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EXECUTIVE SUMMARY

I. INTRODUCTION

A. BACKGROUND

In the Spring of 1992, the New York City Department of Health (DOH) was notified by the
New York State Departments of Health and Environmental Conservation that residents of
Staten Island were concerned about a seemingly high incidence of cancer and other illnesses.
Residents feared that the health problems were related to exposures from the two municipal
waste disposal sites on Staten Island, Fresh Kills and Brookfield Avenue.

As a first step in addressing residents' concerns, DOH initiated a descriptive epidemiologic
study of cancer incidence. Cancer was selected because it was one of the most frequently
reported health concerns and because it was the only reported health problem for which

complete surveillance data were readily available (from the NYSDOH Cancer Registry). At
the time this study was initiated, Registry data were complete through the year 1988.

B. OBJECTIVES

1. To determine the absolute burden of selected cancers (i.e.: the exact number of cases)
among residents in an area of 13 census tracts adjacent to the landfills (referred to as the
Study Area) and Staten Island as a whole.

2. To assess the relative burden of these cancers by comparing the incidence in:

a) the Study Area with the incidence in the rest of Staten Island

b) the Study Area with the incidence in a demographically similar area that
was not in proximity to a landfill

c) Staten Island as a whole with the incidence in a demographically similar
area that was not in proximity to a landfill

d) Staten Island to the incidence in the rest of NYC.

3. To evaluate the results of 1 & 2 (above) to determine whether any patterns emerge that
may indicate a need for further investigation or public health measures.

4. To address concerns about cancers which occurred after the period for which complete
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data were available from NYSDOH (post 1988).

It must be emphasized that a descriptive study ¢annot provide conclusive information as to
whether exposures from the landfills may have contributed to cancer incidence or why
people in Staten Island developed cancer. This is partly because:

* There are currently no medical tests to determine the causes of cancer in individuals.

* There was no information available about if, when, what type, or how much exposure
to cancer-causing substances occurred among residents.

* The data used for this study did not contain information about other individual
exposures or risk factors for cancer.

Even though this type of study cannot define or identify the possible role of the landfills in
cancer causation, it is a useful first step in documenting the numbers and types of cancers and
assisting interested parties in prioritizing needs and resources for future cancer research,
education, prevention, or other activities.

This study consisted of two parts. The first part concentrated on cancer incidence from 1979-
1988 (the years for which complete data were available from the New York State Cancer
Registry at the time the study was initiated). The second part verified citizen reports of more
recent cancer cases (1989-1992).

II. CANCER INCIDENCE, 1979 - 1988

A. METHODS

Data on cancer incidence for the years 1979-1988 were provided by the New York State
(NYSDOH) Cancer Registry. Fourteen types of cancer and total cancer incidence were
evaluated for men and women separately. Three types of cancer and total cancer incidence
were evaluated for children. The choice of cancer types studied was guided by consideration
of their frequency in the general population, their possible association with environmental risk
factors, and community concem.

Cancer incidence rates in the Study Area were calculated and compared to rates in the rest of
Staten Island and to rates in a demographically similar neighborhood (the combined Bay
Ridge and Flushing Health Districts). Cancer incidence rates for Staten Island were
calculated and compared to the rates in demographically similar neighborhoods (Bay Ridge
and Flushing) and also to rates in the rest of New York City. Rate ratios (RR) were
calculated for each comparison. Statistical significance of the differences between the rates
was evaluated by calculating 95 percent confidence intervals. Statistical power to detect
differences in rates was also calculated.



B. RESULTS

Absolute Burden

*

The most common types of cancer among men in both the Study Area and on Staten
Island were lung, prostate, and colon cancer. Together these cancers accounted for
over 40% of all cancers among men.

The most common types of cancer among women in the Study Area and on Staten
Island were breast, lung, and colon cancers. These sites accounted for at least 50% of
all cancers among women.

Leukemia was the most common cancer type among children in the Study Area and
on Staten Island.

These cancers are also the most common among men, women, and children in New
York City and New York State.

Relative Burden

In the Study Area:

*

Lung cancer in both men and women was the only type of cancer which was
moderately and statistically significantly elevated in the Study Area compared
to the Bay Ridge and Flushing Health Districts.

Among men and women, no cancers were statistically significantly elevated compared
with the rest of Staten Isiand; 13 out of 14 cancers were not statistically significantly
elevated compared with the Bay Ridge and Flushing Health Districts.

Among children, there were no cancer types that were statistically significantly
elevated compared to either the rest of Staten Island or the combined Bay Ridge and
Flushing area. The RR for lymphoma was moderately elevated, although not
statisticaily significant.

On Staten Island:

*
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Slight to moderate, statistically significant elevations ranging from 12 - 36% were
noted for both men and women in cancers of the lung, bladder and colon, compared to
the rest of NYC. Also, compared with the rest of NYC, the rates of lymphoma and
breast cancer were slightly and statistically significantly higher in women only; the
rate of larynx cancer was statistically elevated in men only.

Slight to moderate, statistically significant elevations, ranging from 10 - 55%, were



noted for both men and women in cancers of the lung and pharynx when compared to
the combined Bay Ridge and Flushing Health Districts. Also, compared with Bay
Ridge and Flushing, the rate of larynx cancer was statistically elevated among men
and the rate of colon cancer was slightly and significantly elevated in women.

* The incidence rates of 11 out of 14 types of cancer in both men and women
were not statistically elevated, compared with the Bay Ridge and Flushing
Health Districts.

. The incidence rates of 10 out of 14 types of cancer in men and 9 out of 14 types of
cancer in women were not statistically elevated compared with the rest of NYC.

& The following cancers ranked among the top 6 out of 30 health districts (top
one-fifth or 20%) in the City: Colon (#2 in men and women), lung (#2 in men
and #4 in women), bladder (#1 in men and #2 in women), NErvous system
(#4 in men and #6 in women), breast (#4 in women), lymphoma (#5 in
women), and larynx (#6 in men and women).

5 Cancer incidence ranked in the middle or lower third for 9 of 14 sites among men and
6 of 14 sites among women.

. Stomach cancer ranked among the bottom 20% of Health Districts in NYC (#29 in
men and #27 in women).

* When compared to Bay Ridge/Flushing and to the rest of NYC, children had lower
rates of cancer. There were no cancer types for which the incidence rates were
significantly elevated compared to the two areas.

* Childhood cancers ranked in the middle (#15) or lower third for each of the childhood
cancers evaluated and for total cancers combined. The Staten Island rate was lowe
than the NYC average rate for each type of cancer.

III. CASE VERIFICATION, 1989 - 1992

A. METHODS

In order to address concerns about the reportedly high incidence of cancers which occurred
after 1988, NYCDOH solicited information and assistance from residents, local community
organizations, and elected officials. Cases of cancer were reported to NYCDOH during 1992
and 1993 through a variety of methods. A local community organization (Wish is Granted)
compiled information, primarily on childhood cancers, and forwarded it to DOH. A local
newspaper (Staten Island Advance) ran a notice requesting residents to contact NYCDOH.
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Finally, NYCDOH reached out to local community boards and elected officials, asking their
constituents to report cases to NYCDOH.

Reported cases were verified through hospital records, the NYSDOH Cancer Registry, and the
NYCDOH Division of Vital Statistics. Expected numbers of cases were calculated based on
the overall NYC and NYS rates during the same years as cases were diagnosed.

B. RESULTS

A total of 379 cases were reported to NYCDOH via the methods described above. Of these,
138 were verified as cancer cases, diagnosed after 1988. The remaining cases were either
diagnosed before 1989 (140 cases); were diseases other than cancer (55 cases); or, after
repeated follow-up, could not be verified because of insufficient information (46 cases).

The majority (57%) of verified cases lived within the vicinity of the landfills. Verified cases
were only a fraction of the number of cases expected during this time period based on
prevailing NYC or NYS cancer rates.

IV. DISCUSSION AND CONCLUSIONS

This study represents the Department of Health's first step in evaluating citizens concerns
about cancer in the neighborhoods surrounding the Brookfield and Fresh Kills landfills.
Specifically the purpose was to assess patterns of cancer by examining: 1) the absolute
burden of cancer, i.e: how many cases of each type of cancer occurred; 2) the relative
burden of cancer, i.e.. whether there was a higher incidence of cancers in the areas around
the Landfiils and/or on Staten Island compared with other parts of NYC and whether noted
increases were statistically significant; and 3) whether the patterns were consistent across
different subgroups-in the population (such-as men and women); and 4) whether othe
investigators have noted similar results. These factors, can help to provide a picture of the
burden of cancer on the community and be used to help determine where further health
research, education, medical, or prevention efforts should be focussed.

The results of this study show that the types of cancer with the greatest absolute burden on
New Yorkers also have the greatest burden on Staten Islanders: lung and colon cancers
among men and women, breast cancer among women, prostate cancer among men, and
leukemia among children.

The findings do not provide any consistent evidence of an elevation in cancer incidence in the
Study Area. There was consistent evidence to support a slight to moderate elevation in lung
cancer and, to a lesser extent, colon, bladder, pharynx and larynx cancers on Staten Island as
a whole. These findings provide support for the view that the elevations noted, particularly
for lung cancer, were probably not due to normal fluctuation in cancer incidence rates, but
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indicate truly higher rates of certain cancers. Further evidence is provided by previous
investigations that have also noted a higher rate of lung cancer incidence or mortality on
Staten Island .>%” At the same time, the data provide no direct clues as to why these
elevations occurred.

It must be noted that there are several limitations that make it difficult to draw conclusions

with 100% certainty about whether the incidence of certain types of cancer on Staten Island is
truly elevated and if so, whether it is possible that the increase could be due to environmental
exposures from the landfills or from other sources. These limitations are briefly noted below:

a) Absence of Strong Increases in Cancer Rates: Although certain cancers were
significantly elevated on Staten Island, the magnitude of the increase was generally slight to
moderate. Many studies of cancer near hazardous waste sites have been unable to show a
relationship even with large relative risks (that is effects greater than a doubling or tripling).
In no case did the cancer rate even approach a doubling compared with other areas in NYC.
Slight to moderate increases are often difficult to interpret because there is no way to know
whether they represent an actual increase or random variation between different
neighborhoods.

b) Lack of Direct Environmental Exposure Data: No direct information on actual
exposures from the landfill or other sources was available. Without knowing what
substances were present in the environment, and the amount to which individuals were
actually exposed, it is difficult, if not impossible, to make a link between cancer incidence
and environmental exposures.

¢) Latency: In adults, cancers may take, on average, more than 20 years to develop from
the time a person is first exposed to a cancer-causing substance. Conseguently, to prove a
link between environmental exposures on Staten Island and cancer, it would be necessary to
document that persons were living on Staten Island and sufficiently exposed many years ago.

he 1ssue of latency 1s particularly relevant where the Brookfield Landfill is concerned.
Toxic dumping was alleged to have taken place at Brookfield during the late 1970's, the
cancer incidence data were evaluated for 1979-1988. Given this scenario, it would appear
that there was an insufficient amount of time for cancers to develop as a consequence of
possible toxic exposures from this landfill.

d) Migration and Population Growth: Exposure and latency are further complicated by
migration. No information was available regarding the length of time people lived in Staten
Isle:.i. Theoretically, it is possible that some people were exposed to carcinogens elsewhere
and moved to Staten Island only to develop cancer shortly thereafter. This issue is
particularly relevant to the Study Area, where there was recently very rapid population
growth.

e) Competing Risk Factors for Cancer: Cancer can be caused by many different agents--
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chemical exposures, lifestyle factors, or genetic factors acting alone or in concert. For lung
cancer, the major known risk factor is cigarette smoking; for colon cancer, dietary factors are
thought to play a role; for breast cancer, the major known risk is genetic (family history).
Unfortunately, no data on any risk factors were available for this study, and so it is difficult
to evaluate the possible role that environmental vs. other {(eg. lifestyle and genetic) factors
may have played in cancer incidence.

V. RECOMMENDATIONS

The NYSDOH and SAC have reviewed previous drafts of this report (see appendices 1 and
10). Based on the findings of this investigation, the New York City Department of Health, in
consultation with its scientific advisory committee makes the following recommendations:

1. Continue evaluation of more recent (post 1988) incidence of selected cancers in the
Study Area: Although the results of this study showed that the incidence of cancer during the
10 year period from 1979-1988 was not statistically elevated, the follow-up period after
possible exposure from illegal dumping (late in the 1970's) may not have been long enough
for some cancers to develop. Therefore, it is recommended that the incidence of more recent
(post 1988) cancers continue to be evaluated. It is further recommended that such analyses
focus on childhood cancers' (since this was a predominant community concemn) and on those
adult cancers for which a moderate (although non-statistically significant) elevation was
observed in the Study Area (i.e. kidney in men; leukemia and lymphoma in women) .
Because of the relatively small number of cases which occur within a single year, and the
subsequent difficulties this poses for conducting meaningful statistical analyses, such analyses
should only be conducted when at least four or five years worth of additional data are
available (eg. 1989-1992). More recent data should be compared with data from the
previous period to evaluate time trends.

2. Convene a panel of experts in cancer epidemiology to review this study and other
available literature to determine whether or not an analytic epidemiologic study would provide
valuable information as to the possible causes of elevated cancer incidence rates on Staten
Island (lung, and possibly bladder, colon, larynx and pharynx cancers). Although the
incidence of several types of cancer among residents of Staten Island was statistically
significantly elevated (lung and to a lesser extent bladder, colon, larynx and pharynx
cancers), this study does not provide direct clues as to why these increases occurred. In its
deliberations, the panel should carefully consider such issues as: the magnitude of elevations
in the above-mentioned cancers {10-55%); racial and ethnic differences in cancer patterns;
the role of cigarette smoking; and the best way to obtain accurate information on possible
environmental and occupational exposures. Should the panel decide that further study is
necessary, they should determine the appropriate scope, and assist in the design, of such a
study. The panel should also assist in the identification of potential sources of funding for
such a study.
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L_INTRODUCTION
A. BACKGROUND

In the spring of 1992, the New York City Department of Health (DOH) was notified by the
New York State Department of Environmental Conservation (DEC) and New York State
Department of Health (NYSDOH) that residents of Staten Island believed there was a
seemingly high incidence of cancer and other conditions among resident children and adults.
Residents believed these conditions were due to possible exposures from the two municipal
landfills on Staten Island, the Fresh Kills and Brookfield Avenue Landfills.

The Brookfield Avenue Landfill was operated by the New York City Department of
Sanitation (DOS) from 1966 until it was closed in 1980. Itis bounded on the north by
Richmond Creek, on the East by Colonial Square Condominium Properties, on the south by
Arthur Kill Road and on the West by Richmond Avenue. The Brookfield Avenue Landfill
had a total area of 272 acres, however, only 150 acres of the Landfill received refuse.
Brookfield Avenue Landfill had an average daily disposal capacity of 1,200 tons of municipal
waste. In May of 1982, a driver/dispatcher for the Hudson Oil Refining Company, testifying
before a senate committee on crime, reported that between 1974 and 1980, waste oil, sludges,
metal plating wastes, lacquers and solvents were illegally disposed of at several New York
City landfills, including Brookfield Avenue. During subsequent court proceedings, the
probable contaminants were identified as cyanide, dichlorobenzene, dioctylphthalate,
naphthalene, ethyl benzene, toluene, xylene, and alkyl phenol. The exact types, quantities and
locations of the wastes were not known. However, among those landfills that were reported to
have received chemical wastes, the Brookfield Avenue Landfill was alleged to be the primary
disposal point.' There is no further information available about other illegal dumping at the
landfill, so it is unknown whether toxic dumping occurred at other times. Subsequently, the
Brookfield Avenue Landfill was classified as an inactive hazardous waste site by DEC. Itis
currently undergoing a remedial-investigation by the New York City Department of
Environmental Protection (DEP).

Across Richmond Avenue, to the west, is the Fresh Kills Landfill. Fresh Kills is also owned
and operated by DOS. The landfill began accepting waste in 1948 and has been in
continuous use since then. Fresh Kills Landfill accepts mixed solid waste, the majority of
which is residential. It is the only active landfill in New York City and is in operation 24
hours a day, six days a week. Currently, Fresh Kills receives about 13,000 tons of refuse by
barge and 1500 tons by truck daily.?



B. STUDY DEVELOPMENT

In response to concerns about childhood and adult cancer and other conditions around the
landfills on Staten Island, DOH met with members of the public, elected officials,
representatives from state and federal environmental and public health agencies and members
of the medical and scientific community in September 1992. At this meeting, several
suggestions were made as to possible health outcomes the DOH could study. Among these
were studies of cancer, birth outcomes, and respiratory diseases.

In considering the various health outcomes for study, sources of health data were evaluated
for data quality. For example, data on birth defects, reported on birth certificates and
collected by DOH, is not considered of adequate quality since reporting is not complete. In
part, this is because many birth defects are not recognized at birth, and therefore not reported
on birth certificates. Consequently, the database is not comprehensive. NYSDOH reported
the information they collected on birth defects is also incomplete because many defects go
unreported. NYSDOH also explained that no surveillance database exists for studying the
incidence of respiratory diseases other than respiratory cancers. Among the health issues of
concern, cancer incidence data from the NYSDOH cancer registry was the only
comprehensive data base of illnesses available.

Meeting participants acknowledged that, while there were still other health issues of interest
among Staten Island residents, cancer among children and adults living near the landfills was
a major health concern for which there was a comprehensive database of reported cases and
that, as a first step to addressing health concems among Staten Island residents, the NYSDOH
Cancer Registry data should be analyzed to determine if residents around the Brookfield and
Fresh Kills Landfills experienced an elevated rate of cancer. Since cancer information for
Staten Island was available and residents living in other areas of Staten Island had expressed
concern about cancer, this study also examined cancer incidence in Staten Island as a whole.

Unfortunately, there are currently no medical or scientific tests to determine why an
individual develops cancer. In the absence of such information, epidemiology is one of the
main tools available for evaluating disease in human populations. Meeting participants agreed
that an epidemiologic assessment was the best approach to the question of whether there was
an elevated rate of cancer near the landfills and/or in the rest of Staten Island.

The Staten Island Cancer Incidence Study is a descriptive epidemiologic study. This study
type is generally the first step of an epidemiologic investigation. It is designed to provide
information on the specific types and amounts of cancer which occurred among residents in
the communities around the landfills and in residents of Staten Island as a whole. The results
of this investigation can be used to determine how many cases of cancer occurred in the
neighborhood near the landfills and in the rest of Staten Island. They can also be used to
determine whether residents in either area experienced a higher or lower incidence of cancer
than residents of other areas. The results of this investigation can be used to guide in the



formulation of public health policy, interventions, or further research questions that would be
part of a subsequent investigation. Because of their many limitations (a detailed overview of
the limitations is provided in the discussion), a descriptive investigation such as this one
cannot answer questions pertaining to what caused a cancer or why a particular individual or
group of individuals developed a specific type of cancer.

Meeting participants acknowledged at the outset that a descriptive study could not prove or
disprove the possible role the landfills played in cancer causation--indeed, participants noted
that many similar investigations of cancer incidence among people living near landfills or
hazardous waste sites, including studies of Love Canal *, have failed to provide strong and
consistent evidence of a high risk for cancer. However, they also acknowledged that a
descriptive investigation of cancer incidence was a necessary first step to confirm or alleviate
citizen concemns about the occurrence of excess cancer in the community. A descriptive
investigation was also a necessary to generate theories or hypotheses about possible causes of
cancer that might be tested in future studies.

To provide guidance and oversight for the study, a Scientific Advisory Committee (SAC) was
formed. Nominations to the SAC were solicited from community organizations, elected
officials, universities and medical societies. Members of the SAC were selected based on
their experience and expertise in the fields of environmental health, epidemiology and
medicine. Selection of the SAC members was completed in early 1993 (a list of the SAC
members is presented in Appendix 1). The specific role of the SAC was to review the
proposed study methodology, review drafts of the study findings, and to make
recommendations regarding the interpretation of data and further actions. The SAC reviewed
and commented on several drafts of the proposed study methodology and the study findings
and were instrumental in helping to formulate the recommendations for further study.
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C. OBJECTIVES

The Staten Island Cancer Incidence Study was designed to satisfy the following objectives:

1.

o

Determine the absolute burden of cancer among child and adult residents of the
census tracts near the Fresh Kills and Brookfield Avenue Landfills and in Staten
Island as a whole by documenting the exact number of and specific types of cancer
(the "cancer incidence") during the period 1979-1988. This was the most recent time
period for which complete data were available when the study was initiated.

Assess the relative burden of cancer in both the landfill neighborhoods and Staten
Island as a whole to determine if cancer incidence was higher or lower in either area
by:

a) Comparing the incidence of cancer in the landfill area with cancer incidence
in the rest of Staten Island.

b) comparing the incidence of cancer in the landfill area with cancer incidence
in an area demographically similar to Staten Island that was not in proximity to
a landfill.

¢) comparing the incidence of cancer in Staten Island as a whole with cancer
incidence in an area demographically similar to Staten Island that was not in

proximity to a landfill.
d) comparing the incidence of cancer in Staten Island to cancer incidence in the

rest of NYC.

Evaluate the results of 1 & 2 (above) to determine whether any patterns emerge that
may trigger a need for further public health interventions or investigations.

Address community concerns about cancers-that occurred after the period for which
complete data are available at the time the study was initiated (1989 to 1992).

Provide information to the public about other epidemiological studies that examined
cancer among residents near waste sites.

Provide the public, government officials and agencies, and other researchers with
information about the occurrence of cancer on Staten Island that could be used as a
basis for further research and/or policy development.



II. CANCER INCIDENCE 1979-1988

A. METHODS

1. Study Population and Geographic Area

a. Staten Island Populations

This investigation evaluated the incidence of cancer in an area comprising 13 census tracts
(based on the 1990 census) that surround the Fresh Kills and Brookfield Avenue Landfills
(hereafter called the "Study Area") and on Staten Island as a whole. The Study Area is
shown in figure 1. This area was selected in consultation with concerned residents.

b. Comparison Populations

The three areas selected for comparison were: 1) Staten Island minus the Study Area, 2) the
combined population of the Bay Ridge, Brooklyn and Flushing, Queens Health Districts and
3) The rest of New York City (excluding Staten Island).

The Bay Ridge and Flushing Health Districts were selected because, in combination, they
were demographically similar to Staten Island with regard to race and income distribution. In
addition, they were not communities where a landfill had been operated. These areas are
shown in figure 2.

2. Sources of Data
a. Cancer Incidence Data

The DOH obtained cancer incidence data (that is, reports of new cases of cancer) from the
New York State Department of Health (NYSDOH) Cancer Registry. All medical facilities in
New York State are legally required to report new cases of cancer to the Registry.
Additionally, the NYSDOH Cancer Registry has reporting agreements with many other states,
including Florida, New Jersey and Connecticut. Thus, if a resident of New York State was
diagnosed with cancer in another state he/she would still be included in the NYSDOH Cancer
Registry file. Surveys conducted by the NYSDOH's Bureau of Chronic Disease
Epidemiology and Surveillance have concluded that cancer reporting for NYC is more than
90 percent complete®.

Information was obtained for all new cases of cancer that were diagnosed in residents of
Staten Island and the rest of NYC during the ten year period between 1979-1988. At the time
this study was initiated, this was the most recent period for which cancer reporting was
considered complete for analysis of small geographic areas (ie: census tracts).

The Registry continually receives reports of new cancer cases and therefore continually



FIGURE 1
STATEN ISLAND CANCER INCIDENCE STUDY

STUDY AREA MAP»

* 1980 census tracts (with 1990 subdivisions)
146.1, 146.2, 170.01 (170.03, 170.04), 170.02, 208.01, 273.01,
273.02, 2774277.01, 277.02), 279, 291 (291.01, 291.02) around
Fresh Kills and Brookfield Landfills in Staten Island (health Center
Distnct Richmond). Dashed lines indicate subdivisions of census
tracts in 1990
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updates the data base. Generally, it takes 2-4 years for all reports of cancer during a given
year to be filed, verified and computerized. After this process is complete, additional steps
must be taken to add information such as census tract, borough, and health district for each
reported cancer case so that analyses, such as those conducted for this study, can be carried
out.

For each cancer case the following information was obtained: age, sex, census tract and health
district at time of diagnosis, and type of cancer diagnosis. Cancer incidence data are
normally coded for race (White, Black, Other) and Hispanic origin. Complete information on
Hispanic origin was not reported to the NYSDOH Cancer Registry for more than 40% of
NYC cancer cases, therefore, race/ethnicity information (which may relate to lifestyle or
genetic risk factors) was not included in the analyses for this report.

Information about more recent (> 1988) cancer cases was obtained through neighborhood and
community reporting of individual cases to DOH.

b. Demographic Data

Demographic data, including population size, age, sex, race, and income for all areas were
provided by the New York City Department of City Planning and obtained from the 1980 and
1990 US Census.

3. Selection of Cancer Sites for Analysis

In this investigation, DOH evaluated the incidence of 14 different types of cancer in adults
and 3 different childhood cancers. Particular cancer sites were selected for two reasons: 1)
residents were concerned that there may have been an unusually high incidence; and/or 2)
these cancers have been shown to be related to environmental exposures (although they may
be caused by other
factors as well).
Information on risk
factors for different

B )

pharynx/ (ICD* 140-149) prostate {ICD 185) .
oral cavity bladder (ICD 188) prfs d°£ cqncers lfi‘
stomach (CD 151) kidney (ICD 189) included 1n appendix
colon (CD 153) CNS** (ICD 190-192) 2. The rates of the
liver (ICD 155) lymphoma v (ICD 200-202) following types of
pancreas (aCD 157 mult. myeloma (ICD 203) cancer were analyzed
larynx (icD 161) leukemiasy’  (ICD 204-208) for adults and
lung (ICD 162) .
female breast  (ICD 174) totah/ (ICD 140-208) children:
* ICD = international classification of diseases In this in}restigation
** CNS = central nervous system (including brain) cancers we have included an
those cancers indicated by a" V" were also evaluated in children assessment of total
cancer incidence.
From an



epidemiologic perspective, total cancer incidence is not considered useful for identifying
patterns of disease or causes of disease. This is because total cancer incidence relies on the
underlying frequencies of specific cancer types. For example, an elevation of a relatively
common cancer like lung or breast cancer will have a large impact on the total cancer
incidence rate. An elevation of a rarer form of cancer, like kidney cancer may have no impact
on the total cancer incidence rate. Total cancer incidence was included here because of
community interest, however, total cancer incidence should not be used when drawing
conclusions about cancer incidence patterns or cancer risk either in the Study Area or on
Staten Island as a whole.

4. Analvsis

a. Description of Cancer Cases

As noted previously, the first objective in evaluating the occurrence of cancer in the Study
Area and in Staten Island as a whole was to document the absolute burden of cancer, that is:
Whe was getting cancer? When did cancer cases occur? Where did the cancer cases live?
What type and_how many cancers occurred?

b. Comparison of Cancer Incidence in Staten Island and Study Area with Other Areas

To evaluate whether cancer incidence was unusual (i.e.: the relative burden) in these areas,
four (4) comparisons were made.

1. Cancer incidence in the Study Area compared with cancer incidence in the rest of
Staten Island.

2. Cancer incidence in the Study Area compared with cancer incidence in the Bay
Ridge and Flushing Health Districts

3. Cancer incidence in Staten Island as a whole compared to the Bay Ridge and
Flushing Health Center Districts.

4. Cancer incidence in Staten Island as a whole compared with cancer incidence in the
rest of New York City

c. Evaluating the Patterns of Results

Taken individually, each of the comparisons (above) allow us to assess the relative burden of
cancer--either in the Study Area or in Staten Island as a whole. Taken together, they allow
for a more comprehensive assessment of the patterns of cancer on Staten Island, as well as
for an assessment of the consistency of the findings. Both of these factors, that is: the
pattern of findings and how well the findings of the individual analyses correspond to each



other (the consistency), contribute to the interpretation of the results and provide evidence for
determining whether the findings support a need for further investigation, other public health
interventions, or both.

For example, comparing the Study Area with the rest of Staten Island will help to establish
whether the pattern of cancer in Staten Island is consistent with possible landfill exposures.

A pattern in which cancer incidence in the Study Area was higher than in the rest of Staten
Island and higher than in the Bay Ridge/Flushing comparison area would not prove that
landfill exposures were responsible for the elevations. However, such a pattern would suggest
a possible need for further analysis. Comparing both the Study Area and the rest of Staten
Island to the Bay Ridge/Flushing health districts allows for a comparison of whether the
patterns of cancer are similar in each area of concemn—indicating that a cancer "problem" may
be Island-wide. In addition, it is well established that cancer rates vary by socio-demographic
factors such as income and race/ethnicity. These comparisons help to factor out some of the
demographic influences on cancer risk since the Bay Ridge/Flushing area is demographically
similar to Staten Island, while the rest of New York City (as a whole) is quite different.
Previous investigators have noted elevations of specific cancers on Staten Island as compared
to the rest of NYC*®”, the comparison of Staten Island to the rest of NYC will indicate
whether this trend is continuing.

d. Calculation of Cancer Incidence Rates and Rate Ratios

Ten year cumulative cancer incidence rates (the number of new cases of cancer during the ten
years from 1979 to 1988 in an area divided by the population in the same area) were
calculated for the Staten Island populations and the populations in the comparison area.
Computation of confidence intervals and power analysis (discussed below and explained in
detail in appendix 3) are based on these cumulative rates. Average annual incidence rates
(cumulative rates divided by 10) were also calculated and are presented in tables
accompanying this report.

Accurate calculation of cancer-incidence rates depends on the accurate determination of both
the number of people who developed cancer and the total number of people in the population
during the same time period. The population in Staten Island and the population in the Study
Area experienced an overall growth of 8% and 31% respectively during the decade of 1980 to
1990. The populations in the comparison areas also grew during the decade, but not to the
same extent. Consequently, use of the 1990 or 1980 population data to calculate the cancer
incidence rates would result in either an underestimate of the true rates (using 1990) or an
overestimate of the cancer rates (using 1980), particularly in the Study Area. Therefore the
“average" population was approximated by estimating the 1984 population (the midpoint of
the study time period). This average population was used to calculate the 10 year cumulative
and average annual cancer incidence rates. Since it was not possible to determine precisely
when the growth in different areas occurred, the 1984 average population was estimated using
simple linear interpolation. Linear interpolation assumes that the changes in the size of the
population happened at a constant rate over the 10 year time period. Population change and
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demographic characteristics are presented in appendix 4.

Cancer rates were calculated separately for children (< 14 years old) and adults. In adults,
cancer incidence rates vary with age. To take into account differing age structures of the
populations the adult cancer incidence rates for males and females were directly age adjusted
to the 1980 New York City population. Eight age groups were used to age adjust the adult
cancer rates (15-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, 85+). Similarly, cancer rates
are influenced by other socio-demographic variables (such as race/ethnicity or socio-economic
status).  Failure to consider the differing racial/socio-economic conditions of different areas
can cause cancer rates in one area to be comparatively high or low. As noted previously, the
cancer incidence data used in this investigation are missing more than 40% of the coding for
Hispanic origin. Consequently, it was not possible to race adjust. The primary analyses in
this study (the Study Area compared to the rest of Staten Island and the Study Area and
Staten Island as a whole compared to the combined Bay Ridge/Flushing Health Districts)
were devised to deal with this issue: Since these areas are very similar with regards to
race/ethnicity, the impact of race/ethnicity in any differences in cancer rates should be small.
In other analyses (Staten Island compared to the Rest of NYC and the Ranking of the 30
NYC Health Districts) it was not possible to adjust for race/ethnicity. Because NYC as a
whole and several of the individual Health Districts are very different with regards to
racial/ethnic makeup, these analyses should be interpreted with caution. The relationship of
race/ethnicity to cancer incidence rates will be addressed more fully in the discussion. Age
adjustment and the issues of race adjustment in this study are also discussed in appendix 3.

Rate ratios (RR's) for all cancer types were computed by dividing the adjusted rates in Staten
Island and in the Study Area by the adjusted rates in the corresponding comparison areas.
The RR shows how the cancer incidence rate in one area compares to the rate in a
comparison area.  The RR is interpreted as follows: a RR close to 1.00 shows that the
Study Area has about the same cancer incidence rate as a comparison area. A ratio over 1.00
means that the Study Area has a higher incidence rate than the comparison area. Similarly, a
ratio less than 1.00_indicates that the Study Area rate is less than the comparison area's
incidence rate. For example, a RR of 1.25 means that the area under investigation has a 25%
higher cancer incidence rate than the comparison area. A RR of 0.80 means the Study Area
has cancer rate 20% lower than the comparison area.

e. Significance Testing and Power Calculations

The statistical significance of each RR was evaluated with 95% confidence intervals.
Confidence intervals for the RR's were calculated based on ten-year cumulative rates using a
formula presented by Flanders’. If the 95% confidence interval contains the value of 1.00
within it, then the RR is not statistically significant and may be due to random variation.
However, if the value of 1.00 is not contained within the interval then the RR is said to be
statistically significant. A complete discussion of the interpretation of 95% confidence
intervals is presented in appendix 3.
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A counterpart to statistical significance testing is power analysis. Power refers to the ability
to observe an effect of a given magnitude--in this study the size of the RR--as statistically
significant. Like statistical significance testing, power is influenced by many factors, most
importantly: the size of the population being studied, the number of cases, and the size of the
RR. In general, 80% is considered adequate power and larger sample sizes and/or large
effects (high RR's) will have adequate power.

Power analysis was performed for each set of analyses to determine whether there was
adequate statistical power to recognize a true statistical difference in the rates of the Study
Areas and the comparison areas. Power was determined using a computer generated model
based on "Monte Carlo" simulation and standard power formulas’. A complete discussion of
the interpretation of power is presented in appendix 3.
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B. RESULTS

The results of this investigation will be presented in three (3) sections. The first section will
describe the findings for the analyses of cancer incidence from 1979-1988 in the Study Area.
The following section will present the findings of these analyses of Staten Island as a whole.
The third section will describe the findings of the case verification for more recent cases of
cancer. Throughout each section, in addition to an indication as to whether the RR 's were
statistically significantly elevated, the following terms will be used to describe the magnitude
of the RR: "similar to 1.00" indicates RR's that are between 0.95-1.05, "slightly”" elevated
indicates RR's that are between 1.06 and 1.24, and "moderately" elevated refers to RR's that
are greater than or equal to 1.25. These categories were selected to simplify the presentation
of the results for the reader.

The age adjusted cancer rate ratios (RR's) for each set of comparisons are summarized in
tables 1-3 (pages 21-23). The summary results are presented in separate tables for adult
males (table 1), adult females (table 2) and children (table 3). Across all areas, RR's for men
ranged from 0.50 - 1.55 , for women the RR's ranged from 0.48 -- 1.58 and for children the
RR's ranged from 0.67 --1.38. There were no cases where a very large elevations in cancer
rates was noted (i.e.: a doubling (or more) of the cancer rates; RR of greater than 2.0)

Appendix 5 (pages 63-73) presents the results in more detail. Again, they are presented in
separate tables for adult men, adult women, and children. This appendix presents the number
of cancer cases that occurred in each area for each cancer type investigated, the average
annual age-adjusted incidence rates for each area, the RR and the 95% confidence interval for
the RR.

Appendix 6 (pages 74-77) presents patterns of the rate ratios (RR's) for each area comparison.
This appendix also present the results of the power analyses.

1. Cancer Incidence in the Study Area

Absolute Burden

The most common types of cancer, contributing the most to the absolute burden of cancer
among men in the Study Area, were lung (221 cases), prostate (128 cases), and colon cancer
(116 cases). Together these cancers accounted for 43% of all cancers in the Study Area.
Among women, the most common types of cancer were breast (340 cases), lung (126 cases),
and colon cancer (112 cases). These cancers accounted for 52% of all cancers among
women. Leukemia (7 cases) was the most common cancer type among children. This types
are also the most common in Staten Island as a whole, New York City, and New York State.
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a. Cancer Incidence in Study Area Compared to the Rest of Staten Island

Overall, among men, women and children, cancer incidence in the Study Area for the
majority of sites was lower than that in the rest of Staten Island. However, the pattern of
results noted among men and women was slightly different from one another. That is,
women in the Study Area experienced elevations in the same cancers that men experienced a
deficit in and vice versa. The results of these analyses are discussed in detail below.

Relative Burden

Men:

Rate ratios ranged from 0.50 for multiple myeloma to 1.31 for kidney cancer. There were no
cancer rates that were statistically significantly elevated in the Study Area when compared to
the rest of Staten Island. Kidney cancer was moderately elevated among men in the Study
Area (RR 1.31). This difference was not statistically significant; however, there was only
good power to evaluate a RR of 1.6 or more (appendix 6). Cancer rates for men in the Study
Area were similar to or lower than (RR's 0.50-1.04) the cancer rates for the rest of Staten
Island for 13 of 14 different sites and total cancers combined (table 1 and appendix 5 table
la).  The rates of pharynx cancer and multiple myeloma were significantly lower in Study

Area men.

Women:

Rate ratios ranged from 0.48 for pharynx cancer to 1.24 for leukemia. As with men, there
were no cancer rates that were statistically significantly elevated in the Study Area when
compared to the rest of Staten Island. Women had slightly higher rates of leukemia,
lymphoma and cancers of the bladder, stomach, and lung when compared to the rest of Staten
Island (see table 2 and appendix 5 table 2a). These elevations were not statistically
significant and the absolute magnitude of the elevation for any given site was relatively small
(8% - 24%). This investigation only had good statistical power to evaluate RR's greater than
1.3 or 1.4 in cancer rates in this small population (see appendix 6). Cancer incidence among
women in the Study Area for the majority of sites (9 of 14 and total cancers combined) was
similar-to or lower than (RR's of 0.48-1.01) cancer-incidence-in the-rest-ofStaten Island.
Among women, the incidence of pharynx and nervous system cancers was statistically
significantly lower in the Study Area than in the rest of Staten Island.

Children:

Rate ratios ranged from 0.80 for leukemias to 1.38 for lymphomas. There were no cancer
types for which the rate ratios were statistically significantly elevated. While the RR for
lymphoma was not statistically significant, there was also very low power to detect this
moderate elevation. There was only adequate statistical power to detect a quadrupling of the
rate (ie: a RR of 3.8, see appendix 6).
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b. Cancer Incidence in the Study Area Compared to the Combined Bay
Ridge and Flushing Health Districts

Overall, there was a somewhat similar pattern of findings among men and women when the
Study Area was compared to the combined Bay Ridge/Flushing area. Exceptions to this were
in leukemia and lymphoma, where women experienced a slight increase and men
experienced a slight deficit. Cancer rates among children were generally lower in the Study
Area.

Men:

The average annual incidence rate ratios among men in the Study Area compared to men in
the Bay Ridge and Flushing area ranged from 0.58 for multiple myeloma to 1.46 for larynx
cancer (table 1). The moderate elevation noted for lung cancer (RR 1.32) was statistically
significant as was the slight elevation in total cancer incidence (RR=1.09) (see appendix 5
table 1b). Six other sites had RR's that were greater than 1.00 (RR's 1.04-1.46). Moderate
elevations that were not statistically significant were noted for liver (RR of 1.26) and larynx
cancer (RR of 1.46). The remaining 4 sites with RR > 1.00 represented only slight elevations
or RR's that were very close to 1.00. None of these remaining elevations were statistically
significant. However, there was very poor power to detect significant elevations for these
slight or moderately elevated RR's (see appendix 6). Seven of 14 sites evaluated had RR's
less than 1.00. The RR for multiple myeloma was significantly lower in the Study Area
compared to the combined Bay Ridge and Flushing Health Districts (appendix 5 table 1b).

Women:

Among women, the RR's ranged from 0.64 for central nervous system to 1.58 for larynx
cancer (table 2). The RR for lung cancer (1.32), was statistically significant. There were 5
other types of cancer with a rate ratio slightly or moderately elevated (RR 1.11-1.58). As
with the results for men (above) the statistical power was very low and there was only
adequate.statistical_power to_detect differences larger than a 50-75% elevation in rates
(appendix 6). The remaining sites had RR's that were similar to, or less than, 1.00. The RR
for CNS cancers (RR=0.64) was significantly lower among women in the Study Area when
compared to women from the Bay Ridge/Flushing comparison area.

Children:

Cancer incidence RR's among children ranged from 0.67 for leukemias to 1.10 for lymphoma.
There were no types of cancer for which there was a statistically significant elevation or
deficit in the RR's. There was only adequate statistical power to detect a doubling or tripling
in the rate of lymphoma (appendix 6).
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2. Cancer Incidence on Staten Island

Absolute Burden

The three cancer types that contributed the most to the absolute burden of cancer among men
in Staten Island were lung (1,575 cases), prostate (875 cases), and colon (762 cases) cancer.
Overall these three cancer types represented 47% of all male cancers in Staten Island.

Among women, the three most common cancer types (accounting for 50% of all female
cancers) were breast (1,975 cases), colon (839 cases), and lung (755 cases) cancer. As noted
previously, these cancer types are also the three most common types among men and women
in NY State and the U.S. Leukemia (31 cases), the predominant cancer type in children in
the City, State and the U.S., was also the most common cancer among children in Staten
Island.

Relative Burden

a. Cancer Incidence on Staten Island Compared to the Combined Bay Ridge and
Flushing Health Districts

The pattern of results noted in this comparison was similar to that noted for the comparison
of the Study Area to the Bay Ridge Flushing Health District. Men and women in Staten
Island as a whole experienced elevations or deficits in the same cancer sites at more or less
the same magnitude as men and women in the Study Area when compared to men and
women in Bay Ridge and Flushing, The only notable exception are the findings for cancers
of the pharynx. The results for each sex are discussed in more detail below.

Men:

RR's for cancer among men ranged from 0.89 for stomach cancer to 1.55 for larynx cancer
(Table 1). Moderate, statistically significant elevations were observed for cancers of the
pharynx, larynx, and lung. The slight elevation noted in total cancers (RR of 1.14) was
statistically significant. Liver cancer was moderately elevated { RR = 1.27). This elevation
was not statistically significant. For most cancer types, tliere was good power to detect
statistically significant differences, however, there was only 50% power to detect a
statistically significant difference for liver cancer. Cancer incidence in 6 of the 14 cancer
sites investigated was similar to or lower than cancer incidence in the Bay Ridge/Flushing
area. Slight elevations, representing differences in rates of between 7% and 9%, were noted
for cancers of the colon, bladder and nervous system. These elevations were not statistically
significant.

Women: .
As shown in table 1b, the RR's for Staten Island women-as compared to women from the Bay

Ridge and Flushing Health Districts ranged from 0.92 for kidney cancer to 1.56 for larynx
cancer. Statistically significant elevations were noted for cancers of the pharynx, colon, and
lung. Total cancer incidence was also statistically significantly elevated, though the RR (1.04)
was very close to 1.00. There was fairly good power (approximately 80%, see appendix 6) to
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detect a statistically significant RR for larynx cancer (RR = 1.56), so we can be relatively
confident that the moderate elevation noted for this site does not indicate a true elevation in
the rate of larynx cancer in this population. Conversely, for liver cancer (RR = 1.24), power
was very low (20%) and it is not clear whether this moderate elevation represents a truly
elevated rate or simply represents normal variation in the rates of cancer. There were five
other cancer types with RR's greater than 1.00, most of these represent slight elevations.
There were five cancer types for which the incidence was similar or lower on Staten Island
compared to the Bay Ridge and Flushing area (RR's 0.92-0.98). There were no cancer types
for which the incidence rates were significantly lower on Staten Island than in the comparison
area.

Children:
When compared to Bay Ridge/Flushing, the children on Staten Island had lower rates of

cancer. The RR's ranged from 0.77 to 0.89 (table 3). There were no cancer types for which
the incidence rates were significantly different for the two areas.

b. Cancer Incidence on Staten Island Compared to the Rest of NYC

The pattern of results noted here was somewhat similar to the pattern noted in the previous
comparison. That is, the patterns of results noted among men and women were similar
(appendix 6) to one another and elevations were noted in the same cancer sites. The
magnitude of the elevations for specific cancer sites was similar among men and women.

The only exception was the rate of lymphoma for men which was about the same or lower in
Staten Island as in the rest of NYC while for women the rate on Staten Island was slightly
higher (RR 1.17) than in the rest of NYC. The RR for lymphoma among females was
statistically significant.

The resuits for each sex are discussed in more detail below.

Men:

The RR's ranged from 0.83 for stomach cancer to 1.36 for lung cancer. Four cancer types
(colon, lung, bladder, larynx) had incidence rates which was statistically significantly higher
than the rates in the rest of NYC. These represent slight to moderate elevations of 12%-36%.
The incidence of all cancers combined was also slightly but significantly higher on Staten
Island than in the rest of NYC (RR = 1.10). There was good power to detect very slight
elevations in the rates for most cancer sites. The only exception was the RR for CNS cancers
(RR 1.23), where there was only good power to detect an RR of 1.3 to 1.4.

There were 9 types of cancer for which the incidence was similar to or lower than the rest of
NYC (RR's 0.83-1.04). Of these, the incidence rates for stomach and prostate cancers were
significantly lower on Staten Island than the rest of NYC (table 1 and appendix 5 table 1d)

Women:
As shown in table 2, the RR's for the different types of cancer ranged from 0.85 for multiple
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myeloma to 1.30 for larynx cancer. Five cancer sites (colon, lung, breast, bladder, and
lymphoma) had incidence rates that were slightly or moderately elevated and statistically
significantly higher than the incidence rates in the rest of NYC (RR's 1.14-1.25). The slight
elevation (RR of 1.09) in total cancer incidence was also significantly higher among Staten
Island women. A moderate elevation (30%) noted for cancers of the larynx was not
statistically significant. However, there was only good power to detect an RR of 1.5 or more
for larynx cancer (see appendix 6). There was also inadequate statistical power (55%) to
evaluate the slight elevation noted in pharynx cancer (RR = 1.18) and CNS cancers (RR 1.16,
power approximately 40%). There were 6 types of cancer for which the incidence on Staten
Island was similar to (RR's 0.85-1.04) or lower than that in NYC. (appendix 5, table 2d).

Children:

Table 3 presents the incidence rates for the 3 different types of childhood cancer evaluated
and for total cancers combined. In all types, the rates on Staten Island were lower than the
rates in the rest of NYC. Rate ratios ranged from 0.84-0.93.

¢. Cancer Incidence on Staten Island Compared with Other NYC Health Districts

The incidence rate of specific types of cancer was calculated for each of the 30 Health
Districts in NYC. Health Districts were then ranked from 1 to 30 for each cancer type
according to the results. A ranking of #1 means a Health District had the highest incidence
rate for that specific type of cancer, whereas a ranking of #30 means a Health District had the
lowest incidence rate.

For specific types of cancers among men, women and children, appendix 7 (pages 78-81)
shows where Staten Island (Richmond HD) ranked among the 30 Health Districts, the age-
adjusted incidence rate for specific types of cancer, the range of rates among all 30 NYC
Health Districts and the incidence rate for New York City as a whole.

Rares are presented as number of cases/100,000 populations. Results ofthe Health District
(HD) ranking for men, women, and children are presented below:

Men:

Staten Island ranked among the top 20% of Health Districts for 5 of 14 types of cancers in
men- colon (#2), lung (#2), bladder (#1), nervous system (#4) and larynx (#6). Staten Island
ranked in the middle (a rank between 10-20) or lower (a rank between 21-30) for 9 of 14
different types of cancer. Staten Island ranked among the bottom 20% of Health Districts

in NYC for stomach cancer (#29).

Among the types of cancers for which Staten Island ranked in the top 20% of Health
Districts, the range of rates varied from less than a doubling to a tripling between the HD
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with the lowest rate and the HD with the highest rate. For example, for colon cancer among
men, there was less than a doubling between the HD with the lowest rate of 55.96/100,000
and the HD with the highest rate of 81.84/100,000. The NYC rate of 72.05/100,000 is not
that different from the HD with the highest rate of 81.84/100,000 nor the Staten Island rate of
80.59/100,000. However, for other cancer types, such as lung cancer among men, there was a
wider range of rates among the health districts. For lung cancer, the lowest health district
rate was 85.74/100,000 while the highest health district rate was 202.69/100,000. There was
also a large difference between the average NYC rate and Staten Island rate (118.82/100,000
vs. 159.43/100,000).

Women:

Staten Isiand ranked among the top 20% of health districts for 7 of 14 types of cancers -
colon (#2), lung (#4), breast (#4), bladder (#2), lymphoma (#5), larynx (#6) and CNS (#6).
Staten Island ranked in the middle (rank between 10-20) or lower (rank of 21-30) for 6 of 14
types of cancer. Again, Staten Island ranked among the bottom 20% health districts for
stomach cancer (#27).

For women, among the types of cancers for which Staten Island ranked in the top 20%, there
was less variance in the range of rates than for men. For colon cancer in which Staten Island
ranked #2, both the Staten Island rate of 59.10/100,000 and the highest rate of 60.17/100,000
were very close to the NYC rate of 52.30/100,000. For bladder cancer (rank #2), there was
a slightly wider range of rates among the health districts with a doubling between the HD
with the lowest and HD with the highest rate. The Staten Island rate was 14.82/100,000 cases
while the NYC rate was 11.98/100,000.

Children:
Staten Island ranked in the middle (#15) or lower for each of the childhood cancers evaluated
and for total cancers combined. The Staten Island rate was lower than the NYC average rate

for each type of.cancer.

3. Case Verification

As noted earlier, at the time that the cancer incidence study began, complete and
computerized cancer case information was not available from the NYSDOH Cancer Registry
for the time period after 1988. However, residents of Staten Island, particularly residents
living near the landfills, were concemed about cancers that had occurred more recently. To
address these concerns, the NYCDOH asked people to report more recent cancer cases.
These cases were then medically verified. The case verification results are discussed below.
Appendix 8 (pages 82-87) presents the methods of verifying reported cases of cancer and
shows the results in tabular form.

A total of 379 cases were reported to NYCDOH for verification. One hundred thirty eight
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(138) of the 379 cases were confirmed as cancer cases (table 1 in appendix 8). Over two
thirds of the cancer cases were less than 55 years of age at the time of their diagnosis. There
was a higher percentage of female cases reported (60%) than male cases (40%) (table 2 in
appendix 8).

Table 3 in appendix 8 presents the cases according to cancer site. Twenty four different
cancer types were reported. Breast cancer was the most frequently reported (30%) cancer.
Leukemia (15%) and lymphoma (12%) are the next most frequently reported cancers. Only
one case of childhood leukemia and 2 cases of childhood lymphoma were reported. Eleven
lung cancer cases were also reported (8% of the total) (table 3 in appendix 8§).

Ninety-nine percent (99%) of the cases were diagnosed between 1989 and 1992. This is not
surprising since the case verification was publicized during late 1992. For both 1993 and 1994
one case was diagnosed.

The 138 cancer cases were grouped according to their location with respect to the Fresh Kills
and Brookfield Avenue Landfills. Over half (57%) of the cancer cases lived in the Study
Area, while a lesser portion (36%) lived in other parts of Staten Island. Exact address
information was not available for 7% of the reported cases. Census tracts with the highest
number of verified, self reported cases were 146.01 (17 cases), 277.00 (13 cases), and 170.02
(11 cases), all of which are located within the Study Area.

Expected numbers of cancer cases, for 1989-1992 were calculated for total cancers, leukemias
and lymphomas using cancer rates in NYC and NYS as reference rates. Using the NYC
cancer incidence rate as the reference, 879 cases of cancer were expected to occur in the
Study Area while 3339 cases were expected in other parts of Staten Island. Using the NYS
rate, 910 cases were expected in the Study Area and 3518 total cancer cases were expected in
other parts of Staten Island. This information is presented in table 4 in appendix 8.

Seventy percent (14 of 20) of the reported leukemia cases lived in the Study Area. In the
entire Study Area, 20 (NYC) or 24 (NYS) cases of leukemia were expecied to occur. In
other parts of Staten Island, 66 (NYC) and 84 (NYS) leukemia cases were expected.

Forty seven percent (8 of 17) of the reported lymphoma cases lived in the Study Area.

Using NYC and NYS as the references, the numbers of lymphoma cases expected to occur in
the Study Area was 51 (NYC) and 50 (NYS). For other parts of Staten Island 165 (NYC)
and 164 (NYS) lymphoma cases were expected to occur.

It is important to note that the data used to calculate rates for NYC and NYS up through
1992 were not yet finalized and expected rates will change slightly in the future. In addition,
this analysis of post-1988 cancer cases relied on community reports of cancer cases and
therefore the reported and verified number of cases probably does not reflect the complete
and exact number of cases that occurred.
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TABLE 1
MEN
SUMMARY OF AGE-ADJUSTED CUMULATIVE RATE RATIOS(RRs)'
FOR STATEN ISLAND? AND STUDY AREA’
1979-1988

FIE e — —
Study Study Area S.L/ S.I./Rest of
Rate Ratios (RR) Area/Rest /Bay Ridge & || Bay Ridge & NYC?
& 95% CI S.L* Flushing Flushing®
Range of Rate Ratios
(14 Sites & Total Cancers) 0.50-1.31 0.58-1.46 0.89-1.55 0.83-1.36
# of Sites RR 7 3 2 5
Similar to 1.00
(0.95-1.05)
# of Sites RR 3 5 3
Slightly Elevated (note)
(1.06-1.24) Total Cancer* Total Cancer* Total Cancer*
Colon*
# of Sites RR Moderately 2 3
Elevated (note)
(1.25 and greater) Lung* Lung*
Bladder*
Larynx*
1 # of Sites with Significant 2: Pharynx 1: Multiple- 2: Stomach
1 Deficit Multiple- Myeloma Prostate
i Myeloma

I Cumulative rate ratio (RR) is the ten year cancer incidence rate in a Study Area divided by the ten year cancer incidence rate in a
comparison area. Rates are age adjusted to the NYC adult population, based on the 1984 estimated population.

? Health Center District (HD) Richmond

J 1980 census tracts (with 1990 subdivisions} 146.01, 146.02, 170.01 (170.03 and 170.04),

i 170.02, 208.01, 273.01, 273.02, 277(277.01, 277.02), 291 (291.01, 291.02) around the Fresh Kills and Brookfield Landfills.

} NYC excluding HD Richmond

¢ (HD) Bay Ridge (Brooklyn) and Flushing (Queens) combined

% HD Richmond excluding above census tracts

¥ . Rates statistically significantly elevated. A rate ratio (RR) is considered to be significantly elevated if the lower limit of the 95% ClI
1s greater than 1.00.

dote: not all slightly or moderately elevated RR's were statistically significant



TABLE 2

WOMEN
SUMMARY OF AGE-ADJUSTED CUMULATIVE RATE RATIOS!
FOR STATEN ISLAND? AND STUDY?
1979-1988

Study Area Study Area S.I/ Bay S.I/Rest
Rate Ratios (RR) /Rest of SI° /Bay Ridge & || Ridge & of NYC*
& 95% CI Flushing Flushing®

Range of Rate Ratios
(14 Sites & Total Cancers)

0.48-1.24 0.64-1.58

0.92-1.56 0.85-1.30

# of Sites RR 5 4

Similar to 1.00

(0.95-1.05) Total Cancers*

# of Sites RR Slightly 7

Elevated (note) Total

(1.06-1.24) Cancers*
Colon*
Lung*
Breast* (
Lymphoma*

# of Sites RR Moderately 2

Elevated (note)

(1.25 and greater) Bladder*

# of Sites with Significant
Deficit

O‘J
1 Cumulative rate ratio (RR) is the ten year cancér incidence rate in a Study Area divided by the ten year cancer incidence rate in a

comparison area. Rates are age adjusted to the NYC adult population, based on the 1984 estimated population.
Health Center District (HD) Richmond

1980 census tracts (with 1990 subdivisions) 146.01, 146.02, 170.01 (170.03 and 170.04),

170.02, 208.01, 273.01, 273.02, 277(277.01, 277.02), 291 (291.01, 291.02) around the Fresh Kills and Brookfield Landfills.
NYC excluding HD Richmond

(HD) Bay Ridge (Brooklyn) and Flushing (Queens) combined
HD Richmond excluding above census tracts

w KN
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is greater than 1.00.
note: not all slightly or moderately elevated RR's were statistically significant

Rates statistically significantly elevated. A rate ratio (RR) is considered to be significantly elevated if the lower limit of the 95% CI |
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TABLE 3

CHILDREN (Ages 0-14)
SUMMARY OF AGE-ADJUSTED CUMULATIVE RATE RATIOS'
FOR STATEN ISLAND? AND STUDY AREA®

Study
Area/Rest of
SI¢

0.80-1.38

Study Area
/Bay Ridge &
Flushing

S.I/ Bay
Ridge &
Flushing®

| Rate Ratios (RR)
& 95% CI

Range of Rate Ratios 0.67-1.10

(3 Sites & Total Cancers)

| # of Sites RR Similar to 1.00
(0.95-1.05)

#of Sites RR Slightly
{ Elevated (1.06-1.24)

i # of Sites RR Moderately
1 Elevate (1.25 and greater)

1 # of Sites with Significant

| Elevation or Deficit’
—_—

1 Cumulative rate ratio {(RR) is the ten year cancer incidence rate in a Study Area divided by the ten year cancer incidence rate in a
comparison area. Rates are age adjusted to the NYC aduit population, based on the 1984 estimated population.

2 Health Center District (HD) Richmond

3 1980 census tracts (with 1990 subdivisions) 146.01, 146.02, 170.01 (170.03 and 170.04), 170.02, 208.01, 273.01, 273.02, 277

{277.01, 277.02), 291 (291.01, 291.02) around the Fresh Kills and Brookfield Landfills.

4 NYC excluding HD Richmond

5 (HD) Bay Ridge (Brooklyn) and Flushing (Queens) combined

6 HD Richmond excluding above census tracts

7 A rate ratio (RR) is considered to be significantly elevated if the lower limit of the 95% CI is greater than 1.00.
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C. DISCUSSION

This study represents a first step in responding to citizen concerns and documenting the extent
and patterns of cancer in the neighborhoods surrounding the Brookfield and Fresh Kills
Landfills. The purposes were:

1) To assess the patterns of cancer based on available data, specifically focussing on:

a) How many people were affected by different types of cancer in the area
surrounding the landfills and on Staten Island as a whole (also called the "absolute
burden" of cancer);

b) How much greater the incidence of cancer was in the area surrounding the landfills
and on Staten Island, compared with other neighborhoods in New York City (or
"relative burden" of cancer);

¢) Whether cancer patterns were consistent for subgroups (men, women and children).
2) To explore the need and set priorities for further studies or other public health measures.

Below, the patterns of cancer found in this study and the implications for future studies are
- critically evaluated.

1. Patterns of Cancer in the Study Area and on Staten Island

Absolute Burden

Cancers that occur most frequently in a population have the greatest "burden” on that
population. In this study, the most common types of cancer -- both in the Study Area and on
Staten Island as a whole — were lung, prostate, and colon cancer in men, and breast, lung,
and colon-in-women. -Among-children, leukemia was the most frequently diagnosed cancer-
These are also the most common types of cancer in men, women, and children, respectively
in New York City, New York State, and in the United States.

Relative Burden

Cancers with the highest incidence rates in one population as compared with another
population are those that have the greatest relative burden. In this study, the Rate Ratio (RR)
was used to measure the relative burden of cancer in an area compared with another.

a. Study Area
Although residents of Staten Island were very concemed about the incidence of childhood

cancers, particularly in areas around the landfills, the incidence of most childhood cancers
was lower in the Study Area (around the landfills) than on the rest of Staten Island or in the
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Bay Ridge and Flushing Health Districts. There were no cancer sites that were statistically
significantly elevated when the Study Area was compared to the rest of Staten Island. Lung
Cancer was statistically significantly elevated among both men and women in the Study Area
when compared to Bay Ridge/Flushing . With few exceptions, the incidence of cancer among
people living near the landfills was similar to or lower than the incidence among people
living in the rest of Staten Island and in demographically similar communities (Bay
Ridge/Flushing). As noted previously, even where elevations occurred, the magnitude was, at
most, slight to moderate.

b. Staten Island

Of the 14 cancer sites evaluated for men and women, slight to moderate, statistically
significant elevations were noted for both genders in lung, bladder, and colon cancers when
Staten Island was compared to the rest of NYC and in lung bladder and pharynx when
compared to the combined Bay Ridge and Flushing Health Districts. As noted in the results,
slight to moderate statistically significant elevations were also noted in 1 or 2 other cancer
sites for either males or females.

Cancer rates for children were generally lower in Staten Island than elsewhere in the city.

Consistency of Results

The more consistent the findings of an elevated cancer incidence rate are for different
subgroups in a population (e.g.: men and women) and the more consistent they are with
results of previous studies, the more compelling the evidence of a cancer problem.

a. Study Area

In the comparison of the Study Area to the rest of Staten Island, there was little evidence of a
consistent pattern of findings. There were no types of cancer that-were elevated-in both men
and women.

There was particular concern among residents regarding the incidence of leukemia and
lymphoma. A minor elevation (RR=1.24) was noted for leukemia among women in the
Study Area. This elevation was not statistically significant. However, in this analysis there
was very poor power to detect, as statistically significant, anything less than a 70%
(RR=1.70) elevation in the rate of leukemia. To put this finding into context, the moderate
elevation noted for leukemia in women was not noted for children or men in the Study Area.
In fact, men and children in the Study Area had Jower rates of leukemia than the rest of
Staten Island or the Bay Ridge/Flushing Health Districts. The lack of consistency in these
findings provides some assurance that the rate observed for women in the Study Area may be
due to random fluctuation in the cancer rates.

Minor elevations were noted in the Study Area for adult female lymphoma and childhood



lymphoma. The slight elevations noted in both women and children in the Study Area were

due primarily to a higher rate of non-Hodgkins lymphoma. Among children, this elevation |
was based on a very small number of cases. The rate of lymphoma among men was lower in '
the Study Area than on the rest of Staten Island. As with leukemia, the interpretation of these
findings is confounded by a lack of statistical power to detect anything less than a 50-70%

elevation in rates of lymphoma in women and anything less than a tripling or quadrupling in
children.

Since this was the first study of cancer incidence near the Brookfield and Fresh Kills
Landfills, there are no previous studies with which to compare the resuits.

b. Staten Island

The findings are more consistent for the comparisons of Staten Island to NYC or Bay
Ridge/Flushing. There were slight to moderate statistically significant elevations in four types
of cancer, (colon, lung, bladder, and larynx) in both men and women when Staten Island was
compared to the rest of NYC. These same types of cancer were also elevated when Staten
Island was compared to the Bay Ridge/Flushing area. Additionally, this pattern was seen
when the Study Area was compared to Bay Ridge/Flushing, but was not seen when
comparing the Study Area to the rest of Staten Island. The consistency of these findings for
specific cancer types (in particular, lung cancer) provides more support for the view that the
elevations noted in these cancers were probably not due to normal fluctuation in cancer
incidence rates, but indicate truly higher rates of certain cancers. Further evidence for
consistency is provided by previous investigations that have also noted higher rates of lung
cancer incidence or mortality on Staten Island .>¢7

In the ranking of the 30 NYC Health Districts (HD), for both men and women, Richmond HD
(Staten Island) ranked among the top 20% of Health Districts for colon, lung, and bladder
cancers. This is consistent with the results that show that for both men and women, the rates
of lung, colon, and bladder cancer were statistically significantly higher for Staten Island
residents than for residents of the rest of NYC combined.

As noted in the Methods section and discussed subsequently, because race and Hispanic
origin could not be adjusted for, the findings of some of these analyses (notably the analyses
of Staten Island compared to the rest of NYC and the Health District rankings) should be
interpreted with caution as race/ethnicity is a major influence in the rates of several cancers.
A full discussion of the consequences of not adjusting for race and Hispanic origin is
presented later in this section.

2. Evaluating the Results to Determine the Priorities for Further Study

This study represents a first step in identifying cancer patterns on Staten Island. It is typical
for epidemiological studies to be carried out in a series of steps, first to identify disease
patterns and then to evaluate the findings to determine if additional studies are warranted
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which would further specify these patterns or try to evaluate their causes.

Evaluating the absolute burden and/or relative burden and the consistency of results together
can help to set priorities for further research or public health interventions. Those types of
cancers that have both a high absolute burden (i.e. affect a large number of people), and/or a
high relative burden (the incidence was greater than in other areas), and for which the pattern
is consistent for males and females, should be given priority when considering further
evaluation or study.

In summary, at this time there do not appear to be elevations in cancer rates among children
or adults that are specific to the landfill area. In the comparison of the Study Area with the
rest of Staten Island, there were no cancers which had a high absolute impact, a high relative
impact, and consistent patterns among both men and women. The rates of most common
types of cancer in the Study area -- lung, colon, prostate and breast cancers -- were all about
the same or slightly lower compared to the rest of Staten Island (ali RR's < 1.00). In other
words, because they are more common, these cancers had a high absolute burden, but not a
high relative burden. At the same time, there were some cancers that had a low absolute
burden but a high relative burden. For example, among men in the Study Area the rate of
kidney cancer was 31% higher (RR=1.31) compared to the rest of Staten Island (i.e. high
relative burden), even though it accounted for only 3% of the total cancer cases (35 people) --
far fewer than the number of colon, prostate or lung cancer cases (i.e. low absolute burden).

For Staten Island, most cancer types did not have either a high absolute or relative impact,
and consistent patterns for both men and women. The exceptions were lung cancer, and to a
Jesser extent, larynx and bladder cancer. Lung cancer was the most common cancer in men
and the second most common cancer in women in the Staten Island and in the Study Area.
There was a consistent pattern of results noted for both cancer types across genders and
geographic areas. The RR's for lung and larynx cancer for each comparison were almost all
statistically significant. A similar magnitude of elevations was noted in many comparisons
and in both genders.

There was also a consistent pattern of results seen for bladder cancer where the rate among
adults was higher on both Staten Island and in the Study Area compared to the rest of NYC
and/or Bay Ridge/Flushing However, for bladder cancer the RR's, overall, were of smaller
magnitude (ranging from 1.08-1.34) and the differences in rates were statistically significant
for only one comparison - Staten Island compared to the rest of NYC. Again, as discussed
later, the overall magnitude of several of the RR's was likely to have been influenced by
demographic differences in the study and comparison populations. As noted earlier, for lung,
larynx, and bladder cancers, these findings do not appear to be related to residence near the
landfills since the rates in the Study Area and the rest of Staten Island are similar.

Overall, the strength of association is rather low for the analysis of Staten Island as a whole
when compared to either the rest of New York City or the Bay Ridge/Flushing Health
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Districts (none of the RR's were greater than 1.56). However, compared to the results
observed in the Study Area the strength of association was slightly stronger for many cancer
types. This is due, in part, to better statistical power for these analyses, which aids in the
interpretation of the RR (ie: for most of the analyses there was very good power to detect
statistically significant differences, and statistically significant RR's were noted for seven
different cancer types in men and/or women).

These findings do not provide any consistent evidence of an elevation in cancer incidence
among communities surrounding the landfills. There is, however, consistent evidence to
support a slightly to moderately elevated incidence of lung cancer and, to a lesser extent,
larynx and bladder cancer incidence on Staten Island as a whole. There is no evidence from
these data to indicate why the elevations noted for Staten Island as a whole might have
occurred. Because of the patterns noted, these cancers should be given greater priority in
determining what further studies should be undertaken. It is important to note, however, that
the data contain several limitations that make it difficult to draw conclusions about cancer
incidence either around the landfills or in the rest of Staten Island with 100% certainty.
These limitations are discussed below.

a. Estimation of Cancer Rates

The relative burden of cancer was based on calculating cancer rates (# of cases in the
populations divided by the population size) and comparing them to the rates in other
populations.

As noted in appendix 4, the cancer rates calculated for the Study Area may be slightly higher
than the actual rates presented in this study because the interpolated population may represent
an underestimate of the actual population. In other words, cancer might actually be "less" of
a problem in the Study Area. In comparison, the cancer rates for Staten Island as a whole
are, most likely, relatively accurate since the population of Staten Island as a whole only

changed by 8%.

b. Magnitude of the Relative Risk

A second factor in evaluating the relative burden is the magnitude of the Relative Risk (RR).
In general, the "larger” the RR (that is, the "stronger" the association), the greater the
evidence of a "cancer problem". In this study, most of the RR estimates were not elevated
(i.e. the numerical values were close to 1.00). Even for those relative risk values which were
somewhat elevated, the magnitude of elevations were, at best, modest (between 1.10 and
1.58). Modestly elevated relative risks such as these do not provide definitive proof that a
particular community has a higher rate of cancer. Depending on the number of people
involved, RR values of at least 2.0, and often at least 3.0 or 4.0 (if the populations are very
small) are generally required in community environmental studies to demonstrate compelling
evidence of an elevated rate of disease.

Another reason why it is difficult to interpret modest RR's is low statistical power. This is
especially true in the analysis of the Study Area where statistical power was often 30% or
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less to detect statistically significant associations for most types of cancer. Because of this, it
is uncertain whether the elevated RR's are in fact indicative of an elevation in the rate of
cancer or simply due to random (unexplained) fluctuation often seen in small populations.

In spite of these limitations, these findings support the conclusion that there was not a major
elevation in the cancer rate around the landfills (i.e. doubling or tripling). If there was an
elevation in particular types of cancer, among certain subgroups in the population, it was very
small. The lack of consistency in RR's for men and women, coupled with the lack of strong
associations, and the lack of statistical significance provides some reassurance that the slight
elevations that occurred were likely due to random fluctuation rather than a true difference in

rates.

Based on these findings, further analyses of these data for this time period and for this
population are unlikely to reveal any information about possible associations between cancer
incidence and the landfills.

c. Assessment of Possible Environmental Exposures

A basic concern of Staten Island residents was that environmental pollution near the landfills
and on Staten Island may have contributed to cancer. Do the patterns of lung, larynx, and
bladder cancers on Staten Island suggest an environmental connection? What else could be
done to pinpoint the problem and evaluate whether the cancers are due to environmental
pollution? Are these feasible tasks?

To show a link between cancer cases and specific environmental hazards is an extremely
difficult task because the necessary data are not always available. Some of the specific
reasons are discussed below:

In order to show that the cancers around the landfills and on Staten Island were due to
carcinogenic exposures from the landfills and/or other carcinogenic environmental exposures,
it-is necessary to show-that people who-developed cancer had been exposed to carcinogenic
substances.

In the current study, no direct information on individual exposures was available. In the
absence of such direct information, this investigation evaluated cancer incidence using
residential distance from the landfills as an indirect or "proxy” measurement of exposure to
the landfills. This approach is based on the assumption that people who lived closer to the
landfills would be more likely to have been exposed to any contaminants from them -- for
example, when breathing the air or if children played near, or on, the soil at the landfills.
Based on this measure there was no evidence that people living near the landfills experienced
a higher incidence of cancer. However, this method is not as precise as obtaining direct
€Xposure measurements.

Is it possible to design a study that would better document possible environmental exposures?
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In order to know whether residents who developed cancer during the study period (1979-
1988) had been exposed to cancer causing substances from the landfills, it would have been
necessary to conduct biological or environmental monitoring twenty years earlier and to
demonstrate a series of events: First, that cancer causing toxins were present at one or both
landfills; second, that there was a pathway through which these substances reached the
public; and third, that individuals were actually exposed to sufficient quantities to produce
iliness. The fact that cancer-causing substances were illegally dumped into the landfill does
not automatically "prove" that the people who developed cancer were exposed to them.

Unfortunately, no historical information on environmental monitoring exists for the Brookfield
or Fresh Kills Landfills. Also, there are very few biomarker tests that can assess whether
someone was exposed to a chemical in the past. Finally, it would be very difficult to learn
the time frame for a person's exposure.

These facts present a serious and important deficiency in the ability for this or any future
study to directly link the occurrence of previous cancers in the Study Area with previous

exposures from the landfills. In other words, accurately evaluating historical exposure in
future studies is probably an impossible task.

Fortunately, there are several exposure monitoring programs that are planned or have begun at
the landfills. Although the results of these programs cannot be used to determine exposures
in the past or to make a link with cancers that occurred in the past, they will be important in
determining current and future exposures and the need for future monitoring of cancer rates in
the area.

Furthermore, making a link between environmental exposures and cancers not only requires
evaluating exposures to environmental carcinogens (i.e.: those present at a given hazardous
waste site and to which people are exposed ), but also documenting a full exposure history to
other potential carcinogens (for example, workplace exposure to toxic chemicals and lifestyle
risk factors such as smoking and drinking alcohol). How these "competing" risk factors
interact is complicated. This is-becausc in-addition to not knowing-what-people-were
exposed to, the mechanisms of carcinogenesis are complex. First, there are conditions or
toxins that create changes that can change a normal, healthy cell into a cancerous one, thereby
initiating the cancer process. Such substances are called "initiators”. There are also
substances that cause the damaged celis to multiply, thereby promoting tumor growth. Such
substances are called "promoters".

Initiation of cancer cells may result from a limited exposure to a carcinogen, for example
asbestos fibers and some components of tobacco smoke are thought to be tumor initiators.
Initiation can occur rapidly {(sometimes with only one exposure) and is thought to be
irreversible. In the absence of further exposure to other toxins, initiated cells may not
develop into tumors.

Tumor promoters act only after there has been exposure to a tumor initiator. Promoters can
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cause tumor development even if there has been a long interval between exposure to an
initiator and exposure to the promoter. However, exposure to a promoting substance in the
absence of, or prior to, initiation of cells will not result in tumor growth. In addition,
promotion may require NUMErous EXposures to a promoting agent at regular intervals. If there
are long intervals between exposures, then promotion may be reversible. It is thought some
substances, for example ultraviolet radiation, can both initiate and promote tumor growth'

How the issue of initiators and/or promoters could effect potential cancer risk around the
landfills is probably impossible to evaluate, but may offer a theoretical explanation as to why
some persons go on to develop cancer very rapidly while others develop cancer very slowly.
Theoretically, if a person with prior cancer cell initiation were continuously exposed to
promoters from the landfills, over a sufficient period of time, then that person may go on to
develop clinically apparent cancer in a shorter period of time than a similar individual without

such exposure.

d. Latency

In adults, many cancers take at least 20 years to develop from the time a person is first
exposed to a cancer-causing substance (or the cancer process begins) and the'time when
cancer can be medically detected. The average time lag, or latency period, varies, depending
upon the type of cancer and individual factors such as a person’s genetic predisposition,
lifestyle, and/or toxic exposures. For example, childhood cancers -- such as certain leukemias
-- are thought to have shorter latency periods; whereas some adult cancers -- such as lung
cancer -- are thought to have much longer latency periods of 20, 30, or 40 years. As noted
above, tumor initiators or tumor promoters may also play a role in the speed at which cancer
develops. Unfortunately, the exact degree to which so-called initiators or promoters may
influence the pace of cancer development is poorly understood. Whether the differing latent
periods are due to different types of initiator-promoter relationships is not clear.

As noted previously, in order to show that a person developed cancer as a result of exposure
to carcinogenic-substances_from the landfills or other environmental exposures on Staten
Island it would be necessary to show that there was both a route of exposure to these
substances and that persons were sufficiently exposed well in advance of their cancer
diagnosis.

The Fresh Kills Landfill has been in use since 1948. There are no allegations or evidence of
large scale toxic dumping at the Fresh Kills Landfill. The Brookfield Avenue Landfill was in
operation from 1966 to 1980. Toxic dumping there occurred allegedly throughout the 1970's,
and mostly in the late 1970's.

This study examined the incidence of cancers that occurred from 1979 through 1988 among
residents of the communities abutting the landfills. It follows that the latency period for this
study ranges from a minimum of less than one year to a maximum of twenty-two years for
exposures from the Brookfield site and 1 year - 49 years for the Fresh Kills site.

Overall, the findings of similar rates of cancer in the Study Area and the rest of Staten Island
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are reassuring and do not suggest that the Fresh Kills Landfill contributed to the development
of cancer in the area. Since Fresh Kills opened 49 years ago, people who already lived in the
area 20, 30 or 40 years ago could have developed cancer by the 1980's from being exposed to
it, assuming the landfill released cancer-causing toxins and assuming these toxins reached
them. On the other hand, if people moved into the area later or started to be exposed to
cancer causing substances from the Brookfield Avenue Landfill in the late 1970's or early
1980's and also developed cancer in the 1980's, it is less likely that these cancers were related
to exposure to toxins from the landfill.

e. Migration and Population Growth

In addition to establishing previous exposure and adequate latency, documenting the period in
which individuals moved into or out of an area relative to their developing cancer is also
important. Migration has consequences for both possible landfill exposures and latency
related to those exposures. The cancer data available for this study contained information
about people who lived in Staten Island, the Study Area, or the comparison areas at the time
they were diagnosed with cancer. People who may have been exposed to carcinogens in an
area and subsequently moved e.g.: from the rest of Staten Island into the Study Area, from
Queens to Staten Island, or from Staten Island to another community, and then became ill,
were not counted as cancer cases where they were exposed, but rather where they were
diagnosed. There is no way to re-create the residential history of each cancer case using
cancer registry data. Therefore, there was no way of accounting for persons who may have
left Staten Island and then developed cancer or persons who moved to Staten Island and went
on to develop cancer shortly thereafter.

f. Competing Risk Factors for Cancer

Cancers can be caused by many different agents -- chemical exposures, lifestyle and genetic
factors, each acting alone or in concert with others. To determine the extent to which cancers
on Staten Island are due to environmental exposures, it would also be necessary to know
something about an individual 's personal risk factors and exposures.

For example, the strongest-and most consistent finding throughout-Staten Island-was observed
for lung cancer. But this, by itself, does not necessarily suggest an environmental source.
The major cause of lung cancer is a history of cigarette smoking. In fact, more than 80% of
lung cancers among men in the United States are reportedly due to smoking 2. Although
many workplace or environmental exposures have been shown to increase the risk of lung
cancer — such as asbestos, radon, nickel -- for the population in general, the contribution of
these substances to the overall lung cancer burden is thought to be much less.

In the present study, no information on cigarette smoking was evaluated. The NYSDOH
Cancer Registry does collect information on cigarette smoking for reported cases of cancer.
However, reporting may not be complete enough to determine whether the elevated rates of
lung cancer observed in Staten Island and the Study Area could have been due only to
cigarette smoking. There is no reason to suspect that the population of Staten Island smoked
more than the population of Bay Ridge/Flushing or the rest of NYC. However, smoking is the
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primary risk factor for lung cancer, and the role of smoking must be evaluated in any future
studies of lung cancer on Staten Island.

In the absence of data for cigarette smoking, is it still possible to "rule out" smoking as the
sole reason for the moderate elevation in lung cancer rates? Small differences in the
prevalence of cigarette smoking from place to place are one reason lung cancer rates vary
from place to place. For example, since smoking is so closely tied to lung cancer, if there
were historically more persons who were smokers in community "A" than there were in
community "B", then one would expect that the current lung cancer rates in community “A"
would be higher than in community "B". How differences in smoking prevalence effect lung
cancer rates has been estimated by researchers. Certain researchers indicate that RR estimates
of over 2.0 are less likely to be due to differences in smoking since it is unlikely that
smoking rates would vary enough between two areas to observe a difference in lung cancer
rates this large. These same researchers report that moderately elevated RR's (1.25-2.0), like
those observed for lung and laryngeal cancer in Staten Island, could result from small
differences in smoking prevalence patterns between study and comparison populations .

The RR's observed in this study were between 1.22-1.58. Therefore, it is possible that these
elevated risks may be due to differences in smoking habits between the Staten Island
population and the comparison area populations. In addition, the same pattem of elevations
was also noted for cancers of the larynx and bladder, both of which are associated with
cigarette smoking. These patterns support the idea that smoking may explain the elevated
RR's. On the other hand, the same patterns of elevated RR's were pot noted for kidney and
pancreatic cancers. Since these types of cancers are also associated with smoking (though
somewhat less strongly), if smoking were responsible for the observed elevations in lung,
larynx and bladder cancers we might expect to see an elevation in these other cancer sites as
well. However, given the small magnitude of the RR's for cancer of the lung, larynx and
bladder, if differences in smoking prevalence were responsible for the elevations observed,
these differences may not have been large enough to affect the rates of pancreatic or kidney
cancer. Another possibility is there may be other, stronger, risk factors for kidney and
pancreatic cancers present in the comparison populations that were not present in the Staten
Island population.

Given the small magnitude of the RR's it is not possible to rule out smoking as a possible
explanation for the elevations. To do so it would be necessary to evaluate smoking trends in
the Staten Island population and the comparison areas. In addition to smoking, other known
or suspected risk factors for bladder cancer include obesity, exposure to fabric dyes, and
chemicals used in foam and resin processes. Other risk factors for larynx cancer include
heavy alcohol consumption and exposure to asbestos and the metal, nickel.

A slight to moderate elevation in lymphoma was noted for both women and children in the
Study Area. Lymphomas are types of cancers that affect white blood cells in the immune
System. Lymphomas are categorized into two broad types, Hodgkins disease and non-
Hodgkins lymphoma (NHL). Each type has a somewhat different etiology. There is some
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evidence that NHL may run in families, however, it is not clear whether this is due to genetic
or environmental influences. Certain viruses such as EBV and HIV increase the risk for
NHL. Occupational studies have indicated a possible association with phenoxyacetic acid
and chlorophenol herbicides ''. However, most studies of toxic agents as risk factors have
been inconclusive.

Genetic, lifestyle and socio-demographic factors, acting alone or in combination are thought
to cause many types of cancer. Although not all of the specific factors in cancer causation
have been identified by medical researchers, one convincing piece of evidence is the fact that
cancer rates are different for men and for women, for different race and ethnic groups, and
for different age groups. Because there may be wide variation in cancer rates among
different gender, race, ethnicity, and age groups, it is important to take these factors into
account when comparing cancer rates in two or more different populations. In this study,
gender and age were taken into account in the analysis. However, available data were
inadequate to directly account for race/ethnicity. This fact presents an important limitation to
the interpretation of some of the analyses in this report. A brief summary of some of the
cancers that can differ by racial/ethnic group is presented below.

Cancer Type How Distributed in U, S. Population

Bladder Cancer Twice as high in White populations compared to Black
populations

Prostate Cancer 40% higher in Black men than in White men "

Pancreas Cancer 40% higher in Black populations than in White "

Larynx Cancer Higher in Blacks and Asian Indians than in Whites "

Lymphoma Higher in White populations, especially high in Jewish
populations

Lung Cancer Higher iii Black men than in White; Black and White
women have similar rates

Colon Cancer Historically higher in White populations; White and Black
women have similar rates

,LBreast Cancer Higher in White Women than in Black "

Stomach Cancer Higher in Black Populations than in White; also high
among Asian and Eastern European Ethnic Groups

NYC as whole and many of the Health Districts, are considerably different from Staten Island
in racial/ethnic makeup. Clearly, given this fact and the information presented above, a
comparison of two areas with strikingly different racial/ethnic backgrounds could result in
RR's that are elevated (or depressed) primarily because of the differences in cancer rates for
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different race/ethnic groups. Because of this, the role of differing racial/ethnic distributions
should be carefully considered in the interpretation of those analyses that compare Staten
Island to either the rest of NYC or the 30 HD's,

For example, as noted above, White populations have higher rates of bladder cancer than
Black populations. The analyses comparing Staten Island to the rest of NYC showed that the
rate of bladder cancer among Staten Island men was 34% higher (RR=1.34) and the rate
among women was 25% higher (RR=1.25) than the rate in the rest of NYC. Both of these
findings were statistically significant. However, the population of Staten Island was more
than 80% White (7% Black ) during the period under investigation and the population of the
rest of New York City was less than 50% White (25% Black). Based on these demographic
characteristics alone we would expect Staten Island to have a comparatively "high" rate of
bladder cancer relative to the rest of NYC--simply because Staten Island has a higher
proportion of Whites than the rest of NYC.

Indeed, when Staten Island was compared to the demographically similar communities of
Bay Ridge and Flushing (both of which have approximately the same proportion of Whites
as Staten Island) , the elevation in the RR for bladder cancer among both men and women
depreciates considerably (RR of 1.09 among men and 1.10 among women) and is no longer
statistically significant (see excerpt from appendix 5, pg. 36).

The analysis of cancer in'the 30 HD's provides another illustration of the influence of race on
the relative ranking of cancer rates. Individual Health Districts in NYC vary in racial/ethnic
composition from 93% Black in Central Harlem to 93% White in Kips Bay/Yorkville. Again,
bladder cancer can serve as an example: Staten Island men and women ranked #] and #2 in
the City for bladder cancer relative to the rest of the HD's, The remaining five HD's that
ranked in the top 20% for bladder cancer among both men and women had populations that
were, on average, over 80% White. Conversely, the HD's that ranked in the bottom 20% had
populations that were, on average, less than 20% White. Similar findings--meaning
predominantly White HD's ranked in the top 20% of Health Districts and predominantly
Biack HD's ranked in the bottom 20% were noted for cancers of the breast, CNS and
lymphoma for women, and colon and CNS for men.

This is not to say that race is the sole reason that Staten Island ranks among the top 20% for
these particular cancers, but that race played a significant role in determining both the ranking
of cancer incidence rates in NYC and in the magnitude of the RR for these cancers when
Staten Island was compared to the rest of NYC. Based on the results of this investigation it
appears that the rates in Staten Island are higher (in particular for bladder and colon cancers)
€Ven in comparison to other predominantly White HD's, however, the magnitude of the
difference in rates among the HD's with similar racial makeup is slight (among males it
Tanges from less than 1%-19%, among women the magnitude was less). As noted below, this
I8 clearly illustrated when the findings of the analyses of Staten Island compared to Bay
R-‘dge/Flushing {a more comparable comparison area) are viewed along side the analyses of
Staten Island compared to the rest of NYC.
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Staten Island also ranked in the top 20% of Health Districts for cancers of the lung and
larynx for both men and women. As shown in the table above, these cancers predominate in
Black populations, especially among men. That Staten Island ranks in the top 20% for these
cancers is the opposite of what one would expect to find if differences in cancer rates from
place to place were related primarily the racial/ethnic differences in those places (as appeared
to be the fact for bladder, colon, breast, CNS and lymphoma-see appendix 6). This fact
underscores the importance of these particular findings (i.e.: the lung and larynx elevations)
for Staten Island. To reiterate, the remaining HD's which ranked in the top 20% for lung
cancer had populations that were, on average 23% White. In comparison, Staten Island is
more than 80% White. Those HD's that ranked in the in the bottom 20% had populations
that were, on average, 75% White. As seen below, when Staten Island was compared to a
demographically similar area, the RR's for lung cancer became even more pronounced. The
findings for larynx cancer were similar, though the overall differences in race/ethnic makeup
between the top 20% of HD's and the bottom 20% of HD's was less pronounced. Again,
comparing the RR's from the two Staten Island analyses (Staten Island compared to NYC and
Staten Island compared to Bay Ridge/Flushing) underscores these findings:

RR's AMONG MEN

LUNG LARYNX  BLADDER

SI/Rest of NYC 1.36 1.30 1.34
SI/Bay Ridge 1.44 1.55 1.09
Flushing

The findings for women were also less pronounced with regard to the impact of differences in
race/ethnicity-between Health Districts onthe magnitude of difference in rates, though this is
not surprising given that Black and White women have similar incidence rates for lung
cancer.

Bay Ridge/Flushing was selected for a comparison area because it was demographically
similar to Staten Island. As illustrated here, demographic differences can greatly influence
cancer rates--when Staten Island was compared to Bay Ridge/Flushing the RR for bladder
cancer, colon cancer, breast cancer and CNS cancer decreased as compared to the analysis of
Staten Island and the rest of NYC. The opposite was seen for lung and larynx cancers.
Since Bay Ridge/Flushing is more similar to Staten Island, the results of those analyses
should carry greater weight than those where race/ethnicity has a larger influence when
determining recommendations for future study and priority cancer "problems".

As alluded to in the preceding paragraphs, genetic, medical and dietary factors also may play
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a role in the development of certain cancers. Similarly, underlying differences in the
prevalence of these factors could play a role in the differences noted in the cancer incidence
rates between areas. The combined Bay Ridge and Flushing Health Districts were selected for
a comparison population because their combination was very similar to Staten Island for a
variety of socio-demographic factors, including income and race/ethnicity. Populations that
are socio-demographically similar are often similar with regard to other lifestyle factors that
may influence cancer risk (e.g.: diet). Use of a socio-demographically similar population for
comparison helps to control for some of these underlying factors. However, there are still
many population differences that may affect cancer rates, which cannot be adjusted for or
which are insufficiently known to estimate their effect. Information on individual dietary,
genetic, or other lifestyle risk factors (outside of smoking) are not collected by the NYSDOH
and were not available for analysis. There is no way to be sure how much these factors may
have influenced cancer risk on either Staten Island or in the comparison areas.

3. Weighing the Evidence

It is helpful to assess all of the evidence presented in the results collectively to see if the two
components of this study (ie: the analyses of the Study Area and the analyses of Staten Island
as a whole) indicate a need for further investigation or other public health intervention. Our
discussion of the criteria in the preceding pages indicates several factors that should be
considered when evaluating this study's results. As noted before, the more of the specific
criteria that are met, the better the evidence for future investigations. Several of these criteria
are similar to the factors that epidemiologists use to evaluate study results: "Strength of
Association" asks us to consider the magnitude of the RR or the relative burden of cancer.
"Consistency” evaluates the patterns of cancer and whether other researchers found similar
results. "Dose/Response" asks us to evaluate whether persons with higher exposure to toxins
have higher rates of cancer . "Time Sequence” is somewhat similar to evaluating latency, in
other words, were people exposed to environmental carcinogens well before they were
diagnosed with cancer. "Biologic Plausibility” asks us to evaluate if there is a known
biologic mechanism by which the environmental toxins present (e.g.: from the landfills) could
cause the diseases under_investigation (in this case-14 different types of cancer). The table on
page 38 characterizes the weight of the evidence in the current study and whether or not
additional information would be available for future studies. Each cell in the table has either
a" +" indicating positive evidence, a "-" indicating negative evidence or a "?" indicating that
the parameter could not be evaluated at all. If the evidence was equivocal, a combination of
symbols was used.
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CRITERIA STUDY STATEN
AREA ISLAND
II Absolute Burden + + ||
Strength of Association/ - + “
Relative Burden
" Consistency - + "
Dose/Response - ? ||
Time Sequence ? 9 "
|I Biologic Plausibility ? ? ||

In summary, the results of this investigation do not provide strong clues that cancer near the
landfills is elevated. However, they do provide evidence of a modest elevation for certain
types of cancer on Staten Island as a whole.

4. Case Verification

Case verification revealed that 138 of 379 potential cancer cases reported to DOH were
actual cases diagnosed between 1989 and 1992. Over 15 different types of cancer were
reported. The areas with the greatest number of reported cases were neighborhoods closest to
the landfills: Arden Heights (census tract {CT} 170)--south of Fresh Kills; Heartland Village
(CT 277)--east of Fresh Kills; and the northern part of Great Kills (CT 146) south of
Brookfield Avenue Landfill. This is not surprising. The areas closer to the landfills were
also the areas where community concemn was greatest and case finding efforts were
concentrated.

Lymphoma and leukemia were the cancer types of chief concern and the types most often
reported among men and second most often reported--after breast cancer--for women. Even
in areas where reporting was greatest, there were no indications of pockets or clusters of these
cancer types. The total number of cancer cases, and the number of lymphoma and leukemia
cases reported by residents were only fractions of what would have been expected if the
Study Area had the same rates as New York State or New York City.

The results of the case verification should be interpreted with caution since the number of
cases of cancer reported to the NYCDOH probably represents an under-reporting of the actual
number of cancer cases that occurred in the Study Area or Staten Island during that period,
and differential case finding efforts throughout Staten Island.
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5. Other Investigations of Cancer Near Landfills

It is often difficult to draw definitive conclusions about cancer risk resulting from residence
near a landfill or hazardous waste site. In order to put the findings of this investigation in

perspective, a review of published studies of cancer in populations living in close proximity
to hazardous waste sites was conducted. Eight investigations, published between 1981 and
1992, were reviewed. A summary of these studies is presented in appendix 9 (page 88).

All of these investigations suffer from many of the same limitations as this investigation.
Namely, latency, migration, exposure, and other cancer risk factors often cannot be
documented or addressed. In addition, the statistical power of many of these investigations
was quite low.

Overall, there was no consistent pattern of findings in these investigations. In four of the
investigations >'*'**¢ no significant excess in cancer incidence and/or mortality was abserved
in populations living near the sites. Two of the remaining investigations found significant
excesses in incidence or mortality in only one site or all cancers combined '8, Only one
investigation found significant excesses in multiple cancer sites '°. The remaining
investigation evaluated a statistically significant increase in childhood leukemia °.

Since different chemicals were present at different sites the lack of a consistent pattern of
findings may not be surprising. Even so, several of the investigators documented RR's that
represented a doubling or tripling in either cancer incidence or mortality rates. However,
even with RR's much higher than those found in Staten Island, no investigators were able to
document a consistent pattern of results that indicated cancer risk was related either to
residence near the site or to contact with the site.

These findings, while based on a limited number of somewhat similar studies, suggest that,
given the limits of current epidemiologic and medical methods, cancers are difficult diseases
fo evaluate in connection with landfills and hazardous waste sites. This is particularly true
when exposure in the population is not, or is poorly, documented.



D. CONCLUSIONS and RECOMMENDATIONS

1. CONCLUSIONS

Descriptive investigations are a necessary first step to evaluate the distribution of disease in a
community. This investigation allowed us to determine how many and what types of cancer
occurred in a population within a specified time period. It also allowed an assessment of
whether cancer incidence is different in the Staten Island population as compared to other
populations. However, the investigation did not allow for a determination of the causes of
cancer either in the population or in individuals.

In summary, the results show:

* The most common types of cancer among men in both the Study Area and on Staten
Island were lung, prostate, and colon cancer. Together these cancers accounted for
over 40% of all cancers among men.

- The most common types of cancer among women in the Study Area and on Staten
Island were breast, lung, and colon cancers. These sites accounted for at least 50% of

all cancers among women.

* Leukemia was the most common cancer type among children in the Study Area and
on Staten Island.

* These types are also the most common cancers in New York City and New York
State. :

In the Study Area:

* Lung cancer in both men and women was the only type of cancer which was
moderately and statistically significantly elevated in the Study Area compared tothe
Bay Ridge and Flushing Health Districts.

* Among men and women, no cancers were statistically significantly elevated
compared with the rest of Staten Island; 13 out of 14 cancers were not
statistically significantly elevated compared with the Bay Ridge and Flushing
Health Districts.

5 Among children, there were no cancer types were statistically significantly elevated
compared to either the rest of Staten Island or the combined Bay Ridge and Flushing
area. The RR for lymphoma was moderately elevated, although not statistically
significant.
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On Staten Island;

*

Slight to moderate, statistically significant elevations ranging from 12 - 36% were
noted for both men and women in cancers of the lung, bladder, and colon, compared
to the rest of NYC. Also, compared with the rest of NYC, the rates of lymphoma and
breast cancer were slightly and statistically significantly higher in women only; the
rate of larynx cancer was statistically elevated in men only.

Slight to moderate, statistically significant elevations, ranging from 10 - 55%, were
noted for both men and women in cancers of the lung and pharynx when compared to
the combined Bay Ridge and Flushing Health Districts. Also, compared with Bay
Ridge and Flushing, the rate of larynx cancer was statistically elevated among men
and the rate of colon cancer was slightly and significantly elevated in women.

The incidence rates of 11 out of 14 types of cancer in both men and women
were not statistically elevated, compared with the Bay Ridge and Flushing
Health Districts.

The incidence rates of 10 out of 14 types of cancer in men and 9 out of 14 types of
cancer in women were not statistically elevated compared with the rest of NYC.

The following cancers ranked among the top 6 out of 30 health districts (top
one-fifth or 20%) in the City: colon (#2 in men and women), lung (#2 in men
and #4 in women), bladder (#1 in men and #2 in women), nervous system
(#4 in men and #6 in women), breast (#4 in women), lymphoma (#5 in
women), and larynx (#6 in men and women).

Cancer incidence ranked in the middle or lower third for 9 of 14 sites among men and
6 of 14 sites among women.

Stomach cancer ranked among the bottom 20% of health districts in NYC (#29 in men
and #27 in women).

When compared to Bay Ridge/Flushing and to the rest of NYC, children had lower
rates of cancer. There were no cancer types for which the incidence rates were
significantly elevated compared to the two areas.

Childhood cancers ranked in the middle (#15) or lower third for each of the childhood
cancers evaluated and for total cancers combined. The Staten Island rate was lower
than the NYC average rate for each type of cancer.
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Qverall:

* Study data provide no clear-cut evidence linking cancer incidence to residence near the
landfills.

B. RECOMMENDATIONS

Based on the findings of this investigation, the New York City Department of Health, in
consultation with its scientific advisory committee makes the following recommendations:

L Continue evaluation of more recent (post 1988) incidence of selected cancers in the
Study Area:  Although the results of this study showed that the incidence of cancer during
the 10 year period from 1979-1988 was not statistically elevated, the follow-up period after
possible exposure from illegal dumping (late in the 1970's) may not have been long enough
for some cancers to develop. Therefore, it is recommended that the incidence of more recent
(post 1988) cancers continue to be evaluated. It is further recommended that such analyses
focus on childhood cancers (since this was a predominant community concern) and on those
adult cancers for which a moderate (although non-statistically significant) elevation was
observed in the Study Area (i.e. kidney in men; leukemia and lymphoma in women) .
Because of the relatively small number of cases which occur within a single year, and the
subsequent difficulties this poses for conducting meaningful statistical analyses, such analyses
should only be conducted when at least four or five years worth of additional data are
available (eg. 1989-1992). More recent data should be compared with data from the
previous period to evaluate time trends.

2. Convene a panel of experts in cancer epidemiology to review this study and other
available literature to determine whether or not an analytic epidemiologic study would provide
valuable information as to the possible causes of elevated cancer incidence rates on Staten
Island (fung, and possibly bladder, colon, larynx and pharynx cancers). Although the
incidence of several types of cancer among residents of Staten Island was statistically
significantly elevated (lung and to a lesser extent bladder, colon, larynx and pharynx
cancers), this study does not provide direct clues as to why these increases occurred. In its
deliberations, the panel should carefully consider such issues as: the magnitude of elevations
in the above-mentioned cancers (10-55%); racial and ethnic differences in cancer patterns;
the role of cigarette smoking; and the best way to obtain accurate information on possible
environmental and occupational exposures. Should the panel decide that further study is
necessary, they should determine the appropriate scope, and assist in the design, of such a
study. The panel should also assist in the identification of potential sources of funding for

such a study.
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Appendix | c
STATEN ISLAND CANCER INCIDENCE STUDY A
SCIENTIFIC ADVISORY COMMITTEE MEMBERS C
1
The following 11 people were nominated and selected to be members of the Scientific Advisory Committee 1
(SAC) based on their experience in the fields of cancer epidemiology and environmental health: p
PERSON POSITION AFFILIATION
Michael Buccigrossi, DrPH Environmental Scientist U.S. Environmental Protection Agency '
Barbara Warren Chinitz, BSN, MS Project Coordinator Consumer Policy Institute i !
Officer Staten Island Citizens for Clean Air {
)
Joseph G. Feldman, DrPH Prof., Dept. of Preventive State Univ. of NY Health Science Cenyf
Medicine & Community Health at Brooklyn '
Thomas Forlenza, MD Chief of Oncology St. Vincent's Medical Center  §
Donna Birch Gerstle, MA, MS Assistant Director College of Staten Island, CUNY
Center for Environmental Science _
Morton Israel, MA, EdD Research Scientist NYC Human Resources Administration|
George Friedman Jiminez, MD Medical Director, Occupational ~ Bellevue Hospital Center
& Environmental Health Clinic
Philip J. Landrigan, MD Chair, Dept. of Community Med. Mount Sinai Medical Center
l
Gilbert S. Lederman, MD Director, Radiation Oncology Staten Island University Hospital i
David Michaels, PhD, MPH Assoc. Professor of Epidemiology City University of NY Medical School |
Roy Shore, PhD, DrPH Head, Env. Epidemiology Unit ~ New York University Medical School
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vid Michaels, PhD MPH Tel: (212) 650-7785
ociate Professor (Epidemiclogy) Fax: {212) 650-7778
pepartment of Community Health and Social Medicine e-mail: davidm@scisun.sci.ccny.cuny.edu

The City University of New York Medical School
138th Street & Convent Avenue, Room J-14
New York, NY 10031

February 14, 1996

Margaret Hamburg, MD
Commissioner

New York City Department of Health
125 Worth Street

New York, New York 10013

‘Dear Dr. Hamburg,

The members of the Staten Island Cancer Study Scientific Advisory Committee have reviewed

the Staten Island Cancer Incidence Study Final Report and agree that the study’s methods reflect
sound epidemiologic principles. The presentation and discussion of the results, the conclusions

and recommendations in the Final Report are reasonable and represent an accurate incorporation
of many of the comments and suggestions made by the Scientific Advisory Committee. Within
the constraints posed by the available data and methods, the Report advances our understanding
of cancer incidence on Staten Island.

We strongly urge that further research be done to investigate causes of cancer on Staten Island.

Yourvery-truly,

ﬂ// /_Z//4

David Michaels
On behalf of the Staten Island Cancer Study Scientific Advisory Committee
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SELECTED CANCER RISK FACTORS
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APPENDIX 3

Age Adjistment
Interpretation of Confidence Intervals
Irterpretation of Power Analysis
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Wy is Age Adjustment Necessary?

Among adults, cancer incidence varies across age groups (most types of cancer are more common in older

adults than in younger adults). Therefore, when comparing the incidence rates from two areas it is
important to take into account any differences in the age structure of the two populations by adjusting the
rates for differences in the underlying age structures, Age adjustment has the effect of "forcing” different
areas to have the same proportional age distribution. With an age adjusted rate, any differences in cancer
rates between two areas are due to factors other than differences in the age of the population.

Adjusted rates are not "actual" rates, but are rates used for comparison purposes to determine if one
community has a higher burden of cancer than another. As noted, these are rates that would occur given

certain assumptions—in this case that the areas being compared have an identical age distribution. In this

study, the rate calculated for each comparison is a rate that would occur using the estimated 1984 populatig} ide

and assuming that each area had the same age distribution as NYC. Adjusted rates are used so we may

compare cancer incidence in one area to cancer incidence in another without the effect of age differences in
each population.

A corollary to the influence of age on cancer rates is the influence of other sociodemographic variables
(such as race/ethnicity or socio-economic status). For example, White populations generally have higher
rates of bladder cancer while Black populations have comparatively higher rates of prostate cancer. Failure
to take into account the differing racial/socio economic conditions of different areas can cause certain areas
to look artificially high {or low) in comparison to each other. This fact presents a problem in the
interpretation of some of the analyses in this investigation. The cancer incidence data used in these analyses
were missing the indicator for "Hispanic Origin" for more than 40% of the cases, As such, in this

investigation we were unable to adjust the cancer rates for race/ethnicity with any certainty. To help to take .

into account the influence of race/ethnicity we chose to compare the Study Area and Staten Island to a
comparison area that was very similar with regard to race/ethnicity and income. Using this comparison
population helps to remove any effects of race in the comparison of cancer rates (much like age adjustment
removes the effects of the differing age structures of two populations). In other analyses (Staten Island
compared to the rest of NYC and the Ranking of the 30 NYC Health Districts) there was no attempt to
adjust for race/ethnicity, therefore, these analyses should be interpreted with caution.

What are 95% Confidence Intervals and What is Statistical Significance?

Ninety-five percent (95%) confidence intervals were used to assess the likelihood that observed differences
between the rates in the different comparisons were due to random fluctuation or were statistically
meaningful. Although the RR may be over 1.00, this does not mean the difference is statistically
significant. Many times an observed increase in a cancer rate is due to random ﬂuctua119n or normal
variation. For example, cancer rates vary over time (like from year to year) and place (like from
neighborhood to neighborhood)—so, when we say that during 1979-1988 the average annual rate for some
cancer was 20 cases for every 100,000 persons in a given area we don't mean that every year exactly 20
cases of cancer were diagnosed for every 100,000 persons; wht we mean is that in some years the rate was
21 or 22 per 100,000 persons and in other years it was 18 or 19 per 100,000 persons, but, on average, the
rate was 20 cases per 100,000 persons. Similarly, cancer rates may be different from place to place—.
indicating this same type of variability. Statistics allow us to assess whether the difference or variability in
rates is occurring within some normal parameters--like normal fluctuation—or whether it represents
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we would expect under normaj fluctuation,

Most scientists and epidemiologists consider a value "unusual" or "outside the range of normal fluctuation”
when it occurs 5% of the time or jes, If a RR is statistically significantly elevated or statistically
significantly lower, it means that ope Would only expect to see a RR as extreme or more extreme 5% of the
time or less.

As noted above, we call something Statistically significant or "unusual” if it happens 5% of the time or less.
Confidence intervals provide a range of “usual” values for the RR estimate we calculated. If that range of
usual values doesn't include the RR of 1.00 (a RR of 1.00 means the rates of cancer in two areas are
identical) then we can say that 95% of the time 1.00 is not among the "usual" values for the RR. Therefore,
the RR we calculated is statistically significantly different from 1.00. If the confidence interval is very
wide, it means that the estimate of the RR is not very precise—this usually happens when we have very
small samples or very rare cancers, Very narrow confidence intervals indicate a VETY precise estimate,
Therefore, 95% confidence intervals te]] g two things: how precise or variable our RR js and whether it s
statistically significant.

For example, when we calculate the RR for a cancer as 1.03, with a 95% confidence interval of 0.94-1.13,
we mean that the best single estimate for the ratio is 1.03, and we are 95% sure thar the true RR is
somewhere between .94 and 1.13, meaning anything within this range is a possible value. Since the ratio
of 1.00 (signifying that the rates in the 2 areas are the same —neither an increased or decreased risk) is
included within the 95% confidence interval of 0.94-1.13 we cannot rule out the possibility that the RR for
that particular type of cancer is 1.00 (i.e.: no different than in the comparison area). Since the RR of 1.00 is
a possible value, we say that the RR is not statistically significant.

On the other hand, if the RR for a cancer is 1.17 and the 95% confidence interval ranges from 1. 10-1.23,
then, as above, we can say that the best single estimate for the RR is 1.17 and we are 95% confident that
the true RR is contained within the range of 1.10-1.23. Since the RR of 1.00 js not included in the range,
then 1.00 is not a likely value for the RR and we can conclude that the RR of 1.17 is different, statistically
speaking, than 1.00, or we say the RR is statistically significant,

However, there is still an element of uncertainty in these analyses. Since, statistically speaking, we are only
95% "confident”, there is also a probability of observing RR's that appear to be "statistically significant"
(that is: they have confidence intervals that do not include 1.00) 5% of the time purelv by chance alone.
What this means is that 5% of the time we will call the RR statistically significant when it is not.

Generally, the smaller a population and the rarer a disease, the wider 5 confidence interval for a given RR
will be.

What is Meant by "Power Analysis'? Why is it Necessary?
The concept of "power" is similar to the concept of "detection limits"* A detection limit is the minimum

l?vel at which a measuring device can begin to count 2 quantity. M_USt Measuring devices have detection
limits, For example, a scale which measures in pounds has a detection limjt of about half 2 pound. If you
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weigh a heavy quantity — say 100 pounds -- the scale will be able to accurate ; er, if
you weigh a quantity of two or three ounces, the scale will register zero. m;ydom:iﬁe 1 Hg:f:he
quantity has no weight, it just means that it is too small to be measured on tha scale Sﬁnﬁ;ly devices
used to measure environmental contaminants have detection limits. The resyts will sa "ND" 0; "non
detectable” if the levels are below the detection limits. By analogy, the available o] gr scale for measuring
cancer rates was quite good for measuring total cancers and common types of cancer and for evaluating
large differences between Staten Island and New York City. But this tool was not sepsitive enough t0 say
for sure whether the small differences noted between some of the areas were meaningful differences o just
due to the expected random fluctuation in the rates of cancer. :

Another analogy can be drawn with the concept of evidence in a court of law. Under our legal system, it is
the duty of the jury to evaluate the evidence of the prosecution and the defense to determine whether the
defendant is guilty or not guilty. In order to find the defendant guilty, the evidence must be convincing
"beyond a reasonable doubt." If there is not enough evidence or if the evidence is very weak, the jurors are
mnstructed to find the defendant "not guilty". It is very important to note that "not guiity” does not always
mean the same thing as "innocent". It can also mean that the evidence just isn't very convincing. Because
our standard for convicting a defendant is very rigorous, there is a risk that a guilty person could be set free.

Similarly, in epidemiology we need strong evidence to detect a statistical association. In the case at hand.
we are seeking evidence that living near the Fresh Kills and Brookfield Avenue Landfills or living in Staten
Island in general is associated with an increased rate of cancer. Strong or "powerful" evidence of a
statistically significant difference between the two rates occurs when 1) groups of people are small but the
differences in rates are very large or 2) groups are large and the differences in rates are very small. If the
groups are small and the differences are small, the study method is too weak to detect a difference. The
results of the power calculations showed that for certain types of cancer, we did not have enough
"evidence". That is, there were too few people and the cancer rates were not substantially higher. In other
words, we didn't have enough evidence or "power” to determine whether or not the RR's were truly different
than 1.00.

Power is especially important when evaluating results that are not statistically significant. Analogous to the
5% error noted above for 95% confidence intervals (je: that 5% of the time we will call 2 RR statistically
significant "by mistake"), power allows us to evaluate the opposite situation: how likely are we to miss a
statistically significant result or call a RR "not statistically significant" and be mistaken.

A good illustration of how statistical tests and power are related is to consider flipping & Com_t0|d6tem1jne
whether the coin is "fair". In a fair coin we would expect that 50% of our flips would result in "heads" ang
50% would result in "tails". However, it is very rare that this is the case—especially when We only flip the
coin a small number of times. Even tossing the coin ten times doesn't necessarily give us half heads, byt i
a long enough series of flips it will happen. Only if the coin is flipped 1000 or 10,000 imes Would we
expect to find a nearly even outcome. This example shows that by chance alone we cail get either
noticeably more heads or fewer heads than the expected value, and such outcomes are more likely the Jegs
times a coin if flipped. However, if the coin is flipped a sufficiently large number- of times, the result js
likely to be the expected one. When a coin is flipped, we know what to expect on the average. However,
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POPULATION CHARACTERISTICS AND GROWTH
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Growth of Populatiors During the Decade 1980-1990

Demographic i_nformalion for the population of the Study Area, Staten Island, the rest of NYC
and the Bay Ridge/Flushing comparison area is presented in Table 1. There Were 75,433
persons living in the Study Area according to the 1980 census. During the 1980's the
population grew 31% in size to a total of 99,008 persons in 1990. In comparison, the rest of
Staten Island grew only one percent during the same time period. The combined Bay Ridge
and Flushing Health Districts grew less than one percent over the decade and the NYC
population grew by approximately 3%

Since the population in the Study Area grew very rapidly during the ten-year period, the
pattern of growth was examined to determine when and where the bulk of the growth took
place. By assessing the pattemn of growth, we were better able to determine whether the 1984
population estimated by linear interpolation was a good estimate of the area's actual
population and, therefore, the cancer rates calculated were representative of the actual average
rates of cancer in the Study Area. Four of the ten census tracts in the Study Area
experienced rapid growth. These are presented in table 2. Of the remaining six census tracts,
four grew between 1% and 18%. The population in two census tracts declined 4% and 5%

respectively.
Table 2
POPULATION CHANGE FROM 1980 TO 1990 IN THE FOUR STUDY AREA! CENSUS TRACTS
WITH THE GREATEST CHANGE’
Census Tract 1980 1990 Difference Comment
146.02 4,437 8,604 + 4,167 Main growth at
(+ 94%) beginning of
decade
170.01 15,220 20,535 + 5,315 Main growth at
(170.03+170.04) : (+ 35%) beginning of
decade
208.01 385 4,983 + 4,598 Main growth at
(+1194%) end of
decade
277.00 8,363 16,017 + 7,654 Main growth at
(277.014277.02) . (+ 92%) beginning of
decade

] Study Area comprised of 1980 census tacts (with 1990 subdivisions) 146.1. 146.2, 170.01 (170.03. 170.04), 170.02 208.01,
273,01, 273.02. 277 (277.01. 277.02), 279. 29! (291,01, 291.02) around Fresh Kills and Brookfield Landfills in the Richmond Health
Center District

2 US census 1980 and 1990, records STF2, information provided by the NYC Dept of City Planning

3 Information gathered from aerial photographs taken in 1984 and 1988
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The pattemn of growth was assessed by looking at aerjal photographs of the Study Area over
the decade from the New York City Department of City Planning. The aerial view allowed
us to evaluate whether housing development was in progress, had been completed recently, or
was established at least severa] years ago. Housing development in progress can be
distinguished by incomplete housing, visible construction machinery, or wide areas of
property recently bulldozed. New housing is usually surrounded by areas of exposed soil.
Conversely, fully developed gardens and good si bushes and trees indicate housing built at
least several years ago.

decade there were almost no established housing units in this census tract. The New York
City Department of City Planning estimated that by 1984 only 25% of final development in
this census tract was complete and that between 1984 and 1988 an additional 50% to 70%

1986. Census tract 170,04 was 90% developed by 1988. In census tract 277.00 half of the
new housing was probably fully developed by the middie of the decade, and most new
housing was completed by 1988,

In the Study Area, 28% of the-population were aged 0-14 in 1980. In 1990, the proportion of
children decreased slightly to 23%. On Staten Island as a whole, the percentage of population
aged 0-14 was 23% in 1980 and 21% in 1990, while in 1980 and 1990 only 16% of the Bay

Staten Island as a whole and the Bay Ridge/Flushing comparison area have a large, though
decreasing, white non-Hispanic majority. Overall, Staten Island's population was 85 percent
white non-Hispanic in 1980 and 80 percent white non-Hispanic in 1990, There was a higher
proportion of white non-Hispanics in the Study Area (94% in 1980, 89% in 1990) than in the
rest of Staten Island (83% in 1980, 77% in 1990). The white non-Hispanic population in Bay
Ridge/Flushing declined 149 during the decade to 71% white non-Hispanic in 199, In
contrast, the rest of New York City's population was 509 white non-Hispanic in 1980 and
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41% white non-Hispanic in 1990. Staten Island and the Bay Ridge/Flushing area both have
small, but growing Hispanic and black non-Hispanic populations.

Income

Median family incomes in Staten Island Health Areas ranged from $18,430 to $26,170 in
1980 and from $37,168 to $58,081 in 1990. Wider variation was noted in the Bay-
Ridge/Flushing area, however, the incomes in this area appear to be on a par with those in
Staten Island. Incomes in the Study Area appear, on average, higher than in the rest of Staten
Island or the Bay Ridge/Flushing area.

62




Table 1a:
Table 1b:
Table 1c:

Table 1d ;

Table 2a;
Table 2b:
Table 2c:

Table 2d

Table 3a:
Table 3b:
Table 3¢:

Table 3d :

APPENDIX 5
Cancer Incidence Rates, Rate Ratios and 95% Confidence Dtervals

Men in Study Area compared to Men in Rest of Staten Island
Men in Study Area compared to Men in Bay Ridge/Flushing
Men in Staten Island compared to Men in Bay Ridge/Flushing
Men in Staten Island Compared to Men in the Rest of NYC

Women in Study Area compared to Women in Rest of Staten Island
Women in Study Area compared to Women in Bay Ridge/Flushing
Women in Staten Island compared to Women in Bay Ridge/Flushing
Women in Staten Island Compared to Women in the Rest of NYC

Children in Study Area compared to Children in Rest of Staten Island
Children in Study Area compared to Children in Bay Ridge/Flushing
Children in Staten Island compared to Children in Bay Ridge/Flushing
Children in Staten Island Compared to Children in the Rest of NYC
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APPENDIX 6

PATTERNS IN RR'S and POWER CALCULATIONS
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APPENDIX 7
RANKING OF THE 30 NYC HEALTH DISTRICTS
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Appendix 7

STATEN ISLAND CANCER INCIDENCE 1979 - 1988
RANK AMONG THE THIRTY NEW YORK CITY HEALTH CENTER DISTRICTS

MEN
AGE-ADJUSTED AVERAGE ANNUAL RATES T
CANCER PER 100,000 PERSONS
SITE RANK | STATEN RANGE OF RATES AMONG | NEW YORK
ISLAND N.Y.C. HEALTH DISTRICTS | CITY

PHARYNX 15 25.76 14.79 - 57.56 25.15

STOMACH 29 2137 16.00 - 43.43 25.46

COLON 2 80.59 5596 - 81.84 72.05

PANCREAS 16 19.33 14.67 - 27.82 19.57

LUNG 2 159.43 85.74 - 202.69 118.82

PROSTATE 24 98.43 79.86 - 208.59 109.09
{ BLADDER | 58.66 21.89 - 5866 44.43

KIDNEY 1l 16.67 9.40- 19.73 16.06
[LYMPHONM 1 26.18 19.79 - 40.26 27.50
| LEUKEMIA 13 1492 937- 18.14 15.60
| Lover 19 7.87 537- 1698 855
| Larvnx 6 19.84 1097 - 28.89 15.44

NERVOUS

SYSTEM 4 991 3.42- 1047 8.14

MULTIPLE

MYELOMA 24 6.94 5.12- 1462 8.17

TOTAL
h CANCER 4 690.77 566.90 - 918.00 630.21
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Appendix 7

STATEN ISLAND CANCER INCIDENCE 1979 - 1988
RANKANK]\IGTHEIHIRIYNEWY(RKC[IYHEALIHCENTI'RDISIRICTS

WOMEN

AGE-ADJUSTED AVERAGE ANNUAL RATES
PER 100,000 PERSONS
CANCER SITE RANK | STATEN RANGE OF RATES AMONG NEW YORK
ISLAND N.Y.C. HEALTH DISTRICTS CITY

495- 17.85 8.42
STOMACH 11.57 9.52 - 18.72 13.03
COLON 59.10 38.78 - 60.17 5230
PANCREAS 14.54 11.36 - 13.28 14.65
LUNG 5448 33.68 - 58.12 45.12
BREAST 137.83 84.74 - 162.08 125.45
BLADDER 14.82 7.03 - 1544 11.98
KIDNEY 691 436 - 10.19 7.07
LYMPHOMA 21.58 10.21 - 23.22 18.54
LEUKEMIA 9.69 6.82- 1191 9.86
LIVER 353 1.97- 522 3.33
LARYNX 3.81 1.82- 739 297
NERVOUS
SYSTEM 6.24 233- 705 543
MULTIPLE
MYELOMA 492 3.68 - 12.65 5.76
TOTAL
CANCER 499.52 381.85 - 510.58 459.16

80



Appendix 7

STATEN ISLAND CANCER INCIDENCE 1979 - 1988

RANK AMONG THE THIRTY NEW YORK (ITY HEALTH CENTER DISTRICTS
CHILDREN

AVERAGE ANNUAL RATES PER 100,000 CHILDREN

CANCER SITE

STATEN RANGE OF RATES
ISLAND AMONG
N.Y.C. HEALTH
DISTRICTS

NEW YORK
City

LYMPHOMA 0.56 - 3.17

LEUKEMIA 21 3.83 232- 170 4.29
NERVQUS

SYSTEM 20 247 1.52- 495 291
TOTAL

CANCER 22 12.22 10.06 - 20.01 14.13
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APPENDIX 8
Cuse Verification (1988-1992)



A. METHODS

At the time that this study began, complete and computerized cancer case information was
available from the New York State Department of Health (NYSDOH) Cancer Registry
through 1988. However, residents of Staten Island, particularly residents living near the
Landfills, were concemed about cancers that had occurred more recently. To address these
concerns, the New York City Department of Health (DOH) verified and tabulated cancer
cases that had occurred after 1988 and had been reported to the DOH. Information on these
IMOre recent cancer cases was obtained by the following methods: a health survey initiated
by the offices of Congresswoman Susan Molinari and Borough President Guy Molinari,
reporting by concerned community groups, an article in a local newspaper encouraging people
to call the DOH, and announcements at community board meetings. Outreach efforts were
concentrated on areas surrounding the Landfills, however, cancer cases reported from other
areas in Staten Island were also included in the verification of cases. Persons with cancer
may have been unaware of NYCDOH's study or unwilling to report to the DOH, therefore
self-reporting of cancer cases does not provide a complete count of all cases that occurred
after 1988.

The process of case verification and ascertainment was ongoing and was conducted on several
levels. Cases that were reported with sufficient information for verification (i.e. last name,
first name, date of birth, diagnosis, diagnosis date and/or address) were sent to the NYSDOH
Cancer Registry for verification. Those who had not reported sufficient information for a
case were contacted via telephone and/or mailed letters for additional information. In the
event that telephone, address and/or personal contact information were missing, local
telephone directories were searched in an attempt to find the case. After obtaining sufficient
information, these cases were also verified. In many instances, verification was sought
simultaneously from the Cancer Registry and from hospitals. If a case was verified by review
of hospital records, additional verification by the Cancer Registry was not requested.

Information from hospitals could only be obtained when date of diagnosis and the hospital
were known. In these cases hospitals were contacted and asked to retrieve selected charts.
Charts were then reviewed by DOH to ascertain medical diagnosis and date of diagnosis.
Pathology and physical examination reports were also reviewed in order to document
information pertaining to the patient's diagnosis, date at which he or she initially was
diagnosed with cancer, the cell type, and Intemational Classification of Disease Code (ICD)
for the particular cancer. For those with more than one hospital admission, the date of
diagnosis was based on the earliest admission for cancer. Duplicate case reports were

eliminated.

Verification through death certificate was performed for cases which could not be confirmed
through the Cancer Registry or hospital records review. After all verification procedures were
completed, cases were classified into one of four categories:
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1) Verified Cancer Cases - Those cases that were verified using one of the above
named procedures.

2) Non-cancer Cases - Those cases that were 1) diagnosed with diseases other than
cancer, 2) not living on Staten Island at the time of the diagnosis 3) diagnosed with a
benign rather than malignant (or cancerots) tumor.

3) Cases Diagnosed before 1989 - Those cases reported with diagnosis dates before
1989, and therefore should be included in the 1979-1988 cancer incidence data.

4) Unverified Cases - Those cases that could not be verified; information necessary for
verification (e.g.: date of birth, diagnosts, diagnosis date, hospital) was missing or
inaccurate, and attempts to obtain this information were unsuccessful.

The number of cases reported were compared to the number of cancer cases which would
have been expected to occur if the population in the Study Area and the rest of Staten Island
had the same rate of cancer as New York City (NYC) and New York State (NYS). Expected
numbers of cancer cases were calculated for total cancers, leukemias and [ymphomas.
Calculation of the expected numbers was done using the cumulative cancer incidence rates for
the years 1989 through 1992 in NYC and New York State NYS.

B. Limitations of Case Verification

The incidence rates that were calculated for the time period 1979-1988 were based on data
from the NYSDOH Cancer Registry. Since complete data for more recent cancer cases (after
1988) was not yet available, verification of cancer cases that were reported to the DOH by the
community was done and the number reported ("observed") was compared to the number
expected to occur if the population had the same-rate as either NYC or NYS. There is
limited information that can be drawn from this analysis. This is due to the fact that it is not
possible to determine whether all the cases that occurred in the population were actually
reported to the DOH for verification. Given the small number of cases reported compared 10
the numbers that would be expected to occur, under-reporting of cases appears very likely.
Case reporting was voluntary and depended on people to report more recent cases of cancer.
Reporting in different areas could have been biased by whether there was a high level of
concern about cancer in one neighborhood compared to another, whether residents were aware
that a study was being conducted, and depending on where they live on the Island. For
example, questionnaires were especially targeted for people who lived near the two Staten
Island Landfills. These limitations make it difficult (if not impossible) to draw any
conclusions about more recent cases of cancer that occurred among  Staten Island residents.
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C Tables of Verification Results

A total of 379 cases were reported to NYCDOH for verification. One hundred thirty eight
(138) of the 379 cases were confirmed as cancer cases. The number of cases reported and the

Hospital records 86*
Death certificates 6

Non-cancer cases 55

Unverifiable 46

Pre-1989 140
Total i 379

* Fifteen of these cases were also verified by the NYS Cancer Registry.

Table 2. sender e of Di is
Age Females Males #
0-14 4 4 8
15-34 10 9 19
35-54 49 18 67
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Table 3 Cases by Cancer Type

Year of Diagnosis
Type ID 1989 | 1990 | 1901 | 1992 | 1993 | 1994 | #
Lung 162 1 |2 4 4 o o 11
lest ;317 |12 |10 |n |s o [o Ja
CNS w192 o |2 [t |2 Jo |1 6
Colon 153 3 2 2 1 0 0 8
Prostate | 185 o lo [2 |1 o {o |3
Bladder | 188 o lo [3 o o [o {3
Kidney 189 1 o 12 |2 [o o |5
Leakemias | 204208 14 {5 |6 {4 |1 |o Q20
Phaynx | 140149 |0 |0 |o |2 o o |2
Lymphoma |200202 |5 |2 |5 |5 |0 o 17
Other s |2 i3 [2 o [o J=2
31 las a9 |31 {10 |1 138

Total
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Study Area

Other Parts of Staten
Island

Exact Location on
Staten Island not
known

Study Area

Leukemia
Expected
(Based on NYS Rates)

Other Parts of Staten
Island

Exact location on
Staten Island not
known

Study Area

Lymphoma

Expected
(Based on NYC Rates)

Lymphoma
Expected
(Based on NYS Rates)

Other Parts of Staten
Island

Exact Location in
Staten Island not
known

1 Based on cumulative Rates 1989-1992 for New York City and New York State
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APPENDIX 9

SUMMARY OF INVESTIGATIONS OF HEALTH EFFECTS ASSOCIATED
WITH HAZARDOUS WASTE LANDFILLS
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APPENDIX 10
LETTER OF CONSENSUS FROM NYSDOH
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.% STATE OF NEW YORK

DEPARTMENT OF HEALTH

Office of Public Health Coming Tower  The Govemor Nelson A. Rockefeller Empire State Plaza  Albany, New York 12237
Barbara A. DeBuono, M.D., M.P.H. Karen Schimke
Commissioner Executive Deputy Commissioner

94

February 27, 1996

Susan Klitzman, Dr.P.H.

Director, Environmental &
Occupational Epidemiology Unit

New York City Health Department

125 Worth Street, Room 618, Box 34C

New York, NY 10013

Dear Dr. Klitzman:

This letter is to attest that staff from the Bureau of Chronic Disease
Epidemiology and Surveillance (formerly the Bureau of Cancer Epidemiology)
have been involved with the New York City Department of Health’s
investigation of cancer incidence on Staten Island since its inception.

We have supplied data from the New York State Cancer Registry, and
reviewed study design and drafts of the investigation report. The analysis
was accomplished using appropriate methods in accordance with sound
epidemiologic principles, and we concur with the findings. We have seen
the final version of the report, and approve its release.

Signed,

Mark S. Baptiste, Ph.D.
Director, Bureau of Chronic Disease
Epidemiology and Surveillance

f"ééz:ﬂai ol 5%2;4;ﬁ4ua«4va
Maria J. Schymura, PH.D.
Director, NYS Cancer Registry

£ = M
! 4//7/ nZ /1 //'/4-1 Pt
Aura L. Weinstein, M.P.H.
Director, Cancer Surveillance Program

Patricia E. Wol
Research Scienti

» NYS/Cancer Registry




