
CONRAIL RAIL YARD 
ELKHART, ELKHART COUNTY, INDIANA 

EPA FACILITY ID: IND000715490 
AUGUST 11, 2005 



THE ATSDR PUBLIC HEALTH ASSESSMENT: A NOTE OF EXPLANATION 


This Public Health Assessment was prepared by ATSDR pursuant to the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA or Superfund) section 104 (i)(6) (42 U.S.C. 9604 (i)(6)), and in accordance with our implementing regulations 
(42 C.F.R. Part 90). In preparing this document, ATSDR has collected relevant health data, environmental data, and community health 
concerns from the Environmental Protection Agency (EPA), state and local health and environmental agencies, the community, and 
potentially responsible parties, where appropriate. 

In addition, this document has previously been provided to EPA and the affected states in an initial release, as required by CERCLA 
section 104 (i)(6)(H) for their information and review.   The revised document was released for a 30-day public comment period. 
Subsequent to the public comment period, ATSDR addressed all public comments and revised or appended the document as appropriate.   
The public health assessment has now been reissued.   This concludes the public health assessment process for this site, unless additional 
information is obtained by ATSDR which, in the agency’s opinion, indicates a need to revise or append the conclusions previously 
issued. 

Agency for Toxic Substances & Disease Registry.................................................... Julie L. Gerberding, M.D., M.P.H., Administrator 
Thomas Sinks, Ph.D., M.S., Acting Director 

Division of Health Assessment and Consultation…. ..................................................................... William Cibulas, Jr., Ph.D., Director 
Sharon Williams-Fleetwood, Ph.D., Deputy Director 

Health Promotion and Community Involvement Branch ................................................ Lisa Calhoun Hayes, P.E., DEE, Acting Chief 


Exposure Investigations and Consultation Branch...................................................................................Susan M. Moore, Ph.D., Chief 


Federal Facilities Assessment Branch ........................................................................................................ Sandra G. Isaacs, B.S., Chief


Superfund and Program Assessment Branch ........................................................................................Richard E. Gillig, M.C.P., Chief 


Use of trade names is for identification only and does not constitute endorsement by the Public Health Service or the U.S. Department of 
Health and Human Services. 

Additional copies of this report are available from: 

National Technical Information Service, Springfield, Virginia 


(703) 605-6000


You May Contact ATSDR TOLL FREE at 

1-888-42ATSDR


or 

Visit our Home Page at: http://www.atsdr.cdc.gov




Conrail Rail Yard Final Release 

PUBLIC HEALTH ASSESSMENT 

CONRAIL RAIL YARD 
ELKHART, ELKHART COUNTY, INDIANA 

EPA FACILITY ID: IND000715490 

Prepared by: 

The Agency for Toxic Substances and Disease Registry 
U.S. Department of Health and Human Services 

Atlanta, Georgia 



Table of Contents 

Summary.................................................................................................................1 

Background and Statement of Issues ...................................................................4 
Purpose........................................................................................................4 
Public Health Involvement........................................................................4 
Site Description and History .....................................................................6 
Environmental Data.................................................................................17 

Discussion..............................................................................................................40 
Exposure Pathways ..................................................................................41 
Magnitude of Exposure ...........................................................................43 
Health Implications of Exposure ............................................................46 
Health Issues.............................................................................................64 

Child Health Considerations...............................................................................75 

Conclusions...........................................................................................................76 

Recommendations ................................................................................................78 

Public Health Action Plan ...................................................................................78 

Authors and Reviewers........................................................................................80 

Certification..........................................................................................................81 

References.............................................................................................................82 

Appendices............................................................................................................89 
1. Conrail Rail Yard Action Plan Developed with Community 

Members in 2000 .....................................................................................90 
2. Compact Disk and Flyer with Site History.......................................91 
3. County and Township Demographics...............................................82 
4. Community Survey and Summary of Findings................................97 
5. Environmental Protection Agency Superfund Process .................103 
6. Toxicology Information for Polychlorinated Biphenyls and 
Polycyclic Aromatic Hydrocarbons ....................................................105 
7. Exploratory Analysis of Indiana Birth Certificates 1990–1999 

 for Birth Defects in the Vicinity of the Conrail Superfund Site 

(Zip Codes 46516 and 46561) ...............................................................114 
8. Review of Indiana Cancer Registry Data (1990–1999)..................118 
9. Review of Indiana Cancer Mortality Data (1992–2001)................121 
10. Public Comments and Responses to Comments ...........................125 



Summary 

At the request of community members and to update the 1989 preliminary public health 
assessment, the Agency for Toxic Substances and Disease Registry (ATSDR) conducted public 
health assessment activities at the Conrail Rail Yard Superfund site in Elkhart, Indiana.  No one 
is known to currently be exposed to contaminants from the site at levels that would harm them. 
Although most people in the area are using or soon will be using a safe public water supply, 
ATSDR learned that more private wells are in use than previously thought. The exact number of 
private wells still in use is not known. People who are not using the public water supply may still 
be at risk of exposure, but unless that water is tested, exposure status cannot be evaluated.  
People are no longer exposed to harmful levels of contaminants that were entering their home as 
vapors from the groundwater because homes and buildings shown to have elevated carbon 
tetrachloride levels in indoor air had vapor mitigation systems installed.  New buildings in the 
affected area are required to have these systems. Elkhart County Health Department and the 
Agency for Toxic Substances and Disease Registry (ATSDR) are working with building 
inspectors to ensure the restriction is understood and enforced. 

People can avoid exposure to harmful levels of contaminants that might remain in the 
groundwater for several decades by always using a safe water supply for drinking, bathing, 
cooking, and other household purposes. A safe, municipal water supply is available for affected 
neighborhoods near the Conrail site.  Strict enforcement of deed restrictions to prevent new well 
drilling in the contaminated groundwater and availability of affordable, safe water will help 
people avoid exposure. Most people are now using safe water.  We know, however, that people 
were exposed to a wide range of levels of trichloroethylene and carbon tetrachloride in their 
drinking water in the past. Some people were exposed to very high levels of contaminants in 
their drinking water in the past, while others were exposed to very little or no contamination in 
their water. 

We reviewed private well data for 598 homes and businesses. We do not have well water data for 
every home and business in the area; consequently, our estimation of the number of people who 
came in contact with contaminants from Conrail is likely an underestimate. Of the 598 wells 
sampled, 258 (43%) contained contamination.  If, on average, four people lived in homes or 
worked every day in one of the businesses served by a contaminated well, then 1,032 people 
contacted the contamination from Conrail every day.   

Of those people, about 32 were exposed to trichloroethylene at over 300 parts per billion and 
about 24 were exposed to carbon tetrachloride at levels over 3,000 parts per billion.  Exposures 
to those levels could have resulted in serious health effects, including birth defects and cancer.  
Approximately 88 people were exposed to levels of trichloroethylene between 100 and 300 parts 
per billion, and about 128 people were exposed to carbon tetrachloride between 100 and 3,000 
parts per billion. Although those people were at less risk of developing health effects than those 
exposed to higher levels, they were still at risk of developing health effects.  Studies are not 
available, especially for carbon tetrachloride exposure, to determine whether health effects might 
occur at levels between 30 and 100 parts per billion.  Of the people exposed, 192 were exposed 
to trichloroethylene at those levels, and 44 people were exposed to carbon tetrachloride at levels 
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between 30 and 100 parts per billion in their drinking water. Exposure to trichloroethylene and 
carbon tetrachloride at levels below 5 parts per billion are not expected to cause any harmful 
effects. Of those exposed to trichloroethylene, 520 were exposed to levels below 5 parts per 
billion, and 348 people were exposed to carbon tetrachloride at levels below 5 parts per billion. 

About 608 people were exposed to both trichloroethylene and carbon tetrachloride found in 
water from 152 wells. Some wells contained higher levels of one contaminant or the other.  
Some health effects associated with carbon tetrachloride might occur at lower levels of exposure 
when people are also exposed to trichloroethylene.  We do not know at what levels of 
trichloroethylene and carbon tetrachloride the risk of health effects becomes greater. We do 
know that people exposed to both chemicals at less than 5 parts per billion are not likely to have 
adverse health effects as a result of their exposure. About 260 people were exposed to both 
trichloroethylene and carbon tetrachloride at levels below 5 parts per billion. 

We reviewed indoor air data for 35 homes and businesses. Of the 35 indoor air samples 
collected, 12 buildings contained carbon tetrachloride in the indoor air. Again, if four people 
were present each day in the buildings that contained carbon tetrachloride in indoor air, 48 
people breathed the contaminant that was present in the areas where they lived and worked.  Of 
those 48 people, at least 44 had contamination in their well water, too.  The indoor air sample 
results suggest that contamination from vapor intrusion into indoor air contributed little to the 
overall exposure of people also exposed to well water contamination.  However, the indoor air 
exposure is undesirable and can be eliminated by maintaining vapor mitigation systems. The 
Elkhart County Health Department and ATSDR will work with building inspectors to stress the 
importance of enforcing the code requiring new buildings to be equipped with vapor mitigation 
systems to prevent exposure to contaminants through vapor intrusion.  For those people who 
have not had a vapor intrusion problem, the likelihood of a problem developing is small.  
However, conditions might change, such as installation of new underground utilities, which 
could put them at greater risk of exposure.  Long-term monitoring is planned that should help 
identify any changes that might affect area homes and business.  If changes are noted, then 
ATSDR is recommending that Conrail immediately take actions to ensure no one is exposed.   

Community members asked us to investigate whether health effects they were experiencing 
could be linked to their exposure.  Health effects that were of concern included birth defects, 
cancer, fibromyalgia, heart disease, kidney disease, liver disease, and polyneuropathy.  We 
cannot tell any individual whether his or her condition was caused from exposure to 
contaminants from Conrail because many other factors can play a role in illnesses that people 
develop. We can, however, tell people what effects have been found in epidemiologic and 
toxicologic studies in both humans and animals exposed to trichloroethylene and carbon 
tetrachloride. 

Human studies have suggested that trichloroethylene and carbon tetrachloride might affect the 
fetus when the mothers are exposed to these chemicals during pregnancy. More exposure-
specific studies are needed to better understand those findings.  Studies also link 
trichloroethylene exposure to possible increased risks of developing cancer, primarily lymphoma 
and leukemia.  No studies were found where people developed cancer following exposure to 
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carbon tetrachloride, but mice and rats developed liver cancer when exposed to higher levels 
than those found in the Conrail area. 

Preliminary evaluation of birth certificate data and cancer mortality data suggest that elevations 
of certain effects were found. A review of cancer incidence reports for 1990 through 1999 did 
not show elevated rates. We were not able to determine whether the adverse birth outcome and 
cancer mortality effects occurred more often in people exposed to the site-related contamination 
because the data were not available in a format that allowed us to look at the people exposed to 
contamination versus those who were not.  

Exposure to trichloroethylene and carbon tetrachloride can damage the liver.  Carbon 
tetrachloride can also affect the kidney. If the damage is not too severe, both the liver and the 
kidney can repair much of the damage when exposure stops.  A specific heart condition— 
arrhythmias—has been associated with exposure to high levels of trichloroethylene and carbon 
tetrachloride. No one knows what causes fibromyalgia, but exposure to toxic chemicals has not 
been ruled out as a possible cause. Neither trichloroethylene nor carbon tetrachloride exposure 
has been associated with polyneuropathy. 
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Background and Statement of Issues  

Purpose 

In August 2000, the Agency for Toxic Substances and Disease Registry (ATSDR) received a 
letter from the Citizens League for Environmental Action Now (CLEAN), a citizens’ group 
representing people affected by the Conrail Rail Yard Superfund site.  The letter included 
background information about previous interaction with ATSDR and stated that new 
circumstances warranted further ATSDR involvement.  CLEAN’s letter described concerns 
about rising pollution and about trichloroethylene (TCE) and carbon tetrachloride (CCl4) vapors 
found in homes.  CLEAN shared with ATSDR how this new discovery led to more health 
concerns. CLEAN asked ATSDR to determine who and how many people have been affected 
and what diseases are now more prevalent or dangerous to health. 

On November 15, 2000, ATSDR, the Indiana State Department of Health (ISDH), Elkhart 
County Health Department, and St. Joseph County Health Department officials met with 
CLEAN representatives to develop an action plan to address concerns.  As part of that action 
plan, ATSDR committed to conducting a thorough public health assessment of the site. This 
public health assessment documents community  
concerns and addresses as many of those  
concerns as possible. This document also  
serves to update the 1989 preliminary public  
health assessment. 

Public Health Involvement 
Elkhart County Health Department has a long  
history of involvement with the Conrail Rail  
Yard site and with the people affected by the  
site. Elkhart County Health Department began  
investigating reported spills and community  
complaints at the Conrail site in 1976.  Before 
that, the Indiana State Pollution Control Board  
had investigated spills. When Elkhart County 
Health Department tested the water of a  
resident who was complaining about the taste,  
they found TCE and CCl4 in the water.  The 
county requested Environmental Protection  
Agency (EPA) assistance immediately.   

water. 

;

y action plan. 

Public Health Involvement Highlights 

1976 Elkhart County Health 
Department began investigating 
complaints about Conrail. 

1986 Elkhart County Health 
Department finds  
contamination in private well 
water. Environmental 
Protection Agency starts 
providing alternative drinking 

1988 ISDH and ATSDR begin
 an Interim Public Health 
 Assessment identifying site-
related exposure in 
neighborhoods  236 area residents 
were added to ATSDR’s newly 
formed TCE National Exposure 
Registry. 

2000 Federal, state, and local health 
agencies start work on the 
communit

Elkhart County Health Department continued to respond to residents’ concerns about their health 
and their exposure to site-related contamination.  As the EPA site investigation continued and 
people in St. Joseph County were identified as also being affected by the site, residents were 
asking St. Joseph County Health Department questions about their exposure and health. 
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In 1988, EPA proposed to include the Conrail Rail Yard site on the National Priorities List.  
ISDH, through a cooperative agreement with ATSDR, began the public health assessment 
process to evaluate exposures at the site. With documentation that people in the County Road 1 
area had been exposed to TCE in their drinking water, ATSDR included 236 residents on the 
newly formed the TCE Subregistry of the National Exposure Registry, one of four active, on
going health tracking programs for people exposed to the hazardous substances: benzene; dioxin; 
trichloroethane; and TCE. ATSDR reports on the TCE Subregistry of the National Exposure 
Registry are available for review at the Elkhart Public Library in Elkhart.  Copies can also be 
obtained by calling 1-888-422-8737 and asking for the Exposure Registry Branch Chief of the 
Division of Health Studies. 

In 2000, ATSDR received a request from CLEAN to provide more health status information to 
the community.  ATSDR, ISDH, and Elkhart County Health Department officials met with 
CLEAN representatives. The group developed an action plan to address concerns.  The action 
plan is presented in Appendix 1. 

CLEAN, with help from Elkhart County Health Department and support of St. Joseph County 
Health Department, developed a questionnaire and surveyed interested community members in 
2001. The community wanted to provide ATSDR with information about their health concerns 
that had not been addressed and with their well water status to determine if health effects might 
be associated with water use. More than 7601 residents participated. ISDH and ATSDR 
received those questionnaires, which captured a number of community concerns.  ATSDR 
provided a summary of the results of the questionnaire that was printed in a CLEAN newsletter. 
ATSDR is using results from the questionnaire to help guide information included in this 
document.  That information is presented in the Health Issues section, which includes a 
discussion of various health conditions and health risk information derived from health data 
analyses. 

Because of the preliminary health education efforts completed under the original site action plan, 
the health agencies recognized that more needed to be done at the local level.  ISDH then 
coordinated a needs assessment with area residents and local health professionals to determine 
the kinds of information needed and how to provide that information. Elkhart County Health 
Department and St. Joseph County Health Department were eligible to receive money from the 
National Association of County and City Health Officials (NACCHO) to conduct activities to 
address the community’s need for more information about the site and to develop materials for 
new residents to learn about the site and the contamination.  The fact sheet, CD-ROM, and report 
that Elkhart County Health Department generated with NACCHO funding are in Appendix 2. 

In 2001, ATSDR promised the community that a public health assessment would be completed 
for the Conrail Rail Yard site and that the document would include as much information as 
possible to help answer their questions.  This public health assessment is comprehensive and 
includes data collected since the release of the 1989 preliminary public health assessment. The 

1 A Community Assessment of the Environmental Health Education Needs of the Community (Appendix 2) cites 751 
returned questionnaires.  Additional questionnaires were submitted later, and those that ATSDR received before 
summarizing the data were included. 
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1989 preliminary public health assessment said the site was of public health concern because of 
exposure to levels of contaminants that might cause adverse health effects.  Only limited 
environmental data were available at the time that document was written.  It was also written at a 
time when ATSDR did not work as closely with communities to be sure their concerns were 
addressed. This public health assessment was available for public comment from July through 
August 30, 2004. Community members were asked to further participate in the public health 
assessment process by commenting on this document, by correcting any errors, and by adding 
any missing information about the site that is important to our evaluation. Written comments are 
addressed in Attachment 1 of this document.  Names of individuals submitting the comments are 
not identified to safeguard privacy.  Comments received on behalf of the settling parties were 
identified as such. 

On the morning of August 3, 2004, ATSDR met with Elkhart County Health Department 
officials, Elkhart City Officials, St. Joseph County Health Department officials, Elkhart water 
company representatives. ATSDR presented the public health assessment findings and answered 
questions. ATSDR then conducted public availability sessions and a public meeting on the 
evening of August 3, 2004. Elkhart County Health Department assisted us with logistics for all 
meetings.  ATSDR presented the public health assessment findings, and EPA presented an 
update on site clean up. Elkhart County Health Department, St. Joseph County Health 
Department, and EPA helped answer many questions at the public meeting.  More information 
gathered during all meetings and public availability sessions is presented in Attachment 1, 
Response to Public Comments.    

Site Description and History 

Conrail Rail Yard is a 675-acre facility with local administrative offices at 2600 West Lusher 
Avenue. The site is about 1 mile southwest of Elkhart, Indiana.  U.S. Route 33 is on the north 
side of the site. Nappanee Street runs along the east side.  Mishawaka Road is on the south side 
of the site, and State Route 219 borders the west side (Figure 1).  The rail yard began operating 
in 1956. Freight cars carrying a wide variety of materials are classified at the site and are 
switched to tracks leading to their destinations.  It is the primary connection between the 
Chicago, Illinois, area and Norfolk Southern’s northeastern rail system (URS 2000).  It is the 
second largest classification yard in the country. The yard has 72 classification tracks.  Each day, 
about 74 trains are processed. Rail cars are repaired and engines are cleaned at the facility.  A 
diesel refueling station is a prominent feature of the site.  The fuel tanks are visible from U.S. 
Route 33. 

Although complaints about spills from the rail yard might have started earlier, the first 
documented complaints began in 1962.  Most complaints were about oil spills polluting the St. 
Joseph River or Crawford Ditch. Over the years, Elkhart County Health Department and Indiana 
State Board of Health investigators also found evidence at the facility of a caustic soda solution 
leak, a hydrochloric acid spill, a grain alcohol spill, a hydrofluoric gas leak, and diesel fuel spills.  
In 1978, Elkhart County Health Department found that the facility was using an unlicensed waste 
hauler. Then, in 1986, Elkhart County Health Department received information from a 
confidential source that waste, including track cleaner, had been buried on the site.  The 
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confidential source also stated that the drinking water had tasted bad for 10 years.  St. Joseph 
County Health Department also received a report that engines and other equipment had been 
degreased at the site and that the waste had not been contained (e&e 1989). 

The Elkhart County Health Department tested the Conrail facility drinking water in 1986.  
Although small amounts of toluene and xylenes were found in the water, the levels were below 
those found to cause harm. Then, when a resident of the County Road 1 area complained about 
the bad taste of his well water, Elkhart County Health Department found levels of TCE and CCl4 
in the water that were much higher than the maximum contaminant levels allowed in public 
water supplies. Elkhart County Health Department immediately requested that EPA confirm 
their findings and provide help. In June 1986, EPA collected and analyzed water from two 
private wells. One of those wells contained 800 parts per billion (ppb) of TCE and 485 ppb of 
CCl4. The other well contained 75.6 ppb TCE and 26.5 ppb CCl4. The Maximum Contaminant 
Levels2 (MCLs) for both of those compounds was 5 ppb.  EPA started an emergency action that 
included testing more private wells in the area and providing safe water for those whose wells 
were contaminated.  Limited data are available for 598 private wells in the area affected by the 
site. Well water samples were collected from areas designated as the County Road 1 area, the 
Vistula Avenue area, and the Charles Avenue area.  Data are reported primarily for TCE and 
CCl4 for those wells. From the LaRue Street area, data include information on TCE, CCl4, 
trichloroethane, dichloroethane, and dichloroethylene (e&e 1989). Details are discussed in the 
Environmental Data section. 

•	 EPA’s investigations of the site contamination showed that contaminated groundwater 
extends into two specific areas. The contaminated area northwest of the site includes 
the County Road 1 area, the Vistula Avenue area, and the Charles Avenue area.  The 
contaminated area north of the site is called the LaRue Street area (Figure 2).  The 
contamination affects people living in part of Baugo Township in Elkhart County and a 
small part of Penn Township in St. Joseph County (Figure 3). 

2 The maximum contaminant level is the amount of a contaminant that is allowed in a public water supply. 
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Census information is readily available for people living in Baugo Township and in Penn 
Township, but those areas include many more people than were actually exposed to 
contaminants from the site. A summary of the population data is in Appendix 3. Some 
relevant information about residents of the two townships includes the following facts: 

•	 Most people in both townships are white, although the African American and Hispanic 
populations are increasing.  The fact that most people who were exposed to 
contamination were white is important because that helps guide us on appropriate 
comparison populations when conducting health outcome data evaluations. 

•	 Since 1970, the older population, people 65 years and older, has increased in number 
and in percentage of the population for both townships.  The median age of residents 
has also increased. These facts support what the community has told us about the 
area’s stability and that people have remained in the area over time.  

•	 Both townships have about the same percentage of children younger than 5 years, 
although the percentage of children in this age group has decreased over the last 30 
years. This, again, might indicate that the population has remained fairly stable over 
the years when contamination was found in private well water as supported by 
information from community members. 

•	 A smaller percentage of women of childbearing age live in Penn Township as 
compared to Baugo Township. If a mother used contaminated water during her 
pregnancy, then we would want to know whether the child had any birth defects or 
problems that might have occurred. 

•	 Over 75% of the people 25 years and older in both townships have a minimum of a 
high school education. This suggests that the majority of people living in these 
communities are able to understand the implications of their exposure and how to avoid 
exposure. 

•	 The average number of persons living in a household in 1970 was about 3.5 in Baugo 
Township and about 3.1 in Penn Township.  Because those were the years that 
exposure most likely occurred, and more of the exposed population lived in Baugo 
Township, we used 4 people per household in estimating our exposed population. The 
number of people per household dropped to about 2.7 in 2000 for Baugo Township and 
to about 2.5 in Penn Township. The numbers suggest that the population in the area 
was following state trends. The overall state trend for the number of people per 
household declined from 3.2 people in 1970 to 2.6 people in 2000. 

Members of the ATSDR public health assessment team have visited the area three times.  The 
latest visit was in October 2003. Elkhart County Health Department took ATSDR and ISDH 
representatives on a tour of the affected neighborhoods.  The tour helped confirm much of the 
information gathered from the census data.  Most homes were moderate in size and well-kept.  A 
few large homes were along the riverfront.  Some small homes needed repair. Unkempt homes 
sometimes suggest the home is owned by an absentee landlord who might not provide tenants 
with private well water information.  If the homes are rented, then new occupants are less likely 
to get important information on avoiding exposure.  Financially stressed people might cut 
expenses by using unsafe well water to avoid costs of using a public water supply. Extension of 
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public water lines has stimulated developers to build within the contaminated area, thereby using 
land once used for agriculture (Community Assessment 2002). 

We saw affected businesses along U.S. Route 33 and the large diesel fuel tanks on the Conrail 
property. We looked at Ferrethie/Baugo Creek County Park off Ash Road where some 
investigation has been conducted in response to a report that the area might have been used as a 
dump.  To the east of Ash Road, we saw Osceola Drag Strip where CCl4 has been found in soil 
gas as high as 4,700 parts per billion by volume (ppbv). The high levels of CCl4 were found 
northwest of an old airplane hanger.  As we toured areas west of Ash Road where CCl4 and 
lesser amounts of TCE were found in indoor air, the terrain suggested that the CCl4 at the drag 
strip could be contributing to the indoor air problem.  Because of that, EPA and Conrail are 
addressing the drag strip contamination in their remedial action plan. 

We saw many of the vapor extraction systems that had been placed in homes where CCl4 vapors 
had been measured in indoor air at levels above 3.0 ppbv. Because of the vapor intrusion 
problems, Elkhart County now requires all new construction in the area to include vapor 
extraction systems.  However, Elkhart County Health Department has learned that building 
inspectors need more information on the importance of enforcing the new plat restriction.  We 
toured a new residential development.  We saw no evidence that vapor mitigation systems were 
built into the homes. The homes reportedly do not have the systems that are required by the new 
building restriction, and we do not know if construction plans called for the systems.  If the 
required vapor extraction systems were installed, the possibility of exposure to harmful levels of 
vapors entering the home from the groundwater plume would be eliminated. This issue was a 
concern at both the meeting with local officials and at the public meeting. ATSDR stressed that 
enforcement of the restriction was a sound and prudent public health practice.  ATSDR also 
stressed to community members the usefulness of having a system installed in their homes and 
businesses if they were over the groundwater plume. 

When we saw the homes in Elkhart County that were along the St. Joseph River, we could see 
that the terrain was higher. That might be a reason why vapors have not been detected in those 
homes.  On the other hand, new construction, especially of underground utility lines, could put 
homes and businesses currently unaffected by underground vapors at risk. 

We toured the LaRue Street area that has been affected by Conrail and possibly other sources of 
contamination.  The levels of contaminants found there have not been as high as the contaminant 
levels found in the County Road 1 area, but EPA found the levels were high enough to warrant 
providing safe, alternative water to residents.  When the contamination of both the County Road 
1 area and the LaRue Street area was found in 1986, the Indiana Department of Environmental 
Management (IDEM) provided bottled water to those people whose well water was affected.  
Then 20 point-of-use filters and 56 whole-house filters were installed.  IDEM maintained the 
filters until Conrail made arrangements to maintain them in 1992 (e&e 1994).  Now most people 
in the affected area are either using public water or are in the process of getting public water to 
their homes and business.  Two property owners have refused the offer for the free connection, 
and some property owners bought their homes after the original owners declined connection to 
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the public water supply (Communication with EPA 2003 and public meeting 2004).  The exact 
number of people still using private well water is unknown. 

Elkhart County Health Department representatives have some concerns about people continuing 
to use public water. Some of the people are paying what they feel is a lot of money for the 
public water. The health department is concerned that some people might not be able to afford 
the water bill and might install new wells in the contaminant plume. (ATSDR emphasized how 
important it is for people in the affected communities to have affordable access to safe water 
when we met with local officials in 2004.) As we toured the area, we looked for any signs that 
someone might have resumed using private well water.  Because of the different ways and places 
wells can be installed, it is almost impossible to recognize one from the road.  One way someone 
would know whether that has happened would be if someone noticed a sudden decline in public 
water use. That sort of information is not reported, and many other factors could contribute to a 
decline in water use. 

We saw the former Harley Holben Elementary School—now Jimtown School—as we traveled 
along County Road 16. Elkhart County Health Department representatives said the school’s well 
was tested and never contained contaminants.  Now the school uses the public water supply.  
Indoor air was tested at the school. No chemicals were found that might cause harm to the 
children or school staff. ATSDR had met with community members in 2001 at the school.  
About 70 people attended that meeting.  Elkhart County Health Department helped CLEAN 
arrange the meeting and establish the agenda. St. Joseph County Health Department and ISDH 
representatives also participated in the meeting.  

At the 2001 meeting in the school, ATSDR presented information about the public health 
assessment process.  We discussed what kinds of questions could be answered through the 
process and that the public health assessment was necessary before we could determine whether 
any other follow-up health studies would be considered.  Community members asked questions 
about the TCE subregistry. Community members told ATSDR that the subregistry did not help 
all of them because the subregistry did not address exposure to CCl4 and that only health 
conditions of those people included in the subregistry were tracked.  Community members 
wanted to know what their exposure to CCl4 meant to their health.  They wanted to know what 
they should expect if they were exposed to both TCE and CCl4. Some of the community 
members were concerned about the vapors found in indoor air of some of the homes and wanted 
to know what that exposure meant to them.  

At that 2001 meeting, Elkhart County Health Department and CLEAN proposed conducting a 
community health survey.  They asked whether the people at the meeting would be willing to 
participate in the survey.  They explained this would be a good way to provide health concerns to 
ISDH and ATSDR and participate in the public health assessment process.  Questions were 
answered about how ISDH and ATSDR would handle any information sent to them, especially 
in regard to confidentiality. ATSDR told the audience about our privacy policy. The community 
members voted to participate in the survey.  In addition to having volunteers from the St. Joseph 
County nursing staff, some members of the community also volunteered to help administer the 
survey. The community agreed on the contents of the questionnaire.  A copy of the 
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questionnaire and a summary of the results are presented in Appendix 4.  About 760 residents 
and former residents participated in the survey.  CLEAN was successful in demonstrating the 
high level of concern about health issues still remaining in the community and providing ATSDR 
with critical information to help guide our public health assessment activities.  Moreover, 
CLEAN, Elkhart County Health Department, and St. Joseph County Health Department 
successfully fulfilled their commitment to take this action. ATSDR provided a summary of the 
information obtained in the questionnaires to the community that August and has focused much 
of the information in this document on the information obtained from those questionnaires.   

CLEAN members expressed concern about the effects exposure to the contaminated drinking 
water might have had on babies born to mothers who used the contaminated water.  ISDH 
volunteered to gather birth certificate data for zip codes 46561 and 46516 for the years 1967– 
1995 as one of the actions it would take to help find answers to the community’s questions. 
ISDH completed gathering the data set in 2002.  ATSDR did an exploratory evaluation of birth 
certificates that ISDH provided. The results are presented in the Health Issues section. 

ATSDR agreed to see if information could be gathered from the TCE Subregistry specific to the 
exposures of Conrail community members included on the subregistry.  ATSDR also agreed to 
gather private well water data and get a current map of the plume that described where people 
were exposed to contaminants. Figure 2 shows the map where TCE and CCl4 were found in the 
neighborhoods. The data are described in the Environmental Contamination section, and 
exposure to the contaminants is evaluated in the Health Implications of Exposure section. 
CLEAN members also were concerned about liver disease, cancer, and other health problems.  
These health concerns are addressed in the Health Issues section. 

From these discussions, CLEAN said they felt it was important for local health care providers to 
have better information about health effects that might occur from their exposure and know more 
about the contaminants.  CLEAN also said they wanted community members to know more 
about the site and about the possible health effects from exposure. They were concerned that 
people moving into the area might not be aware of contamination and could put their health at 
risk. ATSDR, ISDH, and Elkhart County Health Department agreed to provide health education 
for health care providers and for community members. 

The health education plan was developed following the CLEAN community-based health survey 
conducted in 2001. The results of the survey and concerns expressed during both the CLEAN 
2000 meeting and the 2001 public meeting provided the basis for CLEAN and the local health 
department to develop educational materials, two of which include the CD ROM presentation 
and the brochure entitled Conrail Superfund Site, Elkhart County, Indiana, that are in Appendix 
2. The health education materials were used during several presentations to local physicians and 
local community members.  ATSDR, ISDH, Elkhart County Health Department, and CLEAN 
collaborated in the implementation of the May 2002 physician training.  The report regarding all 
the work performed with the NACCHO funds is also presented in Appendix 2. 

The goal of continuing health education is to provide information and training about how to 
reduce exposure to environmental hazards.  By reducing exposure, people can also reduce their 
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risk of developing illnesses as a result of exposure.  The projected health education action plan 
for Conrail is to maintain collaboration with Elkhart and St. Joseph County Health Departments 
if there are additional health education needs. CLEAN disbanded after it reported the summary 
of survey data in its last newsletter. However, the Conrail Superfund Community Advisory 
Group, called CAG, was formed to assist the Elkhart County Health Department in developing 
actions conducted with NACCHO grant money.  The last meeting with CAG was in April 2002, 
but any future health education needs will include collaboration with CAG representatives. 

The first conclusion statement within the report generated by Elkhart County Health Department 
documenting their work with NACCHO funds summarizes the community status at this time:   

“This community is worn down. The fight has been going on for so long that some 
residents have died and most have lost interest.  Those that helped with the Assessment 
project are truly heroes. Most have lost their concern for themselves and are relegated to 
the fact that they were exposed for several years and what happens, happens.  They all 
have stories about friends who have died from cancer or other illness they attribute to the 
ongoing contamination, in some cases for 40 years.  Designation as a Superfund Site gave 
them hope, but that has waned as year after year goes by and site cleanup continues to be 
delayed. Some now understand the difficulty in trying to clean up the site given the 
extent of the contamination plumes but wish something would be done.  They are hopeful 
that something will still be done but really are most concerned that no one else be 
exposed to the contaminants and that the community not forget that the site is 
contaminated.” 

The report also contains recommendations for EPA, Indiana state agencies, and ATSDR.  The 
recommendations include that EPA and Indiana state agencies reassess the role of the 
community and local health departments when working with these sites.  They recommend that 
EPA and ATSDR take the concerns of residents seriously at the beginning of a project and not 
years later. They recommend that early encouragement of community input will facilitate better 
relations and support of EPA. 

Regulatory History and Current Cleanup Plans 

After the 1986 discovery of the private well contamination, regulatory authorities began site 
investigations through the Superfund process. EPA and IDEM responded to the Elkhart County 
Health Department’s findings by providing safe water to affected residents and by starting site 
investigations. After the private well contamination was found in 1986, initial site investigations 
and the site hazard ranking were completed, and safe drinking water was provided to those 
affected by contamination, the Conrail site was proposed in 1988 for the National Priorities List, 
the list of the most polluted sites in the nation (e&e 1994).   

At that point, EPA regulation and cleanup followed the Superfund process (Appendix 5). 
Decisions were made on how to address the site and were documented in a 1991 interim 
remedial action and record of decision.  In that action, approximately 500 residences and 
businesses had to be connected to city water, and the County Road 1 plume was to be contained 
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through a groundwater extraction and treatment system.  The extraction and treatment was to 
include a series of wells that would pump contaminated groundwater.  The treatment system 

would take the volatile compounds out of the  
water, and then the treated water was to be released 
to Crawford Ditch or the St. Joseph River 
(Declaration for the Record of Decision 1994). 

The 1994 record of decision fully addressed the  
groundwater contamination. The Elkhart municipal  
water lines were to be extended to an additional 700 
residences and businesses, thereby providing a 
permanent and safe water supply.  The remedy  
description also included taking actions to clean up  
the contaminated aquifer and cleaning  
contaminated soils in the areas where groundwater  
contaminant sources had been identified (ROD  
1994). In 1995, the 500 residences and businesses 
identified in the interim remedial action and record of 
decision were connected to the Elkhart municipal 
water supply. From 1996 to 1997, the additional 700 
residences and businesses identified in the 1994 
record of decision were also connected to the Elkhart 
municipal water supply.  

Conrail covered the cost of connecting residences 
and businesses to the public water.  Individuals are 
now responsible for paying their water bill, though 
(ECHD 2004). Between January 1998 and 
September 2000, the first remedial design and  
remedial action was approved.  As described in that 
remedial design, the following activities were  
accomplished: 

• site source areas were investigated,  

investigate numerous 

wells. 

Regulatory Highlights 

1962- Elkhart County Health 
1986 Department and Indiana 

State Board of Health 

complaints about spills and 
issue citations. 

1986 Elkhart County Health 
Department requests 
EPA’s assistance to 
address contaminated 

1986 EPA and IDEM provide 
safe water to affected 
residents. Site 
investigations begin. 

1988 Conrail is proposed to the 
National Priorities List. 

1991 An interim remedial action 
is approved to provide city 
water to about 500 
buildings. 

1994 A record of decision is 
signed for the final site 
remedy. 

2000 EPA approves a waiver to 
modify the original record 
of decision. A new 
remedial design was 
submitted. 

2004 New recirculating wells are 
scheduled for installation 
to better contain site 
contamination. 

• the Osceola Drag Strip was investigated, 
• vapor intrusion was investigated and vapor mitigation systems were installed in some 
buildings northwest of the drag strip, and 
• a St. Joseph River ecological assessment of macroinvertebrates (primarily water  

insects) was completed.   


The vapor intrusion investigation showed that people were being exposed to contaminants 
evaporating from groundwater and entering their indoor air.  Installation of the vapor mitigation 
systems stopped that exposure.  The macroinvertebrate study of the St. Joseph River provided 
information on the water quality of the river, but it did not provide information on any human 
exposures (URS 2000). 
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With the second remedial design proposal developed upon approval of a request to modify the 
original record of decision on site cleanup, EPA is allowing a newer technology, hydraulic 
containment, of the TCE and CCl4 source areas on the site. This newer technology allows 
groundwater to be pumped from the most contaminated part of the aquifer.  The contaminants 
that are stripped from the water during containment on the site will be treated with a carbon filter 
before the vapor is released to the outdoor air.  The system allows groundwater to be treated 
more than one time and avoids releasing the water to the surface (URS 2000).  Construction on 
the wells is to begin in 2004 (Communication with EPA 2003).  A monitoring program is 
proposed to see if the system is effective. 

The second remedial design also includes further investigation of the Track 69 CCl4 plume north 
of Old U.S. 33. The Osceola Drag Strip area is to be further investigated and cleaned up with 
either removal, treatment, or containment of the sources of contamination there (URS 2000).  
The LaRue Street area plume is to be addressed through natural attenuation.  That means that 
natural biological and chemical activity will be allowed to decrease the contaminant levels over 
time. 

Environmental Data 

A summary of the environmental data findings is presented in the following text box.  Details 
about environmental conditions at the time of exposure, including technical information about 
the types and levels of environmental samples, and current conditions are presented in the 
discussions following the text box. 

• 

• 4 were the two 

• 4 was the 

• 
4 in indoor air are now vented. 

• 

Private well water data and indoor air data provide the most information about how 
people were exposed to contamination from the Conrail site and the levels of exposure. 
Although other chemicals were found in some private wells, TCE and CCl
chemicals found in well water at levels that could cause health effects. 
Although other chemicals were found in some of the indoor air samples, CCl
chemical found in indoor air at levels that could cause health effects. 
Recent data suggest that most people are now using safe water and homes and businesses 
that had unsafe levels of CCl
Some people in the Conrail area are still using private well water.  We do not have 
current data for those wells to determine whether the water is safe to use. 

Environmental Conditions at the Time of Exposure 

When a resident had his well water tested in 1986 because the water tasted and smelled bad, 
Elkhart County Health Department notified authorities of the test results that showed his well 
water was contaminated.  EPA sent a team to investigate the contaminated well on July 2, 1986.  
The team collected a water sample for testing. The water sample contained TCE at 800 ppb and 
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CCl4 at 485 ppb. Because of that discovery, EPA began a groundwater investigation on July 17, 
1986. EPA tested 88 residential wells during the initial investigation, and residents had 11 
additional wells tested (e&e 1994; RI/FS).  

IDEM provided bottled water for residents whose wells were affected.  Additionally,  
20 point-of-use activated carbon filter units (filters at the tap) and 56 whole-house filter units 
(filters that clean water to the entire house) were installed.  IDEM maintained those filters until 
1992 when Conrail became responsible for maintaining them (e&e 1994). 

Conrail employees used on-site well water for drinking and hand washing. The water supply well 
was near the diesel fueling facilities and repair shop. Conrail well water samples collected in 
1983 were primarily tested for oil and grease.  In 1986, the main pump house well was tested for 
volatile organic compounds.  Toluene and xylenes were found in the water, but they were not at 
levels that would cause harm. The well water did not contain TCE or CCl4. 

EPA began a Conrail site assessment in July and August 1986.  Soil samples collected on the 
Conrail facility during that investigation contained TCE at a maximum of 5,850 ppb and CCl4 at 
a maximum of 117 ppb.  Also at that time, a private development company that wanted to build 
houses in the Charles Avenue area decided to test area groundwater before development.  The 
company had six monitoring wells installed.  The shallow wells that were less than 30 feet deep 
did not contain contamination; however, wells that collected water from deeper than 110 feet 
were all contaminated.  TCE was found in those monitoring wells at a maximum of 2,495 ppb, 
and CCl4 was found at a maximum of 388 ppb (e&e 1994). 

EPA then arranged for a Conrail site remedial investigation to characterize the contamination 
and a feasibility study to address contamination clean-up alternatives. The firm ecology and 
environment, inc. [sic], conducted the investigation of the site for EPA.  Phase I of the 
investigation included soil gas sampling, groundwater monitoring, an evaluation of the analytical 
results, and suggestions for interim remedial alternatives.  In response to the findings from the 
phase I study, EPA screened and evaluated different alternatives for interim remedial actions 
outlined in a record of decision. The objectives of the interim action included providing a safe 
water supply for the affected residents and preventing exposure to contaminated groundwater.  
EPA signed the record of decision in June 1991 (e&e 1994). 

The firm ecology and environment, inc., began phase II of the Conrail investigation in July 1991 
and submitted a report to EPA in July 1992.  Phase II included lead screen auger sampling to 
help determine the vertical extent of the contamination in the groundwater so that monitoring 
wells could be installed and screened at appropriate depths.  Phase II of the investigation also 
included on-site soil sampling, groundwater monitoring and sampling, and investigation of 
aquifer characteristics that helped investigators determine the horizontal extent of the 
groundwater contamination.  

Three groundwater zones were tested to determine their general direction of flow from the site. 
The shallow zone extends from the water table to 35 feet below ground surface.  The 
intermediate zone is from 35 to 85 feet below ground surface.  The deep zone extends from 85 
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feet below ground surface to the top of bedrock. All groundwater zones generally flow northwest 
from the site.  The soil in the area is mostly sandy.  Sandy soil promotes faster groundwater 
movement, both vertically and horizontally, than does clay soil.  However, evaluation of tests 
from one shallow monitoring well on the site, MW43S, suggested that a groundwater mound was 
present. The mound suggested the presence of a clayey silt layer starting about 14–18 feet below 
the ground surface. Because of that, shallow groundwater flow in that area of the site might flow 
in other directions. That area was not well defined during phase II of the investigation. 

Investigators also determined that groundwater in the LaRue Street area generally flows north 
rather than northwest and discharges into the St. Joseph River at a different location than the 
groundwater that flows northwest. The mean horizontal flow velocity from the site was 200 feet 
per year (e&e 1994). That suggests that nearby residential wells could have been contaminated 
within the first year after the groundwater on the site became contaminated.  We assume that by 
at least 1980, and likely earlier, the contamination had reached all private wells that were later 
found contaminated. 

As a result of that part of the investigation, Conrail agreed to provide resources to extend the 
Elkhart city water supply lines to affected residences and businesses within the defined plume 
boundaries. The company also agreed to abandon (permanently close) private wells as residences 
and businesses were connected to the public water supply.  Until the water lines were available, 
Conrail agreed to provide bottled water and maintain filters at affected residences and 
businesses. Conrail further agreed to design, construct, and maintain a groundwater treatment 
system, commonly called a pump-and-treat system, and to ensure the integrity and safety of the 
treatment system and all off-site monitoring wells.  The firm ecology and environment, inc., then 
began the phase III investigation in late November 1992 and completed it in February 1993 (e&e 
1994). 

Lead screen auger samples were again collected for this phase of the investigation to provide 
information on the best depths to screen monitoring wells.  The samples also provided 
information on the locations and extent of on-site source areas—the areas on the site where the 
contaminants were spilled and remained in the soil or groundwater.  The investigation also 
included collection and analysis of more soil samples, installation of additional monitoring wells 
and monitoring well sampling, site drainage network sampling, and on and off-site surface water 
and sediment sampling (e&e 1994).  

Private Well Sampling Results 

In January 1986, a confidential source told the Elkhart County Health Department that the 
facility’s drinking water had tasted bad for the last 10 years (e&e draft work plan, 1989). When 
EPA conducted the site evaluation, or hazard ranking, in 1986 to determine whether Conrail 
should be included on the National Priorities List, the Conrail employees’ drinking water well 
was tested for volatile organic compounds.  Toluene was found in the main pump house well at 

19




10 ppb, and total xylenes were found at 5.1 ppb. Those levels were below comparison values3. 
ATSDR uses comparison values to select contaminants for further exposure evaluation. Levels 
present below comparison levels are considered safe to drink, although ATSDR recognizes that 
any contamination of drinking water supplies is undesirable.  A note on the laboratory reporting 
sheet stated that the “pump house had just been painted.”  Although toluene and xylene are 
components of gasoline and diesel fuel, they are commonly found in paint and paint thinners 
(Groundwater Technology 1988). 

Then an off-site private well was tested on July 2, 1986.  The results of that testing showed that 
TCE and CCl4 were present at levels 100 times or more of the MCLs for public water supplies.  
In response, the EPA Technical Assistance Team initiated an area sampling program on July 17, 
1986. The Technical Assistance Team collected 88 well water samples, including some 
duplicates, from homes and businesses in the area, and 11 individual home owners provided 
results of well water tests conducted independently. Most water samples were tested for 
dichloroethylene, CCl4, TCE, and tetrachloroethylene. Technical Assistance Team samples were 
also tested for chloroform, but the samples from independent tests were analyzed for 1,1,1-
trichloroethane rather than chloroform. One independently tested water sample was analyzed for 
TCE and CCl4 only (Weston-Sper 1986). 

No contaminants were found in 32 of the 99 private wells tested.  The highest level of 
dichloroethylene found in the well water was 60 ppb, which is above the EPA MCL of 7 ppb.  
The highest level of CCl4 found at that time in private well water was 6,860 ppb. That level was 
well above the cancer risk evaluation guide of 0.3 ppb and the EPA MCL of 5 ppb.  The highest 
level of TCE was 4,870 ppb, well above the EPA MCL of 5 ppb.  The highest level of 
tetrachloroethylene was 2.4 ppb, which is below the EPA maximum contaminant level of 5 ppb 
and below other comparison values. The highest level of chloroform was 0.8 ppb, which was 
well below all comparison values. The presence of chloroform, however, is important because it 
suggested that CCl4 in that area could have started breaking down into other compounds. The 
highest level of 1,1,1-trichloroethane found in the independently run samples was 19 ppb, which 
is below all comparison values (Weston-Sper 1986).  Table 1 summarizes the data. 

3 Comparison values are levels of a contaminant in a specific environmental medium, such as groundwater, 
considered safe.  If a contaminant exceeds a comparison value, further evaluation is conducted with regard to human 
exposure to determine if the contaminant level is high enough to possibly harm someone’s health upon exposure. 
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1

Table 1.  County Road Area 1 Private Well Water Test Results, 1986 Technical Assistance Team and 
Independent Sampling1 

Contaminant 

# of Well Water 
Samples 

Containing the 
Contaminant 

Range of 
Concentrations 
Detected (ppb) 

General 
Location of the 

Maximum 
Levels Found 

MCL 
(ppb) 

Number of 
Samples With 
Levels Above 

the MCL 

Comparison Value 

(ppb) 

Dichloroethylene 9 out of 93 tested ND–60 Burbank Area 7 4 6.0 LTHA2 

Carbon 
Tetrachloride 

47 out of 94 
tested ND–6,860 Tower Area 5 37 0.3 CREG2 

Trichloroethylene 
53 out of 95 

tested ND–4,870 U.S. 33 Area 5 41 5.0 MCL 

Tetrachloroethylene 
12 out of 94 

tested ND–2.4 
County Road 1 

Area 5 0 5.0 MCL2 

Chloroform 1 out of 84 tested ND–0.8 Tower Area 80 0 70 LTHA 

1,1,1-
Trichloroethane 2 out of 9 tested ND−19 

County Road 17 
Area 200 0 200 MCL 

ppb = parts per billion 
Data are from the 1986 Weston-Sper site assessment for Conrail Rail Yard.  Although the text states that 11 home 

owners submitted independently tested well water results, only 10 of those results are presented in the tables. Where 
duplicate samples were collected, the analytical results were similar.  Duplicate samples results were not counted 
because no discrepancies were found.  
2LTHA = Lifetime Health Advisory 
CREG = Cancer Risk Evaluation Guide 

  MCL = Maximum Contaminant Level 

Information on 64 private wells was found for the LaRue Street area.  Data are reported for TCE, 
CCl4, trichloroethane, dichloroethane, and dichloroethylene.  The samples were reported in the 
January 1989 draft remedial investigation and feasibility study work plan submitted by ecology 
and environment.  How the samples were collected and by whom is not clear in that document; 
however, the text indicates the samples were collected in 1986.  Only one sample per well was 
reported. No information was provided on the forms of dichloroethane, dichloroethylene, and 
trichloroethane reported; therefore, for a conservative public health approach, the more toxic 
forms are assumed to have been present.  The highest level of TCE was found in a private well 
on U.S. Route 33. The level was 300 ppb. The highest level of CCl4, found in a different well 
on U.S. Route 33, was 150 ppb.  The LaRue Street area data are summarized in Table 2 (e&e 
1989). 
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Table 2. LaRue Street Private Well Water Test Results, 1986* 

Contaminant 

# of Well Water 
Samples 

Containing the 
Contaminant 

Range of 
Concentrations 
Detected (ppb) 

General 
Location of the 

Maximum 
Levels Found MCL1 (ppb) 

Number of 
Samples With 
Levels Above 

the MCL 

Comparison 
Value 

(ppb) 

Carbon 
Tetrachloride 5 out of 64 tested ND–150 U.S. Route 33 5 3 0.3 CREG2 

Dichloroethane 1 out of 64 tested ND–17.5 Upper Parkway 5 1 0.4 CREG 

Dichloroethylene 6 out of 64 tested ND–67 U.S. Route 33 7 1 6.0 LTHA3 

Trichoroethane 
24 out of 64 
tested ND–201 West Franklin 5 8 0.6 CREG 

Trichloroethylene 
43 out of 64 
tested ND–300 U.S. Route 33 5 15 5.0 MCL 

ppb = parts per billon 
*Data from ecology and environment, 1989 
1MCL = Maximum Contaminant Level 
2CREG = Cancer Risk Evaluation Guide 
3LTHA = Lifetime Health Advisory 

The preliminary evaluation report of the phase I portion of the remedial investigation provides 
two tables of private well water sampling results collected between third quarter 1986 and third 
quarter 1989. Samples appear to have been tested for TCE and CCl4 only. Some samples were 
collected using an EPA method that requires samples to be filtered; other samples were collected 
as unfiltered.  Only unfiltered sample results were considered for public health evaluation 
because people drank unfiltered water.  The filters used for sample collection were not the water 
purification filters installed on home and business water supplies to prevent exposure. 

While some private well water samples collected contained no contamination, TCE was found at 
levels as high as 7,350 ppb and CCl4 at levels as high as 27,500 ppb (e&e April 1990). For phase 
II of the remedial investigation, a total of 63 private well water samples contained TCE and 
CCl4. Of those, 32 well water samples contained levels above the 10-day health advisory of 128 
ppb for TCE and 12 ppb for CCl4 (e&e 1994). 

In February 1989, EPA collected 13 residential well water samples, and Compu Chem, a 
certified laboratory, analyzed the samples for semivolatile organic compounds. No semivolatile 
organic compounds were found in those samples at levels above comparison values (EPA data 
acceptance sheet and laboratory results, 1989).  

For most sampling rounds, different wells were tested. Some private wells were tested only once. 
That means that we do not know: (1) whether private wells that contained the highest levels of 
contaminants were actually tested; (2) how many people were exposed to TCE and CCl4, TCE 
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alone, or CCl4 alone; and (3) exact levels in water that individuals used. Those factors make 
evaluating any trends in the well water difficult.  

EPA provided ATSDR with some compiled private well water data analyzed from 1986 through 
1995, though only TCE and CCl4 test results were reported. The data were presented in a format 
that captured results for 521 wells that were tested once and more than once. That allowed 
ATSDR to look at concentration trends over time.  Wells that previously contained no 
contamination appeared to remain TCE and CCl4 free. TCE levels appeared to remain fairly 
constant, at the same order magnitude of contamination. Some fluctuations were noted, as 
expected, because of varying groundwater conditions during different seasons and years.  For 
example, the well that contained the maximum TCE level of 7,350 ppb in 1988 still contained 
2,600 ppb in 1993. For the most part, similar trends were seen with the CCl4 contamination.   

One notable exception was in the well that contained 27,500 ppb CCl4 in 1988. The next highest 
level in that well was in 1987, when the level was 12,000 ppb.  From 1988 through 1995, levels 
in that well were at the same order of magnitude, between 2,800 ppb and 4,880 ppb. One 
explanation might be degradation of CCl4 in that area. Chloroform is a compound that can form 
when CCl4 begins to break into other chemicals that can be detected in well water samples.  That 
degradation process usually occurs as a result of natural processes such as microbes using some 
of the compound for energy. Because chloroform and other break-down products of CCl4 were 
found in the groundwater plume, ATSDR cannot be sure of the cause of the decreased level in 
that well. The change could be attributed to biodegradation, a wave of higher concentrations 
moving through the plume for a short period, an incorrectly recorded analytical result, or a 
laboratory error. 

The highest levels of TCE were found along County Road 1; the highest levels of CCl4 were 
found along Tower Road. Some residential well sampling continued through 2000, but the wells 
were not necessarily the same wells that had been tested previously.  By 1996, most private wells 
that were highly contaminated had been abandoned and were no longer tested.  Low levels of 
TCE were found in some private wells that were still being monitored from 1996 to 2000, but no 
CCl4 was found in those wells. 

Table 3 summarizes all data found for contaminated private wells.  Not all private wells were 
tested. Of the data found for 598 private wells, 340 wells contained no contaminants.  However, 
many of those were tested only one time. Of the 258 wells that contained contamination, 77 
contained TCE only, 12 contained CCl4 only, 152 contained both TCE and CCl4, and 13 wells 
contained other volatile organic compounds at levels below comparison values. Figures 4 and 5 
show the areas where private well water was tested and the ranges of concentrations of 
trichloroethylene and carbon tetrachloride present in those areas (e&e 1994). 
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Table 3. All Available Private Well Water Test Results 

Concentrations 

(ppb) 

Number of 
Wells with 
TCE Only 

Number of Wells 
with CCl4 Only 

Number of Wells 
with Both TCE 

and CCl4 

TCE CCl4 

TCE and CCl4 
Levels Added 

for Wells 
Containing 

Both 
Contaminants 

Comparison Value 

(ppb) 

TCE CCl4 

>30,000 0 0 0 0 0 5.02 0.33 

>10,000 0 0 0 1 1 5.0   0.3 

>3,000 0 0 2 6 7 5.0   0.3 

>1,000 3 0 2 14 17 5.0   0.3 

>300 3 0 5 20 29 5.0   0.3 

>100 4 0 27 37 49 5.0   0.3 

>30 15 2 65 46 72 5.0   0.3 

>5 26 5 81 73 87 5.0   0.3 

<5 65 7 68 80 65 5.0   0.3 
> = greater than 
< = less than 
ppb = parts per billion 
1 Data sources include ecology & environment, April 1990; EPA compiled list, September 4, 1996; Weston Sper, 
October 1986; and ecology & environment, July 1989. Different wells were tested at different times.  Some wells 
were tested only one time. 
2Maximum Contaminant Level 
3Cancer Risk Evaluation Guide 
Number of wells are cumulative.  The one home that had levels of TCE greater than 3,000 ppb also had levels 
greater than 1,000 ppb. 
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Monitoring Well Sampling Results 

Monitoring wells help EPA define the horizontal and vertical extent of contamination.  Although 
the data from monitoring wells do not provide direct information on the levels of contamination 
present in drinking water, the data help us evaluate where the contamination is and who might be 
exposed. In the absence of drinking water data, monitoring well data can also be used to define 
levels of contamination that people might contact if private wells are in use.  For the Conrail site 
area, we have actual drinking water data to help evaluate exposure. However, the monitoring 
well data help us understand areas where well water might have been affected and what might 
happen in the future. For those reasons, relevant site monitoring well data were examined. 

Lead screen auger samples were used to determine where to install phase II and phase III 
monitoring wells. Details of the lead screen auger sampling and results are described in ecology 
and environment’s remedial investigation report of March 1994. As a result of the lead screen 
auger tests, monitoring wells were installed to supplement or replace monitoring wells used to 
test groundwater before conducting the remedial investigation. In ecology and environment’s 
1994 remedial investigation report, information is provided on monitoring well construction so 
that the quality of the monitoring wells and depths of the water screened, or collected, for each 
well can be evaluated. Sampling methods used were EPA-approved.  For phase II of the 
investigation, 31 phase I and 32 phase II wells were sampled.  Samples were analyzed for 
volatile organic compounds, semivolatile organic compounds, and metals.  

Chloroform, CCl4, tetrachloroethylene (PCE), and TCE were all present in monitoring well water 
at levels above comparison values.  Cadmium, a metal, was also present at a level above the 
comparison value; however, the level was low and found in only one sample on site.  Because it 
was not found in other monitoring wells, especially in neighborhoods where groundwater was 
used as a drinking water supply, cadmium was not listed as a contaminant for further evaluation. 
The compounds 1,1,2-trichloroethane and 1,1-dichloroethane were present at very low levels in 
one sample from two different monitoring wells.   

The laboratory quantitative limit used for all volatile organic compounds was 10 ppb for the 
phase II samples (e&e 1994).  That level is acceptable for screening purposes; however, some of 
the volatile organic compound comparison values are much lower than the laboratory detection 
limit.  For instance, the MCL, the highest amount allowed in a public water supply, for vinyl 
chloride is 2 ppb. Some compounds might have been present in samples but not detected. Also, 
the levels of contaminants recorded below 10 ppb might not be as reliable as those recorded 
above 10 ppb. Table 4 provides information on chemicals found above ATSDR comparison 
values. Other contaminants were found in the monitoring well samples; however, levels were 
below comparison values.  Figure 6 provides information on where samples were collected and 
how the contamination was distributed throughout the site and affected neighborhoods. 
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Table 4: Results of Phase II Monitoring Well Sampling (e&e 1994) 

Contaminant Range of 
Concentrations 

(ppb) 

Location of 
Maximum 

Concentration 

Detection 
Frequency1 

Comparison Value2 

(ppb) 

Carbon tetrachloride (CCl4) 2.0−1,900 MW38D-1 16/63 0.3 (CREG) 
Chloroform 2.0−120 MW38D-1 13/63 70 (LTHA) 
Tetrachloroethylene (PCE) 6.0−7.0 MW34D-1 3/63 5.0 (MCL) 
Trichloroethylene (TCE) 2.0−11,000 MW41-1 25/63 5.0 (MCL) 

ppb = parts per billion 
1Detection frequency refers to the number of samples found that contain the contaminant/the total number of 
samples that were analyzed for that contaminant. 
2 CREG = Cancer Risk Evaluation Guide 
LTHA = Lifetime Health Advisory  
MCL = Maximum Contaminant Level 

The fact that chloroform was found in 13 of 63 samples suggested CCl4 was degrading. On the 
other hand, TCE degradation products, such as vinyl chloride, were minimal or lacking. That 
suggested that TCE was not degrading to a measurable extent at the time the phase II sampling 
was done. Tetrachloroethylene levels and locations found suggested that the compound was on  
the site at low levels, and it was not moving from the site into neighborhood drinking water wells 
(e&e 1994). 

From January 5−12, 1993, 10 new monitoring wells were installed as part of phase III of the 
remedial investigation.  For phase III, 67 phase I and II wells were sampled from November 
16−19, 1992. The 10 phase III wells were sampled from January 26−27, 1993. Duplicate 
samples were collected and field blanks prepared for at least every 10 groundwater samples 
collected. Trip blanks were prepared and transported by the sampling team.  All samples, 
including trip and field blanks, were shipped with samples to one of two laboratories. 

Since 1994, the investigation has continued.  Figure 7 shows the results of monitoring well data 
as of June 2000. That figure also shows the proposed locations for new monitoring wells, MW
52, MW-53, and MW-54 (URS 2000). 

28








Soil Sampling Results 

For phase II of the remedial investigation, soil samples were collected from the site at locations 
identified through lead screen auger tests as possible contaminant source areas.  Although on-site 
soil sampling was used to help identify the source areas and the extent of contamination on the 
site, samples might also provide some information about levels of contaminants employees 
might have contacted if they had worked in the areas tested.  Because the primary contaminants 
of concern included the volatile organic compounds TCE and CCl4, most of the contamination 
had evaporated from surface and near-surface soil or moved into the groundwater soon after 
major spills.  Little of the historical levels were left in the soil.  All samples collected were at 
depths of two feet or more.  People would not contact soil at those depths.  Employees would be 
expected to only contact about the first 3 inches of soil unless they were digging holes.  We do 
not have information on levels of contaminants that might have been present in the first few 
inches of soil at the time spills occurred; therefore, we cannot further evaluate employee 
exposure to contaminated soil.  None of the contaminants found in deeper soils collected and 
analyzed during investigations were at levels that warrant further evaluation (e&e 1994).   

The soil samples, however, were useful in defining various contaminant source areas on the site.  
Source areas were found at the track 69 area at the eastern end of the classification yard and at 
the track 65 and 66 area at the western end of the classification yard. Sample results, followed by 
monitoring well results, suggested that a dense, non-aqueous phase layer (DNAPL) of CCl4 was 
present at the track 69 area.  A TCE DNAPL was tentatively identified at the track 65 and 66 
area. The presence of the DNAPL means that a layer of product exists that has not blended with 
the groundwater.  The DNAPL represents a source that will continue to contribute to 
groundwater contamination.  Also, DNAPL is very difficult to eliminate through use of 
conventional technologies. For those reasons, these areas are addressed differently for the 
proposed second remedial action.  EPA granted a waiver for the two source areas, thereby 
allowing the DNAPL source areas to go untreated.  Realistically, the contamination that has 
migrated into the community will likely remain there until it naturally degrades, although some 
biological treatment might help degrade the CCl4 a little more quickly (Communication with 
EPA 2003). The second remedial action calls for a hydraulic containment system that is 
designed to contain the contamination and not allow more contaminant migration from the site 
(URS 2000). EPA is also hopeful that by preventing further contamination off site, that levels 
already in communities will decrease much more quickly than if the off site groundwater 
continues to be contaminated. 

Three subsurface soil sample locations at the receiving yard contained low levels of CCl4, which 
suggested that an area of the receiving yard might be contributing to groundwater contamination 
found in the LaRue Street area north of the site (e&e, 1994).  The LaRue Street area plume, 
which does include the track 69 and track 65 and 66 areas, is to be addressed through natural 
attenuation (URS 2000). 
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Surface Water and Sediment Sampling Results 

As part of the remedial investigation, surface water and sediment samples were collected from 
the drainage ditch network that discharges into Crawford Creek north of the site, from Baugo 
Bay, from the St. Joseph River, and from three retention ponds on the Conrail site that are south 
of the identified on-site source areas.  All drainage network samples were analyzed for volatile 
organic compounds. Baugo Bay samples were analyzed for volatile organic compounds, 
semivolatile organic compounds, pesticides, polycyclic biphenals (PCBs), and inorganic 
chemicals.  One surface water sample, SW16, was not analyzed for pesticides and PCBs.  Three 
surface water and three sediment samples were also collected from Baugo Bay at an area 
upstream of the groundwater discharge points.  Those samples were used to determine what 
chemicals were present in the bay naturally or from sources other than the Conrail site.  The 
other surface water and sediment samples were tested for the same chemicals as the Baugo Bay 
samples (e&e 1994). 

No TCE or CCl4 were found in sediment or surface water samples collected from the drainage 
network system tested during phase III of the remedial investigation. However, benzene, 
toluene, ethylbenzene, and xylenes, all components of gasoline and diesel fuel, were found in 
samples collected at a location immediately upstream of the secondary oil and water separator.  
Acetone and methylene chloride were also found in those samples; however, the levels found 
suggested those compounds were likely present as a result of laboratory contamination (e&e 
1994). The areas that contained contamination are on or very close to the site where people are 
not likely to contact contaminants.  People responsible for the upkeep of the oil and water 
separator could contact the contaminants if they do not protect themselves when maintaining it, 
but any contact would be infrequent. Infrequent contact is not expected to be harmful.  For those 
reasons, the contamination in the drainage network system is not further evaluated.   

The three background Baugo Bay surface water samples were collected from Baugo Creek, 
upstream of its discharge point to Baugo Bay.  No contaminants were found at levels above 
comparison values.  Likewise, the three sediment samples collected from Baugo Creek did not 
contain any contaminants at levels above comparison values.  Baugo Bay surface water samples 
did not contain contaminants at levels above comparison values.  Baugo Bay sediment samples 
contained some polycyclic aromatic hydrocarbons (PAHs) that are commonly found in soils and 
sediments (e&e 1994 and ATSDR 1995).  PAHs are by-products of wood burning and other 
natural and man-made processes.  The PAHs were not unusual and not site-related.  Some 
general information about skin contact with PAHs is provided in Appendix 6.  One Baugo Bay 
sediment sample contained Aroclor-1254, a PCB.  It was found in only one of five samples at a 
level of 130 ppb. Occasional contact with that level of Arochlor-1254 is not likely to be of 
health concern. The Aroclor-1254 is not site related.  Some general information on PCBs, 
including Aroclor-1254, is also provided in Appendix 6. 

No volatile organic compounds were found in any of the six surface water samples collected 
from the St. Joseph River upstream of the Crawford Ditch discharge point.  However, a small 
amount, 35 ppb, of TCE was found in one of the eight surface water samples collected from the 
County Road 1 plume discharge area. Sediment samples collected from both areas contained 
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PAHs at low levels, some pesticides at low levels, and Aroclor-1254 at a similar level as Baugo 
Bay. Sediment samples from the County Road plume discharge area also contained low levels of 
TCE and CCl4, both of which are site related. TCE was found in two of eight samples at a 
maximum of 100 parts per million (ppm), and CCl4 was found in one of eight samples at a 
maximum of 67 ppm (e&e 1994).  Occasional contact with those levels of TCE and CCl4 is not 
likely to result in adverse health effects; therefore, contact with sediments in the St. Joseph River 
is not evaluated further. 

The retention ponds are on the southern side of the site, south of the source areas.  Neither the 
pond sediments nor the surface water were expected to contain contaminants associated with the 
TCE and CCl4 source areas. Nothing was present at levels of concern, and no one is expected to 
have contact with the water in the ponds or the sediment (e&e 1994).  For those reasons, the 
pond water and sediments are not further evaluated. 

Vapor Intrusion from Soil Gas 

When volatile organic compounds are present in groundwater, then vapors are often present in 
the spaces between soil particles.  This is called soil gas.  The contaminants present in soil gas 
can move through the soil and into buildings.  Soil gas often prefers to move through areas where 
soil has been disturbed and where openings are large, such as where underground utilities have 
been installed or where pipes are inserted into the ground.  For that reason, soil gas often 
migrates through those preferred areas rather than, or in addition to, the direction that 
groundwater flows. 

Soil vapor screenings were conducted during the 1986 site assessment to help determine 
contaminant source areas and where soil and water samples were to be collected. A soil gas 
survey was also conducted during the remedial investigation to help determine source areas.  
That survey included a limited number of tests conducted in the residential and industrial area 
north of the site. The survey was used to identify contaminant source areas and to determine 
areas where soil samples were to be collected (e&e, Phased Feasibility Study Report, 1991).    

However, indoor air of homes and businesses located over the groundwater plume were not 
tested until February 1998 as part of the activities required under the 1994 record of decision.  
For the first sampling round, 15 homes were tested for TCE and CCl4. TCE was present at levels 
below comparison values; therefore, the TCE in indoor air did not pose a health concern.  At two 
homes, CCl4 was found at levels above comparison values.  Those homes were in the 
neighborhood bounded by Ash Road, Vistula Avenue, and Lehman Avenue.  The findings 
prompted further sampling for CCl4 in homes in that neighborhood.  Nine homes were found that 
required remediation.   

IDEM performed additional sampling at the extreme eastern end of the site in the area near 
Baugo/Ferretie Park. At least one house was included in the sampling that was outside the 
defined Conrail site boundaries. Samples, collected in Summa canisters, were analyzed by a 
certified laboratory. Although many compounds were present, CCl4, benzene, 
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hexachlorobutadiene, acrylonitrile, and acrolein were the compounds present that exceeded 
comparison values.   

In February 2000, IDEM again sampled the one house outside the defined Conrail plume home 
and one or two other houses outside the plume to confirm the previous findings.  IDEM included 
collecting samples from outside the homes.  IDEM found no CCl4, and levels of the other 
contaminants were either not found or were much lower than in 1998 samples.  Soil gas samples 
were collected in the area to determine whether another source was present. An old dump site 
east of the home was reportedly used from 1945 to the 1960s that might have been contributing 
to the contamination. The samples did not contain contaminants that confirmed the presence of 
another source (IDEM email, 2000).  The home might have originally contained cleaning or 
other household products that influenced the results, or a preferential pathway, such as an 
underground utility line, might have existed that allowed vapors to enter the home.  Conditions 
might have changed that influenced the direction of vapor flow.  At this time, we know little 
about area underground conditions that influence vapor intrusion into buildings. 

EPA used CCl4 as the compound for deciding in which buildings to install vapor extraction 
systems. EPA used CCl4 because it was the contaminant that easily could be linked to Conrail 
site contamination and was present at higher levels than TCE.  Once vapor extraction systems 
were in place, then any contaminant that was present as a result of vapor intrusion was 
eliminated.  Household and other chemicals stored in buildings might release TCE and other 
volatile organic compounds into the indoor air.  Those kinds of vapors are not removed through 
the vapor extraction systems, which collect vapors from soil around the building.  Table 5 shows 
levels of contaminants found during the investigation that exceeded comparison values.   

Table 5.  1998 Indoor Air Sampling Results 

Contaminant 

# of 
Buildings 
Sampled 

Range of 
Concentrations 

Detected 
(ppbv1) 

Number of 
Samples With 

Levels Above the 
Comparison 

Value 
Comparison 
Value (ppb) 

Acrolein 2 10–13 2 5.0 EMEG2 

Acrylonitrile 2 2.1−2.2 2 0.06 CREG3 

Benzene 2 1.9–2.0 2 0.6 CREG 

Carbon 
Tetrachloride 2 ND–3.5 1 0.3 CREG 

Hexachlorobutadiene 2 ND−7.2 1 0.4 CREG 
1ppbv = parts per billion by volume  
2EMEG = Environmental Media Evaluation Guide 
3 CREG = Cancer Risk Evaluation Guide 
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Figure 8 shows the CCl4 results for the buildings tested (Dames and Moore 1999).  The figure 
shows the area where 35 buildings were tested for CCl4. Of those, 12 buildings contained CCl4. 
The highest CCl4 level was 7.2 parts per billion by volume.  A number of buildings in the area 
were not sampled. Of the buildings sampled that contained CCl4, one had no contamination in 
the drinking water well serving that location.  Another building contained CCl4 in the indoor air, 
but corresponding well water data were not found.  All other buildings tested that contained CCl4 
in the indoor air also contained CCl4 in the corresponding well water. Table 6 shows the levels of 
CCl4 present in indoor air and the corresponding levels of contamination in the well water.  There 
does not appear to be a correlation between the level of CCl4 present in well water and the level 
found in the indoor air. Although the indoor air contaminant levels do not seem to correlate with 
groundwater levels, the contamination appears to follow a corridor from southeast to northwest.  
The pattern suggests that the contamination may be following some preferential pathway such as 
an underground utility. 

EPA used 3.0 ppbv of CCl4 as the action level for installing vapor extraction systems.  ATSDR 
agreed that level was an appropriate action level for areas of buildings that were not occupied all 
the time. Those areas might include unfinished basements and workshops.  ATSDR also stated 
that other buildings could be affected in the future (ATSDR Health Consultation 2000).  
Enforcing the new construction restriction in the affected area to include vapor extraction 
systems would prevent future exposure (Elkhart County Health Department 2003). 

The highest levels of CCl4 in indoor air were found in the Vistula Avenue area. That fact has led 
EPA to believe that the CCl4 found at the drag strip off Ash Road is likely the source of the 
indoor air contamination.  Samples taken from areas upgradient of the drag strip have not 
contained contaminants associated with the groundwater plumes from Conrail (Communication 
with EPA 2003). Figure 9 shows the CCl4 soil gas sampling results taken at the drag strip (URS 
2000). 

To date, the drag strip and Conrail are the only sources of contamination that have been found to 
explain indoor air findings in residences that were sampled, including the CCl4 found once in the 
home that is considered outside the Conrail plume.  Because of the soil gas results found at the 
drag strip area, the extent of contamination from the drag strip was further investigated during 
the second remedial action begun in 2004 (URS 2000). 
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Table 6.  1999 Indoor Carbon Tetrachloride Air Levels and Corresponding Well Water Contaminant Levels 

Building 
Number 

CCl4 Level in 
Indoor Air 

(ppbv1) 

CCl4 
Concentration in 

Well Water 

(ppb) 

TCE 
Concentration in 

Well Water 

(ppb) 

CCl4 Comparison 
Value in Air 

(ppb) 

Comparison Values in 
Drinking Water 

(ppb) 

CCl4 TCE 

1 ND ND ND 0.01 CREG 0.3 CREG 5.0 MCL 

2 ND 70 77 0.01 CREG 0.3 CREG 5.0 MCL 

3 ND 17 37 0.01 CREG 0.3 CREG 5.0 MCL 

4 ND 83 260 0.01 CREG 0.3 CREG 5.0 MCL 

5 ND 220 164 0.01 CREG 0.3 CREG 5.0 MCL 

6 3.8 29 56 0.01 CREG 0.3 CREG 5.0 MCL 

7 4.4 ND ND 0.01 CREG 0.3 CREG 5.0 MCL 

8 1.7 226 181 0.01 CREG 0.3 CREG 5.0 MCL 

9 5.4 160 77 0.01 CREG 0.3 CREG 5.0 MCL 

10 ND No Data No Data 0.01 CREG 0.3 CREG   5.0 MCL 

11 ND ND ND 0.01 CREG 0.3 CREG 5.0 MCL 

12 ND ND ND 0.01 CREG 0.3 CREG 5.0 MCL 

13 ND No Data No Data 0.01 CREG 0.3 CREG   5.0 MCL 

14 ND No Data No Data 0.01 CREG 0.3 CREG   5.0 MCL 

15 1.0 95 133 0.01 CREG 0.3 CREG 5.0 MCL 

16 7.2 1,200 250 0.01 CREG 0.3 CREG   5.0 MCL  

17 5.0 150 68 0.01 CREG 0.3 CREG 5.0 MCL 

18 ND 73 97 0.01 CREG 0.3 CREG 5.0 MCL 

19 ND No Data No Data 0.01 CREG 0.3 CREG   5.0 MCL 

20 ND 155 377 0.01 CREG 0.3 CREG 5.0 MCL 

21 ND 3,400 105 0.01 CREG 0.3 CREG 5.0 MCL 

22 1.0 1,100 67 0.01 CREG 0.3 CREG   5.0 MCL  

23 ND 9.3 ND 0.01 CREG 0.3 CREG 5.0 MCL 

24 ND No Data No Data 0.01 CREG 0.3 CREG   5.0 MCL 

25 1.0 1,700 185 0.01 CREG 0.3 CREG   5.0 MCL  

26 0.9 22 5.7 0.01 CREG 0.3 CREG   5.0 MCL 

27 ND No Data No Data 0.01 CREG 0.3 CREG 5.0 MCL 

28 ND No Data No Data 0.01 CREG 0.3 CREG 5.0 MCL 

29 ND No Data No Data 0.01 CREG 0.3 CREG 5.0 MCL 

30 1.1 1,800 150 0.01 CREG 0.3 CREG 5.0 MCL 

31 ND 21 40 0.01 CREG 0.3 CREG 5.0 MCL 

32 ND ND ND 0.01 CREG 0.3 CREG 5.0 MCL 

33 ND ND ND 0.01 CREG 0.3 CREG 5.0 MCL 

34 4.3 No Data No Data 0.01 CREG 0.3 CREG 5.0 MCL 

35 ND No Data No Data 0.0l CREG 0.3 CREG  5.0 MCL  
1ppbv = parts per billion by volume 
ppb = parts per billion 
ND = Not detected 
CREG = Cancer Risk Evaluation Guide 
MCL = Maximum Contaminant Level 
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Food 

No fruits, vegetables, or other edible plant materials growing in the area contaminated by the site 
have been tested. However, volatile compounds such as TCE and CCl4 are not expected to 
accumulate in edible plants (ATSDR 1997 and 2003).  For that reason, home-grown fruits and 
vegetables and native edible plants are expected to be safe to eat. 

No fish data from Baugo Bay or the St. Joseph River were available for evaluation.  However, 
the volatile organic compounds associated with the site are not expected to accumulate in fish 
tissue at levels that are of concern (ATSDR 1997 and 2003).  On the other hand, non site-related 
contaminants, primarily Aroclor-1254, and some metals, primarily mercury, which were found at 
very low levels in the sediment, can accumulate in fish, other edible river animals, and water 
fowl at levels that could cause harm (ATSDR 1997 and 2003).  Fish and other possibly affected 
food are not further evaluated because the contamination found in the water and sediment is not 
related to the Conrail site. A fish-consumption advisory has been issued for the river because of 
non site-related contamination. That advisory contains information the community can use to 
make decisions about eating food from the river.  Because food is not expected to be affected by 
contaminants from Conrail, food consumption is not evaluated. 

Current Environmental Conditions 

Because the 1994 record of decision included requirements for a more comprehensive pump-
and-treat system, EPA agreed to waive the pump-and-treat requirements of the original 
remediation decision.  The current plan is to install containment wells on the rail yard to keep the 
contamination on the site.  This means that the levels of contaminants that are in the groundwater 
under the impacted communities will likely remain the same for several decades, as determined 
by Conrail contractors. It will take that long for the contaminants to naturally degrade and flush 
from the groundwater.  The CCl4 might degrade more quickly with natural biological activity.  
Evidence of that includes the fact that some CCl4 degradation products have been seen in 
groundwater monitoring wells.  On the other hand, TCE does not appear to be degrading.  When 
TCE degradation begins, however, some of the degradation products, vinyl chloride in particular, 
could be more toxic than the TCE. 

In 2000, 35 property owners had refused to abandon their water wells and refused the 
opportunity to connect their property to the public water supply.  In 2003, the EPA remedial 
project manger said he understood two people were still refusing to connect their properties to 
the public water supply. At the public availability sessions and public meeting held on August 3, 
2004, ATSDR and EPA learned that a number of other private wells were still being used in the 
area either for irrigation or for whole house use. At least some of the wells still in use for 
drinking water purposes have filters. Some homeowners who had purchased those homes did not 
know who was maintaining the filter or what contaminant levels were before they bought the 
homes or what levels might be present now. Although many private wells did not contain 
contamination when they were tested, no one can guarantee those people their well water will 
remain contaminant free. For those people who use the public water supply, which is routinely 
monitored for contamination, exposure to the site-related compounds previously found in private 
well water has stopped. 
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Elkhart County Health Department is concerned that the high cost of monthly water bills might 
prompt a return to use of private well water for individuals who cannot afford the municipal 
water. If people discontinue using safe water, then they run the risk of exposing their families, 
and the families who occupy the property many generations into the future, to the contaminants 
in the groundwater. 

In addition to exposure to contaminated drinking water, some people have also been exposed to 
vapors entering homes and businesses from the groundwater plume. New development offers 
opportunities for soil vapors to travel through excavated areas and contaminate buildings in other 
areas, both inside and outside the defined groundwater plume.  Occupants of new buildings that 
are equipped with vapor extraction systems should not be at risk of exposure to those vapors.  
Likewise, occupants of existing buildings that were fitted with vapor extraction systems are not 
likely at risk of further exposure.  Homes that were previously tested and found safe are likely to 
remain safe unless new development takes place nearby or new utility lines are run to their 
homes or businesses.  Even then, the risk of vapors entering those buildings likely remains low, 
but the possibility exists. Vapor extraction systems are effective if people choose to incorporate 
them into their existing homes and businesses.  An added benefit of the vapor extraction systems 
is that occupants are also protected against exposure to naturally occurring radon, which has 
been found in the area (Communication with Elkhart County Health Department 2003). 

Site-related contaminant levels are expected to remain low in Baugo Bay and the St. Joseph 
River. Occasional contact with the water and sediment is not expected to cause harm.  The site-
related contaminants should not affect food.  However, fish, waterfowl, and other edible animals 
from the bay and the river could contain contaminants from other sources.  A fish advisory is 
available to guide people on amounts and types of fish that are safe to eat. 

Discussion 

When chemicals were released or spilled at the Conrail site, people started to come into contact 
with the chemicals. That contact is called a completed exposure pathway.  People can come into 
contact with chemicals in the environment through eating or drinking the contaminant if it is in 
food or water, breathing the contaminant if it is in air, or touching the contaminant if it is in 
water, soil, air, or food. People came in contact with Conrail-related contaminants that were in 
their drinking water. People whose well water was contaminated also breathed contaminants that 
evaporated into the air when people showered and performed other household chores. People 
also touched the contaminants present in the well water when they bathed and washed their 
hands. CCl4 vapors also seeped from the ground into some homes and businesses where people 
breathed the CCl4 present in the indoor air. TCE was found at lower levels than CCl4 in at least 
one home, but it was not found when the home was resampled.  TCE is often present in buildings 
because many consumer products contain it.  For that reason, it is often difficult to distinguish 
what amount might be from consumer products and what amount might be contributed from 
underground vapors. 

ATSDR assumed people were exposed to CCl4 in their drinking water within about a year of a 
reported tank car spill—from 1968 until safe water was provided, beginning in 1986.  Indoor air 
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exposures continued until 1999, when vapor extraction systems were installed on homes and 
businesses following discovery of the vapor intrusion problem. Some community members 
estimated TCE exposures might have spanned 40 years. ATSDR assumed that exposure occurred 
for at least the 18 years that CCl4 exposure is believed to have occurred. 

Conrail employee exposures were different from 
those of residents and business owners and 
patrons. ATSDR assumed Conrail employees  
who were working in the area at the time of and  
shortly after the CCl4 tank car spill breathed high 
levels of CCl4 for a short period. They may have  
touched the CCl4 if they tried to clean it up and 
were not protecting themselves.  Those 
employees that worked in areas where TCE or  
other solvents were used breathed TCE vapors 
and touched TCE solutions while at work. The 
well water sample from the well that served  
Conrail employees did not contain volatile  
organic compounds at levels associated with  
harmful health effects. Therefore, the employees  
likely did not drink water or wash their hands in  
water that might have harmed them.  The 
employee drinking water well was replaced with  
public water soon after contamination was found  
in on-site groundwater. The exact date the well  
was replaced is not known. 

People who swim and boat in Baugo Bay and the  
St. Joseph River are not at risk of harm from the  
contaminants from the site. However,  
contamination from other sources may be affecting fish and waterfowl.  Therefore, people should 
understand and follow the fish consumption advisory that is posted for the river. 

supply. 

Site Exposure Highlights 

1986—Private well found contaminated 
and site investigation begins.  

1986—IDEM provides bottled water and 
filters for affected residences. 

1992—Conrail agrees to provide resources 
to extend city water lines to affected area. 

1996—Elkhart city water lines extended 
and most residences are connected. 

1998—Indoor air of some residences 
found to contain carbon tetrachloride. 

1999—Residences have vapor extraction 
systems installed to prevent contamination 
of indoor air. New buildings are now 
required to have vapor extraction systems 
installed at the time of construction. 

2003—Most, but not all, affected 
residences are connected to or are in the 
process of connection to the public water 

Exposure Pathways 

Completed exposure pathways that are further evaluated are past use of contaminated drinking 
water and past exposure to vapors intruding into indoor air.  People drank contaminated water, 
cooked with it, bathed in it, and cleaned with it.  They also breathed vapors from the water, and 
some people also breathed vapors that entered their homes and businesses from the groundwater 
plume. 

Potential exposures that are further evaluated include the possible use of contaminated 
groundwater as a drinking water supply, as irrigation for lawns and gardens, and to fill 
swimming pools. Additionally, potential exposure to vapors intruding into homes and businesses 
is further evaluated. The following table presents information on completed and potential 
exposure pathways. 
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Table 7. Exposure Pathway Analysis for Contaminants from Conrail Rail Yard and Drag Strip 
Pathway Environmental  Point of Route of Exposed Exposure Chemicals of Completed 

Media Exposure Exposure Population Activities Concern Pathway 
Residential 
drinking water 
use 

Groundwater Drinking water 
tap 

Ingestion 
Inhalation 
Dermal 

About 1,028 
residents and 
business 
owners and 
patrons; 
potential 
current and 

Drinking, 
cooking, 
bathing, 
showering, 
routine  
household 
chores 

TCE, CCl4 Yes (past); 
potential 
(current and 
future if using 
impacted well) 

future number 
is unknown 

requiring 
water use 

Residential 
water use 

Groundwater Point of water 
use (sprinkler, 

Inhalation 
Dermal 

Unknown 
number of 

Non-potable 
use of water 

TCE, CCl4 Potential 
(current and 

hose, outdoor residents and (e.g., lawn future if using 
spigot) business and garden impacted well) 

owners watering, 
filling pools) 

Breathing 
vapors in 
indoor air 

Indoor air Interior space 
of residences 

Inhalation About 48 
residents; 
potentially 
affected 

Breathing in 
affected 
areas of 
homes and 

TCE, CCl4 Yes (past); 
potential 
current, and 
future for 

number  businesses homes and 
exposed is 
unknown 

businesses 
without vapor 
extraction 
systems 

Contact with Outdoor air Air in spill Inhalation Unknown Breathing in TCE, CCl4, Potential past, 
vapors at spill area number of spill areas possible current, and 
areas employees other future 

chemicals at 
site 

Contact with Surface and Spill area Inhalation Unknown Digging soil TCE, CCl4, Potential past, 
contaminated subsurface soil where digging Dermal number of in spill area possible current, and 
soil in spill to clean Ingestion employees  without other future 
areas contamination using proper chemicals at 

protective site 
gear 

To evaluate exposures, ATSDR makes assumptions about the exposed population.  We generally 
base our assumptions on worst-case examples so that we make decisions that are protective for 
the most sensitive people in the exposed population.  At Conrail, people were exposed to a wide 
range of contaminant levels.  Some people who lived over the contaminated areas were not 
exposed to any contamination, while others were exposed to very high levels of both TCE and 
CCl4. 
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• 
exposure. 

• 
• 
• 4 

TCE or CCl4 

Our Conrail exposure assumptions were: 
People were exposed to contaminants for a minimum of 18 years, which is chronic 

Both adults and children were exposed to the contamination. 
The most sensitive population exposed was the unborn child (fetus). 
People were exposed only to TCE and CCl from the Conrail site.  Anyone exposed to 

at work would have to include those exposures to determine their total 
exposure dose.  

Magnitude of Exposure 

We have data for 598 private wells. A total of 258 (43%) of the wells tested contained some 
contamination. Of those, 241 wells contained at least small amounts of TCE, CCl4, or both 
compounds.  Seventeen other wells contained trichlorethane or dichloroethylene at levels below 
comparison values.  Many of the wells that did not contain contamination were tested only one 
time.  We do not know whether contamination ever reached those wells while they were in use.  
Likewise, we do not know exactly when each well was abandoned or which one(s) might still be 
used. The levels of the contamination vary greatly, and whether a well was contaminated 
appears to depend more on the depth of the well rather than where it was located geographically.  
If an average of four people used each well, then 1,032 people were exposed to some level of 
contamination.  Because we do not have data for all private wells that were used in the area, we 
believe this number of people is an underestimate of those actually exposed.  The following table 
provides information on the number of people, figured on an average of four people using a 
contaminated well, who were exposed to contamination. 
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Table 8. Estimated Number of People Exposed to Different Concentrations of 
Trichloroethylene, Carbon Tetrachloride, or Both Contaminants Present in Well Water * 

Concentration 

(ppb) 

Number of People 
Estimated to Have 
Been Exposed to 

TCE Only 

Number of People 
Estimated to Have 
Been Exposed to 

CCl4 Only 

Number of People 
Estimated to Have 
Been Exposed to 
Both TCE and 

CCl4 

TCE CCl4 

Number of People 
Estimated to have Been 

Exposed to TCE and 
CCl4 (Levels Added) 

>30,000 0 0 0 0 0 

>10,000 0 0 0 4 4 

>3,000 0 0 8 24 28 

>1,000 12 0 8 56 64 

>300 12 0 20 80 116 

>100 16 0 108  148 192 

>30 60 4 260  184 288 

>5 104 8 324  292 348 

<5 260 32 272  320 260 
> = greater than 
< = less than 
ppb = parts per billion 
*The exposed population numbers are cumulative.  That is, someone exposed to TCE at 1,000 parts per billion was 
also exposed to 300, 100, 30, and 5 parts per billion. 

Of the 35 homes and buildings tested for CCl4 in indoor air, 12 contained CCl4. If we assume 
that four people were present in each of those buildings every day, then 48 people were exposed 
to CCl4 in their indoor air. Well water data that were available for homes and businesses that 
were tested for indoor air contamination indicate that of those 48 people, a minimum of 40 were 
also exposed to CCl4 in their well water.  Four of the 48 people (or one building) had no 
contamination in their well water when the well was sampled.  Another four people occupied a 
building where the well water was not tested.  

To fully evaluate exposure, we consider all ways that people take contaminants into their bodies.  
The following flow chart describes how we approached the exposures that occurred in 
communities affected by contaminants from the Conrail site. 
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Figure 10: Evaluation of Multi-Pathway Exposure to Groundwater Contaminants 

Water Ingestion 

Other uses: 
showering/bathing, 

Measured Indoor Air 

) 

TCE: Table 10 
CCl4: Table 13 

Concentration 

Contaminants in Groundwater 

Use of Groundwater as Home 
Water Supply 

laundry, dishwasher 
Concentration from Migration of 
Vapors into Home 

Total Systemic Exposure Dose 
(mg/kg/day

Dermal Dose Ingestion Dose Estimated Indoor Air 

Comparison to Toxicological Studies of 
Chemical Ingestion to determine potential 

health impacts 

TCE: Table 10 and 11 
CCl4: Table 13 and 14 

Comparison to Toxicological Studies of 
Chemical Inhalation to determine potential 

health impacts 

TCE: Table 12 
CCl4: Table 15 
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Health Implications of Exposure 

Our findings about the health implications of exposure are summarized in the following box.  
Detailed technical information on how we arrived at these conclusions is presented after the 
summary. For those people wishing to know more about the technical aspects of our work, 
please refer to that discussion. 

• 

effects. 
• 4 at levels greater 

kidney damage. 
• 4 

TCE and CCl4 

• 

• 4 in water 
where CCl4 

health effects. 

exposure had not occurred. 

Approximately 36 people used well water containing TCE at levels greater 
than 300 ppb. Those people were at risk of developing cancer, primarily 
leukemia or non-Hodgkins lymphoma.  Some of those people (more than 20 
people) used water containing TCE at 500 ppb or more. Those people were 
also at risk of having non-cancer health effects such as heart and respiratory 

Approximately 80 people used well water containing CCl
than 300 ppb. Those people were at greater risk of experiencing liver and 

TCE makes the toxicity of CCl worse when someone is exposed to both 
chemicals at the same time. More than 600 people were exposed to both 

present in their well water. 
Of those people drinking water containing both chemicals, about 48 of them 
were using water with levels too low to likely cause them harm. 
Approximately 288 people were exposed to both TCE and CCl

exceeded the drinking water standard of 5 ppb. Of those 288 
people, approximately 136 people were at low risk of experiencing health 
effects, and approximately 152 people were at a greater risk of experiencing 

Those effects might be mild to severe liver damage, fluid in 
the lungs, kidney damage, and some neurological effects. A pregnant woman 
who used the contaminated water might have had a smaller baby than if 

Sources of information about chemical exposure 

To help us better understand the possible health impacts contaminated drinking water had on the 
communities near Conrail, ATSDR evaluated several different information sources. ATSDR 
reviewed animal studies, worker studies of occupational exposure, and studies of residential 
exposure to environmental contamination.  Each of these study types has strengths and 
weaknesses: 

Animal exposure studies are generally conducted under controlled conditions, with a 
known concentration(s) of a specific chemical administered for a defined period.  This 
allows us to observe the impact of the chemical concentration and the duration of 
exposure. Any resulting health effect can also be observed.  The effect of that exposure 
on the development of cancer, the function of specific organ structures, and fetal 
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development can be observed in great detail.  However, most animal exposure studies are 
conducted at a relatively high dose to enhance the likelihood of observing an effect.  As a 
result, these studies are limited in their ability to predict health effects at low doses.  The 
use of animal studies to predict effects in humans introduces a level of uncertainty 
because humans and experimental animals may differ in their sensitivity to a chemical.  
Whether humans are more sensitive or less sensitive to the effects of a specific chemical 
than experimental animals is not easily determined.    

Occupational exposure studies have the unfortunate advantage that the effects of 
chemical exposure are being directly evaluated in humans, thereby reducing the 
uncertainty of relying on animal studies to predict health impacts.  However, the results 
of these studies are complicated by the fact that the chemical concentrations that specific 
workers were exposed to are seldom known with certainty.  There is also the confounding 
effect that most occupational environments are associated with exposure to multiple 
chemicals, complicating the determination that any observed health effect is the result of 
exposure to any one chemical.  In addition, men fill most jobs in which chemical 
exposures occur, so effects on women and the developing fetus are difficult to determine 
from these studies.  Unlike animal studies, where the pathologic effects of a chemical can 
be evaluated in detail, the effects of exposure on the health of workers are usually less 
precise and adverse effects might be missed.  Occupational studies are usually 
retrospective and are often limited to severe effects such as those reported in death 
certificates. 

Environmental exposure studies also have the advantage of evaluating human 
exposure, usually involving exposure levels that are well below those evaluated in animal 
and occupational exposure studies. However, these studies generally involve a relatively 
small number of people and use inherently insensitive epidemiological methods to 
correlate chemical exposure to a specific health effect.  Although detailed environmental 
sampling is generally conducted to characterize current levels of exposure, the level of 
past exposure is usually only estimated.  As with occupational studies, environmental 
exposure studies are complicated by the presence of multiple chemicals in the water or 
air. Because environmental exposure studies usually involve residential exposures, the 
impact on the elderly, women, children, and the developing fetus is more likely to be 
observed than for occupational studies.    

Interpretation of Potential Health Effects from TCE Exposure  

Summary of Exposure Estimates 

The total estimated TCE exposure dose for individuals using well water as the sole source of 
drinking water and other uses such as showering and bathing is summarized in Table 9.  The 
exposure doses are estimated for specific ranges of TCE concentration in water, from less than 5 
ppb (the federal drinking water standard) to greater than 30,000 ppb.  Exposure occurred through 
ingestion of the water, dermal contact during showering or bathing, and inhalation of TCE 
vapors released during water use.  The total dose from all of these routes of exposure are added 
and compared to the doses in the toxicological studies that were reviewed.  The specific effects, 
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based on animal studies, occupational studies, and residential exposure studies, associated with 
exposure to TCE through ingestion of contaminated water are also summarized in Table 9.   

Comparison to Human Studies 

The National Institutes of Health (NTP 2005) classified TCE to be ‘reasonably anticipated to be 
a human carcinogen’ based on limited evidence of carcinogenicity from studies in humans (7 
studies) and from sufficient evidence of carcinogenicity from studies in experimental animals; 
there was evidence of cancerous and noncancerous tumors at multiple tissue sites. Most of the 
information about the effects of TCE in humans is based on studies of exposure to workers 
where TCE is used as a common solvent and degreasing agent.  The National Institute for 
Occupational Safety and Health (NIOSH) considers TCE to be a potential occupational 
carcinogen. The International Agency for Research on Cancer classifies TCE as a probable 
human carcinogen.  EPA characterizes TCE as likely to be carcinogenic to humans.  The 
occupational studies have generally evaluated the effects of inhalation of high concentrations of 
TCE vapors, with evidence of associations with increased incidence of kidney cancer (Henschler, 
et. al. 1995) and non-Hodgkin’s lymphoma (Anttila, et al. 1995).  Other studies have shown 
weaker associations with cancer risk (ATSDR 1997).   

There is a much greater level of uncertainty about estimating the potential risk associated with 
exposure to low levels of TCE, particularly in the range of 30 ppb to 300 ppb.   

There are several studies of communities where residents have been exposed to TCE in their 
municipal water supply.  One study was initiated as an investigation of a cancer cluster study of 
childhood leukemia cases in Woburn, Massachusetts, in 1986.  The area with the reported 
leukemia cases corresponded to a part of the city where TCE and other solvents had been 
detected in two of the eight municipal drinking water wells, dating to 1979.  This study is of 
interest because the levels of TCE found in the Woburn wells (maximum TCE detection of 267 
ppb) were within the range of concentrations detected in the private wells affected by Conrail.  
Results of the epidemiologic analysis of these cases identified a weak association between the 
potential for exposure to contaminated water during maternal pregnancy and leukemia diagnosis 
in the child.  However, a child’s potential for exposure from birth to diagnosis showed no 
association with leukemia risk (Costas 2002).   

Another study of the health effects of exposure to TCE-contaminated drinking water was 
conducted in New Jersey where 75 towns were evaluated from 1979–1987.  Study investigators 
compared towns without detectable TCE in drinking water to towns with the highest TCE level 
(greater than 5 ppb) in their drinking water.  The comparison revealed an increase in the 
incidence of total leukemia among females, particularly for acute lymphocytic leukemia in 
females under 20 years old. The study also noted an elevated incidence of chronic myelogenous 
leukemia among females, chronic lymphocytic leukemia among males and females, non-
Hodgkins lymphoma (NHL) in females, diffuse large cell NHL in females and males, and non-
Burkitt's high-grade NHL among females and males.  The results suggest a link between TCE 
and leukemia/NHL incidence.  However, the conclusions are limited by lack of information 
about the long-term exposure levels to TCE and the confounding influence of other chemicals 
found in the drinking water (New Jersey, 2003).  The levels of TCE found in the New Jersey 
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study are relatively low (maximum detection = 67 ppb) compared to the levels found in some 
private wells affected by the Conrail site. 

Health effects other than cancer have also been examined.  A study of people in Arizona exposed 
to TCE in their drinking water identified an association with congenital heart malformations 
(Goldberg, et al. 1990). This observation is consistent with the results of an animal study 
described in the next section (Dawson 1993). 

Comparison to Animal Studies 

The effects of TCE have been more extensively studied in experimental animals.  TCE is 
associated with the development of liver and kidney tumors in animals, but only at relatively 
high doses. Heart defects have been detected in newborn rats that were exposed to TCE during 
embryo development (Dawson, et al. 1993; Johnson, et al. 1998; Johnson, et al., 2003).  
However, other animal studies have not demonstrated these effects (ATSDR 1997).  In Table 
10A, the total estimated exposure dose for ingestion, dermal, and inhalation routes for specific 
intervals of TCE concentrations in water.  These levels are then compared to several health-
based criteria based on studies of TCE ingestion, including the minimal risk level (MRL) and 
lowest observed adverse effect level (LOAEL) values for developmental (Johnson, et al., 2003), 
liver (Elcombe et al., 1985), and kidney effects (Berman et al., 1995).  To include a comparison 
to studies that have evaluated the effects of TCE inhalation, Table 10B shows the comparison of 
the estimated indoor air concentrations that would result from evaporation and accumulation of 
TCE during bathing activities. These levels are compared to several health-based criteria from 
studies of TCE inhalation, including the acute and intermediate inhalation MRL and LOAEL 
values for immune (Aranyi et al., 1986), lung (Odum et al., 1992), and liver (Kjellstrand et al., 
1983) effects. The purpose of these comparisons is to better define the levels of exposure where 
there is confidence that no adverse health effects occur.   

The first step in this comparison is to determine the Hazard Quotient (HQ), which is the ratio of 
the estimated exposure dose in a population to the health-based comparison value, MRL.  An HQ 
of less than 1.0 indicates that exposures at that level are not expected to cause non-cancerous 
adverse health effects.  HQ values greater than 1.0 do not necessarily mean that health effects 
would occur, but that further evaluation is needed.  The higher the HQ value, the greater the 
potential for health effects to occur. 

When the HQ is greater than 1, then a comparison of the estimated exposure doses to the levels 
that have been found to cause specific, adverse health effects in animals and humans is helpful in 
further evaluating exposures. As the estimated exposure doses approach the LOAEL for 
different organ systems and endpoints the likelihood of specific adverse effects increases.  The 
most sensitive effects of TCE exposure are on the developing embryo, associated with heart 
defects in exposed animals, followed by adverse effects to the lungs, the kidneys, the liver, and 
the nervous system. Levels of exposure to TCE in water that may be associated with these effects 
are about 500 ppb or greater. 
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Conclusions about Potential Health Implications for Exposure to TCE 

This analysis is intended only to characterize the magnitude of the risk that residents may have 
experienced from their exposure to the contaminants found in their drinking water wells.  There 
is a great amount of uncertainty in attempting to characterize the magnitude of the health risk 
associated with exposure to TCE.  There is conflicting information regarding the health effects of 
TCE in both human and animal exposure studies.  What is clear is that the magnitude of the 
hazard is directly proportional to the concentration of TCE in the drinking water and the duration 
of time that people may have been exposed to the contaminated water.  After evaluating the 
human and animal studies, ATSDR concludes that individuals who used TCE-contaminated well 
water above 300 ppb may have experienced an increased cancer risk, and individuals exposed to 
levels above 500 ppb also may have had an increased risk for various non-cancerous effects.   

No conclusions can be made about the causal association between any individual’s disease and 
contamination found in the private wells affected by the Conrail site. Some reasons for this 
limitation include the fact that the levels of exposure doses over time are either not known or not 
well characterized, the uncertainty about our knowledge of chemical toxicity, and the presence of 
many other risk factors that may also be associated with any particular disease.  

The concentration of 300 ppb is not intended to be a threshold level that defines a safe level, but 
rather a level that could be associated with an increased risk of developing some health effects.  
According to the well sampling records available since the mid-1980s, nine wells, serving an 
estimated 36 people, were contaminated with TCE at 300 ppb or higher.  It is possible that a 
larger number of wells could have been affected but were either not sampled at any time or were 
sampled after the peak levels had passed through the groundwater well field.  

50




Table 9: Summary of Health Effects Associated with Specific Levels of Exposure to TCE and Corresponding 
Concentrations of TCE in Water 

TCE 
Exposure Number 

Chronic 
Exposure 

Possible Health Effects from Chronic TCE Exposure Acute 
Inhalation 

Possible Health Effects from 
Acute TCE Exposure 

Conc. 
(ppb) 

of Wells Dose 
(mg/kg-day 

Human Studies Animal Studies Exposure 
(ppm) 

Human 
studies Animal studies 

Cancer Other effects Cancer Other effects 

liver, kidney, 

500 
Renal and 
kidney tumors 

neurological, 
reproductive, 
developmental 4128 
liver, kidney, 

250 

neurological, 
reproductive, 
developmental 2064 immune, respiratory, 

renal 100 830 

10 83 
neurological, 
eye immune, respiratory 

>30,000 3.27 27 
immune >10,000 None 1.09 9 

>3,000 2 0.34 developmental 2.7 
fetal heart 
abnormalities at 

>1,000 5 0.11 
0.18 mg/kg-day in 
one study 0.9 

Woburn exposure 
group: increased 

Woburn exposure 
group: cardiac, no information 

acute lymphocytic respiratory, 
>300 9 0.03 leukemias immune, dermal 0.27 no 

demonstrated 
effect 

>100 30 0.01 increased risk of 0.09 

no demonstrated 
effect 

>30 76 0.0033 

leukemia and non-
Hodgkins lymphoma 
in drinking water 
study (23-67 µg/L; 
Cohn et al., 1994) 

no demonstrated 
effect 

no demonstrated 
effect 

0.03 

>5 100 0.0005 no demonstrated 
effect 

0.004 

<5 
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Table 10A: Estimation of Total Absorbed TCE Dose from Ingestion, Dermal, and Inhalation Exposure to Water  

Comparison to MRL Other comparisons to total absorbed dose 

Developmental and 
neurological effects Liver effectsl1 Developmental-

cardiac effects2 
Kidney 
effects3 

TCE Conc. in 
Water (ug/L) 
(lower end of 

range) 

Ingestion 
Dose 

(mg/kg-day) 

Showering 
Dermal Dose 
(mg/kg-day) 

Showering 
Inhalation 

Dose (mg/kg-
day) 

Total Absorbed 
Dose (mg/kg-

day) 

Acute MRL 
(mg/kg-day) 

Acute 
Hazard 

Quotient* 

Acute LOAEL 
(mg/kg-day) 

Intermediate 
LOAEL (mg/kg-

day) 

Chronic 
LOAEL 

(mg/kg-day) 

30,000 0.86 1.4 1.0 3.3 0.2 16.6 100 0.05 50 
10,000 0.29 0.5 0.3 1.1 0.2 5.5 100 0.05 50 
3,000 0.09 0.1 0.1 0.33 0.2 1.7 100 0.05 50 
1,000 0.03 0.05 0.03 0.11 0.2 0.6 100 0.05 50 
500 0.01 0.02 0.02 0.06 0.2 0.3 100 0.05 50 
300 0.009 0.01 0.010 0.03 0.2 0.2 100 0.05 50 
100 0.003 0.005 0.003 0.01 0.2 0.06 100 0.05 50 
30 0.0009 0.001 0.0010 0.003 0.2 0.02 100 0.05 50 
5 0.0001 0.0002 0.0002 0.0006 0.2 0.003 100 0.05 50 

Doses are in units of mg/kg-day (ingestion assumes 100% absorption, dermal dose is based on an absorption model) 
MRL (Minimum Risk Level) represents the adverse health effect level for human exposure   
LOAEL is the Lowest Observed Adverse Effect Level 
Exposure durations: Acute (up to 14 days); Intermediate (14 days to 1 year); Chronic (longer than 1 year) 
* Hazard Quotient represents the ratio of total absorbed dose to MRL 
References:  

1- Elcombe, 1985 
2- Johnson et al., 2003 
3- Berman et al., 1995 
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Table 10B:  Estimation of Exposure Concentration for Inhalation of TCE Vapors from Water 

Comparisons for Acute Exposure Duration Comparisons for Intermediate Exposure Duration 

TCE Conc. in 
water (ug/L) 
(lower end of 

range) 

30,000 
10,000 
3,000 
1,000 
300 
100 
30 
5 

Showering 
Inhalation 

Concentration 
(ppm) 

27 
9 
3 

0.9 
0.3 
0.09 
0.03 

0.004 

Neurological effects Immune 
effects1 

Acute 
Inhalation 

MRL 
(ppm) 

Acute 
Hazard 

Quotient 

Acute 
LOAEL 
(ppm) 

2 13.4 10 
2 4.5 10 
2 1.3 10 
2 0.4 10 
2 0.1 10 
2 0.04 10 
2 0.01 10 
2 0.002 10 

Respiratory 
effects2 Neurological effects Liver effects3 

Acute LOAEL 
(ppm) 

Time-adjusted 
Showering 
Inhalation 

Concentration 
(ppm) 

Intermediate 
Inhalation 

MRL (ppm) 

Intermediate 
Hazard 

Quotient 

Intermediate 
LOAEL (ppm) 

100 0.6 0.1 5.6 75 
100 0.2 0.1 1.9 75 
100 0.1 0.1 0.6 75 
100 0.02 0.1 0.2 75 
100 0.01 0.1 0.1 75 
100 0.002 0.1 0.02 75 
100 0.001 0.1 0.01 75 
100 0.0001 0.1 0.001 75 

Air concentrations are estimated in units of ppm (parts-per-million) 
MRL (Minimum Risk Level) represents the adverse health effect level for human exposure   
LOAEL is the Lowest Observed Adverse Effect Level 
Exposure durations:  Acute (up to 14 days); Intermediate (14 days to 1 year); Chronic (longer than 1 year) 
* Hazard Quotient represents the ratio of total absorbed dose to MRL 
References: 

1-  Aranyi et al., 1986 
2-  Odum et al., 1992 
3- Kjellstrand et al., 1983 
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Interpretation of Potential Health Impacts from CCl4 Exposure 

Comparison to Human Studies 

The National Institutes of Health (NTP 2005) classified CCl4 to be ‘reasonably anticipated to 
be a human carcinogen’; there was evidence of liver cancer in experimental animals when 
administered by ingestion. In evaluating the health impacts among residents who were 
exposed to CCl4 in their drinking water, we also considered information from all three types 
of studies previously described. Table 11 summarizes the exposure doses of CCl4 that are 
associated with specific health effects.  This exposure dose is estimated for specific ranges of 
CCl4 concentration in water, from less than 5 ppb (the federal drinking water standard) to 
greater than 30,000 ppb. Occupational studies are generally limited to high levels of exposure 
through inhalation of CCl4, with reports of gastrointestinal, liver, and neurological effects.  
However, studies of the effects of human exposure to relatively low doses of CCl4 are very 
limited.  In fact, there is essentially only one study that has examined health effects in the 
range of exposures that are likely to have occurred in the communities affected by Conrail.  
An epidemiologic study was conducted using birth outcome and drinking water exposure 
databases from a four-county area in northern New Jersey (Bove, et al. 1992a, 1992b, 1995).  
Estimated carbon tetrachloride concentrations in the drinking water of greater than 1 part per 
billion were associated with a statistically significant finding of smaller babies (decrease in 
full-term birth weight) and an increased incidence of neural tube defects, with weaker 
associations with central nervous system defects and cleft-lip or cleft-palate.  A limitation of 
this study is the lack of defined exposure levels and the possible complication of other 
contaminants in the drinking water. Therefore, the 1 ppb CCl4 in drinking water cannot be 
used as a threshold for adverse effects. 

Comparison to Animal Studies 

As summarized in Table 11, animal studies have found liver effects at relatively high doses, 
compared to the estimated total exposure dose for drinking water use.  At higher doses, 
effects on fetal weight gain, immune function, and neurological and kidney effects have been 
observed. Table 12A shows the total estimated exposure dose for ingestion, dermal, and 
inhalation routes for specific intervals of CCl4 concentrations in water. These levels are then 
compared to several health-based criteria from studies of CCl4 ingestion, including the 
minimal risk level (MRL) and lowest observed adverse effect level (LOAEL) values for 
developmental (Narotsky et al. 1997), liver (Eschenbrenner and Miller, 1946), and kidney 
effects (Dcherty and Burgess, 1922). To include a comparison to studies that have evaluated 
the effects of CCl4 inhalation, Table 12B shows the comparison of the estimated indoor air 
concentrations that would result from evaporation and accumulation of CCl4 during bathing 
activities. These levels are then compared to several health-based criteria from studies of 
CCl4 inhalation, including the MRL and LOAEL values for liver (Adams et al., 1952), 
kidney (Barnes and Jones, 1967; Japan Bioassay Research Center, 1998; Nagano et al., 1998) 
effects. The purpose of these comparisons is to better define the levels of exposure where 
there is confidence that no adverse health effects occur.   
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As with TCE, the HQ is a ratio of the exposure dose to the health-based guideline, MRL.  
The exposures to CCl4 exceed the HQ of 1.0 at CCl4 concentrations in water greater than 140 
ppb, which indicates exposures were evaluated further.  Also, as with TCE, ATSDR 
compared the estimated exposure doses to the levels that have been found to cause adverse 
health effects in various organ systems. The most sensitive effects of CCl4 exposure are on 
liver function, but harmful effects might also occur to the respiratory, kidney, and 
neurological systems, and developmental effects might also occur. Levels of exposure to 
CCl4 in water that are associated with liver toxicity may occur at concentrations greater than 
300 ppb. 

Conclusions about Potential Health Impacts for CCl4 Exposure 

This analysis is intended to characterize the magnitude of the risk that residents may have 
experienced as a result of their exposure to the contaminants found in their drinking water 
wells. After evaluating human and animal studies, ATSDR concludes that individuals who 
used CCl4-contaminated well water at levels above 300 ppb may have experienced an 
increased risk of liver and kidney damage.  That level is not considered to be a threshold for 
health effects, below which there is no concern.  The magnitude of that risk is directly related 
to the duration of their use of water contaminated at that level.  According to the well 
sampling records we examined for sampling conducted since the mid-1980s, 20 wells, 
serving an estimated 80 people, were contaminated with CCl4 at that level or higher.  It is 
possible that a larger number of wells could have been affected but were either not sampled 
or were sampled after the CCl4 peak levels had passed through groundwater. 

As mentioned in the discussion of TCE exposure, conclusions regarding the causal 
association between any individual’s disease with contamination found in private wells 
affected by the Conrail site cannot be made because exposure doses over time are not known, 
there is uncertainty in estimating health effects for low levels of exposure, and the possible 
presence of other risk factors that may also be associated with causation of a disease. 
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Table 11: Summary of Health Effects Associated with Specific Levels of Exposure to CCl4 and Corresponding Concentrations of CCl4 
in Water 

CCl4 
Conc.in 
Water 

Number 
of Wells 

Total 
Chronic 

Exposure 
Dose 

Possible Health Effects from Chronic CCl4 Exposure Acute 
Inhalation 
Exposure 

Possible Health Effects from 
Acute CCl4 Exposure 

human studies animal studies Human studies Animal studies 

(ppb) (mg/kg-
day) 

Cancer Other effects Cancer Other effects (ppm) 

Mild kidney 
1,200 effects 

Neurological Neurological Developmental 
(acute); effects effects (body 
hepatic effects (intermediate) weight); 

hematologic 
250 500  effects 

Nausea and Heptatocellular Reduced fetal 
vomiting 
(acute); 

carcinomas at 47 
mg/kg-day 

weight gain for 
gestational days 

serious hepatic 6-8 (acute); Serious 
effects (acute) decreased respiratory, 

50 
immune function 
(acute) 200 

renal, hepatic 
effects 

Serious 
neurological 

10 

No 
information 

Hepatoma at 20 
mg/kg-day 
(intermediate) 100 

Hepatic effects 
(7 hr/day) 

>30,000 0 3.27 
Hepatic effects at 
5 mg/kg-day 22.5 

>10,000 1 1.09 Developmental 7.5 

>3,000 6 0.34 
impacts at 
drinking water 

10-2 cancer risk 
at 0.1 2.25 No 

demonstrated 
effects 

No 
demonstrated 
effects 

>1,000 14 0.11 concentrations 0.8 

>300 20 0.03 
>1 ppb (low 
birth weight, 

10-3 cancer risk 
at 0.01 No demonstrated 0.23 

>100 37 0.01 CNS defects, effects 0.08 

>30 47 0.0033 

neural tube 
defects, cleft-
lip and cleft-

10-4 cancer risk 
at 0.001 0.02 

>5 75 0.0005 palate (Bove, 0.004 
<5 88 1992) 
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Table 12A Estimation of Total Absorbed CCl4 Dose from Ingestion, Dermal, and Inhalation Exposure to Water  

Comparison to Chronic 
MRL 

Comparisons for Acute and Intermediate 
exposure duration 

Liver Effects Develop. 
effects1 

Kidney 
effects2 Liver cancer3 

CCl4 
Conc. in 

water 
(ug/L) 

Ingestion 
Dose 

(mg/kg-
day) 

Showering 
Inhalation 

Dose 
(mg/kg-day) 

Showering 
Dermal 

Dose 
(mg/kg-

day) 

Total 
Absorbed 

Dose (mg/kg-
day) 

CCl4 MRL 
(mg/kg-day) 

Hazard 
Quotient 

LOAEL 
(mg/kg-day) 

Acute 

LOAEL 
(mg/kg-day) 

Acute 

LOAEL 
(mg/kg-day) 

Interemediate 

30,000 0.9 1.0 1.4 3.31 0.02 165.7 50 180 20 

10,000 0.3 0.3 0.5 1.10 0.02 55.2 50 180 20 

3,000 0.1 0.1 0.1 0.33 0.02 16.6 50 180 20 

1,000 0.03 0.03 0.05 0.11 0.02 5.5 50 180 20 

300 0.01 0.01 0.01 0.03 0.02 1.7 50 180 20 
100 0.003 0.003 0.005 0.01 0.02 0.6 50 180 20 
30 0.001 0.001 0.001 0.003 0.02 0.2 50 180 20 

5 0.0001 0.0002 0.0002 0.0006 0.02 0.03 50 180 20 
Doses are in units of mg/kg-day (ingestion assumes 100% absorption, dermal dose is based on an absorption model) 
MRL (Minimum Risk Level) represents the adverse health effect level for human exposure   
LOAEL is the Lowest Observed Adverse Effect Level 
Exposure durations:  Acute (up to 14 days); Intermediate (14 days to 1 year); Chronic (longer than 1 year) 
* Hazard Quotient represents the ratio of total absorbed dose to MRL 
References: 

1-  Narotsky et al., 1997 
2-  Docherty and Burgess, 1922 
3-  Eschenbrenner and Miller, 1946 
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Table 12B: Estimation of CCl4 Exposure Concentration from Inhalation Pathway 

Comparisons for Acute Exposure Comparisons for Intermediate Duration Exposure 

Liver effects1 Kidney 
effects2 Liver effects Kidney 

effects3 
Hematologic 

effects4 

TCE Showering Acute Acute LOAEL Time-adjusted Intermediate Intermediate Chronic Chronic 
Conc. in Inhalation LOAEL (ppm) Showering Inhalation Hazard LOAEL LOAEL 

water Concentration (ppm) Inhalation MRL (ppm) Quotient (ppm) (ppm) 
(ug/L) (ppm) Concentration 

(ppm) 

30,000 23 10 200 0.5 0.03 16 5 25 
10,000 7.6 10 200 0.2 0.03 5 5 25 
3,000 2.3 10 200 0.05 0.03 1.6 5 25 
1,000 0.8 10 200 0.02 0.03 0.5 5 25 
300 0.23 10 200 0.005 0.03 0.2 5 25 
100 0.08 10 200 0.002 0.03 0.05 5 25 
30 0.023 10 200 0.0005 0.03 0.016 5 25 
5 0.004 10 200 0.0001 0.03 0.003 5 25 

Air concentrations are estimated in units of ppm (parts-per-million) 
MRL (Minimum Risk Level) represents the adverse health effect level for human exposure   
LOAEL is the Lowest Observed Adverse Effect Level 
Exposure durations:  Acute (up to 14 days); Intermediate (14 days to 1 year); Chronic (longer than 1 year) 
* Hazard Quotient represents the ratio of total absorbed dose to MRL 
References: 
1- Adams et al., 1952 
2-  Barnes and Jones, 1967 
3-  Japan Bioassay Research Center, 1998; Nagano et al., 1998 
4-  Japan Bioassay Research Center, 1998; Nagano et al., 1998 

58




Exposure to a Mixture of TCE and CCl4 

Because some people were exposed to both TCE and CCl4, ATSDR used its recently developed 
guidance for evaluating mixtures.4 For evaluating non-cancer health effects, the hazard quotient 
(HQ) is calculated for each chemical and for each route of exposure as previously described for 
the evaluation of TCE and CCl4 exposures. With mixtures, the hazard quotients are added for 
each chemical to derive the hazard index (HI) for the mixture as follows: 

Oral HImixture = oral HQTCE + oral HQCCl4 

Inhalation HImixture = inhalation HQTCE + inhalation HQCCl4 

Whenever a combined HI for a mixture of chemicals exceeds 1.0, ATSDR evaluates the 
exposure further to determine if a mixtures effect might be possible.  Part of this additional 
evaluation requires that organ-specific endpoints be determined. The organ-specific HQs are 
referred to as a target toxicity doses (TTD).  For instance, when two chemicals both cause 
adverse effects to the lungs, a lung target toxicity dose is derived for each chemical, in this case 
for TCE and for CCl4. As with calculating an MRL, the resulting TTD for chemical one and for 
chemical two are then used to develop a HI for just respiratory (lung) effects.  Again, the HIs 
based on organ-specific target toxicity doses are calculated for each route of exposure as follows: 

Oral HI-TTDingestion = oral HQingestion-TCE + oral HQingestion-CCl4 

Inhalation HI-TTDrespiratory = inhalation HQrespiratory-TCE + inhalation HQrespiratory-CCl4 

Similar to evaluating possible effects of single chemical exposure, when the HI-TTD for a 
specific organ exceeds 1.0, a comparison of the combined estimated exposure doses for the 
chemicals to no observed adverse effects levels (NOAELs) and to the lowest observed adverse 
effect levels (LOAELs) for both chemicals provides a better understanding of which exposures 
might pose a greater risk of resulting in adverse health effects.  For the Conrail site, ATSDR 
calculated HI-TTDs for several target organs and specific health endpoints. Because of the levels 
of exposure, some of the values exceeded 1.0, requiring a final comparison of the estimated 
exposure dose to doses that are known to cause harmful effects in animals and humans. 

In addition to the dose comparisons described previously, another important step to consider is 
the interactions that chemicals might have in causing toxicity.  Chemicals can interact in the 
body resulting in effects that might be additive, greater than additive, or less than additive.  If 
additive, the dose of each chemical would have an equal weight in its ability to cause harmful 
effects. In that case, the combined HI for the two chemicals is an indication of the degree to 
which possible harmful effects could occur in people.  When the chemicals act in a greater than 
additive manner, which is known as synergism, one chemical is enhancing the effect of the other 
chemical.  In that case, the combined HI for the two chemicals underestimates the potential 

4The “Guidance Manual for the Assessment of Joint Toxic Action of Chemical Mixtures” (ATSDR 2004). 
ATSDR’s Division of Health Assessment and Consultation, the division responsible for this consultation, worked 
with the Division of Toxicology, the division that developed the mixtures guidance, to evaluate exposures to TCE 
and CCl4 from the Conrail site. 
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toxicity of the mixture of two chemicals.  For chemicals that act in a less than additive manner, 
which is known as an antagonistic effect, the combined HI overestimates the potential toxicity of 
the mixture of two chemicals.  In other words, one chemical might be thought of as protecting 
against adverse effects from the other chemical.  In that case, the HI for exposure to that mixture 
is less than simply adding the individual HQs for each chemical.   

To evaluate whether a mixture of chemicals could be acting additively, synergistically, or 
antagonistically, ATSDR developed an approach known as the binary weight of evidence 
analysis. The binary weight of evidence analysis consists of three parts: 

•	 reviewing mechanistic information available for the chemicals about how two chemicals 
in a mixture might interact together, 

•	 evaluating the toxicological significance of two chemicals interacting, and 
•	 determining whether any information is available that might be used to modify their 

actions. 

The results of this analysis provide qualitative information that helps interpret the HI score more 
accurately. In situations where exposure occurs to both TCE and CCl4, TCE appears to enhance 
the effects of CCl4. An important note is that additivity and interactions are specific to the route 
of exposure and target organ. For example, evidence that two chemicals interact at one target 
organ is not an indicator of how the chemicals would interact at a different target organ or 
endpoint. The following topics present information to support our finding regarding exposures 
to the mixture of TCE and CCl4: 

1.	 Scientific evidence for a mixture effects from simultaneous exposure to TCE and 
CCl4 

2.	 Sensitive groups 
3.	 A brief review of the different pathways involving exposure to TCE and CCl4 
4.	 Possible health effects in residents at the Conrail site 
5.	 Who is at risk at Conrail 

Scientific Evidence for Greater than Additive Effects of TCE and CCl4 Exposure 

Several studies exist that show that TCE will enhance the toxic effects of CCl4, particularly toxic 
effects to the liver.  Thus, TCE acts in a greater than additive manner to enhance the toxic effects 
of CCl4. Pessayre, et al., showed that a wide range of non-toxic TCE doses (injected into the 
body cavity of rats) potentiated the hepatotoxicity of chloroform (Pessayre 1982).  The same 
study showed that CCl4 did not increase the toxic effects of TCE.  The Pessayre study showed 
that the threshold for toxic liver effects from CCl4 was lowered, that is, in the presence of TCE, 
lower levels of CCl4 can cause harmful effects to the liver.  Because the Pessayre study exposed 
rats by injecting them with TCE and CCl4, it is difficult to determine precisely how much TCE or 
CCl4 in water would be needed to cause these synergistic effects.  However, a study by another 
investigator showed that toxic effects to the liver from a mixture of TCE and CCl4 were similar 
by either injection into the body cavity or by oral administration (Steup, et. al. 1991).  
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Steup, et al., showed a rather complex relationship between TCE dosing and CCl4. Relatively 
low doses of CCl4 (25 mg/kg) required higher doses of TCE (790 mg/kg) to cause liver damage 
while relatively high doses of CCl4 (51 mg/kg) resulted in liver damage from lower doses of 
TCE (79 mg/kg).  As you can see, the interplay between TCE and CCl4 doses makes it difficult 
to pinpoint the lowest levels of each chemical that might interact to cause harmful effects to the 
liver. It is also important to remember that Steup’s investigations evaluated very short periods of 
exposure (usually one day), making the doses he identified as critical not as applicable to longer 
exposure periods that are typical for residents at the Conrail site. Nevertheless, the principle is 
established that TCE at some level will synergistically increase the toxic effects to the liver from 
exposure to some levels of CCl4. 

Another study that administered TCE and CCl4 orally to rats supports the findings from Steup 
(Borzelleca, et. al. 1990).  Borzelleca exposed rats to relatively large amounts of CCl4 and TCE 
(ranging from 100 milligrams chemical per kilogram body weight to 400 milligrams chemical 
per kilogram body weight (mg/kg)).  The results clearly show that TCE synergistically increases 
the toxic effects of CCl4. 

Another series of studies reported the occurrence of hepatitis (inflammation of the liver) in 
people who sniffed solvents containing predominantly TCE and small amounts (7 to 20 percent) 
of CCl4 (Conso, et. al., 1980a, Conso 1980b, Bouygues, et. al, 1980).  Because these were human 
exposures, the concentration of TCE and CCl4 in the air that these individuals breathed is not 
known. Therefore, it is not possible to know to what degree TCE enhanced the toxic liver effects 
of the small amounts of CCl4 in the solvent.  It is reasonable to assume, however, that TCE most 
likely enhanced the toxic effects of CCl4 in the solvent. 

Sensitive Groups 

Studies in rodents have shown that other factors might increase the risk of harmful effects from 
exposure to CCl4. Diet, diabetes, and stress have been shown to increase the harmful effects of 
CCl4 in rodents (McLean and McLean 1966, Hanasono, et. al. 1975a, 1975b, Iwai, et. al. 1986).  
For instance, Iwai, et al., showed that non-toxic doses of CCl4 caused liver damage when stress 
was induced in rats from shock treatment.  Similarly, when diabetes was induced in rats by 
treating the animals with alloxan, previously non-toxic doses of CCl4 caused liver damage in 
rats. As for diet, McLean, et. al., proposed that a low-protein diet might protect against the 
harmful effects of CCl4. In addition, alcohol has been shown to potentiate (that is, increase) the 
harmful effects of CCl4 in mice (Weber 2003).  Therefore, it is reasonable to assume that people 
who drink alcohol might be at increased risk of harmful effects should their drinking water 
contain CCl4. 

Pathways of exposure to TCE and CCl4 

As described previously, about 608 people used private well water contaminated with TCE and 
CCl4. Those people were exposed to both chemicals when they drank water from their private 
well and when they bathed in the water. Evaporation of TCE and CCl4 from contaminated water 
while bathing and showering would result in exposure through inhalation of TCE and CCl4 
vapors. This inhalation exposure was most significant while showering and while remaining in 
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the bathroom shortly after the shower.  Exposure to TCE and CCl4 also occurred while bathing 
and showering because the TCE and CCl4 that remained in the water came into contact with the 
skin. Some TCE and CCl4 passed through the skin while showering or bathing, thus entering the 
body. 

ATSDR estimated the amount of chemicals that people drank, the amount of chemicals that 
passed through the skin, and the amount of chemicals that evaporated into the bathroom air.  
Some uncertainty exists in these estimates because people drink different amounts of tap water 
each day. Uncertainty also exists in estimating the bathroom air concentrations that result from 
showering in contaminated water because it is not known precisely how much chemical will 
evaporate from the water, the water concentrations vary over time, and bathroom size varies 
from home to home.  Even with these uncertainties, it is possible to get an idea of how much 
TCE and CCl4 people might have contacted using assumed drinking water intakes, volatilization 
rates from water, and bathroom sizes. 

Magnitude of Exposure to the Mixture TCE and CCl4 

Of the 257 private wells that contained either TCE or CCl4, 152 wells contained both chemicals.   
•	 Seventy-eight of the 152 wells contained CCl4 at or below the drinking water standard (5 

ppb). Of those 78 wells with CCl4 at or below 5 ppb, 12 wells had TCE levels ranging 
from 8 ppb to 105 ppb. The estimated 48 people using these wells were not at risk of 
harmful effects from the mixture of TCE and CCl4. However, one well, had CCl4 levels 
of 5 ppb and TCE levels of 2,500 ppb. While a risk of harmful effects existed from 
exposure to TCE alone at this level, in this case the additional risk from the low level of 
CCl4 is not considered to be significant. 

•	 For the remaining wells that contained CCl4 ranging from 6 ppb to 27,000 ppb, ATSDR 
tried to determine if synergistic effects might have resulted from combination exposures 
to TCE and CCl4. 

Figure 11 shows the number of wells containing CCl4 at levels above and below the drinking 
water standard of 5 ppb and the corresponding ranges of TCE present in the water. 

•	 In the 72 wells, serving about 288 people, that contained CCl4 levels above the drinking 
water standard, 

o 38 wells, serving about 152 people, contained CCl4 levels above 100 ppb, 
o 34 wells, serving about 136 people, contained CCl4 between 6 and 99 ppb. 

•	 Although a wide range of TCE levels can be found for a corresponding CCl4 level, in 
general, as the CCl4 levels increase, the TCE levels tend to increase in most wells.  The 
discussion of possible health effects from the synergistic effects of TCE on CCl4 focuses 
on the 72 wells containing CCl4 at levels greater than the drinking water standard of 5 
ppb. 
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Figure 11. Display of the sampling results for individual wells containing both CCl4 and TCE 

‘ = individual wells 
Green = Safe levels—little or no risk from use of water with these levels of TCE and CCl4 
Yellow = Some risk of health effects for people using water containing these levels of TCE and CCl4 
Blue = Greatest risk of health effects for people using water containing these levels of TCE and CCl4 

Possible Health Effects from Exposure to the Mixture TCE and CCl4 

When private well water contains 5 ppb or less of TCE and CCl4 (the drinking water standard), 
no appreciable risk is apparent from exposure to a mixture of the two chemicals (shown in green 
in Figure 11). As TCE and CCl4 levels increase above the drinking water standard, the risk of 
harmful effects increases (shown in yellow in Figure 11).  While it is difficult to be precise in 
determining the specific levels where harmful effects might begin for someone who was exposed 
to a mixture containing CCl4 and TCE, the risk is greater for people whose private wells had 
CCl4 levels greater than 100 ppb and TCE levels greater than 500 ppb (shown in blue in Figure 
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11). Table 13 shows a variety of possible harmful effects for people who were exposed to the 
higher levels of CCl4 and TCE. 

Table 13. Organ Systems and Possible Health
Endpoints Resulting from Simultaneous Exposure to

CCl4 and TCE 

Organ System Possible Harmful Effects 
Liver Mild to severe damage to liver cells;

changes in enzyme levels indicating
injury, cirrhosis or harmful scarring
of liver tissue,

Neurological Sleepiness, depression 
Respiratory Fluid in the lungs

Developmental Lower fetal weight (small babies),
decrease in fetal weight gain (small
babies), maternal weight loss,
decrease length in fetuses,

Kidney Decreased urine output, altered kidney
function indicating injury; protein in
the urine 

Health Issues 

The community has voiced many health concerns related to the Conrail site.  For some of the 
health concerns, such as the occurrence of cancer or birth defects in members of the community, 
databases are available that enable health professionals to evaluate whether these diseases and 
birth defects in the Conrail area occurred at rates greater than for the state. For other health 
concerns, such as liver problems, kidney problems, heart problems, and fibromyalgia, there are 
no databases available for analyses. There is some medical literature that addresses exposure-
related factors for these health concerns.  The community has also expressed interest in the 
findings of the ATSDR TCE Subregistry for Conrail registrants.  Although health issues specific 
to the Conrail registrants cannot be provided from the registry, information about health effects 
reported by all registrants can be provided. These health issues are addressed in this section.   

The following information summarizes ATSDR’s findings. To better understand how we did the 
analyses and, importantly, the limitations of the information, please read the discussions of each 
evaluation. 
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• 

• 
the state. 

• 

specific types of cancer. 
not available. 

• 

• Both TCE and CCl4
CCl4

area. 4
The effects of CCl4

• Exposure to very high levels of TCE and CCl4 has been associated with a specific type of 

• 

contributor to the condition. 
• 

CCl4

For the birth certificate data examined, no difference was found in babies born within the 
two zip codes examined and with those born in the rest of the state. However, two types 
of birth defects, both of which are classified as neural tube defects, were found at a 
number we refer to as suggestive.  We do not know if the mothers in these cases were 
exposed to TCE during pregnancy or had other risk factors for birth defects. We do know 
that TCE exposure in some toxicity studies might be associated with similar effects. 
For 1990–1999, new cases of cancer are consistent with the number and kinds we see in 

More people died from all cancers combined and from lung and anal-rectal cancers from 
1992–2001 in zip code 46516 than expected when compared to state data. The analyses 
for zip code 46561 did not show an excess number of cancer deaths for all cancers or for 

For these analyses, information about risk factors for cancer was 
Some studies suggest exposure to TCE may be associated with some types 

of cancer, primarily leukemia and non-Hodgkins lymphoma, but, based on the Indiana 
Cancer Registry data, those cancers were not elevated.   
Some of the health effects reported in the TCE subregistry coincide with some of the 
health effects that people have asked us to evaluate.  The health effects reported in the 
TCE subregistry are intended to help focus where more research is needed rather than to 
associate exposure with the effects.  

 can cause damage to the liver, but the liver can repair much of the 
damage once exposure stops.   can also damage the kidney; however, the kidney can 
heal if the damage is not too severe. There are no liver or kidney disease registries to use 
for comparison to determine whether there is excess liver or kidney disease in the Conrail 

Exposure to the mixture of CCl  and TCE might also have effects on the respiratory 
system.   exposure are enhanced by simultaneous exposure to TCE. 
People exposed to these chemicals from the Conrail site may have been at risk for 
experiencing some effects on the liver, kidney, and possibly the lungs. 

heart problem (arrhythmias), and some animal studies have linked exposure during 
pregnancy to a congenital heart defect in the offspring.     
No one knows what causes fibromyalgia.  There may be a link between the disease and 
injury or infection, but exposure to toxic chemicals has not been ruled out as a possible 

Exposure to TCE has been associated with effects on facial nerves, but neither TCE nor 
 has been associated with damage to nerves in the limbs. 

Health and Disease Outcomes 

Health and disease outcome data are existing data that are gathered to help make determinations 
about potential health effects. This information comes from existing data sources such as disease 
registries, vital statistics, and hospital discharge data. While this information will not establish  
"cause and effect," it does provide information that characterizes the health status of a 
population. In this case, the health and disease outcome data assists in determining potential 
health effects from TCE and CCl4 exposure from the Conrail site and other sources.   
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Health and disease outcome data include the following strengths: 
•	 They provide means to assess whether there is a higher rate of disease in an area 
•	 They provide specific information on the health status of a community, for a specified 

time period, geographic area, and disease  
•	 They make use of established, accepted statistical methods. 

Health and disease outcome data include the following limitations: 
•	 Data are not collected for all diseases and for all geographic areas of interest 
•	 "Cause and effect" will not be established 
•	 Information on additional risk factors, occupational exposures, and length of residence 

that could be associated with the disease are unknown 
•	 Truly exposed and truly unexposed persons are likely to be included, thus accuracy of 

results is questionable 
•	 The small number of cases that would be found in a community the size of the Conrail 

area results in unstable5 estimates. 

The Indiana State Department of Health (ISDH) maintains several health outcome databases that 
can be used to generate area-specific disease data.  These data bases include a cancer registry, 
vital records (birth and death certificates), and hospital discharge information. In response to 
citizen concerns, ATSDR and ISDH have evaluated birth outcome data, cancer incidence data, 
and cancer mortality data for the area near the Conrail Rail Yard site.   

Review of ISDH Birth Certificates (1990-1999) 

For exploratory purposes and because of an available database, ATSDR’s Division of Health 
Studies, in cooperation with ISDH, examined birth certificate data to evaluate preterm birth, 
small for gestational age (SGA), and several birth defects. Citizens from the neighborhood 
around Conrail had expressed concerns over the number of children with birth defects in their 
community. Data were available for zip codes 46516 and 46561 in Elkhart (Elkhart County) and 
Osceola (Saint Joseph County), Indiana, for the 10-year period 1990 through 1999.  Those years 
were selected because the data were readily available electronically and were considered more 
accurate than earlier data. The prevalence of preterm birth, SGA, and birth defects for these two 
zip codes combined were compared to the prevalence for the rest of the state.  See Figure 11. 

Over the combined 10-year period, the prevalence of preterm birth, SGA, and most of the birth 
defects in the two zip codes were similar to the prevalence in the rest of the state. After taking 
into account socioeconomic factors such as mother's age, education, race/ethnicity, and 
information from the birth certificate on maternal smoking, these prevalence rates remained 
similar (Appendix 7).   

5 The term “unstable” refers to the difficulty in determining whether the number of cases found in an analysis is a 
result of a common factor such as exposure to a chemical or whether the cases just happened to be in a particular 
area.  For instance, chances are just as great that two people with liver cancer live on the same block as they are that 
the two people live 10 miles apart.  We would not be able to say with any certainty that the two people developed 
the cancer as a result of living on the same block. If 10 people on the same block develop the same type of liver 
cancer, then the chance of the cancer resulting from the same cause is much greater. 
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For the combined 10-year period, two central nervous system birth defects, anencephaly 
(defective development of the brain) and spina bifida (defect in the spinal column), were 
elevated in the two zip codes that include the Conrail site when compared with the rest of the 
state. These two central nervous system birth defects are often grouped together as "neural tube 
defects" or NTDs. Eleven children were identified as having been born with a neural tube defect. 

A serious limitation of these analyses was the use of zip codes to define the exposed population.  
Because of the way the birth certificate data are reported to ISDH, we could not analyze data at a 
smaller geographic level other than the zip code.  If some of the mothers residing in the two zip 
codes were not exposed to the Conrail drinking water contaminants during their pregnancies, 
then the risk of adverse birth outcomes from exposures to the contaminated drinking water in the 
study area may be underestimated. Further evaluation of these adverse birth outcomes will 
require a more precise definition of the exposed population. In addition, in order to evaluate 
neural tube defects, it will be necessary to identify a suitable unexposed comparison population, 
and it must be feasible to achieve complete ascertainment of neural tube defects in both the 
exposed and unexposed populations using multiple sources of information, including the review 
of hospital records. 
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In the United States, one of every 33 babies (3%) is born with a birth defect. The mother’s age at 
childbirth, her nutritional status, obesity before pregnancy, her alcohol, cigarette, and certain 
medication use during pregnancy, genetic factors, viruses, and some environmental exposures 
(including exposure to TCE and CCl4) are associated with the occurrence of birth defects or 
other adverse pregnancy outcomes. With the exception of the mother’s age and smoking status, 
the birth certificate data used in these analyses do not provide information on other risk factors. 
If more mothers residing in the two zip codes had these risk factors than those in the rest of the 
state, then the risk of adverse birth outcomes in the study area may be overestimated.   

In summary, over the 10-year period 1990–1999, the prevalence of preterm birth, small for 
gestational age, and low birth weight among term births in the two zip codes were similar to the 
prevalence in the rest of the state. The findings for neural tube defects are suggestive and may 
warrant further evaluation. This analysis is exploratory and does not allow for conclusions to be 
made for any relationship between adverse birth outcomes and drinking contaminated water. 

Review of Indiana Cancer Registry Data (1990–1999) 

In response to community concerns about the occurrence of several types of cancers in the area 
adjacent to Conrail, ISDH conducted analyses of available cancer data from the Indiana Cancer 
Registry. This registry records all new cases of cancer diagnosed in residents of Indiana. ISDH 
evaluated total cancer, 21 specific types of cancer in children and adults, and all child cancer 
combined between 1990 and 1999. The types of cancer evaluated were selected based on 
concerns from citizens and suspected or plausible scientific associations from the medical 
literature between these cancers and TCE and CCl4 exposure. 

All new cases of cancer diagnosed among residents of the Conrail area for the most recent 10 
years of complete data, 1990 through 1999, were identified.  For this analysis, therefore, the 
geographic unit analyzed coincided with the described Conrail area based on the groundwater 
plume. Because the population around Conrail was predominantly white, the comparison 
population used was the white population of the state of Indiana. The comparison population 
would be expected to be similar to the study area population, with the exception of the exposure. 

For this analysis, once the new cases of cancer were identified, standardized incidence ratios 
(SIRs) were calculated. The SIR is a ratio of the observed cases of cancer identified in the study 
area divided by the expected number of cases for the study area. The expected number is the 
calculated number of cases based on the rates from the comparison population. SIRs were 
determined for the 21 types of cancer and for the two groupings (all cancers and cancers in 
children). 

None of the analyses indicated there were a significant excess number of cancers of any type or 
grouping in the population around the Conrail site (Appendix 8).  For all cancers combined, the 
incidence of cancer among residents in the Conrail area was 125 cases observed, with 272 
expected, as calculated from the comparison population; the SIR was 0.46. For the combined 
grouping of cancers occurring in children aged 0–19 years, the observed number of cases was 
two; the statewide trend predicted three cases. No new cases of primary liver cancer, chronic 
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lymphocytic leukemia (CLL), or Hodgkin’s lymphoma were recorded for the Conrail area for the 
10-year period. 

An analysis of new cases of cancer should be considered exploratory and a way to evaluate if 
more rigorous studies are warranted. Information on other risk factors for developing cancer, 
other than proximity to the Conrail site, is not available. Cancer is a common disease; there is a 
lifetime risk of one in three of getting cancer. There are many causes of cancer, and the leading 
preventable cause of cancer is cigarette smoking. Exposure to carcinogenic chemicals and other 
industrial chemicals account for less than 5% of human cases. 

From the ISDH cancer registry, it is not possible to determine how long an individual may have 
resided in a community (a surrogate of exposure for drinking the contaminated private well 
water). For residents of Elkhart and other counties, it was not possible to determine and adjust 
for how long an individual may have resided in a TCE- or CCl4-contaminated neighborhood 
and/or drank water containing those compounds. Cancers, other than leukemia, usually have long 
latency times between exposure and onset of clinically recognized disease. Latency periods can 
be more than 10 years; therefore, new cancers diagnosed in the 1990s may have started in the 
1970s or 1980s. 

For many of the cancers, very few new cases were reported. A non-significant difference 
sometimes reflects the low number of cases rather than the absence of differences.  In this 
analysis of newly diagnosed cancers, breast, lung, colon, and prostate cancers had the highest 
number of new cases registered. These four cancers are also the most commonly occurring 
cancers in men and women in the United States. In this analysis on the community around the 
Conrail site, for these four common types of cancer, the number of new cases observed was less 
than what was expected. 

In summary, the incidence or new cases of cancer in the community around the Conrail site for 
1990–1999 did not show an excess number for all cancers or specific types of cancer. This 
analysis does not allow for conclusions to be made for any causal relation between the 
occurrence of cancer and drinking contaminated water.   

Review of ISDH Cancer Mortality Data (1992-2001) 

To further address community concerns about cancer in the Conrail area, ISDH analyzed cancer 
mortality data. This information is collected from the death certificate and is available to the zip 
code level from 1992 to 2001.  The period for this analysis differs slightly from the period used 
for the cancer incidence analysis; therefore, direct comparison of the findings is not advised. The 
types of cancer evaluated were selected based on suspected or plausible scientific associations 
found in the medical literature between these cancers and TCE and CCl4 exposure and/or 
concerns from citizens. 

The area for the analyses was defined as zip code areas 46516 and 46561 in Elkhart (Elkhart 
County) and Osceola (Saint Joseph County), Indiana.  These two zip codes were considered 
because they overlie the groundwater plume from the Conrail site and other TCE plumes. The 
zip code areas analyzed are much larger than the Conrail area (Figure 11). All deaths from 
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cancer among the residents of the two zip codes during the period 1992–2001 were identified. 
Because the population in the Conrail area was predominantly white, the comparison population 
used was the white population of the state of Indiana. 

For this analysis, once the deaths from cancer were identified, standardized mortality ratios 
(SMRs) were calculated. Similar to the SIR, an SMR is a ratio of the observed divided by the 
expected number of deaths for each zip code area. The expected number is a calculated number 
based on the comparison population. SMRs were calculated for the 18 types of cancer and for the 
three groupings (all leukemias, all cancers, and cancers in children).  

The analyses for zip code 46516, which included Conrail neighborhoods and the city of Elkhart, 
did indicate that there were a significant excess number of cancer deaths for all cancers 
combined, for lung cancer, and for anal-rectal cancer (Appendix 9).  For all cancers combined, 
the number of cancer deaths among the residents of zip code 46516 was 639 cancer deaths 
observed with 532 expected, based on the rates from the comparison population. The SMR was 
calculated as 1.20. This means there is a 20% increased risk of dying from cancer as compared to 
the state white population. For the combined grouping of all cancer deaths in children aged 0–19 
years, there were four deaths observed with three expected.  There were 205 deaths observed 
from lung cancer in zip code 46516 over the 10-year period, with 164 expected (SMR = 1.25). 
This means there was a 25% excess risk of dying from lung cancer compared to the state white 
population. For anal-rectal cancer, 17 deaths were observed whereas eight were expected  
(SMR = 2.17), an excess risk double that for the state population.  Many other specific cancers 
had SMRs above 1.0; these were, however, not statistically significant. 

None of the analyses for zip code 46561 (mainly the Mishawaka area including Penn Township) 
indicated that there were a significant excess number of cancers of any type or grouping 
(Appendix 9). For all cancers combined, the number of cancer deaths among the residents of zip 
code 46561 was 154 cancer deaths observed with 160 expected; the SMR was calculated as 0.96. 
For the combined grouping of all cancer deaths in children aged 0–19 years, there were no 
observed deaths. No deaths from chronic lymphocytic leukemia (CLL) or chronic myelogenous 
leukemia (CML) were recorded for zip code 46561 for the 10-year period. Nine cancers, liver, 
acute myelogenous leukemia (AML), Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, kidney, 
brain, laryngeal, colon, and melanoma cancers, had SMRs above 1.0.  However, none of these 
ratios were statistically significant. 

Limitations for these analyses include the inherent absence in the mortality files of some persons 
with cancer who died from unrelated causes. Metastatic disease occurring in organs other than 
the primary site may be reported as the underlying cause of death when the primary site is 
unknown. In contrast to incidence data, mortality data are affected by the difference of survival 
across cancer sites and types. In addition, mortality data are susceptible to bias from differences 
in treatment and access to health care.   

The geographic area used for the mortality analyses were two zip code areas that include the 
groundwater plume. This area is larger than the area potentially affected by the Conrail site. 
Mortality data were only available to the zip code level. Because of the inability to use a smaller 
geographic unit, the findings may not truly reflect the cancer mortality of those residents who 
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drank contaminated private well water near Conrail. These limitations need to be considered 
before drawing conclusions from this analysis. 

In summary, the analysis of mortality data for 1992–2001 for zip code 46516 showed an excess 
of deaths from all cancers combined and from lung and anal-rectal cancers. The analyses for zip 
code 46561 did not show an excess number of cancer deaths for all cancers or for specific types 
of cancer. The study design does not permit conclusions to be made for any causal relation 
between cancer deaths and exposures from the Conrail site. 

ATSDR Registry of People Exposed to TCE in Drinking Water 

In 1988, ATSDR established the TCE Subregistry of the National Exposure Registry for tracking 
health conditions and diseases of people exposed to TCE in their drinking water.  This long-term 
survey of self-reported adverse effects is conducted for nearly 3,000 registrants of 14 TCE sites 
nationwide, including 236 residents (127 male, 109 female) of the Conrail neighborhoods. After 
tracking the health of all registrants for the past 10 years, findings include elevated rates for the 
following health conditions (although not necessarily reported by Conrail area respondents):  

• Anemia and other blood disorders 
• Stroke 
• Urinary tract disorder, particularly in females 
• For females, liver and kidney problems   
• Diabetes in females 
• Skin problems and allergies 

Findings of the National Exposure Registry are intended to help us focus on where more research 
is needed rather than to definitively associate an effect with exposure.  For example, a baseline or 
first survey of all TCE Subregistry participants found that speech and hearing problems in 
children less than 10 years old were reported at significantly higher rates compared to U.S. 
averages (NHIS survey). Prompted by this finding, ATSDR funded a study of TCE exposure and 
child speech and hearing ability (oral motor, speech, and hearing function testing) in a subset of 
116 children belonging to the registry. Approximately 100 children of the Conrail area were 
invited to participate in the study. Although anatomical/formation and other differences between 
the TCE-exposed and other children were found, they appear to have no impact on speech and 
hearing function. For children who were exposed to TCE in the womb, as a fetus, and were 
compared with children in later life, no differences in the tests results were observed (ATSDR 
2004). 

Specific Health Issues 

Over the course of the public health assessment process, individuals in the community around 
Conrail have raised concerns about many health-related issues pertaining to exposure to 
trichloroethylene (TCE) and carbon tetrachloride (CCl4). Concerns about cancer and birth defects 
were addressed in previous sections using available health outcome data.  There is no public 
health reporting system for some health concerns, such as liver and kidney problems, heart 
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disease, fibromyalgia, or polyneuropathy. This section discusses these health concerns and any 
possible association between exposure to TCE or CCl4 and these health outcomes. 

Liver problems 
The liver is the organ in the body that has a central role in regulating most chemical levels in the 
body. It performs hundreds of vital functions, so it is very important to maintaining good health. 
It stores vitamins, sugars and fats from food that you eat, builds chemicals needed by your body, 
and helps remove wastes from the blood. The liver is the primary organ in the body for breaking 
down harmful compounds that enter the bloodstream. After breakdown of these chemicals, the 
metabolic by-products are excreted into the blood or bile, and then eliminated from the body in 
the urine or feces. TCE and CCl4 are metabolized in the liver; blood by-products are produced 
that are eliminated in the urine.  For both TCE and CCl4, the liver is considered the sensitive 
target organ.  Although people in the communities affected by Conrail were exposed to lower 
doses of the individual compounds than those associated with exposure in the workplace or in 
animal studies, sensitive individuals, those exposed to high levels of both compounds, and those 
who also had occupational exposures could have experienced effects on the liver. 

Damage to the liver will result in improper liver function. This damage can occur from viral 
infections, hereditary factors, alcohol use, certain medications, and toxic chemicals. Alcohol is 
the most common cause of toxic liver damage in the United States. Unstable toxic by-products 
can be produced that can injure the liver. When the liver metabolizes too large a quantity of a 
toxic chemical over a period of time, the liver cells may swell, scar, or die.  These changes can 
result in liver problems ranging from an enlarged, fatty liver to cirrhosis (a chronic condition 
where damaged liver cells are replaced by scar tissue) and liver failure. Cirrhosis is the eighth 
highest cause of death in the United States. 

The extent of liver damage will depend on the amount of toxic chemical and the period of 
exposure. Exposure to lesser amounts of a chemical over a longer period can be less damaging 
because the liver’s capacity to detoxify may not be overburdened and there may be more 
opportunities for repair. Interaction with other chemicals that are processed by the liver can 
increase the toxicity of a chemical.  For those with liver damage from any cause, it is important 
to avoid alcohol, medications, and chemicals that can increase the amount of damage. 
Consumption of alcohol has been shown to increase the toxic effects of CCl4. 

Fortunately, in most cases of chemical injury to the liver, improvement will occur after removal 
of the chemical. Even in the case of chronic liver disease, improvement can occur. The liver is 
the only organ in the body that can regenerate itself. 

Kidney problems 
There are two kidneys in the body; these organs filter the waste products from your blood.  The 
waste products may come from the normal breakdown of active tissues and food. The kidneys 
will also filter the metabolites from liver detoxification of chemicals or break down by-products 
and allow these metabolites to be excreted in the urine. The kidneys can metabolize some 
chemicals, but this is a minor role compared to the liver. For both TCE and CCl4, the kidneys 
filter the metabolites that are excreted in the urine and also are involved in some direct 
metabolism of these chemicals.  Although people in the communities affected by Conrail were 
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exposed to lower doses of the individual compounds than those associated with exposure in the 
workplace or in animal studies, sensitive individuals, those exposed to high levels of both 
compounds, and those who also had occupational exposures could have experienced effects on 
the kidney. 

Damage to the kidneys occurs when the filtering units inside the kidneys are injured or poisoned. 
About 20 million people in the United States have some degree of impaired kidney function. 
While two kidneys provide for excess capacity for processing blood, a person with less than 25% 
of their capacity will have serious health problems.  High blood pressure and diabetes are the two 
leading causes of kidney damage. Hereditary and congenital diseases, trauma or injury, and 
certain poisons are other causes of kidney disease. Acute TCE poisonings have not caused 
appreciable effects on kidney function; some chronic studies on laboratory animals have shown 
some mild to moderate effects. Both the kidneys and liver are considered sensitive target organs 
for exposure to CCl4. However, it takes a larger dose to affect the kidney than it does to affect 
the liver. 

Minor damage to the kidneys can be repaired over time by the body to restore the working 
capacity. Some damage is too severe and will result in a permanent loss of kidney function.  
However, maintaining good blood pressure and diabetic control and avoiding chemicals that 
damage kidneys, such as over the counter pain medicine, some drugs, and toxic chemicals, may 
slow the progression or prevent additional damage to these organs.  A few studies on nonfatal 
cases of CCl4 ingestion have shown that renal function usually returns to normal. 

Heart Disease 
There are many diseases that affect the heart and circulatory system including high blood 
pressure, coronary artery disease, congestive heart failure, enlarged heart, arrhythmias, and valve 
defects. Some of the heart diseases are very common; over 50 million Americans have high 
blood pressure and some 7 million Americans have coronary artery disease.  Risk factors for 
these diseases include age, heredity, race, smoking, physical inactivity, obesity, high cholesterol, 
and diabetes. At Conrail, the unborn child was at greatest risk of having heart problems from 
exposure to TCE, but other people, as previously described, might have experienced a specific 
type of heart problem as a result of exposure.   

Exposure to certain chemicals can also affect the heart. Generally, there have not been many 
cardiovascular changes associated with exposure to TCE or CCl4, especially when levels are 
below those which cause marked damage to the liver and kidneys. Arrhythmias, a change in the 
regular beating pattern of the heart, have been found in some cases with high acute inhalation or 
ingestion exposures to organic solvents such as TCE and CCl4. Arrhythmia was seen in workers 
who inhaled TCE at levels greater than 15,000 parts per billion.  Arrhythmia that resolved was 
seen with ingestion of 200 to 500 milliliters of TCE.  The level of CCl4 associated with 
arrhythmia is less clear, and may be dependent on whether there is already severe liver or kidney 
damage.  Changes in blood pressure and dilation of the heart have sometimes been observed with 
high CCl4 exposure, but this appears to be a secondary effect from kidney damage or central 
nervous system effects. Although there are no conclusive studies on humans, congenital heart 
defects were seen in animal studies on TCE exposure during pregnancy; this relationship to birth 
defects is discussed in more detail in Appendix 5. 
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Fibromyalgia 
Fibromyalgia is a common rheumatoid disorder (not involving the joints) characterized by 
fatigue and achy pain, tenderness, and stiffness of muscles, ligaments and tendons. It is estimated 
that 3–8 million people in the United States are affected by this chronic condition.  Some people 
with fibromyalgia have been found to have changes in some brain chemicals related to pain.  

The cause of fibromyalgia is unclear but is probably due to contributions from several factors. 
Some of the triggers or leading events in the development of fibromyalgia include sleep 
disturbances, injury to the upper spinal region, viral or bacterial infection, psychological stress, 
and hormonal changes. Because of the crossover of symptoms between fibromyalgia and chronic 
fatigue syndrome, there has been some interest in the relationship of these disorders to exposure 
to environmental contaminants because environmental allergy is one proposed cause of chronic 
fatigue syndrome. So far, there is no evidence that supports a chemical cause of fibromyalgia. 
We cannot draw any conclusions about whether exposure to contaminants from Conrail 
contributed to development of fibromyalgia.  

Polyneuropathy 
Polyneuropathy refers to damage to multiple nerves that are outside of the brain or spinal cord.  
The damage can result in symptoms of weakness, sensory loss, and/or impaired reflexes. 
Polyneuropathies can occur from a variety of causes including hereditary factors, metabolic 
disorders, inflammatory responses, and adverse drug reactions.  There are also some industrial 
chemicals that are found in occupational settings or in the environment that are linked to the 
development of toxic neuropathies. With chemical toxins, the severity of the neuropathy is 
usually related to the amount of chemical the person contacted.  Unless the nerves have been 
severely damaged, usually there is gradual improvement after removal of the toxic agent.  

Neither TCE nor CCl4 are known to cause damage to peripheral limb nerves. Both TCE and CCl4 
have an anesthetic action, so they depress the central nervous system; ingestion may result in 
headache, weakness, lethargy, and confusion.  TCE and its degradation products have been 
associated with trigeminal nerve neuropathy (the 5th cranial nerve) and, to a lesser extent, nerves 
that are involved in facial and eye muscle movement. The trigeminal nerve is involved in 
signaling sensations of touch, pain, pressure, and temperature from the face and in movement of 
chewing muscles.  Some people exposed to TCE are found to have a decrease in blink reflex and 
eye closure time; however, whether these changes truly cause harm has not been determined.  
People exposed to TCE from Conrail might have experienced some of the eye effects, but the 
polyneuropathy was not likely from their exposure.   

Child Health Considerations 

Children who live near hazardous waste sites often have greater exposure and greater potential 
for health problems. For the Conrail site, children were considered the most sensitive population. 
We reviewed health studies for possible harmful effects for children exposed to CCl4 and TCE; 
findings are noted in this public health assessment. ATSDR concludes that, in the past, children 
were likely exposed to those chemicals through contaminated well water used for drinking, 
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mixing formula, bathing, and by breathing the compounds as they volatilized from the water into 
the air. Some children may have slightly higher inhalation exposures if they also breathed vapors 
from the groundwater plume that entered their home. Children, including infants, were put at-risk 
for both serious and mild adverse health effects. Since the late 1980s, children supplied with city 
water or safe private well water are not at-risk for adverse effects. On the basis of available 
information, children are not currently exposed to harmful drinking water or indoor solvent 
vapors from the Conrail site. 

We know from health studies that unborn babies and newborns exposed to these chemicals at the 
concentrations observed for the Conrail area have potential to experience adverse health effects. 
The possible health effects vary by type and severity and include non-life threatening or serious 
health effects. Examples of non-life threatening effects include slightly lower birth weight, skin 
rashes, mild liver effects, and mild respiratory problems. Serious effects include life threatening 
birth defects such as severe neural tube defects or certain heart defects. Disease tracking is not 
typically done for many adverse effects. We examined the available state disease data for the two 
zip codes containing Conrail neighborhoods. We found a small increase for some adverse birth 
outcomes that may or may not be related to mothers’ exposures during pregnancy to Conrail
related contamination. Cancer incidence and mortality data, which include information on 
childhood cancers, were analyzed, and the results appear in Appendices 8 and 9.  We did not 
have specific information on whether the mother or child was exposed to chemicals in the 
Conrail area and whether other cancer risk factors, such as infections or genetics, played a role in 
causing those cancers. 

Because of exposure to CCl4 and TCE, ATSDR is interested in discussing with state and local 
health officials and the community the feasibility of and interest in conducting a research study 
for child health effects. If done, this study would be a separate project and would possibly 
include children who were exposed to similar contamination from other local waste sites and 
water supply systems.  

Conclusions 

1.	 At present, no one is known to be exposed to contaminants in the area near the Conrail 
site at levels of health concern.  Therefore, the site currently poses no public health 
hazard. 

2.	 TCE and CCl4 were detected in water from private drinking water wells at concentrations 
that exceeded EPA’s drinking water standards by 1,000-fold or more.  In the past, people 
were exposed to a wide range of levels of chemicals from the Conrail site.  The following 
conclusions apply to those concentration ranges: 

•	 For people who were exposed to over 300 ppb of TCE or over 3,000 ppb of CCl4, 
exposures posed a public health hazard. This conclusion is based on evidence that 
TCE exposure at these levels has been associated with specific birth defects.  
Although the data are inconclusive, there is a concern that women exposed to the 
highest levels of TCE during pregnancy were at risk of having children with 
developmental effects, particularly a type of heart defect. Women exposed to those 
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levels of CCl4 were at greater risk of having children with lower birth weights.  
Adults exposed to those levels were at greater risk of having liver damage. There is 
also evidence that long-term exposure to these TCE levels may have posed a greater 
risk of developing cancer, primarily lymphoma or leukemia.     

•	 For people exposed to TCE and CCl4 in drinking water at slightly lower levels (less 
than 300 ppb, but greater than 100 ppb), this exposure may have also posed a public 
health hazard. Although the potential for developing adverse health effects from 
exposure at this level was less than that for people exposed to the higher 
concentrations, long-term exposure at these levels of contamination could have 
resulted in similar effects, especially for some types of cancer. 

•	 For people exposed to TCE and CCl4 in drinking water at levels from 30 to100 ppb, 
the site posed an indeterminate public health hazard because of uncertainties in 
assessing the adverse health effects at these levels of exposure.  This uncertainty is 
based on the limitations of existing studies evaluating the impact of exposure in this 
range of concentrations. There are no data evaluating health effects below 30 ppb. 

•	 For people exposed to both TCE and CCl4, the risk of experiencing health effects was 
greater than for those people exposed to only one of the chemicals present in their 
drinking water. That is because TCE has been found to enhance the toxicity of CCl4. 
The risk was greatest for people who had 1,000 ppb or more CCl4 in their water.  
People with a combination of CCl4 and TCE at levels at or below 5 ppb had little or 
no risk of experiencing health effects. 

•	 No health effects are likely to occur from exposure to levels of TCE or CCl4 in 
drinking water below 5 ppb, which is the federal drinking water standard for each 
compound.  

•	 The additional exposure to CCl4 in indoor air at detected levels did not add 
substantially to overall exposures for those people who also used contaminated 
drinking water. Those who breathed CCl4 in their indoor air at levels greater than 3.0 
ppb by volume, but were not exposed to contaminated drinking water, had a small 
increased risk of developing cancer as a result of their exposure. ATSDR stated in a 
health consultation that the 3.0 ppb by volume action level was appropriate for areas 
of buildings that were infrequently occupied, but not necessarily appropriate for 
living spaces. ATSDR also said that other buildings could be impacted in the future.  

Conclusions are based on evaluation of exposure to TCE and CCl4 found in drinking water 
supplies and indoor air in neighborhoods affected by Conrail.  As described in our exposure 
assumptions, people who worked with those chemicals or who were exposed to those 
chemicals in other ways would need to evaluate their total exposure to determine whether 
they might be harmed. 

3.	 The fact that the contamination that is already in the neighborhoods northwest and north 
of the site will remain until the contaminants degrade naturally has raised concerns about 
future exposures. Degradation of the contaminants could take several decades. Future 
exposures can be avoided through enacting the following measures: 

•	 Vapor extraction or mitigation systems can be installed in homes that are over the 
contaminated groundwater, and developers of new buildings can follow plat 
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restrictions regarding installation of these systems in new buildings.  The systems 
have proven effective for preventing exposures through vapor intrusion.  

•	 Safe, affordable water available to all people residing in the contaminated areas 
will minimize the likelihood that people will install wells that might produce 
contaminated drinking water.  Enforcing deed restrictions on well drilling in the 
contaminated area will help discourage new well installations.  Providing 
information to new residents about the contamination and how they can safely 
live in the community will also help prevent any future exposure. 

4.	 Birth certificate data from zip codes 46516 and 46561 along with cancer mortality 
data from zip code 46516 suggest that adverse health outcomes might be slightly 
elevated. For this analysis, no conclusions can be made about exposure to Conrail 
site-related contaminants and the adverse health outcomes because we cannot 
distinguish between those exposed versus those not exposed. Other risk factors for 
people residing in zip code 46516 could be contributing to these slightly elevated 
rates. To determine whether the adverse health outcomes occurred more in the 
Conrail contaminant-exposed people than in the unexposed people residing in those 
zip codes would require time and resource intense data gathering, technical reviews, 
and analyses. 

Recommendations 

1.	 Ensure that future exposure is prevented by enforcing: 
•	 Deed restrictions that prohibit private well drilling within the contaminant plumes 
•	 Building codes that require new construction to have vapor mitigation systems 

installed. 
2.	 Continue planned long-term monitoring to assess migration of vapors into indoor air. 

Provide vapor mitigation systems as needed and expand the investigation as needed. 
3.	 Provide information to area residents, especially new residents, about ways to avoid or 

minimize exposures to area groundwater and soil gas contamination. 
4.	 Determine the feasibility of conducting a health research study. 

Public Health Action Plan 

ATSDR develops public health action plans to give people information about who will 
implement recommendations and to provide time frames for when the actions will be taken.  At 
Conrail, some public health actions have already been completed that were important to stop 
exposure to contaminants.  The actions that were taken include providing safe water for those 
who had contaminated wells and installing vapor mitigation systems on buildings in the area that 
contained CCl4 at levels over 3.0 parts per billion by volume.  Additionally, many local health 
care providers and area residents have been provided information about the Conrail site and the 
exposures that have occurred as a result of contamination from the site. 

Appendix 1 describes actions completed.  Further recommendations have been made. Table 16 
provides information on how the recommendations will be implemented. 
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Table 16:  Public Health Actions to be Implemented  
Public Health Action Who Will Time Frame for Desired Outcome Public Health Impact 

Implement the Implementation When 
Action Implemented 

Enforce well drilling Elkhart and St. Immediately No private wells No exposure to contaminated 
deed restrictions Joseph County 

Zoning 
will be drilled in 
the contaminated 

well water through ingestion, 
inhalation, or dermal contact. St. 

Commissions areas for any Joseph County has a program, 
purposes and Elkhart County is now 

working on a new ordinance. 
Enforce vapor 
mitigation systems 
installations on new 
construction 

Elkhart County 
and St. Joseph 
County Building 
Inspectors 

Immediately All new buildings 
within the 
contaminated areas 
will be equipped 
with vapor 
mitigation systems 

No exposure for occupants of 
new buildings to vapors from 
groundwater contaminant 
plumes. No exposure for 
occupants of new buildings to 
naturally occurring radon. Since 
our 8/3/04 public meeting, newer 
residents have made local 
builders aware of their concerns 
that systems have not been put in 
new buildings. 

Provide vapor EPA with Immediately All existing No exposure for occupants of 
mitigation systems in Norfolk upon discovery structures within existing buildings to vapors from 
buildings as Southern of indoor air the contaminated groundwater contaminant 
monitoring indicates CCl4 reaching areas will be plumes at harmful levels. 
and expand area of the action level. equipped with No exposure for occupants of 
investigation as vapor mitigation existing buildings to naturally 
needed systems occurring radon. 
Provide information to 
area residents, 

Elkhart County 
and St. Joseph 

On-going People have 
information 

People avoid exposure by using 
safe water and by installing 

especially new 
residents, about how 
to safely live in the 
contaminated area 

Health 
Departments and 
ISDH with 
community 
volunteers  

necessary to keep 
their families safe 
from contaminants 
from Conrail 

vapor mitigation systems.  Since 
our 8/3/04 public meeting, newer 
homeowners have expressed 
greater awareness to developers 
and county officials. At least 2 
additional real estate companies 
have requested information. 

Explore and determine ATSDR with Begin Decide on the level County and state health officials 
the level of interest county and state discussions of interest and assist in the design of any future 
and feasibility for health officials during the public whether county health follow-up activity 
conducting further with input from comment period and state health 
public health area residents of this public officials envision a 
activities and hospitals health role 

assessment 
Provide more 
information about 
exposure to both TCE 
and CCl4 

ATSDR Fall 2004 Determine whether 
exposures resulted 
in something other 
than additive risk. 

Better answer the community’s 
concern about health effects 
from exposure to both 
contaminants. ATSDR 

ATSDR’s findings 
were that TCE 
enhances CCl4 

completed this evaluation and 
include the finding in this 
document. 

toxicity. 

79




Authors and Reviewers 

Agency for Toxic Substances and Disease Registry 
Gail Godfrey, Division of Health Assessment and Consultation 
Steve Inserra, Division of Health Studies 
Mark Johnson, Division of Regional Operations 
David Mellard, Division of Health Assessment and Consultation 
Michelle Watters, Division of Regional Operations 
Kristina Larson, Division of Health Education and Promotion 
Edward Gregory, Geographical Information Services 
Arie Manangan, Geographical Information Services 

Indiana State Department of Health 
LaNetta Alexander, Principal Investigator, ATSDR Cooperative Agreement Program 
Garry Mills, Health Assessor 
Barbara Gibson, Health Educator 
Elizabeth Hamilton-Byrd, M.D., Epidemiologist 

Elkhart County Health Department 
Robert Watkins, Manager 

Community Assistance Group 
Volunteers from the Conrail community 

Clayton Koher, ATSDR Regional Representative, provided assistance with planning and 
logistics of the health care provider education efforts. 

80






References 

Adams EM, Spencer HC, Rowe VK, et al.  Vapor toxicity of carbon tetrachloride determined by 
experiments on laboratory animals. Arch Ind Hyg Occup Med 1952;6:50–66.  

Agency for Toxic Substances and Disease Registry. Toxicological profile for carbon 
tetrachloride draft for public comment. Atlanta: US Department of Health and Human Services; 
2003 September. 

Agency for Toxic Substances and Disease Registry.  National Exposure Registry: 
Trichloroethylene (TCE) Subregistry baseline through followup 3 technical report. Atlanta: US 
Department of Health and Human Services; 1999 October. 

Agency for Toxic Substances and Disease Registry. Preliminary public health assessment for 
Conrail Rail Yard, Elkhart, Indiana. Atlanta: US Department of Health and Human Services; 
1989. 

Agency for Toxic Substances and Disease Registry. Toxicological profile for trichloroethylene 
(Update). Atlanta: US Department of Health and Human Services; 1997 September.  

Anttila A., et al. Cancer incidence among Finnish workers exposed to halogenated 
hydrocarbons. J Environ Occup Med 1995; 37: 797-806. 

Aranyi C, O’Shea WJ, Graham JA, et al. The effects of inhalation of organic chemical air 
contaminants on murine lung host defenses. Fundam Appl Toxicol 1986 ; 6:713-720. 

Arito H, Takahashi M, and Ishikawa T.  Effect of subchronic inhalation exposure to low-level 
trichloroethylene on heart rate and wakefulness-sleep in freely moving rats.  Sangoyo Igaku 
1994;36:1–8. 

Barnes R, Jones RC. Carbon tetrachloride poisoning. Am Ind Hyg Assoc J 1967; 28:557-560. 

Barton HA, Clewell HJ. Evaluating noncancer effects of trichloroethylene: Dosimitry, mode of 
action, and risk assessment.  Environ Health Perspec 2000; 108:323-334. 

Berman E, Schlicht M, Moser VC, et al. A multidisciplinary approach to toxicological screening: 
I. Systemic toxicity. J Toxicol Environ Health 1995; 45:127-143. 

Borzelleca, JF, O’Hara TM, Gennings, C, et al. Interactions of Water Contaminants, I. Plasma 
Enzyme Activity and Response Surface Methodology Following Gavage Administration of CCl4 
and CHCl3 or TCE Singly and in Combination in the Rat. Fundamental and Applied Toxicology 
1990;14:477-490. 

Bouygues M, Danne O, Bouvry M, et al. Hepatite au trichloroethylene.  Actions synergique du 
tetrachlorure de carbone. Nouv Press Med 1980;9:3277. 

82




Bove FJ, Fulcome MC, Klotz JB, et al. Population-based surveillance and etiological research of 
adverse reproductive outcomes and toxic wastes report on phase IV-A, public drinking water 
contamination and birthweight, fetal deaths, and birth defects, a cross-sectional study.  Trenton 
(NJ): New Jersey Department of Health; 1992. 

Bove FJ, Fulcomer MC, Klotz JB, et al. Population-based surveillance and etiological research 
of adverse reproductive outcomes and toxic wastes report on phase IV-B, public drinking water 
contamination and birthweight, fetal deaths, and birth defects, a cross-sectional study. Trenton 
(NJ): New Jersey Department of Health; 1992. 

Bove FJ, Fulcomer MC, Klotz JB, et al. Public drinking water contamination and birth outcomes. 
Am J Epidemiol 1995;141(9):850-862. 

Bruckner JV, MacKenzi WF, Muralidhara S, et al.  Oral toxicity of carbon tetrachloride: acute, 
subacute and subchronic studies in rats. Fundam Appl Toxicol 1986;6:16–34. 

Bureau of the Census. 1970 Census Population: General Population Characteristics. Indiana: US 
Department of Commerce,1970:62,147,153,163,199, 204.  

Bureau of the Census. 1970 Census Population: General Social and Economic Characteristics. 
Indiana 16: US Department of Commerce, 1972: 251,488,493,520,533. 

Bureau of the Census. 1980 Census Population: Number of Inhabitants. Indiana: US Department 
of Commerce,1982:12,17. 

Bureau of the Census. 1980 Census Population:Vol 1.Characteristics of the Population. Indiana 
16: US Department of Commerce,1980:27,28,207,214,222.  

Bureau of the Census. 1980 Census Population: Vol 1.  General Social and Economic 
Characteristics. Indiana: US Department of Commerce, 1983:2066-67,505,514. 

Bureau of the Census. 1980 Census of Population and Housing: Summary Tape File 3A Elkhart, 
Indiana: US Department of Commerce,1980:2255-A-F, 2265-A, 2267-C. 

Bureau of the Census. 1980 Census Population: Summary Tape File 3A St. Joseph, Indiana, 
Washington: US Department of Commerce,1980:9216-A,9216-B. 

Bureau of the Census. 2000 Income Statistics: Table S1 Median Household Income by 
State:1969,1979,and 1989 Indiana 16: US Department of Commerce, 2000:1-3. Indiana 1980 
Census Report, Summary Tape File 3A, Elkhart County, pp.2255A-F. 

Cohn P, Klotz J, Bove F, et al. Drinking water contamination and the incidence of leukemia and 
non-Hodkins lymphoma.  Environ Health Perspect 1994;102:556–561. 

Conso F, Efthymiou ML, Garnier R, et al. Interet de la toxicovigilance:  exemple do certains 
trihcloroethylenes du commerce. Arch Mal Prof 1980a;41:198-200. 

83




Conso F, Fournier E, Riboulet G et al. Acute hepatonephritis in so-called trichloroethylene 
inhalation. In: Kovatsis AN, ed. Toxicological Aspects.  Thessaloniki: Tecknika Editions, 
1980b. 

Cosby N.C. and Dukelow WR. Fundam Appl Toxicol 1992; 19(2):268-74 

Costas K, Knorr RS, and Condon SK. A case-control study of childhood leukemia in Woburn, 
Massachusetts: the relationship between leukemia incidence and exposure to public drinking 
water. Sci Total Environ 2002;300:23–35. 

Dames & Moore. 1999—vapor monitoring progress report, Conrail Railyard Superfund Site, 
Elkhart, Indiana. Cincinnati, Ohio. 

Dawson BV, Johnson PD, Goldberg SJ, et al. Cardiac teratogenesis of halogenated hydrocarbon 
contaminated drinking water.  J Am Coll Cardiol 1993;21:1466–1472. 

Docherty JF, Burgess E. The action of carbon tetrachloride on the liver. Br Med J 1922; 2:907-
908. 

ecology and environment, inc. 1989—Conral/County Road 1 project remedial investigation and 
feasibility study (RI/FS) work plan; work assignment (WA) 01-5L7Y. 

ecology and environment, inc.  1990—preliminary evaluation of phase 1 RI results and interim 
remedial alternatives for the Conrail/County Road 1 RI/FS; work assignment (WA) 01-5L7Y. 

ecology and environment, inc.  1991—phased feasibility study report for the Conrail Site, 
Elkhart, Indiana; work assignment number 01-5L7Y. 

ecology and environment, inc.  1994—remedial investigation/feasibility study Conrail site, 
Elkhart, Indiana, volume 1; work assignment number 01-5L7Y. 

ecology and environment, inc.  1994—remedial investigation/feasibility study Conrail site, 
Elkhart, Indiana, volume 2; work assignment number 01-5L7Y. 

Elcombe CR, Rose MS, Pratt IS. Biochemical, histological, and ultrastructural changes in rat and 
mouse liver following the administration of trichloroethylene: Possible relevance to species 
differences in hepatocarcinogenicity. Toxicol Appl Pharmacol 1985; 79:365-376. 

Epstein, DL; Nolen, G; Randall, JL; et al. Cardiopathic effects of dichloroacetate in the Long-
Evans rat 11 fetus. Teratology 1993; 47:529–529. 

Eschenbrenner AB, Miller E. Liver necrosis and the induction of carbon tetrachloride hepatomas 
in strain A mice. J Natl Cancer Inst 1946; 6:325-341. 

Fisher J.W., Whittaker T.A., Taylor D.H., Clewell H.J., 3rd, Andersen M.E.,  
Physiologically based pharmacokinetic modeling of the pregnant rat: a multiroute 
exposure model for trichloroethylene and its metabolite, trichloroacetic acid. Toxicol Appl 
Pharmacol 1989; 99(3):395-414 

84




Fisher, J. W. Physiologically based pharmacokinetic models for trichloroethylene and its 
oxidative metabolites. Environ Health Perspect 2000; 108(suppl 2): 265-273  

Fisher J. W., Channel S. R., Eggers, J. S., Johnson P. D., MacMahon KL, Goodyear C. D., 
Sudberry G. L., Warren D. A., Latendresse J. R., and Graeter L. J. Trichloroethylene, 
trichloroacetic acid, and dichloroacetic acid: do they affect fetal rat heart development? 
International Journal of Toxicology 2001; 20: 257-267 

Fredriksson A, Danielsson BRG, Eriksson P.  Altered behavior in adult mice orally exposed to 
tri- and tetrachloroethylene as neonates.  Toxicol Lett 1993; 66:13–19. 

Goldberg SJ, Lebowitz MD, and Graver EJ. An association of human congenital cardiac 
malformations and drinking water contaminants. J Am Coll Cardiol 1990; 16:155-164. 

Groundwater Technology, Inc. 1988—evaluation of the hazard ranking system analysis 
performed by the United States Environmental Protection Agency for Conrail Elhart Railyard, 
Elkhart, Indiana. 

Hanasono GK, Cote MG, Plaa GI. Potentiation of carbon tetrachloride-induced hepatotoxicity in 
alloxan- or streptozotocin-diabetic rats. J. Pharmacol. Exp. Ther. 1975a;192;592-560. 

Hanasono GK, Witschi H., Plaa GL. Potentiation of the hepatotoxic responses to chemicals in 
alloxan-diabetic rats. Proceedings Society of Experimental Biology and Medicine 
1975b;149:903-907. 

Henschler D, Vamvakas S, Lammert M, Dekant W, Kraus B, Thomas B, and Ulm K. Increased 
incidence of renal cell tumors in a cohort of cardboard workers exposed to trichloroethene. Arch 
Toxicol 1995; 69:291-299. 

Herron, Kevin. Conrail (Ferrettie/Baugo Creek County Park/Dump) update—Friday, February 
11, 2000, activities/tasks update: Indiana Department of Environmental Management; electronic 
mail; February 2000. 

Herron, Kevin. Private residence July 1999 & February 2000 indoor air results: Indiana 
Department of Environmental Management; electronic mail; March 2000. 

HSI GeoTrans. Petitioner for a technical impracticability waiver and request for remedy 
reconsideration, Conrail Rail Yard Superfund Site, August 1999. 

HSI, GeoTrans Inc., Conrail Superfund site water quality databases. Harvard (MA): 
Computerized database; 2001. 

Indiana Census User Services Project, Township (MCD) Data for Indiana, 1970 Census of 
Population and Housing, Elkhart County State Planning Services Agency, 1977. 

Indiana Census User Services Project, Township (MCD) Data for Indiana, 1970 Census of 
Population and Housing, St. Joseph County State Planning Services Agency, 1977. 

85




Iwai M, Saheki S, Ohta Y, Shimazu T. Footshock stress accelerates carbon tetrachloride-induced 
liver injury in rats; Implication of the sympathetic nervous system. Biomedical Research 
1986;7:145-154. 

Japan Bioassay Research Center. Subchronic inhalation toxicity and carcinogenicity studies of 
carbon tetrachloride in F344 rats and BDF1 mice (Studies Nos. 0020, 0021, 0043, and 0044). 
Kanagawa, Japan Industrial Safety and Health Association, Japan Bioassay Research Center 
(Unpublished report to the Ministry of Labor). Hirasawa Hadano Kanagawa, 257 Japan, 1998. 

Johnson P.D., Dawson, B.V., and Goldberg, S.J. Cardiac teratogencity of trichloroethylene 
metabolites. J. Am. Coll. Cardiol 1998; 32:540-545.  

Johnson, P.D., Goldberg., S.J., Mays, M.Z., and Dawson, B.V. Threshold of trichloroethylene 
contamination in maternal drinking waters affecting fetal heart development in the rat.  Environ 
Health Perspect 2003; 111(3):289-292. 

Kjellstrand P, Holmquist B, Alm P, et al. Trichloroethylene: Further studies of the effects on 
body and organ weights and plasma butyrylcholinesterase activity in mice. Acta Pharmacol 
Toxicol 1983a.; 53:375-384. 

McLean AEM, McLean EK. The effect of diet and 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane 
(DDT) on microsomal hydroxylating enzymes and on sensitivity of rats to carbon tetrachloride 
poisoning. Biochem. J. 1966;100:564-571. 

Nagano K, Nishizawa T, Yamamoto S, et al. Inhalation carcinogenesis studies of six halogenated 
hydrocarbons in rats and mice. In: Chiyotani K, Hosoda Y, Aizawa Y, eds. Advances in the 
prevention of occupational respiratory diseases. Elsevier Science 1998; B.V.:741-746. 

Narotsky, M.G. and Kavlock, R. J., A multidisciplinary approach to toxicological screening: II. 
Developmental toxicity. J Toxicol Environ Health 1995; 45: 145-171 

Narotsky MG, Brownie CF, Kavlock RJ, et al. Critical period of carbon tetrachloride-induced 
pregnancy loss in Fischer-344 rats, with insights into the detection of resorption sites by 
ammonium sulfide staining. Teratology 1997a.; 56(4):252-261. 

National Cancer Institute. Website search on cancer for Health and Disease Outcome section. 
National Institutes of Health.  URL: www.nci.nih.gov 2003 November 21. 

National Center on Birth Defects and Developmental Disabilities.  Website search on adverse 
birth outcomes for the Health and Disease Outcome section.  Centers for Disease Control and 
Prevention. URL: www.cdc.gov/ncbdddd/ 2003 November 21. 

National Center for Environmental Assessment.  Trichloroethylene health risk assessment 
(review draft). US Environmental Protection Agency; 2001, NCEA-W-1041. 

86




National Heart, Lung and Blood Institute. Website search on heart problems for the Health and 
Disease Outcome section.  National Institutes of Health.  URL: www.nhlbi.nih.gov 2004 
February 24. 

National Institute of Arthritis, Musculoskeletal and Skin Diseases.  Wesite search for 
fibromyalgia information for the Health and Disease Outcome section.  National Institutes of 
Health. URL: www.niams.nih.gov 2003 November 24. 

National Institute of Diabetes and Digestive and kidney Diseases.  Website search for kidney 
disease information for the Health and Disease Outcome section.  National Institutes of Health.  
URL: www.kidney.niddk.nih.gov 2003 November 21. 

National Institute of Neurological Disorders and Stroke.  Website search for polyneuropathy 
information for the Health and Disease Outcome section.  National Institutes of Health. URL: 
www.ninds.nih.gov 2003 November 24.    

New Jersey Department of Health and Senior Services and Agency for Toxic Substances and 
Disease Registry. Case-control study of childhood cancers in Dover Township (Ocean County), 
New Jersey Volume II: Final technical report. US Department of Health and Human Services; 
2003 January. 

Odum J, Foster JR, Green T. A mechanism for the development of Clara cell lesions in the 
mouse lung after exposure to trichloroethylene. Chem Biol Interact 1992; 83: 135-153. 

Pessayre D., Cobert B., Descatoire, V., Degott C., et al., Hepatotoxicity of Trichloroethylene-
carbon Tetrachloride Mixtures in Rats. Gastroenterology 1982;83:761-772. 

Pastino GM, Yap WY, Carroquino M.  Human variability and susceptibility to trichloroethylene.  
Environ Health Perspect 2000;108 (suppl 2):201–214. 

Smialowicz RJ, Simmons JE, Luebke RW, et al.  Immunotoxicologic assessment of subacute 
exposure of rats to carbon tetrachloride with comparison to hepatotoxicity and nephrotoxicity.  
Fundam Appl Toxicol 1991;17:186–196. 

Smith, MK; Randall, JL; Read, EJ; et al. Teratogenic activity of trichloroacetic acid in the rat. 
Teratology 1989; 40:445–451. 

Smith, MK; Randall, JL; Read, EJ; et al. Developmental toxicity of dichloroacetate in the rat. 
Teratology 1992; 46:217–223. 

Steup DR, Wiersma D, McMillan DA, Sipes IG. Pretreatment with Drinking Water Solutions 
Containing Trichloroethylene or Chloroform Enhances the Hapatotoxicity of Carbon 
Tetrachloride in Fischer 344 Rats. Fundamental and Applied Toxicology 1991;16:798-809. 

Stewart RD, Dodd HC, Gay HH, et al.  Experimental human exposure to trichloroethylene.  Arch 
Environ health 1970;20:64–71. 

87




US Environmental Protection Agency Region V. Unpublished well water data from CompChem 
Laboratory. Chicago: US Environmental Protection Agency; 1989 February. 

US Environmental Protection Agency Region V. Declaration for the record of decision, Conrail 
Railyard, Elkhart County, Indiana.  Chicago: US Environmental Protection Agency; 1994 
September. 

US Environmental Protection Agency Region V.  Unilateral administrative order for remedial 
design and remedial action, Conrail Railyard Site, Elkhart, Indiana. Chicago: US Environmental 
Protection Agency; 1995 May. 

URS Corporation.  Draft second remedial design/remedial action work plan, Conrail Railyard 
Superfund Site, Elkhart, Indiana. Cincinnati (OH); 2000 November. 

Wartenberg D, Reyner D, and Scott CS. Trichloroethylene and cancer: Epidemiologic evidence.  
Environ Health Perspect 2000;108 (suppl 2):161–176. 

Watkins ML, Edmonds, L, et al.  The surveillance of birth defects: The usefulness of the revised 
US Standard Birth Certificate. Amer J of Public Health 1996;86 (5):731–734. 

Weber LWD, Boll M, Stampfl A. Hepatotoxicity and Mechanism of Action of Haloalkanes: 
Carbon Tetrachloride as a Toxicological Model. Critical Reviews in Toxicology 2003;33(2):105-
136. 

Weston RF, Springer SD.  County Road 1 site assessment, Elkhart, Indiana. Northbrook (IL): 
Weston-Sper; 1986 November TAT-05-F-01173.  

Weston-Sper. 1986—site assessment for Conrail Rail Yard, Elkhart, Indiana; Contract No. 68-
95-0017. 

88




Appendices 

89




Appendix 1: Conrail Rail Yard Action Plan Developed with Community Members in 2000 

Action Agency Responsible Goal/Objective(s) Time Line Date 
Completed 

Impact 

Gather birth 
certificate data 
for zip codes 
46561 and 
46516 (years 
1967-1995) 

ISDH 1. ID any obvious birth defects. 
2. ID low birth weight babies 
(for gestational age). 
3. ID address at time of birth. 

Data to be pulled 
by 1/30/01. Date 
of report will be 
determined by 
amount of data 
needing 
evaluation 

2002/ ATSDR 
completed an 
evaluation of 
the data in 2003 

Provides 
exploratory 
information for 
possible adverse 
birth outcomes in 
the geographical 
area that includes 
the exposed 
population. 

Determine ATSDR 1. ID any pattern of reported Request sent to 1/30/01 Community 
whether site-
specific 
information 
can be teased 
out of TCE 
subregistry 
data 

health effects specific to this 
community. 

Ginger Gist 
11/22/00. Report 
on results by 
1/30/01. 

DHS reports 
that they cannot, 
because of 
confidentiality 
policy, do this. 

request cannot be 
granted because 
of confidentiality 
policies.  For 
those people who 
are included on 
the TCE 
subregistry, their 
privacy is 
safeguarded as 
promised. 

Provide Health 
Education to 
local health 
care providers 

ATSDR, ISDH, Elkhart 
County Health Department, 
St. Joseph County Health 
Department and CLEAN 

1. Provide health care workers 
with information on taking case 
histories. 
2. Provide health care workers 
with information on exposures 
and possible health effects. 
3. Provide health care workers 
with information on tests that 
might be applicable. 

ISDH Packages 
to be ready by 
1/30/01. 

Example 
package shown 
at 2/7/01 
meeting. 
Education 
presentation 
completed in 
May 2002. 

Health care 
providers will be 
better able to 
evaluate possible 
exposure-related 
health effects and 
monitor patients 
exposed to 
contaminants for 
plausible health 
outcomes. 

Provide 
chemical and 
site-specific 
fact sheets to 
the community 

ATSDR, ISDH, Elkhart 
County Health Department, 
St. Joseph County Health 
Department, and CLEAN 

1. Provide site information to 
existing and new residents. 
2. Provide chemical-specific 
information to existing and new 
residents. 

ISDH Packages 
to be ready by 
1/30/01. 

Example 
package 
provided at 
2/7/01 meeting. 
CLEAN and 
Elkhart County 
Health 
Department sent 
out periodic 
news letters. 

Community will 
be better aware of 
what is known 
about their 
exposure and how 
to discuss their 
exposure with 
their health care 
providers. 

Elkhart and St. 
County Health 
Departments 
completed 
educational 
materials in 
2002. 

Conduct 
survey of 
impacted 
community 

CLEAN with Elkhart 
County Health Department 
assistance. 

1. Gather health outcome 
information in an organized 
manner to present to health 
agencies. 
2. Provide information on 
exposure levels and dates of 
exposure. 
3. Ensure all affected 
community members are 
represented and have an 
opportunity to express their 

1.  Meet with 
larger community 
to present survey 
option week of 
1/15/01. 
2. If community 
agrees, develop 
the survey by 
first week of Feb. 
2001. 

Met with larger 
community 
2/7/01; those 
present agreed 
and contributed 
to draft survey. 

Affected 
community 
members played 
an active role in 
participating in 
the public health 
assessment 
process and 
contributed 
valuable 
information to the 

concerns. process. 

Gather private ATSDR 1. Map the plume. 12/30/00 EPA provided Provides exposure 
well data and 
plume map 
from EPA 

2. Identify levels of exposure 
and contaminated well 
locations. 

information in 
Dec. County has 
additional 
information. 

data and helps 
map location of 
exposed 
population for any 

First map 
completed 2/03. 

possible health 
follow up. 

ISDH = Indiana State Department of Health 
CLEAN = Conrail Rail Yard activist group 
TCE = trichloroethylene 
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Appendix 2 

Conrail Superfund Site Community Education Project (CD ROM—see inside back cover) 

Conrail Superfund Site, Elkhart County, Indiana (Community education pamphlet) 

A Community Assessment of the Health Education Needs of the Community (Phases I and II) 
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Appendix 3 

County and Township Demographics 
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GEOGRAPHICAL AREA 1970 1980 1990 2000 

Number Percent Number Percent Number Percent Number Percent 
United States 203,302,031  226,542,189  248,709,873  281,421,906 

State of Indiana 
Total Population 5,193,669 100.0% 5,490,224 100.0% 5,544,159 100.0% 6,080,485 100.0% 
White 4,820,324 92.8% 5,004,394 91.2% 5,020,700 90.6% 5,320,022 87.5% 
African American 357,464 6.9% 414,785 7.6% 432,092 7.8% 510,034 8.4% 
American Indian and Alaska Native 3,887 0.1% 7,836 0.1% 12,720 0.2% 15,815 0.3% 
Asian and Pacific Islander 6,892 0.1% 20,557 0.4% 37,617 0.7% 61,131 1.0% 
Other 5,102 0.1% 42,652 0.8% 41,030 0.7% 173,483 2.9% 
Hispanic Origin 67,188 1.3% 87,047 1.6% 98,788 1.8% 214,536 3.5% 
Median age 27.2 29.2 32.8 0 35.2 
Under age 5 years 455,676 8.8% 418,764 7.6% 398,656 7.2% 423,215 7.0% 
Ages 5–9 years 529,024 10.2% 433,053 7.9% 410,463 7.4% 443,273 7.3% 
Under age 10 years 984,700 19.0% 851,817 15.5% 809,119 14.6% 866,488 14.3% 
Ages 15–44 years 2,138,834 41.2% 2,536,280 46.2% 2,579,484 46.5% 2,671,041 43.9%
  Male 1,049,594 20.2% 1,257,070 22.9% 1,282,498 23.1% 1,347,036 22.2%
  Female 1,089,240 21.0% 1,279,210 23.3% 1,296,986 23.4% 1,324,005 21.8% 
Ages 65+ 493,809 9.5% 585,384 10.7% 696,196 12.6% 752,831 12.4% 
Households 1,609,494 1,927,050 2,065,355 2,336,306 
Median Household Income $8,921 $17,582 $28,797 $41,567 
Families 1,321,674 1,461,645 1,480,351 1,611,045 
Median Family Income $9,970 $20,535 $34,802 $50,261 
Families below poverty 97,545 7.4% 107,415 7.3% 118,225 8.0% 107,789 6.7% 
Families with children <18 in poverty 57,582 7.4% 81,031 10.4% 91,923 11.9% 84,392 10.2% 
Families with children <5 in poverty 47,124 15.3% 45,173 13.7% 
Educational Attainment (pop 25 years+) 2,746,414 3,135,772 3,489,470 3,893,278 
Less than High School 1,292,237 47.1% 1,054,286 33.6% 850,014 24.4% 695,540 17.9% 
High School or higher 1,454,177 52.9% 2,081,486 66.4% 2,639,456 75.6% 3,197,739 82.1% 

Elkhart County 
Total Population 126,529 100.0% 137,330 100.0% 156,198 100.0% 182,791 100.0% 
White 121,725 96.2% 129,971 94.6% 146,505 93.8% 157,931 86.4% 
African American 4,395 3.5% 5,761 4.2% 7,106 4.5% 9,551 5.2% 
American Indian and Alaska Native na na 256 0.2% 453 0.3% 495 0.3% 
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Asian and Pacific Islander na na 491 0.4% 997 0.6% 1,759 1.0% 
Other 409 0.3% 851 0.6% 1,137 0.7% 13,055 7.1% 
Hispanic Origin 1,181 0.9% 1,719 1.3% 2,932 1.9% 16,300 8.9% 
Median age in years 26.7 29.0 31.8 33.0 
Under age 5 years 11,982 9.5% 11,350 8.3% 13,277 8.5% 14,800 8.1% 
Ages 5–9 years 12,925 10.2% 11,465 8.3% 12,538 8.0% 14,799 8.1% 
Under age 10 years 24,907 19.7% 22,815 16.6% 25,815 16.5% 29,599 16.2% 
Ages 15-44 53,299 42.1% 63,704 46.4% 72,534 46.4% 80,157 43.9%
 Male 25,771 20.4% 31,418 22.9% 36,217 23.2% 41,090 22.5%

  Female 27,528 21.8% 32,286 23.5% 36,317 23.3% 39,067 21.4% 
Ages 65 years+ 11,066 8.7% 13,209 9.6% 17,497 11.2% 19,841 10.9% 
Households 39,319 48,148 56,713 66,154 
Median Household Income $17,593 $30,973 $44,478 
Families 32,968 37,077 41,751 48,038 
Median Family Income $11,043 $19,872 $35,152 $50,438 
Families below poverty 1,661 5.0% 2,153 5.8% 2,213 5.3% 2,793 5.8% 
Families with children <18 in poverty 1,068 1,750 7.7% 2,302 8.8% 
Families with children <5 in poverty 948 9.7% 1,315 12.3% 
Educational Attainment (pop 25 years+) 66,281 78,491 96,003 112,908 
Less than High School 31,001 46.8% 26,994 34.4% 26,107 27.2% 27,391 24.3% 
High School or higher 35,280 53.2% 51,497 65.6% 69,896 72.8% 85,517 75.7% 

Baugo Township (Elkhart Co) 
Total Population 5,982 100.0% 6,097 100.0% 6,640 100.0% 7,646 100.0% 
White 5,772 96.5% 5,915 97.0% 6,418 96.7% 7,217 94.4% 
African American 195 3.3% 135 2.2% 146 2.2% 172 2.2% 
American Indian and Alaska Native na na 0.0% 25 0.4% 15 0.2% 
Asian & Pacific Islander na na 0.0% 31 0.5% 33 0.4% 
Other 15 0.3% 0.0% 20 0.3% 209 2.7% 
Hispanic Origin 63 41 0.7% 59 0.9% 171 2.2% 
Median age in years 24.4 29.1 33.9 36.9 
Under age 5 years 572 9.6% 496 8.1% 462 7.0% 490 6.4% 
Ages 5–9 years 668 11.2% 489 8.0% 549 8.3% 596 7.8% 
Under age 10 years 1,240 20.7% 985 16.2% 1,011 15.2% 1,086 14.2% 
Ages 15–44 years 2,663 44.5% 2,787 45.7% 2,989 45.0% 3,077 40.2%
  Male 1,290 21.6% 1,358 22.3% 1,488 22.4% 1,535 20.1%
  Female 1,373 23.0% 1,429 23.4% 1,501 22.6% 1,542 20.2% 
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Ages 65 years+ 352 5.7% 427 7.0% 691 10.4% 985 12.9% 
Households 1,726 2,011 2,248 2,810 
Median Household Income $20,249 $32,903 $45,632 
Families 1,709  1,837 2,175 
Median Family Income  $34,439 $49,989 
Families below poverty  103 5.6% 55 2.5% 
Families with children <18 in poverty 29 62 6.2% 39 3.4% 
Families with children <5 in poverty 24 6.8% 31 8.5% 
Educational Attainment (pop 25 years+) 4,196 4,879 
Less than High School  1,329 31.7% 1,106 22.7% 
High School or higher  2,867 68.3% 3,773 77.3% 

St. Joseph County 
Total Population 245,045 100.0% 241,617 100.0% 247,052 100.0% 265,559 100.0% 
White 225,382 92.0% 216,070 89.4% 216,984 87.8% 218,706 82.4% 
African American 18,587 7.6% 21,604 8.9% 24,190 9.8% 30,422 11.5% 
American Indian and Alaska Native na na 512 0.2% 846 0.3% 938 0.4% 
Asian and Pacific Islander na na 1,178 0.5% 2,507 1.0% 3,690 1.4% 
Other 1,076 0.4% 2,253 0.9% 2,525 1.0% 11,803 4.4% 
Hispanic Origin na na 3,663 1.5% 5,201 2.1% 12,557 4.7% 
Median age in years 27.9 29.9 34.4 
Under age 5 years 20,215 8.2% 17,115 7.1% 17,958 7.3% 18,673 7.0% 
Ages 5–9 years 22,974 9.4% 17,391 7.2% 17,704 7.2% 19,291 7.3% 
Under age 10 years 43,189 17.6% 34,506 14.3% 35,662 14.4% 37,964 14.3% 
Ages 15–44 years 100,673 41.1% 109,325 45.2% 115,232 46.6% 116,990 44.1%
 Male 50,371 20.6% 54,738 22.7% 57,440 23.3% 57,925 21.8%

  Female 50,302 20.5% 54,587 22.6% 57,792 23.4% 59,065 22.2% 
Ages 65+ 24,147 9.9% 29,126 12.1% 34,879 14.1% 36,101 13.6% 
Households 75,666 86,204 92,365 100,743 
Median Household Income $10,389 $17,570 $28,235 $40,420 
Families 61,842 63,726 63,629 67,027 
Median Family Income $10,389 $20,628 $34,206 $49,653 
Families below poverty 3,521 5.7% 4,280 6.7% 4,532 7.1% 5,087 7.6% 
Families with children <18 in poverty 2,227 3,697 11.5% 4,317 12.3% 
Families with children <5 in poverty 2,046 15.2% 2,404 16.9% 
Educational Attainment (pop 25 years+) 131,099 140,911 154,443 166,060 
Less than High School 60,275 46.0% 45,707 32.4% 36,969 23.9% 29,235 17.6% 
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High School or higher 70,824 54.0% 95,204 67.6% 117,474 76.1% 136,825 82.4% 

Penn Township (St. Joseph Co.) 
Total Population 53,494 100.0% 56,471 100.0% 59,879 100.0% 64,322 100.0% 
White 53,218 99.5% 55,593 98.4% 58,548 97.8% 60,718 94.4% 
African American 132 0.2% 386 0.7% 629 1.1% 1,384 2.2% 
American Indian and Alaska Native na na na na 186 0.3% 221 0.3% 
Asian and Pacific Islander na na na na 353 0.6% 609 0.9% 
Other 144 0.3% 492 0.9% 163 0.3% 1,390 2.2% 
Hispanic Origin na na 327 0.6% 514 0.9% 1,275 2.0% 
Median age in years 27.8 30.4 33.2 35.7 
Under age 5 years 4,853 9.1% 4,029 7.1% 4,264 7.1% 4,388 6.8% 
Ages 5–9 years 5,018 9.4% 4,329 7.7% 4,302 7.2% 4,459 6.9% 
Under age 10 years 9,871 18.5% 8,358 14.8% 8,566 14.3% 8,847 13.8% 
Ages 15–44 years 22,073 41.3% 25,377 44.9% 27,910 46.6% 27,876 43.3%
 Male 10,610 19.8% 12,282 21.7% 13,676 22.8% 13,830 21.5%

  Female 10,463 19.6% 13,095 23.2% 14,234 23.8% 14,046 21.8% 
Ages 65 years+ 5,168 9.7% 6,414 11.4% 7,992 13.3% 8,977 14.0% 
Households 17,159 21,159 23,859 26,033 
Median Household Income $17,244 $27,928 $39,316 
Families 15,530 16,094 16,909 
Median Family Income $20,371 $33,913 $48,711 
Families below poverty  826 5.1% 908 5.4% 
Families with children <18 in poverty 482 682 8.3% 772 8.6% 
Families with children <5 in poverty 355 11.2% 377 11.4% 
Educational Attainment (pop 25 years+) 38,490 41,858 
Less than High School  9,694 25.2% 7,390 17.7% 
High School or higher  28,796 74.8% 34,468 82.3% 
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Appendix 4 

Questionnaire and Summary of the Community Surveys Submitted to the Indiana State 
Department of Health and to the Agency for Toxic Substances and Disease Registry. 
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Summary Findings of the Community-Based Public Health Survey Conrail Railyard 
Superfund Site Elkhart and St. Joseph Counties, Indiana 

Introduction: 

The Agency for Toxic Substances and Disease Registry (ATSDR), in conjunction with the 
Indiana State Department of Health (ISDH), has processed the community-developed, health 
surveys from residents living near the Conrail Railyard National Priorities List Site in Elkhart 
and St. Joseph Counties, Indiana. ISDH sent the completed surveys to ATSDR. Information 
contained in the surveys was entered into a database. This is a summary of the survey responses. 

The questionnaire was developed by community members with help from Elkhart and St. Joseph 
County Health Departments. Elkhart and St. Joseph County Health Departments received a total 
of 769 volunteer-assisted or self-administered questionnaires and sent them to ISDH. Once 
ATSDR received the surveys, answers to survey questions were entered into a Microsoft (MS) 
Access 2000 database. All 769 surveys were reviewed, and concerns listed on all surveys will be 
addressed in the forthcoming Public Health Assessment. Information from 18 surveys was not 
included in the analysis because significant information was missing. Therefore, a total of 751 
questionnaires were analyzed. 

In the questionnaires, residents were asked 18 open-ended questions, such as whether individuals 
in each household used contaminated drinking water, what types of diseases household members 
experienced, and whether households that experienced chronic illnesses or death from chronic 
illnesses also used contaminated drinking water. The findings are presented in this summary in 
the Demographics, Contamination and Well Water Information, Chronic Illness, Birth Defects, 
and Deaths sections. 

The information that community members provided in the survey helps ISDH and ATSDR better 
understand the medical conditions that are of great concern and interest to residents. The 
information is qualitative in nature. That means that the information cannot be used to draw 
definitive or absolute conclusions about whether a particular illness resulted from drinking 
contaminated water. However, the information is important to our overall evaluation of site 
conditions. 

Demographics 

1.	 The median age of the survey participants is 40 years. About 23% of household members 
were children and approximately 10% of household members were elderly (> 70 years). 

2.	 The survey population is approximately 51% male and 49% female. This information, 
however, is inexact because many households did not completely answer this question. 

3.	 The average length of time that survey participants lived in the study area was about 20 
years. 74% of participants have lived in the study area for more than 5 years, with 68% of 
households having lived at their current address for more than 5 years; 20% have lived in 
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the study area for more than 1 year and up to 5 years; and 4% have lived in the study area 
for less than 1 year. 

Contamination and Well Water Information: 

•	 69% of households reported they previously had their drinking water supplied by a 
private well, and 6% of households currently have their drinking water supplied by a 
private well. 

•	 40% of households reported they have had their well tested for contamination. 

•	 31%, or 92 households, that had their wells tested, reported their well tested positive for 
contamination. 

•	 Among the 92 households whose wells tested positive for contamination, 26% reported 
trichloroethylene (TCE) was found in their well, 3% reported carbon tetrachloride, and 
21% reported both TCE and carbon tetrachloride were found. 

Chronic Illness: 

•	 42% of households reported someone in their residence had experienced a chronic illness. 
The types of chronic illnesses reported were diverse, with cancer and diabetes the most 
frequently reported. 

•	 84% of households that had experienced a chronic illness had lived in the study area 
more than 5 years. 

•	 86% of those reporting they had experienced a chronic illness reported their drinking 
water was previously or is currently supplied by a private well, and 17% of those 
reporting a chronic illness also reported their well tested positive for contamination. 

Birth Defects: 

•	 7% of households reported having a child with a birth defect. 

•	 90% of households reporting a birth defect lived in the study area for more than 5 years. 

•	 All of those reporting that a child in their residence experienced a birth defect also 
reported their drinking water had previously been or is currently supplied by a private 
well, and 18% of those reporting a birth defect also reported their well tested positive for 
contamination. 
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Deaths: 

•	 23% of households reported a family member(s) had died in the time they have lived in 
the study area. Less than 1% of the deaths were children. 

•	 94% of households reporting a death had lived in the study area for more than 5 years. 

•	 94% of households reporting a death also reported their drinking water had previously 
been supplied or is currently supplied by a private well, and 19% of those that reported a 
death also reported their well tested positive for contamination. 

•	 Each reported death was categorized into one of 16 causes of deaths. The most frequent 
cause of death was cancer, followed by heart disease or heart attack. 

Attachments include a chart that depicts survey responses, a graph depicting the age distribution 
of residents as obtained from the surveys, a chart depicting residents’ gender distribution as 
obtained from the surveys, a graph depicting the number of residents who reported having 
specific illnesses, and a graph depicting the number of people who were reported as having died 
from a specific illness. 
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Appendix 6 

Information on polychlorinated biphenyls (PCBs) http://www.atsdr.cdc.gov/tfacts17.html 
Information on polycyclic aromatic hydrocarbons (PAHs) 
http://www.atsdr.cdc.gov/tfacts69.html 
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February 2001 

ToxFAQs™

for 


Polychlorinated Biphenyls (PCBs) 

(Bifenilos Policlorados (BPCs)) 

This fact sheet answers the most frequently asked health questions about polychlorinated 
biphenyls (PCBs). For more information, you may call the ATSDR Information Center at 
1-888-422-8737. This fact sheet is one in a series of summaries about hazardous substances 
and their health effects. This information is important because this substance may harm 
you. The effects of exposure to any hazardous substance depend on the dose, the duration, 
how you are exposed, personal traits and habits, and whether other chemicals are present. 

HIGHLIGHTS: Polychlorinated biphenyls (PCBs) are a mixture of individual chemicals 
which are no longer produced in the United States, but are still found in the environment. 
Health effects that have been associated with exposure to PCBs include acne-like skin 
conditions in adults and neurobehavioral and immunological changes in children. PCBs 
are known to cause cancer in animals. PCBs have been found in at least 500 of the 1,598 
National Priorities List sites identified by the Environmental Protection Agency (EPA). 

What are polychlorinated biphenyls (PCBs)? 
Polychlorinated biphenyls are mixtures of up to 209 individual chlorinated compounds (known 
as congeners). There are no known natural sources of PCBs. PCBs are either oily liquids or 
solids that are colorless to light yellow. Some PCBs can exist as a vapor in air. PCBs have no 
known smell or taste. Many commercial PCB mixtures are known in the U.S. by the trade name 
Aroclor. 

PCBs have been used as coolants and lubricants in transformers, capacitors, and other electrical 
equipment because they don't burn easily and are good insulators. The manufacture of PCBs was 
stopped in the U.S. in 1977 because of evidence they build up in the environment and can cause 
harmful health effects. Products made before 1977 that may contain PCBs include old 
fluorescent lighting fixtures and electrical devices containing PCB capacitors, and old 
microscope and hydraulic oils. 

back to top 

What happens to polychlorinated biphenyls (PCBs) when they enter the 
environment? 

•	 PCBs entered the air, water, and soil during their manufacture, use, and disposal; from 
accidental spills and leaks during their transport; and from leaks or fires in products 
containing PCBs.  

•	 PCBs can still be released to the environment from hazardous waste sites; illegal or 
improper disposal of industrial wastes and consumer products; leaks from old electrical 
transformers containing PCBs; and burning of some wastes in incinerators.  

•	 PCBs do not readily break down in the environment and thus may remain there for very 
long periods of time. PCBs can travel long distances in the air and be deposited in areas 

106




far away from where they were released. In water, a small amount of PCBs may remain 
dissolved, but most stick to organic particles and bottom sediments. PCBs also bind 
strongly to soil. 

•	 PCBs are taken up by small organisms and fish in water. They are also taken up by other 
animals that eat these aquatic animals as food. PCBs accumulate in fish and marine 
mammals, reaching levels that may be many thousands of times higher than in water.  

back to top 

How might I be exposed to polychlorinated biphenyls (PCBs)? 
•	 PCBs entered the air, water, and soil during their manufacture, use, and disposal; from 

accidental spills and leaks during their transport; and from leaks or fires in products 
containing PCBs.  

•	 PCBs can still be released to the environment from hazardous waste sites; illegal or 
improper disposal of industrial wastes and consumer products; leaks from old electrical 
transformers containing PCBs; and burning of some wastes in incinerators.  

•	 PCBs do not readily break down in the environment and thus may remain there for very 
long periods of time. PCBs can travel long distances in the air and be deposited in areas 
far away from where they were released. In water, a small amount of PCBs may remain 
dissolved, but most stick to organic particles and bottom sediments. PCBs also bind 
strongly to soil. 

•	 PCBs are taken up by small organisms and fish in water. They are also taken up by other 
animals that eat these aquatic animals as food. PCBs accumulate in fish and marine 
mammals, reaching levels that may be many thousands of times higher than in water.  

back to top 

How can polychlorinated biphenyls (PCBs) affect my health? 
The most commonly observed health effects in people exposed to large amounts of PCBs are 
skin conditions such as acne and rashes. Studies in exposed workers have shown changes in 
blood and urine that may indicate liver damage. PCB exposures in the general population are not 
likely to result in skin and liver effects. Most of the studies of health effects of PCBs in the 
general population examined children of mothers who were exposed to PCBs. 

Animals that ate food containing large amounts of PCBs for short periods of time had mild liver 
damage and some died. Animals that ate smaller amounts of PCBs in food over several weeks or 
months developed various kinds of health effects, including anemia; acne-like skin conditions; 
and liver, stomach, and thyroid gland injuries. Other effects of PCBs in animals include changes 
in the immune system, behavioral alterations, and impaired reproduction. PCBs are not known to 
cause birth defects. 

back to top 

How likely are polychlorinated biphenyls (PCBs) to cause cancer? 
Few studies of workers indicate that PCBs were associated with certain kinds of cancer in 
humans, such as cancer of the liver and biliary tract. Rats that ate food containing high levels of 
PCBs for two years developed liver cancer. The Department of Health and Human Services 
(DHHS) has concluded that PCBs may reasonably be anticipated to be carcinogens. The EPA 

107 



and the International Agency for Research on Cancer (IARC) have determined that PCBs are 
probably carcinogenic to humans. 

back to top 

How do polychlorinated biphenyls (PCBs) affect children? 
Women who were exposed to relatively high levels of PCBs in the workplace or ate large 
amounts of fish contaminated with PCBs had babies that weighed slightly less than babies from 
women who did not have these exposures. Babies born to women who ate PCB-contaminated 
fish also showed abnormal responses in tests of infant behavior. Some of these behaviors, such 
as problems with motor skills and a decrease in short-term memory, lasted for several years. 
Other studies suggest that the immune system was affected in children born to and nursed by 
mothers exposed to increased levels of PCBs. There are no reports of structural birth defects 
caused by exposure to PCBs or of health effects of PCBs in older children. The most likely way 
infants will be exposed to PCBs is from breast milk. Transplacental transfers of PCBs were also 
reported In most cases, the benefits of breast-feeding outweigh any risks from exposure to PCBs 
in mother's milk. 

back to top 

How can families reduce the risk of exposure to polychlorinated biphenyls (PCBs)? 
•	 You and your children may be exposed to PCBs by eating fish or wildlife caught from 

contaminated locations. Certain states, Native American tribes, and U.S. territories have 
issued advisories to warn people about PCB-contaminated fish and fish-eating wildlife. 
You can reduce your family's exposure to PCBs by obeying these advisories.  

•	 Children should be told not play with old appliances, electrical equipment, or 

transformers, since they may contain PCBs.  


•	 Children should be discouraged from playing in the dirt near hazardous waste sites and in 
areas where there was a transformer fire. Children should also be discouraged from eating 
dirt and putting dirty hands, toys or other objects in their mouths, and should wash hands 
frequently. 

•	 If you are exposed to PCBs in the workplace it is possible to carry them home on your 
clothes, body, or tools. If this is the case, you should shower and change clothing before 
leaving work, and your work clothes should be kept separate from other clothes and 
laundered separately. 

back to top 

Is there a medical test to show whether I've been exposed to polychlorinated 
biphenyls (PCBs)? 
Tests exist to measure levels of PCBs in your blood, body fat, and breast milk, but these are not 
routinely conducted. Most people normally have low levels of PCBs in their body because nearly 
everyone has been environmentally exposed to PCBs. The tests can show if your PCB levels are 
elevated, which would indicate past exposure to above-normal levels of PCBs, but cannot 
determine when or how long you were exposed or whether you will develop health effects. 

back to top 

Has the federal government made recommendations to protect human health? 
The EPA has set a limit of 0.0005 milligrams of PCBs per liter of drinking water (0.0005 mg/L). 

108 



Discharges, spills or accidental releases of 1 pound or more of PCBs into the environment must 
be reported to the EPA. The Food and Drug Administration (FDA) requires that infant foods, 
eggs, milk and other dairy products, fish and shellfish, poultry and red meat contain no more 
than 0.2-3 parts of PCBs per million parts (0.2-3 ppm) of food. Many states have established fish 
and wildlife consumption advisories for PCBs. 

back to top 
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Where can I get more information? 
ATSDR can tell you where to find occupational and environmental health clinics. Their 
specialists can recognize, evaluate, and treat illnesses resulting from exposure to hazardous 
substances. You can also contact your community or state health or environmental quality 
department if you have any more questions or concerns. 

For more information, contact: 
Agency for Toxic Substances and Disease Registry  
Division of Toxicology 
1600 Clifton Road NE, Mailstop E-29 
Atlanta, GA 30333 
Phone: 1-888-42-ATSDR (1-888-422-8737) 
FAX: (404)-498-0093 
Email: ATSDRIC@cdc.gov 
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ToxFAQs™

For 


Polycyclic Aromatic Hydrocarbons (PAHs) 

(Hidrocarburos Aromáticos Policíclicos (HAPs)) 

This fact sheet answers the most frequently asked health 
questions about polycyclic aromatic hydrocarbons (PAHs). 
For more information, you may call the ATSDR Information 
Center at 1-888-422-8737. This fact sheet is one in a series of 
summaries about hazardous substances and their health 
effects. This information is important because this substance 
may harm you. The effects of exposure to any hazardous 
substance depend on the dose, the duration, how you are 
exposed, personal traits and habits, and whether other 
chemicals are present. 

Protection Agency (EPA). 

HIGHLIGHTS: Exposure to polycyclic aromatic 
hydrocarbons usually occurs by breathing air contaminated 
by wild fires or coal tar, or by eating foods that have been 
grilled. PAHs have been found in at least 600 of the 1,430 
National Priorities List sites identified by the Environmental 

What are polycyclic aromatic hydrocarbons (PAHs)? 
Polycyclic aromatic hydrocarbons (PAHs) are a group of over 100 
different chemicals that are formed during the incomplete burning 
of coal, oil and gas, garbage, or other organic substances like 
tobacco or charbroiled meat. PAHs are usually found as a mixture 
containing two or more of these compounds, such as soot. 

Some PAHs are manufactured. These pure PAHs usually exist as 
colorless, white, or pale yellow-green solids. PAHs are found in 
coal tar, crude oil, creosote, and roofing tar, but a few are used in 
medicines or to make dyes, plastics, and pesticides. 
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What happens to polycyclic aromatic hydrocarbons 
(PAHs) when they enter the environment? 

• PAHs enter the air mostly as releases from volcanoes, 
forest fires, burning coal, and automobile exhaust. 

•	 PAHs can occur in air attached to dust particles.  
•	 Some PAH particles can readily evaporate into the air from 

soil or surface waters.  
•	 PAHs can break down by reacting with sunlight and other 

chemicals in the air, over a period of days to weeks.  
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•	 PAHs enter water through discharges from industrial and 
wastewater treatment plants.  

•	 Most PAHs do not dissolve easily in water. They stick to 
solid particles and settle to the bottoms of lakes or rivers.  

•	 Microorganisms can break down PAHs in soil or water 
after a period of weeks to months.  

•	 In soils, PAHs are most likely to stick tightly to particles; 
certain PAHs move through soil to contaminate 
underground water. 

•	 PAH contents of plants and animals may be much higher 
than PAH contents of soil or water in which they live.  

back to top 

How might I be exposed to polycyclic aromatic 
hydrocarbons (PAHs)? 

•	 Breathing air containing PAHs in the workplace of coking, 
coal-tar, and asphalt production plants; smokehouses; and 
municipal trash incineration facilities.  

•	 Breathing air containing PAHs from cigarette smoke, wood 
smoke, vehicle exhausts, asphalt roads, or agricultural burn 
smoke.  

•	 Coming in contact with air, water, or soil near hazardous 
waste sites. 

•	 Eating grilled or charred meats; contaminated cereals, 
flour, bread, vegetables, fruits, meats; and processed or 
pickled foods. 

•	 Drinking contaminated water or cow's milk.  
•	 Nursing infants of mothers living near hazardous waste 

sites may be exposed to PAHs through their mother's milk. 

back to top 

How can polycyclic aromatic hydrocarbons (PAHs) affect 
my health? 
Mice that were fed high levels of one PAH during pregnancy had 
difficulty reproducing and so did their offspring. These offspring 
also had higher rates of birth defects and lower body weights. It is 
not known whether these effects occur in people. 

Animal studies have also shown that PAHs can cause harmful 
effects on the skin, body fluids, and ability to fight disease after 
both short- and long-term exposure. But these effects have not 
been seen in people. 

back to top 

How likely are polycyclic aromatic hydrocarbons (PAHs) 
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to cause cancer? 
The Department of Health and Human Services (DHHS) has 
determined that some PAHs may reasonably be expected to be 
carcinogens. 

Some people who have breathed or touched mixtures of PAHs and 
other chemicals for long periods of time have developed cancer. 
Some PAHs have caused cancer in laboratory animals when they 
breathed air containing them (lung cancer), ingested them in food 
(stomach cancer), or had them applied to their skin (skin cancer). 

back to top 

Is there a medical test to show whether I've been exposed 
to polycyclic aromatic hydrocarbons (PAHs)? 
In the body, PAHs are changed into chemicals that can attach to 
substances within the body. There are special tests that can detect 
PAHs attached to these substances in body tissues or blood. 
However, these tests cannot tell whether any health effects will 
occur or find out the extent or source of your exposure to the 
PAHs. The tests aren't usually available in your doctor's office 
because special equipment is needed to conduct them. 

back to top 

Has the federal government made recommendations to 
protect human health? 
The Occupational Safety and Health Administration (OSHA) has 
set a limit of 0.2 milligrams of PAHs per cubic meter of air (0.2 
mg/m³). The OSHA Permissible Exposure Limit (PEL) for mineral 
oil mist that contains PAHs is 5 mg/m³ averaged over an 8-hour 
exposure period. 

The National Institute for Occupational Safety and Health 
(NIOSH) recommends that the average workplace air levels for 
coal tar products not exceed 0.1 mg/m³ for a 10-hour workday, 
within a 40-hour workweek. There are other limits for workplace 
exposure for things that contain PAHs, such as coal, coal tar, and 
mineral oil. 

back to top 

Glossary 
Carcinogen: A substance that can cause cancer. 

Ingest: Take food or drink into your body. 
back to top 
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Where can I get more information? 
ATSDR can tell you where to find occupational and environmental 
health clinics. Their specialists can recognize, evaluate, and treat 
illnesses resulting from exposure to hazardous substances. You 
can also contact your community or state health or environmental 
quality department if you have any more questions or concerns. 

For more information, contact: 
Agency for Toxic Substances and Disease Registry  
Division of Toxicology 
1600 Clifton Road NE, Mailstop E-29 
Atlanta, GA 30333 
Phone: 1-888-42-ATSDR (1-888-422-8737) 
FAX: (404)-498-0093 
Email: ATSDRIC@cdc.gov 
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Appendix 7 

Exploratory Analysis of Indiana Birth Certificates 1990-1999 for Birth Defects in the 
Vicinity of the CONRAIL Superfund Site (Zip Codes 46516 and 46561)  

As a part of its public health assessment process, ATSDR, in cooperation with the Indiana State 
Department of Health (ISDH), examined birth certificate data to evaluate certain adverse birth 
outcomes such as preterm birth, small for gestational age (i.e., having a low weight given one’s 
gestational age at birth), and several birth defects.  Data were available for zip codes 46516 and 
46561 in Elkhart (Elkhart County) and Osceola (St. Joseph County), Indiana, respectively, for 
the 10-year period 1990 through 1999. 

The prevalence of preterm birth and small for gestational age for these two zip codes combined 
were compared to the prevalence for the rest of the state.  In addition, an exploratory analysis 
was conducted to see if the prevalence of particular birth defects was higher in the two zip codes 
compared to the rest of the state. The exploratory analysis was performed using the available 
birth certificate data with the understanding that birth certificate data tends to seriously 
underestimate the frequency of birth defects (Watkins ML, et al., 1996). However, citizens in the 
vicinity of Conrail had expressed concerns about the number of children born with birth defects 
in their community.  Exposures had occurred in the community at levels that the literature appear 
to indicate could cause increased rates of adverse birth outcomes, so the exploratory analysis, 
despite limitations, was justified. 

ATSDR used SPSS software to perform data management and analysis.  For each adverse birth 
outcome, an odds ratio (OR) was calculated to determine whether the prevalence was higher 
within the two zip codes when compared to the rest of the state. An odds ratio (relative odds) is a 
measure of association between an exposure and health outcome for a comparison analysis. An 
odds ratio greater than 1.0 indicates that the zip codes have a higher prevalence than the rest of 
the state; an odds ratio less than 1.0 indicates a lesser prevalence. Both the size of the odds ratio 
and the number of cases in the exposed population will influence the interpretation of the odds 
ratio. Odds ratios based on a larger number of cases are more stable; those based on a fewer 
number are more influenced by chance. To take the number of cases into account, a 95% 
confidence interval is calculated. Confidence intervals for the odds ratio show the precision of 
the risk estimates.  A smaller interval reflects a stronger precision. If the confidence interval 
contains 1.0, no statistically significant difference in prevalence is indicated.  

The three main adverse birth outcomes of interest analyzed for the two zip codes were as 
follows: 
1.	 low birth weight among term births (i.e., being a term birth but weighing <2500 

grams or <5.5 pounds at birth); 
2.	 small for gestational age (having a weight at or below the 5th percentile given the 

child’s gestational week at birth); and 
3.	 preterm birth (gestational age less than 37 weeks at birth). 

In order to determine the sex-specific, 5th percentile weight for each gestational week, all birth 
certificates for the state during the 10-year period 1990 through 1999 were used.  Gestational 

114




weeks less than 28 or greater than 44 were considered invalid.  Weights of less than 350 grams 
(approximately 0.75 lbs) or greater than 7,000 grams (approximately 15.4 lbs) were also 
considered invalid. Births with invalid birth weights and/or gestational ages were excluded from 
the analyses of small for gestational age and low birth weight among term births.  In addition, 
births with invalid gestational ages were also excluded from the analysis of preterm birth.  
Comparisons between the two zip codes and the rest of the state were made for these three main 
adverse birth outcomes over the combined 10-year period and for each individual year. 

Over the combined 10-year period, the prevalence for these three main adverse birth outcomes 
were similar to the prevalence in the rest of the state, with odds ratios near 1.0 (Table A7-1), 
indicating that the risks are not elevated to any appreciable level.  After taking into account 
socio-economic factors such as mother’s education, race/ethnicity, and information from the 
birth certificate on maternal smoking, these odds ratios were still approximately equal to 1.0.  
That indicates no difference between the prevalence in zip codes 46516 and 46561 and the 
prevalence in the rest of the state. 

When individual years were evaluated (1990−1999), there was some indication that the 
prevalence in the two zip codes was slightly higher than the rest of the state during some of the 
years, especially during the period 1998−1999. For example, both small for gestational age and 
low birth weight among term births were elevated during 1995, 1998, and 1999, with odds ratios 
ranging between 1.2 and 1.4. Preterm birth was also elevated in 1998 (OR=1.2).   

For exploratory purposes, the birth certificate data were used to determine prevalence for 
particular birth defects for the two zip codes and the rest of the state (Table A7-1).  For the 
combined 10-year period, two central nervous system birth defects, anencephaly and spina 
bifida, were elevated in the two zip codes when compared with the rest of the state.  The odds 
ratios were 2.8 for anencephaly (seven cases in the two zip codes) and 1.7 for spina bifida (four 
cases in the two zip codes). These two central nervous system birth defects are often grouped 
together as “neural tube defects” or NTD.  When grouped together, the odds ratio for NTD over 
the 10-year period was 2.3. Another birth defect that was elevated in the two zip codes when 
compared to the rest of the state was diaphragmatic hernia (OR=4.9 based on five cases in the 
two zip codes). An intestinal defect, omphalocele had a statistically insignificant elevation 
(OR=1.5 based on four cases in the two zip codes). The prevalence of cleft lip and cleft palate 
was not elevated. Because of the small numbers of particular birth defects, other risk factors such 
as maternal smoking, education, and race/ethnicity could not be taken into account in the 
analysis of birth defects. 

A serious limitation of these analyses was the use of zip codes to define the exposed population.  
If some of the mothers residing in the two zip codes were not exposed to the Conrail drinking 
water contaminants during their pregnancies, then the risk of adverse birth outcomes from 
exposures to the contaminated drinking water may be underestimated. Further evaluation of 
these adverse birth outcomes will require a more precise definition of the exposed population.  In 
addition, in order to evaluate neural tube defects, it will be necessary to identify a suitable 
unexposed comparison population, and it must be feasible to achieve complete ascertainment of 
neural tube defects in both the exposed and unexposed populations using multiple sources of 
information including the review of hospital records. 
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Another limitation to the interpretation of this analysis is that birth certificate data was only 
available for the ten year period 1990 through 1999.  Many adverse birth outcomes are related to 
concurrent exposure and time of pregnancy.  For instance, many structural birth defects occur 
during the 3rd to 8th week of an unborn baby’s development; at this sensitive period of 
development, exposure to teratogens (agents that interfere with normal development such as 
alcohol, some chemicals, x-rays, viruses, and some medications) can have the most serious 
impact. Since most of the residents around the Conrail area had been placed on city water in the 
late 1980s, this analysis does not reflect the prevalence of these adverse outcomes during the 
time of greatest exposure to the community. A review of hospital or other sources of data from 
the period before 1990 would be necessary. 

In the United States, one of every 33 babies is born with a birth defect. The mother’s age at 
childbirth, her nutritional status, obesity prior to pregnancy, alcohol, cigarette and certain 
medication use during pregnancy, genetic factors, viruses, and some environmental exposures 
(including trichloroethylene and carbon tetrachloride) are associated with the occurrence of birth 
defects or other adverse birth outcomes. With the exception of the mother’s age and smoking 
status, the birth certificate data used in these analyses do not provide information on other risk 
factors. Depending on whether the mothers who reside in the two zip codes had more or less risk 
factors as compared to those in the rest of the state, the risk of adverse birth outcomes in the 
study area will be under or overestimated.   

This exploratory analysis was conducted even though it is likely that most of the children with 
birth defects will not be identified using birth certificate data. Some birth defects of concern to 
the community, such as heart defects, are detected after the birth certificate is issued, so would 
be underreported. Birth defects that resulted in miscarriage, fetal death, or a stillborn child would 
not be captured on birth certificate data.  Therefore, any findings must be interpreted with 
extreme caution.  An excess in a particular birth defect may warrant further study if there is some 
evidence in human or animal studies that suggests that the birth defect may be related to 
exposure to drinking water contamination. To determine accurate prevalence for particular birth 
defects, a review of hospital records is necessary.  In some states, population-based, birth defect 
registries have been established in order to determine accurate prevalence, but Indiana does not 
have a population-based, birth defect registry. 

In summary, over the 10-year period 1990−1999, the prevalence of preterm birth, small for 
gestational age, and low birth weight among term births in the two zip codes surrounding the 
Conrail site were similar to the prevalence in the rest of the state.  However, for a few years, 
especially 1998 and 1999, the prevalence was slightly elevated in the two zip codes when 
compared to the rest of the state.  It is unknown whether these elevations in a few of the 
individual years are related to exposures to the Conrail site contaminants in drinking water or 
simply reflect chance fluctuations in the prevalence. The findings for neural tube defects are 
suggestive and may warrant further evaluation. 
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Table A7-1. Odds Ratios* and 95% Confidence Intervals (C.I.) for birth defects and other 
birth outcomes in the vicinity of Conrail (zip codes 46516 and 46561), 1990–1999. 

Exposed 
Cases 

Odds 
Ratio* 

Lower C.I. Upper C.I. 

Adverse Birth Outcomes 
   Term Low Birth Weight 206 1.02 0.88 1.17 
    Small for Gestational 
Age 

404 0.97 0.87 1.07 

    Preterm Birth 548 1.03 0.94 1.12 
Birth Defects 

Neural Tube Defects 11 2.30 1.26 4.17 
Anencephaly 7 2.83 1.34 6.00 
Spinal Bifida 4 1.68 0.63 4.51 

Cleft Lip 3 0.51 0.16 1.57 
Cleft Palate 2 0.75 0.31 1.80 

    Diaphragmatic Hernia 5 4.95 2.02 12.13 
    Omphalocele 4 1.54 0.58 4.14 

*Note: The odds ratios for adverse birth outcomes (term low birth weight, small for gestational 
age and preterm birth) are adjusted for race/ethnicity. The odds ratios for the selected birth 
defects listed are unadjusted. 
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Appendix 8 

Review of Indiana Cancer Registry Data (1990-1999) 

In response to community concerns about the occurrence of several types of cancers in the area 
adjacent to Conrail and knowledge of possible associations of TCE and CCl4 to the development 
of certain cancers, ISDH conducted analyses of available cancer data.  ISDH evaluated total 
cancer, 21 specific types of cancer in children and adults, and all child cancer combined, between 
1990 and 1999. 

Using the Indiana Cancer Registry, all new cases of cancer diagnosed among residents of the 
Conrail area for the most recent 10 years of complete data, 1990 through 1999, were identified.  
Indiana State Public Law P.L.2-1993, SEC.21. specifies reporting requirements of the cancer 
registry. Reporting is mandatory and the state is responsible for assurance and protection of the 
data in the registry. 

The area for the analysis was the geographic region defined by the groundwater plume from the 
Conrail site (Figure 2). Therefore, the geographic unit used for the analysis is at the level of the 
potentially impacted area. Because the population around Conrail in this geographic unit was 
predominantly white, the comparison population used for the analysis to calculate predicted or 
expected numbers was the white population of the state of Indiana.  

In addition to all cancers combined, liver, bladder, four types of leukemia, two types of  
lymphoma, kidney, brain, esophageal, breast, lung, laryngeal, prostate, ovarian, melanoma, 
multiple myeloma, colon, anal and rectal cancers were evaluated for this 10-year period. These 
cancers are reported for the primary site of the cancer and not for metastatic disease that may 
occur in other organs. All cancers combined occurring in children ages 0–19 years of age was 
also analyzed. 

For this analysis, once the new cases of cancer were identified, standardized incidence ratios 
(SIRs) were calculated. The SIR is calculated by dividing the number of observed cases of 
cancer identified in the study area by the expected number determined by using a comparison 
population for the 10-year period. SIRs were calculated for the 21 types of cancer and for the two 
groupings (all cancers and cancers in children). In calculating the SIRs, the cancer cases were 
evaluated by their occurrence by age groups and gender in the study and comparison 
populations. 

An SIR is a ratio of the observed over expected number of cases. A ratio greater than 1.0 
indicates more cases than expected; a ratio less than 1.0 indicates fewer cases occurred than 
expected. For example, a ratio of 1.5 would be interpreted as 1.5 times more cases found as were 
expected. The interpretation of the ratio depends on both the size of the ratio and the number of 
cases used to calculate the ratio.  Ratios based on a larger number of cases are more stable; ratios 
based on a fewer number are more influenced by chance.  To take this into account, a 95% 
confidence interval is calculated. The confidence interval is a statistical measure showing the 
precision of the estimated risk ratio.  A small interval will reflect a stronger precision. If the 
confidence interval contains 1.0, no statistically significant excess number of cases is indicated. 
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Incidence-based registries that are used in calculating SIRs are generally considered more 
reliable than and more complete than mortality-based data.  Incidence based registries identify 
each case at the time a diagnosis of cancer is reported, rather than at the time of death. Incidence 
data will not be affected by the difference of survival across cancer sites and types, while 
mortality data are susceptible to bias from difference in treatment and access to health care.  

For the Conrail cancer analyses, none of the analyses indicated there were a significant excess 
number of cancers of any type or grouping in the population around the Conrail site. (Table A8
1). For all cancers combined, the incidence of cancer among residents in the study area was 125 
cases observed, with 272 expected based on the white comparison population; the SIR was 0.46. 
For the combined grouping of cancers occurring in children aged 0–19 years, two cases were 
observed, while about three cases were expected. No cases of primary liver cancer, chronic 
lymphocytic leukemia (CLL), or Hodgkin’s lymphoma were recorded for the Conrail area for the 
ten year period. Six cancers, acute lymphoblastic leukemia (ALL), chronic myeloid leukemia 
(CML), kidney, brain, laryngeal, and anal cancers, had SIRs slightly above 1.0.  However, none 
of these ratios were statistically significant. 

An analysis of new cases of cancer should be considered exploratory and a way to evaluate if 
more rigorous analyses are warranted. Information on other potential causes and risk factors of 
cancer, other than proximity to the Conrail site, is not available. Cancer is a common disease; 
there is a lifetime risk of one in three of getting cancer. There are many causes of cancer; the 
leading preventable cause of cancer is cigarette smoking. Exposure to carcinogenic chemicals 
and other industrial chemicals account for less than 5% of human cases. 

Because of how the cancer case data are collected, this analysis substitutes geographical area for 
potential exposure over time.  From the cancer registry, it is not possible to determine how long 
an individual may have resided in the community (a surrogate of exposure for drinking the 
contaminated private well water).  Similarly, this information is not available for the comparison 
population. Therefore, it was not possible to adjust for how long an individual may have resided 
in a TCE contaminated neighborhood and/or drank water containing TCE. Cancers, other than 
leukemia, usually have long latency times between exposure and onset of clinically recognized 
disease. Latency periods can be more than 10 years; new cancers diagnosed in the 1990s may 
have started in the 1970s or 1980s. 

For many of the cancers, very few cases were reported. A non-significant difference sometimes 
reflects the low number of cases rather than the absence of differences.  In this analysis of new 
cancer diagnoses, breast, lung, colon and prostate cancers had the highest number of cases and 
show more precise confidence intervals, meaning our confidence in the interpretation of risk is 
better. These four cancers are the most commonly occurring cancers in men and women in the 
United States. For the analysis of the Conrail area, for all four of these cancers, the number of 
cases observed was less than what was expected.   

In summary, the incidence of cancer around the Conrail area as determined by the 1990−1999 
cancer incidence data did not show an excess number for all cancers or specific types of cancer. 
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This analysis does not allow for conclusions to be made for any causal relation between the 
occurrence of cancer and drinking contaminated water.   

Table A8-1. Standardized Incidence Ratios* (SIRs) and 95% Confidence Intervals (C.I.) 
for Newly Diagnosed Cancers near the Conrail Site 1990–1999. 
Cancer Type Observed 

Cases 
Expected 
Cases* 

SIR Lower 
C.I. 

Upper 
C.I. 

ALL Sites 125 272 0.46 0.38 0.55 
Liver 0 2 0 < 0 2.33 
Bladder 4 13 0.31 0.08 0.79 
Leukemia–ALL 1 1 1.13 0.01 6.31 
Leukemia–AML 1 2 0.55 0.01 3.06 
Leukemia–CLL 0 2 0 < 0 1.93 
Leukemia–CML 2 1 2.39 0.27 8.63 
Hodgkin’s 0 2 0 < 0 2.21 
Non-Hodgkin’s 2 11 0.19 0.02 0.68 
Kidney and Renal 
Pelvis 

8 7 1.09 0.47 2.15 

Brain 4 4 1.01 0.27 2.58 
Esophagus 1 3 0.38 0.01 2.13 
Breast 15 43 0.35 0.19 0.57 
Lung 18 46 0.39 0.23 0.62 
Children (0–19 
years)–all 

2 3 0.74 0.08 2.66 

Larynx 4 3 1.17 0.32 3.00 
Prostate 14 33 0.42 0.23 0.71 
Ovary 2 6 0.36 0.04 1.31 
Colon 12 25 0.49 0.25 0.85 
Melanoma 6 7 0.85 0.31 1.84 
Multiple Myeloma 1 3 0.36 0.01 2.02 
Rectum/rectosigmoid 7 10 0.71 0.29 1.48 
Anus, anal canal 1 1 1.22 0.02 6.81 
Cases rounded to nearest whole number. 
ALL = acute lymphocytic leukemia 
AML = acute mylogenous leukemiaµµµµ 
CLL = chronic lymphocytic leukemia 
CML = chronic mylogenous leukemia 
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Appendix 9 

Review of Indiana Cancer Mortality Data (1992-2001) 

To further address community concerns about cancer in the area around Conrail, ISDH analyzed 
cancer mortality data for cancers of concern or plausibly associated with TCE or CCl4 exposure 
as based on the scientific literature.  

The smallest geographic level at which cancer mortality data were currently available is the zip 
code. The zip code was not included in the mortality data files prior to 1992; therefore, the data 
were analyzed for the 10-year period 1992–2001. The area for the analyses was defined as zip 
code areas 46516 and 46561 in Elkhart (Elkhart County) and Osceola (Saint Joseph County), 
Indiana, respectively (Figure 11).  These two zip codes were considered because they overlie the 
groundwater plume from the Conrail site. Private well users and well contamination are captured 
in the zip code boundaries. The average population of zip code 46516 was 32,019 over the years 
1992–2001, and the population of 46561 averaged 9,917 over the same period.  

All deaths from cancer among the residents of the two zip codes during the period 1992–2001 
were identified. The source of these data was the Indiana State Department of Health mortality 
database. This information is collected on the death certificate, and the state is responsible for 
the assurance and protection of the data. 

In addition to all cancers combined, liver, bladder, four specific types of leukemia as well as all 
leukemias combined, two types of lymphoma, kidney, brain, esophageal, breast, lung, laryngeal, 
colon, anal and rectal, melanoma, and multiple myeloma cancers were evaluated for the 10-year 
period. All cancers combined occurring in children ages 0–19 years were also analyzed.  These 
cancers are reported as the underlying cause of death. Cancers which may be present in persons 
dying of unrelated causes, such as accidents, are therefore, not included.  However, metastatic 
disease occurring in organs other than the primary site may be reported as the underlying cause 
of death when the primary site is unknown. 

For this analysis, once the deaths from cancer were identified, standardized mortality ratios 
(SMRs) were calculated. The SMR is calculated by dividing the number of observed cancer 
deaths identified in the defined area by the expected number using a comparison population for 
the ten year period. Because the population in the area was predominantly white, the comparison 
population used was the white population of the state of Indiana. SMRs were calculated for the 
18 types of cancer and for the three groupings (all leukemias, all cancers, and cancers in 
children). In calculating the SMRs, the cancer cases were evaluated by their occurrence by age 
groups in the two zip codes and in the comparison population. 

Similar to the SIR, an SMR is a ratio of the observed over expected number of deaths. A ratio 
greater than 1.0 indicates more cases than expected; a ratio less than 1.0 indicates fewer cases 
than expected.  The interpretation of the ratio depends on both the size of the ratio and the 
number of cases used to calculate the ratio.  Ratios based on a larger number of cases are more 
stable; ratios based on a fewer number are more influenced by chance.  To take this into account, 
a 95% confidence interval is calculated.  This statistical measure shows the precision of the 
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estimated risk ratio.  A small interval will reflect a greater precision. If the confidence interval 
contains 1.0, no statistically significant excess number of cases is indicated. 

The analyses for zip code 46516, including Conrail neighborhoods and the city of Elkhart, 
indicated that there were a significant excess number of cancer deaths for all cancers combined, 
for lung cancer, and for anal-rectal cancer (Table A9-1).  For all cancers combined, the number 
of cancer deaths among the residents of zip code 46516 was 639 cancer deaths observed with 
532 expected based on the white comparison population; the SMR was 1.20. This means there is 
a 20% excess risk of dying from cancer as compared to the state white population. For the 
combined grouping of all cancer deaths in children aged 0−19 years, there were four deaths 
observed, with three expected. There were 205 deaths observed from lung cancer in zip code 
46516 over the 10-year period, with 164 expected (SMR = 1.25). This means there was a 25% 
increased risk of dying of lung cancer as compared to the state white population.  For anal-rectal 
cancer, 17 deaths were observed whereas eight were expected (SMR = 2.17), an excess of twice 
that expected for the state population. Many other specific cancers had SMRs above 1.0; these 
were, however, not statistically significant. 

None of the analyses for zip code 46561 (mainly Mishawaka area including Penn Township) 
indicated that there were a significant excess number of cancers of any type or grouping (Table 
A9-2). For all cancers combined, the number of cancer deaths among the residents of zip code 
46561 was 154 cancer deaths observed, with 160 expected; the SMR was 0.96. For the combined 
grouping of all cancer deaths in children aged 0-19 years, there were no observed deaths. No 
deaths from chronic lymphocytic leukemia (CLL), or chronic myelogenous leukemia (CML) 
were recorded for zip code 46561 for the 10-year period. Nine cancers, liver, acute myelogenous 
leukemia (AML), Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, kidney, brain, laryngeal, 
colon and melanoma cancers, had SMRs above 1.0.  However, none of these ratios were 
statistically significant. 

Limitations for these analyses include those detailed for incidence analyses, as well as the 
inherent absence in the mortality files of some persons with cancer, due to their deaths from 
unrelated causes.  In contrast to incidence data, mortality data are affected by the difference of 
survival across cancer sites and types.  In addition, mortality data are susceptible to bias from 
differences in treatment and access to health care.   

The geographic area used for the mortality analyses were two zip code areas that include the 
groundwater plume. This area is larger than the area potentially affected by the Conrail site. 
Mortality data were only available to the zip code level. Because of the inability to use a smaller 
geographic unit, the findings may not truly reflect the cancer mortality of those residents who 
drank contaminated private well water near Conrail. These limitations need to be considered 
before drawing conclusions from this analysis. 

In summary, the analysis of mortality data for 1992–2001 for zip code 46516 showed an excess 
of deaths from all cancers combined and from lung and anal-rectal cancers. The analyses for zip 
code 46561 did not show an excess number of cancer deaths for all cancers or for specific types 
of cancer. The study design does not permit conclusions to be made for any causal relation 
between cancer deaths and exposures from the Conrail site. 
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Table A9-1.  Calculation of SMRs and 95% Confidence Intervals (C.I.) for Cancers in Conrail zip code 
46516, 1992-2001 
Cancer Type Observed 

Cases 
Expected 
Cases* 

SMR Lower C.I. Upper C.I. 

ALL sites 639 532 1.20 1.11 1.30 
Liver 13 9 1.37 0.73 2.34 
Bladder 15 11 1.35 0.76 2.23 
Leukemias–all types 23 20 1.12 0.71 1.69 
Leukemia–ALL 4 2 2.59 0.70 6.62 
Leukemia–AML 5 8 0.61 0.20 1.43 
Leukemia–CLL 5 4 1.22 0.39 2.85 
Leukemia–CML 5 2 2.41 0.78 5.63 
Hodgkin’s 3 1 2.05 0.41 5.98 
Non-Hodgkin’s 26 23 1.12 0.73 1.64 
Kidney and Renal Pelvis 16 13 1.27 0.72 2.06 
Brain 12 13 0.91 0.47 1.58 
Esophagus 10 11 0.93 0.44 1.71 
Breast 43 41 1.04 0.75 1.40 
Lung and Bronchus 205 164 1.25 1.09 1.43 
Children (0–19 years)–all 4 3 1.35 0.36 3.47 
Larynx 5 3 1.64 0.53 3.84 
Colon 61 49 1.25 0.96 1.61 
Rectum and Anus 17 8 2.17 1.26 3.48 
Melanoma 9 8 1.18 0.54 2.23 
Multiple Myeloma 7 9 0.75 0.30 1.55 
Cases rounded to nearest whole number. 
ALL = acute lymphocytic leukemia 
AML = acute mylogenous leukemia 
CLL = chronic lymphocytic leukemia 
CML = chronic mylogenous leukemia 
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Table A9-2.  Calculation of SMRs and 95% Confidence Intervals (C.I.) for Cancers in Conrail zip code 
46561, 1992-2001 
Cancer Type Observed 

Cases 
Expected 
Cases* 

SMR Lower C.I. Upper C.I. 

ALL sites 154 160 0.96 0.82 1.13 
Liver 6 3 2.10 0.77 4.57 
Bladder 3 3 1.00 0.20 2.93 
Leukemias–all types 3 6 0.51 0.10 1.49 
Leukemia–ALL 1 0 2.13 0.03 11.85 
Leukemia–AML 2 2 0.84 0.09 3.03 
Leukemia–CLL 0 1 0.00 <0 3.35 
Leukemia–CML 0 1 0.00 <0 5.76 
Hodgkin’s 2 0 4.47 0.50 16.12 
Non-Hodgkin’s 8 7 1.17 0.50 2.30 
Kidney and Renal Pelvis 5 4 1.27 0.41 2.97 
Brain 5 4 1.16 0.37 2.71 
Esophagus 3 3 0.89 0.18 2.59 
Breast 12 13 0.92 0.47 1.60 
Lung and Bronchus 50 51 0.98 0.73 1.29 
Children (0–19 years)–all 0 1 0.00 <0 4.15 
Larynx 1 1 1.04 0.01 5.81 
Colon 14 14 1.01 0.55 1.70 
Rectum and Anus 3 4 0.80 0.16 2.34 
Melanoma 4 3 1.60 0.43 4.09 
Multiple Myeloma 2 3 0.74 0.08 2.66 
Cases rounded to nearest whole number. 
ALL = acute lymphocytic leukemia 
AML = acute mylogenous leukemia 
CLL = chronic lymphocytic leukemia 
CML = chronic mylogenous leukemia 
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Public Comments and Response to Public Comments 

On August 3, 2004, ATSDR conducted public availability sessions for the Conrail Rail Yard 
Superfund site. The public availability sessions were followed by a public meeting at which 
ATSDR presented an overview of the findings of this public health assessment, and EPA 
presented an update on the site remediation status.  ATSDR distributed documents and fact 
sheets at the meetings that contained information about how people could submit comments to us 
if they had other questions or comments after reviewing the information.  Earlier that day, 
ATSDR met with Elkhart County, Elkhart City, and St. Joseph County officials.  We presented 
an overview of our findings and answered questions they had about exposures to their citizens.  
The following information is a summary of questions and concerns expressed at those meetings, 
actual written comments, and responses to those concerns and comments. 

Comments and Concerns from the Meeting with County and City Officials    

Concern: What do we need to do to ensure the continued safety of our citizens? 

Response: Prevent people, as already done in St. Joseph County, from drilling new wells in the 
contaminated area.  Also, be sure that people living in the contaminated area have a source of 
safe, affordable water so that they will not feel a need to seek alternative water supplies, such as 
drilling new wells. 

Another issue is the potential for vapor intrusion.  Elkhart County now has plat restrictions for 
new homes and businesses that are built within the area of groundwater contamination.  The 
restrictions call for vapor mitigation systems to be installed on new homes and businesses built 
over the groundwater contamination.  Enforcement of the plat restrictions is an excellent 
precaution to prevent exposure through vapors entering buildings should natural or man-made 
events alter local geologic conditions.  Additionally, the restriction has the added benefit of 
protecting people from naturally occurring radon, which is a problem throughout this area of 
Indiana. 

Concern: This community seems to be ideal for some sort of follow-up study because of the 
levels of exposure, the number of contaminants found in the drinking water, and the length of 
time people used the contaminated water.  Are you planning any kind of follow-up study? 

Response: We would first need to know whether people in the community were willing to 
participate or would be interested in any kind of health follow-up study.  There are issues that 
would be interesting to study, such as birth outcomes that occurred while pregnant women were 
exposed to contamination in their drinking water; however, any study is very resource intensive 
and costly. We would not propose such a study to the community if we did not have confidence 
that something of this nature would be supported locally and would be funded. 

Concern: What benefit would such a study have on the people now?  Wouldn’t that be useless to 
those who might have been affected? 
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Response: You are correct that the information gained through such a study would not 
necessarily benefit anyone who might have been affected in the past.  Such a study would add to 
the scientific knowledge that could eventually help us better understand any risk from using 
drinking water containing TCE and/or CCl4.  Some people might feel closure if such a study 
were conducted, but others might feel that such a study is delaying their healing process.  Among 
all considerations to do a study, this is one of the most important issues to resolve. 

Comments and Concerns from the Public Availability Session 

Concern (heard from more than one person or family):  We purchased our home and the original 
owner did not connect to the public water supply.  Should we be concerned? 

Response: Not all private wells in the area contained contamination.  If the original owner 
decided not to connect to the public water supply because the well was clean, then likely you are 
still using clean water. On the other hand, it is possible the original owner simply did not want 
to pay a water bill, which occurred after one year of connection to public water.  Most wells that 
have historically been clean are likely to remain so; however, because both natural and man-
made changes can alter area conditions, there is no guarantee that well water will always remain 
clean. For that reason, we encourage you to use a permanent, safe water supply.   

Wells found to contain contaminants over the maximum contaminant levels for each chemical 
were provided with filtration systems; however, the filters must be maintained to ensure 
effectiveness. If your well has a filter, and the water has not been sampled routinely or the 
filtered maintained, there is a risk that you are being exposed to whatever levels of contaminants 
were present before the filter was installed. ATSDR recommends that no private wells in the area 
be used for drinking or other uses. If you live in the contaminated area and purchased a home 
where the previous owner failed to connect to the public water supply, we suggest that you 
contact EPA to discuss your options for well sampling and for a long-term, safe water supply. 

Concern: Are garden vegetables that are watered with private well water safe to eat? 

Response: Yes. Home-grown fruits and vegetables are safe to eat because they will not 
accumulate the volatile organic compounds found in some of the private wells in the area.  As 
with store-bought produce, we recommend washing and peeling or paring produce to clean away 
bacteria, dirt, and possible pesticide residue. 

The concern we have is that people who use contaminated private well water to irrigate gardens 
and lawns can breathe the volatile compounds if they stand over the hose as they water.  We are 
concerned about people, especially children, who might drink from the water hose or who might 
play in sprinklers during hot weather.  These types of exposures are minimal and, in themselves, 
would not likely result in harmful health effects, but exposures should be avoided whenever 
possible. People with operable private wells might also be tempted to use the well water for 
domestic and drinking water purposes if their water bills become too costly.  If the well water is 
clean, that would not be a health hazard; however, if the water is contaminated, the levels of 
contamination might not be safe.  

126




Concern: Are children who play in the yard at risk of breathing vapors coming from the ground? 

Response: Children can safely play in yards that are over the groundwater plume.  In most areas, 
the contamination in groundwater is at depths which make it unlikely for vapors to reach the 
surface. Children are safe playing outside even in areas where contamination is shallow and 
vapors have entered homes and businesses. Any vapors escaping to outdoor air would disperse 
quickly. A child would be expected to have little or no exposure.  The concern is greater when 
vapors enter confined spaces or living areas of homes.  Vapors can accumulate in indoor air, 
especially during winter months, when ventilation is minimal.  That is why vapor mitigation 
systems were installed in buildings where indoor CCl4 levels exceeded the EPA action level of 3 
parts per billion by volume. 

Concern: Our home was built over the area of groundwater contamination, but a vapor 
mitigation system was not installed.  Are we in danger of exposure?  Will we be able to make our 
developer install one? 

Response: You are not likely in danger of exposure from vapor intrusion into your home.  The 
plat restrictions were put into place as a precautionary measure to prevent future exposure in the 
event that natural or man-made changes in area conditions bring the contamination closer to 
building foundations. To date, the only buildings that have contained contaminants in indoor air 
associated with the Conrail Superfund site plume have been in an area near the St. Joseph River 
in St. Joseph County. ATSDR supports Elkhart County’s efforts to prevent possible future 
exposure by placing restrictions on new buildings in the groundwater plume area.  ATSDR 
cannot enforce regulations, but Elkhart County will be able to answer your questions. 

Concern: Are the people who work at a company in the area of groundwater contamination at 
risk from the process water used?  The process water is from a well. 

Response: Without data from the specific well, ATSDR cannot comment on whether workers 
are being exposed to contamination.  Also, the way the process water is used would contribute to 
exposure if the well water is contaminated.  An open system in which process water is used but 
not contained could result in worker exposure if the water is contaminated.  The exposures could 
be higher if the work area is not well ventilated and people are working in proximity to the 
water. On the other hand, if the process water is used in a closed system, where the water is not 
in contact with indoor air workers breathe, then the risk of exposure is much less and may be 
non-existent. At minimum, if process water is within an open system, the water should be 
monitored to determine if workers are exposed to contamination. 

Concern: ATSDR was asked about some specific health effects that included different types of 
cancer, seizures in an adult male, a child born with a heart condition, kidney and urinary tract 
problems, and liver problems.  In addition to specific health concerns, some people wanted a 
better understanding of results of the health outcome data that were analyzed for the public 
health assessment.   
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Response to all of these health concerns: ATSDR cannot say whether any one individual’s 
health problems could have resulted from exposure.  Every individual had a different exposure 
level and duration, and some people were never exposed to contaminants in their drinking water 
even though they lived over the area where groundwater is contaminated.  What we can say is 
that people who were exposed to higher levels of contamination for longer periods of time were 
at greater risk of developing certain adverse health effects.  Those effects are discussed in this 
document, and people who expressed these concerns spoke with ATSDR representatives who 
provided them with information about other risk factors as well as possible risk from exposure to 
site contaminants.  An ATSDR physician, Dr. Michelle Watters, was on hand to better explain 
results of the health outcome data reviews, which included birth certificate screening, cancer 
incidence data, and cancer mortality data.  Dr. Watters also presented information during the 
public meeting about the findings of the health outcome data analyses and findings about other 
health conditions about which community members had previously expressed concerns. 

Comments from Community Members Who Provided Comments in Writing or by 
Telephone 

Comment:  The fact sheet would have been more helpful if some information on dispersion of 
plume and current level of toxicity in control area or how is the problem reducing with time. 

Response: This information is provided in the public health assessment, and ATSDR is hopeful 
that you have been able to read that document. The purpose of the fact sheet was to provide a 
brief overview of public health assessment findings.  We will consider your comments when 
developing future fact sheets that need to provide useful information to all community members. 

Comment:  In regard to the fact sheet that was mailed to community members:  Thank you for 
mailing the information about this “Superfund Site” to us.  As new homeowners in the area right 
next to the site, it was very much appreciated to be informed about the situation. 

Response: No response necessary. 

Comment:  The fact sheet mailed to community members might have been more helpful if it 
contained (1) an exact map of the exposed areas; (2) which areas have most to worry about; (3) 
do we need to worry about vegetable gardens? 

Response: As previously noted, garden vegetables, even those irrigated with well water, are safe 
to eat. Other information is provided in the public health assessment.  We do appreciate your 
time in helping us make our fact sheets better for communities, and we will consider your 
comments when developing new fact sheets. 

Comment: I live south of the site.  My water has a funny taste and odor.  Could my well water be 
affected by the Conrail Rail Yard site? 

Response: No. Groundwater from the Conrail Rail Yard site flows away from you.  However, 
you should have your water tested if you are concerned about its quality. Contact the Elkhart 
County Health Department to get details about how you can have your water tested. 
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Comment:  I live in the County Road 1 area that has been identified to be within the groundwater 
plume.  My neighbor uses private well water to irrigate his garden.  The neighbor allows the 
water to spill over onto other people’s property.  Are we at risk of exposure? 

Response: You are not at risk as long as no one comes in contact with the water; therefore, we 
recommend that no one, especially children, drink, touch, or breathe air near the water. The 
water may not be contaminated because the contamination is at depth.  If the well is shallow, 
then the water may be clean.  We cannot know unless the water is tested.  Even if the water is 
clean when tested, we encourage people not to use private wells in the area because conditions 
could change over time. 

Comment:  We were out of town when you held the public meeting.  Where can we see a copy of 
your public health assessment? 

Response: Both the Elkhart County Library and the St. Joseph County Library have copies for 
the public to review. If you need a personal copy, you may request one from ATSDR.  The 
document is available on CD or in hard copy. 

Comments from URS on Behalf of Consolidated Rail Corporation and American Premier 
Underwriters 

Comment:  Additional Technical Reports that Were Not Considered: Several additional 
technical reports have been prepared and submitted to the US EPA and IDEM regarding Site 
investigations and remediation.  Some of the information contained in these additional reports 
supercedes or supplements information contained in the technical reports that were considered by 
the ATSDR in the preparation of the Health Assessment.  The more significant technical reports 
that were not considered by the ATSDR include: 
¾ URS and GeoTrans, Inc., 2001.  Second Remedial Design/Remedial Action Work Plan. 
¾ URS, 2002. Addendum Second Remedial Design/Remedial Action Work Plan. 
¾ URS and GeoTrans, Inc., 2002.  Preliminary Design Report:  Second Remedial 

Design/Remedial Action. 

¾ URS and GeoTrans, Inc., 2003.  Conceptual Design Summary Draft. 

¾ URS, 2003. Second Remedial Design/Remedial Action Prefinal Design Report—


Groundwater Containment Pumping and Treatment System. 

Response: ATSDR reviewed most, if not all, of those documents, as well as numerous other 
historical documents or information.  However, ATSDR’s perspective is different from EPA’s in 
that our mission for this site investigation was to review information regarding past exposure, 
data for any possible current exposure, and possible future exposure for people residing in the 
area. The documents you cite provide excellent information on remediation progress and future 
plans for site remediation.  Mr. Brad Bradley of EPA presented information to community 
members on that topic at the public meeting ATSDR held in Elkhart in August 2004.  We do not 
believe that information provided in those technical documents make a difference in our health 
call or provide information beneficial to the community about the consequences of their 
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exposure. We do encourage community members who are interested in the remediation process 
to review those documents. 

Comment:  The Site Boundary is Incorrectly Shown on Several Figures:  The eastern boundary 
of the Conrail Railyard Superfund Site has been defined by EPA to be Nappanee Street.  
Nappannee Street is also the eastern boundary of the Railyard.  Several maps contained in the 
Health Assessment report, such as Figures 1 and 2, incorrectly show the eastern boundary of the 
Site to be more than one mile ease of Nappanee Street.  The boundaries shown on these figures 
do not coincide with either the Conrail Railyard Superfund Site boundary or the Railyard 
boundary. 

Response: The eastern boundary of the Conrail Rail Yard Superfund Site has been corrected in 
the figures. 

Comment:  The Health Assessment is inconsistent regarding acknowledging the presence of 
groundwater contamination sources other than the Railyard:  The Health Assessment correctly 
acknowledges that there were other sources of groundwater contamination at the Site in addition 
to the Railyard. For example, the Health Assessment acknowledges that the drag strip off Ash 
Road is the likely source of the indoor air contamination found in certain buildings within the 
Vistula Avenue area (Health Assessment, p. 34), and that the Larue Street area has possibly been 
affected by sources of contamination in addition to the Railyard (Health Assessment, p. 12).  In 
other instances, however, it appears that the Health Assessment is attributing all contamination to 
releases at the Railyard. The confusion apparently is caused by the inconsistent use of the word 
“Conrail.”  In some instances “Conrail” is used to mean the Railyard, and in other instances 
“Conrail” appears to refer to the Conrail Superfund Site, which is a larger geographic area than 
the Railyard. Within the larger geographic area there are other known or suspected sources of 
groundwater contamination that are not related to the Railyard. 

Response: ATSDR agrees that a number of sources could be adding to the contamination that is 
found throughout the area. However, ATSDR is concerned about providing information to 
community members about their exposures to contaminants, primarily TCE and CCl4, rather than 
sorting out who is responsible for contamination of individual wells or areas.  We are sure that 
EPA will do an excellent job of defining responsible parties and will make that clear to 
community members.  ATSDR reviewed the document and made changes if we believed the text 
caused confusion. 

Comment:  The Outline of the County Road 1 Plume is Incorrectly Shown on Figures 2 and 3.  
Figure 2 of the Health Assessment incorrectly identifies the boundaries of the County Road 1 
plume.  The outline of the County Road 1 plume shown on figure 2, and also included on figure 
3, is based on an outdated and superceded interpretation of the groundwater flow direction from 
the Railyard toward the St. Joseph River. The County Road 1 flow directions shown on Figure 2 
were contained in the Petition for a Technical Impracticability Waiver and Request for Remedy 
Reconssideration (HIS GeoTrans, 2000, Figure 3–8) and they were identified as model-
calculated groundwater flow paths.  Neither that report, nor any other report, concluded that the 
model-calculated flow paths were an actual representation of the boundary of groundwater 
contamination.  The Petition for a Technical Impracticability Waiver and Request for Remedy 
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Reconsideration (HIS GeoTrans, 2000, p. 5–18) proposed the installation and monitoring of 
several wells north of the Railyard to better characterize the migration pathway of groundwater 
contamination in this portion of the Site.  Subsequent to submitting that document, an 
investigation was done to determine the validity of the groundwater flow direction from the 
Track 69 Release area shown on Figure 3–8 of that document.  The results of that investigation 
determined that previously undocumented low permeability silt and clay deposits located north 
of the Railyard caused groundwater flow from the portion of the Railyard north of the Track 69 
CCl4 release area to be westerly and not northerly as shown on the Health Assessment Figures 2 
and 3. The results of that investigation, including a better characterization of groundwater flow 
direction north of the Railyard, were contained in Preliminary Design Report:  Second Remedial 
Design/Remedia Action (URS, 2002, Appendix A, figure 4–5). 

Response: ATSDR used the map from HSI GeoTrans, 2000, with other data that included 
groundwater flow analyses performed at ATSDR and through mapping individual addresses with 
documented well water contamination.  There may be slight variations to the contamination 
because when data are digitized using different software and different maps, the areas can appear 
slightly different. ATSDR believes the important message lies with the individual well water 
data that were mapped.  The maps show the general areas where the highest levels were found in 
the community without providing exact addresses that could result in a violation of ATSDR 
privacy policies. Again, our findings were based on actual data from private well water samples 
rather than general maps, all of which may have small discrepancies in depicting actual locations 
and conditions. 

Concern: The Computerized maps of CCl4 and TCE Contamination Exaggerate the Areal Extent 
of Groundwater Contamination: The maps of carbon tetrachloride and TCE concentrations 
contained in the Health Assessment (Figures 4 and 5) show extremely irregular boundaries that 
are inconsistent with groundwater flow at the Site.  These maps reflect computational limitations 
of the computer software used to make the figures.  The County Road 1 plume maps contained in 
Appendix 2 of the Health Assessment, as well as the figures contained in the Interim Remedial 
Action Monthly Reports (Groundwater Technology, Inc, 1996), are a more reasonable, but not 
exact, representation of the boundaries of the region within which there is contaminated 
groundwater northwest of the Railyard than are Health Assessment Figures 4 and 5. 

Response: The private well water data provide the information needed for the health evaluation, 
and that data were factored into the model ATSDR used to predict plume boundaries.  EPA will 
decide on the site boundaries and affected areas.  We do agree that different software will yield 
slightly different estimates of contaminant boundaries.  However, for groundwater to flow in a 
clearly organized, never changing line is highly unlikely.  Areas of less permeable soil can cause 
variations in contaminated groundwater flow.  Underground channels or bedrock fractures can 
also influence flow direction. Investigations using monitoring wells and private well water data 
have done an excellent job of estimating flow direction and extent; however, no model is exact.      

Concern: The Estimated Potential CCl4 Exposure Period is Based on an Overly Simplistic 
Evaluation of Contaminant Migration in Groundwater.  The ATSDR assumed people were 
exposed to CCl4 in their drinking water within about a year of a reported tank car spill (Health 
Assessment, p. 39).2  The ATSDR assumption was arbitrary and was not based on a specific 
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evaluation of CCl4 migration in groundwater.  The tank car release area is approximately 1500 
feet south or the northern boundary of the Railyard.  It is unlikely that CCl4-contaminated 
groundwater could have migrated more than 1500 feet from the area of the tank car spill within a 
year. A more-detailed evaluation of CCl4 migration in groundwater at the Site would be 
necessary to establish a possible exposure period.  More recent Site investigations show that 
CCl4 released at the Track 69 area may not have migrated very far north of the northern Railyard 
boundary. 
(Footnote 2 reads: There has been significant dispute about the exact timing of historic railcar 
sills in the southeast (Track 69) area of the Railyard, as well as the identity of the materials 
spilled there.) 

Response: ATSDR looks at any exposure over one-year duration as chronic exposure.  For the 
contamination to have been present in the private well water at the levels found, the 
contamination had to have been present for a number of years.  Whether all of the contamination 
came from a railcar spill or from poor waste handling is irrelevant for a health evaluation, 
although that might concern EPA.  At the levels of exposure, the risk associated with the 
exposure would not change substantially whether the people were exposed 12 years or 35 years. 

Concern: The Potential for Groundwater Contamination to Volatilize into Indoor Air is 
Overstated: The Health Assessment implies that there is a potential for groundwater 
contamination to volatilize into the indoor air of any structure located above the region of 
contaminated groundwater at the Site.  This is incorrect.  Volatilization of groundwater 
contamination into soil gas and then into indoor air can only occur when the contaminated 
groundwater is located at the water table, and in contact with soil gas.  Much of the groundwater 
contamination at the Site is in the deeper portions of the aquifer and the shallow groundwater 
does not contain contamination.  In the portions of the Site where the shallow groundwater is not 
contaminated, there could be no volatilization into soil gas and indoor air.  The lack of 
correlation between the concentration of CCl4 present in well water and the concentration found 
in indoor air (Health Assessment, p. 34) probably reflects the fact that few, if any, of the well 
water samples represent contaminant levels at the water table.  It is only in the portions of the 
Site where the shallow groundwater is contaminated that there is a potential for groundwater 
contamination to volatilize into indoor air.  For example, the shallow CCl4 groundwater 
contamination that originates at the Ash Road Drag Strip is the likely source of the CCl4 
contamination detected in indoor air in the nearby Vistula Avenue area (Health Assessment, p. 
34). 

Response: ATSDR’s responsibility is to identify any possible future exposure pathways so that 
actions can be taken to stop exposure before it happens.  The public health assessment states that 
although it is unlikely that buildings not currently affected by vapor intrusion would ever be, 
conditions could change as a result of natural and made-made actions on water tables and depth 
of buildings to the contamination.  The possibility becomes somewhat greater as the natural 
grade decreases and depth to contamination becomes shallower.  Elkhart County has taken 
responsible action in requiring new development within the plume area to be equipped with 
vapor mitigation systems.  ATSDR supports that action as proactive and protective.  ATSDR 
also encourages existing property owners to install the systems as a precautionary measure.  
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Because no one can guarantee future conditions, enforcing the building restrictions and 
encouraging installation of vapor mitigation systems is sound public health practice. 

Comment:  The Results of the Woburn Health Effects Study are Incorrectly Stated:  Table 9 and 
the associated text imply that the Woburn Health Effects Study concluded that exposure to 
trichloroethylene (TCE) in the City of Woburn public water supply resulted in adverse health 
effects. The conclusion of the Woburn Health Effects Study did not specifically identify TCE, or 
any other chemical, as the cause of the adverse health effects.  Instead the Woburn Health Effects 
Study concluded that there was an association between exposure to “water pumped from the 
wells” and adverse health effects. 

The public supply wells in the Woburn Study were located within a highly industrialized area, 
and water pumped from the wells contained several different types of contaminants.  The 
Massachusetts Bureau of Environmental Health Assessment Woburn Childhood Leukemia 
Follow-up Study Information Booklet (1997) specifically states that the findings of the Woburn 
Health Study: 

“should be interpreted with caution due to the limitations of conducting statistical 
analyses on small populations.  The conclusions suggest, however, that the risk of 
developing childhood leukemia was greater for a child whose mother drank water from 
the contaminated wells while pregnant with the child.  The results also suggest that the 
greater the amount of contaminated water provided to the house and available for use 
while the mothers were pregnant, the greater the risk of their child developing leukemia.”  
(Massachusetts Bureau of Environmental Health Assessment Woburn Childhood 
Leukemia Follow-up Study Information Booklet, 1997, p. 2). 

The Woburn Health Study did not associate any specific compound contained in the water 
pumped from the public supply wells, including TCE, to the adverse health effect. 

Response: The limitations of epidemiologic studies are discussed in the document.  The study 
was not designed to show a cause/effect relationship between any chemical and disease.  The 
study was designed to see if there was an increase in disease among the population using the 
water supply, which was contaminated with chemicals, including TCE.  Since that time, other 
studies conducted, as cited in the public health assessment, suggest TCE exposure could have 
some effects.  The public health assessment discusses the risk of developing health effects at 
different levels of exposure. At this point in time, no one can tell a person why someone might 
experience an effect while another person, with the same exposure, does not.  We can only tell 
people what we, as scientists, think their risk may be. 

Concern: Table 15 of the Report does not accurately describe the arrangement made by US 
EPA, Conrail and APU regarding vapor mitigation systems:  EPA with the cooperation of the 
Conrail Railyard Superfund Site Settling Parties would implement vapor mitigation systems in 
connection with the Site upon discovery that indoor air CCl4 concentrations exceed EPA-
approved action levels and such systems are required. 
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Response: The table is now corrected.  Please note, however, that ATSDR’s Strike Team health 
consultation that EPA requested states that the action level (3.0 ppbv) is protective if detected in 
building areas that are not occupied all the time (living areas).  ATSDR also warned that other 
areas could be affected in the future. 

Comments from Chrostowski, Pearsall, Foster, Durda & Preziosi (CPF Scientific Research 
and Consulting) 

Overall comment:  In general, it is difficult to understand the basis for the conclusions in the 
report because of (1) missing information on the derivation of a health criterion and no 
information on the quality of the studies selected as the basis of lowest observed adverse effect 
levels (LOAELS), all of which are used to make conclusions; (2) an uneven presentation of 
uncertainties and limitations associated with the studies as discussed in the ATSDR toxicological 
profiles and by the study authors themselves; (3) a lack of clarity on which studies were actually 
used in formulating the conclusion; and (4) a general blur in the distinction between association 
and causation in the report, particularly in the conclusions but also sometimes in the general 
discussion. 

Response: ATSDR’s goal is to provide health information to the communities it serves.  ATSDR 
strives for a balance of scientific accuracy expressed in language that the majority of the specific 
community is likely to understand. ATSDR interprets complex study results and provides the 
“bottom line” to the community members.  We cite studies reviewed so that the scientific 
community can see what was used as a basis for our decisions.  We disagree that more of the 
scientific detail was necessary to make our message clearer to the reader.  Additionally, ATSDR 
made no attempt to make an association or state causation between a specific health effect and an 
exposure. ATSDR expressed the risk of developing plausible health effects based on a range of 
exposures. 

Comment:  The data upon which the TCE minimum risk level (MRL) is based upon is missing in 
the report. The TCE MRL shown in Table 10 differs from the MRLs listed in the ATSDR MRL 
list and toxicity profile (TCE Profile Appendix A). There is no discussion of how this health 
criterion was derived or what the effect is based upon. 

Response: The MRL information has been corrected. Information on how MRLs are derived can 
be found in the toxicological profiles.  Because MRLs are used as screening tools rather than as 
the level that health effects are seen, ATSDR felt no need to go into detail in the document as to 
how numbers are derived.  The citations provided explain the scientific basis for numbers and 
conclusions drawn. ATSDR believes that the document provides enough information about the 
scientific basis for decisions without compromising the goal to provide clear, accurate health 
information community members need to make good decisions to protect their health. 
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Comment: The basis for all tabulated health effects, health criteria, such as MRLs and LOAELs, 
and the dose and risk estimates should be discussed in the report and referenced in Table 9 
through 12. Studies used as the basis for LOAELs should be carefully reviewed and discussed in 
the text. Study citations, assumptions and equations should be identified and footnoted.  
Uncertainties associated with the studies summarized in Tables 9 and 11 should be included in 
the tables. On Table 11, cancer risks at various levels are presented, but the notation of risk 
together with the term “at 0.001” for each level is confusing and needs to be clarified. 

Response: ATSDR feels the discussions about the studies used to evaluate plausible health 
effects are adequate. For those who want to know more about the individual studies, the 
citations provide adequate information on how to locate the information.  Information about “at 
0.001,” at 1 in 1,000, has been added to Table 11. 

Comment:  Johnson et al. 1998 is mentioned as a citation on page 47 but not listed in the 
references. Was this study used as the basis for the conclusions?  There is no discussion of the 
findings and limitations of the study in the text of the report. 

Response: The reference has been added. ATSDR feels the modified discussions in the text are 
adequate for the public health assessment. 

Comment:  On page 47 of the report it is stated: “A study of people in Arizona exposed to TCE 
in their drinking water identified an association with congenital heart malformations (Goldberg, 
et al. 1990). This observation has been confirmed by an animal study described in the next 
section (Dawson 1993).” But in the next line on page 47, the report mentions that “However, 
other animal studies have not demonstrated these effects (ATSDR 1997).”  How were these other 
studies taken into account in this report? With respect to the Goldberg study, the ATSDR 
toxicological profile points out that other chemicals were present in drinking water, and there 
were other study limitations on exposure.  In fact, Goldberg states that the study does not show a 
cause and effect relationship.  With respect to the Dawson study, the ATSDR profile points out 
that the study is limited by two widely spaced exposure concentrations and that a significant dose 
response relationship was not observed for several exposure scenarios.  None of this was 
mentioned in the report. In recent correspondence entitled, “Trichloroethylene and Cardiac 
Malformations,” in the August 2004 issue of Environmental Health Perspectives, it is noted by 
scientists associated with DuPont that there is much controversy surrounding the work of 
Dawson, Johnson and Goldberg and this particular endpoint. 

Response: Community members expressed concern in both the community-based health 
questionnaire and at the public availability session about children in the area born with heart 
problems.  ATSDR would be remiss in dismissing out of hand studies that suggest this might be 
a plausible end point from certain exposures that include TCE. ATSDR feels the limitations of 
the studies are adequately discussed. The controversy suggests that better designed studies are 
needed rather than nullifying the findings.   

Comment:  On page 51 of the report, there is a discussion of an association of carbon 
tetrachloride at >1 ppb with a decrease full-term birth weight and an increased incidence of 
neural tube defects. Although uncertainties due to the presence of other chemicals and lack of 
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defined exposure levels are mentioned, a major uncertainty was not mentioned.  This is that the 
study was based on registry information and there was no control of alternative maternal risk 
factors, such as nutritional status, smoking or other types of exposures.  The study author states: 
“By itself, this study cannot resolve whether some (or all) of the relations between the drinking 
water contaminants and the adverse birth outcomes are causal or due to chance or bias, nor can 
this study determine proper maximum contaminant levels.” (Bove 1995). 

Response: The discussion of the limitations of the study has been expanded and is adequate.  
Better designed studies could provide better information; however, the information gathered for 
the study should not be dismissed out of hand.  ATSDR feels the appropriate weight of evidence 
was used in drawing conclusions. 

Comment:  In the first bullet under the second conclusion on page 66, we are having difficulty 
understanding how the benchmarks shown have posed a health hazard, while at the same time it 
is stated that the data are inconclusive.  There are great uncertainties expressed in the studies for 
TCE and carbon tetrachloride as well as in the ATSDR toxicological profiles themselves for the 
stated effects. As one example, the ATSDR profile states the following with respect to birth 
defects and TCE: “However, this body of research is still far from conclusive and there is 
insufficient evidence to determine whether or not there is an association between exposure to 
TCE and developmental effects.”  Additionally, no time frame for exposure is mentioned in the 
conclusions. The statement that the levels mentioned in this bullet “may have posed a health 
hazard” would be more balanced. 

Response: ATSDR feels the evidence concerning exposure is sufficient to discuss the risk the 
exposed population might experience as a result of exposure.  ATSDR feels the evidence 
warrants the health calls and welcomes the research community to design and implement better 
studies, both toxicologic and epidemiologic, to help us better define dose and response of people 
living in contaminated environments. 

Comment:  On pages 47– 48, it is stated that “the most sensitive effects of TCE exposure are on 
the developing embryo, associated with heart defects in exposed animals.  Levels of exposure to 
TCE in water that be associated with these development effects are greater than around 1,600 
µg/L.” However, the conclusion states on page 66 that “For people who were exposed to over 
300 µg/L of TCE, exposures posed a public health hazard. This conclusion is based on 
evidence that TCE exposure at these levels has been associated with specific birth defects.”  The 
use of 300 µg/L as a benchmark in the conclusions does not appear to be consistent with earlier 
discussion in the report. Additionally, there is tremendous uncertainty surrounding this effect as 
previously discussed. 

Response: When considering the difference in animals versus humans, ATSDR feels that a safety 
factor should be included to take into consideration any differences in effects of doses on 
different species. Discrepancies in the discussion have been corrected. The health call is 
appropriate and provides community members with important information for them to share with 
their health care providers when evaluating health status. 
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Comment:  ATSDR should make a clear distinction between causation and association when 
discussing studies. An association in itself should not be used to imply that exposure results in 
adverse health effects.  The determination of causation can only be made following application 
of the Bradford-Hill criteria: numerical strength of the association, consistency of human 
association, specificity of human association, temporal relationship, biological gradient, 
biological plausibility, coherence, experimental evidence, and analogy.  These concepts should 
be defined early in the discussion and carried throughout. 

Response: ATSDR clearly states that current studies are not adequate to determine whether one 
person’s specific illness is caused by his or her exposure.  All we can do is discuss possible 
health effects cited in different studies and the risk within the exposed population for individuals 
to experience any of those effects. We feel the level of discussion of the studies is appropriate 
and adequate for the target audience. Specialists are welcome to review studies cited and to 
voice a difference in opinion. 
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