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comprehensive study to find the level and extent of contamination throughout central and eastern
Washington has not been conducted.

Increased concern for human health risks arises when old orchard lands are converted to other
land uses such as schools or residential areas where children are likely to be exposed to
contaminants in the soil. The DOH has not found any reliable studies that have investigated
whether or not health problems increase in people who live in areas with past lead arsenate
pesticide use.

Stevisit

On March 22, 2005, staff from DOH Office of Environmental Health Assessments met with
members of Ecology and officials from the Chelan-Douglas Health District, school principals,
and the Wenatchee School District. The meeting included a discussion about high levels of |ead
and arsenic (levels above Ecology Interim Action Levels, see Table 1) in soil at the Lincoln and
Washington Elementary Schools and future DOH involvement to address the problem. A site
visit was also conducted at both schools to observe site conditions and evaluate potential for
exposure.

Significant progress has been made to reduce exposure to elevated levels of arsenic and lead by
covering areas around playground equipment with tear-resistant fabric and layers of wood chips.
Rehabilitation of the irrigation system has helped to keep a healthy grass cover over
contaminated soil in other areas.” In general, DOH found that the school grounds are managed
well, and continuous monitoring exists to effectively reduce the risk of children ingesting
contaminated soil. In general, DOH found well-watered lawns on most school grounds; this

hel ps to reduce exposure to the contaminated soil.

School and health district officials emphasized to DOH the need for continued outreach and
education about soil-safety guidelines. These safety and preventive measures can help teachers,
parents and community members to minimize potential health risks from elevated lead and
arsenic levels that may be present at the schools and their yards at home.

Discussion

This discussion focuses on potential health impacts from exposure to lead and arsenic in soil at
the Lincoln Elementary School (Figure 1). Since interim remedial actions have been performed
at this school, estimates of health risk in this document refer to risks that are currently present at
the school, or to risks that may occur if the covers are not well maintained.

Lead and arsenic are the only identified contaminants of concern at the Lincoln Elementary
School. At many locations on the property, levels of arsenic and lead exceeded the ATSDR
comparison values for arsenic (20 mg/kg for non-cancer and 0.5 mg/kg for cancer values), the
MTCA Method A cleanup levels for unrestricted land use (i.e., 20 mg/kg for arsenic and 250
mg/kg for lead) and Ecology’ s interim action levels for schools (i.e., 100 mg/kg for arsenic and
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500 mg/kg for lead) (Table 1). Contaminant concentrations exceeding these comparison values
do not necessarily pose health threats but are evaluated further to determine whether they are at
levels of human health concern.

No comprehensive study has been undertaken to find the levels or extent of contamination in soil
on properties currently and formerly used as orchards in Wenatchee. Studies to correlate health
problems in children with lead and arsenic exposure from old orchard lands have not been
conducted.

Current exposuresto Lead and Arsenic at Lincoln School

The presence of chemicals above cleanup levels and comparison values does not necessarily
represent athreat to public health. People must be exposed to the chemicals which must enter the
body before they can cause harm. Potential exposure pathways are inhalation, ingestion, and
dermal absorption (through the skin). Metals are not readily absorbed through the skin, so dermal
absorption of metalsis not a significant concern at the concentrations found at Lincoln
Elementary School. Ingestion of contaminated soil is expected to be the primary route of
exposure for metals, particularly with young children. Metals in dust or soil can be ingested
accidentally by hand-to-mouth activity. Pica behavior, that is, intentionally eating non-food
items, may increase this exposure for some children. Picais most common in children 1 to 2
years old, but some older children and adults also have the behavior. The potential for high levels
of lead and arsenic in dust from old orchard land is not just limited to the school property, but is
also possible at residencesin the area. Ingestion or inhalation of wind-blown soil or dust are
additional pathways of exposure to lead and arsenic in the Wenatchee area. Children are
considered a sensitive population because they tend to ingest more soil and dust than adults and
because they tend to absorb more of the lead they ingest.

Therisk of harm depends on the amount and type of exposure people have to the lead and
arsenic. At Lincoln Elementary School exposures are difficult to estimate because they are
influenced by children's behaviors and by the levels of contaminants at areas where children
spend time, neither of which have been characterized very well. When such uncertainties exist, it
is common practice to estimate exposures using the 95 percent upper confidence limit (95
percent UCL) of the mean of the measured sample concentrations in order to protect public
health. An alternative isto use the mean of the measured sample concentrations, but that may not
reliably reflect the full extent of the exposure for many children. For Lincoln Elementary School,
risks will be calculated for both the mean and the 95 percent UCL of lead and arsenic. Using the
mean is considered acceptable in this case because of the excellent grass cover that likely helps
reduce exposure to the contamination. Therefore, using the 95 percent UCL may overestimate
exposure at this site. While grass cover cannot be considered an adequate |ong-term barrier to
exposure, it is expected to provide sufficient exposure reduction until the planned removal of
most of the contaminated soil in the summer of 2006. The 95 percent UCL may be more relevant
to past exposures when the grass cover was not as complete.
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Past exposures at Lincoln School

Incidental ingestion of contaminated surface soil is the predominant lead and arsenic exposure
pathway at contaminated playgrounds in the school. An additional exposure pathway of lead and
arsenic is aso the inhalation of wind-blown soil or dust from the school playgrounds. Itis
unknown whether past exposures (incidental or inhalation) have occurred at Lincoln Elementary
School. Nonetheless, if conditions were similar today or worse, past exposure could have
occurred. The DOH is not aware of past school playground conditions to determine whether past
exposure has occurred.

Lead

Lead isanaturally occurring element normally found in soils. Background soil lead
concentrations in the Y akima Basin range between 2 mg/kg and 17 mg/kg.’® However, the
widespread use of certain products (such as leaded gasoline, lead-containing pesticides, and lead-
based paint) and the emissions from certain industrial operations have resulted in substantially
higher levels of lead in many areas of the state.

Elimination of lead in gasoline and solder used in food and beverage cans has greatly reduced
peopl€’' s exposure to lead. Currently, the main pathways for lead exposure in children are
ingestion of chips and dust from leaded paint, contaminated soil and house dust, and drinking
water in homes that have plumbing materials containing lead.

Table 1. Range values of contaminants detected in soil and their respective comparison values
(CV) at Lincoln Elementary School, Wenatchee, Washington.

Contaminant | N [ Range 95% Mean Non- Cancer | MTCA Ecology
in UCL (mg/kg) | Cancer CVv Method Interim
(mg/kg) | (mg/kg) Cv (mg/kg) A Action

(mg/kg) (mg/kg) Levels

(mg/kg)
Lead 21 | 14.4- 1,193.2 440.9 NA NA® 250 500

1,739.2
Arsenic 21| 151- 164.9 95 20° 0.5 20 100
398.6

a EMEG — ATSDR’s Reference Dose Media Evaluation Guide (child)
b- CREG — ATSDR’s Cancer Risk Evaluation Guide (child)
c- Lead and lead compounds are reasonably anticipated to be human carcinogen **

NA — Not applicable

Children six years old and younger are particularly vulnerable to the effects of lead. Compared

with older children and adults, they tend to ingest more dust and soil, and absorb more of the
lead they swallow. Because children’s brains are developing rapidly, they may be more sensitive
to the neurological effects of lead than adults. Pregnant women and women of childbearing age
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should also be aware of lead in their environment because lead ingested by a mother can affect
her unborn fetus.

Health effects

Lead poisoning can affect almost every system of the body and often occurs with no obvious or
distinctive symptoms. Depending on the amount of exposure a child has, lead can cause behavior
and learning problems, central nervous system damage, kidney damage, reduced growth, hearing
impairment, and anemia.*?

Exposure to lead can be monitored by measuring the level of lead in the blood. One estimate
suggests that blood lead (PbB) rises 3-7 micrograms of lead per deciliter (ug/dL) for every 1,000
ppm lead increase in soil or dust concentration.™® For children, the Centers for Disease Control
and Prevention (CDC) has defined an elevated blood lead level (BLL) as greater than or equal to
10 pg/dL (10 pg/dL is defined as atoxicological level of concern by the CDC).* However,
evidence is growing that damage to the central nervous system resulting in learning problems can
occur at blood lead levels less than 10 pg/dL. Deficitsin cognitive and academic skills
associated with lead exposure occur at blood lead concentrations lower than 5 pg/dL.* ¢
About 2.2 % of children in the United States have blood lead levels greater than 10 pg/dL.

In adults, lead can cause health problems such as high blood pressure, kidney damage, nerve
disorders, memory and concentration problems, difficulties during pregnancy, digestive
problems, and pain in the muscles and joints."? These have usually been associated with blood
lead levels greater than 30 pg/dL.

In the 11™ Report on Carcinogens (2004), the National Toxicology Program (NTP) of the U.S.
National Institutes of Health concluded that “exposure to lead and lead compounds is reasonably
anticipated to be human carcinogens’.™ In arriving at its conclusion, the NTP relied upon
studies on laboratory animals and workers exposed to high levels of lead. The laboratory animals
developed brain, kidney, and lung cancer. The workersinhaled high levels of lead fumes or
accidentally ingested lead dust. The worker studies did not account for diet, smoking, and
exposure to other cancer-causing agents. The worker study showed weak evidence for increased
risk for lung, stomach, or bladder cancer. The workers were exposed to lead at 50 to 5000
micrograms per cubic meter (ug/m°) in air and had 40 to 100 micrograms lead per deciliter
(ug/dl) in blood. For the school, these above exposures do not fit the types and amounts of
exposures for school children and nearby residential users of the playgrounds.

Because of chemical similaritiesto calcium, lead can be stored in bone for many years. Even
after exposure to environmental |ead has been reduced, lead stored in bone can be released back
into the blood where it can have harmful effects. Normally this release occursrelatively slowly.
However, certain conditions, such as pregnancy, lactation, menopause, and hyperthyroidism can
cause more rapid release of the lead, which could lead to a substantial risein blood lead level 2
Understandably, most if not all of these conditions would not apply to elementary school
children, and possibly some for nearby residential playground users.

10
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Health risk evaluation — The IEUBK model

To evaluate the potential for harm, public health agencies often use a computer model that can
estimate blood lead levelsin children younger than seven years of age who are exposed to lead-
contaminated soil. This model (developed by EPA and called the Integrated Exposure Uptake
Biokinetic Model, or IEUBK model) uses the concentration of lead in soil to predict blood lead
levelsin children.” Itisintended to help evaluate the risk of lead poisoning for an average group
of young children who are exposed to lead in their environment. Lead poisoning refersto the
blood that exceeds 10 micrograms of lead per deciliter. Above 10 micrograms of lead per
deciliter istoxic according to the CDC. The IEUBK modé is often used in this way to set soil
cleanup levelsfor lead. The IEUBK model can also be used to determine what concentration of
lead in soil could cause an unacceptable risk of elevated blood lead levelsin an average group of
young children. It isimportant to note that the [IEUBK model may not (or, is not expected to)
predict accurately the blood lead level of achild (or asmall group of children) at a specific time.
In part, thisis because an individual child (or group of children) may behave differently than the
average group of children the model usesto calculate blood lead levels and, therefore, have
different amounts of exposure to contaminated soil and dust. For example, the model does not
take into account reductions in exposure that could result from community education programs.
Despite this limitation, the IEUBK model is a useful tool to help prevent lead poisoning because
it can provide reasonable estimates of the hazards of environmental |ead exposure.

For children with regular exposure to |ead-contaminated soil, the IEUBK model can estimate the
percentage of young children who are likely to have blood lead concentrations that exceed a
toxicological level of concern such asthe CDC guideline of 10 pg/dL.

Soil lead concentration and estimated Blood Lead Levels (BLLS)

The IEUBK model was used to estimate the percentage of children that could have elevated
BLLsif they play frequently in areas that have lead contamination and exhibit typical behaviors
that result in soil ingestion. For the reasons described in the section on exposure (page 9), two
different percentages were calculated: one using the 95% UCL of the mean of the soil lead
concentrations measured at the school, and one using the mean concentration. The 95 percent
UCL may overestimate the risks because most children in the community are likely to have
regular exposure to soil levels at school that are less than the 95% UCL. On the other hand,
potential exposure of these same kids at homes with |ead arsenate-contaminated soil is not
considered and so the model could underestimate BLLs. Nonethel ess, these estimates are useful
in determining the potential hazard for children who may be exposed to these contaminated
areas.

The IEUBK model was designed to estimate the distribution of BLLs in children O to 84 months
of age, based on these assumptions:

e Intake of all potential sources of lead including air, water, diet, soil, and indoor air dust at

the school added to incremental intakes of lead at home.
e Uptake of lead from those mediainto the bloodstream.

11
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e Distribution of lead to tissues and organs.
e Excretion of lead.

The maximum concentration of lead detected in subsurface soil (0-6 inches) was 1,739 mg/kg.
The calculated mean and 95% UCL soil lead concentration (0-6 inches) were 441 mg/kg and
1,193 mg/kg respectively (Table 1).

DOH used a school exposure scenario to account for lead intake resulting from exposure to soil
and dust. The following assumptions were considered as reasonable to run the [IEUBK Model:

1. Children may be exposed to lead in soil and dust at the school facility aswell as at home
(located outside the site). For exposure at home, DOH used the default value (200 mg of
lead/kg soil) that is built into the model for use when there are no site-specific data.

2. A child plays at school (5 days per week) and stays at home 2 days per week. ® The
IEUBK model is recommended for exposure durations that exceed a minimum frequency
of one day per week and duration of 3 consecutive months.”'** Three monthsis
considered as the minimum duration of exposure that is appropriate for modeling
exposures that occur no less than once every 7 days.?! Exposure to lead in soil at Lincoln
Elementary School is expected to occur more than three months and more than once a
day every 7 days.

3. The concentrations of lead in at the school facility are 1,193 mg/kg (95% UCL) and 441
mg/kg (mean value). Based on the percentage of time spent at school, these were
converted to weighted soil lead concentrations of 607.13 mg/kg and 298.81 mg/kg
respectively (Appendix, A). The soil lead concentration by apportioning total exposure
(exposure at home and during school) is 403.57 and 249.41 mg/kg respectively. The
mean value is below the state cleanup level of 250 mg/kg.

4. For soil and dust ingestion, the IEUBK default bioavailability values of 30% were used.
Bioavailability is not constant. The values cited apply for low lead intake rates. Absolute
bioavailability decreases as lead intake increases and uptake saturation is reached.?

Using these assumptions, the model predicts an approximate 1.0 percent risk that a child (school-
age range of 60 to 84 months) exposed to the lead-contaminated soil with a concentration of the
95 percent UCL will have ablood lead level greater than 10 pg/dL (Appendix A, Table A1). For
comparison, the model predicts 0.2 percent (age range 60 — 84 months) will have ablood |ead
level greater than 10 pg/dL when exposed to the state cleanup level of 250 mg/kg.

Using the mean lead value as opposed to the 95% UCL, the model predicts lower BLLs for
children within the school-age range of 60 to 84 months, with about 0.33 percent exceeding 10

@ Exposure to lead in soil at Lincoln Elementary School is assumed to occur for 5 full days/week for 9 months (for a
total of 180 days, which equals 6 months that corresponds to the instructional school calendar). However, the
IEUBK Model was not designed to model exposures that may occur only part of the year; therefore, the modeled
exposure frequency was set at 5 days/week, year around.

12
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po/dL (Appendix A, Table A2).

As mentioned previously, there is much uncertainty associated with estimating the true average
concentration at the site and therefore the most appropriate estimate of soil lead levels to ensure
protection of the health of the children isthe 95 percent UCL .

The health risks from such level of exposure at this school are very low. The [IEUBK model uses
the school-age range of 60 to 84 months; however, a great portion of the children in Lincoln
Elementary School is older than 84 months. Under similar environmental conditions with similar
lead exposures, the model tends to predict lower blood lead levels with increasing age. DOH
assumes that lead levels are not a health risk to either age group and that children at Lincoln
Elementary School (K-5 grades) are unlikely to get sick when they are exposed to soil
contaminated with lead at the levels observed at the school.

Arsenic

Arsenicisanaturally occurring element in the earth's soil. Background soil arsenic concentration
in the Y akima Basin ranges from 0.9 mg/kg to 29 mg/kg.® EPA classifies the inorganic form of
arsenic as a human carcinogen. Ingested arsenic istypically absorbed by the intestines and enters
the bloodstream where it is distributed throughout the body. Inhaled arsenic is quickly absorbed
by the lungs and enters the bloodstream. Arsenic is poorly absorbed through the skin, so skin
contact with contaminated soil is not normally an important pathway for harmful exposure.

Noncancerous effects

To evaluate possible noncancerous effects from ingestion exposure to the 95% UCL or the mean
level of arsenic in site soil (Table 1), an exposure dose was cal culated and compared with
ATSDR sminimal risk level (MRL) and EPA’s oral reference dose (RfD). RfDs and MRLs are
doses below which adverse noncancerous health effects are not expected to occur. A level of
uncertainty exists when defining an MRL or RfD because of uncertainty about the quality of data
onwhich it isbased. To account for this uncertainty, “safety factors’ are used to set RfDs and
MRLs below actual toxic effect levels (e.g., Lowest Observed Adverse Effect Level [LOAEL]).
This approach provides an added measure of protection against the potential for adverse health
effectsto occur. For acute oral exposure to arsenic, the MRL is 0.005 milligrams per kilogram
per day (mg/kg/day). For chronic oral exposure to arsenic, the MRL is 0.0003 mg/kg/day.

The maximum concentration of arsenic (398.6 mg/kg) in the soil exceeds the ATSDR health
comparison values of 20 mg/kg for children and 200 mg/kg for adults. The 95 % UCL
subsurface soil (0-6 inches) arsenic concentration is 164.9 mg/kg. The mean soil arsenic
concentration is 95 mg/kg. An exposure scenario of five days aweek at the site with exposure to
164.9 and 95 mg/kg was used in dose calculations in Appendix B (Table B1). A child (5to 12
years old) would receive an exposure dose of 0.000416 mg/kg/day and 0.000240 mg/kg/day
respectively, Appendix B (Table B2), which is lower than the acute MRL of 0.005 mg/kg /day,
dlightly higher than the chronic MRL of 0.0003 mg/kg /day for the UCL 95%, and lower for the
mean value. An adult teacher or neighborhood adult playground user would be exposed to

13
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approximately 0.0000422 mg/kg/day and 0.0000732 mg/kg/day of arsenic, Appendix B (Table
B2), which is lower than both the acute MRL and chronic MRL.

Estimated doses for children and adults are below the acute MRL and so, short-term non-
cancerous health effects are unlikely to occur from exposures at Lincoln Elementary School. The
chronic estimated dose for a child does, however, exceed the chronic MRL. Exceeding an MRL
or RfD does not necessarily indicate that harmful effects are likely, but suggests that further
toxicologic evaluation should be conducted. Thisinvolves comparing the estimated doses at the
site with occupational and/or environmental exposures known to cause harmful effects. For a
child, the estimated exposure dose is about two times below the No Observed Adverse Effect
Level (NOAEL) (0.0008 mg/kg/day) identified in chronic studies and 34 times below the
LOAEL (0.014 mg/kg/day).”® Studies have not found non-cancer effectsin people exposed to
arsenic in drinking water at chronic doses of 0.0004 to 0.01 mg/kg/day, doses which exceed
those estimated here. Also, most studies of arsenic toxicity have examined people exposed to
arsenic in water, which isusually better absorbed than arsenic in soil. Non-cancer effects are,
therefore, unlikely to occur in children or adults exposed to arsenic on soil at Lincoln Elementary
School.

Cancerous effects

This document describes cancer risk that is attributable to site-related contaminantsin qualitative
terms like high, low, very low, slight and no significant increase in cancer risk. These terms can
be better understood by considering the population size required for such an estimate to result in
asingle cancer case. For example, alow increase in cancer risk indicates an increased risk of
about one cancer case per ten thousand persons exposed over alifetime. A very low risk is about
one cancer case per several tens of thousands exposed over alifetime and a slight risk would
require an exposed population of several hundreds of thousands to result in asingle case. DOH
considers cancer risk to be not significant when the estimate results in less than one cancer per
one million exposed over alifetime. The reader should note that these estimates are for
theoretical excess cancers that might result in addition to those normally expected in an
unexposed population.

EPA classifies arsenic asa Group A (known human) carcinogen by the oral and inhalation
routes. The 95% UCL for arsenic in the soil (164.9 mg/kg) exceeds the ATSDR Cancer Risk
Evaluation Guide (CREG) of 0.5 mg/kg. An exposure dose was calculated for achild over a 5-
year exposure period with five days a week exposure at the site (180 days per year). The
calculated increased cancer risk for such an exposure is estimated at about 3 additional cancersin
apopulation of 10,000 persons (Appendix B, Table B3). DOH considers thisto be alow
increased cancer risk over a short period of time (6 months -180 days - corresponds to the school
instructional calendar). The cancer risks resulting from exposure to arsenic in soil using the mean
arsenic concentration resultsin 2 cancer in a population of 10,000 persons (Appendix B, Table
B3), which isalso considered alow risk. The cancer risk for an adult teacher or neighborhood
adult playground user would be approximately 8 cancersin a population of 100,000 persons, also
considered alow increased cancer risk.

14



Lincoln Elementary School A At e

The true cancer risks at this site cannot be determined due to variability and uncertainty in
severa parameters. The calculated risks are estimates based on available information and could
be higher or lower than the true risk.

Uncertainty

Although there is some uncertainty surrounding the magnitude of the carcinogenic potential of
arsenic, there isa strong scientific basis for choosing a slope factor that is different from the
value (1.5 per mg/kg-day) currently listed in the EPA IRIS database. Several recent reviews of
the literature have evaluated bladder and lung cancer endpoints instead of skin cancer (which is
the endpoint used for the current IRIS value):

National Research Council (2001) %

EPA Office of Drinking Water (2001) %

Consumer Product Safety Commission (2003) %

EPA Office of Pesticide Programs (2003) %/

California Office of Environmental Health Hazard Assessment (2004) %
EPA IRIS Review Draft for the SAB (2005) %

Information provided in these reviews allows the calculation of slope factors for arsenic which
range from 0.4 to 23 per mg/kg-day (but mostly greater than 3.7). The recent EPA IRIS review
draft presented a slope factor for combined lung and bladder cancer of 5.7 per mg/kg-day. The
slope factor calculated from the work by the National Research Council is about 21 per mg/kg-
day. These slope factors could be higher if the combined risk for all arsenic-associated cancers
(bladder, lung, skin, kidney, liver, etc.) were evaluated. For this Health Consultation, DOH used
aslope factor of 5.7 per mg/kg-day, which appears to reflect EPA’ s most recent assessment.

Exposure reduction actions

Past remedial actions such as the installation of wood chips and a geotextile fabric over
contaminated soil in playground areas and the installation of a sprinkler system to promote better
grass cover have likely helped reduce exposure. However, these measures may not be reliable or
permanent barriers to prevent contact with soil contaminated with lead and arsenic. For instance,
grass cover barriers seem to limit or reduce exposure over bare soil; nonethel ess, some studies
indicate that exposure to lead and arsenic may occur even when a child comes in contact with the
grass.® In terms of exposure reduction activities, DOH believes that interim remedial activities
such as maintenance of wood cover and irrigation systems are unlikely to provide an effective,
permanent barrier to limit exposure. Risks may ariseif the covers are not well maintained over
the long-term.
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Child Health Considerations

Children’s school and residential exposure scenarios were evaluated in this document to

determine if children’s exposures were of public health concern. ATSDR and DOH recognize

infants and children are susceptible to developmental toxicity that can occur at levels much lower

than those causing other types of toxicity. Infants and children are also more vulnerable to

exposures than adults. The following factors contribute to this vulnerability at this site:

C Children are more likely to play in contaminated outdoor areas.

C Children often bring food into contaminated areas, resulting in hand-to-mouth activities.

C Children are smaller and receive higher doses of metals exposure per body weight.

C Children are shorter than adults, therefore they have a higher possibility to breathe in dust
and soil.

C Fetal and child exposure to lead can cause permanent damage during critical growth
stages.

These unique vulnerabilities of infants and children demand special attention in communities
with contamination of their water, food, soil or air. Children’s health was considered in the
writing of this health consultation and the exposure scenarios treated kids as the most sensitive
population being exposed.

It is expected that children will be present throughout the school year and may use the outdoor
playgrounds and other facilities even when school is not in session. Children’s activities on the
school property and residential homes may result in frequent, significant exposure to soil
contaminants. The implementation of interim remedial actions at the site will help reduce or
prevent children from making contact with the contaminated soil that remains on-site. However,
children, who are most susceptible to the contamination, may be exposed at home where
potentially high levels of lead and arsenic may be present in the soil.

Conclusions

Based on available information contained in this Health Consultation, DOH has reached the
following conclusions:

1. Soil arsenic and lead concentrations at Lincoln Elementary School exceed health-based
comparison values. Lead and arsenic levels al'so exceed MTCA cleanup values, and in
many areas, Ecology’ sinterim action levels for schools.

2. Children who play in contaminated historic orchard soils at Lincoln Elementary are
exposed to lead and arsenic, especialy in situations where they come in contact with
unvegetated or bare dirt. The health risk from this exposure is of concern over long
periods of time. The likelihood that children’s exposure to lead and arsenic will lead to
illness depends on the frequency with which they come in contact with the soil and the
amount of soil they might ingest. For most children, the long-term health risks are low,
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but there are some children who may be exposed to lead and arsenic frequently enough to
be of concern.

Children can be exposed to lead and arsenic by ingestion of the contaminated soil in play
areas and inside where contaminated soil has been tracked into the school. While most
areas have a dense mat of grass that helps limit (but not eliminate) exposure, there are
patches of exposed soil that are present on the baseball field and other locations where
exposure to the contaminants is more likely. Materials, such as grass and gravel, that are
currently covering contaminated soil depend on regular monitoring and maintenance to
be effective and may not be reliable in the future. DOH concludes that current and future
long-term chemical exposures (> 1 year) at the site could result in harmful health effects
in exposed people. Therefore, a current and future public health hazard exists until
exposure to contaminated soil is reduced or eliminated. Increased exposures are possible
if the school failsto monitor and repair any damage that occurs to the cover materials
that currently exist.

Although most children’'s risks are low and manageable, low risks are not zero risks.
Regulatory agencies such as Ecology are taking prompt actions to remediate soil lead and
arsenic contamination. Ecology has chosen to be proactive and reduce risks to children by
cleaning up releases of hazardous materials rather than treat illnesses after they occur.
This cleanup effort for schoolsis also part of the Governor’s “Healthy Washington”
initiative. DOH isworking in partnership with Ecology to address environmental cleanup
actions and long-term health risks when children play in contaminated soils.

Data are unavailable for additional exposure scenarios such as those at home and day
cares for the same children who attend this school. Homes built on old orchard lands can
potentially have elevated levels of these contaminantsin the soil. The full extent of soil
contamination in residential areas that Lincoln Elementary School servesis unknown
because these areas have not been sampled. Consequently, DOH is unable to evaluate the
added risks from lead and arsenic contamination in residential areas that may have been
built on old orchard lands.

Data are unavailable for additional exposure scenarios such as those at home and day
cares for the same children who attend this school. Homes built on old orchard lands can
potentially have elevated levels of DDT in the soil. DOH is unable to evaluate the added
risksfrom DDT contamination in residential areas that may have been built on old
orchard lands.

Recommendations

1. Because lead and arsenic are present in the school playgrounds at levels of health
concern, DOH recommends that actions be taken to reduce or eliminate exposure to
the contaminants. Permanent actions that effectively reduce or eliminate exposure are
preferable to actions that are less effective or permanent. Removal of contaminated
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soil and replacement with a cover of clean material isthe most effective, permanent
method to eliminate exposure. Covering contaminated soil with clean material can
effectively reduce or eliminate exposure, but may not be a permanent solution
because of the potential for the cover to fail in the future. DOH understands that these
solutions can be costly and recommends that schools try to integrate actions that
mitigate contaminated soil levels with other planned remodeling or renovation
activities.

2. Children should be discouraged from playing in areas that have bare soil or that are
known to have higher concentrations of lead and arsenic.

3. Until more permanent remedial measures are in place, the Wenatchee School District
and the Principal of the School should monitor grassed areas, wood bark cover,
irrigation systems, and hard surface walkways to confirm that they are in good
condition and continue to provide effective reduction of exposure to contaminants
that remain on-site. Any deficiencies should be corrected.

4. DOH recommends exposure reduction health education efforts for families living
within the footprint of old orchard lands.

5. DOH recommends residents test their soil in homes built in former orchard lands.
6. DOH recommends soil testing in day cares built on former orchard lands.

7. Since the presence of DDT is unknown in historic orchards soil DOH recommends
investigating a pilot project regarding soil testing for DDT in schools and/or
residential homes built on former orchard lands.

Public Health Action Plan

1. The School District has already implemented remedial activitiesto reduce exposure
of kidsto contaminants on-site. The Department of Ecology is available to assist the
school district with further actions.

2. DOH, Chelan-Douglas Health District and school officials will conduct outreach and
education activities, as appropriate, to provide concerned citizens with health
education information. These activities may include a poster presentation to be
displayed at a public location, site-specific fact sheets, or attendance at public
meetings. Materials and activities will be appropriate for the age and education level
of the intended audience.

3. Exposure to contaminants at the school and residential properties can be reduced if
children and adults follow the soil safety guidelines below.

0 Useplenty of soap and water

18
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0 Wash your hands after playing or working outside, especially before eating.
0 Launder heavily soiled clothing separately.
0 Wash children’stoys, bedding and pacifiers frequently.

e Garden safely

0 Wear gloves while gardening and wash vegetables before eating them.
0 Cover up exposed soil in your yard by growing grasson it or cover with mulch.
0 Avoid muddy soil that cling to clothing, toys, shoes, hands or feet.

e Mop, dust and vacuum

0 Wash anything that has come in contact with soils before entering your home.

0 Implement regular damp mopping to avoid breathing indoor housedust.

0 Vacuum carpets and rugs frequently, plus wet mop and/or wet dust all other
surfacesin your home.

0 Remove shoes before entering your home to avoid tracking soil into your house.

e Keep petsclean

0 Wipe down pets before you let them inside.

0 Keep your pets clean. Brush and bathe them regularly.

O Restrict your petsto areas of your home that are free from carpeting and
upholstery. Give pets their own sleeping spots.

e Eat ahealthy diet

o0 Eat healthy. Foods that contain the daily recommended amounts of iron and
calcium help to decrease the absorption of lead.
o0 Prevent children from eating dirt.

Thisinformation will be distributed to parents and community residents living within the school
boundaries of Lincoln Elementary School. The school district and DOH will notify them about
these simple steps to reduce and limit exposure to soils at school and at home.

1. DOH will be available to consult on the appropriateness and efficacy of future
remedial actions.

2. DOH will analyze aerial photos from historical orchard lands (1940s) to identify how
the footprint of former orchard lands match residences within the school boundaries
(Figure 4). Once susceptible popul ations and/or people living in old orchard lands are
identified within the school boundaries, DOH will coordinate efforts with school
officials to implement outreach and health education activities.
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3. DOH will work with Ecology and the Chelan-Douglas Health District to determine
the value and need for additional efforts such as blood lead screening for children and
residential soil sampling.
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Figure 1. Lincoln Elementary School, Wenatchee, Washington.
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Figure 2. Farmers spraying Lead Arsenate in pears and apples in Eastern
Washington.
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Washington.

Figure 3. Directions for spraying lead arsenate in deciduous fruit trees, Eastern
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Figure 4. Map of Wenatchee Historic Orchard Lands, Wenatchee, Washington.
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Appendix A

This section provides inputs and calculations for the IEUBK model. The following inputs to the
model were used to account for exposures at Lincoln Elementary School and residential areas.

The fraction of hours the child is awake and potentially exposed for each |ocation was cal cul ated
asfollows:

Apportioning exposure across locations according to hours awake:

Exposure frequency during school

Fshool = 8 hours/day x 5 days/week - 40 - 0.41
14 hourg/day x 7 days/week 98

Eight hours/day indicates the amount of time a child spends at school (indoor area and playing in
the school grounds).

Exposure frequency at home

Frome = 14 hours/day x 7 days/week -1
14 hours/day x 7 days/week

Apportioning exposure across |ocation according to school and non-school months
EF school = (*school months/ 12 months) = 6/12 = 0.5

* The traditional calendar for Wenatchee Public Schools for 2005 and 2006 instructional
calendar corresponds to 180 days.

EF home = (1‘ EF g;h00|) = 1 - 0.5 = 0.5

The home fraction was cal culated by subtracting the fraction of hours spent at other locations
from 1.0; thus, the remaining time spent at homeis:

Deriving aweighted soil concentration from school and home DOH used the following equation:

PbS, = (Pbsschool X Fschool) + (PwameX I:home)

Where:

PbS,, = Weighted soil lead concentration from home and site (mg/kg).
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PbSscnoo = 95% UCL concentration at school and/or mean value at school

Fschool = Fraction of daily outdoor time spent at school

PbShome = Average soil lead concentration at home (ppm), (equals the default value of 200 mg/kg
set by EPA).

Instructional calendar for Wenatchee Public School = 180 days

Frome = Fraction of daily outdoor time at local background soil lead concentration (equals 1
MiNUS Fschool)-

PbS = Sail lead concentration

EF nome = Exposure frequency at site during vacation time and no school days

EF «nool = EXposure frequency at site during the school (instructional calendar)

PbS s = Soil lead concentration by apportioning total exposure

PbS, = (1193 mg/kg x 0.41) + (200 mg/kg x 0.59)
PbS, = (489.13 mg/kg) + (118 mg/kg)
PbS, = 607.13 mg/kg

Soil lead concentration by apportioning total exposure:

PBS total = (Pwame X EF home) + (PbSN X EFschooI)
= (200X 0.5) + (607.13 X 0.5)
= 100 + 303.57
= 403.57 mg/kg

The weighted soil lead concentration using the 95% UCL resultsin 607.13 mg/kg. The soil lead
concentration by apportioning total exposure corresponds to 403.57 mg/kg. 403.57 mg/kg was
used to run the IEUBK Model. The IEUBK indoor dust lead levels of 200 mg/kg were used as
the default or constant value to run the model (Table A1).

The weighted soil lead concentration using the mean value resultsin (Table A2):

PbS, = (441 mg/kg x 0.41) + (200 mg/kg x 0.59)
PbS, = (180.81 mg/kg) + (118 mg/kg)
PbS, = 298.81 mg/kg

Soil lead concentration by apportioning total exposure:
PbS tota = (Pwame X EF home) + (PbSN X EFschooI)
= (200 x 0.5) + (298.81 x 0.5)

=100 + 149.41
= 249.41 mg/kg
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Table Al. IEUBK input parameters and 95% UCL blood lead concentration values that exceed
10pg/dL within different age ranges at Lincoln Elementary School, Wenatchee, Washington.

IEUBK input | Valuesused for
parameters Lincoln School
Derived total 403.572
weight soil
concentration
(PbS total)
PbS school 1193 mg/kg
PbS home 200 mg/ kg °
f school 041
f home 0.59
EFsthool 0.5
EFtome 0.5
Exposure period | 180 days

2 Thisisthetotal weighted soil lead concentration based on the calculated 95% UCL soil lead concentration (1193

mg/kg).
® Corresponds to indoor dust lead levels (constant value).

|EUBK Output
Agerange| GM | % >10
(months) | PbB pg/dL
0-84 41 3.00
6-12 4.6 5.02
12-24 5.2 8.34
24-36 48 6.17
36-48 4.6 4.93
48-60 38 1.95
60-72 32 0.76
72-84 2.8 0.36

GM PbB: Blood |ead geometric mean
" Corresponds to the 95% UCL soil lead concentration values that exceed 10pg/dL at Lincoln School.

Children’ sintake of lead from soil and dust sources exhibit blood |ead levels greater than
10ug/dL for different age ranges at the school (Table Al).

31



Lincoln Elementary School

Table A2. IEUBK input parameters and mean blood lead concentration values that exceed
10pg/dL within different age ranges at Lincoln Elementary School, Wenatchee, Washington.

IEUBK input | Valuesused for
parameters Lincoln School
Derived total 249.41°3
weight soil
concentration
(PbStotal)
PbS school 441 mg/ kg
PbS home 200 mg/ kg °
f school 041
f home 0.59
EFsthool 0.5
EFtome 0.5
Exposure period | 180 days

2 Thisis the weighted total soil lead concentration based on the mean soil lead concentration (441 mg/kg).

® Corresponds to indoor dust lead levels (constant value).

|[EUBK Output *
Agerange| GM | % >10
(months) | PbB pg/dL
0-84 34 1.11
6-12 3.8 2.08
12-24 4.3 3.58
24-36 39 2.49
36-48 3.8 1.89
48-60 31 0.65
60-72 2.6 0.23
72-84 24 0.10

GM PbB: Blood |ead geometric mean
" Corresponds to the mean soil lead concentration values that exceed 10 pg/dL at Lincoln School.

Children’sintake of lead from soil and dust sources exhibit blood lead levels lower than 10ug/dL
for different age ranges at the school (Table A2).

32



Lincoln Elementary School

FND DISEAS!

REGISTRY

Appendix B

This section provides cal culated exposure doses and assumptions used for exposure to chemicals
in soil at the Lincoln Elementary School site. Three different exposure scenarios were devel oped
to model exposures that might occur at the site. These scenarios were devised to represent
exposures to 1) an older child (5-12 yrs old) and 2) an adult teacher. The following exposure
parameters and dose equations were used to estimate exposure doses from direct contact with

chemicalsin soil.

Exposureto chemicalsin soil viaingestion, inhalation, and der mal absor ption.

Total dose (non-cancer) = INgested dose + inhaled dose + dermally absor bed dose

I ngestion Route

Dose(non-cancer (mg/kg-day) = C X CEX IR X EF X ED
BW X ATron-cancer

Cancer Risk = Cx CEx IR x EF x CPF x ED
BW X AT cancer

Dermal Route

Dermal Transfer (DT)= Cx AEX ABSx AD x CF
ORAF

DO%(non-cancer (mg/kg-day) = DT X SA X EF X ED
BW X ATnon—cancer

Cancer Risk = DT x SA x EF x CPF x ED
BW X AT cancer

Inhalation of Particulate from Soil Route

BW X ATnon—cancer

Cancer Risk = Cx SMF x IHR x EF x ED x CPF x 1/PEF
BW X AT cancer
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Table B1l. Exposure Assumptions for exposureto arsenic in soil at Lincoln Elementary School

site — Wenatchee, Washington.

Parameter Value Unit Comments
Concentration (C) 164.9 and 95 mg/kg 95% U.CL detected valug, and meen value
respectively
. Converts contaminant concentration from
Conversion Factor (CF) 0.000001 kg/mg milligrams (mg) to kilograms (kg)
Ingestion Rate (IR) — adult 50
Ingestion Rate (IR) — child (5-6 200
years old) mg/day Exposure Factors Handbook *°
Ingestion Rate (IR) — older child (7-
100
12 years old)
Exposure Frequency (EF) 180 dayslyear Average daysin school year
. (5-6, and 7- Number of years at school (child, elementary
Exposure Duration (Ed) 12) YeIS | Shool age child, adult - teacher).
Body Weight (BW) - adult 70 Adult mean body weight
Body Weight (BW) — older child (5- . : pht 30
6 and 7-12 yrs. old) 21 and 35 kg Older child mean body weight
srosd)cl)l\él\)/a ght (BW) —child (0.5 -4 12 0.5-4 year-old child average body weight
Surface area (SA) - adult 5700
Surface area (SA) — older child 2800 cm? Risk Assessment Guidance (EPA) *
Surface area (SA) - child 2900
Averaging Time, (AT) 548, 730, days 8 years (K-5 grades)
on-eaneer 2190, 5293
Averaging Timegneer (AT) 27375 days 75 years
Cancer Potency Factor (CPF) 5.7E+00 mg/kg-day’ | CPF are presented in Table B3
Source: EPA Chemical Specific
. : Arsenic—0.03
24 hr. absorption factor (ABS) 0.03 unitless Inorganic — 0.001
Organic —0.01
Oral route adjustment factor (ORAF) 1 unitless Non-cancer (nc) / cancer (c) - default
Adherence duration (AD) 1 days Source: EPA
0.2 2 Child, older child
Adherence factor (AF) 007 mg/cm Adult
Inhalation rate (IHR) - adult 15.2
Inhalation rate (IHR) — older child 14 m*/day Exposure Factors Handbook *
Inhalation rate (IHR) - child 8.3
Soil matrix factor (SMF) 1 unitless Non-cancer (nc) / cancer (c) - default
Particul ate emission factor (PEF) 1.45E+7 m/kg Model Parameters
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Soil Route of Exposur e — Non-cancer

Table B2. Non-cancer hazard calculations resulting from exposure to arsenic in soil at Lincoln
Elementary School site — Chelan, Washington.

Estimated Dose MRL Hazard
i kg/d
CO::;?}T'— (t:r(;rt]iC(?rr]] Scenarios —— (mg/Dgrma;/) Total Dose quotient
(mg/kg) Ingestionof | Contact I;;?:iﬂ?;g (mg/kg/day)
Sl with Soil

Child5-6 | 4.46E-04 |[3.88E-05| 1.60E-07 | 4.85E-04 1.62

o5a |Child7-12 | 1.34E-04 |2.33E-05|7.76E-07 | 1.58E-04 0.53

Adult 3.35E-05 |8.01E-06| 7.02E-07 | 4.22E-05 0.14

Arsenic 3E-4

165° | Child5-6 | 7.75E-04 |6.74E-05| 7.48E-07 | 8.43E-04 2.81

Chile7-12 | 2.32E-04 |4.05E-05| 1.35E-06 | 2.74E-04 0.91

Adult 5.81E-05 |[1.39E-05| 1.22E-06 | 7.32E-05 0.24

& corresponds to the mean concentration value
® corresponds to the 95% UCL concentration value
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Soil Route of Exposure - Cancer

Table B3. Cancer risk resulting from exposure to contaminants of concern in soil samples from

Lincoln Elementary School site — Chelan, Washington.

. Total
e L RERA chnaﬁify Increased Cancer Risk e
Gzl tl?rr:‘gr;;g)an Céa:’locue‘r) Factor . Scenarios Incidental Dermal || 1 tion of Risk
n 2 Ingestion of|  Contact .
(mg/kg-day ™) <5l withSoil | Particulates
Child 5-6 |6.78E-05| 5.90E-06 | 3.27E-07 | 7.40E-05
Arsenic 95 A 5.7 Child 7-12 [6.10E-05| 1.06E-05 | 5.89E-07 | 7.22E-05
Adult 3.69E-05| 8.83E-06 | 8.00E-07 | 4.65E-05
C t Cancer . Total
oncentra; epa Increased Cancer Risk CarEsT
Contaminant| to0 UCL cancer iy Scenarios - Risk
95% Factor Incidental Dermal :
Group 1 Ingestion of|  Contact | 'Mhalation of
(mg/kg) (mg/kg-day™) ng=iEn@ o Particul ates
Soil with Sail
Child5-6 |1.18E-04| 1.02E-05 | 5.69E-07 | 1.29E-04
Arsenic 165 A 57 Child 7-12 |1.06E-04| 1.84E-05 | 1.02E-06 | 1.25E-04
Adult 6.40E-05( 1.53E-05 | 1.39E-06 | 8.07E-05
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Certification

This Evaluation of Soil Contamination at Lincoln Elementary School, Wenatchee Washington
Public Health consultation was prepared by the Washington State Department of Health under a
cooperative agreement with the federal Agency for Toxic Substances and Disease Registry
(ATSDR). It was completed in accordance with approved methodol ogies and procedures existing
at the time the health consultation were initiated. Editorial review was completed by the
Cooperative Agreement partner.

Technical Profect Officer, CAT, SPAB, DHAC

The Division of Health Assessment and Consultation (DHAC), ATSDR, has reviewed this health

consultation and concurs with its findings.

Team Lead. C. u )[1-:; DHAC &f

J
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