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Site Background  
 
The Tranguch Site is the result of an underground gasoline spill that involved a number of 
service stations located along the northern boundary of the city of Hazleton at the intersections of 
Routes 940 and 309. The federal Environmental Protection Agency (EPA) now estimates that 
about 50,000 gallons of gasoline leaked out of the underground tanks from these locations. 
Previously, EPA had estimated up to 900,000 gallons. 
 
The site is a mixed residential and commercial area. The current boundaries of the site include 
the area bound by Black Creek, Hayes Street, Church Street (Route 309), Fisher Avenue, and 
17th Street. The site also includes the 300, 400, and 500 blocks on both sides of 17th Street and 
the blocks on both sides of Arthur and Evans Streets immediately adjoining (intersecting) 17th 
Street. The site includes 402 properties, consisting of 359 residential properties, 26 vacant lots, 
11 businesses, two churches, two doctor’s offices, and two parks. 
 
The underground contamination in the area has been difficult to characterize, particularly 
because of underground mines and the sewer system. A portion of the site is located over 
abandoned underground mine workings. The sewer system that serves the area is of poor 
integrity and has been a source of vapor intrusion in homes and businesses in the area. Sewer 
traps have been designed to preclude vapors from migrating into homes from the sanitary 
system, but not all affected residents had such traps installed in the past.  
 
The PA Department of Environmental Protection (DEP) became involved with the site in the 
early 1990’s with the investigation of complaints of gasoline-like odors. From 1996 to the 
present, EPA and DEP became involved in a joint project to remediate the site. During this 
period, EPA acted as the lead environmental agency with DEP providing technical support. Prior 
to the spring of 2000, vapors in homes were measured with hand held instrumentation. This 
approach was the most advanced methodology at that time. Beginning in the spring of 2000, 
EPA began sampling homes in the project area with Summa canisters. These devices collect 
volatile organic vapors over an eight-hour period and considered the state of the art in air 
sampling. 
 
 
History of Department of Health Involvement 
 
In May 2000, the Bureau of Epidemiology (BOE) in the Pennsylvania Department of Health 
(DOH) was requested by EPA to provide assistance regarding indoor air problems detected in 
homes in the site area as a result of benzene and other vapors migrating from the underground 
gasoline plume which resulted from the spill. The bureau has been reviewing, on an ongoing 
basis, residential environmental air sampling data collected by EPA and has provided 
recommendations to EPA, DEP, and homeowners on the individual residences.  
 
On August 25, 2000, the DOH recommended to EPA that all homes in the affected area have 
venting systems installed as a precautionary measure, given the complexities and variables 
present in the situation. Additional recommendations were made to EPA on November 21, 2000. 
One recommendation was to install a “phase 2 system” in homes that continue to experience 
unacceptable levels of benzene and other vapors after installation of a vent trap system. A second 
and third recommendation related to the frequency of retesting to determine the continued 
efficacy of the installed system. The BOE made additional recommendation to EPA on January 
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19, 2001. These recommendations related to the need for EPA to take additional protective 
measures to achieve a “non-detect” (ND) level for benzene vapors in the basement of homes in 
the affected area. Based on the current state of technology, it was agreed that levels of benzene in 
air ranging from ND to 8.3 ug/m3would be protective of the public’s health. EPA agreed to these 
recommendations on February 8, 2001. Prior to January 2001, DOH used a health guideline level 
of 32 ug/m3for benzene to trigger recommendations for implementation of increased vapor 
reduction technologies in affected homes. 
 
The department, at the request of the residents, arranged for free blood tests (CBC’s) for all 
residents in the area in collaboration with Saint Joseph’s Hospital in Hazleton. This activity 
began at the end of January 2001. Over 400 tests have been performed with results being sent 
directly to family physicians. The DOH, in collaboration with the federal Agency for Toxic 
Substances and Disease Registry (ATSDR), also arranged for free testing of volatile organic 
compounds in blood for residents of homes with the highest readings of benzene (Saint Joseph’s 
Hospital assisted. The federal Centers for Disease Control and Prevention performed the 
laboratory analyses.).  A total of ten (10) residents obtained the testing and no elevated levels of 
these compounds were identified for any of the residents compared to national background 
levels. 
 
On March 12, 2001, the department, at the request of EPA, assigned Barbara Allerton, RN, 
MPH, to be on site on a three-day/week basis for health consultations with residents, EPA, and 
other interested groups. This assignment continues on a two-days/week basis, as a result of a 
decrease in demand for services. 
 
Staff from the BOE and ATSDR visited over 100 residents to answer questions and provide 
information regarding health issues during the weeks of April 30th and May 7th. As part of a 
cancer incidence review project by the Bureau of Epidemiology for the area, a house-to-house 
survey was conducted during the week of May 21, 2001. Staff from the bureau and ATSDR, in 
collaboration with local clergy, mental health officials, and other interested parties, participated 
in a Community Stress Program at the Crusade Baptist Church in Hazleton on June 1, 2001. The 
purpose of the meeting was to discuss ways to alleviate the effects of stress experienced by local 
residents in the Tranguch spill area. Staff from the BOE and ATSDR, in cooperation with Saint 
Joseph’s Hospital, also sponsored an educational program on health issues for physicians and 
other health care providers as well as elected officials during the evening of June 26, 2001, at 
Hazleton General Hospital.  
 
The Bureau of Epidemiology also participated in a number of public meetings since DOH 
became involved with this site. These meetings occurred in October 2000, April and July 2001. 
 
The Bureau of Epidemiology has been reviewing individual referral packages provided by EPA 
for residences affected by the Tranguch spill.  To date, the bureau has reviewed about 50 such 
packages.   The packages include all analytical results and corrective actions taken by EPA for 
each home. Following the review, the bureau determines the need for additional action and so 
advises EPA. 
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Explanation of Benzene, Toluene, Ethylbenzene, Xylene (BTEX) Chemicals 
 

Some of the key constituents of gasoline are known as BTEX chemicals.  MTBE (methyl tert-
butyl ether) is made from blending chemicals and has been used since the 1980’s as an additive 
to unleaded gasoline to achieve more efficient burning.  Air monitoring test results for MTBE 
and the four BTEX chemicals are the five key compounds that the U.S. Environmental 
Protection Agency (EPA) provided to the DOH for review and health recommendation. 

 
In its pure form, benzene is a clear, colorless liquid.  In industry, benzene is used to make other 
chemicals, as well as some types of plastic, detergents, dyes, resins rubbers and pesticides.  
Gasoline contains about one percent benzene. 

It is important to note that benzene is ubiquitous in the atmosphere. Background levels of 
benzene in air range from 0.06 to 108 micrograms of benzene per cubic meter of air (ug/m3). 
People in cities or industrial areas are generally exposed to higher levels of benzene in air than 
those living in rural areas. Benzene levels in the home are usually higher than outdoor levels. A 
1987 study reported indoor concentrations of benzene to be approximately 10 ug/m3 for homes in 
Los Angeles, California, Baltimore, Maryland, and Bayonne, New Jersey.  Philadelphia was 
surveyed in the summer of 1985 with a median benzene concentration of 19.2 ug/m3. Exposure 
of the general population to benzene is mainly through breathing air that contains benzene. The 
major sources of benzene exposure are tobacco smoke, automobile service stations, exhaust from 
motor vehicles, and industrial emissions. Auto exhaust and industrial emissions account for 
about 20% of the total nationwide exposure to benzene. About 50% of the entire nationwide 
exposure to benzene results from smoking tobacco or from exposure to tobacco smoke.  Study 
conducted in smoking and nonsmoking homes has revealed that benzene levels were elevated in 
smoking homes.  Thus, smoking is to be viewed as an important contributing factor concerning 
levels of benzene in homes.  Individuals employed in industries that make or use benzene may be 
exposed to the highest levels of benzene. These industries include petrochemicals, petroleum 
refining, coke and coal chemical manufacturing, rubber tire manufacturing, and storage or 
transport of benzene and petroleum products containing benzene.  
 
The Agency for Toxic Substances and Disease Registry in their March 1999 Interim Guidance 
on benzene identifies three categories of risk related to benzene exposure. The first category 
relates to values of benzene less than 32 ug/m3  which are considered to present "no apparent 
public health hazard." A second category relates to benzene levels ranging from 32 ug/m3 to 320 
ug/m3. Residents affected by levels in this range need to be considered on a "site-by-site basis." 
A third category relates to values of benzene exceeding 320 ug/m3. Exposures in this category 
are considered to pose a "public health hazard." 
 
Before January 2001, DOH used an action level of 32 ug/m3 of benzene to trigger 
recommendation for implementation of increased vapor reduction technologies in the homes. In 
January 2001, DOH reduced the action level to a non-detect reading (8.3 ug/m3) based on 
observations of fluctuations in the levels of benzene in homes in addition to other factors 
including the incomplete characterization of the plume, the complicated nature of the 
underground mines, and a lack of data at that time. 
 
Toluene is a clear, colorless liquid.  Toluene is used in making paints, paint thinners, lacquers, 
adhesives, rubber in some printing processes, in some leather tanning processes and is found in 
gasoline. 
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The health recommendation for homes affected by the Tranguch Gasoline Spill is 300 
micrograms of toluene per cubic meter of air (µg/m3) or less.  Toluene exposure is not known to 
cause cancer in humans.  The major effect of toluene in humans after an exposure is on the brain 
and nervous system.  Toluene like benzene is not stored in the body. 
 
Ethylbenzene is a colorless liquid that smells like gasoline.  Ethylbenzene occurs naturally in 
coal tar and petroleum.  It is also found in commercial products such as paints, tobacco products, 
and insecticides.  The primary use of ethylbenzene is in the production of styrene.  Ethylbenzene 
is also used as a solvent, as a constituent of asphalt and naphtha, and in fuels. The health 
recommendation for homes affected by the Tranguch Gasoline Spill is 4340 micrograms of 
ethylbenzene per cubic meter of air (µg/m3) or less. Acute (short-term) exposure to ethylbenzene 
in humans results in respiratory effects, such as throat irritation and chest constriction, irritation 
of the eyes, and neurological effects such as dizziness.  Chronic (long-term) exposure by 
inhalation in humans may result in effects on the blood.  Animal studies have reported effects on 
the blood, liver, and kidneys from chronic inhalation exposure to ethylbenzene.  Ethylbenzene is 
not classified as a human carcinogen. 
 
Xylene is a colorless liquid with a sweet odor.  It is used as a solvent in the printing, the rubber, 
and the leather industries.  It is found in gasoline. 
 
The health recommendation for homes affected by the Tranguch Gasoline Spill is 437 
micrograms of Xylene per cubic meter of air (µg/m3) or less.  Acute (short-term) inhalation 
exposure to mixed xylenes in a human result in irritation of the nose and throat, gastrointestinal 
effects such as nausea, vomiting and gastric irritation, mild transient eye irritation, and 
neurological effects.  Chronic (long-term) inhalation exposure of humans to mixed xylenes 
results primarily in central nervous system (CNS) effects, such as headache, dizziness, fatigue, 
tremors and incoordination.  Other effects that have been noted include labored breathing and 
impaired pulmonary function, increased heart palpitation, severe chest pain and an abnormal 
EKG (heart tracing), and possibly effects on the blood and kidneys.  Xylene is not classified as a 
human carcinogen. 
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Review of Environmental and Medical Testing in the Tranguch Area 

Since the middle of 2000, the Bureau of Epidemiology (BOE) has reviewed on a continuous 
basis environmental data collected by EPA using Summa canisters. These devices collect volatile 
organic vapors over an eight-hour period and are considered the state of the art in air sampling. 
Beginning in 2001, the Pennsylvania Department of Environmental Protection (DEP) also began 
air testing in homes in the area of the Tranguch Site using their mobile laboratory. DEP’s air 
testing is considered a screening of the air quality and an addition to EPA’s current body of 
environmental data. BOE has also provided technical support to DEP in the review and 
interpretation of their data.  

On November 27, 2001, BOE developed an updated summary of indoor air sampling results for 
dwellings within the Tranguch Site air tested by EPA since the middle of 2000. The summary 
provides air concentration levels of benzene for 380 dwellings that have been tested by EPA one 
or more times since the testing began in 2000.  

Based on a review of the data, it was noted that a majority of the dwellings (344 out of 380 
dwellings or 91%) had benzene readings measured in the basement (or lowest level if no 
basement) equal to or less than 8.3 ug/m3 as of the most recent test date for that dwelling. Of the 
remaining 36 dwellings, 32 dwellings (8%) had benzene readings greater than 8.3 ug/m3 but less 
than 32 ug/m3. The remaining four dwellings (1%) had readings exceeding 32 ug/m3  but less 
than 320 ug/m3.  No homes had levels greater than 320 ug/m3. In reviewing the data for the 36 
dwellings, it was determined that nine dwellings had no vent trap installed, 27 dwellings had a 
vent trap installed, and one dwelling had a carbon unit installed after remediation efforts were 
attempted with the vent trap. DOH had recommended that all homes in the Tranguch Site receive 
a sewer vent trap. However, some homeowners elected not to follow that recommendation. 
Furthermore, for the four dwellings with readings exceeding 32 ug/m3 as of the most recent test 
date for that dwelling, it was determined that all four had been provided vent traps.  The location 
of these four homes with respect to the underground mines and/or the projected gasoline plume 
was plotted on a map of the Tranguch Gasoline Spill in Hazleton, PA.  Review of the spatial 
relationship between the underground mines, the four homes, and the projected gasoline plume, 
revealed that the homes were located in different sections of the site and there was NO consistent 
relationship between these three factors.  
 
Specific public health recommendations were developed and presented to the EPA by BOE on 
August 25, 2000, November 21, 2000, and January 19, 2001 in order to protect residents from 
excess benzene levels in the basements of dwellings. For all dwellings with benzene readings 
greater than 8.3 ug/m3, a series of recommendations including additional monitoring and further 
preventive environmental measures have been provided to protect affected residents (see 
attached matrix).  

It was also determined that 25 of the 380 dwellings (7%) had benzene readings  
either in the basement or other location exceeding 32 ug/m3 one or more times during the testing 
period. It was further noted that 19 of these 25 dwellings had such excess readings only in the 
basement. It was determined that all 25 dwellings had been provided with some type of 
remediation (19 with vent traps and six with carbon units subsequent to remediation with vent 
traps). In reviewing the data, it was noted that the highest benzene level to date is 300 ug/m3. 
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This level is lower than ATSDR’s health guideline of 320 ug/m3 or higher representing levels that 
present a "public health risk."  

In reviewing the remediation efforts,  it was noted that 288 (76%) of the 380 dwellings had vent 
traps installed.  Seventy-six (21%) of those offered a vent trap refused installation.  The benzene 
levels were reduced below 8.3 ug/m3 in 261 (91%) dwellings after the vent trap was installed.  In 
42 cases EPA used the Trace Atmospheric Gas Analyzer (TAGA) van to identify and then 
remove other sources of benzene from the home prior to the 8-hour canister air testing. In 10 
cases, carbon filtration units were installed. The carbon filtration units were installed if 
reductions in the benzene levels to the 8.3 ug/m 3 were not achieved with the vent traps. This 
strategy was effective in further reducing the levels of benzene in the dwellings.  Twenty-seven 
dwellings had post-vent benzene levels above 8.3 ug/m3.   Four of these dwellings or 1% of the 
total 380 dwellings had benzene levels above the 32 ug/m3 and remediation efforts continue to be 
provided by EPA in order to lower the levels in these four homes.   
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Environmental Matrix  
 
Risk Categories Number Of Public Health Recommendations 
   Dwellings 
 
Less than 8.3 ug/m3    344 1   1. Install a vent trap system in each dwelling if not present.  
in basement     2. Retest six months from the date of the latest test results. 

3. If retesting indicates continued low levels, retest at    
    twelve months from the date of the latest test results.  
4. Monitoring using complete blood count (CBC) once a  
    year for two years, if deemed necessary by resident’s  
    primary care physician. 

 
8.3 ug/m3 to 32  32 1   1. Install a vent trap system in each dwelling if not present. 
ug/m3 in basement   2. Retest six months from the date of the latest test results. 
     3. If retesting indicates continued low levels, retest at  
          twelve months from the date of the latest test results. 

4. Identify indoor factors not related to the gasoline spill  
   (smoking, household products, etc.) that may contribute  
   to excess benzene levels in the dwelling.  
5. Monitoring using CBC once a year for two years, if  
   deemed necessary by resident’s primary care physician.   

32 ug/m3 to 320 4 1, 3, 4   1. lnstall a vent trap system in each dwelling if not present.  
ug/m3 in basement   2. Offer additional preventive measure (phase 2 systems,  

    active carbon filter air cleansing systems or other devices  
    or mechanisms to protect residents) to reduce the 
     benzene level in the basement to non-detect.  
3. Identify indoor factors not related to the gasoline spill  
    (smoking, household products, etc. ) that may contribute  
    to excess benzene levels in the dwelling.  
4. Retest after installation of the additional preventive  
    measure. If the results are non-detect, retest in three 
    months.   If level continues above non-detect, take  
    additional protective actions with retesting until the level  
    reaches non-detect in the basement.  
5. Monitoring using CBC every six months for two years,  
    then yearly thereafter2. 

Above 320 ug/m3 0  None applicable. 
 
1  Based on latest summa canister result 
2  CBC to include a manual differential count (not automated) red cell indices, and full platelet  
    counts 
3  Residents in homes in this category as of the release of this report will be eligible for blood  
    tests even if levels are reduced.  Any residents of homes added to this category will also  
    qualify for blood tests. 
4  Values for these four homes are reported as 37, 54, 62, and 86 ug/m3 respectively.
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Recommendations 
 

The Department’s Bureau of Epidemiology developed a series of protective public health 
recommendations relating to benzene levels in dwellings affected by the Tranguch gasoline spill. 
These recommendations were contained in letters to EPA dated August 25, 2000, November 21, 
2000, and January 19, 2001.(letters attached)  

The most basic recommendation made in the August 25, 2000 letter was that a vent trap system 
be installed in all homes in the affected area. In the November 21, 2000 letter, further 
recommendations were provided. The first recommendation was that, in any home which had a 
vent trap system installed and for which post installation testing identified BTEX vapors or 
MTBE vapors in excess of those considered by the Department to be safe, a phase 2 system be 
installed followed by post installation testing.  The guidelines at that time for the BTEX 
chemicals and for MTBE was Benzene 32 ug/m3, Toluene 400 ug/m3, Ethyl benzene 1000 
ug/m3, Xylene 437 ug/m3, and MTBE 2524 ug/m3.  The second recommendation was, for all 
homes with recently installed vent traps whose post- installation tests reveal either non-detect 
levels or levels which were appreciably lower than pre-installation results, retesting six months 
from the date of the latest test results to determine continued efficacy of the system installed (this 
also applied to those receiving the phase 2 system). The third recommendation was that, as 
homes considered in the second recommendation continued to test at levels that were not 
considered to result in negative health outcomes, testing continues at twelve months from the 
latest test result. In the January 19, 2001 letter, further recommendations were provided. In 
addition to the above recommendations, the January letter also lowered the action level from 32 
ug/m3 to non-detect (later defined as 8.3 ug/m3) and increased the frequency of testing for homes 
with levels above non-detect (retesting in 3 months). The January letter also identified other 
preventive measures to be considered if initial remediation efforts were not successful. These 
other preventive measures included an active carbon filter air cleansing system or other device or 
mechanism that would protect residents from exposure to benzene in their homes.  DEP provided 
carbon filters to each homeowner that requested them and as of the end of November, 2001, the 
installation has been completed. 

A great deal of additional environmental data has been collected by both EPA and DEP since the 
January 19, 2001 letter. The Department now believes that current remediation measures have 
been successful in reducing the benzene levels in the affected dwellings and that the site is being 
adequately characterized.  

For the reasons noted above, the Department believes that it would be appropriate for the health 
action level to be 32 ug/m3.  Benzene levels below this health guideline are considered to present 
“no apparent public health hazard” based on recent guidance from the federal Agency for Toxic 
Substances and Disease Registry.  However, consistent with the Department’s previous 
preventive recommendations, health monitoring of CBC for all residents in the Tranguch study 
area will continue to be offered as listed on the matrix on Page 8 of this report. 
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Tranguch Cancer Incidence Study for 1985 through 2000 
 
Introduction 
 
The Tranguch Spill Site located along the northern boundary of the City of Hazleton, Luzerne 
County, Pennsylvania, is the result of a gasoline spill that involved a number of closed service 
stations and repair garages1.  It has been estimated by the federal Environmental Protection 
Agency (EPA) that about 50,000 gallons of gasoline leaked from underground storage tanks, 
though larger figures have been described by other sources2,3. Following complaints of odors by 
local residents in the early 1990’s, both state and federal agencies became involved in joint 
projects to monitor and reduce benzene vapors from area homes and businesses. These agencies 
include the Pennsylvania Department of Environmental Protection (DEP), the EPA, Agency for 
Toxic Substances and Disease Registry (ATSDR), and the Pennsylvania Department of Health 
(DOH).  
 
In 2000, the DOH Bureau of Epidemiology (BOE) conducted a descriptive cancer incidence 
study based on census tract of residence. It indicated no elevated rates4.  Based on the need to 
examine the population exposed, the BOE initiated a second cancer incidence study.  It 
specifically addresses the impacted population defined by EPA, and covers the period from 1985 
to 2000. This is described below. 

 
Purpose 
 
This study provides affected residents, the public, government, and agencies with objective 
measures of the cancer experience at the spill site. This report describes both the numbers and 
types of cancer diagnosed in the study population, as well as the rates. These are compared to the 
state experience, as a means of evaluating their significance.  

 
Methods 
 
Study Population 
 
The geographic area defined for these analyses is based on the spill site designated by the EPA, 
shown in PHOTO 1. The site is a mixed residential and commercial area, consisting of 359 
residential properties. The study population is defined as the subset of residents from Hazleton 
and Hazel Township, Luzerne County impacted by the gasoline spill. The area is delineated by 
23rd Street to the north, 17th Street to the south, and bounded on the west and east by Church and 
Hayes Streets, respectively.  Additional streets include Fisher’s Hill Road north of 23rd Street to 
Black Creek, and 17th Street beyond Hayes east to Evans Street.  
 
Population counts were determined by reviewing U.S. Census block-group data5.  A total of 214 
residents had been enumerated for census tract 2171, block-group 1, and 428 residents for census 
tract 2177, block group 1. There were an additional 119 households not defined by U.S. Census 
groupings. In May and June 2001, the PADOH conducted a door-to-door enumeration of these 
119 households 6. This identified 257 residents. A total of 899 residents are included in these 
analyses. Their distribution by age is shown in Table 1. In this report, the area is referred to as 
the study area, study population, Tranguch population, Tranguch, or Spill Site.  
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Study Period 
 
All new cancers diagnosed between 1985 and 2000, among residents of the study area were 
included. These years represent the earliest and latest years data were available. Cancer risks 
were determined for the entire period from 1985 to 2000, and separately for the period from 
1990 to 2000.  The year 1990 was selected since this was about the time that complaints 
dramatically increased about gasoline fumes in homes. In addition, to compare DOH results to 
the findings from the University of Pittsburgh health study required the same period of 
observation7. 
 
Data Sources 
 
Incident (new) cancers were identified from the files of the Pennsylvania Cancer Registry (PCR) 
in the Bureau of Health Statistics.  A pool of cases, most likely to contain all new cancers in the 
Tranguch study area, was created by downloading incidence records from the PCR, with a 
residence code corresponding to Hazleton, or Hazel Township, or zip code 18201. The record 
pool was geo-coded to assign geographic coordinates. All cancers with coordinates 
corresponding to the Tranguch study area were selected.  In addition, any self-reports of cancer 
from area residents, as well as cases reported from other sources were reviewed.  Based on the 
International Classification of Diseases for Oncology, cases were sorted by morphology and 
histology codes into twenty-three sites for the analyses 8. 
 

Calculation of Proportionate Distribution 
 
This was calculated by determining the percentage a particular cancer type represented among all 
diagnosed cancers. For each type, the number of cancers was divided by total cases. The 
frequency distribution in Tranguch is based on the 99 cancer cases that were diagnosed during 
the entire study period, 1985 through 2000.  This is compared to the distribution for 
Pennsylvania, based on 344,421cases for the mid-period 1990 to 1994 only 9 .     

 
Calculation of Risk 
 
The cancer risk was determined by calculating a statistic called the standardized incidence ratio 
[SIR], often referred to as a standardized morbidity ratio [SMR]. Because the term SMR is also 
used in studies where mortality ratios are determined, the term SIR is used in this report to avoid 
possible confusion. The SIR provides a measure of the number of new cases that occurred in the 
study area to the number that would have been expected [SIR = obs. / exp.]10 . Expected cases 
were determined from multiplying the study population by the statewide incidence rate. This is 
calculated for individual age groups. Eighteen five-year groups (0-4, 5-9 … 75-79, 80-84, 85+) 
were used. The number of local residents in an age group was multiplied by the statewide risk or 
incidence rate in the same age group. The sum of these eighteen calculations yielded the total 
number of cancer cases expected in the area.  For each type of cancer, three sets of statewide 
cancer incidence rates were used to more accurately determine the expected numbers of cases 
over time.  These were 5-year average-annual rates for the periods 1985-1989, 1990-1994, and 
1994-19989,11,12. This schedule of rates was used for the corresponding years, 1985 to 1989, 1990 
to 1994, and for the years 1995 to 2000, to calculate the number of cancer cases expected. The 
ratio of the observed cancers to expected cancers can be interpreted as a measure of the incidence 
rate in Tranguch compared to the rate for Pennsylvania 10.  
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Statistical Evaluation 
 
Table 3. shows the SIRS for 23 types of cancer and total cancers, for the entire 16-year period, 
1985 to 2000. Table 4. depicts the same statistic but for the 1990 to 2000 period.  An SIR of one 
(1.00) or near one indicates that the number of new cancers observed is the same as the number 
expected, and suggests the cancer rate is the same as the state.  A ratio greater than 1.00 indicates 
the number of new cases observed is more than the number expected, and suggests the cancer 
rate is greater than the state. A ratio less than 1.00 indicates the number of new cases is fewer 
than expected, and the cancer risk is lower than the state. The ratios are only estimates of the risk 
in Tranguch relative to Pennsylvania.  Though the risk ratio suggests a certain risk, it must be 
evaluated to determine if the ratio is statistically significant.  A ratio is considered significant if 
the 95 percent confidence interval for the ratio does not include 1.00 13.             

 
Results 
 
Proportionate Distributions                                                
 
Table 2.  describes the number of new cancers (incidence) and the proportion of the total for 23 
types.  Study area cases diagnosed between 1985 and 2000 are compared to  
statewide figures during the five-year mid-period, 1990-1994. Proportions are expressed as 
percentages.  All cancers and 23 types are shown.  
 
A total of 99 new cancers were diagnosed among Tranguch residents, between 1985 and 2000.  
During the mid-period, 1990-1994, a total of 344,421 new cancers occurred statewide. The 
percentages are based on these respective totals. The four most common types, colon/rectum, 
lung, breast, and prostate accounted for 55.6 percent of Tranguch study cases, and 55.5 percent 
of the state cases.  Overall, the percentages are similar when the types are compared. With the 
exception of stomach and bladder cancers, differences between the study area and the state are 
two (2) percent or less.  Stomach cancer is 5.1 percent and 1.7 percent of all cancers in Tranguch 
and Pennsylvania, respectively. For bladder cancer the percentages are 8.1 and 4.7 percent. In the 
study population no cases were identified for five types, larynx, melanoma of skin, ovary, 
testicular, and brain and nervous system cancers. 
 
SIRs – Incidence Ratios 
 
Table 3. shows the number of cases diagnosed, the number of new cases expected, and the risk 
ratio, or standardized incidence ratio (SIR) for the sixteen-year period, 1985 - 2000. Twenty-
three (23) types, in addition to All Cancers were examined.   A test of significance was applied to 
each ratio. Several types show a ratio greater than 1.00. These include cervix, bladder, Hodgkin’s 
lymphoma, multiple myeloma, and leukemia. However, these are based on very small numbers 
and/or the ratio is not sufficiently large to reach statistical significance. The exception is stomach 
cancer. Five (5) cases were diagnosed, while only 1.52 were expected, resulting in a ratio of 3.29 
(5 obs. / 1.52 exp. = 3.29).  The risk ratio indicates the cancer incidence rate is 3.29 times greater 
in Tranguch compared to the state rate. Table 4. shows incidence ratios just for the period from 
1990 to 2000.  Again, no cancers showed a statistically significant excess, except stomach 
cancer. The risk ratio or relative risk was 4.00 [4 obs / 1.00 exp. = 4.00].  Though the ratio for 
leukemia in Table 4 is the same as stomach cancer in Table 3, it is not statistically significant.  
Significance is based on the magnitude of the ratio and the number of cases observed.  The ratio 
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for leukemia of 3.28, based on four cases, is not unusual enough to be statistically significant, 
based on four observed cases. 
 
During the total study period, four (4) leukemia cases were diagnosed and 1.70 were expected 
showing an incidence ratio of 2.36 [4 obs. / 1.70 exp. = 2.36]. For the period 1990 to 2000 the 
incidence ratio is 3.28 [4 obs. / 1.22 exp. = 3.28]. 
 
Discussion 
 
Stomach Cancer 
 
This is the only cancer type where the risk was elevated and statistically significant.  Five (5) 
cases were diagnosed while 1.52 expected [SIR = 5 obs. / 1.52 exp. = 3.29], during the period 
from 1985 to 2000.  From 1990 to 2000, the risk ratio was 4.00 [ 4 obs. / 1.00 exp. = 4.00]. 
These elevated risks are not surprising.    
 
Historically, Luzerne County has had some of the highest stomach cancer rates in both 
Pennsylvania and the United States.  Mortality rates published by the National Cancer Institute 
show Luzerne County has had statistically higher rates compared to the state, throughout the 
decades of the 1950’s, 1960’s and 1970’s14.  During the same period Pennsylvania’s death rates 
have been higher than the United States.  Current cancer incidence data again show the county 
has statistically elevated stomach cancer rates compared to Pennsylvania12. 
 
Pennsylvania and Luzerne County follow a pattern seen throughout the world. It  
has long been recognized that geographic areas with coal mining as a major activity show 
elevated stomach cancer incidence and mortality rates. The reasons are complex, but involve the 
following risk factors, diet and nutritional factors, occupational exposure to particulates, and 
chronic infection with the Helicobacter pylori bacterium, as well as other host factors15. Other 
than occupation, there are no environmental pollutants linked to this cancer.  
 
The following is known about other major cancers including, breast, prostate, colon-rectum, and 
lung cancers. 
 
Breast Cancer 
 
This is the leading cancer in Pennsylvania. Between 10,000 and 11,000 new cases are diagnosed 
annually12. It was the most frequently diagnosed cancer in the study area, fifteen cases. The 
proportion of all cancers was essentially the same in the study area and the state, 15.2 and 14.7 
percent, respectively. There is no known ambient or environmental factor shown to cause breast 
cancer.  
Risk is largely determined by a woman’s estrogen levels and the years exposed 16, 17. The more 
years of exposure the larger is the risk.  There are many situations that will result in greater 
exposure. More years between the onset of monthly reproductive cycles and menopause result in 
more ovarian cycles, and more exposure to estrogen. The fewer full-term pregnancies, the risk is 
larger. Normal monthly cycles cease with each pregnancy, and estrogen levels are low during the 
first 24 weeks. Obesity is a risk factor in postmenopausal women, because conversion of other 
hormones to estrogen takes place in fat tissue.  The only environmental chemicals that have been 
considered are some herbicides, pesticides and plant estrogens.  Herbicides and pesticides have 
chemical structures similar to estrogen17. When absorbed, these chemicals are stored in fat, 
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where they are modified into forms with estrogenic activity. However, the estrogenic activity of 
all these chemicals is insignificant compared to a woman’s endogenous estrogens, and do not 
appear to increase risk.    
 
Prostate cancer 
  
This is the most common cancer type in men. Approximately 10,000 new cases are diagnosed 
annually12.  In the study area 15 cases were diagnosed, 15.2 percent of the total, compared to 
13.9 percent for the state. The cause of prostate cancer is not known. Testosterone levels are 
important, and there is a genetic component 18.  Because the PSA (prostate specific antigen) test 
is so sensitive, many very early cancers are being diagnosed as a result of screening, which 
otherwise, might go undetected.  This has resulted in a tremendous rise in the number of very 
early cases over the past ten years19, 20. Physician recommendations and referral patterns can 
have an effect on a community’s screening practices and incidence counts. 
 
Colon-Rectum Cancers 
 
These comprise about 14 percent of total cancers in both the state and in the study population, 
13.6 versus 14.1 percent, respectively. Dietary factors, in addition to hereditary are mostly 
responsible.  Between 1985 and 2000, fourteen (14) cases were observed and 12.62 were 
expected [SIR = 14 obs. / 12.62 exp. = 1.11]. This was not statistically significant.   
 
Lung Cancer  
 
This is a leading cancer in Pennsylvania12.  The number of cases has grown from nearly 8,000 to 
over 10,000 a year from 1985 to 1998 9,11,12. In the study area 11 cases were diagnosed and 13.86 
were expected, suggesting the risk is lower than the state [11 obs. / 13.86 exp. = 0.79].  Lung 
cancer, in addition to mouth, throat, esophageal, larynx, pancreas, kidney and bladder cancers are 
all linked to cigarette smoking21 .The habit accounts for about 90 percent of lung cases, 70 to 80 
percent of mouth and throat cancers, and 70 percent of esophagus cancers in combination with 
alcohol. It also is responsible for 20-25 percent of pancreas and kidney cases, and up to 40 
percent of bladder cancers. Of the 11 lung cases approximately 9 result from tobacco21. Despite 
common belief, there is no direct evidence that air and other pollution sources cause these 
cancers. 
 
Other cancers include bladder cancer and leukemia.   
 
Bladder Cancer 
 
These represent 8.1 percent (8 / 99 = 0.081) of all the cancers diagnosed in the study area. 
Several important risk factors are known.  These include cigarette smoking, occupational 
exposures to industrial dyes, excess use of phenacetin analgesics, and pelvic radiation 22.  

Smoking can be responsible for 40 percent of bladder cancers 21.   
 
Leukemia 
   
Leukemia receives considerable attention when concerns arise about environmental toxins. 
Residents of the spill site experienced four (4) cases. The incidence ratios (SIR) for leukemia are 
2.36 for the entire study period [4 obs. / 1.70 exp. = 2.36], and 3.28 [4 obs. / 1.22 exp. = 3.28], 
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for the period from 1990 to 2000.   Though the ratios are greater than 1.00, they do not reach 
statistical significance.  
 
To further characterize the leukemia cases within the Spill Site, the residence of each of the four 
persons diagnosed with leukemia was plotted on a map of the site.   Case reports and 
epidemiological studies of workers have established a causal relationship between benzene 
inhalation exposure and acute myeloid leukemia (AML).  The location of the underground mines 
and the estimated location of the gasoline plume were overlaid onto this map.  Two of the 
leukemia cases were AML.   These two cases were located close to each other adjacent to the 
originally designated gasoline plume site.   The other two cases of leukemia consisted of one 
chronic myeloid leukemia (CML) and one chronic lymphocytic leukemia (CLL).  The CML case 
was located 3.5 blocks east of the gasoline plume.  The CLL case was located at the very edge of 
the southern border of the designated gasoline spill site. 
 
The causes of most leukemia are not known 23, 24.  Some viruses are involved in the etiology. 
These include the Human T-cell Leukemia Viruses (HTLV-I, HTLV-II), and the Epstein-Barr 
Virus (EBV) 23, 24.  Ionizing radiation (x-rays) is an established risk factor 25. Certain genetic 
syndromes increase lifetime risk. Children with Down’s Syndrome have 10-fold chance of 
developing leukemia 23, 24.  
 
Benzene is an established leukemogenic agent. This is based on numerous studies of benzene-
exposed workers, including chemical manufacturing, petroleum refinery workers, and benzene-
exposed shoe, leather, and rubber workers 26, 27. Particularly strong is the association between 
benzene and acute myeloid leukemia, and precursor lesions including myelodysplasia, and 
aplastic anemia 23, 24.  
 
Studies of occupationally exposed workers have been of great scientific value. While they bring 
focus to the worksite environment, an EPA survey suggests that the workplace may account for 
only 1.0 percent of benzene exposures.   More important sources of benzene are cigarette 
smoking with active and passive smoking responsible for 55 percent of total benzene exposures 
30.  Residential exposures from various consumer products account for 20 percent and 
automobile related exposures account for the remainder30. 
 
Summary 
 
In summary, the types and proportion of cancers seen among residents of the spill site are 
essentially the same as seen for Pennsylvania. The elevation in stomach cancer rates is quite 
striking but not unexpected.  For other types there is no excess risk.  
 
The relationship of leukemia incidence to the environment is not clear.  Little is known about the 
factors responsible for the development of most types of leukemia.  And only in rare 
circumstances can one say with certainty that an occurrence is due to a specific agent. Ionizing 
radiation is a good example.  Large cohort studies of Atomic Bomb survivors and studies of 
excess exposures in the United States have shown extraordinary excess leukemia rates, and have 
made possible the determination of a dose-response curve 31.  
 
Mechanisms for the induction of cancer from benzene exposure are not as clear.  The strength of 
the association, or the ability of benzene to elevate the risk in an exposed population appear to be 
weak compared to the excess risk of lung cancer from cigarettes (20 to 30-fold) 21, or the 



 - 16 - 
  

  

induction of rare cancers like angiosarcoma of the liver from plastic resins (400-fold) 32, 33. 
Demonstrated excess cancer risks from certain environmental exposures, including benzene, 
have consistently come from very high exposure situations, such as industrial work sites 26, 27. 
However, it has not been possible to measure elevated rates in humans at much lower levels34.  
This creates a situation where it is impossible to prove that ambient benzene levels are sufficient 
to cause cancer in the study population 34. Further characterization of environmental and other 
potential factors, for residents of Tranguch diagnosed with certain types of cancer, would be 
useful for evaluating risk.  
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Table 1 
TOTAL TRANGUCH STUDY POPULATION 

Five-Year Age Groups 
 
 

AGE          Block Grp. 2171          Block Grp. 2177          Survey          Totals 
 

00-04 16 9 7 32 
05-09 0 24 9 33 
10-14 15 40 11 66 
15-19 27 32 9 68 
20-24 28 39 15 82 
25-29 10 40 7 57 
30-34 18 9 9 36 
35-39 6 39 15 60 
40-44 15 34 13 62 
45-49 35 9 9 53 
50-54 22 19 20 61 
55-59 0 44 20 64  
60-64 4 44 35 83  
65-69 6 17 24 47 
70-74 7 22 33 62 
75-79 5 7 15 27 
80-84 0 0 4 4 
85+ 0 0 2 2 
 
Totals                 214                              428                        257              899 
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Table 2 
Distribution of Cancers by Type for the Tranguch Study Area 1 and Pennsylvania 2 

 
Cancer                         Tranguch                                    Pennsylvania                               
 Type                  Percent       Cases                           Percent      Cases 
                                                                                 %                          N                                                           %                      N_______                                                                       

ALL CANCERS                             100.0 99                         100.0 344,421 
 
Mouth/Pharynx 1.0 1 1.8 6,214 
 
Esophagus 1.0 1 1.0 3,293 
 
Stomach 5.1 5 1.7 5,910 
 
Pancreas 2.0 2 1.9 6,363 
 
Colon/rectum 14.1 14 13.6 46,942 
 
Larynx 0.0 0 1.1 3,836 
 
Lung 11.1 11 13.2 45,525 
 
Melanoma -Skin 0.0 0 1.7 5,919 
 
Female Breast 15.2 15 14.7 50,796 
 
Corpus Uterine 2.0 2 3.0 10,176 
 
Cervix 2.0 2 0.9 3,226 
 
Ovary 0.0 0 1.7 5,874 
 
Prostate 15.2 15 13.9 47,899 
 
Testicular 0.0 0 0.5 1,566 
 
Kidney 2.0 2 2.1 7,092 
 
Bladder 8.1 8 4.7 16,029 
 
Brain/Nervous System 0.0 0 1.2 4,077 
 
Thyroid 1.0 1 0.8 2,843 
 
Hodgkin’s Lymphoma 1.0 1 0.6 1,899 
 
Non-Hodgkin’s Lymphomas 4.0 4 3.1 10,714 
 
Multiple Myeloma 2.0 2 0.9 3,102 
 
Leukemias 4.0 4 2.0 6,786 
1 Based on 1985 to 2000 incidence  
2 Based on 1990-1994 incidence. 
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Table 3 
Cancer Cases Observed and Expected, and Standardized Incidence Ratios 

Tranguch Study Population, Luzerne County, Pennsylvania 1985-2000 
 

CANCER                                   Cases       Cases     Incidence Ratio 
             Observed                    Expected  (Observed/Expected) 
All Cancers 99 90.50 1.09 
 
Mouth 1 1.98 0.51 
 
Esophagus 1 0.97 1.03 
 
Stomach 5 1.52 3.29** 
 
Pancreas 2 1.67 1.20 
 
Colon 11 8.78 1.25 
 
Rectum 3 3.84 0.78 
 
Larynx 0 1.23 0 
 
Lung 11 13.86 0.79 
 
Melanoma 0 1.88 0 
 
Breast 15 14.30 1.05 
 
Uterus 2 3.04 0.66 
 
Cervix 2 0.85 2.34 
 
Ovary 0 1.67 0 
 
Prostate 15 12.08 1.24 
 
Testicular 0 0.32 0 
 
Kidney 2 2.09 0.96  
 
Bladder 8 4.29 1.86 
 
Brain/Nervous 0 1.13 0 
 
Thyroid 1 0.80 1.25 
 
Hodgkin’s Lymphoma 1 0.49 2.05 
 
Non-Hodgkin’s Lymphomas 4 2.99 1.34 
 
Multiple Myeloma 2 0.87 2.30 
 
Leukemia 4 1.70 2.36 
** statistically significant. 
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Table 4 
Cancer Cases Observed and Expected, and Standardized Incidence Ratios 

Tranguch Study Population, Luzerne County, Pennsylvania 1990-2000 
CANCER                                   Cases       Cases     Incidence Ratio 
             Observed                    Expected  (Observed/Expected) 
 
All Cancers 69 64.06 1.08 
 
Mouth 0 1.34 0 
 
Esophagus 0 0.68 0 
 
Stomach 4 1.00 4.00** 
 
Pancreas 1 1.15 1.15 
 
Colon 5 5.86 0.85 
 
Rectum 0 2.58 0 
 
Larynx 0 0.81 0 
 
Lung 7 9.67 0.72 
 
Melanoma 0 1.40 0 
 
Breast 14 10.11 1.39 
 
Uterus 1 2.12 0.47 
 
Cervix 1 0.57 1.75 
 
Ovary 0 1.18 0 
 
Prostate 14 9.79 1.43 
 
Testicular 0 0.22 0 
 
Kidney 2 1.51 1.32 
 
Bladder 5 3.01 1.66 
 
Brain/Nervous 0 0.77 0 
 
Thyroid 1 0.61 1.64 
 
Hodgkin’s Lymphoma 1 0.34 2.94 
 
Non-Hodgkin’s Lymphomas 2 2.18 0.92 
 
Multiple Myeloma 1 0.63 1.59 
 
Leukemia 4 1.22 3.28 
** statistically significant. 
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DOH Review of the University of Pittsburgh Tranguch Health Study 

 
Description 
 
1. The University of Pittsburgh Health Study of Hazle Township was conducted to assess the 

cancer risk in the population by comparing observed cases to the numbers that would be 
expected using standardized incidence ratios or morbidity ratios (SMR). 

 
2. The University of Pittsburgh (U.of Pitt.) study differs from the DOH study, as follows: 
 
      a)The U. of Pitt. study  population included only those persons in the designated spill area 
         who had resided in Hazle Township. The DOH study included the entire Tranguch Spill  
         site. 

      
      b) The U. of Pitt study included an eleven year period, 1990 to 2000, while the DOH  
          examined two periods, 1990-2000, and 1985 to 2000. 

 
c) The U. of Pitt study was based on individuals who had ever lived in the area rather than  
      the  population defined by the U.S. Census. The DOH study was based on the population  

           defined  by the U.S. Census and its’ house to house enumeration of the population. 
 

d)  The Pittsburgh study used  “years of exposure” into the calculations of risk, based on 
      the numbers of residents, as well as how long they lived in the study area. 
 
e)   The Pittsburgh study identification of cancer cases was obtained through  the 

population’s  self reporting through a questionnaire. 
  
f) Two sets of analyses were performed utilizing 1) statewide incidence rates, and 2)  
      Luzerne County rates for the comparison populations. The DOH used all of  
      Pennsylvania for the comparison population. 

 
g) The University ascertained other information as well; socio-demographic information,  
      personal habits, occupation, other medical conditions and resident’s symptoms, in  
      addition to self reported cancers. 

  
3. A total of 207 individuals representing 84 households participated. From these, a  
      total of 20 new reportable cancer cases were identified.      
 
4. Half  (10) of all reported cancers were either breast (4) or prostate (6) cancer. 
 
5. Using statewide rates as the reference, there was no statistically significant elevation in  

            the total cancer rate. There were statistically significant elevations for leukemia, prostate,  
            and stomach cancers. Using Luzerne County as the reference, statistically significant    
            excesses were found for prostate cancer and leukemia.   

 
6. The University identified three leukemias, of which two were acute myeloblastic types, the 

form most frequently associated with benzene exposure. The DOH study identified a fourth 
case, however, the number of acute myeloblastic leukemias remained the same.  
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7. The Pittsburgh investigators recommended systematic surveillance and screening of 
      Hazle Township residents to include; 
 
 a)  Screening for biomarkers of blood disease susceptibility – chromosome    
      aberrations. 
 

b) Screening for evidence of human benzene exposures  - chemical by-products    
     including DNA changes. 
 
c) Surveillance in the population for blood related malignancies and precursor  
     disease. 
 

 
Comments on the University of Pittsburgh Health Study 
 
1.  The study was well conceived. However, as explained by the authors it is  
      limited by the small numbers of cancers observed, resulting in instability of  the morbidity    
      ratios (risk ratios). 
 
2.  The study addressed Hazle Township only, preventing conclusions to be made for the whole  
     population.  
 
3.   Leukemia like other cancers has a relatively long incubation period  (5-15 years).  As pointed  
      out by the authors, the period of observation, 1990-2000, may be too short if the development  
      of leukemia in the community is causally linked to the benzene exposure. The department  
      agrees with the authors. 
 
4. The authors state that the current benzene levels may not be representative of the cumulative  
       benzene exposure, but also acknowledge that the probability of risk of serious health effects  
       from these household exposures should be minimal. The department agrees with the authors. 
 
5.   Indications for specific biochemical and chromosome tests to identify persons potentially 
      at risk were not clear and not discussed by the authors.  
 
6. The authors did not speak to factors that might be associated with the cancers in the  
      community.  Information, including family history of cancer, other diseases and smoking  
      could be helpful for understanding some occurrences.       
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         Pennsylvania Department of Health Recommendations and Actions 
 
 
Health Surveillance and Monitoring 
 

1. DOH will continue public health cancer surveillance to more precisely determine the cancer  
    risk in the community utilizing the Pennsylvania Cancer Registry. 

 
      2.  DOH could conduct surveillance of pre-malignant disease including myelodysplasias and  

     anemias. A voluntary community-based database could be established through the area’s  
     primary care physicians, specialists, and local hospitals. A local physician has expressed  

interest in such a database and will be contacted by the department. 
 
3.  DOH  recommended primary screenings for hematological disorders be continued.  
     Utilizing the existing CBC screening program, the Department will continue to offer blood  
     screenings for residents of those home with currently elevated levels,  as described on     page 
7. 

 
Risk Assessment 

 
4.  EPA and DEP should provide ongoing environmental monitoring of homes for benzene and  
     the other b-tex chemicals as described on page 7. 
 
5.  DOH will determine which risk factors may be associated with the incidence of leukemia,  
     hematological conditions, and other cancers.  Databases have already been created by EPA,   
     ATSDR, as well as the Department that contain information on environmental measurements,  
     smoking and other lifestyle factors, occupation and other medical conditions.  The use of  
     these data will be explored, and if necessary additional information will be collected. 

 
Health Education 

 
6.  DOH will partner with community based mental health agencies to address community stress 
issues. 
 
7.  DOH will continue to provide health education on risk factors.  

 
Scientific Development 

 
8.  DOH will consider the value of new technologies for disease screening and as a  means of  
     environmental surveillance.  The expanding development of biomedical technologies   
     to identify disease markers and processes presents a challenge for  
     public health agencies. Identification of possible tests will be reviewed for their value as a  
     screening test or environmental surveillance tool. This will occur in collaboration with  
     schools of public health and other appropriate experts. 
 
9.  DOH will consider establishing an advisory committee to provide technical and public health  
     expertise on  environmental epidemiology.  The academic, industry and public health capacity   
     in the state is sufficient to attract highly qualified and motivated individuals.     
  


