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ABSTRACT

Background: The objectives of the study described by this thesis were to examine the

cancer incidence as well as the overall and cause-specific mortality in a cohort of former

employees from a transformer manufacturing plant where there had been extensive use of

mineral oil transformer fluid.

Methods: A cohort of 2,222 males working at a transfofiner manufacturing plant

between 1946 and 1975 was constructed. Using a historical cohort study design, cancer

incidence and mortality were determined through record linkage with Canadian

provincial and national registries. The rates of cancer incidence and mortality

experienced by the cohort were compared to that of the Canadian male population.

Results: A statistically significant increased risk of developing and dying of pancreatic

cancer was found but not an increase in overall cancer mortality. The cohort also

demonstrated a statistically significant risk of overall cancer incidence and specific

increases in the incidence of gallbladder cancer and melanoma.

Conclusions: This study contributes fuither evidence to the growing body of literature

indicating the carcinogenic properties of mineral oils used in occupational settings, in

particular those used prior to 1970s.

vt11



ADVISORY COMMITTEE

ADVISOR:
Robert B. Tate, PhD
Associate Professor, Department of community Health sciences
University of Manitoba

COMMITTEE MEMBERS:
Annalee Yassi, MD, MSc, FRCPC
Professor, Department of Health Care and Epidemiology
Institute for Health Promotion Research
University of British Columbia;
Professor, Department of Community Health Sciences
University of Manitoba

James Davie, PhD
Professor, Department of Biochemistry and Genetics
University of Manitoba;
Director, Margaret A Sellers Chair
Manitoba Institute for Cell Biology;
Provincial Director, Research
Cancer Care Manitoba

IX



LIST OF TABLES

PAGE

Table 1 Male, age-adjusted rates of pancreas and stomach 14
cancer in the United States population during the years
1969-2000

Table2 Department listings 29

Table 3 Estimates of expected deaths 43

Table 4 Number and strength of accepted mortality and cancer 53
incidence links of workers employed at a transformer
manufacturing plant

Table 5 Mortality experience from 1950 to 1995 by cohort 62
definition of workers employed at a transformer
manufacturing plant

Table 6 Cancer incidence from 1969 to 1995 by cohort 70
definition of workers employed at a transformer
manufacturing plant

LIST OF FIGURES

Figure 1 PCBs

Figure 2 MINERAL OIL (NAPHTHALENE)

PAGE

9

10



LIST OF ABBREVIATIONS

MWF Metalworking Fluid

PCB Polychlorinated Biphenyl

WCB Worker's Compensation Board

OEHU Occupational Environmental Health Unit

UM University of Manitoba

PAH Poly-aromatic Hydrocarbon

IDSP Industrial Diseases Standards panel

SMR Standardized Mortality Ratio

SIR Standardized Incidence Ratio

CI Confidence Interval (for statistical significance)

CMD Canadian Mortality Database

CID Canadian Incidence Database

US United States

GI Gastro-intestinal

NIosH National Institute of occupational safety and Health

IARC Intemational Agency for Research on Cancer

REL Relative Exposure Limit

xi



xll



FORE\ryORI)

This thesis describes the cancer incidence and mortality in a cohort of workers

from a transformer manufacturing plant located in Winnipeg, Manitoba, Canada. The

transformer manufacturing process involves the use of solvent mixtures broadly referred

to as "metalworking fluids" (M!VFÐ. "Mineral oil" is the term used to describe the group

of solvents within the broad collection of metalworking fluids that are used in certain

manufacturing processes such as transformer assembly and which are made up of various

organic and inorganic compounds.

Polychlorinated Biphenyls, or PCBs, are one of the better known examples of the

specific type of organic petrochemical that has traditionally been found in MWFs and

with which concern has developed over the past few decades regarding adverse health

outcomes. While the carcinogencity relating to PCBs has been looked at and documented

fairly conclusively, the evidence that assesses the health risks associated with exposure to

other MWF formulations, including those classified as mineral oils, is less well

developed.

Some of the non-PCB organic compounds that are found in mineral oil mixtures

are similar in chemical structure to PCBs. Therefore, it can be hypothesized that the

health risks associated with exposure to PCB-containing MWFs are similarly associated

with exposure to mineral oils that do not contain PCBs. A considerable amount of

scientific study has been conducted regarding the carcinogencity of MWFs in a number

of worþlace settings, with some of the evidence indicating an association while other

studies have found no relationship. Thus, the debate continues as to whether these



compounds are in fact cancer causing, and if so, with which forms of cancer they are

associated. This debate is further clouded by the lack of evidence within specific

worþlaces in comparison to others. For example, while much of the research on the

carcinogencity of MWFs has been looked at in the context of petroleum workers, the risk

for transformer manufacturing is less well understood.

The impetus for the studies that this thesis describes originated from the

increasing public recognition of the relationship between metalworking fluids, in

particular those containing PCBs, and cancer. This recognition led to a request from the

families of former employees of the Winnipeg transformer plant for an analysis of

whether the employees, husbands and fathers to these family members, were exposed to

chemicals in the worþlace that may have resulted in cancer. The result was the initiation

of a historical cohort study conducted by a team of researchers from the University of

Manitoba's Department of Community Health Sciences that looked at cancer mortality

for the plant workforce.

One of the more interesting facts that were determined during the initial process

of gathering information about the plant was that the chemical exposures that had

occurred involved mineral oils that did not contain PCBs. This finding seemed to

contradict the original hypothesis that an increased cancer risk had been present as a

result of exposure to PCBs. However, given the similarity in chemical structure between

the hydrocarbons found in mineral oil mixtures and PCBs, and the existing evidence

surrounding the health risks associated with exposure to mineral oils, this information did

not change the primary objective of the mortality study, which was to determine whether

exposures to the MWFs used at the plant had resulted in cases of cancer and death.



Following the completion of the initial mortality analysis, additional questions

were generated regarding malignancies with relatively lower mortality rates. This led the

Workers Compensation Board of Manitoba (WCB) to provide funding to the University

of Manitoba research team to initiate an extension of the original study observation

period for two purposes:

To extend the mortality analysis over a longer time period.

To include an assessment of cancer incidence in the cohort.

The two studies that form part of this thesis are important for a number of reasons,

but two in particular. First, they make an important contribution to the scientific literature

on the linkage befween occupational exposure to MWFs and cancer. Second, they have

had a large impact on the lives of the former plant employees and their families, both

from the standpoint of knowing whether the worþlace may have led to what in some

cases has been or will be a fatal disease, as well as with regards to the practical issue of

financial compensation.

Prior to the release of the original mortality study, a number of claims were

brought before the WCB by family members on behalf of former employees of the plant.

The mortality data generated from this research has provided part of the scientific basis

for these rulings.

In addition to the impact this research has had and is having on the employees,

their families and the WCB, the evidence of a link between a worþlace and cancer has

proved to be an important issue for a number of people on the political front and has



garnered interest on a national level. Provincial government representatives, including

Members of the Legislative Assembly, were involved in acting on behalf of the family

members. The story was elevated from a local level to a Canadian audience following a

documentary on an episode of the investigative journalism progïam The Fifth Estate. AII

of these events serve to highlight the importance and impact of the research described by

this thesis.

Given the potential impact these studies have on those involved, the study team

wanted to ensure the quality of the research. To confirm the appropriateness of the

methodology and the validity of the results, both the original mortality study and the

follow-up mortality and incidence analysis were submitted to an intemational joumal

dedicated to the field of occupational medicine, for review by the scientific community

with expertise in occupational toxicology. Both papers have since been published in the

peer-reviewed American Journal of Industrial Medicine.

This thesis describes the methodology and findings of both the original mortality

study and the follow-up analysis, which extended the period of observation for the

mortality results and also introduced an analysis of cancer incidence data. The literature

on worþlace exposure to metalworking fluids is described and a background into these

fluids is provided in order to summarize the available information pertaining to

occupational MWF use and subsequent cancer risk. As the studies conducted were

limited to cancer outcomes, carcinogenic risk is primarily discussed.
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SECTION I:

INTRODUCTIOI\



PREAMBLE

In 1983, the local union president of the United Steelworkers of America

approached the Manitoba Federation of Labour's (I\ßL) Occupationai Health Center, a

government-funded facility that provides services to employees from the full spectrum of

occupations across Manitoba and that is run by a board of directors from the MFL. The

union president was acting on behalf of a group of widows whose husbands had recently

died of cancer. These women all had one thing in common: Their husbands had at one

time been employed at the same transforÍner manufacturing plant. The widows and union

representatives felt that Polychlorinated Biphenyls (PCBs) used in the production process

atthe plant may have contributed to the deaths of some of the workers. This concern was

accentuated in part when the company decided to remove the pavement from the plant

parking lot because of possible health risks, risks that were identified following the use of

transformer metalworking fluids (MWFs) for the control of dust levels in the parking lot.

These MWFs were the same fluids that had been used in the production process within

the plant þersonal communication, Dr. R. Tate, 2003).

Claims on behalf of the widows were filed with the Workers Compensation Board

(WCB) of Manitoba. The WCB responded that there was insufficient evidence to support

the claims. The Steelworkers Union continued to lobby the government on this issue and

in response, the Department of Labour's section for Worþlace Safety and Health

contracted the Manitoba Cancer Research and Treatment Foundation to conduct a study

that would determine if an increased risk of cancer existed for workers exposed to the

MWFs used in the plant.



INITIAL MORTALITY STUDY

By 1988, the task of answering the question regarding a possible link between the

plant and cancer had shifted to researchers from the Occupational and Environmental

Health Unit (OEHU) at the University of Manitoba (UM). The study team included Dr.

Annalee Yassi, Director of the OEHU; Dr. David Fish, former department head of the

IIM Department of Community Health Sciences (CHS); and Robert Tate of the UM Bio-

Statistics Unit. An industrial hygienist, John Elias, was contracted to provide expertise

for the exposure assessment.

The objective of the study designed by the OEHU team was to determine the

cancer risk from worþlace exposure to MWFs used in the manufacturing process at the

plant in question. The opinion of the company manager at the time was that the study was

unnecessary, based on the belief that PCBs were not harmful substances, an opinion

documented by the OEHU team during the original study development. Moreover, the

company felt that they did not have the employee records required for such a study

þersonal communication, Dr. A. Yassi, 2003).

The OEHU team utilized a historical cohort linkage methodoiogy. The historical

cohort model is one that had been utilized successfully before in looking at cancer

mortality in workers exposed to PCBs in capacitor manufacturing. Some of these studiesl'

2.3'' - were among those used by the Ontario Industrial Disease Standards Panel (IDSP) in

formulating their 1987 report on the carcinogenicity of PCBs in worþlace exposuresa.



Personnel information provided by the company and by the employee union was

linked to the national mortality database and enabled the calculation of overall and cause-

specific standardized mortality ratios using Poisson regression analysis and Monson's

statistical program. Before initiating the analysis, ethics approval was obtained from the

University of Manitoba's ethics committee.

The analysis revealed a positive and statistically significant relationship between

worþlace exposure and the subsequent development of pancreatic cancer. Other cancer

sites that were looked at did not demonstrate a statistically significant risk. The

standardized mortality ratios (SMRs) for pancreatic cancer ranged from 2.92-7.64 for

various sub-groups within the cohort. In comparison, when the entire cohort was looked

at,the SMRs for all-cause mortality ranged from 0.7i to 1.05. These overall SMR values

are particularly important because they suggest that the mortality data identified are

accurate and hence provide further support for the finding of an elevated risk for

pancreatic cancer.

One of the more interesting findings of the study was that this elevated cancer risk

was associated with mineral oil mixtures. The initial hypothesis was that pCBs had been

involved. The fact that the hydrocarbons found in mineral oil mixtures are strucfurally

similar to PCBs (Figures I and2) provided the biological plausibility to continue with the

study design that had been originally proposed when PCBs were the suspected exposure.



Figure 1:

chemicai Structure (with stereo image) of a Polychlorinated Biphenyl:
Octachlorobiphenyl
CrzHzCls

9



Figure 2:
Chemical Structure (with stereo image) ofNaphthalene:
CroHs
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An important task in occupational chemical exposure assessments is to determine

the exact chemical composition of the agents involved. Given the wide heterogeneity in

the type and chemistry of the compounds found in MWFs and mineral oils mixtures, this

process takes on additional importance. Unforfunately, this information was not available

for the MWFs used at Federal Pioneer. According to the industriai hygienist conkacted

by the study team to assist with the worksite assessment, the breakdown of the fluid

chemistry was limited to the presence (or lack thereof) of pCBs. There was no

comprehensive analysis done for the implicated mineral oils þersonal communication,

John Elias, 2003).
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FOLLOW-UP MORTALITY AND INCIDENCE STUDY

Following the completion of the initial mortality study, two new questions

emerged:

o 'Would 
the mortality data vary if the observational period was extended and if so,

would this difference have an impact on the results from the initial mortality

study? This question arose as a result of the fact that a malignancy typically does

not develop until several years after exposure to a carcinogen has occurred. In

addition to this latency period, there tends to be a further lag time from the

appearance of symptoms to the confirmation of a diagnosis5. As the original study

examined the mortality experience of the cohort up until 1989, and the last year of

employment for the cohort was 1975, it was extremely plausible that anumber of

cancer cases resulting from worþlace exposures might not have been detected

until after 1989. Therefore, extending the observation period would provide a

more complete picture of the cancer risk.

o What would cancer incidence data demonstrate? Of all the cancer types

hypothesized to be caused by MWF exposure, pancreatic is possibly the form

with the worst prognosis, as few people survive6. The fact that other cancer types

did not demonstrate an increased risk in the original analysis could partly be due

to other forms of cancer being successfully treated and therefore not appearing in

the mortality data. Although these other forms of malignancy may not be as

aggressive, understanding the risk from worþlace exposure remains essential.

t2



The initial mortality study was conducted based on data from 1950 to the end of

1989 and was completed in 1994.In 1997, the WCB contacted the OEHU study team to

request an extension to the original analysis. The original record linkage was updated for

the years 1990 to 1995 and an additional linkage was undertaken to look at cancer

incidence using provincial cancer registries.

The analysis of cancer incidence in addition to mortality was felt to be an

important component of assessing risk because the incidence data assist in detecting

potentially treatable and./or less aggressive forms of malignancy that may not be revealed

within a mortality analysis. For example, gastric cancer has been hypothesized as one of

the sites where an elevated risk may be associated with exposure to MWFsT'8. This form

of cancer can often be detected relatively early and cure rates are better, particularly

when compared with a more aggressive type of malignancy such as pancreatíc cancer.

Table 1, which shows the male, age-adjusted rates of pancreas and stomach cancer in the

United States population during the years l96g-2000e, demonstrates the fact that although

the incidence is 7o/o higher, the mortality from stomach cancer is only 74o/o of the

mortality due to pancreatic cancer:

13



Table 1:

Therefore, if gastric cancer is indeed associated with MWFs, the data for this

disease may not appear to be statistically significant within a compilation of mortality

data, but could be when looking at an incidence analysis.

The results of the follow-up study included 5 important findings:

1. Pancreatic cancer was again the only cancer demonstrating an increased risk in

terms of mortality, a finding that provided validity to the results of the original

mortality analysis.

2. An increased risk of gall bladder cancer was identified as being associated with

worþlace exposure from the incidence data. This finding was of interest

because it, like pancreatic cancer, is a form of gastrointestinal (GI) matignancy.

There is evidence in the literature that GI cancers as a group appear to be

associated with occupational MWFs10, a hypothesis that reflects the suspicion

that ingestion and inhalation play a role in routes of exposure.

U.S. Incidence Age-

Adjusted Rates, Total U.S.,

1969-2000

U.S. Mortality Age-

Adjusted Rates, Total U.S.,

1969-2000

Stomach 14.s 9.6

Pancreas 13.5 t2.9

t4



3. The incidence of malignant melanoma also demonstrated an increased risk.

This finding is similarly consistent with the literature, which points to a

corurection between MWFs and skin cancer.

for

was

4. In addition to the site-specific

incidence, total cancer incidence

significant increase in risk.

melanoma and gall biadder

associated with a statistically

increases

(all sites)

5. There were no other specific cancer types demonstrating a statistical significant

increase. This last point is important because there is evidence in the literature

linking several other cancer types with MWF exposure, in particular the six

sites identified by the 1998 report from the National Institute for Occupational

Health and Safety (NTIOSH) in the United Statesl1, which included pancreas,

skin, larynx, rectum, scrotum and bladder.

15



ROLE OF THE GRADUATE STUDENT

Society places a great deal of importance on ensuring the worþlace is free from

potential hazards. Societal awareness of this issue has increased and therefore identiSring

possible carcinogens in occupational settings is an important process. Understanding the

scientific rigor behind this process so that accurate and defensible determinations can be

made that protect both workers and industry led to my interest in participating in this

research. During the initiation of the follow-up study, I was fortunate to learn of the study

and assist the investigators with the work.

Being able to participate in this project with the expert research team that was

involved and to see the impact this type of work has was an extraordinary opporfunity.

My objectives in participating on this research project can be described by four general

categories:

1. Background review: Review the methodology and results of the original mortality

study in order to be able to assist with the completion of the follow-up study that

looked at both cancer mortality and incidence. Understanding the background to

the original study was a key step in proceeding, given the fact that the same

cohort and methodology were utilized for the follow-up analysis. This task

included a recognition of the steps required for a grant submission and for ethics

approval.

2. Process: Assist with the linkage determination for cancer mortality and incidence,

a process that included a manuai review of the linkage iist provided by

I6



Statistics Canada and also a chart review of the Manitoba cancer registry to obtain

additional identifying data for the incidence links.

3. Conclude and comntunicate: Interpret the results and then communicate these

findings, both for the purpose of the thesis requirements, as well as to the

scientif,rc community in the form of an academic journal submission. This last

step includes developing an appreciation of the steps necessary for a successful

journal publication.

4. Implications: Develop an understanding of the process required to complete this

type of research and the implications that the findings can have on those involved.

17
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PCBs AND MINERAL OILS

PCBs

PCBs are highly resistant to degradation and with prolonged exposure, tend to

accumulate in tissue. The high lipophilicity and the resistance to biodegradation of PCBs

allows for the bioaccumulation in fatty tissues of organisms and biomagnification

through food chains. Because humans are located at the top of most food chains,

relatively high levels of these compounds have been found in human adipose tissues,

blood lipids, and breast milk fatr2. Breast milk possesses a relatively high lipid content

(3% to 4Yo), and levels of PCBs in the parts-per-million range (fat basis) have been

documented in lactating women from various parts of the worldl3. In industrialized.

countries, the presence of PCBs persists but the levels appear to be falling. One Canadian

study calculated the mean PCB concentration in breast milk fat from Canadian women

(all regions) to be 0.32 mg/kg in 1986, down from 0.93 mglkg in 198212.

PCBs have more recently begun receiving attention as possible endocrine

disruptors, chemicals that interact with and intem:pt normal endocrine (or hormonal)

function. One example of has been the influence of PCB exposure on thyroid gland

functionla. This is due to the similarity in chemical structure between PCBs and

biological hormones, both of which are based on ringed hydrocarbons.

19



PCBs AND CANCER

Of the numerous potential health effects, it is the carcinogenic properties of pCBs

that have received the bulk of the attention paid to this group of chemicals. Evidence of

PCB carcinogenicity was first reported in 19721s. Since that time, further research has

attempted to identiff the mechanism for carcinogenesis, at least part of which is now

believed to be as a result of the formation of arene oxides which interact with nucleic acid

during the metabolism of PCBsr6.

Among the epidemiological literature on the carcinogenicity of PCBs is the 1987

assessment by the Ontario WCB's IDSP that performed a comprehensive review/meta-

analysis. The result was the determination that liver and biliary tract cancers were

associated with PCB exposure in the worþlace. This report also looked at the issue of

worker compensation and recommended that this was an important factor that needed to

be addressed in future mediationso. Unfortunately, drawing conclusions from a meta-

analysis, which is often an extremely effective research methodology, is more

problematic with MWFs because of the heterogeneous nature of these mixtures, making

comparisons between studies that have looked at MWFs made up of different

components and in different concentrations inexact.

The famous Saint Basille Le Grand fire in Quebec in 1988 and, closer to

Manitoba, a spill on the Trans Canada highway near Kenora, Ontario in 1985, were

incidents that reinforced the public's perception of the adverse heaith effects associated

with PCBslt. The Kenora experience was a particularly poignant example of the increase

in public paranoia that surrounded PCBs. The overturning of a truck that was transporting

PCB-containing chemicals on the Trans-Canada highway led not only to the vehicle

20



being completely enveloped with wrapping, but also to the neighbouring stretch of

highway being torn up and replaced, all at significant taxpayer expense (personal

communication, Dr. R. Tate, 2003). This was done for what was a relatively minute

amount of substance being released, especially when the comparison is made to the

amount of PCB-containing substances that have been used on a daily basis in industry for

years.

In response to the increase in knowledge and public recognition regarding the

health risks associated with PCBs, legislators began to take action. In 1973, the

Organization for Economic Cooperation and Development (OECD) called for restrictions

in PCBs17. In Canada, the Canadian Environmental Contaminants Act began the process

of baruring the use of PCBs in manufacturing in 1977 . In 1986, the Canadian Council of

Ministers of the Environment (CCME) initiated a process for developing plans and

guidelines towards the management of PCBs. This was followed in 1988 when the

Canadian Environmental Protection Act (CEPA) was passed. In 1991, PCB regulations

were developed under CEPAIT. The regulation of a number of chemicals, including

PCBs, is now included under CEPA, which was most recently amended in 1999.

Environment Canada has recently proposed revisions to the existing Chlorobiphenyl

Regulations of CEPA that would set specific dates for the complete destruction of all

PCBs in service and in storagels.
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MINERAL OILS

Askarol (or øskarel) is the generic term for the broad class of non-flammable,

synthetic, chlorinated hydrocarbon insulating liquids used in electrical capacitors,

transformers, nuclear reactors and other accessory equipment. Askarols can be divided

into capacitor and transformer grades. Transformer grades are mixtures of

trichlorobenzene and relatively more of the highly chlorinated biphenyls. pCBs have

been a major chemical component within these fluids since the 1930s. Askarols are

differentiated from mineral oils by their PCB content. Mineral oils are identified by a

PCB concentration of less than 500 ppm in the oil, and almost always less than 1000

ppm1e.

One of the initial and surprising findings by the OEHU team was the lack of pCB

use by the plant in the manufacturing process. According to plant records provided to the

research team, over 27 000 gallons of PCB-containing askarols were used at the plant, but

was limited to only 85 of the 51 000 transfoÍners manufactured by the plant between

1956 and 197520. As PCBs were found in only a small amount of the MWF used at the

plant, the focus of the analysis therefore shifted to the "mineral oils" that were shown to

make up the vast majority of the MWF used. Given the limited amount of use, the study

team did not attempt to tease out the effect from exposure to askarols as these specific

exposures would have been difficult to isolate and the small levels of exposure would not

have been sufficient to demonstrate statistical significance.

Mineral oils are complex mixtures of hydrocarbons, nitrosamines and other

chemicals refined from petroleum crude oils. They are manufactured from crude oils by

vacuum distillation and additional refining. The hydrocarbons are made up of straight and

22



branched chain paraffinic, naphthaienic (cycloparaffin) and aromatic forms. The relative

distribution of the various forms varies depending on the source of the oil and the

refinement method. The final mineral oil product can contain a vanety of additives and

contaminants, which can include sulfur, formaldehyde and polyaromatic hydrocarbons

such as benz(a)pyrene, a demonstrated carcinogetttl. The transformer plant at which these

workers were employed had used a mineral oil composed of naphthenic-based crude in

the manufacturing process.

Of particular importance in the context of the analysis undertaken for the

Winnipeg plant is the fact that few studies have been conducted specifically in the setting

of transformer manufacturing. The challenge presented by the lack of information on the

risk specific to transforrner manufacturing becomes apparent upon analyzing the d,ata

from the Canadian National Inventory on PCBs, which compiles data on the extent of

PCBs and other MWFs, including mineral oils. As of Decemb er 1992, Canadian national

totals of PCB and mineral oil use includedle:

, 12,488 torures (net weight) of in-use askarol, of which r0,4r4 tonnes was in

transformers.

. 2,120 tonnes of in-use PCB-contaminated mineral oil, of which 2,043 tonnes was

in transformers.

These numbers point out the high burden of these fluids found in transformers

when compared to other areas of manufacturing in Canada.
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MINERAL OILS AND CANCER

One of the best sources for obtaining a summary on the evidence of the health

risks associated with occupational exposure to mineral oils comes from the International

Agency for Research on Cancer (IARC), which has developed a classification system for

evaluating the carcinogenicity of both biological and chemic al agents22..

Group 1: The agent (mixture) is carcinogenic to humans. The exposure circumstance

entails exposures that are carcinogenic to humans.

Group 2 (two classifications):

Group 2A: The agent (mixture) is probably carcinogenic to humans. The exposure

circumstance entails exposures that are probably carcinogenic to humans.

Group 28: The agent (mixture) is possibly carcinogenic to humans. The exposure

circumstance entails exposures that are possibly carcinogenic to humans.

Group 3: The agent (mixture, or exposure circumstance) is not classifiable as to
carcinogenicity in humans.

Group 4: The agent (mixture, exposure circumstance) is probably not carcinogenic to
humans.

Among the relatively small group of Group i mixtures identified by the IARC are

mineral oils, specifically untreated and mildly treated mixtures (Appendix 3). This

inclusion speaks to the relative strength of the evidence on the potential human health

risks associated with this group of chemicals. As well, the fact that treated oils are

classified in Group 3 reflects the impact newer refining methods have had on minerai oils
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and supports the hypothesis that carcinogenic effects are more likely to be seen in older

formulations, such as those used prior to the mid-1970s.

The IARC conclusions were supported by the 1998 NIOSH reportll listing six

cancer sites for which "substantial evidence was found for an increased risk of cancer".

The combination of the IARC and NIOSH reviews provide a high-level of credibility to

studies that have demonstrated a carcinogenic risk for mineral oils.
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TRANSFORMER MANUFACTURING

THE PLANT

The transformer plant involved in this analysis was a manufacturer of electrical

products for the transmission, distribution and control of electrical power. The company

running the plant, Pioneer Electric based out of Winnipeg, was create d, in 1946 and.

opened the plant in T947. In 1954, the physical plant was relocated from its original

location in St. Boniface and moved to a larger facility in Fort Garry. It has remained at

this second location since that time.

In 1960, Pioneer Electric was purchased by Federal Pacific Electric of New Jersey

and was renamed Federal Pioneer. In 1964, a Canadian company was created, with two

operating divisions and a head office in Winnipeg, with plants in seven Canadian cities.

Sales offices were located as far away as Europe and Australia.

In 1994, Federal Pioneer was purchased by Pauwels Inc., based out of Belgium,

and the company was renamed Pauwels Canada Inc. The plant in Winnipeg currently

employs approximately 300 people and specializes in manufacturing High Voltage Direct

Current (HDCV) station transformers. The company website includes a section on

environmental concerns23, including a description of policies around ensuring limited

exposure to PCBs and information on recycling and decommissioning of older

equipment. At its peak in the 1960s, the plant employed approximately 500 workers. The

transformers produced by the plant were as large as 9 feet (2.73 m) in diameter and. 12

feet(3.64 m) long.
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PRODUCTION PROCESS

During the process of conducting a health risk assessment in an occupational

setting, one of the first and essentiai steps is to understand the physical layout of the

plant. This step is essential because it provides an understanding of the feasibility for an

exposure to a substance associated with a suspected adverse health risk to have occurred.

The production of transformers at this plant can be divided into 4 main sections. The

exposure assessments for each of these sections was conducted by the industrial hygienist

contracted by the study team:

1) Winding and Pre-Assembly: This involves winding copper coils and placing the

coils into metal casings. Exposure to MWFs in this area of the production process

is relatively low.

2) Impregnation: The metal casings are filled with the mineral oil/PCB containing

MWFs. There is high exposure to workers via both dermal and inhalational

routes.

3) Final Assembly: The transformer tops are welded. Some tasks require workers to

immerse their arms in the MWFs in order to perform tasks such as tightening

bolts, thereby creating a high exposure area.

4) Shipping and Receiving: The transformers were cleaned and crated. Both the

cleaning step, where there was contact with oil-coated product and the proximity

to other areas of the plant with high levels of fumes meant this area presented a

moderate exposure. Part of this vapour exposure occurred as a result of the

vacuum pump being exhausted in to the shipping area.
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Prior to 1970, the transformer cores were heat dried, leading to the release of

MWF vapours and resultant inhalational exposure. A vacuum oven that reduced the

amount of vapour released inside the plant replaced this process in 1970, a remediation

step that would impact worker exposure differently depending on proximity to the oven

and the exhaust system.

The manufacturing process for electrical transformers involves considerable

worker contact with MWF s24' 
2s. For example, one of the specific worker groups for

whom a substantial degree of exposure was involved was the welders, who would have to

cut open faulty transformers, releasing the transformer fluids on the inside. Although,

some areas did involve less exposure than others, the staff in several of the individual

departments, including internal and external transformer assembly and shipping, were

rotated among the different areas, making exposure assessment more complicated as well

as more universal among all workers at the plant. Table 2 provides a listing of the

different departments.

Ventilation and personal protective equipment (PPE) were not comprehensively

assessed as part of the exposwe assessment. However, anecdotal descriptions from

workers indicate that these measures were limited þersonal communication, Dr. A.

Yassi, 2003). These descriptions are supported by the relatively low emphasis on

worþlace safety that has existed in the past.
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LITERATURE METHODOLOGIES

As described previously, much of the literature that is available on the

carcinogenic properties of MWFs has not been specific to transforner manufacturing, but

has instead been conducted within other occupational areas such as capacitor

manufacturing and petrochemical production.

The three types of research methodologies that have been utilized in most of the

studies done to examine this question ate based on retrospective data: Cohort,

proportionate mortality and population based studies. Among these methodologies, there

has been evidence both in support and against an association between MWFs and cancer:

FOR:

AUTHOR(S) STI-IDY T\?E CANCER SITE, # STUDY RESIJLT

Roush, G.C., Kelly,
J., Meigs, J.W. and
Flannery, J.T,
rgg226

Population-based Squamous cell,
scrotum

26 cancer cases

RR: 10.5

(4.0,36.9)

Tolbert, P.E., Eisen,
F..4., Pothier, L.J.,
Monson, R.R.,
Hallock, M.F. and
Smith, T.I.,Igg28

Cohort, straight oil
exposures

Laryngeal

23 cancer cases

RR:1.98

(I.26,2.98)

Park, R.M.,
Wegman, D.H.,
Silverstein, M.4.,
Maizlish N.A. and
Mirer, F.E. 1988. 'z?

Proportionate
mortality

Rectal

1 1 cancer cases

RR:3.07
(1.54,5.50)
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Siemiatycki, J.,
Dewar, R., Nadon,
L., Gerin, M.,
Richardson, L. and
Wacholder, S. 1987.
28

Population based Rectum

13 cancer cases

RR:0.7
(0.4, 1.0)

Tolbert, P.E., Eisen,
E.4., Pothier,L.J.,
Monson, R.R.,
Hallock, M.F. and
smith, T.J.,Igg28

Cohort, soluble oil Pancreas

61 cancer cases

RR:0.77
(0.59, 1.0)

Park, R.M.,
Wegman, D.H.,
Silverstein, M.4.,
Maizlish N.A. and
Mirer, F.E. 1988.27

Proportionate
mortality

Bladder

1 cancer case

RR:0.24
(0.01, 1.31)

AGAINST:

AUTHOR(S) STUDY TYPE CANCER SITE, # STUDY RESIILT

These specific references demonstrate not only some of the evidence for and

against, but also the impact different variables can have. For example, while Tolbert et.

al. found an increased risk for laryngeal cancers and straight oils, the same study found

no association for pancreatic cancer in exposure to soluble oils.
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ETHICS

All research studies conducted by members of the University of Manitoba must

receive ethics approval. Both the Fort Garry and Bannatyne campuses at the IIM have

their own research ethics boards.

For medical research, the Biomedical and Health Research Ethics Boards (REB)

are in place. The Health REB is responsible for studies with low degrees of intervention,

such as the historical cohort design described here. For the transformer mortality study

conducted by the OEHU group, ethics approval was received prior to initiation of the

analysis from the tIM's human ethics committee.

ETHICS FRAMEWORKS

There are a number of significant ethical issues to consider when conducting

research studies such as a cohort analysis. Two of the more recognized guidelines on

research ethics are the Declaration of Helsinkl, propose d in 1964 by the V/orld Medical

Assembly, and the International Guidelines for Biomedical Research Involving Human

Subjects, proposed by the Council of International Organizations of Medical Sciences in

1982.

Ethical issues are often described in relation to the four basic principles of

bioethics2e:

1) Autonomy: The respect for self-determination and voluntary action; individuals with

diminished autonomy must be protected against abuse.
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2)

3)

4)

Justice: The equitable distribution of benefits and risks.

Beneficence: Acting to enhance /maximize potential benefits.

Nonmaleficence: Doing no harm, a principle epitomized by the physicians' pledge of

primum non nocere.

Of course, the determination of whether or not a research study meets these

ethical principles is a subjective one and will vary depending on the audience making this

determination. However, it can be argued that for both the Federal Pioneer analyses, these

four principles were met.

some of the other common ethical issues in research include:

1) Conflict of interest: None of the researchers had a conflict of interest in relation to

these studies.

2) Privacy/conf,rdentiality: The research team was careful to ensure the worker

identifiers were secure. Statistics Canada, where the linkage was performed and the

manual review was conducted, has strict protocols related to the use of their databases

in order to maintain conf,rdentiality.

3) Informed consent: Worker notification is one of the major ethical challenges for

linkage studies. The duty to inform people whose personal information is being used

for research is a fundamental ethical principle. The primary hurdle in historical cohort

studies is that the ability of the researchers to contact the cohort members is

frequently limited if not impossible. The OEHU team attempted to address this issue

by making a number of presentations to the various groups involved so that

notification was provided as fully as possible. Audiences chosen for these
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presentations included the Manitoba Federation of Labour, who were involved on

behalf of the union and the workers, the V/CB and the faculty and students from

Community Health Sciences atthe University of Manitoba.

For the Federal Pioneer study, the union representatives made the additional request

to contact the families of workers for whom cases of cancer had been identified so

that claims could be made to the WCB. The study team decided against proceeding as

ethics approval had not been obtained for this and again, the data limited the ability to

make these contacts. However, this request brings forward the issue of whether

researchers have an obligation to ensure notification if health information not

originally available to the group under study is identified, a complex question that

does not have a simple answer.

The ethical issues around the use of computenzed databases in health research

have become increasingly well recognized as the utilization of these information sources

has grown. The fundamental question revolves around the benefit to society as well as the

individual or group weighed against the potential for harm, for example through loss of

privacy. Health Canada recently produced a coÍrmentary that describes these issues,

reviews the literature on the subject and provides examples of specific studies that have

had to deal with these principles3o. The commentary refers to the opinion that individual

consent for use of data is not always required by policy if protection of individual

confidentiality is ensured3l, while also pointing out the opposite position reflected by

Kluge, who states that "using patient data in a study without informed consent is

electronic assault"32. Canadian guidelines for database research have been developed to

assist with these challenging ethical questions33.
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For the Federal Pioneer cohort, there were no women included, as there were

none employed at the plant. This is important to recognize for a number of reasons, one

of the primary ones being the impact of this feature of the cohort on how the data should

be interpreted in the context of any future risk assessment where females are exposed, an

issue that is increasingly important as more women move into industrial occupations. For

example, the impact of exposure during pregnancy and potential teratogenic effects

would need to be considered.

Analysis of different racial groups presents a similar ethical consideration but was

not identified for specific analysis in the Federal pioneer cohort.
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SECTION III:

METHODS
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RESEARCH METHODOLOGY

COHORT DEFINITION

The definition of the cohort is clearly a key step in the development of a cohort

study. The cohort for the winnipeg transformer plant study was defined as:

at an from the of the plant in 1946 to the

end of 1975.

The end of the observation period for the cohort was set at I97 5 due to the fact

that the company switched to a different MWF formulation at that time. Defining the

cohort for this worþlace was one of the more challenging steps in the design of the

study, specifically in the determination of the length of time a worker had to have worked

at the plant to be included. In the original proposal, the cohort was defined as:

end of 1975, þtgperþd of one month or more.

The rationale for using a minimum period of one month in the cohort definition

was to capture the maximum number of employees while at the same time not diluting

the cohort with workers who would have had little or no exposure. Previous studies have

defined their cohort in a number of different ways, from no minimum (ie. all workers

ever employed)3 to three monthsl. Initially, the one month time period was felt to offer a

compromise between these two options.

However, the cohort definition was subsequently adjusted to include all workers

in order to be as comprehensive as possible in identi$ring former employees. One of the
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primary objectives of a cohort study is to capture as many employees with potential

exposure as possible. This ability to maximize the capture of workers, in particular given

the fact that it was impossible to determine length of employment based on

incompleteness of some of the records, was deemed to outweigh any negative effects of

being over-inclusive.
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COHORT IDENTIFICATION

The cohort list was compiled with assistance from the former plant personnel

manager, a long-term employee, who provided the research team with a manually

compiled list of all employee records that met this definition. Unfortunately, there were

no computenzed lists of past employees that had been maintained by the company.

To veri$r the completeness of the list, cross-referencing was conducted with a list

of records that was obtained from union officials. The list compiled from management

records contained 1,796 worker names. 426 individuals were added to this list based on

union records, for a total cohort size of 2,222 men. As the study utilized a linkage

methodology, obtaining the maximal amount of individual worker identifying data

available was essential. The lists provided by plant management provided both a birth

date and hiring date for I,682 of the I,796 individuals listed. In contrast, the union lists

contained neither birth date nor hiring date information, only the year of joining the

union. In some cases, home addresses were identified.

In order to obtain additional identifying data, Manitoba motor vehicle bureau

records were searched to determine if a worker had a driver's license at the time of the

study, suggesting that the individual was still alive. Motor vehicle bureau records also

served to supplement and/or confirm birth date information. A telephone survey was

then conducted to assess the accuracy of the birth date information.

Of the 2,222 men identified,283 were excluded from the linkage process because

of insufficient personal identifying information. This left a total of 1,939 men who met

the cohort definition and who were eligible for the linkage step when the original

mortality study was conducted. Identifying information obtained during the course of the
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original study led to atotal of 1,955 men being available for the follow-up mortality and

incidence analysis.
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POWER CALCULATION/STUDY FEASIBILTY

Prior to initiating this type of study, it is essential to determine the size of the

cohort necessary to detect a statistically significant difference between the cohort and the

reference population, in this case the general Canadian male population. This is important

in order to be able to quantify the ability of the study to detect associations if they exist

(ie. the power of the study).

The power calculation for this cohort was conducted using age and year-of-hire

data. As much of this data was not available at the time of the initial proposal, a set of

assumptions was developed to facilitate the power calculation. Data that were available

included:

A total of 1,855 men had been employed in the plant's history (a number

which subsequently climbed to 2,222).

The maximum number ofjobs at any one time was 500 in 1972.

There were 3 assumptions that were utilized to estimate the size of the workforce

over time:

1. Based on discussions with plant personnel and the information that was

available, the number ofjobs at the plant at various times was estimated:

o 100 in 1947

o 250 in 1954

o 350 in 1962
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o 450 in 1968

2. 1,355 men (1,855 total - 500 peak) were hired as replacements.

3. Employees were on average 30 years of age at hire, an estimate based on

demographics at the time.

These 3 assumptions were used to generate a spreadsheet that enabled an

estimation of 50,867 person-years of observation. Using this estimate of the workforce

cohort along with age and site-specific cancer mortality rates for the Canadian male

population from the Statistics Canada database, an estimate of the expected number of

deaths was calculated.

For example, the "all cancer" mortality rate in 1979 was 16.53 deaths/10,000

population. Using the 50,867 person-years, the total number of cancer deaths expected in

this cohort would be 84.6 (Table 3). Simitarly, site-specific rates can be estimated. From

this, the power required to detect the relative risk of cancer for various definitions of

occupational exposure can be determined and hence the ability to detect these relative

risks with the size of study specified.
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TABLE 3: Estimates of expected deaths
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LINKAGE TO STATISTICS CANADA DATABASES

The completed cohort list for the individuals who met the cohort definition was

then linked to Statistics Canada's Canadian Mortality Database (CMD), the most accurate

database for identifying mortality within a Canadian population. Analyses of the CMD

have found the database to be 85-92% complete3a. A more recent publication that looked

at the vital status of a cohort of Quebec textile workers estimated the probability of

identiffing deceased and living subjects from the CMD to be 98.2% (95% confidence

interval: 97 .5-98.7%) and concluded that the use of the CMD is the method of choice for

tracing moderate to large cohorts35. The CMD has been commented on in additional

publications for its comprehensiveness and utility in cohort mortality studies36.

The CMD file identifies cause of death based on International Classification of

Diseases (ICD) codes. In order to keep these codes updated, revisions are frequently

made. For example, the most recent ICD revisions are referred to as ICD-10. For the

years of data for the cohort in this study, 1950-1989 (and 1995 for the follow-up study),

the ICD coding evolved from ICD-6 to its present revision. As a result, Health Canada

utilizes LCDC (Laboratory Centre for Disease Control) codes that are linked to specified

diseases so that the disease can be tracked as ICD codes change. ICD codes are listed in

the general category of all causes and also broken down into subsections, one of which is

neoplastic diseases, both of which were determined for the transformer plant cohort.

For the follow-up study, the cohort was also linked to the Canadian National

Cancer Incidence Database (CID) for the years 1969 to 1995 to determine linkage for

cancer incidence. Information from 1950 to 1969 was not utilized for the incidence

portion as many jurisdictions/provinces did not have a cancer case registry prior to 1969
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and therefore the database is incomplete prior to this date. This is due to the fact that the

CID is compiled primarily from provincial cancer registries. According to Statistics

Canada, the use of the CID in the OEHU research was the first time it had been used in

the linkage process. Although there had been no previous use in using the CID in this

way, the many years of experience with both the CMD and the linkage program reflected

the reliability of the Statistics Canadadatabases.
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LINKAGE METHODOLOGY

Linkage in epidemiological study refers to the fusion of two separate data sources.

Common identifiers are used to obtain outcome information. One data source typically is

composed of a cohort group that is under study, while the other is a compiled from a

large registry or database. For our study, the employee cohort and the CMD (and for the

second study, the CID) were utilized. A link was accepted when the linkage score was

very high and no additional information could be found to suggest that another individual

with a similar name was the study subject. The Statistics Canada linkage program assigns

a score to each link based on the similarity of the identifliing data.

The final decisions by the OEHU study to accept or reject the links identified by

the Statistics Canada were based on a manual review of the completeness and consistency

between the compiled employee records and, for mortality data, death certificate

information, with respect to the man's name, birth date, last address and occupation.

EXAMPLES OF THE LINKAGE PROCESS (The

these examples are fictional and have been created

process.)

Example 1:

personal identiffing information in

in order to demonstrate the linkage

Employee: Jack Stark. Date of Birth (DOB): I94ll08l09.

Link: Jack Stark. DOB: 1941108108. Province: Manitoba.

Linkage score: 540.
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This is an example of a highly matched link, which is reflected in the high linkage score.

Example 2:

Employee: Frank Jones. DOB: IgI9l04lI0

Link: Fred James. DOB: I9I9l04lI1. province: Alberta

Linkage score: 32

This is an example of a poorly matched link.

Example 3:

Employee: John Smith. Date of Birth: 1933/09/06

Link 1: John Smith. DOB: 1933/06109. province: Manitoba.

Linkage score: 300.

Link2: John smyth. DoB: 1933109106. province: Saskatchewan.

Linkage score: 210

For example 3, there are three possible interpretations:

a) Link 1 is the correct link and the birth date was recorded incorrectly.

b) Link 2 is correct, the name was misspelled and the employee had moved to

Saskatchewan.

c) Neither is a correct link and John Smith is still alive.

47



Example 4:

Employee: Bob Anders. Date of Birth: 1908lll/06

Link 1: Robert Anderson. DOB: 1911108/06. Province: Ontario.

Linkage score: 20.

Death certificate: Robert (Bob) Anderson. Died: Kenora, Ont.

Occupation: Transformer assembly, Federal Pioneer, Wiruripeg, Mb.

Although the linkage score was weak, the additional information supplied by the death

certificate confirms the link.

Examples 2 and 3 demonstrate the importance of manually reviewing the links.

Example 4 reinforces this point in addition to demonstrating the ability of the

supplemental information to assist with the process. For the majority of the employee

cohort, there was either no linkage identified or a strongly matched link. However, for

those employees with multiple links or poorly matched links, it was essential to manually

review the linkage file. During the process of manually reviewing the links, the

investigators needed to consider how likely it was that a given error could have occurred

in the record keeping process at the plant. In the case of example three, an error for link

number one could have occurred when recording the birth date, with the month and day

being reversed. This is a common error and therefore increases the liketihood of it being a

correct link. For link number two, the error that could have occurred was in the spelling

of the last name. If this worker's last name was in fact spelled "Sm¡h" and pronounced

"Smith", it makes sense intuitively that was how it was spelled in the records and again,
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increases the likelihood of the link being accurate. The probabilistic linkage process used

by Statistics Canada takes many of these factors into account. However, the step of

manually reviewing the links by the investigators remains a necessary and efficient step

for those records with multiple tinks and for records where the linkage score was in the

indeterminate range.

It is a challenge to quantiÛr the linkage process, given the inherent variability in

the links that made subjective decision making essential. The linkage score determined

by the Statistics Canada program provided a quantified component of the accuracy of the

links and, by combining this with a manual review, created the most accurate linkage list

possible. Fortunately, of the 750 total links identified by the original mortality study, 138

were identif,red as definite, with 12 probable and2l possible (Table 4). This breakdown

re-emphasizes the fact that the majority of the links were either quickly rejected or

strongly matched and therefore the number that required a more extensive manual review

was relatively small.
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OEHU LINKAGE ANALYSIS

As is indicated above, the linkage process does not provide categorical "yes or

no" answers to the question of whether or worker died (or developed) cancer. Based on

the strength of the matches generated by the Statistics Canada program, combined with a

manual review, linkages were classified into one of 3 categories, identified as "definite",

"probable" or "possible". Links identified by the progïam that did not meet the criteria

for one of these categories were rejected. The criteria for the three categories of accepted

links were:

Definite: Identical/high similarity name and birth date and Manitoba identifier.

Probable: Moderate similarity in name and birth date and Manitoba identifier.

Possible: Moderate similarity in name and birth date with no Manitoba identifier.

In order to ensure that the record linkage process truly identifîed individuals who

worked at the plant, all links were manually reviewed (blinded as to cause of death or

cancer diagnosis) before the link was accepted.
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LINKAGE RESULTS

Table 4 demonstrates the number of accepted links that were identified for both

the original mortality and follow-up studies.

Of the I,939 employees included in the cohort for the original mortality analysis,

there were 750 workers for whom at least one death certificate for the time period from

1950-i989 was identified by the Statistics Canada program as a potential match. Of these

750 links, only lTl were found to meet the study team criteria required to be identified as

a link.

The 17l linked deaths identified from the original mortality analysis were not re-

reviewed for the mortality portion of the follow-up study. The rationale for this was

three-fold:

1) There had been no indication in the intervening time period that the cohort list

compiled for the initial study was inaccurate.

2) To avoid a repetition of tasks.

3) To allow for a valid comparison between the mortality results from the original

study and the second study.

The follow-up mortality and incidence study, as is indicated above, utiiized the

same list that had been used in the original study, but was able to supplement the

information available for the cohort so that 1,955 workers eligible for the linkage step

that included the years 1990-1995. Ninety (90) death links were accepted by the follow-

up mortality analysis, of which 51 were considered "definite" (i.e. an exact match to
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workers who had definitely been employed in this plant). The follow-up mortality

analysis was therefore able to examine 26i deaths, of which 189 were categonzed. as

"definite", 28 as "probable" and 44 as "possible.

As cancer incidence had not been a part of the original mortality study, there was

no group of links that were brought forward. Of these, one hundred sixty-eight (168)

incident cancer cases were identified by the study team criteria (Table 4). One hundred

twenty-three of these were classified as "definite", a proportion that was similar to the

mortality analysis.
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TabIe 4: Number and strength of accepted mortality and cancer incidence links of
workers employed at a transfoÍner manufacturing plant

Strength of Link rr^,^r:¿_. r :_1_^ Cancer IncidenceMortality Links 
Links

Years of linkage 1950 to 1989 1990 ro 1995 Total 1969-1995

Definite

Probable

Possible

138 51 189 r23

28 45

440
T2

2T

t6

23

Total links l,7r 90 261 168
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CHART REVIEW

As discussed above, many of the links identified through the Statistics Canada

linkage were not accepted following a manual review of the linkage list because these did

not meet the study team's criteria for acceptance as a link. For the mortality

determination, some of the links were confirmed using additional information recorded

on death certificate microfiche, a tool that was not available for the incidence linkages.

Therefore, in order to supplement the available information for links that were deemed to

be questionable, a chart review was conducted.

One fact that rapidly became apparent while conducting the chart review was how

infrequently occupational information was described. This is despite the importance of

workplace exposures in taking a medical history, especially in cases of cancer.

The chart review for logistical reasons was restricted to Manitoba cancer cases.

Fortunately, the majority of the links in question were from Manitoba, which is to be

expected given that the identifying location for the cohort was Manitoba. Permission was

obtained from Cancer Care Manitoba to conduct the chart review.
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SMR DETERMINATION

The final step was to ascertain how the number of deaths experienced by this

cohort compared to that which would have been expected based on national mortality

data. Using the mortality experience of the Canadian male population as a standard,

Monson's survival analysis computer progra*3t was used to obtain age and calendar

year-adjusted standardized mortality ratios (SMRs) with 95Yo confidence intervals (CI).

These two factors were standardized as both have considerable effects on mortality rates.

Increasing age is associated with increased mortality, as is calendar year, based on the

improvements in medical diagnosis and treatment.

Standard statistical methods based on the Poisson distribution were used to

ascertain significance of the SMRs, which were obtained for all cause mortality, cause-

specific mortality and site-specific cancer mortality.

Monson program: In the early 1970s, Monson developed a computer program for

comparing mortality in a defined group with the general population. In 1985, Statistics

Canada developed a project aimed at enabling Monson's program to work with the

Canadian mortality database. Since that time, Statistics Canada has utilized the Monson

program to calculate SMRs for cohort studies, standardized for various factors such as

age, to allow comparisons with the Canadian population.
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The Poisson distribution: When a research topic is charactenzed by a large group oï

population size, it becomes complex to use the binomial distribution to calculate an

expected number of events and a standard deviation. When the events under study are

rare, as is the case in the Federal Pioneer example where cancer numbers are small in

relation to the total cohort size, the Poisson distribution is used in place of the binomial

distribution.
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METHODOLOGICAL CONSIDERATIONS

The goal of the research described by the Winnipeg transformer plant analyses is

to attempt to answer the fundamental question of whether exposures to MWFs used

within the plant were the cause of the subsequent development of different types of

cancer for former employees of the plant. One of the important features of the study is the

necessity for using retrospective data, based on the fact that the worþlace exposures

occurred between 20 and 40 years ago. The degree to which research can identi$r cause

versus identifying an association is a challenging issue. Ideally, causality assessments

utilize a randomized control trial (RCT) methodology where prospective data are

collected. As this study looks at data from a cohort where the worþlace exposures took

place many years prior to the initiation of the study, there was no possibility to conduct a

prospective analysis. As well, it would be unethical to conduct a RCT looking at human

exposure to suspected carcinogens. Therefore, the historical cohort approach is in fact an

invaluable resource in assessing the relationship between workplace exposures and

adverse health effects, such as cancer development.

The use of a retrospective historical cohort methodology has the potential

advantage over a prospective study in providing a longer observation period, an

advantage that is particularly useful within the area of cancer research. One of the major

obstacles in cancer epidemiology is the long latent period between exposure and

diagnosis. Published case reports point to the fact that several years elapse between the

onset of exposure to a potentially carcinogenic material and tumour developments. For

the follow-up analysis of the Winnipeg transformer plant, 20-48 years of observation
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were available, based on the year of hire (1947-I975) and the last year of inclusion into

the analysis (1995). This duration of observation is rarely possible when doing

prospective research and provides a good example of how retrospective d,ata are more

uniquely suited to address this challenge that is posed in many occupational

epidemiolo gical investigations.
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OVERVIEW OF STUDY METHODOLOGY

Perhaps the most effective way to explain the relationship between the original

mortality study and the follow-up mortality/incidence analysis is presented in the

foilowing chart:

*BOLDED AREAS INDICATE THOSE IN WHICH THE AUTHOR

PARTICIPATED.

ORIGINAL MORTALITY
STUDY

FOLLOW-UP MORTALITY
AND INCIDENCE

OBSERVATION
PERIOD

1 950-1 989 I 950-1 995

COHORT 2,222 (t,939 FOR LINKAGE) SAME AS THE OzuGINAL
MORTALITY STT'DY

(1,95s FOR LINKAGE)

EXPOSIIRE
ASSESSMENT

BASED ON EMPLOYMENT
DTJRATION AND
DEPARTMENT

SAME

LINKAGE STATISTICS CANADA
PROGRAM AND CMD

FROM i950-1989

SAME, BUT \ryITH
ADDITIONAL MORTALITY

FROM 1990-1995 AND
LINKAGE WITH THE CID

FROM 1969-199s

CONFIRMATORY
IDENTIFIERS

DEATH CERTIFICATES SAME, BUT WITH CANCER
REGISTRY FOR INCIDENCE

ANALYSIS STATISTICS CANADA
MONSON'S PROGRAM

SAME

PIIBLICATION Americøn Journal of Industrial
Medicine 1995

American Jountøl of Industrial
Medicine 2003
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SECTION IV:

RESULTS
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CANCER MORTALITY

TOTAL MORTALITY

Table 5 shows the mortality experience of the cohort of transformer

manufacturing plant employees relative to the mortality rate of the Canadian male

population. The sub-groupings are based on the three categories of linkages determined

by the study group and also by length of observation period and duration of emplolnnent.

'When 
assessing the accuracy of mortality data, the first step is to look at the

overall standardized mortality ratio (SMR). The overall SMR should approach 1.0, based

on the hypothesis that the cohort is representative of the population as a whole and

therefore their mortality rate would be comparable. An unusually low or high SMR

would suggest one of two hypotheses:

That the data might be inaccurate.

That the workforce had a truly different mortality experience. Again, for this

second scenario there are two possibilities:

o Low SMR: Would only been seen in an unusually healthy workforce. The

Healthy Worker Effect is an example of how this can occur.

o High SMR: A worþlace environment that creates a significantly elevated

total mortality, which could be due to a number of different factors.
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Table 5: Mortality experience from 1950 to 1995 by cohort definition of workers employed at a transfonner manufacturing plant

cohort Strength Number 
Person

Definition of Link WoTi.r, Years

All

All workers
Definite

All

Worked >6
Months Definite

1955

r923

Number
of

Deaths

Transformer
assembly
department
workers

52,085

51,516

8t2

810

Total
Mortality

All

Definite

26t

204

2r,454

2r,509

0.96
(0.84,1.08)

0.78
(0.68,0.90)

309

309

All
Cancer

Mortality

104

90

Standardized Mortality Ratio
(95 % confidence interval)

8,197

8,231

1.23
(0.99,1.52)

0.91
(0.10,r.r7)

0.86
(0.70,1.04)

0.74
(0.59,0.91)

Digestive Pancreatic
Cancer Cancer

31

1.33
(0.88,1.94)

0.88
(0.51,1.40)

1.19
(0.85,1.63)

0.97
(0.66,1.37)

26

0.97
(0.66,1.3 8)

0.80
(0.52,t.11)

3.56
(1.90,6.09)

2.00
(0.80,4.12)

1.30
(0.62,2.28)

0.86
(0.37,1.69)

1.61

(0.86,2.75)

t.2l
(0.58,2.22)

Gall
Bladder

2.02
(0.03,rt.24)

0

(0,0)

4.79
(2.06,9.45)

2.97
(0.96,6.93)

2.71
(0.99,5.90)

1.76
(0.47,4.51)

Melanoma

1.78
(0.20,6.43)

1.80
(0.20,6.51)

7.48
(1.50,21.8)

4.86
(0.ss,17.6)

0

(0,0)

0

(0,0)

0
(0,0)

0
(0,0)

0

(0,0)

0
(0,0)

0
(0,0)

0

(0,0)



As indicated in Table 5, when defining the cohort as "all workers who ever

worked at the plant", the total mortality experience was slightly lower than the general

Canadian male population (SMR:0.96), however this difference was not statistically

significant (0.84-1.08, p>0.05). The cohort was then reduced to include only those death

links identified as "definite", excluding "possibles" and 'þrobables". When this was

done, the SMR was determined to be 0.78, which was significantly different from the

general population (0.68-0.90, p<0.05). The development of significance when the cohort

was restricted to "defrnite" links reinforces the rationale for maximizingthe cohort size.

The cohort's mortality experience specifically from cancer, when all cancer sites

were included, was 23o/o greater than the general Canadian male population (1.23,0.99-

I.52), but this SMR was slightly beyond the range required for statistical significance.

The finding that the overall mortality and all-cancer mortality was only 78o/o and 9lo/o,

respectivelY, of what would have been expected when only the "definite" links were

included in the SMR calculations indicates that there were deaths that would have been

missed if had the "probable" or "possible" links been excluded from the overall data.

SIJB-GROUPINGS

In addition to calculating rates for the linkage categories, SMRs were also

calculated for specific sub-groupings of the cohort. These groupings included:

Workers with more than 6 months experience working in the plant.

workers specifically employed in the transformer assembly department.
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This was done in order to determine if these sub-groups would demonstrate SMRs

different from those seen for the total cohort, given the hypothesis that they would be at

greater risk as a result of larger exposures. The mortality experience for these sub-groups

was similar to the cohort taken overall in that there was a trend toward higher SMRs for

all-cancer mortality and lower SMRs for total mortality, but not to the point of statistical

significance. These findings did however help to further reinforce the accuracy of the

data.
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SITE-SPECIFIC MORTALITY

Of the various cancer sites looked at for mortality, only pancreatic cancer

demonstrated a statistically significant increase. The rate of mortality from pancreatic

cancer when the entire cohort was looked at was almost four times greater than that of the

Canadian male popuiation (3.56,1.90-6.09). When the linkage was performed to include

only those workers whose death certificates were categonzed as "definite", the mortality

rate due to pancreatic cancer was twice that of the Canadian male population, albeit now

not statistically significant þ:0.066).

Mortality due to malignant melanoma was not significantly increased, SMR:I.78

(95% CI;0.20 - 6.43) nor was mortality due to gallbladder cancer significantly increased

(1 case, p:0.391), findings that become important once the incidence data was analyzed.

Given the evidence between a number of gastrointestinal malignancies and MWF

exposures, the data for "digestive cancers" as a group was also looked assessed. This

group included ICD codes 150-159, which represented the following cancer sites:

150: Esophageal

151:Stomach

152: Small intestine

153: Colon

154: Rectum

155: Liver, intrahepatic bile ducts

156: Gall bladder, extrahepatic bile ducts
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157: Pancreas

158: Peritoneum

159: Ill-defined digestive organs and peritoneum

Similar to melanoma and gall bladder

together was not significant in terms of mortality

incidence analysis.

malignancy, digestive cancers taken

but did prove to be significant in the

SUB-GROUPINGS

Defining the workforce as "those who had worked for greater than six months"

the results are similar to those described above. Of specific interest is the fact that the

mortality from pancreatic cancer was approximately five times that of the Canadian male

population, again statistically significant. However, again if only those whose links were

"definite" are included, this figure falls to approximately three times the rate of

pancreatic cancer mortality of the Canadian male population and was not statistically

significant.

Defining the workforce as "only those workers employed for at least 6 months in

the transfonner assembly department", the results were again similar. Total mortality

was slightly lower than the Canadian male population (97% of expected), the cancer-

specific mortality rate was 1.61 (i.e. 6I%o greater than the Canadian population) but not

statistically significant, and mortality from pancreatic cancer was 7 times that of the

Canadian male population, again statistically significant. By excluding links that were

probable but not definite, the level of statistical significance becomes non-significant.
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For "workers employed in the transformer assembly department for more than six

months", the SMR for stomach cancer was 5.08. That is, workers in this department had

more than five times the rate of stomach cancer compared to the Canadian male

population of the same age during the same calendar time. However, the level of

statistical significance was higher than is usually accepted (p:.06) with a very wide

confidence interval (95% CI1,0.57 - 18.3).
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CANCER INCIDENCE

Table 6 shows the results of the analysis of cancer incidence in this cohort. There

were 168 cancer cases in these workers, constituting a statistically significant increase in

cancer incidence compared to the general Canadian male population. Ten (10) cases of

pancreatic cancer were identified between the years 1969 and 1995, for a statistically

significant increase in incidence. Regardless of the definition of the cohort (all versus

definite; those who worked more six months; those who worked in transformers

assembly), all had an increased risk of pancreatic cancer. For workers who had

specifically been employed in the transformer assembly department, the SIR for

pancreatic cancer was 7 .2, a statistically significant finding.

There were 48 cases of digestive cancer, also a statistically significantly

increased standardized incidence ratio (SIR) of 1.44 (95% CI;1.06 - 1.90). of the

digestive cancers, there were seven (7) cases of stomach cancer identified, for an

increased SIR of 1.32. However, this was not statistically significant (95% CI;0.53 -

2.72). There was a significantly increased risk of gallbladder cancer (4 men) identified

not only for all workers in this cohort, but also with the restricted definition using only

"definite" links, where the SIR was 5.08 (95% CI 1.38 - 13.0).

Apart from the digestive cancers, the only other finding that demonstrated a

statistically significant difference was the increased SIR for malignant melanoma of Z.Z0

(95% U;1.05 - 4.04), based on ten (10) incident cases. With respect to skin cancer and

the Canadian cancer databases, one challenge that exists results from the fact that

melanoma is identifiable by the coding system while other skin-specific cancer sites are
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not. The data is described only in terms of melanoma and non-melanoma skin

malignancies. Therefore, the ability to describe a specific risk for other skin tumours such

as squamous cell cancer, for which there is evidence in the literature of an association

with MWF exposure, was not available.
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Table 6: Cancer incidence from 1969 to 1995 by cohort definition of workers employed at a transforïner manufacturing plant

Cohort
Definition

All workers All

Definite

Strength Number of
of Link Workers

'Worked >6 All
months

Definite

1948

1931

Person
Years

Transformer All
assembly
department
workers Definite

52,094

51,832

Incident
Cancers

812

811

168

r23

21,290

2I,339

All Sites

-l )

309

309

t.I7
(1.00,1.36)

0.86
(0.72,1.03)

Standardized Cancer Incidence Ratio
(9 5o/o confrdenc e interval)

65

Digestive Pancreas Gallbladder

8,147

8,r70

7.44 2.68 5.07
(1.06,1.90) (t.29,4.94) (1.36,13.0)

t.I4 2.70 s.08
(0.81,1.s7) (1.29,4.96) (1.38,13.0)

56

1.04
(0.80,1.32)

0.88
(0.67,1 .15)

18

1.09 4.27 2.89
(0.62,t.77) (1.71,8.80) (0.04,16.1)

1.01 4.23 2.86
(0.s7,1.67) (t.70,8.72) (0.04,15.9)

t6

1.06
(063,1.68)

0.94
(0.54,1.53)

1.s8 7.22 0
(0.s8,3.43) (r.4s,2r.r) (0,0)

t.s7 7.20 0
(0.s7 ,3 .42) (t .4s,21 .0) (0,0)

Melanoma

2.20
(1.05,4.04)

t.7s
(0.76,3.46)

2.09
(0.56,5.34)

r.04
(0.12,3.74)

1.s6
(0.02,8.68)

1.55
(0.02,8.64)



SECTION IV:

DISCUSSION
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The determination in the laboratory of the carcinogenicity of a physical, chemical or

biological agent is a complex task. This task is even more challenging when it is done in

the context of a worþlace exposure because of the difficulty in controlling for

confounding factors and the fact that the exposure in much of this research occurred

previous to the initiation of the study, making an accurate exposure assessment difficult.

The objectives of this thesis reflect the knowledge and tasks required in order to complete

this determination for the Federal Pioneer example:

1. Background review: The literature around metalworking fluids and mineral oils is

complex and drawing definitive conclusions is a challenge. Some of this

information has already been discussed and the remainder of this paper will focus

on some of the issues around this topic, including a specific review of pancreatic,

skin and gall bladder cancer, and some of the principles of exposure assessment

and causality determination.

2. Process: An understanding of and participation in the linkage process in the

context of an occupational cohort was obtained. This was completed during the

course of the research and was an invaluable experience given the importance of

the linkage methodology in modem epidemiological research.

3. Conclude and communicate: Both this thesis and a joumal publication resulted

from this work.

4, Implications: Develop an understanding of the process required to complete this

ffie of research and the implications that the findings can have on those involved.
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MWFs

The major difficulties for researchers looking at metalworking fluids, including

mineral oils, have been to identify what types of oils create an increased risk and what

cancer sites are involved. Part of this difficulty arises from confusion around the

nomenclature of MWFs, which has resulted from the fact that they are defined more on

the basis of their function than on chemical composition, which is often complex and

difficult to determine. MWFs can be divided into four types of formulation2l:

1) Straight (or insoluble) oils, also referred to as "neat oils": Made from naphthenic

oils and containing no water. Straight oils have the greatest lubricity and lowest

cooling capacity of the M'WFs, making them preferred in operations that generate

relatively less heat.

2) Soluble (emulsifiable) oils: Similar to straight oils, but generally more viscous,

and emulsifred in water. Cheaper and better coolants, but lesser lubricating

properties, when compared to straight oils.

3) Synthetic (chemical fluids): Do not contain petroleum base oils.

4) Semi-synthetic: Contain small amounts of oils and are similar to straight oils,

differentiated by the degree of emulsification.

MWFs are used extensively in a number of industrial settings to cool and

lubricate working surfaces, remove metal chippings and to provide corrosion protection3s.

A variety of chemicals are typically added to these mixtures to improve the performance

characteristics of the fluids. These chemical additives can include rust and corrosion
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inhibitors, biocides for control of bacterial andlor fungal contamination and extreme

pressuïe additives3e. Much of the worþlace exposure data in the literature has been

drawn from assessments in petroleum production and distribution.
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MWFs AND CARCINOGENICITY

Drawing conclusion from the literature on the cancer risks associated with

mineral oils is a complex task. The large degree of heterogeneity between the different

formulations of MWFs means that results from specific studies and meta-analyses can be

difficult to interpret and generalize. Additionally, determining the amount of exposure

that a worker receives is a difficult task, both in terms of time and quantity. Exposures

can occur via dermal immersion and adsorption, oral ingestion or respiratory inhalation in

the presence of mists. Some of the research that has looked at the associated health risks

has been conducted in animals while others have been epidemiological studies in human

populations. The applicability of a finding of a negative health outcome in an animal

subject to human health risks is a frequent area of controversy. Therefore, while a given

study may have internal validity, external validity witl be more difficult to obtain. It is

this reason in particular that reinforces the importance of evidence derived specifically

from a given exposure, such as that provided by the OEHU team for the Federal Pioneer

case, when assessing carcinogenic risk from MWFs.

The difficulties in assessing risk within individual studies emphasizes the need to

have consensus statements developed in order to synthesize the available data. In

response to this need, reports have been published by NIOSHIl and the IARC22 that have

attempted to summarize and draw conclusions regarding the carcinogenicity of mineral

oil solvents. These reports have resulted from systematic reviews of the literature in order

to clariff the issue and found that the evidence for mineral oil carcinogenicity is strong,

particularly for MWFs used prior to the mid-1970s, as described by the NIOSH report.
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One of the recommendations from this report was the reduction in the exposure limit for

MWFs.

Industry changes that occurred in the mid-1970s and that led to an alteration in the

composition of MWFs included both new production methods for MWFs and also new

types of fluids. For example, the use of water-based and sl,nthetic/semi-synthetic fluids in

preference to straight oils increased. Perhaps the most significant change was the

introduction of more severe refining process that reduced the content of polyaromatic

hydrocarbons (PAHs) in straight oils, and which has a significant impact on carcinogenic

potential, as demonstrated from the skin cancer work by Jarvholmao.

In modern MWF refining, aromatics are removed using solvent extraction,

catalytic hydrotreating, or both. As aromatic compounds are undesirable constituents in

MWFs from both a lubricant performance and health hazard standpoint, the use of

mixtures with low aromatics increased as modern lubricants evolved. In order to ensure

safer fluids are in use, assays were developed in the 1980s that measure the concentration

or biological (mutagenic) activity of carcinogenic PAHs in MWFs. The IP346 and

Modified Ames tests are effective predictors of carcinogenicity and are now commonly

used to characterize the carcinogenic potential of M'WFsal.

Questions have been raised about the impact these changes have had on

carcinogenic risk. An analysis of a cohort of 46 399 automobile manufacturing workers

published in 2001 identified a risk for a number of different types of cancer, including

several gastrointestinal malignancies, persisting at current levels of exposure to water-

based M'WFs3e. However, this study also compared the risk of cancer development with
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decade of hire and a lowered risk for those hired after 7970, consistent with a decrease, if

not elimination, in the carcinogenicity of the mixtures used after the mid-1970s.

Given the large degree of heterogeneity within the mineral oil mixtures used and

the increasing body of information on the health risks associated with these classes of

chemicals, the fact that older MWF formulations seem to be associated with a greater risk

than those developed more recently is not surprising. Within the MV/Fs, the specific

formulation(s) responsible for the observed elevation in cancer risk is still uncertain.

Some of the evidence does however seem to point to a greater risk for straight and

synthetic oils, with a relatively lower risk for soluble oils3e. Therefore, production of

MWFs has incorporated this knowledge into the development of newer formulations that

do not contain these types of chemical formulations.
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PANCREATIC CANCER

Pancreatic cancer is the fourth most conÌmon malignancy in both men and women

in North America, behind lung, breastþrostate and colorectal. Approximately 30 000

people in the United States are diagnosed and another 30 000 die from the disease each

year. Approximately 180 000 cases are registered annually worldwide. One-year relative

survival is 20-30o/o and five-year survival is approxim ately 5o/o6, statistics that point to the

dismal cure rate for this disease.

A recent review afücleaz that looks at the etiology of pancreatic cancer describes

germ-line mutations in p16 and BRCA2 and chronic pancreatitis as risk factors that

appear to be associated with between 8-14% of cases. The only established risk factor

that has been identified for this form of malignancy is cigarette smoking, which has been

estimated to cause between 5-50% of cases, depending on the populationa3. Regular

smokers have two-three times the risk of non-smokers and, as would be expected, risk

increases with increasing frequency/durationoo. Some dietary factors are also believed to

play a role, although causality has been less conclusively demonstrateda5. Additional

hypothesized risk factors include increased gastrointestinal acidity, Helicobacter pylori

colonization and diabetes mellitus. Interestingly, the review specifically looks at the role

of //-Nitroso compounds and provides a molecular rationale for their role as

carcinogensa2. As mentioned previously, nitrosamine compounds have frequently been

found in MWF mixtures and have only recently been removed due to suspected health

risks.

78



Regarding the question of pancreatic cancer, a form of malignancy that can be

included within the broader grouping of gastrointestinal malignancies, and occupational

exposure, there is evidence both for and against. For example, a well-known study by

Decoufle ín 197846 did not demonstrate a relationship, although there was evidence of an

association with stomach cancer. A meta-analysis out of FinlandaT that looked

specifically at pancreatic cancer similarly found no evidence of an elevated risk.

Interestingly, however, there was an elevated risk for PAHs, in keeping with the findings

by Decoufle, who identified PAHs as one of the primary carcinogenic compounds in

mineral oils. The meta-analysis surveyed publications from 1969 to 1998, but does not

describe the risk from oil mist exposure for those used prior to the 1970s in comparison

to the more recent formulations.

Other studies33'48' 4e' 50 indicate MwF exposure does lead to an increased risk of

pancreatic cancer. Acquavella et. a1.48 looked at a cohort of 3,630 employees who had

worked for a minimum of 6 months. The study demonstrated a positive association for

workers exposed to MWFs at a plant in lowa. Interestingly, the elevated risk was limited

to workers exposed in the 1950s, thereby providing further evidence that the elevated

cancer risks that have been demonstrated with M\ryF exposure are greater for exposure to

older formulations. Also of note, the number of cancer cases was small (5) and therefore

raises the question on the strength of association that can be concluded. An extended

case-control study of a large cohort of workers in the automobile industry in Michigan,

the most recent publication from which has been previously described3e, found the

elevated risk with exposure to specific oii typesae'50.
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There have also been several proportional mortality ratio (PMR) studies that have

shown a relationshipsl' sz' sr, although it has been noted that PMR studies may

inaccurately represent risksa. An interesting finding from one of these studies includes the

ñnding of an increased risk for black, but not white, workerss3.
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GALL BLADDER CANCER

In addition to pancreatic cancer, a number of other gastrointestinal malignancies,

including stomach, esophageal and rectal cancer, were included on the NIOSH list of

cancer types with strong evidence for an increased risk. Gallbladder cancer, the second

cancer site for which an association was demonstrated by the UM OEHU studies, is

another form of gastrointestinal cancer, but one for which there is much less published

literature available. Within the IIM OEHU data, there was not an increased risk of

mortality due to gallbladder cancer identified; however some of the evidence that is

available in the literature points to a relationshipss's6. The 1987 Ontario IDSPa study also

points to a relationship between PCBs and biliary cancer. However, a review of the

literature did not reveal any studies that specifically examined gallbladder cancer

incidence and mineral oil exposure.
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SKIN CANCER

In NIOSH's 1998 report, skin cancer was one of the six sites for which a

significant risk has been associated with exposure to MWFs. Much of the evidence for

this association has come from work done by Jarvholm, which describes an increased risk

for squamous cell skin tumourslo' 40' 5t. The evidence specifically for melanoma as

opposed to squamous cell carcinoma is less clear. However, carcinogens to skin are often

associated with skin cancers in general and therefore a significant finding for melanoma

is biologically consistent.

Skin cancer in particular is an interesting cancer site because the possibility exists

to perform relatively simple determinations of carcinogenicity in the laboratory. Animal

models have been performed by painting PAHs and mineral oils on skin, with reported

dose-response relationships. In describing a statistical model for skin tumour risk,

Jarvholm and Eastonao also point out two features for mineral oil exposures that are

particularly relevant for the Federal Pioneer example. The first is that cutting oils used

prior to 1975 were based on acid refinement, a process that was later changed to one that

produces oils that do not constitute a risk for skin cancer. The second is that used oils

appear to have a greater carcinogenic potential. While there is no indication of this in the

literature, it could be hypothesized that oils were more likely to be reused prior to the

1970s when the more stringent industry standards were put in place. Combining these

changes in refinement, decreases in PAH content and other possible factors that resulted

from the changes in standards, the plausibility of an elevated risk for skin cancer in the
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Federal Pioneer cohort, given that their exposures occurred prior to 1975, is clearly

apparent.
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REGULATORY MEASURES

The 1998 NIOSH report indicates the evidence of carcinogenicity being

particularly strong for MWFs used prior to the mid-1970s. In the past 30 years, levels of

suspected carcinogens such as polyaromatic hydrocarbons and nitrosamines have been

reduced in mineral oil formulations. Most of the compelling evidence for carcinogenicity

comes from studies involving earlier preparations, such as those used at the transformer

plant in this study. The resistance to degradation and persistence of the chemicals found

in MWFs in the environment is important to consider when disposal and dismantling of

electrical equipment containing them is performed. As the life expectancy of transfoÍners

is more than 30 years, many of the transformers still in use will be those containing the

earlier MWF mixtures used before newer refining methods were in place.

As described previously, one of the results of the increasing concern regarding the

perceived negative health effects associated with occupational use of MWTs were those

taken beginning in the 1950s to reduce concentrations of suspected carcinogens in

metalworking fluid mixtures, beginning with polyaromatic hydrocarbons and PCBs. In

1976, the Occupational Safety and Health Administration (OSHA) in the U.S. issued an

alert regarding possible adverse health effects related to nitrosamines in MWFs2i. This

was followed in the 1980s by regulations directed at nitrosamines implemented by the

Environmental Protection Agency (EPA) in the United States, including a prohibition on

the addition of nitrosating agents to MWFs3e. Some of the other agents of interest include

other types of hydrocarbons and metals such as chromium and 1ead21.
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A number of different recommended exposure limits (REL) have been identified.

The OSHA air contaminant permissible exposure limit for mineral oil mist is 5 mglm3 for

an 8-hour time weighted average (TWA). The American Conference of Govemmental

Industrial Hygienists (ACGIH) threshold limit value (TLV) for mineral oils is 5 mg/m3

for an 8-hour TWA, and 10 mglm3 for a 15-minute short-term exposure limit (STEL)5s.

For MWFs, the 1998 NIOSH report recommended a REL for MWF aerosols of

0.4 mglm3 for thoracic particulate mass as a time-weighted average (TWA) concentration

for up to 10 hours per day during a 40-hour work week. In 1999, the oSHA

Metalworking Fluids Standards Advisory Committee also recommended a new 8-hour

time-weighted average permissible exposure limit (PEL) of 0.4 mg/m3 thoracic

particulate (0.5 mg/m3 total particulate). These limits have been set based on the evidence

for an association with nonmalignant respiratory effects, such as asthma and diminished

lung function, not from the risk for malignancyss.
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CAUSALITY ASSESSMENT

In a study such as the ones described here, the identification of a relationship

between an agent (eg. mineral oils) and an outcome þancreatic cancer) is best described

as an association. Unfortunately, such findings of association are often misinterpreted as

evidence of a causal relationship. While the f,rnding of an elevated SMR for pancreatic

cancer in relation to exposure to the MWFs used at this transformer plant does provide

some evidence, this fact alone does not establish a causal relationship.

Sir Austin Bradford-Hill developed a list of criteria that when met provide strong

evidence for causalityte. The Federal Pioneer example can be examined with these nine

criteria to assess the evidence for a causal association between exposure to MWFs and

cancer:

1. CONSISTENCY AND TINBIASEDNESS OF FINDINGS: Confirmation of the

association by different investigators, in different populations, using different

methods.

Federal Pioneer: The original and follow-up studies were both consistent with

each other and with much of the published literature, a fact supported by the

IARC and NIOSH documents, which are the two major consensus documents on

this subject. The evidence has come from a number of different investigators.

Meets criteria: Yes
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2. STRENGTH OF ASSOCIATION: Two aspects: the frequency with which the

exposure is found with the disease, and the frequency with which it occurs in the

absence of the disease. The larger the relative risk, the greater the evidence for a

causal association.

Federal Pioneer: Both studies demonstrated a strongly significant SMR for

pancreas. This is strengthened by the fact that the overall SMR approximated 1.0.

Meets criteria: Yes

3. TEMPORAL SEQIIENCE: Exposure to the factor must occur before onset of the

disease. In addition, if it is possible to show a temporal relationship, as between

exposure to the factor in the population and frequency of the disease, the case is

strengthened.

Federal Pioneer: Cancer cases occurred subsequent to exposure to the worþlace.

Meets criteria: Yes

4. BIOLOGICAL GRADIENT (DOSE-RESPONSE RELATIONSHIP): Finding a

quantitative relationship between the factor and the frequency of the disease. The

intensity or duration of exposure may be measured and increasing exposure

results in an increasing rate ofdisease.

Federal Pioneer: Workplace exposures were qualitatively described as high to low

risk. Cancer risk increased for those workers with a greater exposure. For

example, those workers in assembly had the highest SMRs.

87



Meets criteria: Yes

5. SPECIFICITY: If the determinant being studied can be isolated from other

exposures and shown to produce changes in the incidence of the disease, e.g., if

thyroid cancer can be shown to have a higher incidence specifically associated

with fluoride, this is convincing evidence of causation.

Federal Pioneer: Among cancer types, pancreas specifically and GI cancers in

general appear to be causally related. The fact that different studies in different

populations have similar findings implies a degree of specificity and helps to

decrease the likelihood of confounders being involved.

Meets criteria: Yes

6. COHERENCE WITH BIOLOGICAL BACKGROUND AND PREVIOUS

KNOWLEDGE: The evidence must f,rt the facts that are thought to be related,

e.g., the rising incidence of dental fluorosis and the rising consumption of fluoride

are cohe¡ent.

Federal Pioneer: Aromatic hydrocarbon and other worþlace chemicals have been

shown in numerous settings to be carcinogenic.

Meets criteria: Yes
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7. BIOLOGICAI PLAUSABILITY: The association fits well with previously

existing biological knowledge.

Federal Pioneer: As for Coherence.

Meets criteria: Yes

8. REASONING BY ANALOGY: As for Coherence, Plausibility.

Meets criteria: Yes

9. EXPEzuMENTAI EVIDENCE: This aspect focuses on what happens when the

suspected offending agent is removed. The evidence of remission or resolution of

significant medical symptoms following removal would strengthen the case.

Experimental evidence can also be obtained from animal models.

Federal Pioneer: Not as applicable for cancer as the condition does not resolve

when the carcinogen is removed. However, the indication that cancer risk

decreases with the use of more refined MWFs supports this criterion.

Meets criteria:N/A

89



RISK ASSESSMENT

The process of determining whether a given hazard presents a risk to human

and./or environmental health is referred to as Risk Assessment. This is a methodology that

has become increasingly developed and more structured in recent years.

As defined by the World Health Organrzation, Risk Assessment involves four

steps6o:

1) Hazard ldentification: Identif,iing the agent responsible for the health problem

(the hazard), its adverse effects, the target population and the conditions of

exposure.

2) Dose-response modelling: Describing the potential health effects of the hazard,

quantifying dose-effect and do se-response relationships.

3) Exposure Assessment: Quantifying the exposure (ie. dose) in a specified

population based on measurement of emissions, levels of toxic substances in the

air and water, biological monitoring, etc.

4) Risk Charactenzation: Providing a sunmary opinion on the risk of the hazardto a

specific population: The health effects expected, the proportion of the target

population affected and the degree of uncertainty involved.

Although not classically identified as a step in the risk assessment model, risk

communication is the final (and perhaps most important) step in the process. This is the

ability of the risk assessment team to be able to convey their message in a way that policy
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makers and the public can understand. This step is crucial as poor risk communication

leads to false levels of concern - either inappropriately too high or low - for the hazardin

question and can result in similarly inappropriate action in response.

The Risk assessment process for Federal Pioneer can be described as follows:

1. Hazard Identification: M'WFs, mineral oils and PCBs have been identified in the

scientific literature as presenting a health hazard and most of that evidence is

derived from occupational settings.

2. Dose-response modelling: This process is less clearly defined for MWF exposure,

however RELs have been set for MWFs as these are carcinogens that demonstrate

a threshold effect.

3. Exposure Assessment: Quantifying the exact exposure retrospectively is

essentially an impossible task. Therefore qualitative determinants, including

length of employment and department, were used.

4. Risk Characterization: The risk in this situation could be characterized as

significant, given the available evidence and exposures.

5. The communication for this study took the form of a report to the WCB and the

published j ournal submission.

Risk assessment in the context of environmentaVworkplace toxins is becoming an

increasingly recognized methodology. These assessments are often not straightforward to

perform in terms of study design or data interpretation. This study is an important one in

that it contributes to the scientifrc literature in two distinct ways:
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1) By providing an additional example on the use of the historical cohorllinkage

methodology and some of the limitations. This study is unique in that it is one of

the first to use the Canadian National Cancer Incidence Database.

2) By supplementing the growing body of literature on the evidence for causality

between metalworking fluids and certain forms of cancer.
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SECTION V:

CONCLUSIONS
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"Hee is a better physician

that keeps disease offut,

than hee that cures them being on us.

Prevention is so much better than healing,

because ít saves us the labour of being sick.

- Thomas Adams, 17th century

Undoubtedly, the workers, employers and family members involved in the

transformer plant that were examined through this research would have preferred not to

have been involved at all. The general consensus amongst our society has evolved to the

point where placing workers in ahazardous environment is no longer acceptable. In order

to provide workplaces that are safe, and therefore allow society to prevent disease as

opposed to trying to heal, it is essential to understand the environmental factors that place

workers at an increase risk so that these factors can be remediated.
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SUMMARY OF CANCER FINDINGS

Neither the mortality nor the incidence study detected a signif,rcant risk for the

four other sites identified by the NIOSH report as related to mineral oils (larynx, rectum,

scrotum and bladder). The updated mortality analysis confirmed the findings of the

previous study of the same cohort that the risk of pancreatic cancer was elevated in these

workers. 'Whereas the mortality analysis did not demonstrate an overall increase in

cancer mortality in the plant at a statistically significant level, there was a significant

overall increase in cancer incidence in the plant. A major impetus for extending the

analysis of this cohort was to further investigate the digestive cancers, such as stomach

cancer. The stomach cancer and digestive cancer SMRs in this update were indeed

higher than had been reported earlier, however, these SMRs still failed to reach statistical

significance. Overall, the findings of this update are consistent with the original

transformer mortality study as well as with the literature on cancer risk in workers

exposed to MWFs.

Given the evidence that exists between occupational exposure to MWFs and

cancer, the hypothesis that workers employees at the Federal Pioneer plant may have

been at an increased risk for developing cancer is certainly a plausible one. The findings

of the studies described by this thesis, in particular the elevated risk for pancreatic cancer,

are consistent with the scientific literature available on this subject and the Bradford-Hill

criteria for causality.
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CHALLENGES AND LIMITATIONS

Some of the advantages to this study included the large cohort size and extended

analysis period of 45 years from the time the plant began operation in 1950. Based on

descriptions from former employees and their spouses, the exposures of workers to the

metalworking fluids were quite extensive, suggesting that the likelihood of identifying

any associations with disease that truly existed was considerable.

The experience of participating in this research was not without its challenges.

One of these resulted from the requirement to have been granted permission by each of

the provincial cancer registries in order to use the data found in the national cancer

incidence database. Most of the provinces provide a general permission to Statistics

Canada to use the data as they see fit, but this is not the case for all of the provinces. For

example, Ontario requires a submission for each proposal, which proved to be a lengthy

process that led to delays in the completion of the study.

In an epidemiological study such as this, several factors must be considered when

interpreting the data. Included among these are the healtlry worker effect and the impact

this has on the likelihood of a type II, or beta, enor (failure to conclude that a relationship

exists when in fact it does). The healthy worker effect refers to the tendency for persons

who work in toxic environments to leave when their health begins to be negatively

affected. This tends to occur more often in those workers whose health is relatively poor

to begin with and these workers are therefore more likely to leave the worþlace. The

healthy worker effect also applies to the tendency for relatively healthier people to be

those who seek and are successful in gaining employment in these environments,
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particularly in the context of a heavy industry such as transformer manufacturing. The

overall impact is that people who work in these settings tend, by nature, to be healthier

than the population in general when the effects of the worþlace are removed. These

tendencies skew the data when looking for adverse health outcomes. In the case of

mortality data for example, this skewing will translate as a falsely lower SMR. The

hidden alteration in data created by these tendencies is referred to as the healthy worker

effict.

The healthy worker effect has a relativeiy smaller impact in the Federal Pioneer

analysis due to the fact that the cohort was defined as anyone ever employed in the plant,

even if that was for as short a period as one day. The fact that most of the calculated

SMRs were < 1.0 seems to reflect the fact that if there was a bias in the data, it was

towards underestimating the mortality statistics.

Additional issues regarding the findings from these analyses include the number

of cancer sites being looked at and the small number of cases. By looking at a large

number of cancer sites in an attempt to identifli a causal link, the likelihood of making a

Type I, or alpha, error is increased. The definition of statistical significance is based on

the data being within a given range 19 times out of 20. Therefore, one time out of 20 will

appear to be significant when in reality it is not, which is the definition of a Type I error

when p :0.05 or 5Yo.

The issue of the small number of cases of pancreatic cancer is also an important

one. If one of the cases of pancreatic cancerwere linked incorrectly, giventhe small total

number of cases, this would have a major effect on the SMR. This was in fact one of the

critiques in a response to the publication of the original mortality study6r. The critique
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makes the point that for the group of workers defined as a "definite" link who worked for

more than 6 months, only 5 cases of pancreatic cancer were identified, and that if 1 of the

5 was inaccurate, the SMR would no longer be statistically significant. However, this

comment ignores the point that these 5 cases were defined as "definite" links, reinforcing

the degree of certainty behind them.

One of the major limitations for this study was the incompleteness of the data.

This lack of data impacted on the ability to verify linkages, resulting in the need to

qualifli "definite", "probable" and "possible" links. Another challenge imposed by this

lack of data is reflective of the multi-factorial nature of carcinogenesis. For a large

number of the workers in the cohort, no length of emplòyment was available. Therefore,

a number of these workers may have been employed at the plant for a very short time,

which would have an impact on their risk for cancer as a result of exposure to mineral

oils within the plant.

For those whom this information was available, there was no mechanism for

identifying other potential confounders that may have altered that individual's risk. An

example of this might be a worker who was employed for 5 years at the Federal Pioneer

plant, but also spent 30 years in an occupation working outdoors. If this person develops

skin cancer, is the malignancy as a result of MWFs at the plant or sun exposure in the

other job. An alternative confounding factor might be cigarette smoking, a risk factor for

a number of different malignancies. Statistics on smoking prevalence among the cohort

were similarly not available.
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RECOMMENDATIONS

The historical cohort and linkage methodologies have proven to be invaluable

tools for occupational epidemiological research. The same can be said in Canada for the

Statistics Canada databases that contain national cancer information. Without a doubt,

there are a number of challenges in ensuring this type of research produces accurate

findings, the importance of which is demonstrated by the profound impact this research

can have on the lives of those involved.

There are a number of recommendations that can be made based on the results of

the Federal Pioneer experience. Two of the most important tasks with respect to MWF

exposures have already been addressed, that being the identification of the risk and

subsequent changes in the refining processes, concepts that are given additional support

by the OEHU studies. The additional recommendations can be thought of in terms of

primary, secondary and tertiary prevention and are intended for a wide audience,

including employers and other groups who are responsible for providing safe working

environments, such as goveffrment, compensation boards and the workers themselves.

1. Primary prevention:

a. Continual development of MWF refining mechanisms and work

practices, including ongoing education for both employers and

workers and exposure assessment and tracing, that lead to a safer work

environment.
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b. Ensuring adequate legislation and enforcement is in place to maintain

safe work environments.

2. Secondary prevention:

a. Ongoing assessment of the health status of workers employed in high-

risk occupations, including the funds needed to do this. This will

include:

i. Maintaining accurate and comprehensive identifying and work

history data by employers.

ii. Improving database quality by including work history in

medical recotds, in particular those used for research purposes

such as cancer registries, and death certificates.

3. Tertiary prevention:

a. Ensure adequate compensation and treatment programs are in place for

injured workers.
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THE WORKERS COMPENSATION BOARD

' The V/CB is an agency responsible for identifying and compensating cases of

injuty and illness resulting from the workplace. In Manitoba, the WCB is a corporation

independent from government and funded by corporate fees. In other provinces,

compensation boards are department of govenrment, often tied to Worþlace Safety

divisions. The fees are set for each business based on the risk level for workers within

that industry.

The process at the WCB for claims assessment initially involves the appointment

of an adjudicator. If this person is uncertain of how to rule in a case, a number of options

exist, including the establishment of a medical review panel (personal communication,

WCB, 2003). The panel is made up of a small group of experts in the field under

question. For the Federal Pioneer case, the panel would have to take into consideration

the evidence provided by the OEHU group as part of incorporating the entire body of

available scientific literature. The f,rnal decision would also depend on the individual

worker and the disease before making a determination of causation. One recent example

is the case of Heather Crowe, a waitress from Ottawa who was recently awarded

compensation from the Ontario 'WCB following her diagnosis of lung cancer. The

pertinent features of her case, which garnered attention as the fîrst to award compensation

due to second-hand tobacco smoke exposure in the worþlace, would have included:

The vast majority of lung cancer cases are in relation to tobacco smoke.

She was not a cigarette smoker but the environment where she worked

exposed her to smoke.
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There were no other exposures or other factors that would have

contributed to her risk of developing lung cancer.

This process is less complex than for the Federal Pioneer, but demonstrates in a

simplified way some of the risk assessment process that is involved.

The WCB plays an active role in worþlace risk assessment and is reliant on

sound scientific research to inform the critical decisions they are required to make

regarding worþlace safety and compensation. The fact that the WCB approached the

OEHU study group to perform the follow-up study reflects the importance the WCB

places on this type of research and their confidence in the process. A number of the

recommendations listed above fall within the mandate of the 'WCB, especially when

considering that, from both an ethical and financial standpoint, it is in the best interests of

all parties involved to ensure the workplace is as safe as possible for employees.
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INTRODUCT!ON

A previous analysis of workers employed in a trans-
former manufactulring plant revealed an elevated risk of
dying of parcreatic carcer [Yassi et aI.,1994]. The current
study extends the mortality follow-up by 6 years and includes
a new analysis using data on cancer incidence. The analysis
of incidence is imporfanf in assessing the ¡isk of developing
potentially treatable forms of malignancy that would not
be revealed completely by mortalify analysis.

The transformer plant at which these workers were em-
ployed had used a mineral oil composed ofnaphthenic-based
crude in the manufacfuring process. The manufacruring
process fbr electrical transformers has been demonstrated to
involve considerable worker contact with fluids used in this
process [Lees et al., 1987: Emmett et al,, 1988]. Mineral
oils have been studied extensively in occupatìonal settings,
although few studies have been conducted specifically in the
setting of ff ansforme¡ manuf'acturing.

The results overall regarding the cancer-causing proper-
ties of mineral oils have been mixed, but there appears to be
clea¡ evidence that in certain occupational settings mineral
oils a¡e carcinogenic. Based on the evidence, the Inte¡na-
tional Agency for Research on Cancer (IARC) concluded
in 1984 that "there is sufficient evidence from studies in
humans that mineral oils used in occupations are carcino-
genic to humans" UARC, 19841. The National Institute for
Occupational Health and Safety (MOSH) found enough
evidence to indicate an increased risk of cancer for several
different anatomical sites [NIOSH, 1998]. The available
literature and the results of our original transformer plant
study provided the impetus for an update of the mortality
experience ofthis cohort and an analysis ofcancer incidence.

METHODS

The sfudy design was a classic historical cohort inci-
dence and mortaliry sfudy. The cohort was defined as all ma-le

workers employed at any time from the opening of the plant
in 1946 to the end of 1975. The personnel manager, a long-
term employee, provided the research team with a manually
compiled list of all ernployee records that met this defini-
tion. Computerized lists of past employees had not been
maintained. To verify the completeness of the list, cross-
referencing was conducted with manually kept records
obtained from union officials. The list compiled from
management records plus seniority lists given to the inves-
tigators contai ned 1,'l 9 6 w orke¡ n ames : 42 6 indivi dt¡ als were
added to the list from union rerords, for a total cohort size of
2,222 men. Names on the union list, but not on the manage-
ment list, included a large number of older workers who
joined the union in early years; the investigators felt it was
essential to add these names. A-lthough management and
seniority lists provided a bifh date and hiring date for
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1,682 ofthe 1,796 individuals listed, the union lists contained
neither birth date nor hiring date information, only the year
the worker joined.

Manitoba motor vehicle bureau records were searched to
determine if workers not still working at the plant had a

driver's license at the time at the original study, suggesting
that the individual was still alive. Motor vehicle bureau
records also served to supplement and/or confìrm birth date
information. A telephone survey was conducted to assess the
accuracy of snch birth date information.

Mortality was ascertained by linking the employee
records for the 2,222 individuals who met the cohort
definition to the Canadian Mortality Database (CMD), re-
nowned for its comprehensiveness and utility in such studies.

In order to ensrue that the record linkage process identified
individuals who worked at the plant, all links were manually
reviewed (blinded as to cause of death) before the link was
accepted as valid. The¡e were 750 wo¡kers fbr whom at least
one death certificate from the CMD was identified as a poten-
tial match. A linli was accepted only when the weighting for a

match was very high and no additional information could be

found to suggest that another individual with a similar name
was the study subject. The death certificates we¡e reviewed
and decisions made as to whether the link was considered
"defìnite," "probable" or "possible," or whether the death
certificate under revierv did not belong to our sfudy subject.
The criteria fbr these three categories of accepted links have
been previously described [Yassi et a1.,1994) and in general
were based on completeness and consistency befween our
records ¿rnd the death certificate information with respect to
the man's name, birth date, last address, and occupation.

The initial study [Yassi et al., 1 994] was conducted based
on mortality from 1950 to the end of 1989. By 1997, concern
had arisen that additional individuals had died of cancer in
the intervening years, and that their deaths had not been in-
cluded in the original study, thereby potentially underesti-
mating the true cancer risk of employees at the plant. To
address this concem, the resea¡chers updated their original
record linkage for the years 1990-1995 using the CMD of
Statistics Canada. This second record linkage was conducted
utilizing the same cohort list that had been used in the original
study. None of the original 171 linked deaths were re-
reviewed, This update resulted in an additional 90 death

links, of which 51 were considered "delìnite" (i.e., exact
match to workers who had definitely been employed in this
plant). The mortaliry analysis was thus able to now examine
26i deaths, of which 189 were "defrnite," 28 "probable,"
and M "possible" as shown in Thble L

The file with appended mortality information from the

updated CMD linkage was linked to the Canadian Cancer
Incidence database for the years 1969-1995. Information
Ílom 1950 to 1969 was not utilized as many jurisdictions
(provincial registries) did not have a cancet case registry
prior fo 1969 and therefore the database is incomplete prior to
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TABTE l. Number and Strength of Accepted Mortality and Cancer lncidence

Links of Workers Employed at aTransformer Manufacturing Plant

Shength of ¡¡nk ülortal¡ty l¡nks

Gancer

lncldence links

Yearc0fl¡nkage 1950-1989 1990-1995 Total 1S63- 1995

analysis is presented according to the strength of acceptance

of the link, and definition of wor-kforce by duration of
employment.

Deñning the cohort as "all workers who ever worked at

the plant," the total mortality experience was slightly lower,
but this difference was not statistically significant (P > 0.05)
tha¡ the genera-l Canadian male population (SMR:0.96).
The cohort's all site cancer mortality experience was 23Vo

greater than the general Canadian male population, but not
statistically significant (P>0.05); however, the rate of
mortality from pancreatic cancer was almost fonr times
greater than that of the Canadian male population, a dif-
ference which was indeed statistically signifi.cant. Including
only those workers whose death certificates were definitely
linked to a worker in the tansformer plant, the overall
moÍaliry is only 787o of whatwould be expected and cancer
mortaliry experience only 91To. This suggests that we would
likely be missing individtrals if we exclude links that were
"probable" but not "definite." However, even with these

links, the mortality rate due to pancreatic cancer was twice
that of the Canadia¡ male population, albeit now not statis-
tically sigrúûcant (P:0.066). Although not shown in
Table II, mortalify due to malignant melanoma \ilas not
significantly increased, SMR:7.78 (95Vo CI; 0.20-6.43)
nor was rnortality due to gallbladder cancer significantly
increased (one case, P:0.391).

Defining the workforce as "those who had worked for
greater than six months" the results are similar to those des-

cljbed above. Of specific iuterest is the fact that the mortaliry
frorn pancreatic cancer was approxirnately five times that of
the Canadian male population, which is statistically signi-
ficant. However, if only those whose links were "defìnite"
a¡e included, this figure fails to approximately three times the
rate of pancreatic cancer mortality of the Canadian male
population and was not statistically significant at P:0.05.

Delìning the workforce as "only those workers employ-
ed for at least 6 months in the transformer assembly depart-
ment," the results a¡e similar to the above. Mortality is
slightly lower than the Canadian male population (97Vo of

138

12

21

171

51

16

23

90

123

45

0

168

189

28

44

261

this date. One hund¡ed sixry-eight (168) incident cancer
cases were detected with this linkage, as shown in Täble I.

The next step was to ascertain how the number of deaths

experienced by this cohort compared to that which would
have been expected based on nafional mortality data. Using
the mofality experience of the Canadian male population as

a standard, Monson's survival analysis computer program

fMonson, 1974J was used to obtain age, gender, and calendar
year-adjusted standardized mortality ratios (SMRs) with
95?o confrdence intervals (95?o CI). SMRs were obtained for
all cause mortality, cause-specific mortality and site-specific
cancer mortality. Standard statistical methods based on the
Poisson distribution were used to ascertain significance ofthe
findings. Ascertainnrent of cancer incidence and standardiz-
ed incidence ratios (SIRs) were obtained in a similar manner
to that described above fbr SMRs with some diff'erences. The
information for the SIRs for cancer is obtained by linking to
the Canadian Canccr Incidence database.

RESULTS

Cancer Morta!ity

Table II shows the mortality experience of the cohort
of transformer manufacturing plant employees relative to
the mortality rate of the Canadian male population. The

TABtEll. MortalityExperienceFroml950tol99SbyCohortDefinitionofWorkersEmployedataTransformerManufacturingPlant

Standa¡dlzed mortal¡ty rat¡o (95% Cll

Goftorl definition

Shength llumber of Person l{umbs¡

oflink worters years ofdeatfis

Total

morlality Allcance¡s

DigestiYe Stomach

cancer caÍcef

Pancreatic

cancef

Allworkers

Worked >6 Months

Transformer assembly

department workers

Ail 1355

Oefinite 1923

Alt 812

Definite 810

Ail 309

52,08s 261

51,516 204

21,454 104

21,509 90

8,197 31

8,231 26

0.96 (0.84,108) 1.23 (0.99,1.52)

0.78(0.68,0.90) 0.91 (0.70,1.17)

0.86 (0.70,1.04) 1.19 (0.85,1.63)

0.74 (0.s9,0.91) 0.97 (0.66,1.37)

0.97 (0.66,1.38) 1.61 (0.86,2.75)

0.80 (0.s2,117) 1.21 (0s8,222)

1.33 (0.88,1.S4) 0.79 (016, 2,31)

0.88 (0.51,1.40) 0.56 (0.06,2.02)

1.30 (0.62,2.28) 1.76 (0.35,5.1s)

0.86 (0.37,1.6S) 1.17 (0.13,422)

2.71 (0.99,5.90) 5.08 (0.s¿ 18.3)

1.76 (047,4.51) 2.48 (0.03,13.8)

3.56 (1.90,6.09)

230 (0.80,4.12)

4.79 (206,9.45)

2.97 (0.96,6.93)

7.48 (1.50,21.8)

4.86 (0.s5, 17.6)Definite 309



expected), cancer mortalify was 1.61, i.e,,610/o gfeater than
the Canadian population, but not statistically signilìcantl and
mortality from pancreattc cancer was seven times that of the
Canadian male population, and statistically significant. As
above, excluding links that were probable but not definite, the
level of statisrical significance becomes non-significant. For
"workers employed in the transformer assembly department
for mo¡e than six months" the SMR for sfomach cancer was
5.08; that is more than five times the rate of stomach cancer
compared to the Canadian male population of the same age

during the same calenda¡ time. However, the level of statistical
significance was higher than is usually accepted (P:0.06)
with a very wide confidence interval (957o CI;0.57- 18.3).

Cancer lncidence

Table III shows the results of the analysis of cancer
incidence in fhis cohort. There were 168 cases of cancer in
these workers, constituting a statistically signifìcant increase
in cancer incidence compared to the general Canadian male
population. There were 48 cases of digestive calcer, also a
statistically signiflcantly increased standardized incidence
rario (sIR) of 1.44 (95o/o CI; 1.06-L90). There were seven
cases of stornach cancer identified, for an increased SIR of
1.32. However, this was not statistically significant (95Vo CI;'
0.53-2.72). Also noteworthy is an increased SIR t'or

malignant melanoma of 2.20 (95Vo CI: 1.05-4.04) based
on l0 incident cases. Ten cases of pancreatic cancet were
identifÌed between the yea¡'s 1969 and 1 995, for a statistically
significant increase in incidence. Regardless of the definition
of the cohort ("all" versus "definite;" those who worked for
more than 6 months; those who worked in transfbrmers
assembly), all had increased risk of pancreatic cancer. In
fact, for workers who had definitely worked in transformer
assembly, the SIR for pancreatic cancer was'7.2, which is
statistically significant. It is also noteworthy that there was a

signifrcantly increased risk of gallbladder cancer (four rnen)
not only for all worke¡s in this cohort, but also with the
restricted definition using only "definite" links, where the

SIR was 5.08 (95Vo CI; 1.38-13.0).
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Dtscuss¡oN

There is compelling evidence that mineral oils used in
certain occupational settings are carcinogenic [Roush et al.,
1982; Jarvholm and Lavenius, 1987; Tolbert et a1.,19921.
The major difficulty for researchers has been to identify rvhat
types ofoils create an increased risk ard what cancer sites are
involved.

Mineral oils are a diverse mixture of hydrocarbons,
nitrosamines, and other chemicals. Steps were taken begin-
ning in the 1950s to ¡educe concentrations of suspected
carcinogens in these mixtures fCalvert et al., 1998]. More
generally known a.s metalworking fluids (MWFs), these
chemicals can be divided into fou¡ types of formulation:
straight, soluble, synthetic, and semisynthetic. Due to the
large degree of heterogeneity between the different formu-
lations of MWFs, results from specilìc studies and lneta-
analyses ca¡ be difficult to interp¡et ud generalize. The
statements made by NIOSH and the IARC regarding carci-
nogenicity of these compounds indicate that the evidence is
strong, particularly for MWFs used prior to the mid-1970s.

Gastrointestinal malignancies, including stomach, eso-
phageal, and rectal canceL were included on the MOSH list
of cancer types with strong evidence for an increased risk.
Regarding the specific question of pancreatic cancer, there is
evidence botl for and against increased risk. For example, a

study by Decoufle [1978] and a meta-analysis in Finland

[Ojajarvi et a]., 2W0l did not demonstrate a relationship.
However, other studies [Acquavella et a1.,1993; Eisen et al.,
1994; Bardin et al.,199'71indicate MWF exposure does lead
to an increased risk of pancreatic cancer. There have also
been several proportional mortalify ratio (PMR) studies that
have shown a relationship fYena et al., 1985; Mallin et al.,
1986; P¿rk and Mirer, 19961, although it has been noted that
PMR studies may inaccurately represent risk [Wong et al.,
19821. The NIOSH report INIOSH, 1998] lists pancreatic
cancer as one of the six anatomic sites where the evidence of
carcinogeniciry is súong for MW used prior to the mid-
1970s. In the past 30 years, levels of suspected carcinogens
such as polyaromatic hydrocarbons and niÍosamines have

TABTE lll. Cancer lncidence From 1969 t01995 by Cohort Definition of Workers Employed at aTransformer Manufacturing Plant

Standardized cancerincidence ratio {S5% Gl)

Goho¡t dofinition

$trength fumberof Person lncident

ofl¡nk workgrs years cancers Allsites Digestive Stomach Pancreas Gallbladder

Allworkers

Worked >6 months

Transformer assembly

department workers

Ail 1948

Definite 1931

Alr 812

Definite 811

Ail 309

2.68 (1.29,4S4)

270 (1.29,4.96)

427 (1t1,8.80)

423(1.70,8.72)

7.22(1.45,21.1\

7.20 (1.45,21.0)

507 (1.36,13.0)

5.08 (1.38,13.0)

2.89(0.0416.1)

2.86 (0.04,15.9)

0 (0,0)

0 (0,0)

52,094

s1,832

21,n0

21,338

8,147

8,170

168

123

65

56

1B

1.17(1.00,1.36) 1.44(106,1.S0) 1.32(0.53,2.721

0.86(0.72,1.03) 1J4(0.81,1.57) 1.14(0.42,2.48)

1.04(0.80,1.32) 1.09(0.62,1-771 0.43(0.01,2.39)

0.88(0.67,1.15) 1.01 (0.57,1.67) 0.43(0.01,2.37)

1.06(063,1.68) 1.58(0.58,3.43) 1.71 (0.02,9.49)

0.94(0.54,1.53) 1.s7(0.s¿3¿2) 1.70(002,9.45)16DeÍnite 309
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been reduced in mineral oil formulations. Most of the com-
pellìng evidence for carcinogenicity comes from studies

involving earlier preparations, such as those used at the
transfomrer plant in this study.

'With regards to gallbladder cancer, there is much less

literature than for pancreafic cancer. We did not find an in-
creased risk ofmortality due to gallbladder cancer, however,
some evidence points to a relationship [Kazerouni et al.,
2000; Mallin et al., 20001. A review of the literature did not
reveal any sfudy that examined gallbladder cancer incidence
and MWFs.

There was also an overall increase in digestive canccrs in
workers who had been employed in the plant. The previous
findings for pancreatic cancer were confirmed in the inci-
dence analysis and the risk for gallbladder cancer incidence
was significant,

Vy'e did not detect a significant risk for tÏe five other sites
identified by the NIOSH rcport as related to mineral oils
(larynx, recfum, skin, scroftrm, and bladder)..With respect to
skin cancer, melanoma is identifiable in the coding systern
used in the Canadian cancer incidence database, while other
specific types such as squamous cell are not. We did detect a
significant risk for ¡nelano¡na in our study.

Our updated mortality analysis confìrmed the findings
of the previous study of the same coho¡f that the risk of
pancreatic cancer was elevated in these workers. Whereas the
mortality anaìysis did not demonstrate an overall increase in
cancer mortality in the plant at a statistically significant level,
there was a significant overall increase in caucel'incidence in
the plant. A major impefus for extending tlre analysis of this
cohort was to further investigate the digestive cancers,

specifically stomach cancer. The stomach cancer and diges-
tive cancer SMRs ìn this update were indeed higher than had

been reported earlier, however, these SMRs still failed to
reach statistical significance. Ove¡all, the findings of this
update are consistent with the original transformer mortality
study as well as with the literature on cancer risk in workers
exposed to MWFs.
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Overall Evaluations of Carcinogenicify
to Humans

Group L: Carcinogenic to humans

As evaluatedin IARC Monograp,hs Volumes 1-82

This list contains all agents, mixtures and exposures evaluatedas being in Group I to
date.
Where appropriate, chemical abstract numbers are given fin squarebrackets]. For
details of the evaluation, the relevant Monographshould be consulted (volume
number given in round brackets, followedby year of publication of latest evaluation).
Use a free-textsearch to find a particular compound.

Group 1: Carcinogenic to humans (88)

Agents and groups of agents

Aflatoxins (naturally occurring mixtures o\ fla02-68-21 (Vol. 56, Vol. 82;2002)

4-Aminobiphenyl 192-67 -ll(Vol. 1, Suppl. 7 ; 1987)

Arsenic [7440-35-21 and arsenic compounds (Vol. 23, Suppl. 7;1987)

${B: This evaluation applies to the group of compounds as a wholeand not
necessarily to all individual compounds within the group)

Asbestos 17332-21-41 (Vol. 14, Suppl. 7;1987)

Azathioprine [446-86-6] (Vol. 26, Suppl. 7;1987)

Benzene 17 l-43-21 (Vol. 29, Suppl. 7 ; 1987)

Benzidine 192-87-51 (Y o1. 29,Suppl. 7 ; 1987)

Beryllium L7440-41-71 and beryllium compounds (Vol. 58; 1993)
(NB: Evaluated as a group)

ÀPü-Bis(2-chloroethyl)-2-naphthylamine (Chlornaphazine)1494-03-11 (Vol. 4, Suppl.

7;1987)

B is (chloromethyl)ether [5 42 - S 8- 1 ] and chlorometþl methy I etherfl}T -3 0 -21



(technical-grade)
(Vol. 4, Suppl. 7;1987)

1,4-Butanediol dimethanesulfonate (Busulphan; Myleran) [55-98-1](Vol. 4, Suppl. 7;

1,987)

Cadmium 17440-43-91 and cadmium compounds (Vol. 58; 1993)
(NB: Evaluated as a group)

Chlorambucil [305-03-3] (Vol. 26, Suppl. 7;1987)

1-(2-Chloroethyl)-3-(a-metþlcyclohexyl)-1-nitrosourea (Metþl-CCNU;Semustine)

[13909-09-6] (Suppl. 7; t987)

Chromium[Vl] compounds (Vol. 49; 1990)
(I.trB: Evaluated as a group)

Ciclosporin Í79217 -60-01 (Vol. 50; 1990)

Cyclophosphamide [50-18-0] 16055-19-21 (Vol. 26, Suppl. 7;1987)

Diethylstilboestrol [56-53-1] (Vol. 21, Suppl. 7;1987)

Epstein-Barr virus (Vol. 70;1997)

Erionite 166733-21-91 (Vol. 42, Suppl. 7;1987)

Ethylene oxide 175-21-81(Vol. 60; 1994)
(NB: Overall evaluation upgraded from 2A to I with supportingevidence from other
data relevant to the evaluation of carcinogenicityand its mechanisms)

Etoposide 133419-42-01 in combination with cisplatin and bleomycin (Vol. 76; 2000)

[GammaRadiation: see X- and Gamma (y)-Radiation]

Helicobacter pylori (infection with) (Vol. 61; 1994)

Hepatitis B virus (chronic infection with) (Vol. 59;1994)

Hepatitis C virus (chronic infection with) (Vol. 59;1994)

Herbal remedies containing plant species of the genus Aristolochia (Yol.82;2002)

Human immunodeficiency virus type 1 (infection with) (Vol. 67;1996)

Human papillomavirus type 16 (Vol. 64;1995)



Human papillomavirus type l8 (Vol. 64;1995)

Human T-cell lymphotropic virus type I (YoL 67,1996)

Melphalan 1148-82-31(Vol. 9, Suppl. 7;1987)

8-Methoxypsoralen (Methoxsalen) [298-81-7] plus ultraviolet Aradiation (Yol.24,
Suppl.7;1987)

MOPP and other combined chemotherapy including alþlating agents(Suppl. 7;
te87)

Mustard gas (Sulfur mustard) [505-60-2] (Vol. 9, Suppl. 7;1987)

2-Naphthylamine [91-59-8] (Vol. 4, Suppl. 7;1987)

Neutrons (Vol. 75; 2000)
(NB: Overall evaluation upgraded from 2B to I with supportingevidence from other
data relevant to the evaluation of carcinogenicityand its mechanisms)

Nickel compounds (Vol. 49;1990)
(NB: Evaluated as a group)

Oestrogen therapy, postrnenopausal (Vol. 7 2; 1999)

Oestrogens, nonsteroidal (Suppl. 7 ; 1987)
(NB: This evaluation applies to the group of compounds as a wholeand not
necessarily to all individual compounds within the group)

Oestrogens, steroidal (Suppl. 7 ; 1987)
(NB: This evaluation applies to the group of compounds as a wholeand not
necessarily to all individual compounds within the group)

Opisthorchis viverrini (infection with) (Vol. 6l;1994)

Oral conftaceptives, combined (Yol.72; 1999)
(NB: There is also conclusive evidence that these agents havea protective effect
against cancers of the ovary and endometrium)

Oral contraceptives, sequential (Suppl. 7 ; 1987)

Phosphorus-32, as phosphate (Vol. 78, 2001)

Plutonium-239 and its decay products (may contain plutonium-240 and other
isotopes), as aerosols (Vol. 78; 2001)

Radioiodines, short-lived isotopes, including iodine-131, from atomic reactor
accidents and nuclear weapons detonation (exposure during childhood) (Vol. 78;



2001)

Radionuclides, o-particle-emitting, internally deposited (Vol. 78; 200 I )
(l.tB: Specif,rc radionuclides for which there is sfficient evidence for carcinogenícity
to humans are also listed individually as Group 1 agents)

Radionuclides, B-particle-emitting, internally deposited (Vol. 78; 200 I )
(NB: Specific radionuclides for which there is sfficient evidence for carcinogenicity
to humans are also listed individually as Group I agents)

Radium-224 andits decay products (Vol. 78; 2001)

Radium-226 and its decay products (Vol. 78;2001)

Radium-228 and its decay products (Vol. 78; 2001)

Radon-222 U0043 -92-21 and its decay products (Vol. 78 ; 200 1 )

Schistosoma haematobium (infection with) (Vol. 61; ß9a)

Silica [14803-60-7], crystalline (inhaled in the form of quartzor cristobalite from
occupational sources) (Vol. 68; 1997)

Solar radiation (Vol. 55;1992)

Talc containing asbestiform flrbres (Yol. 42, Suppl. 7;1987)

Tamoxifen 110540-29-11 (Vol. 66; 1'996)
(\IB: There is also conclusive evidence that this agent (tamoxifen)reduces the risk of
contralateral breast cancer)

2,3,7,8 -T etachlorodib enzo - p ar a -di oxin ll7 46 ^0 I -61 (Vol. 6 9 ; 1997 )
(NB: Overall evaluation upgraded from 2Ato I with supportingevidence from other
data relevant to the evaluation of carcinogenicityand its mechanisms)

Thiotepa 152-24-41(Vol. 50; 1990)

Thorium-23? and its decay products, administered intravenously as a colloidal
dispersion of thorium-232 dioxide (Vol. 78;2001)

Treosulfan ï299 -7 5 -21 (Y ol. 26, Suppl. 7 ; 1987)

Vinyl chloride [75-01-4] (Vol. 19, Suppl. 7;1987)

X- and Gamma (y)-Radiation (Vol. 75;2000)

Mixtures



Alcoholic beverages (Vol. 44; 1988)

Analgesic mixtures containing phenacetin (Suppl. 7 ; 19 87)

Betel quid with tobacco (Vol. 37, Suppl. 7;1987)

Coal-tar pitches 165996-93-21 (Vol. 35, Suppl. 7;1987)

Coal-tars L8007-45-21 (Vol. 35, Suppl. 7;1987)

Mineral oils, untreated and mildly treated (Vol. 33, Suppl. 7;1987)

Salted fish (Chinese-style) (Vol. 56; 1993)

Shale-oils [68308-34-9] (Vol. 35, Suppl. 7;1987)

Soots (Vol. 35, Suppl. 7;1987)

Tobacco products, smokeless (Vol. 37, Suppl. 7;1987)

Tobacco smoke (Vol. 38, Suppl. 7;1987)

Wood dust (Vol. 62;1995)

Exposure circumstances

Aluminium production (Vol. 34, Suppl. 7;1987)

Auramine, manufacture of (Suppl . 7 ; 1987)

Boot and shoe manufacture and repair (Vol. 25, Suppl. 7;1987)

Coal gasification (Vol. 34, Suppl. 7;1987)

Coke production (Vol. 34, Suppl. 7;1987)

Furniture and cabinet making (Vol. 25, Suppl. 7;1987)

Haematite mining (underground) with exposure to radon (Vol. 1,Suppl.7;1987)

Iron and steel founding (Vol. 34, Suppl. 7;1987)

Isopropanol manufacture (strong-acid process) (Suppl. 7; 1987)

Magenta, manufacture of (Vol. 57;1993)

Painter (occupational exposure as a) (Vol. 47; 1989)



Rubber industry (Vol. 28, Suppl. 7;7987)

Strong-inorganic-acid mists containing sulfuric acid (occupationalexposure to) (Vol.
54;1992)
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