than for other drilling 

workers. Drilling mud workers and derrickmen had the highest probabilities of reporting 

frequent exposure to oil vapor and to chemical vapor, respectively. Well service workers had 

the highest probability of reporting frequent exposure to exhaust fumes. The probability of 

reporting frequent exposure decreased with time for both skin contact with oil and diesel and 

for chemical vapor.  Among maintenance workers (Table IX), the probabilities of reporting 

frequent exposure to solvent vapor were marked for industrial cleaners and surface workers. 

The probability of reporting frequent exposure to solvent vapor decreased with time.   
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DISCUSSION 

This study used survey data to describe perceived exposures potentially relevant for cancer 

among Norwegian offshore oil industry workers employed during the period 1965–1999. 

Depending on exposure type, between 7% and 29% of all offshore workers considered 

themselves exposed for ¼ or more of the work shift. Further, the probability of reporting 

frequent exposure was generally higher among those who reported on offshore work before 

the 1990s, those who were employed by a contractor company, those who served on a 

movable installation, those who worked shift, and those who had only compulsory education. 

 

The probabilities of reporting frequent exposure according to main activity showed two clear 

patterns. First, drilling workers had the highest probabilities of reporting frequent exposure to 

skin contact with oil and diesel, oil vapor (particularly drilling mud workers), to exhaust 

fumes (particularly well service workers), and to vapor from mixing chemicals used for 

drilling (particularly derrickmen). Second, production workers, and laboratory technicians in 

particular, had the highest probabilities of reporting frequent exposure to natural gas and 

chemicals used for water injection and processing. Frequent exposure to solvent vapor was, 

however, an exception, where maintenance workers, and particularly industrial cleaners and 

surface workers, had the highest probability of reporting such exposure.  

Interestingly, the proportions reporting exposure rarely during the work shift seemed 

to increase over time, while the proportions reporting exposure for ¾ of the work shift or 

more seemed to decrease. The declining trends of reporting frequent exposure with time, 

estimated in the regression models, coincide with the implementation of improved technology 

such as closed fluid flow lines and mud pits and more efficient ventilation systems.
(8)

 

Additionally, the authorities’ attention has been more directed towards health and safety 

standards in the 1990s than in earlier decades.
(9)

 The observed downward changes in the 
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probability of reporting frequent exposure to vapors from oil and chemicals used for drilling 

are consistent with the findings by Steinsvåg et al.
(8)

, who observed a decline in 

concentrations of oil mist and vapor in the mud-handling areas offshore between 1979 and 

2004. Some of this decrease was probably due to a gradual shift in the 1980s from diesel-

based drilling mud to low- and non-aromatic oils with higher boiling point that produce less 

vapor.
(8)

  

For most exposures, the probabilities of reporting frequent exposure were lower or 

equal among supervisors compared with non-supervisors. One explanation may be that 

supervisors spend more time on administrative office work than colleagues without a 

managerial responsibility. Still, in certain job categories a supervisor might be highly exposed 

while performing complex work tasks that require experience and acquired skills.  

The elevated probabilities of reporting frequent exposure to vapors from oil and 

mixing chemicals among contractor employees are in line with what could be expected based 

on the fact that these exposures are typical for drilling activities, and that 77% of the drillers 

were contractor employees. Likewise, the reduced probabilities of reporting frequent exposure 

to natural gas and chemicals used for water injection and processing among contractors, 

accords with the fact that natural gas and chemicals used for water injection and processing 

are typical exposures in production and process activities, and that only 13% of the production 

workers were employed by contractor companies (cross tabulations of main activity and type 

of company not shown in Tables). 

Differences in reported exposure according to stationary or moveable installations 

were also as expected and in line with known differences in main activities across type of 

installation. Four times as many drilling workers than production workers (22% vs. 5%, 

results not shown in Tables) worked on movable installations. Our finding coincides with 

Steinsvåg et al.
(8)

 who found that drilling workers on movable drilling rigs experienced twice 
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the concentrations of oil mist and vapor as their peers on stationary rigs, and they suggested 

an explanation consisting of older technologies with less developed ventilation systems and 

more time spent in exposed areas. 

Shiftwork was associated with a higher probability of reporting frequent exposure to 

all exposures compared to daytime work. This may reflect a difference in the distribution of 

exposed work tasks according to work schedule, but other factors such as reduced alertness 

and performance may also contribute.
(10)

    

Our finding that level of education was inversely related with the probability of 

reporting frequent exposure, after controlling for main platform activity, may reflect 

differences in job tasks and use of personal protective equipment, or that differential recall or 

reporting by educational level occurred. This finding is consistent with Quinn et al.
(11)

 who 

found that low wage was associated with high chemical exposure after controlling for industry 

and job, and thus they concluded that sociodemographic characteristics should be considered 

when exposure is assessed by means of questionnaires. 

 

These predictors of exposure will be considered for future refinement efforts of the JEM 

developed for the cohort by stratifying the expert assessed exposure ratings on relevant 

predictors for the exposure under study. For skin exposure to oil and diesel, the JEM could be 

expanded to incorporate education where each combination of job category and time period 

was stratified on an educational variable with two categories (low/high) in addition. The 

educational categories “vocational training” and “upper secondary” did not differ significantly 

from “compulsory” (reference) with respect to skin contact with oil and diesel in our analyses, 

and could represent the ”low education category” where the original exposure ratings 

remained unchanged, whereas the “university/college” category could represent the “high 

education category” where the original exposure ratings were reduced in correspondence with 
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the 35% reduction in probability (RR 0.65, 95% CI 0.60–0.70). Then the ratings of this “job-

time-education exposure matrix” would be linked to individual work history and education 

data. 

 

A strength of the present study was the large population. The survey’s estimated response rate 

of 69% was fairly high compared to other occupational surveys,
(11-13)

 and thus we expect that 

results from the survey can be generalizable to the majority of offshore workers. Moreover, 

the large number of respondents and our goal to develop job category and time period-specific 

patterns, rather than subject-specific estimates, should produce robust findings that are less 

prone to misclassification. Another strength was the survey information on other work-related 

factors beyond job category that captures some within-job heterogeneity, enabling us to 

examine the effects of these factors on the probability of reporting frequent exposure that 

would not be captured using analyses solely based on job category.  

However, self-reported exposure is subject to recall bias. While the survey results are 

unlikely to be biased in prospective epidemiologic analyses based on registry data, recall bias 

may occur differentially by time period, and the time trends observed here need to be 

interpreted cautiously and within the context of known changes in work practices. However, 

many of our findings based on self-reports were consistent with known technological 

improvements and measured differences in exposure.  The use of broad exposure groups in 

this survey to improve subject recall, leaves uncertainty as to the respondents’ exposure to 

specific hazardous components, such as benzene and polycyclic aromatic hydrocarbons. 

Moreover, self-reporting is vulnerable to each worker's subjective understanding of intensity 

and tolerance. For instance, some of the recorded skin contact may possibly involve only 

minor contamination of surfaces and clothes, whereas others may have reported on immersion 

and other direct contact with the chemicals, and thus a dose may be difficult to determine. 
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However, using group-level, rather than subject-specific, patterns to aid exposure assessment 

efforts will reduce the influence of outliers. Additionally, exposure misclassification would be 

expected to follow a Berkson error structure and thus be unbiased but imprecise.
(14)

 Another 

important limitation is that the chosen way of reporting exposure frequency provides no direct 

measure of intensity of exposure. Some workers might have had short-term peak exposures 

with high intensity, which may contribute substantially to the total burden of exposure. Thus 

the relation between frequency and intensity of exposure will need to be considered when 

using this descriptive data to refine the JEM.  
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CONCLUSIONS 

In summary, a large survey of offshore oil workers provided important insights into the 

prevalence and frequency of seven broad categories of exposure for different activity groups 

and for different time periods. The probability of reporting frequent exposure seemed to be 

closely linked to type of job and to time period. Moreover, other work-related factors such as 

supervisory position, being a contractor employee, working on movable installations, 

shiftwork, and low educational level, seemed to increase the reporting of frequent exposure. 

This information will aid future refinement of the JEM previously developed for the present 

cohort.  
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TABLE I. Cohort Establishment 

Subject Groups 
 

No. of 
Subjects  

Roster of possible offshore workersA  61,339 

Dead before September 1998 – 1572 

Emigrated before September 1998 – 2439 

Eligible for questionnaire = 57,328 

Non-respondents – 22,025 

Respondents, never worked offshore – 7316 

Respondents, worked offshore = 27,987 

Excluded, worked on ships with no                                                          
drilling or production activityB – 68 

Excluded, missing personal ID no. – 2 

Offshore workers included in the cohort = 27,917 

Notes: ACompiled from lists from oil companies, educational 
institutions, trade unions, and other sources.  
BTypically supply, lifting, seismic, and pipe laying vessels. 
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TABLE II. Baseline Characteristics 

 Women  Men  Total 

Characteristics N %  N %  N % 

Age in 1998 
  

   
 

   
 

15–24 23  0.9   135  0.5  158  0.6 
25–34 777  30.2   4520  17.8  5297  19.0 
35–44 1035  40.3   9292  36.7  10,327  37.0 
45–54 522  20.3   7559  29.8  8081  29.0 
55–64 184  7.2   3190  12.6  3374  12.1 
65–74  26  1.0   615  2.4  641  2.3 
75–84 3  0.1   36  0.1  39  0.1 

Main activityA 

  
 

  
 

  
Production  151  5.9   1813  7.2   1964  7.0 
Drilling 146  5.7   3634  14.3   3780  13.5 
Maintenance  273  10.6   12,643  49.9   12,916  46.3 
Catering/office/adm.  1726  67.2   2912  11.5   4638  16.6 
Miscellaneous 237  9.2   4092  16.1   4329  15.5 
Missing 37  1.4   253  1.0   290  1.0 

Year left positionA 
  

      
  

1967–1979 7 0.3  489 1.9  496 1.7 
1980–1989 334  13.0   2888  11.4   3222  11.5 
1990–1999 1864  72.5   18,714  73.8   20,578  73.7 
Missing 365  14.2   3256  12.9   3621  13.0 

Supervisor/managerA  
  

      
  

Yes  337  13.1   10,518  41.5   10,855  38.9 
No 2180  84.8   14,434  57.0   16,614  59.5 
Missing 53  2.1   395  1.6   448  1.6 

Type of companyA  
  

      
  

Operating 1196  46.5   8170  32.2   9366  33.6 
Contractor 1207  47.0   16,400  64.7   17,607  63.1 
Missing 167  6.5   777  3.1   944  3.4 

Type of installationA  
  

      
  

Stationary 1641  63.9   18,059  71.3   19,700  70.6 
Movable 810  31.5   6044  23.9   6854  24.6 
Missing 119  4.6   1244  4.9   1363  4.9 

Work scheduleA  
  

      
  

Daytime 1459  56.8   12,698  50.1   14,157  50.7 
Night time 70  2.7   1001  4.0   1071  3.8 
Shiftwork 902  35.1   10,398  41.0   11,300  40.5 
Missing 139  5.4   1250  4.9   1389  5.0 

Educational level 
  

      
  

Compulsory 382  14.9   3010  11.9   3392  12.2 

Vocational training 562  21.9   10,412  41.1   10,974  39.3 
Upper secondary 853  33.2   6003  23.7   6856  24.6 
University/college 745  29.0   5736  22.6   6481  23.2 
Missing 28  1.1   186  0.7   214  0.8 

Note: AIn current or last position offshore. 
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TABLE III. Self-reported Exposure by Main Activity 

Self-reported Exposure 
         Main Activity 

Never 
during 

Work Shift  

Rarely 
during 

Work Shift 
 

¼ of 
Work Shift  

½ of 
Work Shift  

¾ of 
Work Shift  

Almost the  
entire 

Work Shift  Missing 

N % 
 

N % 
 

N %  N %  N %  N %  N % 
Skin contact with  
oil and diesel 

Production 140 7.1 
 

1147 58.4 
 

452 23.0  120 6.1  60 3.1  20 1.0  25 1.3 
Drilling 178 4.7 

 
1511 40.0 

 
918 24.3  511 13.5  328 8.7  278 7.4  56 1.5 

Maintenance 1668 12.9 
 

6913 53.5 
 

2190 17.0  922 7.1  457 3.5  388 3.0  378 2.9 
Catering 2516 54.2 

 
1539 33.2 

 
197 4.2  51 1.1  22 0.5  23 0.5  290 6.3 

Miscellaneous 943 21.8 
 

2092 48.3 
 

672 15.5  254 5.9  118 2.7  123 2.8  127 2.9 
Missing 67 23.1 

 
89 30.7 

 
24 8.3  16 5.5  8 2.8  11 3.8  75 25.9 

Total 5512 19.7 
 

13,291 47.6 
 

4453 16.0  1874 6.7  993 3.6  843 3.0  951 3.4 
Oil vapor from shaker  
and other mud cleaning 

Production 642 32.7 
 

969 49.3 
 

211 10.7  71 3.6  30 1.5  7 0.4  34 1.7 

Drilling 390 10.3 
 

1460 38.6 
 

837 22.1  529 14  278 7.4  233 6.2  53 1.4 
Maintenance 4027 31.2 

 
6527 50.5 

 
1173 9.1  399 3.1  177 1.4  152 1.2  461 3.6 

Catering 3163 68.2 
 

1043 22.5 
 

107 2.3  26 0.6  10 0.2  13 0.3  276 6.0 
Miscellaneous 1863 43.0 

 
1794 41.4 

 
296 6.8  115 2.7  60 1.4  58 1.3  143 3.3 

Missing 89 30.7 
 

86 29.7 
 

23 7.9  8 2.8  5 1.7  5 1.7  74 25.5 
Total 10,174 36.4 

 
11,879 42.6 

 
2647 9.5  1148 4.1  560 2.0  468 1.7  1041 3.7 

Exhaust fumes 
Production 393 20.0 

 
1362 69.3 

 
131 6.7  32 1.6  6 0.3  7 0.4  33 1.7 

Drilling 601 15.9 
 

2377 62.9 
 

441 11.7  170 4.5  69 1.8  45 1.2  77 2.0 
Maintenance 2550 19.7 

 
8257 63.9 

 
1101 8.5  308 2.4  133 1.0  123 1.0  444 3.4 

Catering 2518 54.3 
 

1699 36.6 
 

103 2.2  25 0.5  15 0.3  13 0.3  265 5.7 
Miscellaneous 1174 27.1 

 
2524 58.3 

 
317 7.3  106 2.4  37 0.9  33 0.8  138 3.2 

Missing 83 28.6 
 

101 34.8 
 

20 6.9  4 1.4  1 0.3  7 2.4  74 25.5 
Total 7319 26.2 

 
16,320 58.5 

 
2113 7.6  645 2.3  261 0.9  228 0.8  1031 3.7 

Vapor from mixing  
chemicals used for drilling 

Production 1461 74.4 
 

427 21.7 
 

27 1.4  8 0.4  3 0.2  2 0.1  36 1.8 

Drilling 869 23.0 
 

1538 40.7 
 

625 16.5  356 9.4  180 4.8  153 4.0  59 1.6 
Maintenance 7664 59.3 

 
4069 31.5 

 
450 3.5  118 0.9  72 0.6  47 0.4  496 3.8 

Catering 3605 77.7 
 

690 14.9 
 

39 0.8  9 0.2  5 0.1  6 0.1  284 6.1 
Miscellaneous 2836 65.5 

 
1143 26.4 

 
113 2.6  46 1.1  34 0.8  20 0.5  137 3.2 

Missing 132 45.5 
 

58 20.0 
 

11 3.8  4 1.4  5 1.7  2 0.7  78 26.9 
Total 16,567 59.3 

 
7925 28.4 

 
1265 4.5  541 1.9  299 1.1  230 0.8  1090 3.9 

Natural gas 
Production 268 13.6 

 
1 051 53.5 

 
461 23.5  92 4.7  48 2.4  19 1.0  25 1.3 

Drilling 1572 41.6 
 

1768 46.8 
 

210 5.6  73 1.9  37 1.0  22 0.6  98 2.6 

Maintenance 5859 45.4 
 

5776 44.7 
 

499 3.9  163 1.3  51 0.4  49 0.4  519 4.0 

Catering 3137 67.6 
 

1108 23.9 
 

64 1.4  15 0.3  9 0.2  14 0.3  291 6.3 

Miscellaneous 2259 52.2 
 

1621 37.4 
 

185 4.3  68 1.6  20 0.5  24 0.6  152 3.5 

Missing 115 39.7 
 

83 28.6 
 

8 2.8  1 0.3  1 0.3  4 1.4  78 26.9 

Total 13,210 47.3 
 

11,407 40.9 
 

1427 5.1  412 1.5  166 0.6  132 0.5  1163 4.2 
Chemicals used for water  
injection and processing 

Production 385 19.6 
 

936 47.7 
 

443 22.6  108 5.5  40 2.0  18 0.9  34 1.7 
Drilling 2113 55.9 

 
1270 33.6 

 
179 4.7  76 2.0  30 0.8  23 0.6  89 2.4 

Maintenance 7141 55.3 
 

4580 35.5 
 

448 3.5  102 0.8  50 0.4  28 0.2  567 4.4 
Catering 3547 76.5 

 
719 15.5 

 
62 1.3  9 0.2  5 0.1  5 0.1  291 6.3 

Miscellaneous 2751 63.5 
 

1211 28.0 
 

144 3.3  40 0.9  17 0.4  21 0.5  145 3.3 
Missing 136 46.9 

 
59 20.3 

 
10 3.4  6 2.1  2 0.7  1 0.3  76 26.2 

Total 16,073 57.6 
 

8775 31.4 
 

1286 4.6  341 1.2  144 0.5  96 0.3  1202 4.3 
Solvent vapor 

Production 451 23.0 
 

1249 63.6 
 

194 9.9  24 1.2  8 0.4  6 0.3  32 1.6 
Drilling 843 22.3 

 
2087 55.2 

 
561 14.8  134 3.5  51 1.3  32 0.8  72 1.9 

Maintenance 1567 12.1 
 

7127 55.2 
 

2118 16.4  745 5.8  442 3.4  528 4.1  389 3.0 
Catering 1594 34.4 

 
2062 44.5 

 
415 8.9  150 3.2  99 2.1  73 1.6  245 5.3 

Miscellaneous 1224 28.3 
 

2368 54.7 
 

415 9.6  113 2.6  40 0.9  39 0.9  130 3.0 
Missing 54 18.6 

 
105 36.2 

 
32 11.0  15 5.2  8 2.8  7 2.4  69 23.8 

Total 5733 20.5 
 

14,998 53.7 
 

3735 13.4  1181 4.2  648 2.3  685 2.5  937 3.4 
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TABLE IV. Self-reported Exposure by Year Left Position 

Self-reported Exposure 
         Year Left Pos. 

Never 
during 

Work Shift  

Rarely 
during 

Work Shift 
 

¼ of 
Work Shift  

½ of 
Work Shift  

¾ of 
Work Shift  

Almost the  
entire 

Work Shift  Missing 

N % 
 

N % 
 

N %  N %  N %  N %  N % 
Skin contact with  
oil and diesel 

1967–1979 116 23.4  195 39.3  81 16.3  37 7.5  20 4.0  22 4.4  25 5.0 
1980–1989 772 24.0  1336 41.5  464 14.4  216 6.7  124 3.8  150 4.7  160 5.0 
1990–1999 3735 18.2  10,178 49.5  3462 16.8  1412 6.9  744 3.6  558 2.7  489 2.4 
Missing 889 24.6  1582 43.7  446 12.3  209 5.8  105 2.9  113 3.1  277 7.6 

Total 5512 19.7  13,291 47.6  4453 16.0  1874 6.7  993 3.6  843 3.0  951 3.4 
Oil vapor from shaker  
and other mud cleaning 

1967–1979 172 34.7  181 36.5  63 12.7  28 5.6  14 2.8  12 2.4  26 5.2 

1980–1989 1227 38.1  1170 36.3  320 9.9  157 4.9  83 2.6  93 2.9  172 5.3 
1990–1999 7316 35.6  9201 44.7  1983 9.6  829 4.0  411 2.0  292 1.4  546 2.7 

Missing 1459 40.3  1327 36.6  281 7.8  134 3.7  52 1.4  71 2.0  297 8.2 
Total 10,174 36.4  11,879 42.6  2647 9.5  1148 4.1  560 2.0  468 1.7  1041 3.7 

Exhaust fumes 
1967–1979 136 27.4  257 51.8  49 9.9  15 3.0  5 1.0  6 1.2  28 5.6 

1980–1989 920 28.6  1707 53.0  240 7.4  92 2.9  35 1.1  49 1.5  179 5.6 
1990–1999 5157 25.1  12,518 60.8  1574 7.6  465 2.3  189 0.9  140 0.7  535 2.6 

Missing 1106 30.5  1838 50.8  250 6.9  73 2.0  32 0.9  33 0.9  289 8.0 
Total 7319 26.2  16,320 58.5  2113 7.6  645 2.3  261 0.9  228 0.8  1031 3.7 

Vapor from mixing  
chemicals used for drilling 

1967–1979 230 46.4  141 28.4  50 10.1  22 4.4  9 1.8  17 3.4  27 5.4 

1980–1989 1774 55.1  866 26.9  216 6.7  105 3.3  47 1.5  45 1.4  169 5.2 
1990–1999 12,405 60.3  6037 29.3  854 4.2  343 1.7  208 1.0  137 0.7  594 2.9 

Missing 2158 59.6  881 24.3  145 4.0  71 2.0  35 1.0  31 0.9  300 8.3 
Total 16,567 59.3  7925 28.4  1265 4.5  541 1.9  299 1.1  230 0.8  1090 3.9 

Natural gas 
1967–1979 256 51.6  179 36.1  18 3.6  5 1.0  0 0.0  5 1.0  33 6.7 

1980–1989 1609 49.9  1162 36.1  139 4.3  63 2.0  18 0.6  24 0.7  207 6.4 
1990–1999 9522 46.3  8782 42.7  1149 5.6  295 1.4  133 0.6  90 0.4  607 2.9 

Missing 1823 50.3  1284 35.5  121 3.3  49 1.4  15 0.4  13 0.4  316 8.7 
Total 13,210 47.3  11,407 40.9  1427 5.1  412 1.5  166 0.6  132 0.5  1163 4.2 

Chemicals used for water  
injection and processing 

1967–1979 303 61.1  116 23.4  21 4.2  11 2.2  4 0.8  5 1.0  36 7.3 
1980–1989 1988 61.7  832 25.8  125 3.9  39 1.2  18 0.6  17 0.5  203 6.3 

1990–1999 11,604 56.4  6883 33.4  1029 5.0  259 1.3  106 0.5  59 0.3  638 3.1 
Missing 2178 60.1  944 26.1  111 3.1  32 0.9  16 0.4  15 0.4  325 9.0 

Total 16,073 57.6  8775 31.4  1286 4.6  341 1.2  144 0.5  96 0.3  1202 4.3 
Solvent vapor 

1967–1979 98 19.8  227 45.8  81 16.3  28 5.6  19 3.8  16 3.2  27 5.4 
1980–1989 710 22.0  1519 47.1  503 15.6  169 5.2  87 2.7  80 2.5  154 4.8 

1990–1999 4131 20.1  11,493 55.9  2692 13.1  827 4.0  459 2.2  496 2.4  480 2.3 
Missing 794 21.9  1759 48.6  459 12.7  157 4.3  83 2.3  93 2.6  276 7.6 

Total 5733 20.5  14,998 53.7  3735 13.4  1181 4.2  648 2.3  685 2.5  937 3.4 
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TABLE V. Probability of Reporting Exposure According to Work-related Factors  

 
Skin Contact with Oil and Diesel  

Oil Vapor from Shaker 
and Other Mud Cleaning  Exhaust Fumes  

Vapor from Mixing 
Chemicals Used for Drilling 

Work-related Factors 
No. of 

Persons 
No. of 

Exposed RRA 
95% CI 
P-value  

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value  

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value  

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value 

Main activity    
  

   
           

Catering 4348 293 1.00 Ref.  4362 156 1.00 Ref.  4373 156 1.00 Ref.  4354 59 1.00 Ref. 

Production 1939 652 4.14 3.57-4.80  1930 319 3.51 2.84-4.35  1931 176 2.04 1.60-2.60  1928 40 1.43 0.91-2.25 

Drilling 3724 2035 6.69 5.86-7.64  3727 1877 10.10 8.42-12  3703 725 3.95 3.25-4.81  3721 1314 16.42 12-22 

Maintenance 12,538 3957 4.52 3.97-5.15  12,455 1901 4.08 3.40-4.89  12,472 1665 3.64 3.03-4.38  12,420 687 4.04 2.97-5.51 

Miscellaneous 4202 1167 4.27 3.72-4.90  4168 529 3.31 2.71-4.05  4191 493 3.08 2.51-3.79  4192 213 3.47 2.47-4.87 

Year left position                    

1967–1979 471 160 0.90 0.79-1.02  470 117 0.93 0.80-1.09  468 75 1.09 0.87-1.37  469 98 1.50 1.26-1.79 

1980–1989 3062 954 1.02 0.97-1.08  3050 653 1.14 1.06-1.23  3043 416 1.11 1.00-1.23  3053 413 1.56 1.42-1.72 

1990–1999 20,089 6176 1.00 Ref.  20,032 3515 1.00 Ref.  20,043 2368 1.00 Ref.  19,984 1542 1.00 Ref. 

ContinuousB  1.002 0.292   0.994 0.007   0.994 0.096   0.971 <0.001 

Supervisor/manager 
  

   
  

            

No 16,040 5020 1.00 Ref.  15,984 3000 1.00 Ref.  15,989 1866 1.00 Ref.  15,962 1367 1.00 Ref. 

Yes 10,583 3045 0.97 0.93-1.01  10,551 1765 0.91 0.86-0.97  10,561 1340 1.20 1.12-1.30  10,528 941 1.06 0.97-1.15 

Type of company 
  

   
  

            

Operating 9147  2417 1.00 Ref.  9111 1241 1.00 Ref.  9118 874 1.00 Ref.  9106 400 1.00 Ref. 

Contractor 17,033 5516 1.01 0.96-1.06  16,992 3446 1.10 1.03-1.18  16,989 2266 1.08 0.99-1.18  16,947 1869 1.44 1.28-1.62 

Type of installation 
  

   
  

            

Stationary 19,159 5281 1.00 Ref.  19,109 2935 1.00 Ref.  19,116 1958 1.00 Ref.  19,068 1168 1.00 Ref. 

Movable 6604 2438 1.20 1.15-1.26  6580 1636 1.20 1.13-1.27  6581 1091 1.33 1.23-1.45  6574 1034 1.47 1.35-1.60 

Work schedule 
  

   
  

            

Daytime 13,775 2873 1.00 Ref.  13,746 1192 1.00 Ref.  13,753 1014 1.00 Ref.  13,722 332 1.00 Ref. 

Night time 1030 278 1.06 0.95-1.20  1029 181 1.36 1.17-1.59  1027 119 1.43 1.17-1.75  1031 90 1.86 1.46-2.37 

Shiftwork 10,970 4587 1.57 1.50-1.65  10,926 3150 2.11 1.96-2.28  10,926 1885 2.03 1.85-2.22  10,911 1770 3.05 2.65-3.50 

Educational level 
  

   
  

            

Compulsory 3181  1048 1.00 Ref.  704 3163 1.00 Ref.  3160 486 1.00 Ref.  3138 401 1.00 Ref. 

Vocational training 10,600 3610 1.01 0.95-1.08  1964 10,545 0.85 0.79-0.93  10,564 1450 0.87 0.78-0.97  10,527 954 0.82 0.73-0.92 

Upper secondary 6672 2124 0.99 0.93-1.06  1129 6655 0.81 0.75-0.89  6651 770 0.82 0.73-0.92  6646 520 0.72 0.63-0.82 

University/college 6339 1324 0.65 0.60-0.70  992 6342 0.73 0.67-0.80  6344 525 0.57 0.49-0.65  6348 444 0.56 0.49-0.64 

Notes: RR = relative risk; CI = confidence interval; Ref. = reference category.  
AFor each exposure, all factors were included in the logistic regression model simultaneously.  
BYear left position included as continuous variable. 
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TABLE VI.  Probability of Reporting Exposure According to Work-related Factors   

 
Natural gas  

Chemicals used for water 
injection and processing  Solvent vapor 

Work-related factors 
No. of 

persons 
No. of 

exposed RRA 
95% CI 
P-value  

No. of 
persons 

No. of 
exposed RRA 

95% CI 
P-value  

No. of 
persons 

No. of 
exposed RRA 

95% CI 
P-value 

Main activity 
   

  
   

      

Catering 4347 102 1.00 Ref.  4347 81 1.00 Ref.  4393 737 1.00 Ref. 

Production 1939 620 8.61 6.77-11  1930 609 9.41 7.17-12  1932 232 0.84 0.72-0.99 

Drilling 3682 342 3.58 2.79-4.58  3691 308 4.30 3.25-5.70  3708 778 1.01 0.91-1.12 

Maintenance 12,397 762 2.34 1.87-2.94  12,349 628 2.53 1.95-3.28  12,527 3833 1.60 1.48-1.73 

Miscellaneous 4177 297 2.94 2.29-3.77  4184 222 2.90 2.16-3.88  4199 607 0.87 0.78-0.98 

Year left position 
  

   
  

       

1967–1979 463 28 0.85 0.58-1.25  460 41 1.36 1.00-1.86  469 144 1.23 1.05-1.45 

1980–1989 3015 244 1.24 1.08-1.43  3019 199 1.20 1.02-1.40  3068 839 1.18 1.10-1.26 

1990–1999 19,971 1667 1.00 Ref.  19,940 1453 1.00 Ref.  20,098 4474 1.00 Ref. 

ContinuousB   0.987 0.004    0.990 0.036    0.984 <0.001 

Supervisor/manager 
  

   
  

       

No 15,899 1350 1.00 Ref.  15,886 1232 1.00 Ref.  16,045 4128 1.00 Ref. 

Yes 10,522 765 0.95 0.86-1.05  10,491 607 0.87 0.78-0.97  10,593 2031 0.89 0.84-0.94 

Type of company 
  

   
  

       

Operating 9098 1111 1.00 Ref.  9093 1030 1.00 Ref.  9136 1267 1.00 Ref. 

Contractor 16,893 970 0.67 0.60-0.74  16,853 783 0.56 0.49-0.63  17,057 4783 1.70 1.59-1.82 

Type of installation 
  

   
  

       

Stationary 19,048 1648 1.00 Ref.  18,995 1403 1.00 Ref.  19,160 4231 1.00 Ref. 

Movable 6532 385 0.72 0.63-0.81  6536 366 0.84 0.74-0.96  6621 1716 1.10 1.04-1.17 

Work schedule 
  

   
  

       

Daytime 13,724 714 1.00 Ref.  13,690 523 1.00 Ref.  13,795 2694 1.00 Ref. 

Night time 1026 56 0.97 0.71-1.32  1027 42 1.09 0.79-1.52  1035 249 1.22 1.08-1.38 

Shiftwork 10,848 1240 1.45 1.29-1.62  10,851 1194 1.67 1.47-1.89  10,954 2919 1.34 1.27-1.41 

Educational level 
  

   
  

       

Compulsory 3119 217 1.00 Ref.  3110 209 1.00 Ref.  3193 1180 1.00 Ref. 
Vocational 
training 10,510 1055 1.01 0.86-1.19  10,490 974 1.02 0.86-1.21  10,600 2469 0.70 0.66-0.75 

Upper secondary 6635 434 0.89 0.75-1.06  6614 408 0.93 0.78-1.12  6669 1802 0.78 0.73-0.83 

University/college 6327 418 0.74 0.61-0.89  6335 268 0.50 0.40-0.61  6349 732 0.44 0.40-0.48 

Notes:  RR = relative risk; CI = confidence interval; Ref. = reference category. 
AFor each exposure, all factors were included in the logistic regression model simultaneously.  
BYear left position included as continuous variable. 
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TABLE VII. Probability of Reporting Exposure in Production Workers 

 
Natural Gas  

Chemicals Used for Water 
Injection and Processing 

 

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value  

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value 

Production job category 
   

  
   

 

Process technicians 
 

1556 520 1.00 Ref.  1551 553 1.00 Ref. 

Control room operators 224 12 0.12 0.06-0.27  221 3 0.05 0.02-0.18 

Laboratory technicians 93 63 2.56 1.99-3.31  92 28 1.50 1.02-2.19 

Miscellaneous 66 25 1.08 0.74-1.58  66 25 1.15 0.80-1.65 

Year left position          

1967–1979 25 3 1.13 0.39-3.19  25 0 NC NC 

1980–1989 110 29 1.17 0.86-1.59  109 17 0.94 0.61-1.45 

1990–1999 1665 559 1.00 Ref.  1657 556 1.00 Ref. 

Continuous B  0.985 0.125   1.023 0.106 

Notes: RR = relative risk; CI = confidence interval; Ref. = reference category; NC = not calculated. 
AAdjusted for manager or supervisor (yes/no); type of company (operating/contractor); type of installation 
(stationary/movable); work schedule (day/night/shift); education (compulsory/vocational training/upper 
secondary/university or college). 
BYear left position included as continuous variable. 
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TABLE VIII. Probability of Reporting Exposure in Drilling Workers 

 
Skin Contact with Oil and Diesel  

Oil Vapor from Shaker 
and Other Mud Cleaning  Exhaust Fumes  

Vapor from Mixing 
Chemicals Used for Drilling 

 

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value  

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value  

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value  

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value 

Drilling job category                    

Drill floor crew 887 581 1.00 Ref.  886 651 1.00 Ref.  873 198 1.00 Ref.  884 438 1.00 Ref. 

Drilling mud workers 47 34 1.09 0.88-1.35  47 41 1.20 1.07-1.34  46 3 0.36 0.12-1.09  46 20 1.02 0.72-1.46 

Derrickmen 309 227 1.09 0.99-1.19  313 278 1.17 1.11-1.25  308 71 0.93 0.71-1.23  313 261 1.55 1.40-1.71 

Drillers 922 353 0.71 0.63-0.81  923 361 0.70 0.62-0.79  915 125 0.70 0.53-0.94  922 307 0.86 0.74-1.01 

Well service workers 865 527 1.02 0.93-1.12  858 190 0.32 0.27-0.37  863 237 1.28 1.03-1.59  861 121 0.34 0.27-0.42 

MWD/mud loggers 451 198 0.81 0.70-0.94  454 261 0.85 0.76-0.96  451 42 0.49 0.34-0.72  449 100 0.57 0.45-0.71 

Miscellaneous 243 115 0.84 0.72-0.98  246 95 0.63 0.53-0.75  247 49 0.97 0.69-1.36  246 67 0.71 0.56-0.89 

Year left position                    

1967–1979 112 66 1.05 0.89-1.24  112 64 0.88 0.74-1.05  110 25 1.19 0.81-1.76  112 65 1.40 1.16-1.70 

1980–1989 418 258 1.13 1.04-1.24  418 261 1.07 0.98-1.16  411 84 1.09 0.87-1.36  416 228 1.46 1.32-1.62 

1990–1999 2813 1504 1.00 Ref.  2812 1366 1.00 Ref.  2806 541 1.00 Ref.  2810 879 1.00 Ref. 

Continuous B   0.992 0.003    0.998 0.358    0.991 0.191    0.976 <0.001 

Notes: RR = relative risk; CI = confidence interval; Ref. = reference category.  
AAdjusted for manager or supervisor (yes/no); type of company (operating/contractor); type of installation (stationary/movable); work schedule (day/night/shift); education (compulsory/vocational training/upper 
secondary/university or college). 
BYear left position included as continuous variable. 
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TABLE IX. Probability of Reporting Exposure in Maintenance Workers 

 
Solvent Vapor 

 

No. of 
Persons 

No. of 
Exposed RRA 

95% CI 
P-value 

Maintenance job category 
   

 

Electricians 1954 387 1.00 Ref. 

Instrument technicians 1031 147 0.87 0.72-1.05 

Radio/tele technicians 435 14 0.14 0.08-0.25 

NDT inspectors 183 50 1.41 1.08-1.85 

Plumbers 619 191 1.34 1.13-1.58 

Welders 593 166 1.09 0.90-1.32 

Sheet metal workers 211 66 1.39 1.07-1.79 

Mechanics 1286 370 1.47 1.28-1.68 

Machinists 418 74 0.70 0.53-0.91 

Turbine technicians 47 7 0.85 0.42-1.75 

Deck crew 1815 618 1.38 1.22-1.57 

Industrial cleaners 30 25 4.40 3.65-5.31 

Surface workers 647 623 4.44 4.00-4.93 

Scaffold crew 594 214 1.64 1.40-1.92 

Insulators 405 163 1.99 1.69-2.34 

Miscellaneous 2259 718 1.57 1.39-1.76 

Year left position     

1967–1979 192 55 1.06 0.83-1.36 

1980–1989 1360 453 1.13 1.04-1.23 

1990–1999 9386 2851 1.00 Ref. 

Continuous B  0.989 <0.001 

Notes: RR = relative risk; CI = confidence interval; NDT =non-destructive 
testing; Ref. = reference category. 
AAdjusted for manager or supervisor (yes/no); type of company 
(operating/contractor); type of installation (stationary/movable); work 
schedule (day/night/shift); education (compulsory/vocational 
training/upper secondary/university or college). 
 BYear left position included as continuous variable. 

 

 

 



 

 

Appendix 1: Questionnaire in English 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 

























 

 

Appendix 2: Questionnaire in Norwegian 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


























