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I. INTRODUCTION: BACKGROUND AND STATEMENT OF ISSUES 

At the request of concerned citizens and the Canton Board of Health, the Community Assessment Unit 
(CAU) of the Massachusetts Department of Public Health (MDPH), Bureau of Environmental Health 
Assessment (BEHA), analyzed cancer incidence in Canton, Massachusetts.  This analysis was conducted 
under a cooperative agreement with the Agency for Toxic Substances and Disease Registry (ATSDR). 
Primary community concerns focused on the possibility of a relationship between cancer incidence and 
environmental exposures associated with the presence of hazardous waste sites in Canton. Canton citizens 
have also raised concern regarding non-cancer health effects and environmental exposures from these sites. 
Specifically, the requests initiating this investigation included the following concerns: 

	 Canton citizens expressed concerns to the CAU regarding a perceived cluster of various cancer types in 
the King's Road neighborhood.  The cancers of concern include leukemia and melanoma in addition to 
cancers of the bladder, brain, kidney, liver, lung, pancreas and stomach.  These concerns were not 
focused on a specific industry or environmental issue, but rather industry in general in the surrounding 
area. 

	 Citizens asked for a health consultation regarding the Toka-Renbe Farm site located at 2016 Washington 
Street in Canton.  Community health concerns focused on the possible relationship between the site 
contaminants and potentially related cancers. 

	 Citizens in the Sutcliff Avenue neighborhood, adjacent to the Toka-Renbe Farm site, addressed their 
concerns to the Canton Board of Health, the Massachusetts Department of Environmental Protection 
(MDEP), the U.S. Environmental Protection Agency (USEPA) and the MDPH/BEHA regarding 
exposure to polychlorinated biphenyls (PCBs) and dioxins detected in the soil at the Toka-Renbe Farm 
and possible related health effects including a skin and liver disease known as porphyria cutanea tarda 
(PCT). 

	 Subsequent concerns in the Indian Line Farm area include the Ponkapoag Golf Course, which is adjacent 
to Indian Line Farm and Ponkapoag Pond.  In response to these concerns the Canton Health Department 
asked the BEHA to expand the original assessment of cancer in the King’s Road neighborhood to include 
all areas of Canton.  Community concerns focused on the potential for exposure to contaminants 
migrating from Indian Line Farm to the golf course. 

	 MDPH and the Canton Board of Health have previously addressed citizens' health concerns regarding 
PCBs and the Indian Line Farm located on Turnpike Street (Route 138) in Canton.  Community concerns 
focused on the consumption of corn grown on the farm and the possibility of PCB contamination. 

Based on the concerns expressed to the MDPH and the ATSDR, and the plausibility of a relationship 
between site contaminants and specific cancer types, this report assesses the incidence of the following 11 
cancer types: non-Hodgkin's lymphoma (NHL), leukemia, melanoma and cancers of the bladder, brain, 
breast, kidney, liver, lung, pancreas, and stomach.  The MDPH evaluated these cancers for the town of 
Canton as a whole and for each of the three census tracts (CTs) in Canton (CTs 4151, 4152, and 4153). Toka-
Renbe Farm, the Sutcliff Avenue neighborhood, Indian Line Farm, and the Ponkapoag Golf Course are 
located in CT 4153.  The King's Road neighborhood is located in CT 4151.  Refer to Figure 1 for the location 
of these sites and census tracts in the town of Canton. 

In addition, this report reviews available soil sampling data collected by the USEPA and the MDEP for 
several areas in Canton including sampling at residential properties in the Sutcliff Avenue neighborhood 
adjacent to the Toka-Renbe Farm.  These sampling data were evaluated to determine the potential exposure 
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to Canton residents of contaminants detected in the area.  Current literature was also reviewed regarding 
health effects related to dioxin exposure and is discussed in this report.  

This health consultation is a preliminary investigation that analyzes descriptive health outcome data such as 
cancer incidence data to determine whether an elevated rate of cancer exists in the town of Canton or in any 
of its three census tracts.  Information from such descriptive analyses, which may suggest that a common 
etiology is possible, can serve to identify areas where further public health investigations or actions may be 
warranted. 

II. CANCER INCIDENCE ANALYSIS 

A. Methods for Analyzing Cancer Incidence Data  

Cancer incidence data for the years 1982-1992 were obtained for the town of Canton from the Massachusetts 
Cancer Registry (MCR) of the MDPH, Bureau of Health Statistics, Research and Evaluation. The MCR has 
been monitoring cancer incidence in Massachusetts since 1982.  The eleven year period 1982-1992 
constitutes the period for which the most recent and complete data were available at the time of this analysis. 

Standardized Incidence Ratios (SIRs) were calculated for 11 cancer types for the period 1982-1992 for the 
town of Canton and each of the three CTs, 4151, 4152, and 4153, within the town.  In order to evaluate 
temporal trends in cancer incidence, SIRs were also calculated for the two time periods 1982-1986 and 1987-
1992. SIRs were not calculated when fewer than five cases were observed.  Available risk factor 
information, as reported to the Massachusetts Cancer Registry (e.g., smoking status and occupation) was also 
reviewed for specific cancer types. 

In order to determine whether an elevated rate of a specific cancer type exists in the town of Canton or in any 
of the three census tracts, cancer incidence data were adjusted by age and sex and analyzed to compare the 
actual number of cancer cases in the town or each census tract to the number that would have been expected 
based on the statewide cancer incidence experience.   

In order to calculate incidence rates, it is necessary to obtain accurate population data.  The population figures 
for the state of Massachusetts, for the town of Canton as a whole, and for each census tract were generated by 
calculating the percentage of increase or decrease in total population for Canton and each census tract based 
on 1980 and 1990 federal census data [USDOC 1980, 1990].  To estimate the population between census 
years, an assumption was made that the change in population occurs at a constant rate throughout the ten-year 
interval between each census.  From these calculations, 1987 population estimates were used to calculate 
town and census tract populations.  Population estimates for the year 1987 were used to calculate SIRs for 
each of the three time periods evaluated. 

An SIR is an estimate of the occurrence of disease in a population in relation to what might be expected if the 
population had the same cancer experience as some larger population designated as "normal" or average. This 
normal population is usually selected to be the state as a whole.  Specifically, an SIR is the ratio of the 
observed number of cancer cases to the expected number of cases, which is then multiplied by one hundred 
(100).  An SIR equal to 100 indicates that the number of cancer cases occurring in the population being 
evaluated is equal to the number of cases expected in a "normal" population.  An SIR greater than 100 
indicates that more cancer cases occurred than expected; an SIR less than 100 means that fewer cases 
occurred than expected.  Accordingly, an SIR of 150 is interpreted as an excess of 50 percent of cases over 
the expected number; an SIR of 90 indicates 10 percent fewer cases than expected. 

Caution should be exercised, however, when interpreting an SIR.  The interpretation depends on both the size 
and the stability of the SIR.  Two SIRs can be the same size, but not have the same stability.  An SIR of 150 
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based on two expected cases and three observed cases indicates a 50 percent excess of cancer.  The excess is 
attributed to only one extra case, and that case may have occurred by chance alone.  Conversely, an SIR of 
150 based on 200 expected cases and 300 observed cases shows the same 50 percent excess in cancer, but 
because the SIR is based on a greater number of cases, the estimate is more stable.  It is unlikely that 100 
excess cases would occur by chance alone. 

To determine if the observed number of cases is significantly different from the expected number, or if the 
difference may be due to chance, a 95 percent confidence interval (95% CI) is calculated [Rothman and 
Boice 1982]. A 95 % CI is the range of estimated SIR values so that the range has a 95 percent probability of 
including the true SIR for the population.  If the CI range does not include the value 100, then the study 
population is significantly different from the normal population. If the CI range excludes 100, and the 
observed SIR is greater than 100, there is a significant excess of the number of cancers.  Similarly, if an 
observed SIR is less than 100, and the CI range excludes 100, the number of cancer cases is significantly 
lower than expected.  If the CI range includes 100, then the true SIR may be 100, and it cannot be concluded 
with sufficient confidence that the observed SIR reflects a true cancer excess (or deficit).  Statistical 
significance is not assessed when fewer than five cancer cases are observed. 

In addition to the number of cases, the width of the CI also reflects the stability of the SIR estimate. For 
example, a narrow CI (e.g., 103-115) allows a fair level of certainty that the observed SIR is close to the true 
SIR value for the population.  A wide interval (e.g., 82-450) leaves considerable doubt about the true SIR, 
which could be lower or higher than the observed SIR.  This would indicate an unstable statistic. 

Place of residence at the time of diagnosis was also evaluated for each cancer case (by primary site) to assess 
any possible geographic clustering of cases.  Residence at diagnosis was mapped for each individual using 
the computer mapping software MapInfo [MapInfo 1994]. 

The available smoking status and occupational information as reported to the MCR were analyzed when 
pertinent to the cancer type. Smoking status information was reviewed for cancers with known or suggested 
associations with tobacco smoke.  For Canton, this includes cancers of the bladder, lung, kidney and 
pancreas. 

The observed number of cases in this report for the town of Canton are in some instances slightly different 
from the observed number of cases in the MCR report, Cancer Incidence in Massachusetts 1982-1992 City 
and Town Supplement [MDPH 1995a].  This is because the data contained in the MCR City and Town 
Supplement reflect information reported to the MCR as of June 9, 1995.  The MCR data are continually 
quality controlled so that corrections may be made in subsequent reports.  Occasionally, the research file may 
contain duplicate cases.  For this analysis, each cancer case was individually reviewed resulting in further 
refinement of the data included in the City and Town Supplement. 

The data discussed in this report have been controlled for duplicate cases.  The analyses account for duplicate 
cases by removing the duplicate cases while including multiple primary cancer cases.  A multiple primary 
cancer case is defined by the MCR as a new cancer of the same histology (or cell type) as an earlier cancer, if 
diagnosed in the same primary site (or original location in the body) more than two months after the initial 
diagnosis [MCR 1996].  Duplicate cases are additional reports of the same primary site cancer case.  The 
decision that a case was a duplicate and should be excluded from the analyses was made by the MCR after 
consulting with the reporting facilities and obtaining additional information regarding the histology and/or 
pathology of the case. 

In addition, the MCR compiles and reports tumors originating in the central nervous system as one group. 
This group of tumors includes malignant brain tumors, spinal cord tumors, and nerve sheath tumors of the 
brain and spinal cord.  Because of differences in risk factors associated with primary brain cancer and cancers 
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originating from  other sites in the central nervous system (the majority  of which  develop due to congenital  
disorders), for purposes of this report, only primary brain tumors have been analyzed.  Primary brain tumors 
are those tumors that  arise from  the brain  and its  coverings.  Metastatic brain tumors,  which result from  other  
types of primary  cancer spreading to the brain,  were not included in this analysis [Black 1991a]. 

B.  Cancer Incidence in Canton  

Tables 1 through 4 summarize the cancer incidence data town-wide and for each census tract for three 
different time periods:  1982-1992, 1982-1986 and 1987-1992.  Figure 1 depicts the location and boundaries 
of the three census tracts in Canton.  The following sections present results for Canton as a whole and then 
for each census tract.  The census-tract-specific  analyses help in understanding whether the incidence of 
cancers observed town-wide may be explained by an increase or decrease in cases in a particular geographic 
area of the town. 

1.  Cancer Incidence in Canton  as  a Whole (Tables 1A &  1B  

During the period 1982-1992 cancer incidence among males and females combined in Canton as a whole 
occurred at approximately equal to or less than the expected rates for the majority of cancer types evaluated. 
Kidney cancer was statistically significantly elevated among males and females combined (35 observed [obs] 
vs about 20 expected [exp]), as well as among males (23 obs vs about 12 exp).   Kidney cancer was slightly 
elevated among females (12 obs vs about 8 exp). 

When examined by smaller time period, kidney cancer was statistically significantly elevated among males 
and females combined for both time periods (14 obs vs about 8 exp during 1982-1986; 21 obs vs about 13 
exp during 1987-1992).  Kidney cancer among males was also statistically significantly elevated during the 
earlier time period (10 obs vs about 5 exp) and elevated but not statistically significant during the later time 
period (13 exp vs about 8 exp).  Among females, kidney cancer occurred about as expected during the 
earlier time period (4 obs vs 3 exp) and was slightly elevated during the later time period (8 obs vs about 5 
exp).  Thus, the townwide elevation in kidney cancer appears to be attributable primarily to elevations among 
males during both smaller time periods examined. 

Melanoma among males was statistically significantly elevated during 1982-1992 (22 obs vs about 12 exp), 
while it occurred approximately as expected among females (8 obs vs about 10 exp).  Melanoma among 
males occurred statistically significantly more often than expected during the 1982-1986 period (11 obs vs 
about 5 exp).  During the later time period, melanoma occurred slightly more often than expected among 
males (11 obs vs 7 exp; not statistically significant).   Melanoma among females occurred about as expected 
during both time periods. 

During the 1982-1992 period, lung cancer occurred statistically significantly less often than expected among 
males (61 obs vs about 84 exp), and slightly more often than expected among females (56 obs vs about 51 
exp; not statistically significant).  When examined by smaller time periods, lung cancer among males 
occurred less often than expected during the earlier time period (30 obs vs about 39 exp), but statistically 
significantly less often than expected during the 1987-1992 time period (31 obs vs about 46 exp).  Among 
females, lung cancer was slightly elevated during the earlier time period (27 obs vs about 21 exp) and 
occurred about as expected during the later time period (29 obs vs about 31 exp). 

Leukemia occurred about as expected during the earlier time period, but was statistically significantly 
elevated among males and females combined during the 1987-1992 time period (18 obs vs about 9 exp). The 
elevation in leukemia in the later time period was attributable to elevations (although not statistically 
significant) in both males (10 obs vs about 5 exp) and females (8 obs vs 4 exp). 
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Breast cancer among females occurred less often than expected during the entire 1982-1992 period, nearly 
achieving statistical significance (132 obs vs about 149 exp; CI=74-105).  When examined by smaller time 
periods, breast cancer among females occurred statistically significantly less often than expected during the 
earlier time period (40 obs vs 61 exp) and about as expected during the later time period (92 obs vs about 88 
exp). 

Bladder cancer among males was slightly elevated but not statistically significant during the 1982-1992 time 
period (36 obs vs about 29 exp).  This elevation was primarily attributed to an elevation among males in 
bladder cancer during the later time period (22 obs vs about 16 exp; not statistically significant).  Bladder 
cancer occurred about as expected among males during the 1982-1986 period (14 obs vs about 13 exp) and 
about as expected among females for all time periods. 

Non-Hodgkin’s lymphoma (NHL) was elevated among males during the 1987-1992 period, nearly achieving 
statistical significance (16 obs vs about 9 exp; CI=98-279).  It occurred about as expected among females 
during this time period (7 obs vs about 9 exp).  NHL occurred as expected among males and females 
combined during the earlier time period (12 obs vs about 12 exp). 

All other cancer types examined (brain, liver, pancreas, stomach) occurred about as expected during all time 
periods. 

2. Census Tract 4151 (Tables 2A & 2B  

During the period 1982-1992, cancer incidence occurred at or below the expected rate in CT 4151 for 9 of the 
11 cancer types evaluated.  No statistically significant elevations were observed during the 11-year time 
period overall.  Among males and females combined, kidney cancer was elevated (19 obs vs about 12  exp; 
CI=94-111).  Leukemia in males was also elevated, nearly achieving statistical significance (11 obs vs about 
6 exp; CI=96-343).  Leukemia among females occurred about as expected.  Lung cancer occurred less often 
than expected among males, which nearly achieved statistical significance (37 obs vs about 49 exp; CI=53-
104).  Lung cancer among females was slightly elevated (37 obs vs about 31 exp). 

When examined by the two smaller time periods, leukemia among males (8 obs vs about 3 exp) and among 
males and females combined (13 obs vs about 6 exp) occurred at statistically significantly greater than 
expected rates during the later time period.  During the 1982-1986 period, leukemia occurred about as 
expected. 

Among males, lung cancer occurred statistically significantly less often than expected during the 1987-1992 
period (15 obs vs about 27 exp) and about as expected during the earlier time period.  Lung cancer among 
females was slightly elevated during the earlier time period (18 obs vs about 13 exp) but occurred as expected 
during the later time period. 

Breast cancer among females occurred nearly statistically significantly less often than expected during 1982-
1986 (36 obs vs about 38 exp; CI=45-101) and about as expected during the 1987-1992 period (56 obs vs 
about 54 exp). 

All other cancer types (i.e., bladder, brain, kidney, liver, melanoma, NHL, pancreas, stomach) during either 
time periods occurred about as expected, with some cancer types occurring slightly greater or slightly less 
than the expected number of cases. 
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3. Census Tract 4152 (Tables 3A & 3B  

During all three time periods, cancer incidence occurred at or below the expected rate in CT 4152 for cancers 
of the brain, breast, leukemia, liver, lung, NHL, pancreas, and stomach.  Statistically significant elevations 
were observed during the 11-year time period for kidney cancer overall (11 obs vs about 4 exp), which was 
attributable to a statistically significant elevation among males (9 obs vs about 3 exp).  Kidney cancer 
occurred as expected among females (2 obs vs about 2 exp).  When examined by the smaller time periods, 
the 1982-1992 elevation among males for kidney cancer was attributable primarily to a statistically 
significant elevation in among males during 1987-1992 (6 obs vs about 2 exp).  During 1982-1986, three 
kidney cancer cases occurred among males versus one expected case. 

Available smoking data for the kidney cancer cases in this census tract revealed that approximately 64% 
(n=7) were current or former smokers at the time of diagnosis and 36% (n=4) reported that they had never 
smoked.  Occupational information was unknown for 36% (n=4) of the individuals diagnosed with kidney 
cancer in CT 4152. 

The incidence of melanoma was statistically significant elevated among males and females combined during 
1982-1986 (6 obs vs about 2 exp).  During this time period, four cases occurred among males (versus one 
expected) and two cases among females (versus approximately one expected). Melanoma among males was 
statistically significantly elevated during 1982-1992 (7 obs vs about 3 exp), while melanoma occurred as 
expected among females.  During the later time period, melanoma occurred about as expected among both 
sexes combined (3 obs vs about 3 exp). 

Bladder cancer during 1982-1992 was slightly elevated among males and females combined (13 obs vs 8 
exp).   These cases were fairly evenly distributed among both males and females and in both smaller time 
periods (i.e., one to two cases more than expected occurred among males and among females in both smaller 
time periods).  None of these elevations were statistically significant. 

4. Census Tract 4153 (Tables 4A & 4B  

During the period 1982-1992, incidence occurred approximately at or below the expected rate in CT 4153 for 
cancers of the bladder, brain, breast, kidney, liver, lung, pancreas, stomach, and leukemia.  A statistically 
significant elevation was observed during the 11-year time period for melanoma among males and females 
combined (10 obs vs about 4 exp), which was attributable to a statistically significant elevation among males 
(8 obs vs about 2 exp).  Melanoma among females occurred as expected (2 obs vs about 2 exp). When 
examined by smaller time periods, melanoma among males was statistically significantly elevated during 
1982-1986 (5 obs vs 1 exp) and slightly elevated during 1987-1992 (3 obs vs about 1 exp). Melanoma among 
females occurred as expected during both time periods. 

Lung cancer among males occurred less often than expected during the 1982-1992 period (9 obs vs about 17 
exp; CI=24-100, borderline statistical significance). Lung cancer occurred about as expected among females 
for the overall time period. 

NHL among males was elevated during the overall time period (7 obs vs about 3 exp; not statistically 
significant), while in females, it occurred about as expected.  When examined by the smaller time periods, a 
statistically significant elevation among males during the 1987-1992 period was observed (7 obs vs about 2 
exp).  However, during 1982-1986, NHL occurred as expected among both sexes (2 obs vs about 2 exp). 

Breast cancer among females during the 1982-1986 period occurred less often than expected, nearly 
achieving statistical significance (5 obs vs about 11 exp; CI=15-105).  During 1987-1992, female breast 
cancer occurred slightly more often than expected (19 obs vs about 16 exp; not statistically significant). 
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C. Geographic  Distribution 

Place of residence at the time of diagnosis was mapped for all cancer types to assess any possible geographic 
concentration of cases.  In addition to determining census-tract-specific  incidence ratios for each cancer type, 
a qualitative evaluation was conducted to determine whether any specific cancer type appeared to be 
concentrated in some area(s) within each census tract. 

In Canton overall, the cases did not appear to be clustered or distributed in any pattern in any one census tract 
or in specific neighborhoods within the three census tracts.  In some areas where cases appeared to be more 
geographically concentrated than others, further examination showed that the apparent concentrations were 
located in areas of dense population or could be explained by the presence of elderly care facilities or multi-
unit housing. 

Kidney cancer in males was statistically significantly elevated in Canton overall during 1982-1992 and was 
also statistically significantly elevated among males in CT 4152.  The geographic distribution of kidney 
cancer showed that the cases appeared evenly distributed throughout the three census tracts in the town. 
However, three cases of kidney cancer were located in close proximity in one area of CT 4151.  Further 
review of information about these cases revealed no unusual pattern with respect to age or year of 
diagnosis. In addition, review of smoking status information for these individuals revealed that two 
individuals were current or former smokers, a major risk factor in the development of this disease. 

Although the incidence of leukemia was significantly elevated in the town of Canton during the period 
1987-1992, none of the cases resided in close proximity to one another and were widely distributed 
throughout the three census tracts. 

Leukemia incidence was elevated in CT 4151 during the later time period 1987-1992 among males. Review 
of the geographic distribution of cases showed cases evenly distributed throughout CT 4151.02, the southern 
half of this census tract.  This area has a high population density and is the center of town. 

NHL was significantly elevated in CT 4153 among males during 1987-1992.  No unusual geographic pattern 
was observed among these cases, nor were they in close proximity to the Toka-Renbe Farm site also located 
in this census tract. 

The incidence of melanoma was also significantly elevated among males in the town of Canton, due 
primarily to significant elevations in CTs 4152 and 4153.  However, no unusual geographic pattern was 
observed among these cases in the town or in any one area of the two CTs 4152 or 4153. 

Concerns have also been raised regarding suspected increases in cancer incidence specifically in the 
neighborhoods of Kings Road (CT 4151), the Sutcliff Avenue area near the Toka-Renbe Farm (CT 4153) 
and the area near Indian Line Farm and the Ponkapoag Golf Course (CT 4153).  Evaluation of the 
geographic distribution of cancer cases in these areas during the eleven years 1982-1992 showed no 
concentration of any one cancer type near any of these areas.  The types of cancers that did occur in these 
neighborhoods were of various types and displayed no unusual pattern with respect to age, year of 
diagnosis, or gender. 

Under Chapter 21E of the Massachusetts General Laws (also known as the State Superfund), the MDEP 
investigates potentially hazardous sites in the state and conducts and oversees cleanup of these sites.  The 
most recent information regarding sites located in Canton was reviewed.  According to the most current 
MDEP publication of Confirmed Disposal Sites and Locations to be Investigated, there are 118 sites in 
the town of Canton, Massachusetts [MDEP 1997a].  Fifty-seven of these sites were releases reported to 
the MDEP after October 1, 1993, and 61 sites were reported prior to October 1, 1993.  The status of the 
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61 sites reported prior to October 1,1993 indicate 26 are listed as LTBI (locations to be investigated), 13  
are listed as Confirmed, 1 site as Remedial, 1 site as Deleted, 2 sites as Reserved, 8 sites as Unclassified,  
and 10 sites have Waiver status.  More than half of these sites  are petroleum releases (i.e., 52%) and 
seven sites have been further classified as No Further Action or pending No Further Action.  In addition,  
Toka-Renbe Farm and Indian Line Farm  account for two of the Confirmed sites in Canton.  (Confirmed 
status is a location confirmed by the MDEP to be a disposal site, and for which remedial response actions  
have not been completed.  Waiver status are locations confirmed by the MDEP to be non-priority disposal  
sites, and where an interested party  has been authorized to proceed with response actions without MDEP 
oversight. LTBIs are locations the MDEP considers reasonably likely to be disposal sites but are as yet  
unconfirmed.)  These 21E sites were  mapped to determine their location in Canton.  A careful review of 
this information in relation to the cancer data indicates that there does not appear to be any unusual 
concentration of cancer cases in the vicinity  of these sites.  Refer to Figures 2A and 2B for the locations  
of MDEP 21E sites. 

D.  Smoking Status and Occupation  

Cigarette smoking is known or suggested to be a causal risk factor in several types of cancer.  Lung and 
bladder cancers are strongly associated with a history of smoking.  Cancers of the kidney and pancreas have 
also been associated with smoking in some studies [Schottenfeld and Fraumeni 1996].  Current 
epidemiological research is divided on whether smoking may be a possible risk factor for cancers of the 
breast, stomach, liver and two leukemia subtypes, acute myelocytic leukemia (AML) and chronic myelocytic 
leukemia (CML) [Siegel 1993].  Therefore, smoking status information collected at the time of diagnosis for 
individuals in Canton diagnosed with cancers of the lung, bladder, kidney and pancreas was reviewed.  The 
distribution of smoking status among individuals diagnosed with these cancer types in Canton and the state is 
presented in Figures 3 and 4. 

The percentage of individuals in Canton reported as current or former smokers was higher than the 
percentage reported as never smoked for each of these cancer types (see Figure 3A).  The percentage of 
current or former smokers among individuals diagnosed with these types of cancer in the state were from 4-
20% lower than the comparable Canton number (see Figure 3B).  The percent of individuals for which 
smoking status was unknown was greater for the state than for Canton. 

Figures 4A and 4B present the distribution of cases with a known smoking status for each of the four cancer 
types evaluated in Canton and the state. For each of these cancer types in both Canton and the state, there 
were a greater number of current and former smokers than individuals who reported never smoking. 
Comparison of smoking status among cancer cases in Canton and Massachusetts showed that there was a 
greater percent of current or former smokers in Canton than in the state. 

Smoking is the principle risk factor for lung cancer.  In Canton, the incidence of lung cancer occurred at less 
than expected rates based on statewide experience.  During the first time period 1982-1986, of the 54 cases 
that reported a smoking status, 95% (n=51) were current or former smokers at the time of diagnosis. Of the 
58 cases that occurred during the period 1987-1992 for which a smoking status was known, again 95% 
reported a positive smoking history (n=55).  The distribution of smoking status among individuals diagnosed 
with lung cancer in Canton was consistent with the distribution among lung cancer cases in the state (Figure 
4A and 4B). 

Bladder cancer is strongly associated with a history of cigarette smoking.  In Canton during the 1982-1986 
period a slight elevation in males was observed.  Analysis of smoking status for those males who reported a 
smoking status (n=11) indicated that the majority (i.e., 73% ) were current or former smokers at the time of 
diagnosis.  During the 1987-1992 period, the incidence of bladder cancer among males was also slightly 
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elevated.  Smoking status information for these cases revealed that 95% (n=19) of individuals for which 
smoking status was known were current or former smokers at the time of diagnosis. 

Although many risk factors have been suggested for kidney cancer, cigarette smoking remains the most 
important known risk factor for the disease. In Canton, overall, kidney cancer was significantly elevated 
among males and females combined during all three time periods and among males during the earlier time 
period 1982-1986.  Review of smoking status information for males and females revealed that 57% (n=8) of 
the cases were current or former smokers at the time of diagnosis. Male incidence for the 1982-1986 period 
was also significantly elevated.  Seventy percent of males for this period (n=7) reported they were current or 
former smokers at the time of diagnosis.  During the period 1987-1992, 59% (n=10) of individuals who 
reported a smoking status were current or former smokers at the time of diagnosis. Kidney cancer in males 
was also significantly elevated in CT 4152 during the 1982-1992 period. The smoking status for these cases 
indicates that 78% were current or former smokers at the time of diagnosis (n=7). 

A variety of occupational exposures are either suspected or known to be associated with the development of 
specific types of cancer.  Occupation as reported to the MCR at the time of diagnosis was reviewed for 
cancers of the bladder, brain, kidney, liver, lung, pancreas, and stomach as well as leukemia and non-
Hodgkin’s lymphoma.  The majority of cases reported occupation as “retired” or “at home”.  The 
occupational data are incomplete and do not include specific job-duty information that could further define 
exposure potential. Thus, it could not be determined what role occupation may have played in the 
development of these cancers. 

III. ENVIRONMENTAL CONCERNS  

A. Background - Demographics, Land Use, and Natural Resources Use 

The town of Canton is located 18 miles southwest of Boston in Norfolk County, and is bordered by the towns 
of Sharon and Stoughton to the south, Randolph and Milton to the east, and Dedham, Westwood and 
Norwood to the west (Figure 1).  Canton is primarily a residential community and comprises an area of 
approximately 19 square miles with 980 residents per square mile [EOCD 1993].  The 1990 U.S. Census 
indicates a total of 18,530 residents [USDOC 1990]. Canton has a varied industrial heritage dating from Paul 
Revere's copper rolling mills of the 1700’s to present day rubber, chemical and woolen manufacturing 
[EOCD 1993]. 

B.  Site Description and History 

1. Indian Line Farm (MDEP Site  # 3-0283, USEPA Site # MAD980503528  

The Indian Line Farm, located at 2391 Washington Street (Route 138), comprises 44.5 acres and is partially 
overgrown with trees and brush. Land adjacent to the former Indian Line Farm property is currently the 
Ponkapoag Golf Course, which abuts the Blue Hills Reservation area. Residential property also borders 
Indian Line Farm to the north, south and west.  Ponkapoag Brook and Ponkapoag Pond are less than one mile 
south and to the southeast of the site.  The site was used by Tobe Deutschmann Laboratories from 1950 
through 1965 for the manufacture, assembly, and storage of electrical capacitors containing PCB fluids 
[ATSDR 1992, Paragon 1996a]. 

The Indian Line Farm site is classified as a Confirmed Tier 1B disposal site by the MDEP [MDEP 1997a]. In 
1980, the USEPA was informed anonymously that several drums were scattered on Indian Line Farm. 
Subsequently, the MDEP investigated and performed sampling of surface and subsurface soils at the site. 
Excavation and disposal of the drums and contaminated soil took place at the site until 1988.  In 1991, the 



 9/15/97 PUBLIC COMMENT RELEASE
 

 10
 

 

 
      
      

  
 

  
 

 

  

 
 

 

  
 

 
 

   
 

 

 
 

 

 

MDEP sought USEPA assistance to complete the site assessment and remediation activities.  The USEPA  
conducted a preliminary  site assessment  in 1992, which revealed the presence of PCBs and semi-volatile 
organic compounds (SVOCs) at the Indian Line Farm site.  Currently, additional sampling and remediation  
activities at the site are being conducted under the oversight of the MDEP. 
 
Residents have previously expressed concerns over  consumption of  corn grown at I ndian Line  Farm  as  well 
as  possible  dermal exposures from direct contact with contaminated soil at th e property.  In response  to  these  
concerns, in 1981 the MDPH conducted PCB blood testing of  Canton residents considered at risk of exposure 
to PCBs associated with the Indian  Line Farm.  The results  of this testing revealed  that  none of the residents  
tested had PCB concentrations higher than those that have  been found in 95% of the general population  
[MDPH 1981].  The average serum PCB level in this population was approximately 7 parts per billion (ppb), 
which is within the range of background for non-occupationally  exposed individuals.  Ninety-five percent of 
the U.S. population has serum PCB levels of less than 20 ppb.  The national average for serum PCB levels in 
non-occupationally exposed individuals is between 4 and 8 ppb [ATSDR 1995].  In addition, the MDPH 
concluded  that  exposure to PCBs  via the consumption of corn grown at Indian  Line  Farm was unlikely.   The 
uptake of PCBs in crops varies considerably with the specific type of crop.  An experimental study released  
in 1989 by  the New York State Department  of Health  found that corn kernels were  not affected by  the soil  
levels of PCBs [MDPH 1993].  This information is provided in a community fact sheet attached as Appendix  
A. 

2. The Ponkapoag Golf Course (MDEP Site # 3-11044  

The Ponkapoag Golf Course is located adjacent and to the south of Indian Line Farm.  In the past, Canton 
citizens have expressed concern to the Canton Board of Health and the MDPH that PCB contamination from 
Indian Line Farm potentially migrated to the Ponkapoag Golf Course. 

In May 1992, the USEPA performed a ground penetrating radar survey at the Indian Line Farm that 
traced an underground pipe originating from a contaminated manhole on the farm to the golf course 
[USEPA 1993a].  The pipe extended approximately 25 feet into the golf course and sediment inside the 
pipe as well as surrounding soil was contaminated with PCBs.  The maximum concentration of PCBs 
detected in this area was 280 ppm [USEPA 1993b].  The soil surrounding the pipe was subsequently 
removed to a depth of approximately 4 to 5 feet and the excavation was backfilled with clean soil.  The 
maximum concentration of PCBs detected in the remaining soil was 24 ppm [USEPA 1993b, USEPA 
1993a]. 

In addition, surface water run-off containing PCB contaminated sediment had been migrating from the 
Indian Line Farm site to the golf course for approximately 30 to 40 years [USEPA 1993c].  Field 
screening at the golf course revealed a small area (i.e., approximately 20 feet x 40 feet) of surface 
contamination at the golf course immediately adjacent to the farm.  Subsequent soil sampling in this area 
detected PCBs ranging from non-detectable concentrations to 51 ppm.  The soil in the area was removed 
to a depth of approximately 1.5 feet and the excavation was backfilled with clean soil [USEPA 1993a]. 

The contaminated soil was located in an area where an annual golf school is conducted.  In 1993, the 
ATSDR evaluated whether levels of PCB contamination on the Ponkapoag Golf Course represented a 
public health threat resulting from possible past exposures.  Concerns regarding continued use of the 
lesson area and driving range were also addressed.  ATSDR concluded that based on the duration of 
possible exposure, the vegetated ground cover, and the golfing activity, the maximum levels of PCBs 
detected in soils at the site did not pose a health threat for persons using the area for golfing [ATSDR 
1993]. 
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3. Toka-Renbe Farm  (MDEP Site # 3-0284, USEPA Site # MAD981063084  

The Toka-Renbe Farm is located at 2016 Washington Street on approximately 50 acres of open fields and 
wooded areas in Canton.  The Toka-Renbe property was found to be contaminated with PCBs, which were 
used in the production of electrical components until 1977 when the substance was banned by the USEPA. 
Soil testing on the Toka-Renbe Farm site has also revealed the presence of dioxins.  The site has been 
classified as a  Confirmed disposal site by the MDEP [MDEP 1997a].  Additional sampling and remediation 
activities at the site are currently being conducted under the oversight of the MDEP. 

Currently, the site includes two homes, a barn foundation, and a horse barn.  The barn was used for the 
storage of electrical components and capacitors.  In 1982, a fire in the barn resulted in the evacuation of 
surrounding residents and schools near the site being closed.  Residents expressed concern that this fire may 
have resulted in PCBs being burned (electrical capacitors and components were stored in the barn) and 
contamination could have spread via the fire from the site to surrounding neighborhoods, specifically the 
Sutcliff Avenue neighborhood. 

In 1983, sampling at the site detected PCBs in soil at concentrations that exceeded the DEQE (currently the 
MDEP) action level of 50 parts per million (ppm) [Paragon 1996b].  Subsequent soil sampling in the 
basement of the former barn detected PCBs at 26 ppm and 81 ppm. In December 1992, the MDEP requested 
that the USEPA conduct an investigation and response actions at the site.  During their investigations, the 
USEPA discovered a number of areas at the site where electrical components and capacitors containing PCBs 
were buried.  For purposes of eliminating an imminent hazard at the site, the USEPA developed clean-up 
goals for PCBs in both surface soil (i.e., 0-10 inches) and soils located at greater than ten inches in depth. 
The established clean-up goals for PCBs in surface soil and soils at depth were 2 ppm and 10 ppm, 
respectively.  The clean-up goal established for PCBs in surface soil at the Toka-Renbe Farm site is 
consistent with the concentration established by MDEP for S-1 category soil.  Soil categorized as S-1 is 
considered accessible and is associated with the highest potential for exposure to either adults or children 
[MDEP 1995d, MDEP 1997b].  In addition, ATSDR evaluated the proposed soil contaminant clean-up levels 
to determine whether these levels would be protective of public health.  The ATSDR evaluation concluded 
that the surface soil contamination at the Toka-Renbe Farm site did not pose a public health threat [ATSDR 
1994a].   

4. The Sutcliff Avenue Neighborhood (MDEP Site #3-12534  

The Sutcliff Avenue neighborhood is located in the Ponkapoag section of Canton and comprises single 
family homes built in the late 1930s through the 1940s.  The neighborhood boundaries include the Ponkapoag 
Brook to the west and south, Toka-Renbe Farm to the south, Green Lodge Street to the north, and 
Washington Street (Route 138) to the east (refer to Figure 5). 

In 1994, residents of Sutcliff Avenue whose properties abut the Toka-Renbe Farm expressed concern to the 
USEPA that contamination from the site had possibly migrated to their properties. Specific concerns were the 
potential for exposure to dioxins/furans and PCBs from the Toka-Renbe site and potential adverse health 
effects to area residents including a skin and liver disease known as porphyria cutanea tarda (PCT). 

In response, the USEPA conducted soil sampling for dioxins/furans at a residential property located at 28 
Sutcliff Avenue. Four surface soil samples (0-2 inches) were collected in the backyard of the residence. 
The results indicated dioxin levels that ranged in concentration from 150 to 550 parts per trillion (ppt). 
These concentrations exceeded the MDEP S-1 soil standard for dioxin established as 4 ppt [MDEP 
1997b].  The highest concentrations detected were located along the sloped embankment at the rear of the 
property.  These data are summarized in Table 5.   
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The MDEP subsequently conducted soil sampling at several properties abutting the Toka-Renbe Farm in 
an effort to confirm results obtained by the USEPA and to further characterize soil contaminant levels. 
Samples were obtained from 28 Sutcliff Avenue in the front and side yards of the property as well as from 
two adjacent properties (26 and 32 Sutcliff Avenue).  A sample was also collected from the Canton 
Corner Cemetery located at 1600 Washington Street.  The MDEP collected samples at the two adjacent 
properties in order to determine whether the levels of dioxin detected previously were ubiquitous within 
the Sutcliff Avenue neighborhood or possibly the result of improper fill used during construction at 28 
Sutcliff Avenue [MDEP 1995b, MDEP 1995c]. 

The results of this sampling showed that dioxin levels were lower than originally detected by the USEPA. 
Concentrations of dioxin in soil ranged from 8.2 to 106.6 ppt at 28 Sutcliff Avenue.  The maximum 
concentration (106.6 ppt) was detected at the rear of the property near the embankment adjacent to the 
Toka-Renbe Farm.  Dioxin concentrations in soil at 26 and 32 Sutcliff Avenue were 27.5 and 35.4 ppt, 
respectively. At the Canton Corner Cemetery, the concentration of dioxin detected was 85.3 ppt.  

In May 1995, the MDEP installed a chain linked fence to prevent access to the sloped embankment area 
abutting Ponkapoag Brook and the Toka-Renbe Farm.  They also applied four inches of clean loam and 
hydroseed in the backyard area, approximately 10 to 15 feet in width along the fence [MDEP 1995e]. 
These actions were taken to prevent exposure to dioxins detected in the soil. 

In order to identify the source of the dioxin contamination present at 28 Sutcliff Avenue, the MDEP 
performed additional soil sampling in November 1995 that focused on soils in the embankment area 
behind four residences on Sutcliff Avenue that abut the Toka-Renbe Farm [MDEP 1995f]. Pesticides 
known to contain dioxin in their formulation may have been used historically at the 28 Sutcliff Avenue 
property.  As an initial step to identify whether the source of dioxin contamination may or may not be 
related to the Toka-Renbe Farm, the samples were analyzed for the presence of chlorinated pesticides and 
PCBs. Four of the twelve residential samples were also analyzed for the presence of dioxins/furans. All 
of the samples were collected in surface soils at depths of 0 to 2 inches or 9 to 12 inches. 

During the November 1995 sampling, two samples were also collected at the playground located at the 
intersection of Sutcliff Avenue and Cedar Street.  These samples were collected at a depth of 0 to 2 inches 
and were analyzed for the presence of dioxins/furans and lead.  Soil sampling locations on Sutcliff 
Avenue properties are presented in Figure 5.     

In addition, in order to determine background concentrations of dioxin/furans for soils in this area of 
Canton, the MDEP also collected soil samples at seven different locations within a two mile radius of the 
Toka-Renbe Farm site.  The Canton Public Library, located within a 2.5 mile radius from the site, was 
sampled at the request of the Canton Board of Health.  All of the samples were collected in surface soil (0 
to 2 inches). The background sampling locations were chosen with the assistance of the Canton Board of 
Health and the Conservation Commission.  Based on Canton Fire Department records, these locations are 
intended to represent areas that would not have been impacted by any atmospheric deposition of 
dioxin/furans from the 1982 Toka-Renbe fire [MDEP 1995f].  The background sampling was conducted 
in order to represent conservative estimates of atmospheric deposition of dioxin/furans due to emissions 
from non-hazardous sources such as automobile emissions, incinerators and other industrial sources 
[MDEP 1995f].  See Figure 6 for a map depicting background sampling locations. 

Results of the November 1995 sampling were similar to the results of the initial sampling conducted by 
the MDEP in March 1995.  Again, the concentrations of dioxin detected by the MDEP during this 
sampling round were lower than originally detected by the USEPA.  Dioxin was detected at 
concentrations of 11.0 and 130.4 ppt in surface soil (0 to 2 inches) along the rear embankment at 28 
Sutcliff Avenue. Dioxin concentrations detected along the embankment of the adjacent properties ranged 
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from 10.9 ppt at 24 Sutcliff Avenue to 67.5 ppt at 26 Sutcliff Avenue.  26 Sutcliff Avenue is located 
immediately adjacent to and east of the 28 Sutcliff Avenue property.  Dioxin detected at the seven 
background locations ranged in concentration from 16.0 ppt to 188.8 ppt.  The maximum concentration 
detected among the background samples was located at the Massasoit Community College. These data are 
summarized in Table 5. 

Results of pesticide sampling revealed that concentrations of chlordane, DDT, and DDD in soils were 
slightly higher at 28 Sutcliff Avenue than the other Sutcliff properties.  The concentrations at 28 Sutcliff 
Avenue were 2.6 ppb chlordane, 1.4 ppb DDT and 0.44 ppb DDD.  The concentration of these pesticides 
detected at the adjacent Sutcliff Avenue properties ranged from 0.021 ppb DDT at 24 Sutcliff Avenue to 
0.81 ppb DDT at 26 Sutcliff Avenue.  The highest concentration of DDE was 1.5 ppb detected at 26 
Sutcliff Avenue. DDE was detected in soil at concentrations of 1.3 and 1.4 ppb at 28 Sutcliff Avenue. 
All of the concentrations detected were below the MDEP S-1 soil standards for these pesticides.  In 
addition, these levels are less than naturally reported levels of these persistent pesticides in soil [ATSDR 
1994b].  PCBs were not detected in any samples from Sutcliff Avenue.  Refer to Table 6 for a summary 
of these data. 

Based on the November 1995 sampling, the MDEP concluded that the concentrations detected at the 
residential properties and the playground on Sutcliff Avenue are below or consistent with the background 
concentrations detected in this area of Canton.  The MDEP further concluded that although the 
background values identified in Canton are higher than clean-up goals established by the MDEP, that 
these concentrations are consistent with levels of dioxin expected in an industrialized society [MDEP 
1996a].  The highest dioxin concentrations, still within the background range reported for Canton, were 
detected at 26 and 28 Sutcliff Avenue within a localized area along the sloped embankment.  In addition, 
the chemical composition of dioxin/furans detected in this area differed from the soil samples collected 
from the other residences, the playground and background locations [MDEP 1996a].  Therefore, the 
MDEP conducted further sampling in May 1996 at these two properties in order to identify the source of 
these contaminants. 

Four samples were collected adjacent to the home foundations at a depth of 0 to 3 inches and 1 to 3 
inches. The samples were analyzed for the presence of pesticides in order to assess whether prior 
pesticide application at the two properties were linked to dioxins that had been previously detected in the 
soil [MDEP1996b].  At the owner’s request, an additional soil sample was collected at the 40 Sutcliff 
Avenue property in May 1996.  This sample was collected at a depth of 0 to 2 inches and analyzed for the 
presence of dioxin/furans, chlorinated pesticides and PCBs.    

The results of this sampling round showed that concentrations of dioxin at 28 Sutcliff Avenue were generally 
lower in the areas outside the sloped embankment and ranged from 10.5 to 44.0 ppt at 28 Sutcliff Avenue and 
11.6 to 31.05 ppt at 26 Sutcliff Avenue.  The maximum concentrations of dioxin were detected in a localized 
area along the sloped embankment of the two properties and near a former wood burning pit. The dioxin 
concentrations in this location were 346.52 ppt at 28 Sutcliff Avenue and 46.17 ppt at 26 Sutcliff Avenue. 
The concentration of dioxin at 40 Sutcliff Avenue was 27.71 ppt. 

Results of pesticide sampling  detected low concentrations of chlordane, DDT, DDD and DDE (i.e., 10 ppb 
or less) comparable to levels previously detected at the two residences.  The maximum concentration of these 
pesticides detected at either of the two properties were 10 ppb chlordane, 1.9 ppb DDT, 2.2 ppb DDE and 
0.52 ppb DDD (Table 6).  Again, all of the concentrations detected at Sutcliff Avenue were below the MDEP 
S-1 soil standards for these pesticides and natural background levels.  Surface soil samples collected along the 
foundation of the residence at 26 Sutcliff Ave detected dioxin in concentrations of 11.6 ppt and 29.4 ppt. 
Dioxin was detected at concentrations of 10.5 and 11.2 ppt in surface soil along the foundation of 28 Sutcliff 
Ave [MRI 1996]. 
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In November 1996, the MDEP sampled soils for dioxin from five test pits located to the rear and along the 
side of 28 Sutcliff  Avenue and 26  Sutcliff  Avenue  in  order to determine the level of dioxin present in deeper  
soil [ MRI 1997].  These  were  collected  from  a depth of 2 to 3 feet.   Results of this sampling indicated dioxin  
concentrations of 10 ppt in  the deeper surface  soil  at 26 Sutcliff Avenue.   In addition, dioxin  concentrations  at  
two of the three test pits  at 28 Sutcliff were approximately 10 ppt.  One test pit location (TP-281) revealed  
higher dioxin  concentrations (i.e., 13.8 ppt and 84.3  ppt).  This sampling point is located in the sloped  
embankment area, near a former wood burning pit and has  shown consistently higher concentrations of  
dioxin in p revious sampling by both th  e USEPA and the MDEP.  

5. The King’s Road Neighborhood  

The King's Road neighborhood, located in Canton CT 4151, is bordered by Dedham Street, Chapman Street, 
the MBTA railroad tracks, the Blue Hill Golf and Country Club, and the I-95 highway.  This area is also 
known as the Summer Heights section of Canton.  Development in this area began in the 1960s and consists 
mainly of single family homes.  Citizen concern in this neighborhood has focused on a possible increase or 
“cluster” of cancer in the area. 

In addition, concerns have been raised regarding local industry in the surrounding area.  Therefore, 
information was reviewed for two sites located in CT 4151 near the King’s Road neighborhood and listed 
by the MDEP as a Confirmed disposal site or LTBI.  Based on citizen concern, information was also 
reviewed for an additional site located in CT 4151 (Plymouth Rubber Company) but not near the King’s 
Road area. 

Draper Brothers Company, Inc., 28 Draper Lane (MDEP Site # 3-0653  

a). Background Information  

The Draper Brothers Company has operated a felt and knitting processing facility at 28 Draper Lane since 
1856. The site consists of 37.7 acres of land on which are located two main processing buildings, a boiler  
building where steam is generated for process machinery, and several smaller office and storage buildings  
[GEI 1992].  The north and west portions of the property contain undeveloped woods which are 
downgradient from the developed portion of the Draper property.  An unnamed intermittent stream flows 
through the wooded area classifying it as a wetlands area.  The site is bounded to the north by the  
Kennedy School in addition to residential properties on Dedham Street which are located in the vicinity  of  
the site.  The King’s Road neighborhood is approximately 2,000 feet to the northwest of the developed  
portion of the Draper Brothers property.  

b). Environmental Monitoring  

The Draper site was first listed with the MDEP as an LTBI on January 15, 1990 based on the results of 
two environmental site assessments submitted to the MDEP during 1986 and 1988 by GEI Consultants, 
Inc. (GEI). On March 30, 1989 the MDEP investigated a release of approximately 100 gallons of #6 fuel 
oil which occurred when a 10,000 gallon underground storage tank (UST) was filled beyond its capacity 
during a tank-to-tank transfer (MDEP ID # N89-462).  The oil was released through a vent pipe onto the 
surrounding soil [DEQE 1989a, DEQE 1989b].  Due to the heavy viscosity of the #6 fuel oil and the 
small area affected, the removal of all contaminated soil provided adequate clean-up [DEQE 1989c]. The 
MDEP, formerly the DEQE, determined there was no impact to storm drains or sensitive receptors 
[DEQE 1989c].   

On May 22, 1991, a spill of between 2 and 10 gallons of #4 fuel oil occurred during the filling of one of 
three USTs at the facility (MDEP ID # N91-0744).  Groundwater sampling from a monitoring well 
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located 15 feet north of the spill area detected free oil on the sampling equipment and it was determined  
that the oil had migrated laterally away from the vent pipe [GEI 1992].  During the excavation of the oil-
saturated soil in June of 1991, it was observed that the stained soils may have been the result of unrelated  
minor spills of #6 fuel oil associated with prior filling of the USTs [GEI 1992]. The continued presence of  
free oil product in a monitoring well prompted the removal of the three 10,000 gallon USTs on May  26, 
1992. The proposed interim  measure involved excavating and stockpiling approximately 107 cubic yards 
of contaminated soil at the site for further analysis.     

Salah & Pecci Leasing Company, Inc., 100 Hudson Road (MDEP Site # 3-2246  

a). Background Information  

The Salah & Pecci Leasing Company leases large construction and earth moving equipment.  Due to 
these activities, the site has been contaminated with gasoline and diesel fuel.  The property consists of two 
acres and is located near a gravel pit and the south side of I-95 between interchanges 11 and 12, and less 
than one-quarter mile from  the Blue Hills Golf & Country Club.     

b). Environmental Monitoring  

On August 4, 1985 a release of  gasoline occurred  at the Salah & Pecci site.  It was reported by the DEQE,   
currently the MDEP, that the soil under  one of the gasoline tanks was contaminated, however the gasoline did  
not migrate to the groundwater [DEQE 1985].   In August 1988, four USTs were excavated and remov ed  
from the property (three 4,000 gallon diesel fuel tanks and one 4,000 gallon gasoline storage tank).  At that  
time  it was determined that  soil beneath two of the tanks, one of  which was leaking, contained VOCs in  
excess of 75 ppm  and consequently 5 to 7 cubic yards of soil were removed [CAI 1988].  According to an  
opinion submitted to the MDEP in July 1996 by Cistar Associates, Inc., (CAI) no further action was 
necessary at the site [MDEP 1997c].  

Plymouth Rubber Company, 104 Revere Street (MDEP Site # 3-11520, 3-1662, 3-10933  

a). Background Information  

The Plymouth Rubber site has a history of industrial usage since the Revolutionary War.  The entire 
manufacturing complex and surrounding property was the site of the original Revere Copper Company of 
the Revolutionary War era, where Paul Revere operated a copper and brass foundry [ERA 1993, ERA 
1995a].  The site had been used from about 1775 to 1800 by the Colonists for the manufacture of gun 
powder. From 1717 to 1775 the property had been the residence of a miller who operated a water 
powered corn mill.  The property was purchased by the Plymouth Rubber Company in 1912 before its 
incorporation in 1922. Numerous buildings and additions have expanded the facility beyond the historical 
structures still existing at the site. The Plymouth Rubber Company manufactures rubber and vinyl sheet 
goods such as rubber bands, tapes, coated fabrics, roofing materials, calendared vinyl film and linings, 
and shoe soles and heels. Raw materials such as rubber, plasticizers, organics and pigments are stored 
and processed within the complex [ERA 1993].   

The plant is bordered to the south and west by the East Branch of the Neponset River and to the northeast 
by Revere Street [ERA 1995a].  The East Branch of the Neponset River is classified as a Class B surface 
water by the MDEP, and is designated as a habitat for fish, other aquatic life and wildlife in addition to 
use for primary and secondary contact recreation, irrigation, agricultural and industrial uses [ERA 1995a]. 
The Neponset River is not used as a source of drinking water downstream from the Plymouth Rubber site 
[ERA 1995a].  According to Environmental Resource Associates, Inc., the entire area is serviced by 
public drinking water, and no private wells, Zone II or Zone A areas or Wellhead Protection Areas are 
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known to be located at or near the Plymouth Rubber site.  Development in the region is heavy with  
industrial and commercial usage predominating along Revere Street [ERA 1995a].  Residential areas exist  
across the East Branch as well as to the north and northeast [ERA 1995a].  Over the past ten years,  
contamination has been detected in three separate areas of the property.    

b). Environmental Monitoring  
 
MDEP Site # 3-11520  

The disposal site is an underground tank farm  consisting of five 10,000 gallon USTs which once 
contained phthalate esters stored in the tanks since 1946, and one 6,000 gallon above ground tank  
containing naphtenic oils [ERA 1995b].  In October 1987, approximately 100 gallons of dioctyl phthalate  
was spilled within the tank farm during a tank overfill.  The spill was remediated and contaminated soils  
were disposed of off-site [ERA 1995b]. 

MDEP Site # 3-1662  

In November 1988, four USTs were removed and soil contamination was discovered.  The tanks were 
located in the developed area of the property and had previously been used to store mineral spirits,  
toluene, methyl ethyl ketone, hexane, heptane and lactol [ERA 1995a].  Total petroleum hydrocarbons 
(TPH) and priority pollutant volatile organic compounds (VOCs) were detected, and in December 1991, 
approximately  200 tons of contaminated soil was removed from the site [ERA 1995a].  The MDEP 
declared the site a non-priority disposal site and a Waiver Permit was approved.  A risk characterization 
was subsequently  performed and determined that the site posed No Significant Risk to human health, 
welfare or the environment.  Therefore MDEP determined No Further Action was required at this site.  

MDEP Site # 3-10933  

In April 1994, contaminated soil was encountered during the removal of a 2,000 gallon gasoline UST.  A 
soil gas survey was conducted to determine the extent of contamination and indicated that contamination 
existed primarily within the existing tank grave.  Subsequently approximately 27 cubic yards of  
contaminated soils were removed.  No free product or sheen was visible on the groundwater table [ERA 
1994].  Residual concentrations of TPH in soil and groundwater were below the MCP Method 1  
Standards for soil (S-1) and groundwater (GW-2/3) classifications.  ERA determined that TPH at the site  
is considered above background but that the concentration and extent of contamination does not warrant 
additional remedial action.  The site has permanently achieved a level of No Significant Risk and 
qualifies for a Class A-2 Response Action Outcome (RAO).  No Activity and Use Limitations (AUL) or 
institutional measures were required for the site, and no further action was recommended [ERA 1994].  

IV. DISCUSSION 

Cancer incidence in the town of Canton was generally less than or equal to expected rates during the 
earlier time period and slightly higher during the later time period 1987-1992.  When males and females 
were evaluated separately, a similar pattern of cancer incidence was observed. 

Cancers of the lung and breast were observed to be significantly lower than expected in Canton.  Breast 
cancer occurred significantly less often than expected among females in the town during the earlier time 
period 1982-1986.  Nearly significant lower than expected rates of breast cancer were also observed in 
CT 4151 (SIR=69) and CT 4153 (SIR=45). However, during the later time period 1987-1992, the 
incidence of breast cancer occurred at expected rates when compared to the state as a whole. This pattern 
may suggest that improved screening techniques and earlier detection of breast cancer may have played a 
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role in the later time period which could have resulted in a greater number of cases reported to the MCR.  
Lung cancer in Canton also occurred significantly  less often than expected during the 11-year period  
1982-1992 and the later time period 1987-1992.  In addition, lung cancer among males occurred 
significantly less often than expected in CT 4151 and nearly significantly less often in CT 4153. 
 
There were no significant elevations among females in the town of Canton or in any  of the three census 
tracts for the eleven cancer types evaluated.  However, among males statistically significant elevations  
were observed in cancers of the kidney, leukemia, melanoma and NHL in the town or in certain census 
tracts within the town.  With the exception of kidney  cancer in the town of Canton as a whole, there was  
no consistent pattern in the type of cancer elevated with respect to gender or time period in which the  
elevation occurred. Furthermore, the cases did not appear to be clustered or distributed in any  pattern 
concentrating the cases in any  one census tract, including CT 4153 the location of the Indian Line and  
Toka-Renbe Farms, or in any specific neighborhood within the three census tracts.  
 
The types of  cancer that were  significantly elevated in Canton and evidence regarding risk factors that may  
have contributed to these elevations are discussed below.  Information regarding risk factors for other types of  
cancer  evaluated in this report is  presented in Appendix B.  

A. Kidney  Cancer 

The incidence and mortality from kidney cancer is higher in urban areas. Kidney cancer is more common 
among males than females and incidence most often occurs in the 50-70 year age group [ACS 1996].  In 
Canton, a similar pattern of kidney cancer incidence was observed.  The median age of kidney cancer cases 
was 64.3 with a range of 44 to 93 years and the ratio of male to female cases was 2:1. 

In Canton as a whole, the incidence of kidney cancer was significantly elevated among males and females 
combined during all three time periods evaluated.  Statistically significant elevations were observed in CT 
4152 during the entire time period 1982-1992 and the later time period 1987-1992, elevations attributable 
primarily to excesses among males.  However, these significant elevations were based on SIRs calculated 
from a relatively small number of observed cases. The confidence intervals are fairly wide and do leave 
doubt as to the true size of the elevation observed. Although not statistically significant, kidney cancer 
was elevated among males and females combined in CT 4151.  In CT 4153, about one excess case was 
observed for the entire 1982-1992 period.  Thus, the elevations in the town were mainly due to significant 
elevations observed among males in CT 4152. 

Cigarette smoking and use of tobacco products are the most important known risk factors for kidney cancer, 
however the risk of developing kidney cancer declines significantly corresponding to years of smoking 
cessation [Schottenfeld and Fraumeni 1996].  An association with passive smoking has also been investigated 
as a risk factor.  In Canton overall and in CT 4152 kidney cancer was statistically significantly elevated. 
Among individuals overall in Canton who reported a smoking status, 58 % were current or former smokers at 
the time of diagnosis.  The available smoking status information for kidney cancer cases in CT 4152 among 
males revealed that 64 % were current or former smokers at the time of diagnosis. 

Body weight and obesity, especially in women, is also a risk factor in renal cell carcinoma.  Researchers 
suspect that this may be related to the excess estrogen levels commonly observed in female obesity [NCI 
1996, Schottenfeld and Fraumeni 1996].  In addition, diuretic use and antihypertensive  medications are also 
associated with increased risk of renal cell carcinoma. A diet high in protein (animal fats, milk products, 
margarine and oils) has been implicated in epidemiological studies as a risk factor for renal cell carcinoma 
[NCI 1996, Schottenfeld and Fraumeni 1996].  Long-term use of pain relievers such as phenacetin (and 
possibly acetaminophen and aspirin) increase the risk for cancer of the renal pelvis and renal cell carcinoma. 
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Familial associations of renal cell carcinomas, including families with von  Hippel-Lindau disease, have also  
implicated genetic factors [Schottenfeld and Fraumeni 1996].  
 
Occupational exposure  risk factors have not generally been identified  as risk factors for kidney cancer.  
However, studies of insulation workers and asbestos products workers (mostly shipyard workers) have  shown  
some association [NCI 1996, Schottenfeld and Fraumeni 1996].  In Canton limited occupational information  
did not allow for a meaningful evaluation of the role  that occupational exposures may have played. 
 
Although kidney cancer was significantly elevated in Canton overall during 1982-1992, and in CT 4152 
during 1987-1992, there was no unusual geographic pattern observed among these individuals.  More than  
half of the cases in Canton  (i.e.,  58%)  indicated a positive smoking status at the time  of  diagnosis, which may  
have  contributed to the increased kidney cancer observed in Canton.  Smoking status among  those kidney  
cancer cases  in CT 4152 indicated that 64% (n=7) were  current or  former smokers  at the time  of diagnosis 
during the 1982-1992 period.  During the period 1987-1992 where kidney  cancer was statistically  
significantly elevated, 72% (n=5) indicated a positive smoking status at the time of diagnosis.  

B. Leukemia 

Leukemia is a group of malignancies of the white blood cells, classified as separate histological types. 
Epidemiological studies have shown that each histologic type of leukemia is an individual disease with  
specific characteristics, patterns of survival, and etiologic factors.  There are four major subtypes into 
which most histologic types of leukemia can be categorized:  acute lymphoid leukemia (ALL); chronic 
lymphoid leukemia (CLL); chronic myeloid leukemia (CML); and acute myeloid leukemia (AML). 
Epidemiological research over the past twenty-five years has revealed patterns of incidence and risk  
factors which vary for each subtype. While there are known and suspected risk factors for each subtype, 
leukemia cases are relatively rare, and despite a large body of research, risk factors that have been 
identified for different leukemia subtypes only account for a small percentage of cases [Linet 1985]. 
 
The incidence  of leukemia was significantly  elevated  in  Canton among males and females combined  during  
1987-1992.  Leukemia was also significantly elevated among males in CT 4151 during this time period. 
However,  the leukemias  in Canton were of  varied  histologic types, which have  different risk factors.  These  
different types of  leukemia were also widely disp ersed geographically througho ut the town. 

C. Melanoma 

Melanoma was statistically significantly elevated among males in Canton overall during 1982-1992.  In 
addition, statistically significant elevations in melanoma among males in individual census tracts were noted: 
CT 4152 during 1982-1992 and CT 4153 during 1982-1992 and 1987-1992. 

The incidence of malignant melanoma increases with age and rises steeply until the age of 50.  Melanoma 
occurs slightly more often in females than in males [Schottenfeld and Fraumeni 1996].  The incidence of 
malignant melanoma is higher among whites and lighter skinned individuals than dark-skinned individuals 
such as Africans, Asians, and Polynesians.  The primary risk factor for melanoma is excessive exposure to 
ultraviolet radiation (i.e., the sun) for individual skin type. Several recent studies have found significantly 
increased risks of melanoma following repeated severe (i.e., blistering) sunburns, particularly during 
childhood and teenage years [Holly et al. 1995, NCI 1996]. Freckles, an indicator of sun sensitivity and sun 
damage, are also associated with increased risk [Holly et al. 1995, NCI 1996].  Factors associated with 
increased risk of melanoma include:  a history of sunburns, fair skin, number of moles, presence of dysplastic 
or other atypical moles, previous melanoma, family history of melanoma, and immunosuppression [Holly et 
al. 1995, NCI 1996]. 
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In Canton, the sites where the majority of the tumors occurred were at locations on the body where melanoma 
would most  likely  be expected  given excessive sun exposure; predominantly  the torso for males, and lower  
leg for females.  These patterns are consistent with American Cancer Society and national surveillance  
system data [ACS 1996].  The median age for melanoma in Canton was 43 years, which is younger than  
would be expected  [Schottenfeld and Fraumeni 1996].   

D. non-Hodgkin’s lymphomaError! Bookmark not defined.  

Non-Hodgkin’s lymphoma (NHL) occurs at all ages, however the incidence of NHL generally increases with  
age.  Among all NHL  types combined there  is a greater  male to female ratio, and white to black ratio. In 
Canton, NHL was significantly  elevated among males in CT 4153 during the 1987-1992. 
 
NHL is more common among people who have  abnormal or  compromised immune systems, such as those 
with inherited immunodeficiency diseases, HIV infection, organ transplant recipients, and persons with 
autoimmune disorders such as systemic lupus erythematosus, Sjogren’s syndrome, and rheumatoid arthritis 
[Schottenfeld and Fraumeni 1996].  Several chemicals are also suspected in the etiology of NHL, particularly 
combined exposures.  Some of these agents include phenoxy acids, chlorophenols, organic solvents, 
pesticides, and herbicides; however, there is no consistent  evidence and causal associations have not been  
established [Higginson, et al. 1992].  Certain industrial and chemical exposures (e.g., rubber workers, oil  
refining industry) have  been associated with NHL.  
 
NHL was not elevated during the earlier 1982-1986 time period in CT 4153.  The seven male cases occurring  
during the later period 1987-1992  were not geographically concentrated in any  one area.  No female cases 
were observed.  In Massachusetts, the incidence of NHL among males increased fro m  11.5 per 100,000 in   
1982 to 17.6 per 100,000 in 1992.  This was an increase of 53% .  Nationally the increase in NHL incidence 
has been attributed to changes in case classification, greater exposure to causative agents, and the increasing  
incidence of AIDS-related lymphomas [MDPH 1995b, Devesa 1995].    

E. Environmental Data  

Environmental sampling data indicate that dioxin is present in soil at residential properties along Sutcliff 
Avenue above the MCP Method 1 S-1 soil standard. However, with the exception of one localized area, 
the concentrations of dioxin detected at the residential properties and the playground were within the 
background dioxin levels for this area of Canton. The MDEP concluded that dioxin/furans detected in one 
localized area above background levels could be due to a number of sources including:  improper fill used 
during home construction; soil contamination as the result of historic pesticide use; the presence of a former 
wood burning pit in one portion of the property, or possible migration of dioxin/furans to the property as a 
result of the 1982 fire at the abutting Toka-Renbe Farm [MDEP 1995a, MDEP 1995c]. 

Dioxins (2,3,7-8-tetrachlorodibenzo-p-dioxin or 2,3,7,8-TCDD) are a large group of chemical compounds. 
There are over 75 congeners of chlorinated dibenzo-p-dioxins (compounds similar to dioxin) [USEPA 
1994a]. The most toxic of all the dioxin compounds, 2,3,7-8-TCDD, is the compound most often referenced. 
The degree of dioxin congener toxicity depends on the number and position of the chlorine or bromine atoms 
on the dioxin-like molecule.  Those present at the 2,3,7, and 8 positions render the greatest degree of toxicity. 

Dioxins are not intentionally manufactured but are formed in the manufacturing process of all chlorophenols, 
such as herbicides and germicides [USEPA 1994a].  Dioxins have also been detected in products of 
incineration of municipal and industrial wastes [USEPA 1994a].  The main environmental sources of dioxins 
are: herbicides, wood preservatives, germicides, pulp and paper manufacturing plants, incineration of 
municipal and certain industrial wastes and medical wastes, wood burning (in the presence of chlorine), 
transformer/capacitor fires involving PCBs, exhaust from automobiles using leaded gasoline, improper 



 9/15/97 PUBLIC COMMENT RELEASE
 

 20
 

 

 

 

 
     

 
      

  

chemical waste disposal, coal c ombustion, and chimney soot from  residential w ood burning  stoves  [Travis 
and Hattemer-Frey 1991, USEPA 1994a]. 
 
Dioxins  are present i n virtually all m edia including:   air, soil, meat, milk, fi sh, vegetation, fruits, and  human  
tissue  [Travis and  Hattemer-Frey 1991, USEPA 1994b].  Estimates of human body burdens of dioxins  
suggest that greater than 90% of the total dioxin exposure is derived from  foods [USEPA 1994b].  Dioxins in  
fatty foods such as dairy, fish and meat  products are believed to account for 99 percent of human exposure to  
2,3,7,8-TCDD [USEPA 1994b].   Exposure from ingestion  of water or soil and inhalation  of air account for  
only 1% of the  total daily intake.  
 
The levels of dioxin routinely observed in air, water, and soil are termed background levels.   A comparison of  
the dioxin concentrations in soil detected in Canton, MA and various sites in the United States, Europe, Great  
Britain and Scandinavia are summarized in Table 7.  The mean concentrations for dioxin in the Sutcliff  
Avenue area for Canton (excluding  28 Sutcliff Avenue) were 24.4 ppt at a 0-12” depth, and for 28 Sutcliff 
Avenue the mean concentration was 130.8 ppt at a 0-12” depth.  The MDEP concluded that the dioxin levels 
present at 28   Sutcliff Avenue are consistent with levels reported at sites with historic use of pesticides  
[MDEP 1995a].   In addition, the ATSDR reviewed the USEPA surface  soil analytical d ata from 28 Sutcliff  
Avenue  for dioxins/furans, chlorinated pesticides  and PCBs.  The dioxin concentrations detected by the  
USEPA were the highest concentrations detected during any of the soil sampling conducted in the Sutcliff 
Avenue neighborhood.  Based on these concentrations, the ATSDR concluded that the contaminants  detected  
in the surface soil in the backyard area were a t levels that do not present a public health threat  [ATSDR 
1994a].  Refer to Table 7 for further information regarding  concentrations of dioxin detected in soil in both  
residential and industrial areas. 

V. LIMITATIONSError! Bookmark not defined.  

This health consultation is a preliminary investigation which analyzes descriptive health outcome data to  
determine w hether the occurrence of selected  cancers is  unusual.  Information from  such descriptive a nalyses, 
which may suggest that a common  etiology  is possible, can serve to identify  areas where further public health  
actions or investigations  may be warranted.  Limitations in the available data make it impossible to determine 
the precise  causal relationships or  synergistic roles that  may have played  a part  in the development of  any 
cancers in this  community.  
 
Cancers in general have a variety  of associated risk  factors which are assumed to  be related  to  the etiology  
(development) of the disease.  Many cancers  are believed to be related largely to lifestyle factors such as  
cigarette smoking, diet, and alcohol con sumption.  Epidemiological studies of humans  and laboratory animals  
have related several cancers to adverse chemical exposures in the workplace or in an individual's  
environment.  Other factors associated with cancer are socioeconomic status, heredity/genetics, race, and  
geography.  It is beyond the scope of  this analysis to  determine the causal relationship or  synergistic roles that 
the risk factors discussed in this report may have had in the development of cancer or other health outcomes  
in Canton.  This report can serve to b etter highlight areas for ongoing or further study.   

VI.  CONCLUSIONS   

	 In Canton overall, among males and females combined during 1982-1992 cancers of the brain, liver and 
pancreas occurred at expected rates.  Non-significant elevations were observed for cancers of the bladder, 
leukemia, melanoma and NHL. Cancers of the breast, lung and stomach occurred less often than 
expected overall during this period. 
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	 Kidney cancer in the town of  Canton was significantly elevated among males and females combined 
during all three time periods evaluated.  Kidney cancer among males was also statistically 
significantly elevated during the earlier time period and elevated but not statistically significantly 
during the later time period.  Among females in the town, kidney cancer occurred equal to or slightly 
higher than expected during the two smaller time periods.  Thus, the townwide elevation in kidney 
cancer appears to be attributable primarily to elevations among males during both smaller time 
periods. 

	 Statistically significant elevations in kidney cancer were observed in CT 4152 overall and among 
males during the entire time period 1982-1992.  When examined by smaller time periods, the 1982-
1992 elevation among males in this census tract was attributable primarily to a statistically significant 
elevation during the later time period 1987-1992.  Kidney cancer among females occurred as 
expected in this census tract.  Although not significant, kidney cancer was also elevated in CT 4151. 
In CT 4153, about one excess case was observed for the entire 1982-1992 time period.  Thus, the 
elevations in kidney cancer in the town of Canton were mainly due to significant elevations observed 
among males in CT 4152 

	 Further evaluation of kidney cancer cases revealed there was no unusual geographic pattern observed 
among these individuals in the town or CT 4152. The majority of these cases diagnosed between 1982-
1992 reported a positive smoking status.  In CT 4152 the majority of cases (i.e., 64%) were current or 
former smokers at the time of diagnosis. 

	 Statistically significant elevations occurred in the incidence of leukemia, melanoma and NHL in certain 
time periods or within certain census tracts within the town.  However, there was no consistent pattern in 
the type of cancer elevated with respect to location to hazardous waste sites, age at diagnosis, gender, or 
time period.  The cases were not concentrated in any one census tract or in specific neighborhoods 
including Kings Road or Sutcliff Avenue. 

	 Lung and bronchus cancers occurred statistically significantly less often among males during 1982-1992, 
and also during the later time period 1987-1992.  In CT 4151 during the period 1987-1992, cancers of the 
lung and bronchus among males also occurred significantly less often than expected. Breast cancer 
occurred statistically significantly less often than expected during 1982-1986. 

	 Based on the geographic distribution of cancer cases in the neighborhoods surrounding Toka-Renbe 
Farm, Indian Line Farm or the Ponkapoag Golf Course, it does not appear that these sites are related to 
any unusual increase of cancer in the surrounding  neighborhood or in CT 4153. 

	 Based on cancer types and the geographic distribution of cancer cases in CT 4151, it does not appear that 
industries located in the Kings Road area (i.e., Draper Brothers, Salah-Pecci and Plymouth Rubber) alone 
are related to any unusual increase of cancer in the surrounding neighborhood(s). 

	 With the exception of one localized area of Sutcliff Avenue, concentrations of dioxin detected at 
residential properties and the playground on Sutcliff Avenue were within background concentrations for 
this area of Canton.  Based on a review of the highest dioxin levels detected at Sutcliff Avenue, the 
ATSDR concluded that the levels would not present a public health threat.  Furthermore, the 
concentrations detected in the Sutcliff Avenue neighborhood have not been associated with significant 
health effects such as cancer or other health effects. 

	 No PCBs were detected in soil samples at any of the residential properties along Sutcliff Avenue. 
Concentrations of chlorinated pesticides were below the MDEP and reported natural background levels. 
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VII. RECOMMENDATIONS 

1.	 The MDPH/BEHA will continue to monitor cancer incidence in Canton through the Massachusetts 
Cancer Registry. 

2.	 The MDPH/BEHA will recommend to the Canton Board of Health that the American Cancer Society be 
contacted to coordinate annual skin cancer screenings for Canton residents. 
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1. 	 What are PCBs?  

	 PCBs, or polychlorinated biphenyls, are a class of chemicals that are highly stable, heat 
resistant, and nonflammable.  They do not easily evaporate in water.  They were very useful 
as industrial chemicals, and were extensively used as insulating materials in electrical 
equipment, added to paint, pesticides, carbonless copy paper, printing inks and dyes. 

2. 	 Are PCBs still in use?  

	 The United States Environmental Protection Agency (USEPA) banned the open-system use 
of PCBs in 1979. They are still present, however, in closed systems such as older electrical 
transformers.  Unfortunately, due to their many uses and uncontrolled disposal since they 
were first manufactured in the 1920's, PCBs are widely distributed throughout the world.  In 
the U.S., approximately 3/4 of discarded PCBs are in landfills or dumps.  Most of the 
remaining PCBs are attached to sediments of lakes, rivers, and oceans. 

3. 	 In general, how are people exposed to PCBs?  

	 In general, consumption of contaminated fish and shellfish is the major source of human 
exposure to PCBs. PCBs enter the aquatic food chain by binding with sediments and 
particles eaten by lower forms of aquatic life.  The PCBs are then passed up through the food 
chain via predator/prey relationships, resulting in contamination of higher forms of marine 
life. Bottom feeding fish and fish with high fat content tend to have higher PCB levels than 
other varieties. In addition, some occupational exposures still occur.  In 1983, a PCB 
exposure assessment of 90 Norwood residents thought to be at the greatest risk of exposure 
to PCBs from the Norwood PCB site concluded that this population's frequent contact with 
the contaminated soils was not a significant route of PCB exposure.  The Norwood site 
contained some of the highest levels of PCBs ever measured in the ambient soils in the U.S. 
The upper limit was 200,000 ppm. 
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4. 	 What happens to PCBs in your body?  

	 Once in the body, PCBs are initially stored in the liver and muscle and later move into fatty 
tissues where they can be stored for years.  Because of its fat content, breast milk contains 
PCBs and is a route of elimination for PCBs in the body. 

5. 	 Do most people in the United States have PCBs in their body?  

	 PCBs have been measured in human blood, fatty tissue, and breast milk throughout the 
country. Ninety-five percent of the U.S. population have serum levels of less than 20 parts 
per billion (ppb). Ninety-nine percent of the U.S. population have serum levels of less than 
30 ppb. The national average for serum PCB levels in persons not occupationally exposed is 
between 5 and 7 ppb. The greatest on-going source of public exposure to PCBs is from food, 
particularly fish. 

6. 	 Is there anything I can do to reduce PCB levels in my blood?  

	 Currently, there is no treatment available to lower PCB blood levels.  However, if an 
individual was exposed, PCB levels will decrease over time once exposure to PCBs is 
reduced. 

7. 	 Could I have been exposed to high levels of PCBs by eating corn grown on the Indian 
Line Farm?  

	 It is unlikely that consumption of corn grown at Indian Line Farm represents a significant 
route of exposure to PCBs. The uptake of PCBs in crops varies considerably with the 
specific type of crop. An experimental study released in 1989 by the New York State 
Department of Health found that corn kernels were not affected by the soil levels of PCBs. 

8. 	 In Canton, how were people exposed to PCBs?  

	 PCB contaminated soils at the Indian Line Farm, the former site of the Toby Deutschmann 
Co., were determined to contain sporadic levels of PCB contamination.  It is unlikely that the 
contamination has migrated off-site to the surrounding neighborhood soils.  The Department 
of Environmental Protection has reported that access to the site is restricted due to guard 
personnel on site. Potential for PCB exposure existed historically by actual skin contact with 
the contaminated soil or by inhalation of dust kicked up by walking, playing, biking, etc. In 
addition, individuals who worked in local PCB industries have another source of exposure. 
As a result of these historical concerns, the Massachusetts Department of Public Health in 
cooperation with the U.S. Centers for Disease Control, conducted PCB blood testing of 
Canton residents in 1981. 
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9. 	 Are people in Canton still at risk of being exposed to PCBs from the contaminated 
area?  

	 As previously mentioned, preliminary remedial efforts (e.g., removal actions, enhanced 
security) have greatly reduced the opportunity for exposure to the Indian Line Farm site-
contaminants.  Further information regarding remediation activities can be obtained through 
the Department of Environmental Protection. 

10.What was the range of serum PCB levels found in the Canton residents tests in 1981?  

	 Ten Canton residents at risk of exposure to PCBs associated with Indian Line Farm were 
tested. None of these people had PCB concentrations higher than those that have been found 
in 95% of the general population.  The results are shown in the following table: 

Concentration of PCBs in Parts Per Billion (ppb) Number of Individuals 
0 - 4 3 
5 - 9 5 

10 - 14 1 
15 - 20 1 

The average level serum PCB level in this population was approximately 7 ppb.  This level is 
within the normal background range for non-occupationally exposed individuals. 

11. Aside from PCB serum sampling, were any other health investigations done in the past?  

	 Yes, the MDPH in cooperation with the Canton Health Department, completed an evaluation 
of infant health and cancer mortality in January of 1981.  During the period investigated, 
neonatal health and cancer mortality were similar to that of the overall Massachusetts 
experience. Cancer mortality was not found to be associated with environmental exposures. 

12. Are there any public health investigations on-going in Canton?  

	 The Community Assessment Unit of the Bureau of Environmental Health Assessment is 
nearing completion of a cancer investigation in the King's Road area of Canton, which is not 
related to the Indian Line Farm.  In addition to this effort, Bureau staff will continue to work 
with the local health department and the DEP as new environmental data become available 
specific to Indian Line Farm, or any other 21-E site.  In this way, the potential for public 
health implications can be assessed in the most efficient manner. 
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13. Do PCBs cause cancer?  

	 Studies that have been conducted on working populations do not rule out the possibility that 
PCBs may cause cancer in humans.  Because it is very difficult to show that a chemical 
causes cancer in humans, animal studies are used to identify chemicals which have the 
potential to cause cancer in humans.  PCBs do cause cancer in test animals.  Therefore, it is 
assumed that exposure to PCBs over a period of time may pose a risk for humans. 

14. What other health effects may result from PCB exposure?  

	 Health effects are characterized in two ways:  acute effects (those occurring shortly after 
exposure) and chronic effects (those occurring after weeks or years after exposure).  PCBs 
are not very acutely toxic.  Large amounts of PCBs are necessary to produce acute effects. 
These include skin lesions (commonly termed chloracne), fatigue, and hyper-pigmentation of 
the skin and nails.  Some chronic effects of PCBs include immune system effects, liver 
effects, neurological and other effects. PCB levels previously found in the Canton 
population were well within the normal range and would not be expected to result in 
any of these health effects. 

Prepared for the Canton Board of Health 

by the Massachusetts Department of Public Health 


Bureau of Environmental Health Assessment 

January, 1993 




 

 

 

 
  
 
 

 B5
 

 

 

 
 

  

 

 
   

 
  

 

 

 

9/15/97 PUBLIC COMMENT RELEASE
 

APPENDIX B 


GENERAL DISCUSSION ON THE ETIOLOGY OF SELECTED CANCER TYPES 

Bladder Cancer  

Cancer of the bladder occurs primarily among white men with a male to female ratio of  
approximately three to one among most racial groups and four to one among whites [Schottenfeld 
and Fraumeni 1996].  The incidence of bladder cancer increases with age, with the majority of 
cases occurring at average ages of 68 years among men and 69 years among women [ACS 1995]. 
 
Epidemiological studies have implicated three risk factors associated with bladder cancer:   
tobacco smoking, occupation, and parasitic infection.  Cigarette smoking is known to be the  
principle causative factor in the development of bladder cancer, with smokers experiencing two to 
three times higher risk than the risk experienced by non-smokers.  Smoking is estimated to be 
responsible for approximately 47% of bladder cancer deaths among men and 37% among women  
[ACS 1995]. 
 
Occupations associated with a high risk of developing bladder cancer include workers in the 
dyestuffs and rubber industries, due to exposure to aromatic amines, most notably benzidine and  
2-napthylamine [NCI 1996, Schottenfeld and Fraumeni 1996].  An increased risk of bladder  
cancer has also been noted among painters, and workers in the leather, metal, and textile 
industries [ACS 1996, Schottenfeld and Fraumeni 1996].  Other bladder cancer risk factors that 
have been implicated in epidemiological studies include residence in urban areas, chronic bladder 
inflammation, use of hair dye, genetic predisposition, and metabolites of certain foods [ACS 
1996, Schottenfeld and Fraumeni 1996].  Bladder infection with the parasitic fluke Schistosoma 
haematobium, has also been identified as a risk factor [NCI 1996]. 

Brain Cancer  

Little is known regarding the etiology or causes of brain cancer.  About 52 % of primary brain 
tumors in adults are glioblastomas, 18 % meningiomas, and 10 % astrocytomas [Higginson et al. 
1992].  Among children, brain cancer is the second most common cancer. 

Risk factor information for brain cancers varies depending on the histology, or cell type, of the 
cancer. Sixteen percent of those with primary brain tumors have a history of cancer in the family 
[Black 1991b]. Astrocytoma has been associated with the development of multiple sclerosis in 
adults and exposure to lead in children.  Glioblastoma has been associated with several viruses 
and occupational exposure to vinyl chloride.  Some studies have noted a genetic pattern or 
familial tendency to develop gliomas (glioblastomas and astrocytomas are both gliomas); most 
commonly documented is the occurrence of glioblastoma among families [Farwell and Flannery 
1984, Mauron et al. 1984, Salcman and Solomon 1984].  Both astrocytoma and glioblastoma have 
been associated with cranial irradiation.  Other factors that may be related to brain cancer include 
high-dose x-rays (e.g., prenatal x-ray exposures may lead to brain tumors)[Higginson et al. 1992], 
consumption of sodium nitrate (meat preservative), head trauma, exposure to some occupations 
(e.g., refinery of crude oil and production of petroleum-based chemicals, nuclear fuels and 
weapons industry, farmers, manufacture of synthetic rubber and polyvinyl chloride)[NCI 1996], 
and the use of barbiturates by pregnant women and by children [Schottenfeld and Fraumeni 
1996]. 
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Meningioma is a slow growing, usually benign tumor which has a high survival rate.  Suspected 
risk factors in the development of meningiomas include previous head trauma  (including injury  
and surgery), hormonal factors, certain genetic disorders, and exposure to some  chemicals [Black 
1991b]. 
 
The human data for the relationship between brain cancer and ionizing radiation are derived from 
studies of populations exposed prenatally to diagnostic x-rays (see above) and populations 
exposed postnatally to therapeutic x-rays or atomic bomb radiation [BEIR 1990].  These 
radiation-related reports include increased risk of brain tumors in children who received scalp  
radiation for  tinea capitis in Israel and other x-ray treatments of the head and neck [BEIR 1990], 
increased risks reported for workers in a nuclear fuel fabrication plant [Higginson et al. 1992],  
and increased risk of meningiomas (which are mostly benign brain tumors) with early exposures  
to dental x-rays [BEIR 1990]. 
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Breast Cancer  

According to the American Cancer Society, breast cancer is the second major cause of cancer 
deaths in women [ACS 1996].  Breast cancer deaths are surpassed only by lung cancer deaths in 
females.  The American Cancer Society estimates that in 1996, 44,560 individuals will die of 
breast cancer (44,300 deaths in females and 260 deaths among males).  More cases of breast 
cancer in women are diagnosed each year than any other cancer. 

The risk of breast cancer in females increases over the age of 40 with the majority of cases 
occurring greater than age 50.  The major known risk factors for breast cancer are attributed to 
genetics and hormones.  A family history of breast cancer, early onset of menstruation, late age at 
menopause, never having had children, late age at first full term pregnancy, higher education, and 
higher socioeconomic status have been identified as risk factors for breast cancer in females. 
There appears to be some variation in risk factors depending upon pre / post menopausal status. 
Some studies indicate that obesity appears to be a risk factor in postmenopausal women while 
thin premenopausal women appear to be at a higher risk.  Evidence from animal and human 
epidemiologic data suggest that dietary fat may play a key role in the development of breast 
cancer [Boyed et al., 1992].  Previous studies have suggested that women of Jewish descent might 
have a higher rate of breast cancer than non-Jewish women [Kelsey and Gammon 1991]. 

Higher socioeconomic status and higher education are believed to be correlated with risk factors 
for an increased risk of breast cancer.  Possible explanations for this increased risk include over-
nutrition and delayed childbearing in higher socioeconomic populations.  The incidence may also 
appear elevated in higher socioeconomic populations due to an increased detection rate.  These 
populations may have better access to medical care and thus may be more likely to seek screening 
for breast cancer. 

The risk of breast cancer is increased in women with a history of breast cancer, endometrial 
cancer or ovarian cancer [Kelsey and Gammon 1990].  Women with a history of primary breast 
cancer are believed to have a three to four fold increase in the risk for primary cancer in the 
opposite breast [Kelsey and Gammon 1991]. 

The relationship between breast cancer and the use of hormones both for contraception and as 
menopausal replacement therapy has been intensely studied.  There is some evidence of an 
increased breast cancer risk in women who have used replacement estrogens.  Long term 
replacement estrogen users seem to be at particular risk, although the available data are not 
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consistent. Recent meta-analyses (pooled studies) have suggested that the increased risk of breast 
cancer from estrogen replacement for a period of 5 to 10 years is nonexistent or extremely small. 
No conclusive evidence is available to link oral contraceptive use with increased risk of breast 
cancer [NCI 1996]. 

Women with family histories of breast cancer in close relatives have an increased risk of breast 
cancer. Recent scientific research has identified genes related to breast cancer.  These genes are 
BRCA1, BRCA2, and p53, which can be inherited in forms capable of conferring increased 
breast cancer susceptibility.  Typically, individuals are born with two copies of every gene. 
When a mutated form of one of these genes is inherited, there may be a marked increase in breast 
cancer susceptibility.  These genes are believed to act as tumor suppressors (i.e., their function is 
to suppress the formation of tumors).  If an individual inherits a mutation that alters its tumor 
suppresser capacity, only one copy of the tumor-suppresser gene is acting to suppress tumor 
formation. If this one active copy is then inactivated by a non-inherited event, the chance of 
developing cancer increases.  Thus, women who inherit mutate versions of this gene are at higher 
risk of developing breast cancer than women who do not carry mutated versions of the gene 
[Harris et. al. 1996]. 

Ataxia-telangiectasia is an autosomal recessive genetic disorder, (i.e., a disorder which requires 
two defective genes). This disorder is characterized by cerebellar ataxia, oculocutaneous 
telangiectasias, radiation hypersensitivity, and an increased incidence of malignant disease. 
Preliminary observation indicate that women presumed to be heterozygous (inherit one defective 
copy and one non-defective copy of the gene) for ataxia-telangiectasia have excess breast cancer 
[Harris et al 1996]. 

While definitive information about the role of environmental factors in breast cancer is not 
available, studies are currently underway to evaluate potential links between breast cancer and 
environmental factors such as pesticides and electromagnetic fields [Kelsey and Gammon 1990, 
Falck 1992].  The primary environmental risk factor that has been identified in relation to breast 
cancer is exposure to ionizing radiation, as evidenced by follow-up studies of atomic bomb 
survivors. One recent study, conducted at the Mt. Sinai School of Medicine in New York, has 
explored a possible relationship between breast cancer and exposure to certain pesticides and 
PCBs. This study, however, was of a preliminary nature, and not conclusive in its results [Wolff 
1993]. 

Unlike breast cancer in females, breast cancer is relatively rare in males.  Thus, there is not a 
strong understanding of the risk factors for male breast cancer.  Breast cancer occurs at an older 
age in men than in women.  Male breast cancer usually presents as a painless lump as is the case 
in females. According to Spatz et al, male breast cancer is 100 times less common than female 
breast cancer.  However, the prognosis for male breast cancer cases is worse than the prognosis 
for female breast cancer cases.  This is believed to be associated with delayed detection of male 
cases [Spatz 1988]. 

The identified risk factors for male breast cancer include obesity, treatment for inguinal hernias, 
gonadal injury, a history of gynecomastia (enlargement of the breasts), family history of breast 
cancer among first degree relatives, drug treatment associated with prolactin elevations, radiation 
treatment, and states of hyperestrogenism such as Klinefelter’s syndrome, a genetic condition in 
which males present with an extra sex chromosome [Ollsson and Ranstam 1988].  However, there 
is insufficient information to causatively associate these risk factors with male breast cancer. 
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Kidney Cancer  

Kidney tumors involve renal cell cancers (the main area of the kidney), renal pelvis cancers (lower 
kidney area which collects urine), and ureter cancers (tube conducting urine from kidney to the  
bladder) and urethera cancers (leading from the bladder and discharging urine).  The incidence and  
mortality from kidney cancer is higher in urban areas.  Kidney cancer is  more common among  males 
than females and in cidence most often o ccurs in the 50-70 year age group [ACS 1996].  
 
Similar risk  factors have been associated with the different kidney cancer types.  Cigarette  smoking  
and use of tobacco products are the most important known risk factors for kidney cancer, however  
the risk of developing kidney  cancer declines significantly corresponding to years of  cessation  
[Schottenfeld and Fraumeni 1996].   An association with passive smoking has also been investigated  
as a risk factor.  Body weight and obesity, especially in women, is also a risk factor in renal cell  
carcinoma.  Researchers suspect that this may  be related to the excess estrogen levels commonly  
observed in female obesity  [NCI 1996, Schottenfeld and Fraumeni  1996].  In addition, diuretic use 
and antihypertensive  medications are also associated with increased risk of renal cell carcinoma.  A 
diet high in protein (animal fats, milk products, margarine and oils) has been implicated in  
epidemiologic studies as a risk factor for renal cell carcinoma [NCI 1996, Schottenfeld and Fraumeni  
1996].   Long-term use of pain relievers such as phenacetin (and possibly acetamenophen and aspirin) 
increase the risk for cancer of the renal pelvis and renal cell carcinoma.  Familial associations of  
renal cell carcinomas, including families with von Hippel-Lindau disease, have also implicated  
genetic factors [Schottenfeld and Fraumeni 1996]. 
 
Occupational exposures have not generally been identified as  risk factors for kidney cancer.   
However, studies of insulation workers and asbestos products workers (mostly shipyard workers) 
have shown some association [NCI 1996, Schottenfeld and Fraumeni 1996].   

Leukemia  

Leukemia literally means “white blood cell”; a reference to the excessive numbers of white blood 
cells or leukocytes in the peripheral blood of individuals diagnosed with leukemia.  The serious 
symptoms of the disease, however, are caused by a lack of normally functioning cells and/or 
platelets. This deficiency is brought about through the proliferation of cells that resemble a stage 
in normal blood cell development but are incapable of performing the functions of mature blood 
cells [Miller et al. 1990, Clarkson 1980].  These functions include fighting off foreign invaders to 
the body by attacking them or releasing harmful substances. 

Leukemia is a group of malignancies of the white blood cells, classified as separate histological 
or cell types.  Epidemiologic studies have shown that each histologic type of leukemia is an 
individual disease with specific characteristics, patterns of survival, and etiologic factors.  There 
are four major subtypes into which most histologic types of leukemia can be categorized:  acute 
lymphoid leukemia (ALL); chronic lymphoid leukemia (CLL); chronic myeloid leukemia (CML); 
and acute myeloid leukemia (AML). Epidemiologic research over the past twenty-five years has 
revealed patterns of incidence and risk factors which vary for each subtype. While there are 
known and suspected risk factors for each subtype, leukemia cases are relatively rare, and despite 
a large body of research, risk factors that have been identified for different leukemia subtypes 
only account for a small percentage of cases [Linet 1985]. 

ALL occurs predominantly in children.  Incidence rates drop off among middle aged people, and 
increase again among older individuals [ACS 1995].  The known risk factors for ALL are 
ionizing radiation and benzene exposure.  Suspected risk factors are genetic, viral, environmental, 
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and occupational. Studies indicate that acute leukemias (ALL and AML) occur at an increased 
rate in a variety of congenital disorders including Down syndrome and Klinefelter’s syndrome 
[Scheinberg and Golde 1994].  Other research has supported viral factors.  However, a specific 
viral agent has not been identified.  An increased risk of childhood ALL has been associated with 
exposure to several chemicals and possible paternal occupational exposure to hydrocarbons 
[Linet 1985]. 

CLL is chiefly an adult disease; 90% of cases occur in people over 50 years old.  CLL is the most 
common type of leukemia in the United States and occurs more often in males than females 
[Miller et al. 1990].  Adult T cell leukemia is a type of CLL caused by a virus, Human T-Cell 
Leukemia/Lymphoma Virus-I (HTLV-I).  The only known risk factor for other types of CLL is 
exposure to benzene. No association has been found between CLL and exposure to ionizing 
radiation [Linet 1985, Scheinberg and Golde 1994]. Studies showing strong patterns of incidence 
in families suggest a genetic etiology.  An association between CLL and autoimmune diseases 
suggests that immunologic factors may play an important role.  Several viruses linked with 
leukemia in animals have been shown to cross species barriers; research suggests that human 
proximity to sick farm animals and pets may increase the risk of CLL.  Rubber workers, and 
particularly tire builders, have a higher incidence of CLL.  Exposure to some chemical wastes in 
the environment may also be a risk factor [Linet 1985; Scheinberg and Golde 1994; Schottenfeld 
and Fraumeni 1996]. 

AML may occur in children up to the age of 19, with incidence increasing rapidly beyond age 20. 
The known risk factors for AML are similar to those for ALL:  exposure to ionizing radiation and 
benzene [Linet 1985].  Recent studies suggest that viral and genetic factors play a less important 
role in the development of AML than in ALL and CLL.  Suspected risk factors for AML include 
occupational and environmental exposures and certain drug therapies, such as chloramphenicol 
and phenylbutazone [Linet 1985].  Suspected chemical exposures include petroleum products and 
organic solvents. AML as a secondary malignancy is increasing among people who have 
previously had non-Hodgkin's lymphoma, multiple myeloma, breast cancer, ovarian cancer, and 
lung cancer.  A high risk of secondary AML in people who have had Hodgkin's lymphoma has 
also been documented.  However, it is uncertain whether secondary AML is a result of 
chemotherapy and/or radiation treatment for a previous cancer, or whether secondary AML 
occurs as part of the natural history of the  previous cancer, as a result of improved cancer therapy 
may have lengthened survival time [Linet 1985].  Cigarette smoking has also been identified as a 
possible risk factor in the development of AML [Siegel 1993]. 

Of all the leukemias, CML is among the least understood.  CML is an acquired genetic disorder, 
characterized by the presence of the Philadelphia chromosome.  CML can occur at any age, but is 
most often observed in people between 30-50 years old.  The only known risk factor is exposure 
to ionizing radiation, based on studies of atomic bomb survivors [Golde and Guliti 1994]. 
Occupational exposure to benzene has also been associated with the development of CML, 
however a causal relationship has not been established.  Exposure to other chemical agents in the 
work place or environment is suspected in this disease [Linet 1985].  Cigarette smoking is also 
suspected in the development of CML, however the association is weak at best [Siegel 1993]. 
Current research has suggested that heredity and immunologic factors do not appear to be 
important in the development of CML [Linet 1985]. 

Hairy cell leukemia is an uncommon type of leukemia which is predominantly seen in males at an 
average age of 55.  Although very little is known about the etiology of this disease, hairy cell 
leukemia has an excellent survival rate because of a new and relatively non-toxic treatment.  The 
majority of cases experience complete remission and live more than ten years after diagnosis 
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[ACS 1996].  Lymphosarcoma cell leukemia is uncommon.  Immunologic factors are suspected 
in the development of this type of leukemia [Linet 1985]. 
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Liver Cancer  

Primary malignant liver cancer is a cancer that first develops in the liver may metastasize to other 
organs. The liver is most often involved as a metastatic (secondary) site for all types of cancers, 
except primary brain cancer [Isselbacher and Deinstag 1994]. Primary carcinomas of the liver are 
relatively rare among North American and Western European populations (1-2% of cancers 
overall), and is prevalent among regions of Asia and sub-Saharan Africa [Schottenfeld and 
Fraumeni 1996]. 

There are two types of primary (malignant) liver cancer:  hepatocellular carcinoma (HCC) or liver 
cell carcinoma, and cholangiocarcinoma (CC) composed of bile duct epithelium.  HCC accounts 
for 75-95% of all primary liver cancers, and CC accounts for 5-25% [Schottenfeld and Fraumeni 
1996]. 

The incidence of liver cancer displays a small peak during childhood, and then steadily increases 
with advancing age, and is greatest in the 85 and older age group.  Three major etiologic factors 
are thought to be associated with the development of liver cancer or hepatocellular carcinoma 
[Isselbacher and Deinstag 1994]. These factors include the hepatitis B virus, alcohol consumption 
and related cirrhosis, and exposure to aflatoxins, which are found in places where food storage 
and handling techniques are not optimal [NCI 1996].  A weak association has been found for oral 
contraceptive use and other benign liver masses such as hepatocellular adenomas [Schottenfeld 
and Fraumeni 1996].  Sixty to ninety percent of liver cancers occur in association with cirrhosis, 
but the relationship is not completely understood [NCI 1996]. 

Hepatocellular carcinomas are composed of several histologic, or cell types: hepatoblastomas, 
hepatic angiosarcomas, and the fibrolamellar variant.  HCC is up to four times more common in 
men than women. Hepatoblastomas are usually diagnosed in children less than 3 years old, 
usually develop in utero, and have a high male to female ratio [Schottenfeld and Fraumeni 1996]. 
Hepatic angiosarcomas are extremely rare.  Causative agents associated with this type of liver 
cancer include thorotrast (thorium dioxide used from 1930-1955 as a contrast agent for liver 
scans), occupational exposures to vinyl chloride and inorganic arsenic, and use of androgenic-
anabolic steroids and oral contraceptives [Schottenfeld and Fraumeni 1996]. Fibrolamellar 
carcinoma (FLC) occurs in young adults without underlying cirrhosis, grows more slowly than 
HCC, and is usually associated with longer survival if treated [Schottenfeld and Fraumeni 1996]. 
FLC incidence ratio among males and females is more equally distributed. 

The high incidence of HCC in Asia and Africa can be related to the frequency of chronic 
infection with hepatitis B virus (HBV) and hepatitis C virus (HCV) [Schottenfeld and Fraumeni 
1996].  These chronic infections often lead to cirrhosis, an important risk factor for hepatocellular 
carcinoma.  In addition, exposure to aflotoxins are prevalent in these regions due to lack of 
appropriate storage facilities and conditions. 

Lung Cancer   

Lung cancer is divided into four types which are generally grouped as small cell or non-small cell 
lung cancers: squamous cell carcinoma, adenocarcinoma and large cell carcinoma (referred to as 
non-small cell carcinomas) and small cell carcinoma [ACS 1996].  These types occur in different 
regions of the lung and each type is associated with slightly different risk factors [ACS 1996]. 
Lung cancer incidence increases sharply with age peaking in the sixth or seventh decades [NCI 
1996, Schottenfeld and Fraumeni 1996].  Only 2% of lung cancers occur before the age of 40. 
The ratio of males to females has become less pronounced with the increase of smoking among 
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women.  Lung cancer incidence is still greater among men than women and has greater incidence 
among blacks than whites. Lung cancer trends reveal that lung cancer has become a disease 
increasingly  associated with populations of lower socioeconomic status, since these individuals 
may smoke more [Schottenfeld and Fraumeni 1996].   
 
The most important known risk factor for lung cancer is smoking [NCI 1996, Schottenfeld and  
Fraumeni 1996].  The majority of lung cancers are caused by carcinogens ingested via cigarette 
smoking, although pipe and cigar smokers also have increased rates of lung cancer incidence 
[NCI 1996].   The risk of developing lung cancer depends on the intensity of one's smoking habits 
(i.e., duration of habit, amount smoked, tar yield of cigarette, and filter type) [NCI 1996].  
Fortunately, the risk of lung cancer declines after smoking cessation [NCI 1996]. However, 
investigators estimate that it can take from ten to twenty  years of not smoking for long-term,  
heavy smokers to reduce their risk of developing lung cancer [NCI 1996].  Studies suggest that  
the risk for developing lung cancer will always be about twice as high for ex-smokers compared 
with non-smokers [NCI 1996].   
 
There is evidence that passive smoking (exposure to secondhand smoke) may increase an  
individual's risk of developing lung cancer.  The degree of this risk has not yet been fully 
established [Janerich et al. 1990, NCI 1996, USEPA 1992, Schottenfeld and Fraumeni 1996].  
However, recent studies have concluded that environmental tobacco smoke, containing the same  
carcinogens, increases the risk of developing lung cancer in non-smoking adults and respiratory  
ailments (e.g., asthma) in children.  Non-smokers who live or work with smokers experience a 30 
- 50 % elevated risk for lung cancer [NCI 1996]. 
 
Urban air pollutants have long been suspected in the etiology  of lung cancer, however, no  
association has been substantiated [NCI 1996].  The major sources of air pollution comes from  
motor vehicle and diesel engine exhausts, residential and commercial space heating, oil and coal-
fired power plants, and industrial emissions.  Specific chemicals include polycyclic aromatic 
hydrocarbons (PAHs) such as benzo(a)pyrene [NCI 1996]. 
 
Exposure to radon, an inert gas produced by the radioactive decay of radium  and uranium found 
naturally in the earth, increased the risk of lung cancer in epidemiologic studies of underground 
miners [NCI 1996].  Radon can also enter homes through foundation cracks, sump pump holes or  
very rarely through private well water [NCI 1996].  However the average domestic cumulative 
lifetime exposure to radon is 5 to 15 times lower than for underground miners [NCI 1996]. 
 
Epidemiologic studies of industrial exposures indicate that several occupations are associated  
with an increased risk of developing lung cancer, particularly those involving exposure to  
asbestos, radon, PAHs, chromium, nickel, inorganic arsenic, chloromethyl  ethers, ionizing  
radiation, vinyl chloride and beryllium. A combination of these occupational exposures and 
regular cigarette smoking dramatically  increases the risk of developing lung cancer [ACS 1996,  
NCI 1996, Schottenfeld and Fraumeni 1996]. 

Melanoma  

Melanoma is cancer of the melanocytes, the skin cells that produce the dark pigment melanin. The 
primary risk factor for melanoma is excessive exposure to ultraviolet radiation (i.e., the sun) for 
individual skin type. Additional risk factors for melanoma include: a history of sunburns, fair skin, 
number of moles, presence of dysplastic or other atypical moles, previous melanoma, family history 
of melanoma, and immunosuppression [Holly et al. 1995, NCI 1996].  Several recent studies have 
found significantly increased risks of melanoma following repeated severe (i.e., blistering) sunburns, 
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particularly  during childhood and teenage years [Holly  et al. 1995, NCI 1996].  Freckles, an indicator 
of sun sensitivity  and  sun damage, are also  associated  with increased risk [Holly et al. 1995,  NCI 
1996].  The rising rate of  melanoma nation-wide  probably reflects increasing exposure to solar 
radiation due to changing recreational and clothing habits [Devesa et al 1995].  
 
The incidence of malignant melanoma is higher among whites and lighter skinned individuals than  
dark-skinned individuals such as Africans, Asians, and  Polynesians.  Melanoma increases  with age  
and  rises steeply  until  the age of 50.  Melanoma  occurs slightly more  often  in  females than in males  
[Schottenfeld and Fraumeni 1996].  
 
Non-melanoma  skin cancers (e.g., basal and squamous cell cancers) are also related to exposure to  
ultraviolet (UV) radiation.  Research indicates that non-melanoma skin cancers are related to  
cumulative exposure to UV radiation, while melanoma is related to heavy, blistering overdoses in  
UV radiation [NCI 1996].   The major factor in developing the non-melanoma skin cancers is a 
combination of UV light exposure, pale skin color and ability to tan, blue  eyes and blonde or  reddish  
hair, family history, a prolonged exposure during childhood and adolescence including a severe, 
blistering, sunburn [NCI 1996].   Ionizing radiation has been implicated in the development of 
squamous cell carcinoma.  Two genetic characteristics, xeroderma pigmentosum and basal cell nevus  
syndrome, also characterize a higher  incidence of non-melanoma skin cancers, and ap pear to occur at  
younger ages. 

non-Hodgkin's lymphoma  

Lymphomas are cancers involving the white blood cells of the immune system, which usually fight 
infection [Schottenfeld and Fraumeni 1996]. Non-Hodgkin’s lymphoma (NHL) is a classification of 
all lymphomas with the exclusion of Hodgkin’s disease.  NHL occurs at all ages, however the 
incidence of NHL generally increases with age. Among all NHL types combined there is a greater 
male to female ratio, and white to black ratio [NCI 1996].  

NHL is more common among people who have abnormal or compromised immune systems, such as 
those with inherited immunodeficiency diseases, organ transplant recipients, and persons with 
autoimmune disorders such as systemic lupus erythematosus, Sjogren’s syndrome, and rheumatoid 
arthritis [Schottenfeld and Fraumeni 1996].  Chronic stimulation of antigens appear to compromise 
control of latent infections and these factors increase the risk of developing NHL.  Several viruses 
have also been linked to increased  risk of some NHL subtypes, chiefly the HTLV-1 virus and the 
Epstein-Barr virus [NCI 1996]. 

AIDS patients in particular have exhibited excessive NHL incidence [ACS 1996, NCI 1996, 
Schottenfeld and Fraumeni 1996]. The HTLV-1 virus has been associated with adult T-cell 
lymphoma incidence in the Southeastern United States, and the Epstein-Barr virus is strongly 
associated with African Burkitt's lymphoma.  Previous chemotherapy combined with radiation has 
been associated with the development of NHL [Schottenfeld and Fraumeni 1996]. Ionizing radiation 
has induced lymphomas in animals.  One study of Japanese atomic bomb survivors found an 
elevation of NHL in persons who were under 25 years of age at exposure; however, this excess did 
not appear until 14 to 16 years after exposure.  Certain therapeutic radiation treatments have also 
been associated with the development of NHL [Schottenfeld and Fraumeni 1996]. 

Several chemicals, particularly combined exposures, are suspected in the etiology of NHL.  Some of 
these agents include phenoxy acids, chlorophenols, organic solvents, pesticides, and herbicides; 
however, there is no consistent evidence and causal associations have not been established 
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[Higginson, et a l. 1992].  Certain industrial and  chemical exposures (e.g., rubber workers, oil refining  
industry) have  been associated with NHL.   
 
Recent epidemiologic studies of users of long-term dark color hair dye products have  found  
increased incidence of NHL development [NCI 1996].  Occupational exposures to organic solvents 
have been associated with increased risk of developing NHL and include workers in the chemical  
and agriculture industries, particularly among farmers, herbicide and pesticide applicators, and grain  
workers [Schottenfeld and Fraumeni 1996].   Chemicals found to be associated  include phenoxy  
herbicides and organophosphate insecticides and chlorophenols [NCI 1996].   Elevated risk for NHL  
development has been  noted  among fence workers,  orchard workers, and meat workers  . 
 
In Massachusetts, the incidence of NHL among males increased from 11.5 per 100,000 in 1982  to  
17.6 per 100,000 in 1992.  This was an increase of  53%.  Nationally the increase in NHL incidence 
has been attributed to changes in case  classification, greater exposure to causative agents, and the  
increasing incidence of AIDS-related  lymphomas [MDPH 1995, Devesa 1995].   

Pancreatic Cancer  

Pancreatic cancer is a relatively uncommon disease that accounts for approximately 5% of all 
cancer deaths annually. There are currently no safe and effective means of early diagnosis. 
Median survival with pancreatic cancer is approximately three months with less than one chance 
in five of surviving one year [Schottenfeld and Fraumeni 1996].  The age-adjusted incidence rate 
per 100,000 in the United States during 1989 was 8.7 which was slightly higher than the rate in 
Massachusetts (7.8/100,000) [MDPH 1995]. 

The most reliable and important known predictor of pancreatic cancer incidence is age.  The 
majority of cases occur between the ages of 65 and 79 and rarely before age 40.  The median age 
at diagnosis is 71 years.  The rate of pancreatic cancer increases with age; individuals age 80 and 
over experience a risk approximately 40 times greater than individuals between ages 40 to 50. 
Pancreatic cancer is approximately 50% more common in men than women.  However, since 
1970, the ratio of males to females has decreased due to declining incidence rates among males 
[Schottenfeld and Fraumeni 1996]. Little is know about the etiology of pancreatic cancer. 
Cigarette smoking is the only established risk factor in the development of this disease. Studies 
have estimated that the risk of pancreatic cancer is two to six times greater in heavy smokers than 
in non-smokers [NCI 1996, Schottenfeld and Fraumeni 1996]. 

Although there are no common occupations that can be considered as causes of pancreatic cancer, 
associations have been suggested with products of incomplete combustion, certain pesticides such 
as DDT, and to other chemicals (i.e., methylene chloride) or chemical processes such as film 
manufacturing and leather tanning [Schottenfeld and Fraumeni 1996]. 

Other factors have been suggested to be associated with the development of pancreatic cancer, 
although the evidence is unclear.  These factors include hereditary factors and medical conditions 
such as diabetes mellitus and chronic pancreatitis [NCI 1996, Schottenfeld and Fraumeni 1996]. 
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Stomach Cancer   

The risk for developing stomach cancer is higher for men than women, in persons in lower 
socioeconomic classes, and for those who live in colder climates [ACS 1996, Schottenfeld and 
Fraumeni 1996].  In the United States, studies have shown high rates in urban areas of the 
northeast [Schottenfeld and Fraumeni 1996].  The incidence of stomach cancer increases with age 
and rises sharply after the age of 60 [Schottenfeld and Fraumeni 1996].     

The relationship between diet and stomach cancer has been extensively researched.  A series of 
studies has linked the intake of nitrates and related compounds to stomach cancer [NCI 1996, 
Schottenfeld and Fraumeni 1996].  Sources of dietary nitrate include drinking water, green 
vegetables, cured meats, some cheeses, and other foods [Schottenfeld and Fraumeni 1996]. 
Dietary nitrite sources include cured meats, cereals, baked goods, and vegetables.  N-nitroso 
compounds are potent carcinogens and can be found in smoked or salt-dried fish, bacon, 
sausages, other cured meats, beer, pickled vegetables, and mushrooms [Schottenfeld and 
Fraumeni 1996]. 

Several studies have found that heavy smokers have an increased risk of developing stomach 
cancer, especially smokers who routinely swallow cigarette smoke [Schottenfeld and Fraumeni 
1996].  Both mainstream and sidestream tobacco smoke contain N-nitroso compounds. 

Several conditions are associated with a higher risk of developing stomach cancer including 
gastric ulcers, gastric polyps, chronic gastritis, intestinal metaplasia, and gastroenterostomy 
[Schottenfeld and Fraumeni 1996].  Individuals at high risk for stomach cancer have also had 
high concentrations of N-nitroso compounds, as evidenced by several studies [Schottenfeld and 
Fraumeni 1996].  It has also been proposed that infection with Helicobacter pylori, believed to be 
a common cause of gastritis and peptic ulcers, may play a role in the initiation of precancerous 
stomach changes [NCI 1996].  Pernicious anemia also changes the stomach lining and may be 
related to increased risk [NCI 1996].  Radiation may also increase the risk of stomach cancer as 
seen in atomic bomb survivors and studies of patients treated with X-rays for a spinal disorder 
[NCI 1996, Schottenfeld and Fraumeni 1996].  Family studies also suggest a possible genetic 
susceptibility [NCI 1996, Schottenfeld and Fraumeni 1996].   

Available evidence indicates that occupational exposures do not play a major role in the incidence 
of stomach cancer [Schottenfeld and Fraumeni 1996]. It is suspected that coal miners and 
asbestos workers are at increased risk for developing stomach cancer, however this evidence is 
inconclusive [Schottenfeld and Fraumeni 1996].  Other occupations associated with stomach 
cancer include workers in the chemical, rubber, oil refinery, metal-products industries, and other 
industries involving mineral dust exposure [Schottenfeld and Fraumeni 1996].  A number of 
suspected carcinogenic agents include asbestos, polycyclic aromatic hydrocarbons, and N-nitroso 
compounds [Schottenfeld and Fraumeni 1996]. 
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