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Environmental Carcinogens and Sentinel Event Monitoring 

The general public and advocacy groups are very concerned about environmental 
pollutants causing cancer.  In the United States, the Agency for Toxic Substances and 
Disease Registry (ATSDR) and the Environmental Protection Agency (EPA), and 
internationally the International Agency for Research on Cancer (IARC), conduct research 
on the carcinogenic (cancer causing) potential of chemical agents.1,2,3  The ATSDR 
evaluates potential human health impacts of these agents.  The EPA sets permissible 
levels of environmental exposure and monitors compliance in the United States.  The 
National Institute of Occupational Safety and Health (NIOSH) conducts research and 
makes recommendations about occupational exposures.4   The Occupational Safety and 
Health Administration (OSHA) sets and enforces permissible levels of occupational 
exposure and specifies protective measures that must be provided for workers.5

In spite of extensive research, relatively few agents are classified as definite or probable 
human carcinogens; these are associated with 26 kinds of cancer (Table 1).1,2,3,6  There 
are additional agents classified as possible or suspected human carcinogens, based on 
experimental studies in animals, but no evidence exists at this time to establish their 
carcinogenicity in humans.

The definite or probable carcinogens may increase the risk of specific kinds of cancer but, 
in almost all cases, the general population is exposed to much more common risk factors 
for those kinds of cancer.  For example, 12 chemicals in Table 1 definitely increase the risk 
of lung cancer, and 7 probably increase the risk.  However, 90% or more of all cases of 
lung cancer are caused by cigarette smoking.  Half of the 26 cancers listed in Table 1 are 
caused by tobacco use (indicated by yellow in Table 1). 

Two carcinogens definitely increase the risk of liver cancer and four more probably 
increase the risk.  However, alcohol consumption and history of hepatitis B or hepatitis C 
infection are much more common causes of liver cancer (indicated by orange in Table 1).
In addition, the most common sources of exposure to one of the carcinogens suspected to 
increase the risk of liver cancer (arsenic and compounds containing arsenic) are cigarette 
smoke and vehicle exhaust.

                                            
1 http://www.atsdr.cdc.gov/substances/index.html
2 EPA Integrated Risk Information System, http://cfpub.epa.gov/ncea/iris/index.cfm
3 International Agency for Research on Cancer Monographs, http://monographs.iarc.fr/ENG/preamble/index.php
4 http://www.cdc.gov/niosh/topics/chemical.html
5 http://www.osha.gov/oshinfor/mission.html
6 Report on Carcinogens, 11th Ed.  US Department of Health and Human Services, Public Health Service,
  National Toxicology Program.  2005. http://ntp.niehs.nih.gov
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Only cancers with Xs in the blue boxes in Table 1, without other common sources of 
exposure to a potential carcinogen, are believed to be primarily caused by exposure to that 
carcinogen from an environmental exposure:  mesothelioma and asbestos; cancer of the 
paranasal sinus and hexachlorobenzene or wood dust; heptaocellular carcinoma and 
aflatoxins; and hemangiosarcoma of the liver and vinyl chloride.  The associations 
between leukemia NFS (not further specified) and beryllium, lymphoma NFS and 
beryllium, and bone NFS and radium are difficult to evaluate.  Leukemia, lymphoma, and 
bone cancer all have several subtypes, each with specific risk factors.  It is likely that 
exposure to a carcinogen would affect only one subtype.  In addition, these cancers are 
not rare and there are common risk factors for each of them.

Table 2 describes the primary uses for the definite or probable human carcinogens, the 
most common sources of exposure for the general public, and the most common 
occupational exposures.  Some carcinogens occur naturally in the environment although 
exposure may be increased by human activity (e.g., aflatoxins, asbestos, beryllium, 
cadmium, lead, nickel, radon, silica, soot, and uranium).  Others are unavoidable in 
everyday products.  Some occupations have the potential for exposure to these agents.
The EPA sets permissible levels of environmental exposure and OSHA sets permissible 
levels of occupational exposure.  These levels are very conservative, taking into account 
the possibility of cumulative lifetime exposure and individual variation in sensitivity.7

A striking feature of Table 2 is the number of times cigarette smoking, second-hand smoke 
exposure, and use of other tobacco products appears in the column describing common 
sources of exposure for the general public.

Most people exposed to definite or probable human carcinogens are not exposed through 
environmental contamination or disasters.  They are exposed through lifestyle choices 
such as tobacco and alcohol use; from common consumer products; by living in an 
industrialized environment where fossil fuels are used by vehicles, power plants, and 
heating systems; and by living in a society characterized by high consumption of 
manufactured goods.  Apart from tobacco and alcohol, exposures to these carcinogens 
encountered in daily life are below levels assessed to be without risk of adverse health 
effects.7  Occupational exposures may be higher but can be moderated by the appropriate 
use of protective equipment and observance of correct safety procedures.

There are occasional catastrophic events leading to environmental contamination at levels 
that increase the risk of acute toxic effects and may increase the risk of some cancers.  In 
spite of many investigations in the United States and worldwide, there have been few 
documented cases of increased cancer attributable to environmental contamination.  The 
very large nuclear reactor explosion at Chernobyl in the Ukraine in 1986 resulted in an 
increased incidence of thyroid cancer among individuals exposed to radioactive fallout 
during childhood or adolescence in regions near and downwind from the reactor site.8

                                            
7 http://www.atsdr.cdc.gov/mrls/
8 Cardis et al., 2006. J Radiol Prot  26:127-140. 
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Only cancers with Xs in the blue boxes in Table 1, without other common sources of 
exposure to a potential carcinogen, are believed to be primarily caused by exposure to that 
carcinogen from an environmental exposure:  mesothelioma and asbestos; cancer of the 
paranasal sinus and hexachlorobenzene or wood dust; heptaocellular carcinoma and 
aflatoxins; and hemangiosarcoma of the liver and vinyl chloride.  The associations 
between leukemia NFS (not further specified) and beryllium, lymphoma NFS and 
beryllium, and bone NFS and radium are difficult to evaluate.  Leukemia, lymphoma, and 
bone cancer all have several subtypes, each with specific risk factors.  It is likely that 
exposure to a carcinogen would affect only one subtype.  In addition, these cancers are 
not rare and there are common risk factors for each of them.

Table 2 describes the primary uses for the definite or probable human carcinogens, the 
most common sources of exposure for the general public, and the most common 
occupational exposures.  Some carcinogens occur naturally in the environment although 
exposure may be increased by human activity (e.g., aflatoxins, asbestos, beryllium, 
cadmium, lead, nickel, radon, silica, soot, and uranium).  Others are unavoidable in 
everyday products.  Some occupations have the potential for exposure to these agents.
The EPA sets permissible levels of environmental exposure and OSHA sets permissible 
levels of occupational exposure.  These levels are very conservative, taking into account 
the possibility of cumulative lifetime exposure and individual variation in sensitivity.7

A striking feature of Table 2 is the number of times cigarette smoking, second-hand smoke 
exposure, and use of other tobacco products appears in the column describing common 
sources of exposure for the general public.

Most people exposed to definite or probable human carcinogens are not exposed through 
environmental contamination or disasters.  They are exposed through lifestyle choices 
such as tobacco and alcohol use; from common consumer products; by living in an 
industrialized environment where fossil fuels are used by vehicles, power plants, and 
heating systems; and by living in a society characterized by high consumption of 
manufactured goods.  Apart from tobacco and alcohol, exposures to these carcinogens 
encountered in daily life are below levels assessed to be without risk of adverse health 
effects.7  Occupational exposures may be higher but can be moderated by the appropriate 
use of protective equipment and observance of correct safety procedures.

There are occasional catastrophic events leading to environmental contamination at levels 
that increase the risk of acute toxic effects and may increase the risk of some cancers.  In 
spite of many investigations in the United States and worldwide, there have been few 
documented cases of increased cancer attributable to environmental contamination.  The 
very large nuclear reactor explosion at Chernobyl in the Ukraine in 1986 resulted in an 
increased incidence of thyroid cancer among individuals exposed to radioactive fallout 
during childhood or adolescence in regions near and downwind from the reactor site.8

                                            
7 http://www.atsdr.cdc.gov/mrls/
8 Cardis et al., 2006. J Radiol Prot  26:127-140. 
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than a dozen hazardous chemicals, including some definite or probable human 
carcinogens, in the ground water and storm sewers in the neighborhood.  In 1978, the 
state of New York declared a public health emergency; this was followed by a federal 
declaration of emergency in the same year.  Love Canal residents were relocated in 1980.

In spite of nearly 30 years of intensive study, there is no evidence of increased cancer 
incidence among former Love Canal residents, compared to residents of Niagara County 
as a whole or to residents of the state of New York.  There is no evidence of greater 
cancer mortality or total mortality among former Love Canal residents.  Some adverse 
health effects were noted in the Love Canal studies, primarily increases in low birth weight, 
preterm birth, and the incidence of birth defects.

If exposures as large as those that occurred at Love Canal did not result in measurable 
increases in cancer incidence or mortality, it is unlikely that exposures on a smaller scale 
would cause an increase in cancer incidence or mortality elsewhere.  Nevertheless, public 
health officials remain vigilant about the possibility of both catastrophic events and low-
level but cumulative exposures that could increase cancer incidence.  There are two 
strategies to accomplish this:  maintaining routine surveillance of cancer incidence and 
watching for sentinel events. 

Sentinel Events 

Sentinel events are "occurrences of unexpected disease or disorders that are known to 
result from specific, recognized causes of likely relevance to the situation or setting,"
provided they occur in the absence of established risk factors.10,11   For example, lung 
cancer would not be attributed to a chemical exposure in a patient with a history of heavy 
smoking.  In contrast, hemangiosarcoma of the liver, an extremely rare kind of cancer, has 
no confirmed risk factors except occupational exposure to vinyl chloride.12  This was 
discovered when four employees of a single plastics manufacturing plant were diagnosed 
with hemagniosarcoma of the liver within a period of six years.13  The cases were reported 
by the plant physician and the company medical director.12  The incidence in the general 
population was approximately 25 cases per year in the United States, or about one case in 
10 million people.  In a factory that had been open only since 1938 and averaged fewer 
than 250 employees, four cases in six years was an extremely high incidence of such a 
rare cancer.  A number of epidemiologic studies were conducted over the next decade.
The cause was traced to exposure to vinyl chloride, a gas produced during the 
manufacture of PVC plastics.

                                            
10 http://www.atsdr.cdc.gov/csem/cluster/definition.html 
11 CDC Environmental Public Health Indicators Project, http://www.cdc.gov/nceh/indicators/pdfs/ephi.pdf
12 http://www.inchem.org/documents/iarc/suppl7/vinylchloride.html
13 Creech and Johnson.  1974. J Occup Med 16:150-151. 
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than a dozen hazardous chemicals, including some definite or probable human 
carcinogens, in the ground water and storm sewers in the neighborhood.  In 1978, the 
state of New York declared a public health emergency; this was followed by a federal 
declaration of emergency in the same year.  Love Canal residents were relocated in 1980.

In spite of nearly 30 years of intensive study, there is no evidence of increased cancer 
incidence among former Love Canal residents, compared to residents of Niagara County 
as a whole or to residents of the state of New York.  There is no evidence of greater 
cancer mortality or total mortality among former Love Canal residents.  Some adverse 
health effects were noted in the Love Canal studies, primarily increases in low birth weight, 
preterm birth, and the incidence of birth defects.

If exposures as large as those that occurred at Love Canal did not result in measurable 
increases in cancer incidence or mortality, it is unlikely that exposures on a smaller scale 
would cause an increase in cancer incidence or mortality elsewhere.  Nevertheless, public 
health officials remain vigilant about the possibility of both catastrophic events and low-
level but cumulative exposures that could increase cancer incidence.  There are two 
strategies to accomplish this:  maintaining routine surveillance of cancer incidence and 
watching for sentinel events. 

Sentinel Events 

Sentinel events are "occurrences of unexpected disease or disorders that are known to 
result from specific, recognized causes of likely relevance to the situation or setting,"
provided they occur in the absence of established risk factors.10,11   For example, lung 
cancer would not be attributed to a chemical exposure in a patient with a history of heavy 
smoking.  In contrast, hemangiosarcoma of the liver, an extremely rare kind of cancer, has 
no confirmed risk factors except occupational exposure to vinyl chloride.12  This was 
discovered when four employees of a single plastics manufacturing plant were diagnosed 
with hemagniosarcoma of the liver within a period of six years.13  The cases were reported 
by the plant physician and the company medical director.12  The incidence in the general 
population was approximately 25 cases per year in the United States, or about one case in 
10 million people.  In a factory that had been open only since 1938 and averaged fewer 
than 250 employees, four cases in six years was an extremely high incidence of such a 
rare cancer.  A number of epidemiologic studies were conducted over the next decade.
The cause was traced to exposure to vinyl chloride, a gas produced during the 
manufacture of PVC plastics.

                                            
10 http://www.atsdr.cdc.gov/csem/cluster/definition.html 
11 CDC Environmental Public Health Indicators Project, http://www.cdc.gov/nceh/indicators/pdfs/ephi.pdf
12 http://www.inchem.org/documents/iarc/suppl7/vinylchloride.html
13 Creech and Johnson.  1974. J Occup Med 16:150-151. 
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Sentinel events may alert public health officials to "a preventable disease, disability or 
untimely death whose occurrence serves as a warning signal…an indication that an 
environmentally induced health effect may have occurred and implies that some action 
should be considered."14  The clearest examples of sentinel events are communicable and 
infectious diseases or other acute events such as poisoning.15

In acute situations, specific causal events can usually be identified.  Examples include 
increased incidence of whooping cough due to a breakdown of vaccination coverage;16

increased incidence of severe gastrointestinal disease traced to ground beef contaminated 
with E. coli;17 or increased incidence of methemoglobinemia in infants caused by nitrate 
contamination of drinking water.18

The common factors in these examples are 

The increased incidence of disease over background incidence can be detected 
quickly,

The latency period (time between exposure and development of disease) is short,

      and

The cause is well-defined. 

Sentinel cancer events are much more difficult to define and monitor.  Like other diseases, 
all cancers occur at background incidence rates, although some kinds of cancer may be 
very rare.  A measurable increase over the background incidence rate may be cause for 
concern.  This increase is usually defined as a statistically significant excess in time and 
space.  However, in relatively small populations, such as Montana or individual counties 
within the state, modest fluctuations in incidence rates are rarely statistically significant.
Therefore the Montana Department of Public Health and Human Services uses additional 
criteria to evaluate changes in cancer incidence (see next section).

Defining the time parameter is difficult for cancer because the latency period -- from 
exposure to a potential carcinogen to the development of cancer -- is usually many years 
or even decades.  A truly causative exposure may have occurred so long ago that the 
patient no longer recalls it, or perhaps was not even aware of it at the time.  A more
common situation is that a patient may attribute his or her cancer to a recent exposure that 
occurred after the cancer process was already well underway but not yet diagnosed.

                                            
14 Rothwell et al. 1991. Environ Health Perspec 94:261-263. 
15 http://www.cdc.gov/ncphi/disss/nndss/nndsshis.htm; http://www2a.cdc.gov/NIOSH-Chartbook/ch2/ch2-9.asp
16 http://www.epi.hss.state.ak.us/bulletins/docs/b1990_24.htm 
17 http://www.dhs.ca.gov/ps/dcdc/cm/950519cm.htm 
18 http://www.atsdr.cdc.gov/HAC/PHA/laborat/lab_p2.html 
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Defining the space parameter is relatively simple:  being close to a source of exposure.
However, applying the space parameter in cancer studies can be difficult because people 
may move between the time they are exposed to a potential carcinogen and the time they 
are diagnosed.  People who are exposed to a potential local risk factor and then move 
away may not identified in a retrospective study.  People who have recently moved to the 
area where they are diagnosed often incorrectly attribute their cancer to local conditions.

The ADSTR Consensus Statement on Sentinel Cancers provides the following definition 
and examples of sentinel cancers: 

"Statistically significant excess in time-space patterns of the incidence of the following 
conditions identified via general surveillance: 

 -- bladder cancer in  
  -- lifetime non-smokers with no occupational chemical exposures 
  -- young children 
  -- human and co-resident pet diagnosed concurrently 
  -- genetically unrelated co-resident humans diagnosed concurrently 
 -- three or more cases in a time-space cluster of primary liver cancer in adult lifetime  
              non-drinkers with no history of hepatitis and no occupational chemical
    exposures."19

Bladder and liver cancers are especially sensitive to environmental carcinogens because 
these organs process many chemicals the body is exposed to.  They are not perfect 
sentinel cancers, however, because many common exposures such as smoking, second-
hand smoke, alcohol, hepatitis, and vehicle exhaust also increase the risk of these 
cancers.  Each of these common risk factors must be ruled out before a case of bladder or 
liver cancer can be considered a potential sentinel event.  The respiratory system is 
potentially exposed to many airborne carcinogens, but the vast majority of respiratory 
cancers are caused by smoking and many of the remainder are caused by exposure to 
second-hand smoke or radon.  It is extremely difficult to sort out which respiratory cancers 
might have been caused by other carcinogens.  Many such exposures occur in an 
occupational setting.  Before respiratory cancers can be attributed to exposure to 
occupational or other environmental carcinogens, the much more common risk factors of 
smoking, second-hand smoke, and radon must be ruled out.

Cancer Surveillance and Cancer Cluster Investigation 

Montana DPHHS uses the Montana Central Tumor Registry (MCTR) to monitor the 
background incidence rates of cancers and to watch for increases over background 
incidence rates.  The MCTR has excellent data on the incidence rates of cancers in 
Montana and can track time trends and regional variation.  The MCTR receives reports of

                                            
19 Shy et al. 1994. Environ Health Perspec 102:316-317. 
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19 Shy et al. 1994. Environ Health Perspec 102:316-317. 
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all cases of cancer diagnosed or treated in Montana and of cases of cancer in Montana 
residents diagnosed or treated in most other states.

The Montana DPHHS has a formal system to respond to reports of perceived excesses in 
cancer incidence rates that may be suspected to be caused by environmental exposures.20

Inquiries about perceived excesses come to the DPHHS through several channels.  Some
inquiries are directed to the MCTR staff.  Other inquiries are relayed from the Public 
Information Office, the Governor's Consumer Hotline, or the offices of other public officials.

In response to any inquiry, the MCTR staff assesses cancer incidence rates in the area of 
concern compared to the state as a whole.  Most inquiries are resolved by providing 
comparisons of county and state incidence rates, documenting no local excess in cancer 
incidence.  If the inquiry requires additional consideration, the Cancer Cluster Investigation 
Team is convened to examine the evidence that prompted the inquiry, the comparative 
incidence rates prepared by the MCTR staff, and other facts about the situation.  The 
Team uses the Cancer Cluster Investigation Protocol to determine if further investigation is 
needed.  Three conditions must be met for the team to proceed with an investigation: 

There must be three or more cases of a specific kind of cancer meeting a stringent 
case definition (two cases for extremely rare types of cancer), occurring within a 
defined geographic region and defined time period, provided the patients have lived 
in the area for an appropriate period of time; 
The cases cannot be explained by the existence of documented risk factors; 
There must be a plausible exposure common to all the cases. 

In the past several years, an average of one inquiry per month has been received through 
all channels.  The Cancer Cluster Investigation Team has been convened an average of 
twice a year.  No excess cancer incidence was found in response to any inquiry.  The data 
and underlying science did not support the need to proceed with an investigation in 
response to any inquiry.
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