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Investigation of concerns regarding cases of cancer in firefighters working at Atherton Fire Station

Executive Summary

Background

Concerns regarding cases of cancer amongst firefighters at Atherton Fire Station were raised by Queensland Fire and Rescue Service management in December 2007. In response, Queensland Fire and Rescue Service requested assistance from Queensland Health to investigate the concerns of the staff at the Station. For the purposes of this report the Station comprises two buildings, the firefighting Station and the residential house. 
In parallel with this investigation, there is increasing international evidence which suggests there may be an association between firefighting as a profession and higher rates of some types of cancer, particularly testicular cancer, prostate cancer and non-Hodgkin lymphoma.1
The Queensland Health investigation at Atherton Fire Station was divided into two aspects. One involved an epidemiological assessment of the occurrence of cancer in past and current staff members at the Station. The second aspect of the investigation involved an assessment of possible hazardous exposures in the workplace. It is important to keep in mind that proper consideration of a potential cluster involves consideration, in unison, of both the nature and magnitude of exposures to environmental agents and the epidemiological aspects of the investigation when assessing whether there is likely to be a particular causal agent responsible for the cancers. 
The aims of the investigation were to determine if there was an increased incidence of a particular type of cancer amongst current and former workers at Atherton Fire Station and to determine if there were any possible hazardous agents at the Station that may have been associated with an increased cancer rate. 

Methods

Cancer case information (diagnostic and other personal details) was collated by Queensland Fire and Rescue Service and provided to Queensland Health. The case list was based on self-reporting by staff members as well as the extensive knowledge of key long-serving staff members. Case list details were checked against the Queensland Cancer Registry and, as required, with the treating doctor(s) with informed consent from the cases. Queensland Fire and Rescue Service supplied the data on the length of employment of Atherton Fire Station staff to Queensland Health. 

Possible hazardous agents were identified through interviews with previous and current staff at Atherton Fire Station, including some of the men diagnosed with cancer. For the purposes of this report both the workplace environment and broader Atherton environment were considered. The carcinogenic risks of identified possible hazardous agents were assessed by literature review. The focus of the investigation was on the possible hazards present at Atherton Fire Station rather than an assessment of the broader risks associated with firefighting. Results from environmental testing will be released by Queensland Fire and Rescue Service in a separate report.
Results

From 1992 to 2007, five men were diagnosed with cancer amongst current and former staff members at Atherton Fire Station. Three of the men were diagnosed with brain cancer, one man was diagnosed with colon cancer and one with of prostate cancer. The cases of colon cancer and prostate cancer were not considered as part of the statistical analysis, as they are different types of cancer occurring in different parts of the body. Expert advice indicated that the three brain cancer cases were all subtypes of a related group of brain cancers (astrocytoma group) and thus warranted further statistical analysis as a group. 
Statistical tests were used to explore the data as to whether the number of brain cancer cases at the Station exceeded the number of cases that would be expected, based on the Queensland population. In the period 1992 to 2007, there was an increased rate of astrocytoma group brain cancers among firefighters at Atherton Fire Station compared with the Queensland population. The extent of this increase is unable to be determined accurately. The best estimate suggests that the rate of brain cancer at the Atherton Fire Station ranged from 21 to 62 times higher than Queensland. However, the statistically small number of cases, limitations of standard statistical tests in cluster investigations and uncertainties in the data (and diagnoses of brain cancer), means that the results are difficult to interpret meaningfully. 
The list of possible hazardous agents that might have been present at Atherton Fire Station does include some possible carcinogens. However, none of the possible carcinogens that were listed have been documented in the international scientific literature to cause the types of cancer observed at Atherton Fire Station. In addition, there was no common plausible agent at Atherton Fire Station that all three of the men diagnosed with brain cancer were exposed to. 

Conclusions

Relating to Atherton Fire Station

When examining the possible environmental hazards at the Atherton Fire Station there were no agents that were linked to causing brain cancer. It is unlikely that there is a hazard at the Station that is responsible for the cancers. 
There was an elevated rate of brain cancer (of the astrocytoma group) amongst staff at Atherton Fire Station. The extent of this increase is uncertain due to limitations in the epidemiological assessment. This increased rate of brain cancer fits the epidemiological definition of a cluster, whereby a cluster is defined as a greater-than-expected number of cancer cases that occurs within a group of people in a geographic area over a period of time. The single bowel and prostate cancer cases are unrelated to the brain cancer cases and are not part of the brain cancer cluster.

Relating to firefighting

It was not in the scope of this investigation to fully examine the cancer risks associated with firefighting. However, it should be noted that the scientific literature has not implicated brain cancer strongly, but there is some evidence that there might be an association with firefighting. The possibility remains that one or more of the cases of brain cancer identified amongst the Atherton firefighters could be related to exposures experienced while firefighting, rather than exposures from working at Atherton Fire Station or living in the adjacent house. This will probably never be known. 

In light of the investigations conducted at Atherton Fire Station, the feasibility of an epidemiological assessment of brain cancer incidence of Queensland firefighters, including comparison with Atherton Fire Station, should be conducted. In addition, assessment of the feasibility of further investigation of the possible association between firefighting and cancer, particularly brain cancer and those cancers identified by the International Agency for Research on Cancer (e.g. prostate cancer, testicular cancer and non-Hodgkin lymphoma) should be considered. 
Recommendations

The recommendations from the Queensland Health investigation have been split into two parts to address the concerns related specifically to Atherton Fire Station and to the possible brain cancer risks associated with firefighting.

Part A: Recommendations related to Atherton Fire Station 

1. The Director of Anatomical Pathology, Royal Brisbane Hospital to review the pathology slides of the three men diagnosed with brain cancer to ensure the correct diagnosis was made and grouping of the brain cancer cases was valid. 

2. An epidemiological investigation has been conducted at Atherton Fire Station and no further epidemiological investigation is currently required.

3. The investigation will be reopened if another person at Atherton Fire Station is diagnosed with brain cancer.

4. The investigation may be opened if new information becomes available in the scientific literature about the causes of brain cancer or if there are new concerns about particular environmental hazards associated with Atherton Fire Station.

5. The findings of this investigation should be communicated to the staff members at Atherton Fire Station, representatives from the United Firefighters Union, the firefighting community more broadly, and in relevant literature.
6. Queensland Health will give further consideration to the findings of the investigation once the report from the environmental testing is made available.

Part B: Recommendations pertaining to firefighting
7. Queensland Fire and Rescue Service continue to promote the use of personal protective equipment to control the hazards that firefighters are exposed to.
8. The feasibility of an epidemiological assessment of brain cancer incidence of Queensland firefighters including comparison with Atherton Fire Station, should be conducted.
9. The feasibility of an epidemiological study or disease registry should be considered to examine the possible risks associated with firefighting in relation to cancer, particularly brain cancer and those types of cancer identified in the evaluation of the International Agency for Research on Cancer (e.g. testicular cancer, prostate cancer and non-Hodgkin lymphoma).
Summary of findings and interpretation of the investigation into the concerns regarding cases of cancer in firefighters working at Atherton Fire Station

There are a number of approaches that can reasonably be taken when investigating a report of a possible cancer cluster. Key factors to consider in undertaking any cluster investigation are:

· such investigations commonly do not provide a definitive answer

· most apparent clusters are almost certainly chance occurrences of cancers

· only a small number of cluster investigations have identified important relationships between work-related exposures and cancer and

· dismissing apparent clusters without appropriate investigation, consideration and consultation is likely to result in acrimony among concerned staff, and the escalation of tension and worries in the affected workforce.

Key questions that need to be answered in any cluster investigation include the following:

· Has the affected population been identified fully?

· Have all the cases been identified?

· Are all the cases of the same (or similar) type?

· Is there statistical evidence to suggest that the number of cases is in excess of what would be expected in the population?

· Do the cancer types have a known common cause, whether occupational or non-occupational?

· Did the persons diagnosed with cancer have a common occupational (or non-occupational) exposure?

· If there is a common exposure, is the level of exposure sufficient to account for the rate of cancer?
· Are there known workplace exposures that could have contributed to the occurrence of the cancers?

· Did the cancers occur at an appropriate time after the possible workplace exposures?

· Are there any plausible non-occupational causes for the apparent cluster?

· On the balance of probabilities, is it likely that the identified cancers occurred as a result of occupational exposures?

The Queensland Health investigation was divided into two distinct aspects. One involved an epidemiological assessment of the occurrence of cancer in past and current staff members at the Station. The second part of the investigation involved an assessment of possible workplace hazards. It is important to keep in mind that proper consideration of a potential cluster involves consideration of both the nature and magnitude of the environmental agents and the epidemiological aspects of the investigation when assessing whether there is likely to be a causal agent responsible for the cancers.

A number of other aspects of cluster investigations need to be kept in mind when interpreting the results of the Atherton Fire Station investigation. These include:

Random factors 

Cancer is a term representing many diseases with a variety of causes.2 While about one third of all cancer cases and deaths are due to known risk factors, cancer usually occurs as a random event. For a given set of risk factors, exactly when a cancer becomes clinically evident, and who it affects, is largely determined by random factors. 

Statistical tests

Statistical tests are based on probability. Those commonly used in medicine assume that a population that is being assessed statistically has been randomly chosen.  In a cluster investigation, that is nearly always not the case.  The population is usually investigated because it is already suspected of having a high rate of cancer, NOT because an exposure of concern was identified first. This makes the interpretation of the usual statistical tests problematic. If the investigation is undertaken because a high rate was expected, it is not surprising that a high rate might be found. In nearly all cases, this high rate will have occurred because of the randomly occurring factors mentioned previously. Unfortunately, statistical analysis requires more than a few cases to produce meaningful results. If the observed number of cases is small, the estimates of risk become difficult to estimate accurately. 
Reaching a final opinion

Investigations of cancer clusters rarely result in definitive answers.  Unfortunately, significant uncertainty is commonly present no matter what investigations are undertaken. The most appropriate approach is therefore to base a final opinion and recommendation on all the available evidence. Quite often it is the information on exposures that provides the most useful basis for a final opinion, rather than relying on statistical analysis. This is because of the inherent problems in any epidemiological investigation and the associated statistical tests that might be undertaken.  Epidemiological information should not be interpreted in isolation or used as the sole basis for an opinion on cancer clusters.

Overall interpretation in the Atherton Fire Station investigation

From an assessment of the environmental hazards suspected to be present at Atherton Fire Station, it appears that none of the possible hazards have been documented in the international literature to cause the types of cancer observed at Atherton Fire Station. On the assumption that this is correct, the original set of questions regarding cancer cluster investigation can be considered in this specific instance to provide a preliminary opinion on the remaining two key questions:

· Is there truly an increased rate of a particular type of cancer amongst current and former workers at the Atherton Fire Station?

· If so, is there evidence that this high rate is due to exposures associated with work at the Station?

Has the affected population been identified fully?

No.

Comment: The affected population under investigation is former and current staff members of the Atherton Fire Station. The population includes permanent and auxiliary firefighters. Due to changes in staff administration systems at the Station in 1995, not all employees over the study period could be identified. 
Have all the cases been identified?

Most probably.

Comment: It is difficult to be absolutely sure that all of the firefighters diagnosed with cancer have been identified, but given the extensive media coverage and local social networks and knowledge it appears unlikely that cases will have been missed.

Are all the cases of the same (or similar) type?

Some of the cancers are similar. 

Comment: In this investigation, there were three types of brain cancer (one gemistocyctic astrocytoma, one glioblastoma and one anaplastic astrocytoma), one type of colon cancer (adenocarcinoma) and one type of prostate cancer (adenocarcinoma). The three brain cancers are all considered subtypes of ‘diffuse astrocytoma’. There is a tendency for these tumours to progress over time. That is, gemistocytic astrocytoma tends to progress to anaplastic astrocytoma and anaplastic astrocytoma tend to progress to glioblastoma multiforme with the passage of time. 
The colon cancer and prostate cancer are not considered to be similar to each other or the brain cancers.
Do the cancer types have a known common cause, whether occupational or non-occupational?

There are some known risk factors for brain cancer, prostate cancer and colorectal cancer as separate diseases, but there is limited evidence to suggest a common cause for all three types of cancer.  

Comment: The main risk factors for:

(a) brain cancer are exposure to ionising radiation and family history of the disease3 

(b) prostate cancer are family history and possibly an association with a diet high in fat and low in fruit and vegetable intake4, 5 

(c) colorectal cancer are inflammatory bowel disease, obesity, family history and possibly smoking4, 6, 7
A search of the scientific literature found one paper8 which found that US commercial pilots and navigators had increased mortality of kidney, prostate, brain, colon, lip, buccal cavity and pharynx cancer. However, these cancers could not be linked to a common environmental exposure. 

The scientific literature provides conflicting and/or vague evidence about possible links between brain cancer and environmental exposures. Much research has been conducted, but little progress has been made because even though some studies find associations, there is insufficient evidence to suggest causation for many of the agents under investigation.9  Furthermore, the scientific literature has not implicated brain cancer strongly, but there is some evidence that there might be an association with firefighting. 
Is there statistical evidence to suggest that the number of cases is in excess of what would be expected in this population?

Only the brain cancer cases were included in the statistical analysis. In the period 1992-2007, there was an increased rate of astrocytoma group brain cancers among firefighters at Atherton Fire Station compared to the Queensland population. The extent of this increase is unable to be determined, but the elevated rate of brain cancer at Atherton Fire Station fits the epidemiological definition of a cluster.
Comment: The best estimate of the rate of brain cancer in the Atherton Fire Station staff is between 21 to 62 times higher than the rate for Queensland. However, due to the statistically small number of cases and limitations of standard statistical tests in cluster investigations, this epidemiological assessment has considerable uncertainty.  These estimates do not consider possible confounding factors such as family history of brain cancer, previous exposure to ionising radiation nor the previous occupations of the cases. This information was unobtainable for two of the three cases. These risk factors may have played a role in the development of brain cancer amongst the three cases.
Did the persons diagnosed with cancer have a common occupational (or non-occupational) exposure?

Partially. 

Comment: All of the staff identified had worked as firefighters based at Atherton Fire Station. There was no major common incident that all of the cases had attended. 

If there is a common exposure, is the level of exposure sufficient to account for the rate of cancer?

Unknown.

Comment: The only common exposure that was identified was firefighting as an occupation. It was not possible to quantify exposures retrospectively. There have also been changes in firefighting practice and the use of personal protective equipment over time which would make it extremely difficult to estimate the level of exposure to a carcinogen. 

Are there known workplace exposures (at the Station) that could have contributed to the occurrence of the cancers?

No.

Comment: The list of possible workplace hazardous agents reported by the staff at the Station, even if demonstrated to have been at high levels of exposure, would not have accounted for the types of cancers observed at the Station. 

Did the cancers occur at an appropriate time after the possible workplace exposures?

Uncertain.

Comment: The time between exposure to a cancer-causing agent, or the existence of other risk factors, and the development of cancer can be decades.2 Length of service information was available for all three of the firefighters diagnosed with brain cancer. The three men had served at Atherton Fire Station for 2.2 years, 4.4 years and approximately 9-10 years, respectively, before their diagnoses. Without knowing the cause of the elevated rate of brain cancer at Atherton Fire Station, it is difficult to make any firm conclusions about an appropriate time between a possible workplace exposure and the diagnosis of cancer. However, it is generally accepted in the scientific literature that a reasonable latency period for brain cancer is ten years or more.10, 11, 12, 13
Are there any plausible non-occupational causes for the apparent cluster?

Unknown.

Comment: The non-occupational risk factors for the firefighters diagnosed with brain cancer were not able to be extensively investigated. Only one of the three men diagnosed with brain cancer was able to be interviewed. Interviews with relatives were either not possible or did not provide any additional detail about possible non-occupational exposures.
On the balance of probabilities, is it likely that the identified cancers occurred as a result of occupational exposures at the Station?

On the balance of probabilities, it is unlikely that the cancers diagnosed amongst firefighters from Atherton Fire Station were related to exposures experienced whilst working at the Station. There were three different types of cancers identified: brain, colon and prostate cancer. It is highly unlikely that there is a common exposure that caused all three types of cancers. In addition, it is unlikely that the elevated rate of brain cancer at the Station was a result of exposures at the Station. The main risk factors for brain cancer are ionising radiation and family history. There were no known sources of ionising radiation present at the Station and family history of brain cancer was not able to be fully or accurately assessed.
Final opinion

An analysis of possible hazards at the Station did not identify any agents that would cause the types of cancer observed. In particular, there was no common plausible causal agent at the Atherton Fire Station that all three cases of brain cancer were exposed to. There was an elevated rate of brain cancer amongst firefighters at the Atherton Fire Station compared to the Queensland population. The extent of this elevation of cancer rate is uncertain. There is some evidence to suggest a possible association between firefighting and brain cancer, but the evidence does not suggest a strong link. This evidence would not explain the magnitude of the elevated rate at the Station. 
Contents:

101. Rationale for investigation


10Background


11Scope


11Cancer cluster investigations


11Guidelines for cluster enquiries and investigations


12Cancer in Queensland


12Risk factors for brain, prostate and colon cancer


13Cancer risks associated with firefighting


142. Epidemiological investigation


14Case definition


14Case ascertainment and workforce data


15Statistical analysis


16Results


18Limitations and issues


203. Environmental appraisal


20Worksite assessment


21Results


25Limitations and issues


254. Findings and recommendations


27Acknowledgements


285. Terms and Definitions


306. Appendix


327. References


36Associated readings




This report was prepared by Queensland Health and reviewed by the Queensland Health Cluster Investigation Steering Committee. Members include Senior Medical Officers, Epidemiologists and Statisticians from Queensland Health, as well as experts from the University of Queensland and the Cancer Council, Queensland.

This report was reviewed by Dr Tim Driscoll (MBBS BSc(Med) MOHS PhD FAFOM FAFPHM).  Dr Driscoll is an independent consultant in epidemiology, occupational health and public health.  He is a specialist in occupational medicine and public health medicine, being a fellow of the Australasian Faculty of Occupational and Environmental Medicine and the Australasian Faculty of Public Health Medicine. 
1. Rationale for investigation

Background

· Atherton Fire Station (AFS) is a small rural fire station located in the Atherton Tablelands, approximately 60km southwest of Cairns. Currently, the Station has 12 permanent staff and 15 auxiliary firefighters, all of whom are males. The average age of current firefighters at AFS is 39.4 years. The average length of service of current staff at AFS is 8.6 years. Anecdotal reports from Queensland Fire and Rescue Service (QFRS) indicated that there was nothing unusual about the demographics of the staff at AFS compared to other fire stations in Queensland.
· From time to time, there are community concerns about possible environmental or occupational causes of cancer in Queensland and Queensland Health takes such concerns seriously. All potential cancer clusters reported to Queensland Health are investigated according to the Guidelines for assessing clusters of non-communicable diseases 7 by a multidisciplinary team, including Senior Medical Officers, Epidemiologists and Environmental Health Officers. Queensland Health developed the Guidelines to provide a systematic investigation of such concerns. The Guidelines are described in more detail on page eleven.
· In June 2004, Queensland Health was notified by QFRS about two firefighters diagnosed with brain cancer who worked at AFS.
· To address the concerns raised by QFRS in 2004, a brief investigation was conducted. Information provided at the time indicated that only one of the cases had been stationed at AFS for more than three years, whereas scientific literature indicated that the usual latency between exposure and the onset of a brain tumour was at least ten years. After consultation with medical experts, it was determined that a more detailed Queensland Health investigation of the two cases of brain cancer would not be able to find a possible cause of the cancers.

· In December 2007, QFRS staff raised concerns again with Queensland Health after it was revealed that three more staff at AFS had been recently diagnosed with cancer. At the time two of the staff were suspected to have been diagnosed with bowel cancer and one with testicular cancer, although it was later shown that two of the three had benign conditions and did not meet the case definition. These were additional to the previous two men diagnosed with brain cancer reported in 2004.

· There was concern that something about the Station or the house next to the Station, where staff had resided in the past, was the cause of the cancers.

· In December 2007, QFRS established the Atherton Taskforce, chaired by the Deputy Commissioner. The purpose of the Taskforce was to coordinate the investigation into the health concerns raised by staff. Membership included QFRS, United Firefighters Union, Queensland Health and Workplace Health and Safety Queensland.

· Key staff from the Atherton Taskforce participated in meetings with AFS staff and their families, and these were held every three weeks to ensure that staff were updated about the progress of the investigation. A newsletter was also produced by QFRS to ensure information was being disseminated to concerned staff. 

Scope

The scope of this report is confined to the investigation conducted by Queensland Health into the possibility of a cancer cluster at Atherton Fire Station. Matters related to the results from environmental testing commissioned by QFRS will be released in a separate report. This investigation does not directly consider the broader question of possible cancer risks associated with firefighting, but the issue is possibly related to the observations at Atherton Fire Station and is considered in this context. 

Cancer cluster investigations
A cancer cluster is defined as a greater-than-expected number of cancer cases that occurs within a group of people in a geographic area over a period of time.14 There are many cancer cluster investigations reported in the scientific literature.  Each year, United States health departments respond to over 1,000 inquiries about suspected cancer clusters.15  

Cancer is a term representing many diseases with a variety of causes.2 Cancers are very common diseases with a wide range of risk factors. In most investigations into concerns about clusters, basic information is collected about the number and types of cancers and then compared with the numbers and types of cancers occurring in the general population. The investigations also collect information about possible hazardous agents that may be present in the environment.
Clusters where environmental causes have been found have tended to: 

· be a rare type of cancer;

· consist of a large number of cases of one particular cancer rather than several types;  

· occur in a well-defined group or setting, or a group in which it is not usually seen where there has been “intense and sustained exposure to an unusual chemical, occupation, infection or drug” 15
· have been initiated by an alert from a health surveillance system.15,16,17
Guidelines for cluster enquiries and investigations

Community concerns about possible environmental causes of cancer are legitimate and Queensland Health takes such concerns seriously. To ensure a standard, systematic, rigorous and integrated process to deal with reports of suspected disease clusters, Queensland Health has developed a set of guidelines and supporting documents to undertake cluster investigations. The Guidelines were developed in consultation with a number of experts (both Queensland Health as well as independent experts) and is similar to international protocols for cluster investigations.14,18
The Queensland Health Guidelines for assessing clusters of non-communicable diseases19 outlines the general steps following a report of a suspected cluster, which include: 

· Analysis of the specific circumstances reported to determine if there are more cases than would be expected in a group of people considering their gender, age, etc (an epidemiological investigation)

· Analysis of the environmental situation to determine if there are any environmental factors that may have caused the disease (an environmental and /or toxicological investigation), if warranted by actual evidence of a cluster

· Examination of the medical research literature

· A series of increasingly detailed and more complex epidemiological or environmental investigations if determined necessary by the previous steps. 

In the situation of Atherton Fire Station (AFS), the following was done:

· Data collection on the types of cancers that occurred amongst past and present staff at AFS and verifying the diagnosis against the Queensland Cancer Registry and/or the treating doctor(s) following informed consent

· A review of possible environmental hazards that may have been present at AFS without conducting any environmental testing.

Cancer in Queensland
In 2005, there were about 20,088 new cases of cancer diagnosed in Queensland (11,236 males and 8852 females). The most commonly diagnosed cancers in Queensland in 2005 were prostate cancer (2846 new cases), melanoma (2658 cases), colorectal cancer (2601), breast cancer (2423 cases) and lung cancer (1779 cases).20 

The most commonly diagnosed cancers in men in Queensland in 2005 were prostate cancer (2846 cases), melanoma (2553), colorectal cancer (1430), lung cancer (1138) and colon cancer (887). For Queensland females, the most commonly diagnosed cancers were breast cancer (2404 cases), colorectal cancer (1171), melanoma (1105), colon cancer (847) and lung cancer (641).20
In 2003, the risk of a diagnosis for any type of cancer in Australia for males was 1 in 3 before the age of 75 and 1 in 2 before the age of 85. For females, the risk of being diagnosed with any type of cancer was 1 in 4 before the age of 75 years and 1 in 3 before the age of 85.21
The Australian Bureau of Statistics found that cancer was the leading cause of death in Queensland in 2005. Cancers were the main underlying cause of death for 7136 deaths which represented 30.4% of all deaths in Queensland.22
Risk factors for brain, prostate and colon cancer

Cancers diagnosed today are usually related to events that happened many years ago. Cancers do not develop immediately even after contact with a known carcinogen. Instead, there is often a long period, 10 to 40 years or more, between the first exposure to a known carcinogen and medical diagnosis of a cancer known to be associated with the carcinogen. This makes it very difficult to track what caused the cancer in any particular case. The cancers we see now are usually related to combinations of many years of certain lifestyle behaviours, exposure to a carcinogen(s) many years ago and genetic factors. The causal factors for most cancers are not fully known. While exposures to carcinogenic factors may increase the likelihood of cancers arising, the emergence of a particular cancer in an individual at a particular time is often difficult to explain.  

1. Brain cancer

Brain cancers are relatively rare, with 295 new cases diagnosed in Queensland in 2005.20 Incidence rates of brain cancer were slightly higher in males (8.6 cases per 100,000) compared with females (6.3 cases per 100,000). The 60-64 to 80-84 year age groups have the highest incidence rates of brain cancer.20 The main risk factors for brain cancer are exposure to ionising radiation and family history.3
The scientific literature provides conflicting and/or vague evidence about possible links between brain cancer and environmental exposures. Much research has been conducted, but little progress has been made because even though some studies find increased risk associations, there is insufficient evidence to suggest causation for many of the agents under investigation.9 

Occupational studies using job exposure matrices have found increased risk of brain cancer amongst a range of industries including manufacturing, rubber and plastics production, trade of durable goods, cleaners, textile workers and construction.10, 23 Elevated risk for astrocytic cancers were also observed amongst people employed in agricultural crop production and printing/publishing.24 None of these studies attempted to isolate the agents responsible for the elevated risk associated with the listed occupations. 

Vinyl chloride has been suggested as a possible brain carcinogen, however, the evidence in the scientific literature is conflicting.11, 25 Scientific evidence about the possible risks associated with dietary nitrites is also conflicting, with one study finding an increased rate of brain cancer associated with nitrites26 and another finding no association.27 There is some evidence to suggest a possible increased risk of brain cancer associated with lead28, 12, however, these studies are all based on job-exposure matrices, rather than assessing individual exposure to lead. 

Links between electromagnetic radiation and brain cancer have been researched, however, the results are conflicting. For example, one study in Canada found an association between occupational exposure to magnetic fields and brain cancer29 and a Danish study found no increased risk of brain cancer associated with magnetic fields.30 There has been considerable research into possible links between the radiofrequency radiation from cellular phone use and brain cancer, with a large international case control study being conducted. Results from Germany31, France32 and Sweden13 all found no association between regular mobile phone use and gliomas nor meningiomas. A Japanese study quantified the specific absorption rate of radiation from mobile phones and found no increased rate of glioma nor meningioma.33
2. Prostate cancer

Prostate cancer is the most commonly diagnosed cancer in Queensland in 2005, as mentioned above. The main risk factors for prostate cancer are family history and possibly an association with a diet high in fat and low in fruit and vegetable intake.4, 5.  Several occupational studies have found elevated prostate cancer rates associated with trichloroethylene in aerospace and radiation workers34 and electromagnetic fields amongst electric utility workers.35 Both of these studies used job exposure matrices to assess exposures rather than direct measurement of workers exposure to these agents. A population based case control study found that serum levels of oxychlordane and polychlorinated biphenyl 180 were associated with increased rate of prostate cancer.36 However, an inconsistent dose-response relationship was observed.
3. Colorectal cancer

As indicated above, colorectal cancer was the third most commonly diagnosed cancer in Queensland in 2005. The main risk factors for colorectal cancer are inflammatory bowel disease, obesity, family history and possibly smoking.4, 6, 7 Some studies have also found an association between sedentary work and colon cancer.37, 38 There have been some studies which have found association between colorectal cancer and various occupations (e.g. workers handling dyes in the textile industry) or occupations where certain chemicals are used (e.g. polyurethane workers), but exposures of individuals participating in the studies were not assessed with accuracy.39, 40 One study found an association between colorectal cancer and high serum concentrations of mono-ortho polychlorinated biphenyls congeners 28 and 118.41
Cancer risks associated with firefighting

While this investigation relates only to possible hazards at the Atherton Fire Station, it is important to consider the broader risks associated with firefighting. There is a growing body of evidence suggesting elevated risks of certain types of cancer amongst firefighters. Firefighters are exposed to a diverse range of chemicals and combustion products, some of which are known carcinogens, such as benzene, benzo[a]pyrene, 1,3-butadiene and formaldehyde.42, 43, 44 Information from the Monographs of the International Agency for Research on Cancer (IARC) suggests that benzene has been associated with acute non-lymphocytic leukaemia45, benzo[a]pyrene with lung cancer45, 1,3-butadiene with leukaemia46 and formaldehyde has been linked with nasopharyngeal cancer47 

A meta-analysis and review of 32 studies about the cancer risks associated with firefighting was recently published.48 The review examined scientific studies which included firefighters from the United States, Great Britain, New Zealand, France, Germany, Canada, Australia and Denmark. The results indicate that firefighters had a ‘probable’ cancer risk for multiple myeloma, non-Hodgkin lymphoma, prostate and testicular cancers. Brain cancer was on the list of nine types of cancer that were rated with a ‘possible’ cancer risk. The summary risk estimate (derived from the 15 scientific papers examining brain cancer risk) for brain cancer amongst firefighters was 32% higher than the general population. However, within the eight studies examining the risk associated with firefighting and brain cancer mortality, there were some conflicting findings. Thus brain cancer was listed as a ‘possible’ risk rather than a ‘probable’ risk in the meta-analysis. 48 Please note that the classification of risk in the meta-analysis is different from that used by IARC. 

In December 2007, the World Health Organization’s International Agency for Research on Cancer (IARC) reviewed all the evidence about the cancer risks associated with firefighting. The IARC Working Group updated the meta-analysis described above and concluded:

“Epidemiological studies of firefighters have noted excess cancer risks compared with the general population. Consistent patterns are difficult to discern due to the large variations in exposure across different types of fires and different groups of firefighters. Relative risks were consistently increased, however, for three types of cancer: testicular cancer, prostate cancer and non-Hodgkin lymphoma.”44
On the basis of ‘limited evidence of carcinogenicity in humans’, the IARC Working Group classified occupational exposure as a firefighter as “possibly carcinogenic” (see Appendix for details about IARC classifications).44 

2. Epidemiological investigation

An epidemiological investigation was conducted to determine the types of cancer in staff at Atherton Fire Station (AFS) and if there was an increased rate of a particular type of cancer amongst current and former workers at the Station. We have used some technical jargon to accurately describe parts of the investigation. We have used the term 'case' in its technical sense but understand the massive impact that a cancer diagnosis has on a person and those around them.
Case definition

Initially a case was defined as all self-reported cases of any type of cancer among staff members employed at Atherton Fire Station that were confirmed by the Queensland Cancer Registry or treating doctor. The date of diagnosis must have occurred after commencement of employment. The study period was from 1st January 1992 to 31st December 2007. This is referred to as the ‘initial case definition’.
Following expert advice on the similarities of the brain cancer cases, the case definition was revised to: ‘All self-reported cases of brain cancer among staff members employed at Atherton Fire Station that were confirmed by the Queensland Cancer Registry or treating doctor. The date of diagnosis must have occurred after commencement of employment. The study period was from 1st January 1992 to 31st December 2007.’ This is referred to as the ‘revised case defintion’.
Case ascertainment and workforce data

The extent to which all cancer cases can be identified, and the type of cancer confirmed, in any cancer cluster study, depends on the available data sources.  
Information about staff suspected of having cancer was collated by staff at Queensland Fire and Rescue Service (QFRS) and provided to Queensland Health. The case list was based on self-reporting by staff members as well as the extensive social network of key long-serving staff at AFS. In instances where a staff member had died or had left the Station, the case list details were checked against the Queensland Cancer Registry. For staff members who were diagnosed with cancer since 2005, informed consent was sought to confirm their diagnosis with their treating doctor(s), because the Cancer Registry data were yet to be fully verified. 

In the interests of determining the full extent of the possible cluster, no time limit (study period) was initially established. Based upon the date of diagnosis of the self-reported cases, the study period became 1st January 1992 to 31st December 2007. This study period was used in the initial and revised case definitions. 
QFRS was asked to provide work history details on all staff employed at the Station during the study period. The human resource system at QFRS changed significantly over time and reliable workforce records were obtainable from 1995 onward. There were no electronic records of staff who had worked at AFS prior to 1995. Some paper workforce records from the 1980s were located at the Station, but they did not provide reliable information about length of service of staff serving at AFS. For the purposes of this investigation both auxiliary and permanent firefighters were included as staff members of AFS. 

Ascertainment of possible cases using the extensive knowledge and social networks of long-serving staff members was considered to be accurate. In addition, QFRS disseminated regular newsletters throughout Queensland, asking former AFS staff who may have been diagnosed with cancer to contact the QFRS telephone hotline. There was also considerable local, state and national media coverage. While further determination of the accuracy of the number of cancer cases in present and past employees could be undertaken, that would require checking of the personal details of each of the staff members against the Queensland Cancer Register. Such checking involves potential legal issues of confidentiality and thus individual staff would need to give permission for their medical and personal details to be investigated. In addition, in order to determine if people who no longer resided in Queensland had been diagnosed with cancer, the Cancer Registry in the relevant Australian state would need to be checked. 

The staff diagnosed with cancer and still currently employed at AFS were interviewed. The focus of the interview was on possible hazardous exposures at the Station and any noteworthy incidents they attended during their careers as firefighters. Two of the men diagnosed with brain cancer had died and it was only possible to interview a relative of one of these men.
Statistical analysis
Epidemiologists use data from state cancer registries to calculate an “expected” number of cases in a given population, in order to determine whether the number of people with cancer in a reported cluster may be more than expected. The “expected” number of cases is then compared with the “observed” number of identified cases. The size of the ratio of these numbers is considered and then the role of chance in obtaining a ratio of this size is assessed by performing one or more statistical tests. This is a standard procedure used in cluster investigations worldwide.

For the purposes of this analysis, only the three brain cancers were considered. To calculate person-time at risk since the commencement of employment at AFS, for the whole Station, each of the three cases were omitted from the person-years calculation after the year in which their cancer was first diagnosed, where the information was available. The start dates for the cases used in these calculations were those provided by QFRS, as mentioned above. All of the staff who did not develop brain cancer were included in the analysis through to 31st December 2007, regardless of whether they were still employed at AFS. 

Age-specific rates of brain, meninges and other central nervous system cancers for all of Queensland were used, as obtained from the Queensland Cancer Registry, in order to calculate the number of cancers that would have been expected if the people employed at AFS had the same incidence of cancer as all people in Queensland.  Age specific rates of each separate year 1992 to 2005 were applied.  The analysis commenced from 1992 as this was the year that the first brain cancer was diagnosed amongst AFS staff. The year 2005 is the most recent year for which clean validated data are available from the Queensland Cancer Registry, so Queensland rates for 2005 were applied to the AFS employment data for 2006-2007.  This is unlikely to materially affect the results.  Five year age groups were used to obtain the expected number of cases.

Age standardised data were then used to calculate the Standardised Incidence Ratio (SIR).  SIR is a numerical expression that compares how many people in the study population were diagnosed with cancer to how many diagnoses would be expected (hypothetically) if the incidence rate of cancer in the study population was the same as the incidence rate of cancer in the reference population.76
Therefore:
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  where;

O is the observed number of brain cancer cases reported for the population under study, and 

E is the expected number of cases that would have occurred if the age-specific rates for the entire population (that is, Queensland) were applied to the staff who had ever worked at AFS.

Measures of statistical significance are described using p values and confidence intervals. These measures are more fully explained in the Definitions section. However for ease of understanding, if a p value is greater than 0.05 or the confidence interval includes 1.0, the standard interpretation is that the finding is not statistically significant and is accepted as being probably due to chance.

Statistical tests to determine significance of the findings of this study were calculated using the statistical software package STATA and based on methods outlined by Ulm.49 The p values associated with the measure of SIR were obtained using the methods outlined by Breslow and Day.50  

The analysis did not take into account some factors which are known to alter the assessment of brain cancer risk in a population. These factors may affect the SIR, and taking them into account would reduce the confidence interval. These factors include;

· potential confounders such as genetics for brain cancer and previous exposure to ionising radiation, where the cases may have a different proportion of these factors than the Queensland population;

· adjustment for implied multiple comparisons of the study population, (see Terms and Definitions).

Results
Nine possible cases of cancer were identified. Four of these were excluded from the analysis as they did not meet the initial case definition described above. Considering the four excluded cases:

· One was reportedly diagnosed with cancer in the 1990s but no record matching his name and date of birth was found on the Queensland Cancer Registry. In addition, there were limited workforce records about him. The only information that was found suggested he was posted at the Malanda Fire Station.

· One was confirmed to have been diagnosed with a pre-cancerous villous adenoma of the colon, which was considered to be benign.
· One was confirmed to have been diagnosed with a benign (non-cancer) tumour of the testicle
· One was found to have a melanoma diagnosed in the 1990s. This particular person was an administrative officer who processed pay cheques at all the fire stations in the Atherton Tablelands. He sometimes used the office space at Atherton Fire Station, but was only present 3-4 days per month and not classified as a staff member of AFS. 
Benign tumours were not included in this investigation, which is standard epidemiological practice in cancer cluster investigations. Malignant tumours can spread to other parts of the body, whereas benign tumours only grow locally. Benign tumours generally do not cause as many problems or are as life threatening, but the risk of harm from them depends on their size and location. 
Using the initial case definition, there were five confirmed cases of cancer among staff at AFS over a period of 15 years. Four of the cases were recorded on the Queensland Cancer Registry and one was confirmed by the treating doctor. All of the cases were men. The age range at diagnosis of these five cases was 44 to 69 years and the median age was 55 years. 
A range of different types of cancer was reported. There were three different types of brain cancer (one gemistocytic astrocytoma, one glioblastoma and one anaplastic astrocytoma), one type of colon cancer (adenocarcinoma) and one type of prostate cancer (adenocarcinoma). Two of the three men diagnosed with brain cancer had died by the time of the investigation.

With regards to the brain cancers, gemistocytic astrocytoma, anaplastic astrocytoma, and glioblastoma are different, but related brain tumours. The revised World Health Organization Classification of Tumours of the Central Nervous System places them under astrocytic tumours as they arise from glial cell types.51 In addition, astrocytomas are thought to progress via a series of genetic changes to glioblastoma multiforme.52 Given their similar cell origins and progression between types, it is reasonable to consider them together in an evaluation of a possible cancer cluster.53 There is a possibility that the pathology of the brain cancers may not be accurate and a review of the slides by the Director of Anatomical Pathology at the Royal Brisbane Hospital is required.
The ages at diagnosis of the three cases of brain cancer were 44, 50 and 69 years and the timing of the diagnosis in relation to the years of service at Atherton Fire Station is shown in Figure 1. One man had served for 9-10 years at AFS in the 1980’s, retired in 1988 and was diagnosed with brain cancer in 1992. The other two men diagnosed with brain cancer commenced their service in 1999 and 2001, respectively. Thus, it was unlikely that there was a common acute point source agent at the Station that may have caused all three cancers. 

Figure 1: Timeline of service and diagnosis of brain cancer amongst firefighters Atherton Fire Station
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*Years of service and length of service for this man are estimates from anecdotal information.
The total number of person-years of follow-up was 449.  Based on the employment data provided by QFRS and the age profile of the AFS staff over the 15 year period, the number of brain cancers expected amongst the 82 staff members employed at AFS since 1992 was 0.049. 

Based on the three brain cancer cases, the standardized incidence ratio (SIR) was 3/0.049 = 62; 95% confidence interval 13 to 181; p=0.002. The standard interpretation is that the rate of brain cancer diagnosis amongst AFS staff ranges between 13 to 181 times higher than the Queensland population, but the best estimate of the rate is 62 times higher than the general Queensland population. This result is statistically significant and may not be due to chance alone. 

As shown in Figure 1, one firefighter had worked at AFS for 2.2 years before his diagnosis and the other had worked at AFS for 4.4 years before his diagnosis. If the latency period of brain cancer was ten years or more and the exposure that caused the brain cancer was present at AFS, it is impossible that two of the cases would have developed brain cancer from exposure to an agent at AFS. If that is the case, then only one of the men diagnosed with brain cancer could be included in the statistical analysis. The SIR then becomes 21 and confidence intervals range from 0.5 to 115. This means that the true rate at AFS may be half that of the Queensland population ranging up to 115 times higher than the Queensland population. 

Limitations and issues
There are several uncertainties involved in the epidemiological cluster identified at AFS: 

a. Application of epidemiological methods to statistically small numbers of an uncommon cancer in a small group of people (large uncertainty)

b. Implied multiple comparisons in post-hoc analysis of observations (large uncertainty)

c. Identifying an appropriate denominator population (small uncertainty)

d. Analysing different but related cancers as the same disease (small uncertainty)

e. Identification of all cases and possible misclassification (small uncertainty) 

Thus, when interpreting the results of this investigation there are a number of other factors to consider:
1. The study period of the investigation begins in the year that the first firefighter was diagnosed with brain cancer. This approach does not take into consideration the years before this man was diagnosed where there were no reported cases of brain cancer. Using this approach, the SIR is higher than it would have been if the study period went further back in time. However, given the small number of staff at Atherton Fire Station, extending the study period back in time is still likely to yield an elevated SIR.

2. The SIR was calculated using the comparison of the rate at AFS compared with the Queensland population. The rate of brain cancer at AFS only includes the astrocytoma group of brain cancers. However, the broad grouping of brain cancer, which includes cancer of the brain, meninges and other parts of the central nervous system, was used in the Queensland comparison group. If the SIR was calculated using only the astrocytoma group of brain cancers for the Queensland population, the SIR is likely to be larger. 
3. The presumed degree of similarity of the three brain cancers and thus consideration of them as a group adds uncertainty to the results. The three brain cancer types are treated above as if they were the same disease, although the causation, pathology and progression of these tumours is poorly understood. If in fact one of the three sub-types were more different, due either to errors in the pathology of the cases or our understanding of the relationships between them, the evidence for clustering would be much weaker. There is a need to have the pathology slides reviewed to ensure the information about the types of brain cancer is accurate. 
4. As with most cluster investigations, the analysis does not take into account the potential confounders other than age. Other possible confounders include genetics for brain cancer and previous exposure to ionising radiation, where the cases may have a different proportion of these factors than the Queensland population. This was not able to be accurately assessed. 
5. The expected number of cases was derived from the total Queensland population, not specifically the male population. If the male population had been used for comparison, it would not greatly alter the SIR, as the rates of brain cancer in males and females in Queensland are similar.20 
6. The quality of the workforce data was incomplete which means that the expected number of cases may not be accurate. Thirteen out of 16 years of workforce data were available and it was assumed that the workforce in 1992-1994 was similar to that in 1995-2007. There is no way of knowing whether this assumption would under- or over-estimate the expected number of cases. However, it was expected that the impact on the SIR would be minimal.
7. The exact latency period for brain cancer is unknown. Generally, cancers can have latency periods of decades2. Epidemiological studies have tended to assume a minimum ten year latency period for brain cancer.10, 11, 12, 13 For the two men where accurate length of service data were available, one had only worked for 2.2 years at AFS and the other for 4.4 years. It is unlikely that these men were exposed to a common causative agent at AFS due to the short time frame for the latency of cancer. Anecdotal reports relating to the man diagnosed with brain cancer in 1992 suggested he lived in the house next to the Station for 9-10 years some time in the 1980s, with a retirement date in 1988. 
8. Although every effort has been made to ensure all cases were counted, it is possible that some additional cases of cancer may have not been counted. However this can not be further evaluated using currently available information. 
9. The analysis considered the risk to be the same for auxiliary firefighters and permanent staff members. Data from the Australian Incident Reporting System supplied by QFRS suggested that longer serving permanent staff members had worked longer total hours compared to the auxiliary staff. However, anecdotally, it was indicated that some of the permanent and auxiliary staff slept at the Station in the past, making it difficult to ascertain accurately whether there would be any real difference in risk for auxiliaries compared to permanent staff. This issue was discussed with the staff at Atherton Fire Station and they were comfortable with the risk being considered the same for the purposes of this investigation. 
10. In making statistical comparisons – typically at a “95% confidence level” – five of 100 comparisons may be significantly different by chance alone. For example, cancer registers record information on about 80 different types of cancer. Using these facts, statisticians at the California Department of Health Services have calculated that there is a 98% chance that a given community will show a statistically significant, but totally random, elevation in the rate of at least one type of cancer. Thus, even when a statistical test shows there is a “statistically significant” difference between the observed and the expected number of cases, in many instances the significant difference is due to chance and not to a real hazard in the community. 

11. A grouping of cancer cases needs to be considered within an appropriate population and not just a population narrowly defined by the cluster itself, unless there is good reason to do so, such as a clearly identifiable exposure to a known or suspected agent. According to Olsen et al;54 ‘The more narrowly the underlying population is defined, the less will be the number of expected cases, the greater will be the estimate of excess rate, and often the more pronounced will be the statistical significance’. As with all cluster investigations, the boundaries of the AFS investigation in time, space, and person were defined after the event, through boundary shrinkage,54  the so-called Texas sharp-shooter problem55: (The Texas sharpshooter shoots at the side of a barn and then draws a bull’s-eye around the bullet holes). This can occur when a number of cancer cases may be noticed and the population base drawn around a small area when there is no evidence to suggest that the population in the small area is different to the much larger surrounding population. This makes it difficult to assess the role of chance in a definitive way, such as can be done in a study with a pre-specified hypothesis.

12. This result is not adjusted for implied multiple comparisons of study populations, (see Terms and Definitions). By not adjusting for multiple comparisons these results underestimate the role of chance in obtaining the observed results. Many statisticians adjust p values from a cluster investigation for implied multiple comparisons.56 More specifically, when a suspected cancer cluster is reported from one place it implies that comparisons have taken place in many similar places about which we do not hear because no clusters were found.57  Further, there are many other types of cancer and other time periods, which imply more comparisons. The more comparisons performed, the greater the probability of observing the cluster in question due to chance.  

3. Environmental appraisal

Worksite assessment

For the purposes of this report the environmental appraisal considered both the workplace environment and the broader Atherton environment. 

Queensland Fire and Rescue Service (QFRS) checked with local government authorities and confirmed that the AFS site was not located on a registered contaminated land site. The Station and house, which makes up the AFS site, was built in 1959 and previous to that, anecdotal evidence suggests that the site had been used as pasture land for horses. The house was used by various staff, but has not been used since 2004. 

QFRS provided data from the Australian Incident Reporting System, which links each staff member to particular incidents. The data were analysed to see if there were any trends or patterns.

Throughout the investigation, staff members were asked to identify any major incidents they had attended where chemicals and/or radiation were suspected to be present. Current and former staff members at AFS were also asked to identify any possible agent they thought may have led to cancer amongst staff at the Station. Interviews with four of the men with suspected cancer diagnoses were conducted (two were included in this investigation and two were excluded as their diagnoses were confirmed to be benign tumours). QFRS staff were also asked whether any known ionising radiation sources were present at the Station. For the purposes of this report both the workplace environment and broader Atherton environment were considered.
Once an agent was identified, it was cross checked against the Agents Reviewed by the International Agency for Research on Cancer (IARC) Monographs.58 IARC is recognised internationally as the agency that assesses and determines the carcinogenic risks associated with various agents and occupations. Possible causative agents were also cross checked against the Toxicological Profiles written by the Agency for Toxic Substances and Disease Registry (ATSDR), which is part of the US Department of Health and Human Services. If an agent was not present on the IARC Monograph list nor the list of ATSDR’s Toxicological Profiles, a literature search of Medline was conducted using the search string “[agent name] and cancer”.

It is important to consider when appraising the information in the next section, not only whether there was a potential exposure to a hazardous agent but the level, frequency and duration of such exposures. For firefighters, the exposures may be substantially reduced by the use of appropriate personal protective equipment in some circumstances. In a description of the review by IARC of the carcinogenic risks to firefighters, the difficulties of assessing exposures were acknowledged: 

“For intermittent, but intense, exposures to highly variable complex mixtures, conventional measures, such as years of employment or number of firefighting runs, can be poor surrogates for exposure. The available epidemiological studies are inherently limited by this issue.”44
Results

Data from the Australian Incident Reporting System did not prove to be useful for assessing the hazards posed to staff attending incidents. Incidents were classified into broad categories (e.g. bush/grass fires, structural fires, motor vehicle accidents, chemical incident, confined space rescue etc). There was no additional information about the types of chemical incidents or types of structural fires that could be used to determine possible hazards. Anecdotally, discussions with QFRS staff suggested that the types of incidents that staff from AFS attended were no different to those attended by other crews at fire stations in the Tablelands. 

Interviews and discussions with staff at AFS identified several concerns relating to possible exposures. Hazardous agents were mainly restricted to those that might be present at the Station. However, several concerns were raised that pertained to hazards that may be present in the broader community of the Atherton Tablelands or some agents that the firefighters may be exposed to that are relatively unique to the Tablelands environment.

The concerns identified by staff at AFS were:

· The house next to the Station, which was damaged by termites and treated with pesticides

· The training facility for testing breathing apparatus

· Exhaust emissions from the fire trucks in the Station 

· Faulty compressor for re-gassing breathing apparatus 

· Barn fires, in particular tobacco barns

· Radioactive fall out following nuclear weapons testing in the Pacific Ocean.
· Firefighting foams.

Each of these concerns is discussed in greater detail below, separated into hazards at the fire station and non-fire station related hazards. All of the possible hazardous agents identified and their potential carcinogenicity are listed in Table 1.

Other than the hazardous agents identified by AFS staff, the Queensland Health cluster investigation team did not identify any other environmental hazards, specific to the Atherton firefighters, capable of causing an excess of brain cancers. 

Fire station related hazards

1. House next to the station
The fire station and the house next to it were built in 1959. The house was the residence for various staff members who served at AFS. In 1991, the house was severely damaged by termites. The house was repaired by some of the staff at AFS and once re-built, it was treated with pesticides. Since 1991, the house received annual pesticide treatments until 2004. The house has not been used since 2004. Some of the staff at AFS expressed concerns about the pesticides that were used to treat the house. QFRS traced the pest controller who had conducted some of the treatments at the house. The chemicals used were chlorfos (trichlorfon), pyrethrins and chlorpyrifos. Anecdotal reports from a staff member who lived in house in the early 1990s also reported that arsenic-based chemicals and dieldrin were also used to treat the house.

It was not possible to establish whether all of the cases had contact with the house, but the three men diagnosed with brain cancers had all lived in the house. This does not prove a link between possible hazards at the house and cancer. The families of two of the men diagnosed with brain cancer and many other families lived at the house and have not been diagnosed with cancer. In addition, it was not possible to determine whether the time scale from possible exposure to the diagnosis of cancer was appropriate, considering the long latency periods for cancer. Furthermore, as shown in Table 1, there are no known associations between the chemicals in the possible exposures identified by staff at AFS and brain cancer. Another point to note was that the case diagnosed in 1992 lived in the house before the termite problem, whilst the other two cases lived in the house after the termite problem. There does not appear to be a common exposure that would account for all three cases of brain cancer. 
2. Training facility

Atherton Fire Station has a breathing apparatus (BA) training facility, which is unique to the Tablelands. The training facility is a small building into which smoke is blown so the firefighters can gain practice at using their breathing apparatus correctly. In the 1990s, before non-toxic smoke machines were introduced, many kinds of materials were collected and burnt to generate the smoke for the training facility. Staff reported that cardboard, wood, grass clippings, plastic and any other combustible materials were burnt. It is difficult to assess exactly what compounds the staff may have been exposed to, but they are likely to be similar to those of grass fires and structural fires, to which firefighters are generally exposed. There was no reason to believe that there would be any unique exposures at the training facility that firefighters would not ordinarily be exposed to at grass or structural fires.

3. Exhaust emissions from the fire trucks

When an alert is received, the firefighters start up the trucks in the Station, while all the crew are putting on their protective equipment. The protective equipment was stored in the engine bay at AFS. Prior to the introduction of diesel trucks in 2000, petrol trucks were used by AFS. During the investigation, QFRS re-arranged the Station so that protective equipment is stored out of the engine bay away from the exhaust emissions and exhaust extractors are being installed at the Station. 

4. Faulty compressor

From the early 1980s until the mid 1990s, AFS re-gassed their own air cylinders used for the breathing apparatus (BA). Several of the staff members at AFS recall that during this period the air compressor used to re-gas the cylinders was not maintained correctly, which resulted in oil and water entering the cylinders. It was not possible to trace the exact type of oil used in the compressor, making it difficult to determine the cancer risk associated with this issue. Regardless of carcinogenic risk, it is unlikely that this would explain the apparent cluster as two of the cases of brain cancer definitely would not have been exposed to the oil in their BA, as they started their service at AFS 5-6 years after the compressor had been replaced.

Non-fire station related hazards

5. Tobacco barn fires

Some of the firefighters mentioned how they had fought tobacco barn fires in the past. They expressed concern about the chemicals used to treat the tobacco. Some of the chemicals used in the treatment of tobacco include phosphine and methyl bromide to keep pests away. Tobacco was grown in selected areas of the Tablelands and although this may not be an exposure unique to firefighters from AFS (i.e. Mareeba Fire Station and other stations in the Tablelands may have also been exposed), it would only be an exposure in tobacco growing areas. If the fires only involved the combustion of treated tobacco, there is likely to be very little exposure to phosphine and methyl bromide. These fumigants rapidly dissipate following the treatment process and the residual amounts on the tobacco would likely present a negligible risk. However, if stocks of these agents combusted during a tobacco barn fire there are possible opportunities for greater exposure to either the agents and/or their combustion products. In this situation, the acute toxicity risks would be more relevant.

6. Radioactive fallout following nuclear testing

Longer serving members of AFS remembered that there were concerns about radioactive fallout over the Tablelands and that milk from Malanda was routinely tested for radioactivity. Some of the firefighters were concerned that they may have been exposed to radiation by working in the Tablelands. 

The Australian Government monitored the fallout over Australia over the latter half of 1973 following nuclear weapons testing by France in the Pacific.59 The monitoring program consisted of measuring daily deposits of fallout, air sampling and the sampling of milk supplies throughout Australia over a three month period. One of the milk sampling sites was located at Malanda. Results from the sampling program indicate that the milk collected from Malanda had very low levels of external gamma radiation. The levels of radiation in Malanda milk were lower than the Australian average. On the basis of all the results from the monitoring program, the Australian Ionising Radiation Advisory Committee concluded that:

“the Australian population would incur less than one additional case of any thyroid cancer, leukaemia, other malignancy or serious disability from genetic mutations.”59
Given that only one additional case of any type of cancer was expected in the entire Australian population, it is extremely unlikely that radioactive fallout from nuclear weapons could be responsible for a cancer focus at Atherton Fire Station. In addition, for the three men diagnosed with brain cancer, none of the cases were present at AFS during 1973. Of note, any exposure to radiation from the fallout was not AFS specific, but would have been experienced by the broader Tableland community.  There is no evidence of elevated levels of cancer in the Tablelands area. Data from the Queensland Cancer Registry for 1990 to 2004 suggest that the direct age standardised rate of all types of cancer in the Atherton Statistical Local Area was 448 cases per 100,000, which is similar to the rate for all cancers in Queensland (486 cases per 100,000). 
7. Fire fighting foams
Some of the staff raised concerns about the use of firefighting foams. One of the ingredients of firefighting foam is perfluorooctanyl sulfonate (PFOS). PFOS has been found in low levels throughout the environment and the human population even though its health effects are not well understood.60 It is unlikely that firefighting foams would be the cause of the apparent cluster given that most of the fires fought by AFS staff do not require the use of foam. The foams are used approximately three times per month at AFS, mainly for training purposes. Information from QFRS indicates that the use of fire fighting foams at AFS is similar to the use of the foams at other rural fire stations in the Tablelands.

Summary of results

From the list of possible hazards identified, none of the agents that were identified as possible carcinogens caused the types of cancers that were observed at AFS (Table 1). The main type of cancer associated with the hazardous agents listed by AFS staff is lung cancer. In addition, there was no common plausible agent that all three men diagnosed with brain cancers were exposed to. Furthermore, one of the brain cancer cases did not serve at AFS at the same time as the other two. This suggests that there was no common acute point source hazard that could possibly cause the brain cancers. 
Table 1: Carcinogenic potential of possible exposures identified by staff at AFS

	Possible exposure
	IARC classification*
	ATSDR carcinogen remarks
	Types of cancer associated with agent

	Chlorpyrifos
	Not evaluated
	Not known whether chlorpyrifos causes cancer in people. Animal studies have shown no link to any type of cancer.61
	

	Pyrethrins
	
	No evidence that pyrethrins cause cancer in animals or humans.62
	

	Deltamethrin
	Not classifiable (Group 3)63
	
	

	Fenvalerate
	Not classifiable (Group 3)63
	
	

	Permethrin
	Not classifiable (Group 3)63
	
	

	Chlorfos (Trichlorfon)
	Not classifiable (Group 3)64
	Not evaluated
	

	Dieldrin
	Not classifiable (Group 3)45
	No conclusive evidence that dieldrin causes cancer in humans. Shown to cause liver cancer in mice.65
	

	Arsenic-based compounds#
	Carcinogenic to humans (Group 1)66
	Inorganic arsenic is a known human carcinogen67
	Known carcinogen of the skin and lungs and a possible association with liver and bladder cancer

	Diesel engine exhaust
	Probably carcinogenic (Group 2A)68 
	Not evaluated
	Lung cancer and possibly bladder cancer

	Petrol engine exhaust
	Possibly carcinogenic (Group 2B)68
	Not evaluated
	No particular types of cancer identified

	Phosphine
	Not evaluated
	Not classifiable69
	

	Perofluorooctanyl sulfonate (component of AFFF foam)
	Not evaluated
	Not evaluated
	Cancer risk has not been assessed. Concern about this chemical was raised as it accumulates at low levels in the environment and in humans60

	Triethanolamine (component of AFFF foam)
	Not classifiable (Group 3)70
	Not evaluated
	

	Methyl bromide
	Not classifiable (Group 3)46
	Not evaluated
	


*See Appendix for an explanation of the IARC classifications

#Evaluation applies to inorganic arsenic. The evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group.

Limitations and issues
· The list of possible hazardous agents should be interpreted with caution, as the list was constructed through reports from staff at AFS, rather than scientific measurement. Given the diversity of cancers observed at AFS, environmental testing was not recommended by Queensland Health, as there was no clear public health threat identified. 

· It is unlikely, but there may have been a hazardous agent that was not identifiable to staff of Atherton Fire Station and the Queensland Health team that may have been carcinogenic. 

· If a possible hazardous agent is mentioned, it does not mean that it was present at AFS nor at the incident scenes that AFS staff responded to. In addition, if an agent was present, it does not mean that a person was exposed in concentrations and for lengths of time that might cause harm. 

· The list of possible hazardous agents does not consider measures taken to possibly mitigate exposures, such as the use of breathing apparatus.

· Some of the possible hazardous agents identified have not been extensively tested for carcinogenic risk and their true carcinogenic potential is not well understood.

· Only the carcinogenic risk of these hazards has been evaluated. Some of these hazardous agents have other health effects that were not in the scope of this investigation. 

· Besides ionising radiation and family history, there is very little known about the causes of brain cancer.

· There were difficulties in obtaining detailed past exposure histories as two of the three brain cancer patients have died. A relative of one of the men did not know of any possible past exposures and relatives of the other man were not able to be traced. 
4. Findings and recommendations
This investigation was undertaken due to staff concerns about cancers occurring in their workplace.  The aims of the investigation were to determine if there was an increased incidence of a particular type of cancer amongst current and former workers at Atherton Fire Station and to determine if there were any possible hazards at the workplace that may have been associated with an increased cancer rate. 

Findings:

1. There were five cases of cancer diagnosed amongst staff at AFS since 1992. Three other suspected cases were excluded after investigations showed they were not diagnosed with cancer and a further case was excluded as not an AFS staff member.

2. Three of the cases were brain cancers, one was a colon cancer and one was a prostate cancer. Expert advice indicated that the three brain cancers should be considered together, as they can progress to a similar type of brain cancer (astrocytoma group). The prostate and colon cancers were not considered in further statistical analysis as they were different types of cancers.

3. The age at diagnosis of the three brain cancer cases was 44, 50 and 69 years. One of the cases was within the 60-64 to 80-84 year peak age groups for brain cancer diagnosis in Queensland. 

4. There was an increased rate of astrocytoma group brain cancers among firefighters at Atherton Fire Station in the period 1992-2007, compared to the Queensland population. The extent of this increase is unable to be determined.

5. For the study period, the best estimate of the rate of brain cancer amongst staff at the Atherton Fire Station ranged from 21 to 62 times higher than the Queensland average, when considering the possible latency periods of brain cancer. However, the statistically small number of cases, limitations of standard statistical tests in cluster investigations and uncertainties in the data and diagnoses of brain cancer means that the results are difficult to interpret meaningfully. 
6. The list of suggested hazardous agents identified by staff at AFS includes some possible carcinogens. However, none of the possible carcinogens listed have been documented to cause the types of cancer observed at AFS, particularly brain cancer. 

7. The period of service for two of the three brain cancer cases overlapped. The fact that not all of the cases were serving simultaneously suggests that there is no common acute hazard that may have given rise to the brain cancers. 

8. There was no common plausible hazardous agent that all three of the brain cancer cases were exposed to during their service at AFS. Even though all three had stayed at the house next to the Station, there were no hazardous agents identified at the house that are known to cause brain cancer.

9. Given the possible brain cancer latency periods and the timing of employment at AFS, it is highly unlikely that there is a common environmental exposure at AFS that gave rise to all three of the cancers. 

10. There are important limitations to the study which mean that there may be some variation in the real measure of risk. 

Overall conclusions
The overall conclusions are based on the findings from the epidemiological investigation, the environmental appraisal and the current state of knowledge in the international scientific literature. 

An analysis of possible hazards at the Station did not identify any agents that would cause the types of cancer observed. There was an elevated rate of brain cancer amongst firefighters at the Atherton Fire Station compared to the Queensland population. The extent of this elevation of cancer rate is uncertain. There was no common plausible causal agent at the Atherton Fire Station that all three cases of brain cancer were exposed to. There is some evidence to suggest a possible association between firefighting and brain cancer, but the evidence does not suggest a strong link. This evidence would not explain the magnitude of the elevated rate at the Station. 

Recommendations

Part A: Recommendations related to Atherton Fire Station 

1. The Director of Anatomical Pathology, Royal Brisbane Hospital to review the pathology slides of the three men diagnosed with brain cancer to ensure the correct diagnosis was made and grouping of the brain cancer cases was valid. 

2. An epidemiological investigation has been conducted at Atherton Fire Station and no further epidemiological investigation is currently required.

3. The investigation will be reopened if another person at Atherton Fire Station is diagnosed with brain cancer.

4. The investigation may be opened if new information becomes available in the scientific literature about the causes of brain cancer or if there are new concerns about particular environmental hazards associated with Atherton Fire Station.

5. The findings of this investigation should be communicated to the staff members at Atherton Fire Station, representatives from the United Firefighters Union, the firefighting community more broadly, and in relevant literature.

6. Queensland Health will give further consideration to the findings of the investigation once the report from the environmental testing is made available.

Part B: Recommendations pertaining to firefighting

7. Queensland Fire and Rescue Service continue to promote the use of personal protective equipment to control the hazards that firefighters are exposed to.

8. The feasibility of an epidemiological assessment of brain cancer incidence of Queensland firefighters including comparison with Atherton Fire Station, should be conducted.
9. The feasibility of an epidemiological study or disease registry should be considered to examine the possible risks associated with firefighting in relation to cancer, particularly brain cancer and those types of cancer identified in the evaluation of the International Agency for Research on Cancer (e.g. testicular cancer, prostate cancer and non-Hodgkin lymphoma).
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5. Terms and Definitions

Agent (of disease): A factor such as a chemical substance or form of radiation, whose presence, excessive presence or (in the case of a deficiency disease) relative absence is essential for the occurrence of a disease.71
Association: A statistical dependence between two or more events, characteristics or other variables.71
Carcinogen: A cancer-causing substance or agent.72
Cancer risk: The potential for exposure to a contaminant to cause cancer in an individual or population is evaluated by estimating the probability of developing cancer over a lifetime. Cancer risk is the likelihood, or chance, of getting cancer. The term “excess risk” is used because we all have a “background risk” of about one in four chances of getting cancer in our lifetimes, and excess risk is risk greater than this background risk.71

Case: A person in the population or study group identified as having the particular disease under investigation. A variety of criteria can be used to identify cases, as detailed in the case definition.71
Causality: The relating of causes to the effects they produce. It must be emphasised that epidemiological evidence by itself is insufficient to establish causality thought it can provide powerful circumstantial evidence.71
Chance: The term chance is used with a number of meanings in the community. In this document, we use 'chance' according to the following meaning. Chance is something that happens unpredictably without discernible human intention or discoverable cause. In the context of a slightly increased number of cancer cases in a particular setting, the increase due to chance relates to something that happens unpredictably (or haphazardly) in the community without any particular reason being the cause. 

Cluster: A greater-than-expected number of cases that occurs within a group of people in a geographic area over a period of time.14, 15, 73 Determination of a cluster using statistical methods does not imply a cause for the reported excess number of cases. A significant association between disease and exposure may indicate that one causes the other. But it may mean that both are related to a third variable that influences both. Or it may be a coincidence.73
Confidence interval: The interval with a given probability, eg 95%, that the true value of a variable is contained within the interval.71
Confounding: A situation in which a measure of the effect of an exposure on risk is distorted because of the association of exposure with other factor(s) that influence the outcome under study.71 

Epidemiology: The branch of medicine that deals with the study of the causes, distribution, and control of disease in human populations.71
Exposure: Contact of a chemical, physical or biological agent with the outer boundary of an person e.g. inhalation, ingestion or dermal contact.74
Hazard: The capacity of an agent to produce a particular type of adverse health effect.74
Incidence: The number of new cases of disease in a defined population over a specific time period.71
Incidence rate: The rate at which new events, such as brain cancer diagnosis, occur in a population. The numerator is the number of new events that occur in a defined period: the denominator is the population at risk of experiencing the event during this period, sometimes expressed as person-time.71
Latency period: The delay between exposure to a disease causing agent and the appearance of manifestations of the disease.71 
Multiple comparisons: Adjustment of the p values from a cluster investigation for implied comparisons with similar populations. One common way to adjust for multiple comparisons is by the Bonferroni adjustment: 
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Selection of a value of n is subjective.  For example, in the current investigation, n could include fire stations in Brisbane, Queensland or Australia.  It could refer to metropolitan fire stations or rural fire stations.  

p value (probability): The probability that a test statistic would be as extreme as or more extreme than observed if the null hypothesis were true. The null hypothesis states that the results observed in a study are no different from what might have occurred as a result of chance alone. Investigators may arbitrarily set their own significance levels, but in most epidemiologic work, a study result whose probability value is less that 5% (p<.05) or 1% (p<.01) is considered sufficiently unlikely to have occurred by chance to justify the designation 'statistically significant'.71
The p value is a statistical measure which we use in studies to determine the likelihood that there is a true difference between the groups we are studying. It is a statement of the probability that the difference observed could have occurred by chance if the groups were really alike (ie. if the null hypothesis was true – that no true difference exists). Generally, before conducting the study, we decide on a pre-determined cut off value for the p value.  Convention usually dictates using a p value of 0.05, but we could choose a different p value such as 0.1 or 0.025. When we choose p<0.05 as our cut-off, this means that a result <0.05 indicates there is less than a 5% likelihood that the difference observed between the two groups has occurred by chance alone.  If 100 studies exactly the same as ours were conducted and found the same estimate of the SIR, in 95 of them (95%) this difference between the groups would not have occurred by chance.

Risk factor: is anything that increases a your chance of getting a disease such as cancer.3
6. Appendix
The International Agency for Research on Cancer (IARC) is a part of the World Health Organization and is the peak body for evaluating and determining the cancer risks associated with various agents, exposures and occupations. More information about the process of evaluating agents is available on the IARC website (http://monographs.iarc.fr/ENG/Preamble/index.php) 

During an evaluation, all of the available evidence is considered and an agent is then classified into one of the following categories75
Group 1: The agent is carcinogenic to humans.

This category is used when there is sufficient evidence of carcinogenicity in humans. Exceptionally, an agent may be placed in this category when evidence of carcinogenicity in humans is less than sufficient but there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity.

Group 2.

This category includes agents for which, at one extreme, the degree of evidence of carcinogenicity in humans is almost sufficient, as well as those for which, at the other extreme, there are no human data but for which there is evidence of carcinogenicity in experimental animals. Agents are assigned to either Group 2A (probably carcinogenic to humans) or Group 2B (possibly carcinogenic to humans) on the basis of epidemiological and experimental evidence of carcinogenicity and mechanistic and other relevant data. The terms probably carcinogenic and possibly carcinogenic have no quantitative significance and are used simply as descriptors of different levels of evidence of human carcinogenicity, with probably carcinogenic signifying a higher level of evidence than possibly carcinogenic.

Group 2A: The agent is probably carcinogenic to humans.

This category is used when there is limited evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent may be classified in this category when there is inadequate evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals and strong evidence that the carcinogenesis is mediated by a mechanism that also operates in humans. Exceptionally, an agent may be classified in this category solely on the basis of limited evidence of carcinogenicity in humans. An agent may be assigned to this category if it clearly belongs, based on mechanistic considerations, to a class of agents for which one or more members have been classified in Group 1 or Group 2A.

Group 2B: The agent is possibly carcinogenic to humans.

This category is used for agents for which there is limited evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals. It may also be used when there is inadequate evidence of carcinogenicity in humans but there is sufficient evidence of carcinogenicity in experimental animals. In some instances, an agent for which there is inadequate evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals together with supporting evidence from mechanistic and other relevant data may be placed in this group. An agent may be classified in this category solely on the basis of strong evidence from mechanistic and other relevant data.

Group 3: The agent is not classifiable as to its carcinogenicity to humans.

This category is used most commonly for agents for which the evidence of carcinogenicity is inadequate in humans and inadequate or limited in experimental animals.

Exceptionally, agents for which the evidence of carcinogenicity is inadequate in humans but sufficient in experimental animals may be placed in this category when there is strong evidence that the mechanism of carcinogenicity in experimental animals does not operate in humans.

Agents that do not fall into any other group are also placed in this category.

An evaluation in Group 3 is not a determination of non-carcinogenicity or overall safety. It often means that further research is needed, especially when exposures are widespread or the cancer data are consistent with differing interpretations.

Group 4: The agent is probably not carcinogenic to humans.

This category is used for agents for which there is evidence suggesting lack of carcinogenicity in humans and in experimental animals. In some instances, agents for which there is inadequate evidence of carcinogenicity in humans but evidence suggesting lack of carcinogenicity in experimental animals, consistently and strongly supported by a broad range of mechanistic and other relevant data, may be classified in this group.
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