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ABSTRACT. The Tranguch Gasoline Spill leaked 50,000-900,000 gallons of gasoline from
underground storage tanks, potentially exposing an area of Hazle Township and Hazleton,
Pennsylvania, to chronic low levels of benzene since at least 1990. A retrospective cohort
study of 663 individuals representing 275 households assessed whether affected residents
were at increased risk for cancer from 1990-2000 compared with the Pennsylvania popu-
lace. Age-adjusted standard incidence ratios (SIRs) were calculated using Pennsylvania rates
to determine expected numbers. The age-adjusted SIR for the gasoline-affected area was
4.40 (95% confidence interval: 1.09-10.24) for leukemia. These results suggest an associa-
tion between living within the area affected by the Tranguch Gasoline Spill and increased

risk for leukemia.
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LEAKING underground petroleum storage tanks are a
frequent and serious problem. Petroleum leaking from
these tanks contaminates surrounding soil and ground-
water causing both environmental and health risks. In
an effort to address the growing problem of leaking
underground tanks, Congress created the Leaking
Underground Storage Tank Trust Fund to assist with
cleanup efforts. Between the inception of this program
in 1986 and September 30, 2004, the United States
Environmental Protection Agency (EPA) identified
447,233 such releases, and estimated cleanup had been
completed for only 71% of these releases.!

Given the prevalence of such releases, and the fact
that nearly half of the U.S. population depends on
groundwater as a primary drinking water source, it is
highly probable that many communities continue to
face potential health effects as a result of volatile organic
compounds from these leaking petroleum sources.? The
public health effects of such leakages, however, have
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not been well documented or studied. This article
reports on the health effects of one community’s expo-
sure to gasoline leaked from underground storage tanks.

In response to several odor complaints by residents of
Hazle Township and the city of Hazleton, both situated
in northeastern Pennsylvania, in 1991, the Pennsylvania
Department of Environmental Protection (PADEP) began
a series of investigations into what would become
known as the Tranguch Gasoline Spill or the Tranguch
Spill, which affected residents in two municipalities,
Hazleton and Hazle Township. The spill was character-
ized as a leakage of 50,000 to 900,000 gallons of gaso-
line from underground storage tanks. A plume of
groundwater contamination was detected, and conse-
quent filtration into the sanitary sewer system was iden-
tified. It is believed that between 1990 and 2000
residents within the Tranguch Spill area were chronically
exposed to low levels of benzene, a known carcinogen,
and other organic solvents as a result of the leaking
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gasoline. The spill was characterized by the Pennsylvania
Department of Environmental Protection. The period of
exposure is in doubt since the gasoline had already
leaked when it was identified. There is a lack of envi-
ronmental exposure data to confirm these years and
modeling predictions.

Within the United States it has been estimated that the
benzene content in gasoline is approximately 1-2% by
volume.? Global average benzene estimates range from
5 ug/m? for outdoor levels to 15 wg/m3 for personal
levels.*% Workplace exposures may be of higher con-
centration and shorter duration than those experienced
by the general population.

Epidemiological studies have found elevated stan-
dardized incidence ratios (SIR) for leukemia among
large occupational cohorts exposed to benzene concen-
trations greater than 200 ppm-yr.”-? equivalent to a
crude average of 10 ppm benzene exposure over 20-yr
working at one job. Hayes et al. also found an increased
risk of all hematologic cancers in a cohort of workers
exposed to benzene at average levels below 10 ppm.'°

Several occupational studies have also documented
hematotoxic effects at levels of benzene under 1 ppm."-14
Glass et al. found evidence for an increased risk of
leukemia among Australian petroleum workers whose
highest intensity job exposure to benzene was 0.8 ppm.'*
Unlike previous occupational cohorts, this cohort pro-
vided evidence for risk of leukemia associated with
cumulative exposure to benzene at any level, with no
obvious threshold. Moreover, Lan et al. demonstrated a
significant depression (~15%) in white cell counts
among Chinese shoe factory workers with less than 1 ppm
benzene job exposure,!" further corroborating the plau-
sibility of adverse hematopoietic effects as a result of
low-level exposure to benzene.

Ecological studies have found increased risk for
leukemia in areas with elevated concentrations of ben-
zene in the air or high traffic density and subsequent
gasoline exposure. Such studies typically suffer from eco-
logical fallacy, deficiencies in case ascertainment, and
crude exposure estimates.’>~?' However, they aid in the
identification of high-risk areas, which can then be stud-
ied in more detail.

The literature is limited with respect to community
exposures such as that experienced by Tranguch
Gasoline Spill area residents. This exposure was low
level (in the range of parts per billion) and long term. The
Tranguch Gasoline Spill exposure was also unique in
that the geology of the area, consisting of underground
coal mining and shallow bedrock, may have facilitated
pooling of gasoline below the surface of the affected
area, thus increasing subsequent migration into ground-
water and sewer systems and the probability of expo-
sure. In a similar situation Lindstrom et al. found benzene
concentrations of 0.8-1.7 ppm (758-1,670 p.g/m?3) with-
in the shower stall of a household using gasoline-
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contaminated groundwater.2? No link, however, was made
between exposure and health outcomes in that report.
The focus of the current research was to determine
whether residents of the Tranguch Spill-affected area were
at increased risk for cancer compared with standard ref-
erence populations and to assess the prevalence of addi-
tional adverse health outcomes among the residents.

Method

Benzene exposure estimates. Prior to EPA remediation
efforts, PADEP tested the indoor air of a subset of 43 homes
for the concentration of volatile organic compounds
(VOCs) over the course of 72 d (49 sampling d) in 1993,
The sampling device used was an Hnu photo ionization
detector (PID), which does not measure individual species
of VOCs such as benzene, although these measurements
can be extrapolated. Concentrations of total VOCs ranged
from 0 to 202 ppm and estimated benzene concentrations
ranged from 0 to 42 ppm (0-136 mg/m?).23

Benzene levels in the groundwater of the Tranguch
Spill area were estimated by EPA and The U.S. Army
Corps of Engineers through exposure-modeling con-
ducted between 1994 and 1996. Groundwater esti-
mates of benzene ranged from 200 to 2,500 pg/m3.23
Using this information and taking into consideration
possible vapor migration through the sanitary sewer sys-
tem, EPA defined a remediation or “affected” area of
366 households within the Hazle Township and
Hazleton municipalities potentially exposed to gasoline
fumes as a result of the Tranguch Spill.

In late 2000 and January 2001 EPA sampled indoor air
in these homes, using Summa canisters, to assess con-
centrations of benzene. Reports on these samples were
provided to investigators by approximately 20% of
homeowners. Benzene levels ranged from undetectable
{(<8.3 pg/m3 to 140 pg/m? in the sample of homes for
which owners released their results. However, cumula-
tive benzene exposure among residents cannot be ade-
quately estimated because there are no comprehensive
historical data on air and groundwater concentrations of
benzene and duration of exposure. Therefore, exposure
to benzene from the leaking tanks was defined by resi-
dence within the EPA-defined remediation area.

Study design, area, and target population. A retro-
spective cohort study design was employed because
the exposure took place years before study commence-
ment; the adverse health endpoints being considered
are rare and have long latencies (e.g., cancer), and the
method optimizes the small sample size. The cohort
was constructed from tax records, municipal lists, and
residential histories of persons living for at least 6 mo
within the EPA remediation or affected area from
January 1, 1990, through December 31, 2000. A total
of 366 properties were within the boundaries of the
affected area.
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After validation of properties eligible for study inclu-
sion, 17 were identified as nonresidential and their
owners were thus excluded from the target population.
The overall current property owner response rate was
80%. Of the 72 households that did not participate, 42
owners refused to participate and 30 could not be con-
tacted after multiple attempts.

In addition, 72 properties had changed ownership
within the study period. Several attempts were made to
contact the 62 past owners of these 72 properties; 3
agreed to participate in the study.

Data collection. Because of the funding mechanisms
of local municipalities, data collection and analysis
were conducted independently using the same method-
ology. A study-specific questionnaire was developed to
assess demographics and primary and secondary health
outcomes. Questions dealt with residential, employ-
ment, medical, reproductive, and smoking history; edu-
cation level; and symptom experiences. Participants
also were asked to complete a medical record release
form to allow the researchers to obtain confirmation of
self-reported cancers through participants’ physicians.
The study and data collection materials were reviewed
and approved by the University of Pittsburgh Biomedical
Institutional Review Board.

Data was collected in the summer of 2001 for Hazle
Township properties and the summer of 2002 for
Hazleton properties. Within each household all individ-
uals aged 18 yr and older were asked to read and sign
the consent form, sign the medical release form, com-
plete the questionnaire, and return the forms to the
University of Pittsburgh in a preaddressed stamped
envelope. Parents or guardians were asked to complete
the questionnaire for children under the age of 18.
Proxy interviews from next of kin were conducted for
persons unavailable or unable to complete the forms. A
death certificate was requested for all deceased individ-
uals. For individuals who did not respond to the initial
mailing of study materials, researchers made follow-up
telephone calls and sent reminder postcards. To accom-
modate participants with little time for completion of a
full study-questionnaire, an abbreviated questionnaire
addressed gender; race; marital status; date of birth;
occupation; vital status; smoking and residential history;
and history of cancer, diabetes, and other chronic diseases
for all household members on a single form.

Incident cancer, the primary outcome, was identified
via the questionnaires. For all self-reported cancers
researchers contacted the participant’s attending physi-
cian for verification of the cancer diagnosis and to
request the release of participant’s medical records. In
addition, a request was made to the Pennsylvania
Department of Health for the confirmation of all self-
reported cancers using data from the Pennsylvania
Cancer Registry. Cancers were classified in a manner
similar to that of the Pennsylvania Cancer Registry
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employing International Classification of Diseases for
Oncology (ICD-O) codes.

Information was also obtained on those persons who
died during the 11-yr period for whom we could obtain
next-of-kin interviews and a death certificate. A death
certificate for all deceased individuals was obtained
from the Pennsylvania Department of Vital Statistics.

Statistical analyses. Descriptive population statistics
such as frequencies, means, and medians were generat-
ed using SPSS version 12.0 for Windows® (SPSS, Inc.,
Chicago, IL). The unit of analysis for the cancer inci-
dence measures was the person-year. SAS version 8.0
(SAS Institute, Inc., Cary, NC) was used to determine the
number of person-years contributed by each individual.
Individuals residing within the study area from January
1, 1990, to December 31, 2000, contributed 11 person-
years. Other individuals who moved into or out of the
area within this period contributed varying person-years
on the basis of their residential history. Individuals no
longer accumulated person-years after they had been
diagnosed with cancer or identified as deceased.

To characterize the cancer experience of residents,
standard incidence ratios (SIRs) were calculated. These
were based on self-reported, physician- and Pennsylvania
Cancer Registry-verified cancer diagnoses from
1990-2000 and the expected number of cancers derived
from indirect age-adjustment using Pennsylvania average
annual cancer incidence rates. Confidence intervals (Cl)
were determined using Poisson tables in the Documenta
Geigy.?* Statistical significance was defined as p < .05.

Results

A total of 663 persons from 275 households partici-
pated in the study. More than 63% of participants com-
pleted the full questionnaire with the remainder
completing the abbreviated version. The population was
99% Caucasian, and comprised of 343 (51.7%) women
and 320 (48.3%) men. The mean age of the population
alive at time of interview (N = 625) was 49.2 yr (§D =
22.1 yr), and the period of residence within was (mean =
SD) 36.7 = 21.9 yr (Table 1). The distribution of resi-
dents by years of residence within the affected area is
presented in Table 2. The majority of residents were mar-
ried with at least a high school education. More than
36% of men and 27% of women reported a history of
smoking. Fifty-four percent of participants were
employed with the remainder comprised of retirees, stu-
dents, and unemployed persons. Twelve residents reported
prior employment at a gasoline station.

Causes of death for 38 individuals who had lived in
the study area between 1990 and 2000, for whom proxy
interviews were obtained were cardiovascular disease
(N = 14), cerebrovascular disease (N = 2), chronic
obstructive pulmonary disease (N = 2), pneumonia
(N = 2), cancer (N = 13), and other diseases (N = 5).
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Table 1.—Age Distribution of Population Alive at Time of
Data Collection with Mean Age and Mean Years of Residence
within Affected Area by Age Group

Mean Years of

Age Group N MeanAge SD Residence SD
Men
<18 40 11.0 4.7 10.1 4.9
18-34 63 26.3 5.1 22.3 7.3
35-44 37 40.7 2.9 339 12,6
45-54 38 49.8 2.7 329 17.2
55-64 37 59.5 3.1 40.4 17.5
65-74 49 69.9 3.2 50.9 17.8
75+ 30 79.6 3.4 56.4 25.6
Total 294 46.0 22.4 343 21.0
Women
<18 30 11.5 4.0 10.0 4.3
18-34 47 273 4.8 239 6.8
35-44 42 40.5 2.6 30.8 13.6
45-54 47 50.5 3.3 333 16.3
55-64 54 60.3 3.0 43.6 16.5
65-74 57 70.1 31 50.0 20.4
75+ 54 79.4 3.3 61.8 236
Total 331 52.1 21.3 38.8 22.5
Total

<18 70 11.3 4.4 10.0 4.6
18-34 110 26.7 5.0 23.0 7.1
35-44 79 40.6 2.8 32.2 13.1
45-54 85 50.2 3.0 33.1 16.6
55-64 91 60.0 3.1 423 16.9
65-74 106 70.0 3.1 50.4 19.2
75+ 84 79.4 3.3 59.9 24.3
Total 625 49.2 22.1 36.8 219

Table 2.—Distribution of Residents by Years of Residence
within Affected Area

Years of Residence Men Women Total
<5 14 12 26
5-9 14 19 33
10-19 53 41 94
20+ 200 254 454
Total 281 326 607

Forty-three incident primary cancers were reported
within the cohort and verified by the Pennsylvania
Cancer Registry for the period of January 1, 1990, through
December 31, 2000. The participants with cancer
included two with acute myeloid leukemia (66 and 67 yr
at diagnosis), one with chronic myeloid leukemia (64 yr
at diagnosis) and one with chronic lymphocytic
leukemia (75 yr at diagnosis). The residences of the two
participants with acute myeloid leukemia bordered the
projected gasoline plume, which was within the affected
area. None of the four participants with leukemia had a
history of working in a benzene-exposed occupation and
no parental history of cancer was reported. Two of the
participants with leukemia had a history of smoking.
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The SIRs for all cancers are presented in Table 3. The
SIR for all cancer sites was 0.88 [95% confidence inter-
val: 0.64-1.18], indicating no statistically significant dif-
ference in all-site cancer incidence in the Tranguch Spill
area and the State of Pennsylvania. The SIR for leukemia
was 4.40 (95% confidence interval: 1.09-10.24) a dif-
ference from the incidence in the affected area, which is
statistically significant. Differences between cancer inci-
dence in the affected area and the state of Pennsylvania
for all other cancer sites were not statistically significant,
although the SIRs for all observed cancers except those
of the respiratory tract and colon were greater than 1.

We also assessed the prevalence of health effects other
than cancer. With the exception of diabetes, disease/
disorder information was only available for 69% of the
study population, those who completed the full question-
naire. Among the 456 individuals who were asked about
disease/disorders other than cancer, 135 (20.4%) reported
having diagnosed hypertension, 68 (10.3%) reported a
diagnosis of cardiovascular disease other than stroke, and
16 (2.4%) reported a history of stroke. Additionally, 44
(6.6%) reported a doctor-diagnosed thyroid problem, and
44 (6.6%) reported diagnosed anemia. Diabetes informa-
tion was available for 659 participants of whom 46 (6.9%)
reported having the disease.

Discussion

The age-adjusted all-cause cancer incidence within
the Tranguch Spill-affected area was not significantly
different from that for the state of Pennsylvania but that
for leukemia was significantly higher than state inci-
dence. Our findings are consistent with those in the lit-
erature that suggest long-term exposure to low levels of
benzene, a constituent of gasoline, may be associated
with increased risk of hematopoietic malignancies, par-
ticularly acute myeloid leukemia.!420.27

These results are also consistent with a similar report
by the Pennsylvania Department of Health (PADOH)
that considered cancer incidence within the Tranguch
Spill area from 1985 to 2002.2% A total of 134 cancer
cases were identified in the PADOH study. The SIR for
all causes of cancer was 1.31 and was statistically sig-
nificant. Additionally, seven incident cases of leukemia
were observed, resulting in an SIR of 3.63, also statisti-
cally significant. Of these seven cases, three were acute-
myeloid in cell type and two were chronic myelocytic.
PADOH did not, however, ascertain complete residen-
tial histories for the population as we did and thus, may
have overestimated the number of person-years, by
making the assumption that people had resided in the
area for all 11 years or that those under 11 yr had
person-years equivalent to their ages.

Despite different methods of ascertaining person-year,
our analysis and the PADOH study suggest an association
between low-level chronic benzene exposure and
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Pennsylvania

Table 3.—Standard Incidence Ratios for Population of the Area Affected by Tranguch Spill Compared with the State of

Standard 95% Confidence

Cancer Observed Cases Expected Cases* Incidence Ratio Interval
Leukemia 4 0.91 4.40 1.09-10.24
Non-Hodgkin’s lymphoma 2 1.62 1.23 0.15-4.46
Trachea, bronchus, lung, & pleura 5 7.47 0.67 0.22-1.56
Colon 3 4.60 0.65 0.13-1.91
Urinary bladder 3 2.35 1.28 0.26-3.73
Brain 2 0.55 3.64 0.44-13.13
Stomach 2 1.12 1.79 0.21-6.45
Female breast 12 7.89 1.52 0.79-2.66
Cervix 1 0.38 2.63 0.08-14.66
Prostate 9 7.12 1.26 0.58-2.40
All cancer sites 43 49.1 0.88 0.64-1.18

*Expected cases for the state of Pennsylvania.

leukemia risk within the Tranguch Spill-affected area
based primarily on existing literature on the subject and
the lack of any other common source explanation.
However, these findings should be interpreted in the
context of study limitations. The exposure that occurred
as a result of the Tranguch Gasoline Spill is not well
characterized. After identification of the spill, attempts
were made by PADEP and EPA to assess the VOC and
benzene exposure. However, the exact commencement
date of the spill, as well as the concentration and extent
of benzene exposure remains unknown.

Although PADEP assessed VOCs in indoor air within
43 homes in the affected area during 1993-1994, the
frequency and duration of each exposure within a home
were not well documented and benzene was not differ-
entiated. The Agency for Toxic Substances and Disease
Registry (ATSDR) of the U.S. Department of Health and
Human Services used benzene concentrations extrapo-
lated from PADEP VOC measurements to estimate max-
imum benzene exposure at 42 ppm with an average
level of 0.16 ppm.2® For a 3-yr period, this translates to
2 ppm-yr for a maximum exposure and 0.03 ppm-yr for
an average exposure. The agency concluded that prior
to remediation, these benzene exposures might have
been high enough to produce adverse health effects.??

EPA conducted additional sampling within all house-
holds in the remediation area in 2000-2001 using more
sophisticated sampling techniques such as Summa can-
isters. However, these samples were taken at one time
and only in one or two locations within the home and
potentially years after peak exposure. Thus, they may
not reflect the actual exposure concentration over time,
nor do they adequately reflect historical levels of ben-
zene prior to remediation efforts.

The remediation area was defined on the basis of a
combination of groundwater sampling and exposure
estimation models. These groundwater samples were
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taken at least 5 yr after the suspected commencement of
the spill, and therefore may underestimate the original
extent and concentration of benzene exposure. Given
the lack of historical benzene exposure data and the
necessity to identify an objective exposure area for a
health effects study, we used the EPA-defined remedia-
tion area as our “affected area.” Because of the limita-
tions of the exposure assessment, this area may over- or
underestimate the population exposed to gasoline.

Limitations of our study were the lack of an appropri-
ate control population to adjust for confounders and to
compare the frequency of health issues other than cancer
such as anemia and hypertension.

This research provides potential evidence of an
increase in hematopoietic cancer risk as a result of
longer-term exposure to low concentrations of ben-
zene. Although the benzene exposure was not well-
characterized at an individual level, this research did
not suffer from the ecological fallacy observed in other
community studies investigating gasoline/benzene
exposure and leukemia.’> 2! This is in agreement with
occupational studies that have documented hematopo-
etic risk at similar levels,"-13

Within a population of 250 Chinese workers exposed
to benzene—even as low as <1 ppm in the air—white
blood cell, granulocyte, lymphocyte, B cell, and platelet
counts were depressed compared with unexposed con-
trols. Such effects may lead to more serious hematopoi-
etic consequences such as leukemia. Although an
increase in the risk of leukemia as a result of exposure
to low-level benzene remains equivocal,”2%-32 our study
provides support for the growing body of evidence sug-
gesting a causal link.1417.21

To address the health concerns of residents affected
by the Tranguch Spill we recommend continued surveil-
lance of cancer, particularly leukemia and its precursors,
within the affected population until 2010 to capture any

501



latent cancers, confirm incidence rates, and narrow the
confidence interval for SIR calculations. Data from the
Pennsylvania Cancer Registry alone will not capture
non-cancer health effects caused by benzene, such as
aplastic anemia and myelodysplastic syndrome.

As part of this surveillance effort a combination of
active and passive reporting of specific medical condi-
tions including leukemia, anemia, and myelodysplastic
syndrome would be instituted. Complete blood counts
and other medical testing determined to be appropriate
also would be conducted every 6 mo or annually.
Surveillance might also include screening for biomark-
ers of hematologic disease susceptibility (xenobiotic
enzyme polymorphisms), biomarkers of early hemato-
logical effects of benzene exposure (chromosomal aber-
rations), and evidence of environmental benzene
exposure (glycophorin A, benzene-related DNA adducts,
and urinary excretion products).33-3% A further recom-
mendation is to continue systematic surveillance over a
longer follow-up period for individuals potentially at the
greatest risk for leukemia such as children, the elderly,
individuals with comorbidities, and residents living over
or adjacent to the projected gasoline plume boundary.
ATSDR also supported systematic surveillance for can-
cer in the affected area.?

This research is one of very few studies to extensively
investigate exposures to gasoline/benzene in a commu-
nity setting. Given the high prevalence of leaking under-
ground gasoline tanks in the United States, this exposure
is far from unique. Therefore, it is important for com-
munities and public health agencies to cooperate to
assess and address health effects potentially resulting
from such leaks.
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