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Public Health Assessment Summary
Exposure to lead and arsenic in the Jacobsville Neighborhood Soil
Contamination (JNSC) site Evansville, Vanderburgh County, Indiana
The Agency for Toxic Substances and Disease Registry (ATSDR) assessed whether exposure to
lead and arsenic in soil, sediment, surface water, and groundwater near the Jacobsville
Neighborhood Soil Contamination (JNSC) site in Evansville, Indiana could harm people’s
health. ATSDR reviewed other potential sources of lead in older housing near the site which is
likely to be contributing to lead exposures. The JNSC site is nearly 4½ square miles of mostly
residential properties. In 2004, the U.S. Environmental Protection Agency (EPA) added the site
to the National Priorities List (NPL) for long-term cleanup.
The EPA found that JNSC residential soils contained lead and arsenic due, in part, to air
emissions from former foundries and factories that operated in the area from the late 1800’s to
1990. As of December 2018, EPA has sampled over 5,000 properties and cleaned up over 2,300
residential properties. Approximately 4,000 properties will need/receive cleanup at the Site.
In 2016, the City of Evansville achieved a Federal Promise Zone designation, which allows
access to 16 federal agencies, including workgroups for: Crime, Job Development, Education,
Health, Housing, Economic Development, and Community Engagement. In 2017, Evansville
adopted new procedures for reporting, monitoring, and preventing lead poisoning.

The Bottom Line:


Children who swallow soil and dust containing lead in JNSC yards could experience
health problems which include slower growth and development, hearing damage,
and attention and learning problems. Pica behavior is the eating of non-food items.
Children with pica behavior are at a very high risk.



Pregnant women could accidentally swallow lead in soil that could affect their
unborn child. The unborn child could experience similar health effects as the young
exposed children from in utero exposures. Pregnant women with pica behavior
present a high risk to their unborn children.



People who are exposed to arsenic in soil for long periods of time could have an
increased risk of cancer of the skin, liver, bladder, and lungs.



Children in Vanderburgh County have higher blood lead levels (BLLs) compared to
children statewide. ATSDR identified several factors associated with the increased
risk of higher BLLs including age of housing, contaminated soil, poverty, and race.
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In the public health assessment, ATSDR reached the following conclusions.

Conclusion 1 – People contacting lead and arsenic in soil could be harmed:
This presents a Health Hazard.
Basis for Conclusion










Lead and arsenic in JNSC yards: EPA found lead and arsenic in soils of 13 Evansville
neighborhoods. EPA clean-up of residential soils is ongoing; Approximately 4,000
properties were verified as contaminated. More than half have been cleaned up. Between
50 and 65 percent of properties that have been sampled require cleanup.
The average surface soil lead levels were over 600 parts per million (ppm) based on
sampling conducted in 2006, with levels as high as 8,210 ppm in some areas. Lead is not
often detected in the background of Evansville. The extent of contamination has not been
fully defined. Therefore, remediated soil may be re-contaminated by airborne dust and
runoff.
Swallowing soil while playing in contaminated JNSC yards could harm young children’s
health. They could have long-term health problems including slower growth and
development, hearing damage, and trouble with attention and learning. Pregnant women
and children may be exposed to lead in soil while outside or from dust that is tracked
inside of the home from the soil. Too much lead in a pregnant woman’s body can cause
risks to mother and child, including risk of miscarriage and effects on child development.
Lead in locally grown garden vegetables and animals raised for food: Lead and other
metals can be taken up in plants and animals grazing on contaminated soils. Consuming
poultry, eggs, and vegetables could be a concern for some areas of Evansville where lead
and arsenic in soil are present at very high concentrations, however, no data was available
to fully evaluate these exposures for people in Evansville. Raising livestock has been
prohibited by Evansville City Code ordinances since 2010. Chickens and other poultry
may still be kept in coops and allowed to roam and feed in fenced yards.
Extra cancer risk from exposure to arsenic in soil: Arsenic is a known human
carcinogen. Cancer risks were calculated for ingestion of arsenic using the EPA oral
cancer slope factor of 1.5 (mg/kg/day)-1 which is based on skin cancer. Adults, assumed
to be exposed for 33 years, had an estimated risk of 1 to 5 extra cancer cases among
100,000 people exposed for exposures to 23 ppm (the residential average for operable
unit 1 [OU1]) and 92 ppm (the residential maximum), respectively. This cancer risk is
considered to be low. Childhood cancer estimates considered exposures throughout
childhood (ages 1 to 21 years old). Children exposed to 23 ppm of arsenic had a
calculated cancer risk of 3 extra cancer cases in 100,000 people exposed, also considered
low. A slightly elevated cancer risk of 2 extra cases among 10,000 exposed was
estimated for children who ingested soil with 92 ppm of arsenic (See appendix C).
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Next Steps
Community members need to:
•

•

•
•

•

•

•

Reduce exposure: Because there is no known safe level of lead in children’s blood,
ATSDR and CDC recommend reducing lead exposure wherever possible. ATSDR
recommends reducing your exposure (particularly if you are pregnant) and your
children’s contact with lead in soil and from other sources such as flaking or peeling lead
paint and dust.
 After working or playing in the yard
o take shoes off before entering the home
o use a damp cloth or damp/wet mop to remove dust and dirt from the home
o wash hands, wash toys and wash pets
 Create a raised bed and fill with clean soil for gardening to reduce exposures from
gardening and digging. Rinse produce well to remove garden soil.
 Ensure that any grazing and free-ranging animals be kept in areas with amended soils
to prevent lead uptake.
Reduce lead absorption: Eating a nutritious diet might help to reduce lead absorption.
Eat several small meals per day (appropriate for age and growth) rich in iron, calcium,
vitamins C & D and zinc from such foods as dairy products, green vegetables, and lean
meats. Proper nutrition is particularly important for children and pregnant women.
Get yard tested: To find out if you or your children are at greater risk for higher BLLs,
allow EPA access to your property to test the soil.
Follow safe renovation guidelines: If you live in older housing, ATSDR recommends
following EPA's Lead Renovation, Repair, and Painting Rule (RRP Rule) to lower the
risk of lead contamination from home renovation activities.
ATSDR recommends residents in older homes have their water tested for lead. If
you live in older housing, flush water lines for 30 seconds up to two minutes before using
the water for drinking or cooking to reduce exposure to lead in drinking water. (See
http://evansvillegov.org/index/asp?=2405 or http://www.epa.gov/safewater/lead or call
EPA’s Safe Drinking Water Hotline at 1-800-426-4791).
Find additional general information about lead at the following EPA web site:
www.epa.gov/lead/learn-about-lead.html, answers general questions about lead testing
procedures.
Reduce exposures to arsenic in soil by following similar practices to reduce lead
exposures.

EPA will:


Continue soil remediation to reduce lead and arsenic levels and protect public health.
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Vanderburgh County Health Department (VCHD) will:


Continue working with the community to help identify and reduce lead exposure.



Continue to educate the community to improve community participation in the lead
surveillance program.



Continue to report, monitor, and prevent lead poisoning in accordance with the recently
promulgated Evansville Lead poisoning standards [G-2017-23].



Utilize their recently awarded state grant to remediate homes with lead paint.



Strive to continue their recent improved success rates in monitoring, preventing, and
stopping lead poisonings.

Conclusion 2 –High blood lead levels in children indicate elevated lead
exposures: This presents a Health Hazard
ATSDR reviewed blood lead level (BLL) data from the Vanderburgh County Health Department
(VCHD) and the Indiana State Department of Health (ISDH) and found that children in
Vanderburgh County had higher BLLs compared to children statewide. ATSDR identified
several factors associated with the increased risk of higher BLLs including age of housing,
contaminated soil, poverty, and race.
Basis for Conclusion
BLLs




Children of Vanderburgh have elevated blood lead exposure risks:
o From 1998-2006, several children living in Evansville and in the region of OU1
and OU2 had BLLs exceeding CDC’s blood lead reference value of 5 µg/dL
(shown in Figure 6).
o From 2014-2015, nearly 7% of the county children had BLLs exceeding the
CDC’s reference level of 5 µg/dL compared with about 4% of the state.
o From 2014-2017, about 4% of high risk children in the county had BLLs
exceeding 10 µg/dL; while not directly comparable, 1ess than 1 % of the state’s
children were above 10 µg/dL in 2014 and 2015.
Low testing rate: In 2014, 9%of children younger than 6 were tested for blood lead in
the county. The percentage of children participating in VCHD’s blood lead screening
program is declining, indicating the need for additional outreach for blood lead testing.

Additional factors associated with the increased risk of higher BLLs in JNSC
neighborhoods: The following are additional factors associated with the likelihood of increased
risk for higher BLLs along with exposure to lead-contaminated soil:
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more than 64% of the population lives in older housing where lead can be found in the
paint and plumbing
nearly 21% of the population lives in poverty
about 27% of people living in OU2 are black (compared with 11% black within all of
Evansville).

Next Steps
Community members need to:


Test blood for lead: ATSDR recommends blood lead testing as soon as is practical for
people who live in or routinely visit the Evansville community, who haven’t had a blood
lead test in the past 6 to 12 months, and who are in the following groups:
o women who are pregnant
o women who want to become pregnant
o children who are under 6 years of age
VCHD offers free yearly blood lead screening and educational programs.



Get a child health check-up: ATSDR recommends that children with BLLs of 5 µg/dL
or higher be evaluated by a health care provider. As part of the evaluation, ATSDR
recommends that the provider determine the child’s exposure history.

Vanderburgh County Health Department (VCHD) will continue to:



Investigate elevated BLL in homes and residences.
Educate people on the need for blood lead testing.
While VCHD offers free blood lead testing to area children, community participation in
this program has been low. ATSDR recommends VCHD (and, as appropriate, EPA) take
additional steps to increase the participation rate of eligible children in the blood lead
testing program.

For More Information


VCHD: For public health information, call VCHD at (812) 435-2400.



ATSDR: If you have questions or comments about this document, call ATSDR’s regional
office director, Mark Johnson, at (312) 353-3436 or our toll-free number at 1-800-CDCINFO and ask for information on the Jacobsville Neighborhood Soil Contamination Site,
Evansville, Indiana.
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EPA: If you have concerns about the JNSC site contamination or wish to have your soil
sampled, you can contact EPA Region 5 at 800-621-8431, ext. 67472 and leave a message.
This line is operational 24-hours a day.

List of Abbreviations
ATSDR
BLL
CDC
DHHS
DNR
EPA
EWD
JNSC
IARC
IDEM
ISHD
kg
LBP
mg/day
mg/kg
mg/kg/day
NPL
OU1&2
PHA
ppm
µg/dL
VCHD
XRF

Agency for Toxic Substances and Disease Registry
blood lead level
Centers for Disease Control and Prevention
Department of Health and Human Services
Department of Natural Resources
U.S. Environmental Protection Agency
Evansville Water Department
Jacobsville Neighborhood Soil Contamination
International Agency for Research on Cancer
Indiana Department of Environmental Management
Indiana State Health Department
kilogram
Lead based paint
milligrams per day
milligrams per kilogram
milligrams per kilogram per day
National Priorities List
Operable Unit (a distinct area defined by site condition parameters)
public health assessment
parts per million
micrograms per deciliter
Vanderburgh County Health Department
X-ray fluorescence spectrometer
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Background
Purpose and Health Issues
The Jacobsville Neighborhood Soil Contamination (JNSC) site, located in Evansville,
Vanderburgh County, Indiana, includes nearly 4½ square miles of mostly residential properties.
The Environmental Protection Agency (EPA) found JNSC residential soils contained lead and
arsenic due, in part, to air emissions from former foundries and other factories that operated in
the area from the late 1800’s until the late 1900’s. Many of the major lead emissions to the air
ended by 1990. EPA added JNSC to their National Priorities List (NPL) in July 2004 making it
eligible for long-term cleanup. As of December 2018, EPA has cleaned up over 2,300 residential
properties; up to 4,000 residential properties are proposed for future remediation.
ATSDR is working with other agencies and state and local governments to help people reduce or
stop lead and arsenic exposures at the JNSC site. Additionally, there are other sources of lead in
Evansville such as older housing which may have peeling paint and lead-containing plumbing.
There is evidence of lead exposure in the Evansville and Vanderburgh County communities,
showing children younger than 6 have a higher rate of elevated blood lead levels (BLLs) than the
statewide and national levels and participation in blood lead testing is low. ATSDR strongly
recommends children in this community participate in the blood lead screening as Vanderburgh
County Health Department (VCHD) continues community health educational programs
including free blood lead testing.
Site Description
The JNSC site is in a mixed residential, industrial,
and commercial area in Evansville, Vanderburgh
Cleanup areas
County, Indiana. The Indiana Department of
Environmental Management (IDEM) and EPA
Operable Unit 1 (OU1): 141 acres
named the site the JNSC site because the
Lloyd expressway (South)
contamination (lead and arsenic) was initially found
Mary Street (West)
in the Jacobsville Neighborhood.1 After further
Iowa Street (North), and
sampling, IDEM and EPA found that soil
Elliot Street (East)
contamination extended beyond the initial
boundaries to other Evansville properties that are
OU2: 2,924 acres
now included within the JNSC NPL site [EPA 2006;
EPA 2009]. EPA found that residential
soils in the JNSC site neighborhoods became contaminated by lead and arsenic in air emissions
from former foundries and other factories in the area [EPA 2006; 2009].
The JNSC site (3,065+ acres) is divided into two cleanup areas, or operable units (OU), and
includes a larger area than the Evansville’s Jacobsville Neighborhood (Figures 1, 3, & 4).

1

In Vanderburgh County, lead and arsenic were used by industries, businesses, and residents dating back to the
1880s.
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Figure 1. Jacobsville Neighborhood Soil Contamination Site Operable Unit
Locations. The former to be determined (TBD aka Gap Area) area is now part
of OU2 South.

EPA completed a Superfund Emergency Removal Action between September 2007 and April
2008. During this action, EPA, in consultation with IDEM and with the support of the City of
Evansville and the VCHD, cleaned and replaced soil at 83 residential properties with topsoil lead
levels above 1,200 ppm.
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In 2009, EPA began soil sampling and design work for the cleanup of other properties. In 2010,
EPA completed cleanup of 263 residential yards in OU1, the area shown by the L-shaped box in
Figure 1 [EPA 2011]. An additional 20 properties in OU1 were cleaned up in 2011. By May
2014, more than 1,300 properties had been remediated. Another 600 properties were sampled
and remediated in 2014 and 2015. As of December 2018, EPA has completed cleanup at over
2,300 residential properties and continues removals at OU2. Approximately 1700-2000
residential properties are planned for future cleanup. Residential soils are being cleaned up to
400 ppm for lead and 30 ppm for arsenic. Figure 3 in Appendix A identifies broader boundaries
of OU2 as a result of lead sampling. While the 2009 ROD remains unchanged, the bounds of
OU2 are expected to expand.
In 2016 the City of Evansville was successful in achieving a Federal Promise Zone designation,
which focusses assistance from many agencies to fight poverty in the urban core. The Promise
Zone area includes OU1 and OU2. The Promise Zone designation allows access to 16 federal
agencies through competitive grants. The Promise Zone consists of 7 Working Groups: Crime,
Job Development, Education, Health, Housing, Economic Development, and Community
Engagement.
Demographics
Throughout this document we will cite several censuses to correspond with other data collected
throughout the period of EPA’s involvement. In 2010, the number of people living within one
mile of the operable units was 52,861 and had dropped by 8% between 2000 and 2010
(Appendix A: Figures 4 & 5) [U.S. Census 2010].
Factors associated with higher blood lead levels
We reviewed demographics and other factors
associated with higher BLLs in Evansville. The
factors for Evansville include [U.S. Census 2000,
2010, 2014-2015]:
Older housing: Prior to 1955, there were no limits
on the amount of lead in paint, but in 1978, the
levels were greatly reduced.
People living in poverty: Children who live in a
household with a poverty income ratio (PIR) ≤ 1.3
have higher mean BLLs than children living in
households with a PIR > 1.3 [CDC 2013]. At least
22 of the census tracts within OU1 and OU2 have
PIR < 1.3. The average for Evansville is 1.5.

Factors associated with higher
blood lead levels
Older Housing: Pre-1950 housing
Units - 16,735, 64%
Poverty: PIR < 1.3 in at least 22
census tracks
Minorities: 18% black and 27% in
OU2
Children <6 years: 5,146, 9.7%
Note: These data are for people living
within 1 mile of the site in 2010,
except where noted for OU2

Minority groups: Studies of the U.S. population have shown that non-Hispanic black children
have the highest BLLs followed by Mexican American and then non-Hispanic white children
[CDC 2013].
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Children younger than age 6: In general, children absorb approximately 30-50% of the lead they
ingest, while adults only absorb 10% [Rowden et al. 2011].
Environmental justice
The community is concerned about environmental justice issues and health disparities [EPA
2011; EPA 2012a; EPA 2012b; EPA 2012c]. Health disparities can result from multiple factors,
such as poverty, race, environmental threats, inadequate access to health care, individual and
behavioral factors, and educational inequalities (Appendix A: Figures 3 & 4 identify
contaminated areas and demographics).

Sampling Investigations

2006 Soil Sampling

Soil Sampling
EPA found that residential soils at
the JNSC site were contaminated
with lead and arsenic due in part to
emissions from former foundries
and other factories in the area
[EPA 2011, 2009, 2006; CH2M
HILL 2007].Table 1 in Appendix
B shows the lead and arsenic
levels by soil depth and location.

Location
OU 1
OU 2

Lead
average
374
403

Lead
range
20-8,210
ND-7,900

Arsenic
average
15
23

Arsenic range
ND-92
ND-68.2

All levels are in parts per million (ppm) [EPA 2006,2009]

EPA sampled soil throughout the JNSC site to estimate the zones with lead contamination above
400 ppm—EPA’s cleanup level. EPA used XRF (x-ray fluorescence spectrometry) for about 730
of the soil samples reported (before clean-up) in the 2009 Record of Decision [EPA 2011, 2009,
2006; CH2M HILL 2007]. EPA used laboratory confirmations to adjust XRF results reported in
the Records of Decision [EPA 2009, 2006].
ATSDR used the results from EPA’s Integrated Exposure Uptake Biokinetic Model (IEUBK) to
make recommendations about soil clean-up [EPA 2003]. The IEUBK model is designed to
integrate exposure from lead in air, water, soil, dust, food, paint, and other sources with
pharmacokinetic modeling to predict blood lead concentrations in children 6 months to 7 years of
age. The IEUBK model is a predictive tool that provides results that can be used for making
public health decisions.
The IUEBK Model results predict that ongoing, routine exposure to soil lead levels at some
homes in this community (that have not undergone remediation) could result in young children
with blood lead levels above the current CDC reference value of 5 µg/dL. Therefore, actions are
needed to reduce the levels of lead at some homes to protect the health of children and pregnant
women. It is important to note that many factors influence lead exposure and uptake, and
therefore limits the accuracy of the IEUBK model to predict individual BLLs.. These include the
lead bioavailability and individual nutritional status, model limitations, lead exposure risk
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factors, seasonality, exposure age, and multiple sources of lead exposure. More information can
be found in Appendix B.
Surface Water and Sediment Sampling
ATSDR reviewed and summarized EPA’s evaluation of surface water and sediment data to
consider the potential for recreational exposure. EPA collected sediment and surface water
samples from 10 co-located sample locations along tributaries and streams of Pigeon Creek. All
water samples were within EPA’s water standard criteria [EPA 2009]. This data better reflects
impact upstream of the JNSC site. The sampling was not designed to characterize the impact of
the JNSC site on Pigeon Creek, which passes the western side of the site.
Pigeon Creek has a state fish consumption advisory in place for polychlorinated biphenyls
(PCBs) and mercury. The state advisory limits consumption of many species to one fish per
week, available at: https://secure.in.gov/isdh/23650.htm.
Groundwater Sampling
ATSDR reviewed and summarized EPA’s evaluation of groundwater data. EPA collected
groundwater samples to determine whether arsenic, iron, and lead in groundwater were of
concern. The Indiana Department of Natural Resources (Indiana DNR) conducted a well survey
to identify registered drinking wells located within the site. Groundwater samples were collected
from two existing wells: one that supplied water to a private residence and one that supplied
water to a business during emergencies, such as a water main break. Four samples were analyzed
for arsenic, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
manganese, nickel, potassium, silver, sodium, vanadium, and zinc. The levels of lead, arsenic
and other metals detected in the groundwater samples were not above EPA screening criteria,
specifically, Maximum Contaminant Levels or Preliminary Remedial Goals [EPA 2006]. The
Indiana DNR Water Well Record Database is available online at:
http://www.in.gov/dnr/water/3595.htm.
Drinking Water Sampling
The Evansville Water Department (EWD) is a public utility owned and operated by the City of
Evansville. To comply with state and federal regulations, the EWD issues an annual report to
customers describing the quality of their drinking water. Currently, the EWD monitors for nearly
100 contaminants, including bacteria, metals, and pesticides. Lead is included in the metals
tested. The 2016 Annual Drinking Water Quality Report is the latest report available and it
indicated that lead levels (2.0 parts per billion (ppb)) were below EPA’s action level of 15 ppb.
In 2015, 56 samples were collected throughout the city available at:
http://www.evansvillegov.org/egov/documents/1499096779_12575.pdf
Air Sampling
ATSDR obtained and summarized the air quality information for Vanderburgh County from
EPA web sites and from the VCHD. The Clean Air Act requires EPA to set National Ambient
Air Quality Standards for six common air pollutants commonly found across the United States.
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These air pollutants are ozone, particulate pollution (often referred to as particle matter), carbon
monoxide, sulfur dioxide, nitrogen oxides, and lead.
VCHD samples air for criteria pollutants in the Evansville area. The air samples are collected
from building rooftops in downtown Evansville. Evansville regional air lead levels have been
below EPA’s National Ambient Air Quality Standards [http://www.epa.gov/air/criteria.html].
Although routine air sampling by VCHD does not include samples from the neighborhoods,
during cleanup work, EPA also tests air quality for particulates and lead during remedial
activities.

Other Sources of Lead
Lead in Paint
Although ATSDR supports the soil removal, we are concerned that lead-based paint (LBP) in
and on the homes (built before 1978) still represents a significant lead exposure source. LBP and
contaminated dust are the most widespread and dangerous high-dose sources of lead exposure
for young children [CDC 2015]. Un-renovated buildings built before 1950 have the highest
levels of lead in paint; the lead in paint can be as high as 40% [ATSDR 2007b]. Of the more than
80 % of Evansville homes built before 1978, a high percentage (64%) of those homes are within
a mile of the site and were built before 1950.
Children or pets might eat lead paint chips. Both
children and adults may be exposed to lead in dust
inside their homes. Thus, even in areas where soils
have been cleaned up, lead based paint could still be
a significant source of lead exposure to children.

Lead Paint in Homes
•

Paint can contain up to 40% lead

•

Un-renovated homes built before
1950 have the highest lead in paint

LBP can also re-contaminate outside soils as it
• Soil in the roof’s drip line was 5 times
continues to chalk and flake. The highest
higher than the rest of the yard.
concentrations of lead in Jacobsville were detected
along home drip lines (where water runs off the roof
of houses). Lead in the drip line zone around homes ranged from 20 – 8,210 ppm (Appendix B,
Table 1 - Lead and arsenic levels by depth and location). The average level detected along a drip
line was 2,789 ppm, while the average lead levels detected in yards of the same depth was 604
ppm—a difference of nearly five times. Airborne lead deposited on the roofs and lead-based
paint and other lead in houses would increase soil lead levels near drip lines.
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Lead in Plumbing
Drinking water is another possible source of lead
exposure in this community. Historically, city
ordinances required the use of lead service lines
from city water mains to homes and businesses.
Those lines could still be used and be a source of
lead throughout Evansville. Additionally, homes
built before 1986 are more likely to have lead pipes,
fixtures and lead-based solder. Newer homes have
less lead in plumbing, but are not “lead – free”.

Lead in Drinking Water from
Plumbing
When a faucet has not been used for
several hours, minerals could build up in
the pipes. The potential for lead exposure
can be minimized by letting the water
run from the faucet for 30 seconds to
two minutes before using water for
drinking or cooking.

Although the Evansville Water Department (EWD)
is responsible for providing safe drinking water in Evansville, it cannot control the variety of
materials used in plumbing components in individual buildings. When a faucet has not been used
for several hours, minerals could build up in the pipes. In most cases, the potential for lead
exposure can be minimized by letting the water run from the faucet for 30 seconds up to two
minutes before using water for drinking or cooking. If people are concerned about lead in their
water, they can have their water tested. Information on lead in drinking water, testing methods,
and steps that can be taken to minimize exposure is available from the EPA Safe Drinking Water
Hotline at 1-800-426-4791 or at http://www.epa.gov/safewater/lead.
The EWD is responsible for monitoring, maintaining and repairing water mains throughout its
service area. This includes monitoring at the mains and a small percentage of the taps. While the
tap samples do provide a general idea of the private tap system of a community, it does not
provide the private property conditions of most residences. Property owners are responsible for
the upkeep and repair of service lines and meter pits on their property, as defined in the Water
Rules and Regulations Policy, approved by the utility’s board on April 15, 2008. This includes
the point where a customer’s service line connects to the utility’s water main, service lines
entering buildings on the property, and the meter pit and cover (Water Handbook:
http://evansvillegov.org/index.aspx?=2405).
Drinking Water Testing
If people are concerned about lead in their water, they may want to have their water tested.
Information on lead in drinking water, testing methods, and steps that can be taken to minimize
exposure is available from the EPA Safe Drinking Water Hotline at 1-800-426-4791 or at http://
www.epa.gov/safewater/lead.

Lead in urban raised livestock and poultry
ATSDR and the VCHD observed residents raising livestock and poultry near/on contaminated
soil areas in 2008. Vanderburgh County then created ordinances restricting free-ranging because
consuming meat, eggs, and milk from those areas could have exposed people to contamination
[Ismail & Abolghait 2013; Spliethoff et al. 2013]. ATSDR was not able to evaluate this potential
exposure pathway because no data was available. However, in 2010 raising livestock was
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prohibited by Evansville City Code. Chickens and other poultry may still be kept in coops and
allowed to roam and feed in fenced yards.
Soil lead levels at 1000 ppm increased bone lead in grazing animals. The uptake of lead in soils
by animals was reduced by amending the garden soils with other nutrients or by ensuring the
animals received sufficient iron and calcium [Ryan et al. 2004 and Chaney et al. 1989].
Lead in garden vegetables
If people are growing root and leafy vegetables in areas with contaminated soil, eating those
vegetables could expose people to contamination. While a child’s uptake of lead from soil and
dust is generally higher than from local vegetables, vegetables grown in soil exceeding 500
mg/kg lead has been shown to contribute significantly to overall risk [Sterette et al. 1996]. The
main concern for gardens in lead or arsenic contaminated soil is that soil particles can adhere to
the edible plant surface if not properly washed. Washing and peeling fruits and vegetables,
especially root crops, can reduce exposure. This risk was also significantly reduced by amending
the garden soils with other nutrients [Ryan et al. 2004 and Chaney et al. 1989].

Blood Lead Data for Children
Because of the many sources of lead in Evansville, children are at higher risk for lead exposure.
ATSDR reviewed current blood lead data for children who were tested and looked at trends over
time by location. Children tested in Evansville have higher BLLs than all of the comparison
groups. We review here the blood lead data.
Blood lead data 2014-2017.







From 2014-2017, about 4% (168) of children age 1 to 6 in Vanderburgh County enrolled
in the Women, Infants, and Children (WIC) nutritional program (N= 4,198) had BLLs at
or above 10 µg/dL [ATSDR 2017]. (Explained in Figure 2 and adjacent text). While not
directly comparable, of the (82,078) total state reported children in 2014 and 2015, less
than 1% (644) were above 10 µg/dL. This data is currently available to ATSDR in
quartile groups for the whole county and cannot be compared directly to the CDC
reference value of 5 µg/dL nor can it be assessed for just the Evansville children.
The state reported levels for 2014 and 2015 show that 7.1% and 6.8% (respectively) of
the county children had BLLs exceeding CDC’s reference value of 5 µg/dL2 compared
with 4.3% of the state [ISDH 2015].
The county participation rate for children tested for blood lead continues to be low (4.2
%) [CDC 2015]. Fewer than 600 children participated in one of the county’s blood lead
surveillance programs [ATSDR 2017].
In 2015, only 25% of Indiana counties had a higher percentage of children under 6 with
BLL ≥ 5 µg/dL than Vanderburgh County [ISDH 2015].

2

CDC uses a reference level of 5 micrograms per deciliter (5µg/dL) to identify children with blood lead levels that
are higher than most children’s levels. This level is based on the U.S. population of children ages 1-5 years who are
in the highest 2.5% of children when tested for lead in their blood. This reference value is based on the 97.5th
percentile of the National Health and Nutrition Examination Survey (NHANES)’s blood lead distribution in
children. The current reference value is based on NHANES data from 2007-2008 and 2009-2010. CDC will update
the reference value every four years using the two most recent NHANES surveys.
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Vanderburgh County is the 8th largest county in Indiana (by population). Only one other
county in the top 10 (St. Joseph County) had a higher rate of elevated BLLs (85 per
1,000) in 2015 [ISDH 2015].
In 2014, the percentage of children younger than 6 tested for blood lead in the county was
9%. The percentage of children participating in VCHD’s blood lead screening program is
declining, indicating the need for additional targeted blood lead testing. The number of
children tested statewide has also declined from a high of 65,261 in 2007 to 40,811 in
2014 [ISDH 2014].

Figure 2. Vanderburgh WIC BLL data(2014-2017)
n = 4,198
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The tested values (blue bars) refer to the number of participants (left axis labels)
and percent children above 10 µg/dL (red line) refers to the Percent of Participants
(right axis label). As a point of comparison: There are in 595 WIC children in 2015
and the state reports a total of 770 children tested in the county in 2015 [ISHD 2015].
Blood lead levels – evaluation within OU1 and OU2 and within Evansville.
ATSDR worked with CDC, ISDH and the VCHD to obtain blood lead data for children ages 6
and younger for the period 1998 to 2006.
ATSDR did three evaluations (differentiated below) of blood lead levels using mapping. We
mapped the location of higher blood lead levels, housing age, census block income, and soil
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concentrations. We used blood lead data from Vanderburgh County’s 20,051 blood tests
collected from 1998 to 2006 (Appendix A: Figures 6-8).
To map the geographic distribution of the children tested, children’s home addresses were geocoded. We cross-referenced with tax parcel information from the Vanderburgh County
Assessor’s office with the address to obtain the year the housing was built (Appendix A: Figure
7). Using ArcGIS software, we overlaid the blood lead testing locations with mapping and
census data. In addition, we added data from historical maps of Evansville showing
manufacturers that likely used lead in their processes. This data was presented to ISHD and
VCHD on July 20, 2012, to help them investigate high risk households. There were three
different analyses with the data based on different case definitions:
1) CDC’s case per child methodology (some children multiple times per year and some for
multiple years),
2) Case per child per address all years, (CDC cases that have addresses)
3) Case per child per address per year methodology [Jackson et al. 2012].
Since some children were retested the same year and some children moved during the period, the
numbers of BLL samples were different for each case analysis. Limitations that result are
discussed below.
We used Sat Scan software to find the strongest cluster of higher-than-usual blood lead levels.
On average, the housing in the area delineated by Sat Scan was much older than that in other
parts of Evansville. This is important because older housing is likely to contain lead-based paint.
Fewer than 7 percent of the children tested in the cluster area lived in homes built after 1978,
compared with about 15 percent for the children tested outside the cluster area. We also found
that block groups within the cluster area had a lower median income (~$26,060) compared with
the other parts of Evansville (~$43,605) [U.S. Census 2000]. Figure 6 depicts an apparent
association between higher BLLs and lower income blocks. While it also shows a shockingly
high percentage (68%) of BLLs above CDC’s reference value (of 5µg/dL), the case definitions
differ in the datasets. The CDC reference range is a total US population representation from
three national surveys and Figure 6 represents a convenience sample of 10,094 of the 20,051
individual blood tests reported over 9 (earlier) years for which we had addresses. Other
limitations are discussed below.
Limitations of the BLL Evaluation
Our evaluation had the following limitations:


Lack of blood lead sampling for children living at many different residential properties;



No information available for the large transient population of residents living at one or more
properties for short periods of time (2-15 weeks);



BLL data was reported as integers and the instrument was less accurate than CDC methods;



There are 80 addresses for which we have BLLs and corresponding soil lead levels to
correlate; and
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We do see a relationship between elevated BLL’s and census block income (Figure 6).
However, the apparent association might be the result of age of house due to the high relative
risk of house age for elevated BLLs. (Census blocks with lower income also had older
homes.)

The more recent blood lead data (2014-2017) from the county do not have addresses and cannot
be compared directly the children BLLs in Jackson et al. 2012.

Public Health Implications
Soil exposure
The primary lead and arsenic exposure routes are direct or indirect soil ingestion of soil particles
or dust. Through ingestion, soil containing lead and arsenic could get on hands and transfer to the
mouth. By touching soil and then touching the mouth, food, drinks, and other items—including
cigarettes—will allow contaminated soil and dust to enter the body. A portion will enter the body
and blood stream. Children naturally put things in their mouths, and some children do this more
than others.
Tracking contaminated surface soils into living spaces is another exposure route. People and
animals could also track or carry contaminated soils and dust on clothes and dust into the house,
into vehicles, or into other places they live, work, or play.
Some portions of the soil, especially bare spots, allow easier access to contamination and allow
greater potential for exposure. Soil areas might become re-contaminated when
 deteriorating lead-based paint continues to chalk and flake on the outside of houses,
 older homes with lead-based paint are demolished or remodeled and can redeposit lead
on the soil, garden, or other areas of the yard or home, or
 buried or covered lead or arsenic is disturbed and redeposits in surface soils, gardens, or
other areas of a yard or home.
ATSDR observed several car batteries and wheel/tire weights in the community. Lead car-tire
weights, lead pellets, and lead shot—if present in some yards and if swallowed—could result in
acute lead-poisoning events.
Health effects of Lead
There are several sources of lead that people in the Jacobsville neighborhood may be exposed to.
Lead is highly toxic to people, pets and other animals. Today, lead is present in all parts of our
environment [ATSDR 2007b]. It has no known beneficial effects in the body. Any level of lead
exposure is currently considered harmful to people. Very low levels of lead that enter the body
are believed to have significant health effects, especially to children and unborn babies [ATSDR
2007b]. The higher the amount of lead that enters the blood stream, the more severe the effects.
Lead can affect almost every organ and system in the body, although the main target for lead
toxicity is the nervous system. In general, the level of lead in a person's blood gives a good
indication of exposure to lead and correlates well with adverse health effects.
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Health Effects in Children with Measurable Blood Lead Levels less than (<) 5 µg/dL and 10
µg/dL - In studies with sufficient evidence of health effects, children with BLLs both < 5
µg/dL and < 10 µg/d, showed the following conditions: [CDC 2012].
o Decreased academic achievement (< 5 µg/dL),
o Decreased intelligence quotient (IQ) (< 5 µg/dL and < 10 µg/dL),
o Decreased specific cognitive measures (< 5 µg/dL),
o Increased incidence of attention-related and problem behavior (< 5 µg/dL),
o Decreased hearing (< 10 µg/dL),
o Reduced postnatal growth (< 10 µg/dL), and
o Delays in puberty (< 10 µg/dL).
It is difficult to predict what health effects children with elevated BLLs could have in the
future. Those children could experience an impact on academic achievement due to cognitive
impairment and consequent problems with learning and attention. They could also have
difficulty hearing.
Children with elevated BLLs need to have
their behavior, cognition and attention
evaluated by their primary care provider
when deemed necessary. Some examples
include when the child presents certain
difficulties such as:
o a short attention span,
o has trouble concentrating, and
o gets overly excited in the classroom,
as noted by the teacher and in the
home as noted by parents.

Health Effects from Lead Exposure
Children who come in repeated contact
with lead might have:
•

Slower growth and development

•

Hearing damage

•

Attention and learning problems

Review of the BL data for Evansville children
shows that a large number of those tested
are at risk for developing some of the
health conditions described above.

These children should be fully evaluated by
a Behavioral/Developmental Pediatrician when they test positive by the pertinent tests
administered at school or by their primary care provider.


Health Effects of Lead on Unborn Babies: Lead crosses the placenta; consequently it can pass
from a mother to her unborn baby. Follow-up testing, increased patient education, and
environmental, nutritional and behavioral interventions are indicated for all pregnant women
with blood lead levels (BLL) greater than or equal to 5 µg/dL to prevent undue exposure to
the fetus and newborn [CDC 2012]. Too much lead in a pregnant women’s body can lead to
the following outcomes:
o put her at risk for miscarriage,
o cause the baby to be born too early or too small,
o hurt the baby’s brain, kidneys, and nervous system, and
o cause the child to have learning or behavior problems.
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Arsenic
Most arsenic compounds have no smell or distinctive taste. Although elemental arsenic
sometimes occurs naturally, arsenic usually appears in the environment in two forms—inorganic
(i.e., arsenic combined with oxygen, chlorine, and sulfur) and organic (i.e., arsenic combined
with carbon and hydrogen).
Arsenic is released to the environment through natural sources such as wind-blown soil and
volcanic eruptions. But anthropogenic (i.e., human-made) arsenic sources release much higher
amounts of arsenic than do natural sources. These anthropogenic sources include nonferrous
metal mining and smelting, pesticide application, coal combustion, wood combustion, and waste
incineration. The use of arsenic in treated lumber has been phased out through manufacturers
voluntarily no longer using arsenic. In the past, arsenic was widely used as a pesticide; in fact,
some pesticides still use organic arsenic compounds.
People might be exposed through incidentally ingesting arsenic in the soil. Generally, arsenic in
uncontaminated soils ranges from 1–40 ppm, with a mean of 5 ppm [ATSDR 2007a]. Higher
arsenic levels might occur near arsenic-rich geological deposits, some mining and smelting sites,
or agricultural areas where arsenic pesticides were applied in the past.
Health effects of Arsenic
Touching arsenic is usually not of concern because only a small amount will pass through skin
and into the body (4.5% of inorganic arsenic in soil) [ATSDR 2007a]. The metabolism of
inorganic arsenic has been extensively studied in humans and animals. Several studies in humans
indicate that arsenic is well absorbed across the gastrointestinal tract (approximately 95%
absorption for inorganic arsenic compounds and 75–85% for organic arsenic compounds)
[ATSDR 2007a].
Non-cancer health effects that have associated with arsenic exposure in the scientific literature
include a skin condition known as hyperkeratosis (or a darkening of the skin and the appearance
of corns, or warts). Exposure to arsenic over prolonged periods of time may also be associated
with red and white blood cell impacts, damage to blood vessels as well as cardiovascular effects
(eg. abnormal heart rhythm) [ATSDR 2007a].
JNSC Average arsenic soil levels: The estimated arsenic exposure doses calculated for children
(less than 21 years of age) exposed to arsenic in soil at 23 ppm at the JNSC site ranged from
0.00005 to 0.0003 mg/kg/day. The exposure dose is 0.00002 mg/kg/day (see appendix C).
Exposure doses for children and adults exposed to the mean arsenic concentration (23 ppm) did
not exceed the ATSDR health guideline, or Minimal Risk Level (MRL) for arsenic of 0.0003
mg/kg/day). MRLs are health-protective doses at which it is unlikely for health effects to occur.
JNSC Maximum arsenic soil levels: The estimated arsenic exposure doses calculated for children
exposed to arsenic in soil at 92 ppm at the JNSC site ranged from 0.0002 to 0.001 mg/kg/day and
0.00008 mg/kg/day for adults.
Exposure doses for adults exposed to the maximum arsenic concentration (92 ppm) did not
exceed the ATSDR MRL. However, exposure doses for children (ages 1 to 11 years old) did
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exceed warranting further evaluation of their exposure scenario. Closer study of the childhood
exposure doses indicated that doses associated with health effects in the available studies were
considerably lower than those associated with the JNSC site. Non-cancer health effects
associated with arsenic exposure are not expected.
The Department of Health and Human Services (DHHS), the International Agency for Research
on Cancer (IARC), and EPA have all determined that inorganic arsenic is carcinogenic to
humans (Appendix C: Arsenic non-cancer and cancer evaluation). Ingestion of inorganic arsenic
can cause skin damage and increases the risk of skin, liver, bladder and lung cancer [ATSDR
2007a]. A report by the National Research Council suggests that the calculated risks based on
increases in incidence of lung and bladder cancers could be greater than those calculated risks
based on incidences of skin cancer [ATSDR 2007a].
Cancer risks for JNSC were calculated for arsenic using the EPA oral cancer slope factor of 1.5
(mg/kg/day)-1. It should be noted that cancer risk estimates guide public health professions as to
when health protective recommendations are needed. They are not an actual estimate of the
cancer risk expected in this community.
At the JSNC site, adults exposed to arsenic in soil for 33 years had an estimated risk of 1 to 5
extra cancer cases among 100,000 people exposed for exposures to 23 ppm and 92 ppm,
respectively. These values refer to the average and maximum residential measurements reported
in the EPA’s 2009 Record of Decision (Appendix B, Table 1). This cancer risk is considered to
be low. Childhood cancer estimates considered exposures throughout childhood (ages 1 to 21
years old). Children exposed to 23 ppm of arsenic had a calculated cancer risk of 4 extra cancer
cases in 100,000 people exposed, also considered low. A slightly elevated cancer risk of two
extra case among 10,000 exposed was estimated for children who ingested soil with 92 ppm of
arsenic (Appendix C).
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Conclusions
Conclusion 1- People contacting lead and arsenic in soil could be harmed: This
presents a Health Hazard.
Young children who play in JNSC yards could swallow enough soil and dust containing lead to
harm their health. Soil and dust that sticks to their hands is often swallowed because young
children frequently bring their hands, fingers, and objects to their mouths. This activity and the
high lead levels in JNSC yards increase their risk for health problems. Children, including the
developing babies of pregnant women, are at greatest risk for harmful health effects from lead
exposure. Pregnant women may be exposed to lead in soil while outside or from dust that is
tracked inside of the home from the soil.
Children who come in repeated contact with lead might have
 slower growth and development,
 hearing damage, and
 attention and learning problems.
Too much lead in a pregnant women’s body can
 put her at risk for miscarriage,
 cause the baby to be born too early or too small,
 hurt the baby’s brain, kidneys, and nervous system, and
 cause the child to have learning or behavior problems.
The added cancer risk from exposure to average levels of arsenic in JNSC residential soils over a
lifetime was low. Exposure to maximum levels of arsenic in soil is associated with a slightly
elevated risk for cancer.
Basis for Conclusion






Lead and arsenic in JNSC yards: EPA found lead and arsenic in soils of 13 Evansville
neighborhoods. EPA clean-up of residential soils is ongoing; Approximately 4,000
properties were verified as contaminated. More than half have been cleaned up. Between
50 and 65 percent of properties that have been sampled require cleanup.
The average surface soil lead levels were over 600 parts per million (ppm) based on
sampling conducted in 2006, with levels as high as 8,210 ppm in some areas. Lead is not
often detected in the background of Evansville. The extent of contamination has not been
fully defined. Therefore, remediated soil may be re-contaminated by airborne dust and
runoff.
Swallowing soil while playing in contaminated JNSC yards could harm young children’s
health. They could have long-term health problems including slower growth and
development, hearing damage, and trouble with attention and learning. Pregnant women
and children may be exposed to lead in soil while outside or from dust that is tracked
inside of the home from the soil. Too much lead in a pregnant woman’s body can cause
risks to mother and child, including risk of miscarriage and effects on child development.
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Lead in locally grown garden vegetables and animals raised for food: Lead and other
metals can be taken up in plants and in animals grazing on contaminated soils.
Consuming poultry, eggs, and vegetables could be a concern for some areas of Evansville
where lead and arsenic in soil are present at very high concentrations, however, no data
was available to fully evaluate these exposures for people in Evansville. Raising livestock
has been prohibited by Evansville City Code ordinances since 2010. Chickens and other
poultry may still be keep in coops and allowed to roam and feed in fenced yards.



Extra cancer risk from exposure to arsenic in soil: Arsenic is a known human
carcinogen. Cancer risks were calculated for ingestion of arsenic using the EPA oral
cancer slope factor of 1.5 (mg/kg/day)-1 which is based on skin cancer. Adults, assumed
to be exposed for 33 years, had an estimated risk of 1 to 5 extra cancer cases among
100,000 people exposed for exposures to 23 ppm (the residential average for operable
unit 1 [OU1]) and 92 ppm (the residential maximum), respectively. This cancer risk is
considered to be low. Childhood cancer estimates considered exposures throughout
childhood (ages 1 to 21 years old). Children exposed to 23 ppm of arsenic had a
calculated cancer risk of 3 extra cancer cases in 100,000 people exposed, also considered
low. A slightly elevated cancer risk of 2 extra cases among 10,000 exposed was
estimated for children who ingested soil with 92 ppm of arsenic (See appendix C).

Next Steps
Community members need to:






Reduce exposure: Because no level of lead in children’s blood has been proven safe,
ATSDR and CDC recommend reducing lead exposure wherever possible. ATSDR
recommends reducing your exposure (particularly if you are pregnant) and your
children’s contact with lead in soil and from other sources such as flaking or peeling lead
paint and dust.
 After working or playing in the yard
o take shoes off before entering the home
o use a damp cloth or damp/wet mop to remove dust and dirt from the home
o wash hands, wash toys and wash pets
 Create a raised bed and fill with clean soil for gardening to reduce exposures from
gardening and digging. Rinse produce well to remove garden soil.
 Ensure that any grazing and free-ranging animals be kept in areas with amended soils
to prevent lead uptake.
Reduce lead absorption: Eating a nutritious diet might help to reduce lead absorption.
Eat several small meals per day (appropriate for age and growth) rich in iron, calcium,
vitamins C & D and zinc from such foods as dairy products, green vegetables, and lean
meats. Proper nutrition is particularly important for children and pregnant women.
Get yard tested: To find out if you or your children are at greater risk for higher BLLs,
allow EPA access to your property to test the soil.
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•

•

•

•

Follow safe renovation guidelines: If you live in older housing, ATSDR recommends
following EPA's Lead Renovation, Repair, and Painting Rule (RRP Rule) to lower the
risk of lead contamination from home renovation activities.
ATSDR recommends residents in older homes have their water tested for lead. If
you live in older housing, flush water lines for 30 seconds up to two minutes before using
the water for drinking or cooking to reduce exposure to lead in drinking water. (See http://
evansvillegov.org/index/asp?=2405 or http://www.epa.gov/safewater/lead or call EPA’s
Safe Drinking Water Hotline at 1-800-426-4791).
Find additional general information about lead at the following EPA web site:
www.epa.gov/lead/learn-about-lead.html, answers general questions about lead testing
procedures.
Reduce exposures to arsenic in soil by following similar practices to reduce lead
exposures.

EPA will:


Continue soil remediation to reduce lead and arsenic levels and protect public health.

Vanderburgh County Health Department (VCHD) will:



Continue working with the community to help identify and reduce lead exposure.
Continue to educate the community to improve community participation in the lead
surveillance program.

Conclusion 2 –High blood lead levels in children indicate elevated lead
exposures: This presents a Health Hazard.
ATSDR reviewed BLL data from the Vanderburgh County Health Department (VCHD) and the
Indiana State Department of Health and found that children in Vanderburgh County had higher
BLLs compared to children statewide. ATSDR identified several factors associated with the
increased risk of higher BLLs including age of housing, contaminated soil, poverty, and race.
Basis for Conclusion
Elevated BLLs


Children of Vanderburgh have elevated blood lead exposure risks:
o From 1998-2006, several children with living in Evansville and in the region of
OU1 and OU2 had BLL’s exceeding CDC’s blood lead reference level of 5 µg/dL
(shown in Figure 6).
o From 2014-2015, nearly 7% of the county children had BLLs exceeding the
CDC’s reference level of 5 µg/dL compared with about 4% of the state.
o From 2014-2017, about 4% of county high risk children had BLLs exceeding 10
µg/dL; while not directly comparable, less than 1ess than 1 % of the state’s
children were above 10 µg/dL in 2014 and 2015.
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Low testing rate: In 2014, the percentage of children younger than 6 tested for blood
lead in the county was 9%. The percentage of children participating in VCHD’s blood
lead screening program is declining, indicating the need for additional outreach for blood
lead testing.

Additional factors associated with the increased risk of higher BLLs in JNSC
neighborhoods:




more than 64% live in older housing where lead can be found in the paint and plumbing
nearly 21% live in poverty
about 27% of people living in OU2are black (compared with 11% black within all of
Evansville).

These are additional factors associated with the likelihood of increased risk for higher BLLs
along with exposure to lead-contaminated soil.
Next Steps
Community members need to:


Test blood for lead: ATSDR recommends blood lead testing as soon as is practical for
people who live in or routinely visit the Evansville community, who haven’t had a blood
lead test in the past 6 to 12 months, and who are in the following groups:
o women who are pregnant
o women who want to become pregnant
o children who are under 6 years of age
VCHD offers free yearly blood lead screening and educational programs.



Take action: ATSDR recommends that children with BLLs of 5 µg/dL or higher be
evaluated by a health care provider. As part of the evaluation, ATSDR recommends that
the provider determine the child’s exposure history.

Vanderburgh County Health Department (VCHD) will continue to:



Investigate elevated BLL in homes and residences.
Educate people on the need for blood lead testing.
While VCHD offers free blood lead testing to area children, community participation in
this program has been low. ATSDR recommends VCHD (and, as appropriate, EPA) take
additional steps to increase the participation rate of eligible children in the blood lead
testing program.
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Public Health Action Plan (PHAP) for the JNSC Site, Evansville, Indiana
The public health action plan (PHAP) for the Jacobsville Neighborhood Soil Contamination
(JNSC) site describes key actions taken (and ongoing) by ATSDR, EPA, ISDH, IDEM and
VCHD near the site subsequent to the completion of this public health assessment. The purpose
of the PHAP is to ensure that this public health assessment identifies potential and on-going
public health hazards, and provide a plan of action designed to prevent adverse human health
effects resulting from exposure to hazardous substances in the environment. If JNSC site
conditions change and any significant data or information becomes available, ATSDR offers our
assistance to evaluate and review new findings.
The following public health actions for the Jacobsville Neighborhood Soil Contamination Site
were undertaken (many of these actions are still continuing in this community):


ATSDR conducted a Webinar for the VCHD and the ISHD on July 20, 2012, on how to
use GIS to evaluate surveillance data to target health education and recruitment for
VCHD’s Blood Lead Screening Program.



ATSDR conducted a soil-shop in June 2014 for the JNSC site with assistance from the
VCHD, EPA Region 5, EPA Cincinnati, ISDH, IDEM and ATSDR Region 5.



VCHD and ATSDR conducted community health education outreach events (e.g.,
National Neighborhood Night Out, July 2015).



EPA sampling and soil remedial/removal activities were conducted and continue at the
site.



EPA held and continues to hold public meetings in the JNSC community that are
attended by VCHD, ISDH, IDEM, and/or ATSDR.



VCDH continues to offer public health education programs.



VCHD continues to offer free blood lead screening.



City of Evansville continues regulatory tap water sampling and analyses (approximately
10%) and with guidance from VCHD and ATSDR. Individuals in the community were
and are encouraged to test their tap water.



In 2017, The city of Evansville passed an ordinance to accept the powers and procedures
for reporting, monitoring, and preventing lead poisoning set forth by the State of Indiana,
including giving the health officer the authority to issue citations with fines [Evansville
2017].



In 2018, VCHD received a $675,000 grant award from the state to remediate homes with
lead-based paint.
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For More Information:
 VCHD: For public health information, call VCHD at (812) 435-2400.
 ATSDR: If you have questions or comments, call ATSDR’s regional office director, Mark
Johnson, at (312) 353-3436 or our toll-free number at 1-800-CDC-INFO and ask for
information on the Jacobsville Neighborhood Soil Contamination Site, Evansville, Indiana.
 EPA: If you have concerns about the JNSC site, you can contact EPA Region 5 at 800-6218431, ext. 67472 and leave a message. This line is operational 24-hours a day.
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Appendix A: Figures 3–8

Figure 3. Operable Units 1 (OU1) and OU2 Areas of the Jacobsville Neighborhood Soil
Contamination Site, Evansville, Indiana.
Note: The current sampling boundary could result in another expansion of the OU2 boundary.
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Figure 4. 2000 Demographics, Jacobsville Neighborhood Soil Contamination Site, Evansville,
Indiana.
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Figure 5. 2010 Demographics, Jacobsville Neighborhood Soil Contamination Site,
Evansville, Indiana.
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Figure 6. 1998-2006 Blood-Lead Levels (BLL) Observed in Evansville, Indiana [Jackson et al. 2012]. BLL 0-1 (etc.) indicates
BLL measurements of 0-1 μg/dL. Sample results were reported as whole numbers (0,1,2,3,…). The minimum BLL value in the
dataset was zero. n = 10,094 refers to 10,094 sample results from children aged 1-5 years of age at a specific address within
this Evansville area. The location of EPA operable units are within green boundary lines.
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Figure 7. Age of Housing, Jacobsville Neighborhood Soil Contamination Site, Evansville, Indiana [U.S. Census 2012; U.S.
Census 2014-2015]. Color codes indicate the date ranges during which the homes were built.
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Figure 8

Figure 8. 1998-2006 Blood Lead Levels Greater or Equal to 10 µg/dL and Median Income Levels, Evansville, IN, Census
2000.
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Appendix B: Soil and Modeling Analysis
Table 1 - Lead and arsenic levels by depth and location
Lead and Arsenic in Residential and High Access Areas in Surface Soil at the Jacobsville
Neighborhood Soil Contamination Site, Evansville, Indiana.
Exceedances/
(# of Samples above
the JNSC Cleanup
Standard)1

Range of Results (ppm)
(Average)2

Lead (0 to 2 inches)
Drip Line Zone

25/26

20 - 8210 (2789)

Lead (0 to 2 inches)

20/28

136 - 1900 (604)

Lead (0 to 6 inches)

19/28

88 - 1070

Lead (6 to 12 inches)

8/28

49.8 – 2040

Lead (12 to 18 inches)

0/28

29.9 – 371

Arsenic (0 to 2 inches)

1/28

3.9 - 31.2 (10.7)

Arsenic (0 to 6 inches)

1/28

2.5 - 31.8

Arsenic (6 to 12 inches)

2/28

7 – 37

Contaminant and Sample
Location
Residential Yards

High Access Areas (Day Cares and Other Areas (Parks, Playgrounds, Schools, Ball Fields)) Surface Soil (0 to 2
inches) Results
Day Care Lead

7/7

23.4 - 145

Day Care Arsenic

7/7

9.6 - 13.4

Lead

70/70

9.3 – 1520

Arsenic

70/70

4.1- 18.2

Source: EPA 2006 Remedial Investigation, EPA 2009 Record of Decision
Notes: Only contaminants that exceed their respective EPA Cleanup values are presented in the table.
1 Exceedances/Detects represents the number of times a contaminant level exceeds its respective screening value
the JNSC Site Cleanup Standard (400 ppm for lead and 30 ppm for arsenic) over the total number of samples.
2 Numbers in parentheses represent arithmetic mean (average) concentration for detectedvalues.
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Table 1 Continued —— Lead Concentrations in ppm; Lead Summary for Selected Data Reported in
Jacobsville Soil Contamination Site, Combined XRF and Laboratory Results [EPA 2006; EPA 2009].
Area

Residential

Daycare

Park

Play
Ground

Commercial /Industrial

OU1 per
property
basis

Range
20-8,210

Range
NA

Range
217

Range
63-411

Range
50-606

Average
373

Average
NA

Average
217

Average
192

Average
297

Range
ND-7,910

Range
23.4-145

Range
56.9-182.8

Range
30-532

Range
NA

Average
403.4

Average
85.2

Average
99.4

Average
140

Average
NA

Range
NA

Range
NA

One sample
42

Range
NA

Range
106.12-118.13

Average
NA

Average
NA

Average
NA

Average
NA

Average
110

OU2 per
property
basis

Gap
(TBD)
area per
property
basis

Table 1 continued —— Arsenic Concentrations in ppm; Arsenic Summary for Selected Data Reported
in Jacobsville Soil Contamination Site, Combined XRF and Laboratory Results for Composite Samples.
Arsenic results will measure lower than present because lead levels are above 10 ppm for XRF samples.
Area

Residential

Daycare

Park

Play
Ground

Commercial /Industrial

OU1 per
property
basis

Range
ND-92

Range
NA

Range
NA

Range
ND-45

Range
ND

Average
15.2

Average
NA

Average
NA

Average
15.7

Average
ND

Range
ND-68.2

Range
10.6-13

Range
ND-29.3

Range
4.1-18.2

Range
NA

Average
23.3

Average
11.3

Average
13.6

Average
9.9

Average
NA

Range
NA

Range
NA

Range
ND

Range
NA

Range
ND-25.7

Average
NA

Average
NA

Average
ND

Average
NA

Average
5.5

OU2 per
property
basis

Gap
(TBD)
area per
property
basis
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Integrated Exposure Uptake Biokinetic Model (IEUBK)
ATSDR used the results from EPA’s Integrated Exposure Uptake Biokinetic Model (IEUBK) to
make recommendations about exposure [EPA 2003]. The IEUBK model is designed to integrate
exposure from lead in air, water, soil, dust, food, paint, and other sources with pharmacokinetic
modeling to predict blood lead concentrations in children 6 months to 7 years of age. The
IEUBK model is a predictive tool that provides results that can be used for making public health
decisions.

Table 2 – IEUBK results at various lead soil concentrations

Lead concentration
range (ppm)

Estimated probability (%) of exceeding
a BLL of 5 µg/dL*

Estimated geometric mean BLL
(µg/dL)**

ND – 99

NA – 2.30

NA – 1.96

100 – 199

2.4 – 13.8

1.97 – 3.00

200 – 399

14.0 – 48.8

3.01 – 4.93

400 – 799

48.9 – 86.0

4.94 – 8.31

800 – 1,199

86.1 – 95.7

8.32 – 11.2

>96.3

>11.6

1,200

*The reference level is based on the highest 2.5% of the U.S. population of children ages 1-5 years. That level
is currently 5 µg/dL and based on the 2009-2010 National Health and Nutrition Examination Survey
(NHANES). The current (2011-2012) geometric mean level for that age group is 0.97 (µg/dL). CDC will
periodically update the reference level.
**Blood lead levels were calculated using the EPA Integrated Exposure Uptake Biokinetic (IEUBK) model with
default assumptions with exception of blood lead level set to 5 µg/dL. Model run with results displayed as
density curve for ages 0 to 60 months, bioavailability of 0.3 and geometric standard deviation (GSD) of 1.6.

The IUEBK Model results predicts that ongoing, routine exposure to soil lead levels at some
homes in this community (that have not undergone remediation) could result in young children
with blood lead levels above the current CDC reference level of 5 µg/dL. It is important to note
that many factors can influence lead exposure and uptake, and therefore the estimates of blood
lead levels from the IEUBK model. These include the lead bioavailability and individual
nutritional status, model limitations, lead exposure risk factors, seasonality, exposure age, and
multiple sources of lead exposure.
A detailed description of the model and supporting documentation is available on EPA’s web
site: https://www.epa.gov/superfund/lead-superfund-sites-frequent-questions-risk-assessorsintegrated-exposure-uptake
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Appendix C: Arsenic non-cancer and cancer evaluation
ATSDR evaluated arsenic exposures in JNSC site soils for children (ages 1 to 21 years) and
adults. The estimated exposure doses calculated for children and adults were then compared with
established health guidelines [ATSDR 2016]. In addition, ATSDR used EPA’s default arsenic
bioavailability value of 60% [EPA 2012d]. This means that of the arsenic detected in soil, the
human gastrointestinal tract would absorb only 60%.
Arsenic levels in the JNSC site ranged from non-detect to 92 ppm, with an average level of 23
ppm. ATSDR used the average and maximum level of arsenic detected in residential soils to
determine a range of exposure doses for children and adults.3 The values used in these cases are
considered Reasonable Maximum Exposure (RMA) doses which are expected to be higher than
expected to be protective of public health. Exposure doses are presented for combined ingestion
and dermal contact with arsenic in soil.
Non-cancer
Average soil levels: The estimated exposure doses calculated for children (ages 1 to 21 years old)
exposed to arsenic in soil at 23 ppm at the JNSC site ranges from 0.00005 to 0.0003 mg/kg/day.
The adult exposure dose is 0.00002 mg/kg/day (assuming RME).
Exposure doses for children and adults exposed to the mean arsenic concentration (23 ppm) did
not exceed the ATSDR health guideline, or Minimal Risk Level (MRL) for arsenic of 0.0003
mg/kg/day (assuming the RME).
Maximum soil levels: The estimated arsenic exposure doses calculated for children exposed to
arsenic in soil at 92 ppm at the JNSC site ranged from 0.0002 to 0.001 mg/kg/day and 0.00008
mg/kg/day for adults.
Exposure doses for adults exposed to the maximum arsenic concentration (92 ppm) did not
exceed the ATSDR MRL (assuming RME). However, exposure doses for children (ages 1 to 11
years old) did exceed warranting further evaluation of their exposure scenario. Closer study of
the childhood exposure doses indicated that the doses associated with health effects in the
available studies were considerably lower than those associated with the JNSC site. Non-cancer
health effects associated with arsenic exposure are not expected.
Cancer
Cancer risks were calculated for arsenic using the EPA oral cancer slope factor of 1.5
(mg/kg/day)-1. Adults, assumed to be exposed for 33 years, had an estimated risk of 1 to 5 extra
cancer cases among 100,000 people exposed for exposures to 23 ppm and 92 ppm, respectively
(assuming RME). This cancer risk is considered to be low. Childhood cancer estimates
considered exposures throughout childhood (ages 1 to 21 years old). Children exposed to 23 ppm
of arsenic had a calculated cancer risk of 4 extra cancer cases in 100,000 people exposed, also
3
To calculate a childhood estimated exposure doses, body weights ranging from 11.4 kilograms (for 1 to 2 year
olds) to 71.6 kilograms (16 to 21 years olds) were used with an ingestion rate of 200 milligram per day (mg/day).
Adults were assumed to weigh 80 kilograms and have an ingestion rate of 100 mg/day. The default residential
occupancy of 33 years was used for the evaluation of adulthood exposures. Children were assumed to be exposed
throughout childhood (ages 1 to 21 years)
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considered low. A slightly elevated cancer risk of two extra case among 10,000 exposed was
estimated for children who ingested soil with 92 ppm of arsenic.
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