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Reasons for Concern

A Intensive testing of rocket fuels

A Heavy usage of solvents, chemicals, metals, radionuclides
A Presumed carcinogen contamination of air, water, and soil
A Surface water drainage to South and East

A Prevailing air dispersion to East

A Contamination of ground water

A Safety conditions quickly relaxed

A Inadequate monitoring

A History of accidents, spills and releases

A History of secrecy and non-responsiveness

A Evidence of excess cancers among workers
I Lymphoma, lung cancer



Reasons for Skepticism

A Ambiguous and controversial exposure estimates
A Absence of concrete dose-based hypotheses

A Alternative explanations not seriously considered
A Hard to explain how a sufficient dose would occur
A Absence of historical precedents

A Lack of any clear risk found by previous searches



Previous searches were Inconclusive
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5 LA Tracts 11 Sites Single Tract Bladder 1.5 83-7
Overall: Inconclusive

Aggregated 14 Sites Bladder 1.3 83-88 LA tracts
LA Co. Tracts aggregated Lung 1.1 88-89 VEN Tracts
VEN Co Suspect Confounding
Tracts

Aggregated 12 Sites No positive findings

VEN Co aggregated

Tracts

Aggregated 9 Sites Lung 1.1 Middle Belt 88-95

LA, VEN aggregated Melanoma 1.2 Middle Belt 96-02
Blocks by Thyroid ? Proximity effect

Distance Aerodigestive? Proximity effect




Problems with Previous searches

Perkins-Wright

Coye-Goldman
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Morgenstern

Multiple Comparisons, weak associations
Bias: response to cluster report
Confounded by Race and Social Class

Multiple Comparisons, weak associations
Aggregation obfuscates location
Confounded by Social Class

Multiple Comparisons, weak associations
Aggregation obfuscates location

Low statistical power

Confounded by Social Class

Multiple Comparisons, weak associations
Aggregation obfuscates location; Distance is not dose
Confounding by Social Class




The Problem of Exposure Dose

A The higher the dose, the more excess
cases, the more likely an increase can
be measured



Effect of Industrial exposure to hexavalent chromium:

Mean level 790 micrograms/cubic meter of air

LUNG CANCER,

0.012, 1% LUNG CANCER,
0.029, 3%

Unexposed 25 Cases Exposed 59 Cases

UNAFFECTED,
UNAFFECTED, 0.971, 97%
0.988, 99%
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Carcinogenesis increases linearly with dose

INCIDENCE




Projected effect of Strongest Community
Exposure to Hexavalent Chromium

Micrograms chromium®m?3 | Lung cancers
/100,000

Workplace 790 1700

Community 004

Thus exposure at the point of the highest known
emission of carcinogen in California, about one extra
case per million would appear (i.e. in the average
census tract, one extra case every 200 years




Dispersion of carcinogen emissions
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Emission dose level to individuals 1s variable

A Chemicals rapidly disperse into air/water

A As the distance from the site increases:
I More people are exposed
I Exposure dose Is lower

I Dispersion results in dilution: dose Is inversely
proportional to distance



Impact of point emission
If dose Is thought to double the risk

Population Distance Attributable # Cases
Risk
Zone 1 2000 0.3 km 11/100,000 0.22
Zone 2 5000 0.5 km 4/100,000 0.20
Zone 3 15,000 1.0 km 1/100,000 0.15
Zone 4 60,000 2.0 km 0.25/100,000 |0.15
Zone 5 120,000 3.0 km 0.10/100,000 |0.12

No more than a single additional case would be expected
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Precedents: Environmental cancer clusters do
occur (other than occupational risks)

Fallon, NV: 2000-2001, 16 ALL cases occurred, 0.3 expected
Host to thousands of diverse visitors

Libby, MT: Multiple cases of mesothelioma in a small town
Tallings of asbestos-containing vermiculite

Cappadocia, Turkey: Cluster of cases of mesothelioma
Greece, Italy, New Caledonia: Clusters of mesothelioma
From building materials or whitewash with asbestos

Ukraine/Belorus: Localized thyroid cancer in young persons
From nuclear fallout

Taiwan, Chile, Argentina, Bangladesh: Localized bladder cancer
Groundwater contaminated with natural arsenic deposits



| f dose I s usually weal
Two different circumstances

direct exposure, highly targeted at close quarters
Household asbestos, person to person virus
Sufficient dose by short-term but intense exposure
Sufficient dose to single families or compounds

indirect or distant exposure, disseminated by air/water/soll
Chernobyl, waterborne arsenic, asbestos tailings
Sufficient dose by continuous cumulative exposure over the long-term
Sufficient dose disseminated to multiple adjacent localities

Weak exposure
Rare cancers undetectable, common ones lost within random variation



by chance)

added ones (and vary in number

D
e
I

-

D
O

&

-

C
-

-

@

(7))

D

)

©

(&

©

-

7))

-

D
e
e

D

| -

©

s
.

@)

-
A2

-

D

O

C

©

o

D
T
I’
r_“




The Challenge

A Some offside residents may have been
exposed to carcinogens at some dose

A They may well have some added cancer risk.

A The challenge is to see if a measureable and
unambiguous increase In risk has been
produced.

A Must examine individual neoplasms and
Individual tracts



To demonstrate an unambiguous association:

A Increase must be at least 50%, a relative risk of
1.5 (there are too many alternative explanations
for a weaker link)

A Chance must be excluded

A Adjacent tracts (localities) offsite should have
high exposure in common

A Here is a local example
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Steps In Linking Environmental
Carcinogenicity to a Particular Locality

1. Assess the likelihood that any association between
cancer incidence and a residential locality could be
explained by chance

2. Ensure that any such association cannot be explained
by a bias

3. Ensure that any such association cannot be
explained by the characteristics of local residents?.



1. Assessing chance

A The conventional method (statistically
significant with 95% confidence):

A Statistically significant excess.

AMet hod i s bas&lddapaddhe
distribution of chance possibilitiesd chance can
never be ruled out, just quantified.



By conventi on, n
means that if the same
circumstance were repeated 100
times, no more than 5% of the
results would show the same
unusual outcome by chance alone
(like the red dots e below)
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2. Blas comes In several forms

A Census errors: underestimation of the number of persons,
especially high risk persons, makes the excess look too large.

A Multiple comparisons: The more cancers, periods, and tracts
tried, the more likely are extreme findings

I Partial solution: screen by significance in all possible tracts, then
calculate how often such extreme results would occur by chance

A Texas sharpshooting: If investigation is initiated by reported
Aclustero, we already know t
the test is meaningless
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Calculate how often such a result would
occur by chance

A The following Poisson table gives this
percentage for selected observed numbers
given the number expected.

A For example, when 2 cases are expected and 6
are observed, 1.6% of localities of that size
would find as many or more than 5 by chance.

A That means 160 California localities



Percent of searches expected to find N or more
cases observed according to the mean expected

Mean 10bs |[20bs | 30Obs [40bs | 50bs [6Obs | 70bs [ 8 Obs | 90bs | 10 11 12
gzt Obs | Obs | Obs

1 63.2% 26.4% 8.0% 1.9% 0.4% 0.1% 0.01%

2 59.3% 32.2% 14.2% 5.2% 0.4% 0.1% 0.02% 0.01%

3 58.4% 36.0% 19.2% 9.1% 3.4% 1.2% 0.4% 0.1% 0.03%

4 56.7% 37.1% 21.5% 11.1% 5.1% 2.1% 0.8% 0.3% 0.1%
5 55.8% 38.3% 23.7% 13.3% 6.8% 3.2% 1.3% 0.5%
6 55.4% 39.3% 25.5% 15.2% 8.3% 4.2% 1.9%
7 54.9% 40.0% 27.0% 16.9% 9.8% 5.3%
8 54.8% 40.8% 28.4% 18.4% 11.3%
9 54.3% 41.1% 29.2% 19.5%

45.3% 32.8% 21.4%

=
o



3. Common alternative explanations
(Important possible confounders)

A Known causes of that particular cancer
I Unknown by tract: example--smoking

A Race/Ethnicity, (unreliable by tract)
I Surrogates for known causeso skin color

A Education and Income (unreliable by tract)
I Surrogates for known causeso age at first child



These characteristics distinguish the residents of
neighborhoods

A Neighborhood choice is personal and particular
A Location, location, location

A Birds of a feather tend to flock together

A Obvious on both County and Census tract levels
I Ethnicity, education, friends, habits, occupation



California County Median Household Income

According to Percent of College-Educated Adult Women
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Trends in Incidence of Breast Cancer among White Females
from California Counties differing in Median Income and Educational
Attainment
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Trends in Incidence of Malignant Melanoma among Whites
from California Counties differing in Median Income and Educational
Attainment
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Trends in Incidence of Female Lung Cancer among Whites
from California Counties differing in Median Income and Educational
Attainment
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From Counties to Census tracts

A Census tracts are smaller than counties,
averaging about 5000 persons but varying
from hundreds to tens of thousands

A For that reason,the variation in incidence
comes from three factors:
I Size of the tract population
I Chance
I Causation



Colon Carcinoma in LA
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Observed cases
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Better to show the tracts not by rate but according
to the number of cases expected and observed

A For a given expected number, each tract is represented by a
dot for the observed number either above or below expected

A Lines showing both a standard risk (50% increase) and a
measure of Asignificanceo ar
shown I n red representing a
occurring by chance will usually straddle the lines.

—_—y I\

A The higher a red dot is above the lines, the higher the
Incidence in that locality.

A Different cancers show different patterns depending on the
concentration of high risk



Female Colon Cancer
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Observed cases
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Female Oropharyngeal Cancer
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Observed cases
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Female Cancer of the Cervix
SES=Adj for SES
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Male Kaposi Sarcoma
SES=Adj for SES
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CENSUS TRACTS BY
MAJORITY CASE RACE/ETHICITY




Malignant Melanoma

Age-specific incidence by race/ethnicity
(males)
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Female Breast Cancer



