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PUBLIC HEALTH ASSESSMENT
ITl @1/

NATIONAL ZINC COMPANY 
BARTLESVILLE, WASHINGTON COUNTY, OKLAHOMA

ENVIRONMENTAL CONTAMINATION AND OTHER HAZARDS

A. On-Sjte Coataminatioa

Because the proposed National Priorities List (NPL) site incorporates die Zinc Corporation of America facility and all 
of the known site-related lead and cadmium surface soil contamination in Washington and Osage Counties, there is no 
"off-site" contamination. Therefore, this Public Health Assessment does not contain a separate section or discussion of 
"off-site" contamination. This section of the Public Health Assessment is divided into two subsections. The first 
subsection discusses the environmental contamination found on the Zinc Corporation of America facility. The second 
subsection is concerned with any environmental contamination found in the community surrounding the Zinc 
Corporation of America facility which could have originated from National Zinc Company (NZC).

In order to determine what environmental contaminants may be a concern, the Agency for Toxic Substances and 
Disease Registry (ATSDR) has evaluated all of the available environmental monitoring data (1971 through 1994). 
Comparison values were used as a basis for evaluation of the data and to determine which contaminants should be 
looked at more closely. Comparison values are estimated health-based environmental concentrations below which no 
known or anticipated adverse effect on the health of persons should occur. The values allow an adequate margin of 
safety. Appendix 2 contains descriptions of the comparison values used in this Public Health Assessment.

A contaminant is selected for further evaluation if the contaminant concentration in a valid environmental sample 
exceeds comparison values. The presence of a contaminant on the lists in the tables of this section does not mean that 
either exposure to the contaminant or adverse health effects has occurred or will occur. Inclusion in the list indicates 
only that the potential for human exposures to the selected contaminants and the potential for adverse human health 
effects as a result of any exposures to the selected contaminants will be discussed in more detail in later sections of this 
Public Health Assessment

1. Environmental Contamination at the zinc Corporation of America Facility

Ecology and Environment, Inc., inspected the facility on June 2-4,1981, for EPA (IS). Water and soil samples were 
collected to assess the extent of contamination at the facility. A surface water and sediment sample was taken from 
Reservoir A, one of the five wastewater impoundments. A groundwater sample was taken from each of the four 
monitoring wells at the facility. Soil samples (depths not provided) were collected at three locations. Additional 
samples (depths not provided) were collected from the residue piles at the facility. No volatile or semi-volatile organic 
compounds were detected at levels above comparison values in any of the samples.

On November 12-13,1991, U.S. Environmental Protection Agency (EPA) personnel conducted a compliance 
evaluation inspection (CEI) at the Zinc Corporation of America facility (12). Eighteen samples were taken at the residue 
piles. During the CEI, the inspectors observed that the piles were marked on all sides by erosion patterns and 
surrounded by water which remained from a recent rain.

On February 18,1992, the owners of the Zinc Corporation of America facility sampled the groundwater under the 
facility from 36 groundwater monitoring wells (12). These samples were analyzed for total metals (arsenic, antimony, 
barium, beryllium, cadmium, chromium, cobalt, copper, lead, mercury, mercury, nickel, silver, selenium, thallium, tin, 
vanadium, and zinc). The results of the analyses were reported in the Resource Conservation and Recovery Act (RCRA) 
permit application submitted by the owners of the Zinc Corporation of America facility.

As required by the EPA RCRA corrective action order of August 1993, the present owners of the Zinc Corporation of 
America facility have conducted ambient air monitoring near the residue piles and have investigated whether the 
groundwater metal contamination found at the facility has migrated off the facility (13.14). The results of the ambient

1 of 17 10/6/2006 10:41 AM

http://www.atsdr.cdc.gov/HAC/PHA/ziiic/nzc_p2.html%23PUBLIC


ATSDR - PHA - NATIONAL ZINC COMPANY, BARTLESVILL... http://www.atsdr.cdc.gOv/HAC/PHA/zinc/nzc_p2.html#PUBLIC

<1

air monitoring indicates that the interim dust suppression method is preventing any significant emissions from the 
residue piles. The groundwater monitoring investigation indicates that some of the groundwater contamination at the 
facility has migrated towards the south and northwest (arsenic <0.002-0.012 milligrams of arsenic per liter of water 
[mg/L], <0.02-0.3 mg/L of lead, <0.01-0.03 mg/L of nickel, and 0.4-12.8 mg/L of zinc). Some of the metal 
concentrations found just off the facility are above health comparison values (0.00002 mg/L for arsenic, 0.007 mg/L for 
cadmium, 0.1 mg/L for nickel, and 3.0 mg/L for zinc; there is not a health comparison value for ingesting lead). 
However, the concentration of metals in groundwater off the Zinc Corporation of America facility are significantly less 
than that found on the facility.

Table 1 shows which contaminants at the facility were detected at levels above comparison values during the 1981,
1991, 1992,1994 inspections and investigations (12-16).

No stack monitoring, (air emission) data is available for the NZC facility. It has been estimated that the facility 
discharged approximately 1,500 tons (3 million pounds [lbs]) of particulate matter per year before 1976 (7). A review of 
the EPA Toxic Chemical Release Inventory (TRJ) database indicates Zinc Corporation of America released an average 
of 3,429 lbs of lead, 1,474 lbs of cadmium, and 23,600 lbs of zinc into the air each year from 1987 to 1991 (17).

NZC also discharged sulfur dioxide to the ambient air (16). In July 1977, a major malfunction occurred at the NZC 
sulfuric acid recovery plant. This malfunction resulted in

Table 1 - Environmental Contaminants Detected Above Health Comparison Values 
at the Zinc Corporation of America Facility in 1981,1991,1992,1994 (12-16)

Contaminant Surface
Water

(mg/L)*

Range in 
Groundwater 

(mg/L)

Comparison 
Value for 
Ingestion 
(mg/L)**

Sediment
(mg/kg)*

Range 
in Soil 

(mg/kg)

Range in 
Residue 

Piles 
(mg/kg)

Comparison 
Value for 
Ingestion 
(mg/kg)**

Range in 
Ambient 

Air
(ug/m3)

Com
Val
Inht
(M&

Arsenic 30 <10-20 0.00002 147 30-184 1.1-4,350 0.4 NR 0.(

Cadmium 21.2 0.02-3,530 0.007
(EMEG)

749 158-230 14­
40,700

1
(EMEG)

<0.005­
0.22

o.<
(Cl

Lead 1.8 <0.04-2.35 None 3250 829­
3,220

924­
18,100

None <0.02­
0.58

N

Manganese 22.1 0.1-0.87 0.05 NR NR 13,000­
444,000

10 NR

Nickel 1.4 <0.02-0.06 0.1 70.7 17.4­
70.7

96­
18,800

5.8 NR

Zinc 760 0.33-8,100 3.0 90,600 4,400­
34,500

8,200­
782,000

600 NR

* - This indicates only one environmental sample was taken.
** - See Appendix 2 for a description of the comparison values and their sources.
mg/L - milligrams of contaminant per liter of water, mg/kg - milligrams of contaminant per kilogram of soil, /rg/m3 - mil 
contaminant per cubic meter of air, NR - not reported or analyzed.

significantly more sulfur dioxide being discharged than was regularly discharged. Once released to the ambient air, 
sulfur dioxide converts to sulfuric acid. Residents near the plant reported to the EPA that vegetation damage and human 
respiratory damage occurred because of the malfunction. From July 28 through September 26,1977, EPA monitored 
the ambient air surrounding NZC. Based upon this investigation, EPA concluded that the July incident occurred because 
of operator error. Long-term emissions from NZC (not just the one event) may have damaged local plants, and certain 
metals (i.e., lead, zinc, iron, and copper) were found to increase in the ambient air downwind from the plant.
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2. Environmental Contamination found in the Surrounding Community

Environmental sampling of surface soil, drinking water, ambient air, and sediment has been conducted in the 
community surrounding the current Zinc Corporation of America facility since the late 1970s. Table 2 presents results 
of the historical sampling efforts by EPA and others (1977-1982) (3-6), while Table 3 presents the results of the most 
current EPA environmental sampling effort (Phases I, II, and III) 08-20). Also included in Table 3 are the results of the 
Remedial Investigation conducted by the Potentially Responsible Parties (11).

During the current EPA surface soil sampling effort, cadmium was detected 12.6 percent of the time (167/1324) above 
the action level (30 milligrams of cadmium per kilogram of soil [mg/kg]), while lead was detected in surface soil 
samples 12.1 percent of the time (160/1324) above the action level (500 mg/kg). The spatial distribution of these metals 
is coincident with a point source air emission (i.e., the highest levels detected are nearest the former NZC smelter and 
the surface soil contamination is downwind of the facility) (18).

In addition to comparing the detected concentrations of metals found in surface soils to health based comparison values, 
it is also prudent to identify whether the detected levels are within the ranges for background or normal soil levels, 
especially when only a limited number of the soil levels are above the comparison value. According to the U.S. 
Geological Survey, the typical soil background levels of arsenic, nickel, and zinc are <0.1 to 97 mg/kg, <5 to 700 
mg/kg, and 10 to 2,100 mg/kg, respectively. Arsenic was detected above the maximum background level of 97 mg/kg in 
only 1.6 percent (23/1421) of the samples analyzed in 1991-1992. Because arsenic has been used in various commercial 
products (e.g., pesticides) and the spatial distribution of the elevated arsenic results is not coincident with air emissions 
from the NZC facility; the arsenic found in the Bartlesville residential soils does not appear to be a site related 
contaminant. (Note: Arsenic is found at the facility in the soil and residue piles). Because nickel was not detected above 
background levels in residential surface soils, this metal is not considered to be a site related contaminant. Zinc was 
detected above background levels in 19.6 percent (260/1324) of the samples taken in 1991-1992. In addition, the spatial 
distribution of zinc is coincident with a point source air emission coming from NZC. Therefore, zinc should be 
considered a site-related contaminant.

Table 2 - Environmental Contaminants Detected Above Health Comparison Values In the Surrounding
Community

Near the Zinc Corporation of America Facility, 1977-1982 (3-6)

Contaminant Range in 
Surface 

Soil 
(mg/kg)

Range in 
Sediment 
(mg/kg)

Comparison 
Value for 
Ingestion 
(mg/kg)*

Range in 
Drinking 

Water 
(mg/L)

Comparison 
Value for 
Ingestion 
(mg/L)*

Range in 
Air

Oug/m3)

Comparison 
Value for 
Inhalation 
(jt g/m3)*

Comparison
Value

Source*

Arsenic 37-84 59-64 0.4 <0.010 0.00002 NR 0.0002 CREG

Cadmium <1-500 115-278 1
(EMEG)

<0.002 0.007
(EMEG)

<0.03­
0.26

0.0006
(CREG)

EMEG&
CREG

Lead 8-3,008 1,100­
1390

None 0.004­
0.007

None 0.17-2.5 None None

Manganese NR NR 10 <0.02 0.05 NR 1 RMEG

Nickel 18-32 78-86 5.8 NR 0.1 NR 2 RMEG

Zinc 260­
38,300

18,100­
21,100

600 0.007­
0.055

3.0 NR 57 RMEG

* - See Appendix 2 for a description of the comparison values and their sources, 
mg/kg - milligrams of contaminant per kilogram of soil 
mg/L - milligrams of contaminant per liter of water 
fig/m3 - micrograms of contaminant per cubic meter of air
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NR - not reported or analyzed

Table 3- Environmental Contaminants Detected Above Health Comparison Values in the Surrounding Comn 
Near the Zinc Corporation of America Facility, 1991-1994 (11,19-20)

Contaminant Range in 
Surface 

Soil
(mg/kg)

Range in 
Sediment 
(mg/kg)

Comparison 
Value for 
Ingestion 
(mg/kg)*

Range in 
Surface 
Water 
(mg/L)

Range in 
Drinking 

Water
(mg/L)

Comparison 
Value for 
Ingestion 
(mg/L)*

Range
in

Air
(//g/m3)

Comparison 
Value for 
Inhalation 
(//g/m3)*

O

Arsenic 0.5-1,000 11-165 0.4 0.001­
0.0028

<0.015 0.00002 <0.05 0.0002

Cadmium 0.2-1,372 16-462 1
(EMEG)

<0.001­
0.398

<0.002 0.007
(EMEG)

<0.002­
0.61

0.0006
(CREG)

1

Lead 0.84­
11,908

19-2,566 None 0.001­
0.013

<0.005­
0.035

None 0.05-6.8 None

Manganese NR NR 10 NR NR 0.05 NR 1

Nickel NR NR 5.8 NR NR 0.1 NR 2

Zinc 13.7­
109,000

27-18,300 600 0.022-15.6 NR 3.0 0.01-18 57

* - See Appendix 2 for a description of the comparison values and 
mg/kg - milligrams of contaminant per kilogram of soil 
mg/L - milligrams of contaminant per liter of water 
//g/m3 - micrograms of contaminant per cubic meter of air
NR - not reported or analyzed

their sources.

During the Remedial Investigation, 4 surface soil samples were taken from gardens located in the area of Bartlesville 
with the highest surface soil contamination (south of West Hensley Boulevard and west of Short Avenue) (11). 
Analytical results of these samples found 3.7 to 12.9 mg/kg of arsenic, 3.2 to 66.6 mg/kg of cadmium, 65.4 to 339 
mg/kg of lead, and 564 to 6,680 mg/kg of zinc. Surface soil samples were also taken from 12 gardens in Oak Park 
Village. Analytical results of these samples found 2.6 to 9.3 mg/kg of arsenic, 0.7 to 11.4 mg/kg of cadmium, 11.2 to 
194 mg/kg of lead, and 86.9 to 1,020 mg/kg of zinc.

Surface water and sediment samples were taken from drainage ditches, the North Tributary, and the West Tributary 
through which storm water from the Zinc Corporation of America facility flows (11.181. In addition, surface water and 
sediment samples were taken from the Eliza Creek, the Sand Creek, and the Caney River. Analytical results of the 
samples indicate that arsenic, cadmium, lead, and zinc are present in the ditches, tributaries, and creeks above 
background levels. Most of the high concentrations of these contaminants were found in the drainage ditches, the North 
Tributary, and the West Tributary near the facility. The highest concentrations were found in the North Tributary. 
Analytical results of samples taken from the Sand Creek and the Caney River indicate that arsenic, cadmium, lead, and 
zinc are at background levels within these bodies of water.

EPA has conducted two ambient air monitoring studies in the community surrounding NZC. The first study was 
conducted shortly after the major malfunction at NZC in 1977 (16). The analytical results of samples taken indicated 
that the air contained cadmium at concentrations of less than 0.03 micrograms of cadmium per cubic meter of air 
(//g/m3) (the analytical detection limit) to 0.26 //g/m3 downwind of NZC. Lead was detected at 0.17 //g/m3 to 2.5 //g/m3 
during the 1977 study.
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The second EPA ambient air monitoring study was conducted in 1992. This study found cadmium and lead 
concentrations of less than 0.002 to 0.61 /rg/m3 and 0.05 to 6.8 /rg/m3 respectively (16). However, the highest level of 
cadmium detected (0.61 /rg/m3) was invalidated because the location where this sample was taken was more 
representative of street dust than ambient air concentrations.

The City of Bartlesville Water Department has taken 135 drinking water tap samples (1992-1993). All of these samples 
were taken without flushing the standing water from the household pipes (first draw). The Oklahoma State 
Environmental Laboratory analyzed all of the samples for lead. According to the laboratory analysis, only 2 of the 135 
tap samples (1.5 percent) contained lead above the laboratory detection limit of 0.005 mg/L (0.035 and 0.007 mg/L). 
Both of these drinking water taps had been sampled previously. Analytical results for the previous sampling period did 
not find lead above the laboratory detection limit of 0.005 mg/L (20). The two samples containing lead above detection 
levels probably represent lead pipe solder within those homes and not site-related contamination.

The City of Bartlesville Water Department also takes drinking water samples to determine whether the city drinking 
water contains any chemicals above the EPA Safe Drinking Water Act Maximum Contaminant Levels. Analysis of 
these samples was conducted by the Oklahoma State Environmental Laboratory. The analytical results indicate that 
there are no chemicals in the City of Bartlesville drinking water above health comparison values (20).

B. Quality Assurance and Quality Control .

ATSDR was able to obtain quality assurance and quality control (QA/QC) information for most of the data presented in 
this Public Health Assessment. This information indicates appropriate QA/QC was performed for the samples. The 
conclusions presented in this Public Health Assessment are based in part on the data presented. The validity of the 
conclusions, therefore, depends on the accuracy and reliability of the data provided.

C. Physical and Other Hazards

No physical or other hazards, except those normally found at an industrial facility or residential area, were noted during 
the ATSDR site visit.

D. Review of Toxic Chemical Release Inventory (TRI) Data

To identify possible facilities that could contribute to the surface soil contamination in Bartlesville, ATSDR searched 
the 1987 to 1991 files of the Toxic Chemical Release Inventory (TRI) databases for the zip codes where the site is 
located (74003,74004,74005, and 74006) (17). TRI was developed by the EPA from chemical release information (air, 
water, and soil) provided by certain industries.

Several limitations of TRI data should be noted (21). The air release data in TRI may be estimates or actual 
measurements. Many of the reported data are estimates based on conservative (overestimated) scenarios. Consequently, 
the levels of emissions recorded in TRI are often biased on the high side. In addition, reporting is restricted to specific 
chemicals that are used or released above specified amounts. Finally, it is believed there have been and still are 
industries that do not report releases. Smaller industries may not be aware that reporting requirements exist or that they 
are responsible for such reports.

The search of TRI indicates that four facilities within the selected zip codes have discharged chemicals to the 
environment (17). Only Zinc Corporation of America and B& W Micronutrients reported discharging any of the 
chemicals identified in this Public Health Assessment. As previously discussed. Zinc Corporation of America released 
to the air an average of3,429 lbs of lead, 1,474 lbs of cadmium, and 23,600 lbs of zinc each year for the years 1987 to 
1991. B&W Micronutrients reported releases to the air of an average of2,025 lbs of zinc each year for the years 1988 to 
1991. These air releases should not contribute significantly to the surface soil contamination in Bartlesville.

PATHWAY ANALYSES

In this section of the Public Health Assessment, the possible environmental exposure pathways are evaluated to help 
determine whether individuals have been, are being, or will be exposed to site-related contaminants. The pathway
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analysis consists of five elements:

1. identifying contaminants of concern possibly related to the site;

2. determining that contaminants have been, are being, or will be transported through an environmental medium;

3. identifying a point of exposure (i.e., a place or situation where humans might'be exposed to the contaminated 
media);

4. determining that there is a plausible route of human exposure (i.e., can the contaminant enter the body?); and

5. identifying an exposed population (i.e., how many people, if any are at the point of exposure?).

An environmental exposure pathway is considered complete when there is good evidence that all five elements exist 
(22). The presence of a completed pathway indicates that human exposure to contaminants has occurred in the past, is 
occurring, or will occur in the future. When one or more of the five elements of an exposure pathway are missing, that 
pathway is considered potential. The presence of a potential exposure pathway indicates that human exposure to 
contaminants could have occurred in the past, could be occurring, or could occur in the future. An exposure pathway 
can be eliminated from consideration if at least one of the five elements is missing and will never be present. If there is 
uncertainty about the site-relatedness of the contaminants of concern in an exposure pathway, the pathway will be 
evaluated as if the contaminants were site-related.

The completed environmental exposure pathways, the potential environmental exposure pathways, and the specific 
pathways eliminated from consideration are discussed below. In addition. Appendix 3, Tables 1 and 2, present the 
estimates of the number of exposed individuals at the proposed NZC NPL site. The population estimates are based upon 
the information contained in the EPA Hazard Ranking System Report for the proposed NZC NPL site (the number of 
residences within an one mile-radius from the facility) (23).

A. Completed Environmental Exposure Pathways

There is good evidence that people have been, are being, and will continue to be exposed to surface soil contamination 
through ingestion, inhalation, and skin contact at the proposed National Zinc Company (NZC) National Priorities List 
(NPL) site (the "Surface Soil" pathway). In addition, people have been exposed to direct ambient air discharges from 
past operations at the NZC facility through inhalation, ingestion, and skin contact (the "Air" pathway).

1. Surface Soil

Analysis of surface soil samples (0-3 inches) clearly demonstrates cadmium, lead, and zinc contamination at levels 
above health comparison values. The contaminated surface soil is found at the Zinc Corporation of America facility and 
in the surrounding residential areas. Individuals, primarily children, will be exposed to the surface soil contamination 
via inadvertent consumption and skin contact with the soil on hands or food items, mouthing of objects, or the ingestion 
of nonfood items (pica). In addition, these individuals will inhale the soil contaminants whenever the surface soil is 
disturbed (e.g,, dust and particulate matter). All children mouth or ingest nonfood items to some extent. The degree of 
pica behavior varies widely in the population, and is influenced by nutritional status and the quality of care and 
supervision. Groups that are at increased risk for pica behavior are children aged 1 to 3 years old, children from families 
of low socioeconomic status, and children with neurologic disorders (e.g., brain damage, epilepsy, and mental 
retardation).

Analysis of surface soil and residue pile samples at the smelter facility revealed cadmium, lead, and zinc contamination 
at higher levels than those found in the residential soils. Therefore the workers at the smelter can ingest, inhale, and 
have skin contact with the surface soil and residue pile contamination.

The blood lead studies funded by the Agency for Toxic Substances and Disease Registry (ATSDR) and performed by 
the Oklahoma State Department of Health (OSDH and the Oklahoma Department of Environmental Quality (ODEQ) in 
1991 and 1992 clearly indicate that blood lead levels in children are higher in the area where surface soils are 
contaminated with high levels of lead (see discussion in the Health Outcome Data Evaluation section). These studies 
strengthen the determination that people have been, are being, and can be exposed to surface soil contamination.
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2. Air

No stack monitoring data are available for the operational activities that occurred at NZC in the past. However, it has 
been estimated that the facility smelter discharged approximately 1,500 tons (three million pounds [lbs]) of particulate 
matter per year into the ambient air prior to 1976. The chemical makeup of the particulate matter would have included 
the metals detected in the residue piles and in the residential soils (primarily cadmium, lead, and zinc). The 1977 and 
1992 ambient air monitoring indicated that cadmium and lead were being discharged into the ambient air from the 
smelter. In addition, the magnitude of the air discharges is reflected by the very high levels of surface soil 
contamination found at the facility and in the residential soils; the primary cause of the residential soil contamination is 
air deposition of air discharges from the smelters. Therefore, individuals working at the smelters and/or living near the 
NZC facility would have inhaled, ingested, and experienced skin contact with the particulate matter being discharged by 
NZC.

The 1975 and 1977 epidemiologic studies conducted in Bartlesville confirm that individuals were exposed to high 
levels of lead and cadmium (see discussion in the Health Outcome Data Evaluation section). These studies found that 
children in the Bartlesville area had higher blood lead and cadmium concentrations than the concentrations of children 
who did not live near a zinc smelter.

Since NZC changed the metal extraction process, the direct discharges to the ambient air have been greatly reduced. In 
addition, the facility attempts to mitigate the dispersion of metals from the residue piles by spraying the piles with a 
latex material.

Besides the particulate and metal discharges, NZC also discharged sulfur dioxide to the ambient air. The major 
malfunction that occurred at the NZC sulfuric acid recovery plant in July 1977 resulted in significantly more sulfur 
dioxide being discharged than is regularly discharged. Once released to the ambient air, sulfUr dioxide converts to 
sulfuric acid. Residents near the plant reported to the U.S. Environmental Protection Agency (EPA) that vegetation 
damage and human respiratory damage occurred because of that malfunction. Based upon the July 28 through 
September 26,1977, investigation, EPA concluded that the July incident occurred because of operator error; long term 
emissions from NZC may have damaged local plants; and certain metals (i.e., lead, zinc, iron, and copper) were found 
to increase in the ambient air downwind from the plant. Therefore, it is likely individuals were exposed (i.e., via 
inhalation, ingestion, and skin contact) to elevated levels of sulfuric acid in the ambient air.

B. Potential Environmental Exposure Pathways

People could potentially be exposed to site-related contaminants via sediment, surface water and biota. These potential 
pathways could have occurred in the past, could be occurring now, or could occur in the future. In addition, the ambient 
air could become contaminated whenever the residue piles at the Zinc Corporation of America facility or the 
contaminated subsurface soils (greater than 3 inches) are disturbed.

1. Sediment and Surface Water

Surface water runoff (storm water) and wastewater generated at the Zinc Corporation of America facility are retained 
and treated (sedimentation) in the facility impoundments and disposed of via two permitted injection wells. Under 
normal operational conditions no surface water or sediment from the facility should move off-site. However, the owners 
of the facility have reported off-site releases of storm water runoff because of overtopping of the impoundments during 
storms. Nine releases have been reported to the Oklahoma Water Resources Board (eight from 1985 to 1987 and one on 
May 4,1991).

Analysis of surface water and sediment samples from one of the facility wastewater impoundments and one of the 
ditches on the facility indicates that arsenic, cadmium, lead, manganese, nickel, and zinc could migrate beyond the 
facility boundaries. Analysis of sediment samples taken in the ditches, the North Tributary, and the West Tributary near 
the facility indicates that cadmium, lead, and zinc have migrated beyond the facility boundaries. Individuals could 
potentially be exposed to the sediment contamination via inadvertent consumption,.inhalation, and skin contact with the 
sediment. Ingestion, inhalation, and skin contact with the surface water contaminants could potentially occur during 
heavy storm. However, such exposures are not likely to occur very frequently.

It is unlikely that the general public would be exposed to the contaminated sediment and surface water at the facility,
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because access to the facility is restricted. The total facility is surrounded by an 8-foot fence and is patrolled 24 hours a 
day. Workers could potentially ingest, inhale, or have skin contact with the sediment and surface water at the smelter.

2. Biota

Any plants grown in the soils contaminated with cadmium, lead, and zinc will have-the tendency to incorporate the 
metals in the plant tissue (uptake) (24-26). In general, metals may accumulate on plant surfaces as a result of 
atmospheric deposition of dust or particles containing the metals. The metals may enter plant tissues through absorption 
of particles that adhere to foliage surfaces and/or via active transport through the roots. The higher metal concentrations 
in plants are found in the older parts of the plants.

During the October 1993 site visit, ATSDR staff members saw residential-area garden plots that could have high 
surface soil concentrations of cadmium, lead, and zinc. Analytical results of surface soil samples taken from garden 
plots within the affect areas of Bartlesville indicate that these gardens contain metal concentrations which are slightly 
elevated above back ground levels (11). These sampling results may be representative of present conditions. However, 
the metal concentrations in the past may have been higher until the tilling of the soil and importation of soil 
amendments each season reduced the metal concentration in the garden plots. Any plants grown in these plots before 
the metal concentrations were reduced may have accumulated higher cadmium, lead, and zinc concentrations than 
plants grown outside the contaminated area would accumulate. Therefore, individuals ingesting or experiencing skin 
contact with these plants may have been exposed to the metals accumulated in the plants.

Fish can bioaccumulate cadmium, lead, and zinc (24-26). However, analysis of surface water and sediment samples 
from Sand Creek and the Caney River indicate there is not any significant metal contamination in these bodies of water 
(11). Some elevated levels of cadmium, lead and zinc were found in the Eliza Creek near the location where the North 
Tributary connects to the Eliza Creek. Sand Creek and Caney River are used for recreational fishing. Some recreational 
fishing may take place in the Eliza Creek, but not as frequently. Therefore, it is not likely anyone would be exposed to 
any significant amount of metals from fish in the Eliza Creek, Sand Creek, or the Caney River.

3. Residue Piles and Subsurface Soils '

Because there are very high concentrations of metals in the residue piles (i.e., arsenic, cadmium, lead, manganese, 
nickel, and zinc) and in the residential subsurface soils (i.e, cadmium, lead, and zinc), these metals could be released to 
the ambient air as dust and particulate matter whenever the piles or soils are disturbed. During the October 19-20,1992, 
site inspection, EPA personnel observed particles being blown from some of the residue piles. Therefore, individuals 
(e.g,, workers) near the residue piles or residential soils whenever they arc distributed could potentially inhale, ingest, 
and have skin contact with the dust and particulate matter and be exposed to the metals.

The 1993 Resource Conservation and Recovery Act (RCRA) corrective action order requires the owners of Zinc 
Corporation of America to design and implement procedures to prevent particles from being blown from the residue 
piles (12). The owners of Zinc Corporation of America have implemented an interim dust suppression program. 
Analytical results of ambient air samples taken near the residue piles indicate that the interim dust suppression program 
has significantly reduced the emission of dust and particulate matter from the piles. Therefore, it is unlikely anyone 
should be exposed to a significant amount of dust or particulate matter from the residue piles; provided the dust 
suppression program continues to be implemented.

C. Specific Pathways Eliminated From Consideration

Two exposure pathways have been eliminated from consideration. These are human exposures to site-related 
contaminants in drinking water and groundwater.

1. Drinking Water ,

Analysis of samples from the Bartlesville drinking water supply system (past and present) did not detect any significant 
amounts of site related contaminants. Therefore, it is not likely that humans were exposed to site-related contaminants 
by ingesting drinking water. The drinking water source for the City of Bartlesville is north of the proposed NPL site and 
is not likely to become contaminated as a result of the proposed NZC NPL site.

2. Groundwater
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Analysis of samples taken from monitoring wells at and near the Zinc Corporation of America facility indicates that the 
groundwater directly under the facility is highly contaminated with arsenic, cadmium, lead, and manganese (i.e., above 
health comparison values) (12,13,14). The contamination has moved toward the northwest and south. However, this 
contamination does not appear to have migrated very far off the facility's property. According to EPA, no drinking 
water wells exist within a 3-mile radius of the facility. Therefore, it is unlikely that any drinking water wells have been 
contaminated with facility-related metals. .

D. Other Sources of Lead Exposures

Lead is a naturally occurring element that has been used almost since the beginning of civilization. Because of the many 
industrial activities that have brought about its wide distribution, lead is ubiquitous in the environment today. All 
humans have lead in their bodies, primarily as a result of exposure to manufactured sources (25).

In addition to the emissions from the NZC plant, other environmental sources of metallic lead and its salts are paint, 
auto exhaust, and food. For Bartlesville children, the most important pathways other than the smelter are ingestion of 
chips from lead-painted surfaces, inhalation of lead from automobile emissions (past exposure because lead is no longer 
used in gasoline), and food from lead-soldered cans (past exposure because lead-soider is no longer used in food cans) 
(25)-

The lead content of paint was not regulated until 1977. Many older structures, residential and commercial, have leaded 
paint that is peeling, flaking, and chipping. Children can ingest loose paint as a result of pica behavior and through 
mouthing of items contaminated with lead from paint, dust, and soil. High levels of lead in soil and house dust have 
been associated with increased blood lead levels in children (25). It has been estimated (based upon house paint 
samples) that 29 percent of the homes in Bartlesville have interior lead paint (27).

In addition to the environmental sources, many occupations, hobbies, and other activities result in potential exposures 
to high levels of lead and can put the entire family at risk of lead poisoning (25). Plumbers, pipe fitters, printers, smelter 
workers, and battery manufacturing workers can be exposed to lead at the work place. These workers can also bring the 
lead into their homes via dirty clothing. Hobbies and other activities which have the potential for high lead exposures 
include making glazed pottery, lead soldering (e.g., in electronics manufacturing or repair), making stained glass, and 
target-shooting at firing ranges. Lead-glazed pottery, particularly if it is imported, is a potential source of exposure that 
is often overlooked.

PUBLIC HEALTH IMPLICATIONS

As discussed in the Pathways Analyses section, the surface soil and the ambient air exposure pathways are considered 
completed (i.e., human exposure has occurred or is occurring). The contaminants of concern are cadmium, lead, and 
zinc for the surface soil and ambient air pathways; in addition, sulfuric acid is a contaminant of concern for the ambient 
air pathway.

The Toxicological Evaluation portion of this section discusses the possible health hazard from exposure to the 
contaminants of concern in surface soil and ambient air. Community health concerns are addressed in the Community 
Health Concerns Evaluation section, and health outcome data are discussed in the Health Outcome Data Evaluation 
section.

A- Toxicological Evaluation

1, Introduction

Typically, the toxicological evaluation in a public health assessment is a comparison of the estimated exposure dose 
(i.e., the amount of a substance individuals in an exposure pathway are exposed to daily) with an appropriate health 
guideline. The guideline is usually either the Agency for Toxic Substances and Disease Registry’s (ATSDR’s) Minimal 
Risk Level (MRL) or the Environmental Protection Agency's (EPA's) Reference Dose (RfD). The MRLs and RfDs are 
estimates of daily human exposure to a contaminant below which noncarcinogenic adverse health effects are unlikely to 
occur (22). That means that any exposure dose below the appropriate MRL or RfD does not represent a hazard to
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human health. However, for exposure doses above an MRL or RfD, there is a significant degree of uncertainty about 
whether adverse health effects will occur. Therefore, a review of the toxicological literature is done to determine 
whether the specific exposure situation represents a hazard to public health. The results of the comparison of exposure 
doses to health guidelines, and the methodology for calculating the exposure doses are described in Appendix 4.

In addition to evaluating those exposures where ATSDR was able to determine the level of exposure (i.e., calculating an 
exposure dose), the possible health consequences of the 1977 sulfuric acid incident is discussed.

There are no health guidelines for exposure to lead in soil, so the exposure doses for lead in this medium can not be 
evaluated directly. However, blood lead concentrations do relate well to possible health effects (251. The blood lead 
studies conducted in the Bartlesville area are discussed in the Health Outcome Data Evaluation section.

The adult, children, and pica children exposure doses for the maximum cadmium level in the surface soil exposure 
pathway exceed the cadmium health guideline. The children and pica children exposure doses also exceed the health 
guidelines for the maximum zinc level in the surface soil exposure pathway, but the adult exposure doses do not. The 
possible health consequences of exposure to those chemicals which exceed the health guidelines are discussed.

For the ambient air exposure pathway, the air contaminant concentrations were compared directly to inhalation MRLs 
without any additional calculation. Cadmium in the ambient air of the surrounding community exceeded the inhalation 
health guideline. This result is discussed.

One of the three contaminants of concern, lead, is considered a probable human carcinogen when contacted through 
ingestion and inhalation routes, and another, cadmium, is considered carcinogenic only when contacted through the 
inhalation route (28). In the only relevant study, zinc has not been shown to cause cancer in one laboratory animal (26). 
EPA has not made a determination as to whether zinc could potentially cause cancer in humans (28). There is currently 
no scientific data on how strong lead is as a cancer causing chemical (i.e., cancer potency factor) (28). Therefore, only 
the risk of cancer because of exposure to cadmium could be evaluated. -

2. The Possibility of Health Consequences

The possible health consequences of those exposure doses that exceeded health guidelines-cadmium and zinc-are 
described in the following paragraphs. Exposure to sulfuric acid is also discussed.

Health assessors determine the possibility of health consequences by comparing the exposure to the results of 
epidemiologic evaluations of human exposures to a chemical. If valid human data are not available, information from 
properly conducted animal studies are used. The type of data used for an evaluation is indicated for each chemical.

a Cadmium

Soil -

Based on human data, there is some possibility of noncarcinogenic health effects for children exposed to cadmium in 
residential soil (24). Soil concentrations of cadmium of375 mg/kg and greater result in exposure doses for small 
children (10 kilograms [Kg]/22 pounds [lbs]) that exceed the lowest observed effect level in humans of0.0075 
milligrams of cadmium per kilogram body weight per day (mg/kg/day). For small children who ingest large amounts of 
soil (i.e., pica children), the lowest effects level is exceeded when the cadmium level exceeds 15 milligrams of 
cadmium per kilograms of soil (mg/Kg). Cadmium soil levels in the community around the Zinc Corporation facility 
vary from 0.2 through 1,372 mg/kg.

The lowest observed effect for ingestion of cadmium in humans is proteinuria, which is the discharge of proteins from 
the kidney into the urine (24). Epidemiologic studies of individuals living a lifetime in cadmium-contaminated areas in 
Japan, Belgium, and China identified rates of proteinuria that were statistically greater than rates identified in 
uncontaminated areas. Proteinuria is considered a mild adverse effect on the kidney. Human studies do not identify a 
dose where more serious kidney problems begin. Animal studies indicate this level may be about 5 times greater than 
the exposure dose for small children with the habit of pica and 130 times greater than for small children who do not 
ingest large amounts of dirt.

Other animal studies reveal that serious developmental and immunological effects begin to be observed at 3 and 70
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times greater than the exposure doses for pica children and small children respectively (24). Because of animals' and 
humans' differences in responses to toxins, it is possible that these more serious effects could occur.

Air

Based on a study of workers exposed to cadmium for 30 years (not related to the National Zinc Company [NZC] or the 
Zinc Corporation of America facility), it is possible to conclude that air cadmium levels of 0.2 micrograms of cadmium 
per cubic meter of air (//g/m3) or greater could cause mild damage to the kidney as evidenced by an increase in 
proteinuria (24), There is no ambient air monitoring data during the historically high air emissions from the smelter. It 
has been estimated that the facility discharged approximately 1,500 tons of particulate matter per year before 1976. 
Given the high cadmium surface-soil contamination and the high levels of cadmium measured in the blood and hair of 
people living near the smelter, it is possible that the ambient air concentrations of cadmium near the smelter could have 
exceeded 0.2 /ig/m3 for a significant period of time.

Nine percent of the workers, in the aforementioned study, exposed to 23 //g/m3 of cadmium for 30 years had 
proteinuria, while the usual rate of proteinuria in an unexposed population is 5% (24). Because those exposed were 
healthy workers, it is reasonable to conclude that more sensitive individuals, such as children or the elderly, could 
experience health effects. When there are no data for those sensitive individuals, the effects level for the workers is 
adjusted downward by a factor of 10. Measured air levels at Bartlesville of 0.2 //g/m3 or greater lie within the zone of 
concern for sensitive individuals.

As described in the Environmental Contamination and Other Hazards section, the measurement of air cadmium levels 
was done after significant emission controls had been installed at the smelter in 1977. Therefore, it is probable that 
exposure levels were higher prior to 1977, and that the chance of adverse health effects due to cadmium was also 
higher, especially given the maximum exposure length of 70 years.

Combined Exposures "

It is likely that residents of the area around the smelter are exposed to cadmium both through ingestion and inhalation 
and that those residents' risk of health effects would therefore be greater. Because there are differences in the way the 
body metabolizes inhaled versus ingested cadmium, it is not possible to calculate what this greater risk might be.

Risk of Cancer

Evidence (i.e., the high surface concentrations of cadmium, the high particulate emission rate, and the high blood and 
hair cadmium levels in people) indicates that people living near the smelter could have been exposed to high levels of 
cadmium in the ambient air. This exposure could represent a moderate increase in the risk of cancer for residents 
around the smelter. The cancer slope factor on which this conclusion is based comes from a study of cadmium smelter 
workers (not related to NZC) exposed for 6 months to 29 years to dust and fumes from cadmium and other metals (28). 
The study identified a two-fold increase in the rate of lung cancer. Other causes of lung cancer, such as smoking or 
arsenic, were properly taken into account.

b. Zinc

Based on human data, there is some possibility of noncareinogenic health effects for children exposed to zinc in 
residential soil (28). Soil concentrations of zinc of 50,000 mg/kg and greater result in exposure doses for small children 
(10 Kg/22 lbs) that exceed the lowest observed effect level in humans of 1.0 mg/kg/day. For small children who ingest 
large amounts of soil (i.e,, pica children), the lowest effects level is exceeded when the zinc level exceeds 2,000 mg/kg. 
Zinc soil levels in the community around the Zinc Corporation facility vary from 13.7 through 109,000 mg/kg.

The lowest observed effect for ingestion of zinc in humans is a 47% decrease in the level of the enzyme erythrocyte 
superoxide dismutase, which regulates the copper levels in the body (28). A long-term decrease in erythrocyte 
superoxide dismutase would result in a copper deficiency. Small children likely experience this effect at a higher dose 
than adults because children metabolize zinc more slowly than adults. Therefore, children would need more zinc per 
unit body weight than adults for this effect to occur. Zinc is an essential nutrient, and the recommended daily allowance 
for children, 10 milligrams of zinc per day (mg/day), is actually the same dose, 1 mg/kg/day, for a 10 Kg child as the 
lowest observed effect level seen in studies of adults (29). Studies of adults indicate that it is unlikely that small
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children who do not have the habit of pica (ingesting 5 or more grams of soil a day) would experience other health 
effects (28). Pica children ingesting soil contaminated with levels of zinc greater than 4,000 mg/kg could possibly 
experience a decline in high-density lipoprotein levels, or impairment of immune response. Because of the zinc 
metabolism differences between adults and children, it is uncertain that these health effects would occur in children.

c. Interactions Between Cadmium. Lead, and Zinc

Zinc is an essential element from the diet (26). However, there are no known benefits of cadmium or lead (24.25).
Many different metals (e.g., calcium) and nutrients interact with the absorption, distribution, and excretion of cadmium, 
lead, and zinc. There is some evidence that these interactions may reduce the amount of cadmium, lead, and zinc 
absorbed into the body. In addition, cadmium, lead, and zinc compete for some similar target sites inside the body. This 
competition may result in decreased accumulation of cadmium in cells. If this occurs, the toxic effects of exposure to 
cadmium would be reduced. There are some studies which indicate that simultaneous exposure to cadmium and zinc 
decreases the toxic effect of cadmium. In addition, zinc may have a protective effect against lead toxicity. However, 
some toxicological studies indicate that simultaneous exposure to lead and cadmium increases the toxic effects. As 
indicated by this discussion, there are many factors which influence these interactions (e.g., the dose of each metal, the 
nutritional status of the person exposed, etc.) and at this time it is not possible to precisely predict how cadmium, lead, 
and zinc may interact when people are exposed simultaneously to all three metals.

d- Sulfuric Acid

As described in the Pathways Analyses section, there was a major malfunction of the NZC sulfuric acid recovery plant 
in July 1977, resulting in the release of excessive amounts of sulfur dioxide (16). Residents around the NZC facility 
reported that the release caused health effects. Those effects and the chance of long-term consequences from the 
exposures are discussed.

Once in the air, sulfur dioxide can be converted to sulfuric acid, especially in the presence of certain metals (30). This is 
important because sulfuric acid is much more toxic (i.e., causes harm at much lower concentrations) than sulfur dioxide. 
The two chemicals are identical in the health effects caused, which are the irritation and eventual burning of the eyes, 
nose, throat, lungs, and skin at the time of exposure. In addition, the teeth can be etched. While those effects can be 
permanent, they are not delayed in their onset. Thus, any health consequences of the exposure in July 1977 would have 
occurred at that time, and not later.

B. Health Outcome Data Evaluation

In this section, health outcome data of two types are reviewed and evaluated: cancer mortality data for Washington 
County, and lead and cadmium data for Bartlesville residents. In addition, the guidelines that ATSDR follows for 
evaluating information from health outcome databases are reviewed. .

1. Introduction

In a public health assessment, available health outcome databases are identified for the area near the site. From those 
data, ATSDR selects health outcomes for further evaluation based on biological plausibility or community health 
concerns (22).

For biological plausibility, the decision to evaluate health outcome data depends on whether a completed exposure 
pathway exists for a chemical suspected of causing the health outcome of concern (22). The selection of a 
noncarcinogenic health outcome is based on a review of the toxicologic literature for that contaminant of concern.

When a contaminant of concern has been identified as a carcinogen, health outcomes for the major anatomical sites are 
usually selected for evaluation (22). Designating a chemical as a carcinogen for purposes of health outcome data 
evaluation is based on the following criteria:

a. Classification by the National Toxicology Program (NTP)^ in its Annual Report on Carcinogens as a "known 
human carcinogen" or "reasonably anticipated to be a carcinogen"; or

b. Classification by the International Agency for Research on Cancer (IARC)® as a 1,2 A, or 2B carcinogen; or
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c. Classification by EPA^ as an A, B1, or B2 carcinogen.

d. Classification by the United States Occupational Safety and Health Agency (OSHA)^

A latency period of at least 10 years between exposure and diagnosis has been observed in most studies of human 
cancer (22). If exposure began less than 10 years prior to the latest data available, analysis of health outcome data for 
cancer incidence or mortality is not likely to be useful, particularly if the exposure level is low.

Even when health outcomes do not meet ATSDR's guidelines for biological plausibility, evaluation of health outcome 
data can provide a basis for addressing community health concerns.

Cancer is considered a biologically plausible health outcome because cadmium and lead are considered probable human 
carcinogens and because both contaminants are in completed air and soil human exposure pathways (24,25). Significant 
exposure to lead and cadmium in air and soil occurred for about 70 years.

Developmental or birth defects were considered biologically plausible health outcomes. Lead is strongly associated to 
those effects and is in the air and soil completed exposure pathways (25).

Neither cancer incidence nor birth defects data could be evaluated in this public health assessment because The 
Oklahoma State Tumor and Birth Defect Registries have no accessible data for Washington County for either cancer or 
birth defects. Cancer incidence data have been collected for Washington County by the local hospital for several years; 
however, those data are currently not compatible with the state's system. The Oklahoma State Department of Health 
(OSDH) is in the process of making the Washington County data compatible. The Oklahoma Birth Defects Registry is 
scheduled to incorporate Washington County data into the state system in 1994/1995.

2. Cancer Mortality Data

To identify cancer mortality rates, ATSDR reviewed mortality data on 30 anatomical sites for Washington County. The 
database used for the review is maintained by the Office of Analysis and Epidemiology of the National Center for 
Health Statistics, Centers for Disease Control and Prevention (CDC).

Information specific to the City of Bartlesville area is not available. Mortality data for Washington County were 
accessed for 1979 to 1988, the only years available. The age-adjusted rates for Washington County were compared to 
the rate for Oklahoma. Because the Bartlesville area is about 91% white, the comparisons listed below will be for 
whites. The comparison of rates for African-Americans and others produced results similar to those described in the 
following paragraphs. •

Of the 30 anatomical sites evaluated, the number of deaths for multiple myeloma and ovarian cancer in Washington 
County was greater than what would be expected from the numbers for the State of Oklahoma. There were 25 deaths 
from multiple myeloma in Washington County for 1979 to 1988, while 15 would have been predicted based on the 
1,031 deaths for the State of Oklahoma. There were 34 deaths from ovarian cancer, while 22 would have been expected 
based on the 1,498 deaths for the state.

The available data on cadmium and lead do not identify ovarian cancer or multiple myeloma as possible health 
outcomes (24,25). Human studies do not identify any cancers associated with exposure to lead. Occupational studies 
indicate that cadmium may be a weak lung carcinogen. Animal studies indicate that cadmium can cause lung cancer and 
that lead can cause kidney cancer. For Washington County, the occurrence of lung and kidney cancer was as expected 
from the state rates.

a. Ovarian Cancer

The rates of ovarian cancer are greatest in highly industrialized countries and in women 40 to 70 years old (38). There is 
an indication of some kind of environmental or dietary influence on the occurrence of this cancer, based on studies of 
Japanese women. The rate of ovarian cancer in Japan is one of the lowest in the world. However, the rate in Japanese 
who move to the United States as children is close to that for white Americans. However, the only proven association 
with an environmental agent is the association with asbestos. No association was demonstrated for viruses, radiation, or 
other substances. There is also an association of ovarian cancer with disordered endocrine function. Occurrence is 
greater in women who had few or no pregnancies or were infertile.
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b. Multiple Myeloma

Multiple myeloma is a cancer in which there is an over production of defective B-cells (39). B-cells are a type of white 
blood cells. Multiple myeloma makes up about 1% of all cancers in whites and 2% in African-Americans. The average 
age of onset is about 70 years. Factors such as family history of multiple myeloma and exposure to petroleum products, 
asbestos, and radiation have been associated with the occurrence of multiple myeloma. This cancer has not been 
associated with cadmium and lead.

c. Limitations

Evaluations of cancer mortality data have limitations. The cancer mortality data used do not include information on 
personal risk factors (smoking, diet, alcohol, etc.) or on occupational and environmental exposures to chemicals. 
Analyses of those data can only be descriptive and cannot be used to determine associations with possible agents. There 
is an inherent 5% chance that any excess in observed cancer cases is due to random'variation alone.

Another limitation is whether mortality data reflect the actual frequency of a health outcome (i.e., deaths plus those who 
survive) (40). Factors such as quality of health care, high survival rates, and misclassiflcation of cause of death can lead 
to differences in mortality rates even though the true frequency of the health outcome has not changed.

3. Studies of Contaminants in Body Tissues

Testing blood, tissue, or other body fluids from individuals living around a site for possible site contaminants can 
identify whether exposure has occurred and whether contaminant concentrations are high enough to cause adverse 
health effects. The linking of elevated levels of a contaminant to a site requires the evaluation of other possible 
exposure sources.

The body tissue data for Bartlesville residents indicates that exposure to site-related cadmium and lead has occurred in 
the past. Only blood lead studies have been conducted recently (1991 through 1993). These studies indicate that people 
are presently being exposed to lead. This conclusion is based on the identification of elevated blood lead and cadmium 
concentrations, elimination of other possible exposures, and an association between soil cadmium and lead levels and 
blood cadmium and lead levels.

a Review of Blood Contaminant Data

There are four major sets of data on blood cadmium and lead for the Bartlesville area during the 1970s (2,3,9). In 1975, 
CDC conducted a study of 19 cities with lead, copper, or zinc smelters and found that 78 of 87 Bartlesville children 
(89.6%) had blood lead levels above 10 micrograms of lead per deciliter of blood (/rg/dL), 33 of 87 (37.9%) had levels 
above 30 /rg/dL, and 3 of 87 (3.4%) had levels above 80 /rg/dL (2). Those children were 1 to 5 years old, and each lived 
within 4 miles of the NZC smelter. The mean blood lead level for the 86 children was 28.6 /rg/dL. The mean blood 
cadmium level was 0.5 /rg/dL, and 15 of 87 children had levels of 1.0 /rg/dL or greater. The mean blood lead and blood 
cadmium levels for the Bartlesville children were the highest of the mean levels for the 19 smelter towns investigated.

In 1977, the Research Triangle Institute conducted a comprehensive exposure assessment of Bartlesville residents 
which included testing of blood, hair, soil, house dust, interior paint, and tap water (3). For children 1 to 5 years old 
living near the smelter, 54 of67 (80.6%) had blood lead levels of 10 /rg/dL or greater, 25 of67 (37.3%) had levels of 30 
/rg/dL or greater, and 1 of 67 (1.5%) had a level of 80 /rg/dL or greater. Twenty-seven of the 67 children (40.3%) tested 
had blood cadmium levels above 0.2 /rg/dL, and 4 of those had levels 1.0 /rg/dL or greater. The Research Triangle 
Institute study also included tests of 341 individuals older than 5 years, and results indicated similar blood lead and 
cadmium levels to those of the younger children.

Blood lead studies were conducted by Environmental Consultants Laboratory from September 1977 to December 1979 
as a part of a class action law suite against the owners of the National Zinc Smelter (4). Blood samples were obtained 
from 169 individuals (children and adults) who resided within 1.6 kilometers (approximately 1 mile) of the smelter;
53.9 percent of the samples exceeded the 1976-1980 National Health and Nutrition Examination Survey (NHANES) 
mean blood lead for all ages of 13.9 /rg/dL.

In 1991 to 1993, the OSDH^, with assistance of ATSDR and the Washington County Department of Health, sampled 
the blood of Bartlesville residents for lead (31). Of the children under 6 years old, 36 of the 246 living in the
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contaminated area of Bartlesville (14.6%) had blood lead levels of 10 /rg/dL or greater. The highest level was 24.0 
/ig/dL. In contrast, none of the 127 children under 6 who resided in the non-contaminated area of Bartlesville had levels 
of 10 /rg/dL or greater.

b. Evaluation of Blood Contamination

These four sets of data support an association between contaminant levels in blood and living in the area near the 
smelter. The two sets of data from the 1970s were obtained when there were little or no restrictions on smelter 
emissions (4). The much higher blood lead levels (80% at 10 /rg/dL or greater) identified in the 1970s studies indicate 
that the smelter emissions had a strong influence on blood levels. This conclusion is further supported by the sampling 
of house dust, residential soil, and blood in the Research Triangle Institute study, which identified higher levels of 
cadmium and lead in all three media in the area downwind from the smelter than in-areas upwind from the smelter (4). 
This area is north of the smelter. Parental occupation and lead level in interior paint were not related with blood lead 
levels. Incidentally, the percentage of homes in Bartlesville with lead in interior paint was similar to percentages in two 
nearby communities where blood lead levels were much lower.

The results of the 1990s testing, while lower than those from the 1970s, indicate that children living around the smelter 
have higher blood lead levels than children living elsewhere in Bartlesville (31). Those elevated levels appear to be due, 
at least partially, to the elevated residential soil lead levels. This determination is based on the follow-up of children 
with 10 Ag/dL or greater blood lead and an association between blood lead levels and soil lead levels.^

Additional evidence for an association between children's blood lead levels and lead soil contamination comes from 
three literature reviews evaluated (32-34). All 3 concluded that soil lead levels of 1,000 mg/kg would increase 
concentrations in blood by 0.6 to 65 /rg/dL, with an average increase of 4-5 //g/dL. This wide range was due to different 
sources of lead, exposure conditions, and exposed populations. The smallest increases in blood lead were observed in 
communities with mines or inactive smelters. The health effects associated with such an increase would depend partly 
on the existing body burden of lead.

c. Toxicology of Lead and Possible Health Consequences from Exposure

Exposure to lead causes a wide range of effects (25). The level of lead in blood is a good measure of recent exposure, 
and it also correlates well with health effects. Children are especially sensitive to lead, and many of its effects are 
observed at lower concentrations in children than in adults. Levels of 10 /rg/dL and perhaps lower in children’s blood 
have been associated with decreased IQ and impaired hearing and growth. Neurological effects may persist after 
exposure has ceased and blood lead levels have returned to normal (35). Lead can significantly affect both the 
reproductive process and the development of the fetus at blood lead levels in a pregnant woman as low as 10 ftg/dh. 
Documented effects include reduced production of sperm, premature birth, and low birth weight. In adults, levels as low 
as 15 /rg/dL are linked to increases in blood pressure and erythrocyte protoporphyrin.

The increased vulnerability of children results from a combination of factors, including the following:

(1) The increased susceptibility of the developing nervous system to the neurotoxic effects of lead,

(2) A higher average rate of soil ingestion among children than among adults,

(3) The greater efficiency of lead absorption in the gastrointestinal tract of children,

(4) Children's greater prevalence of iron or calcium deficiencies, which may exacerbate the toxic 
effects of lead, and

(5) The ready transfer of lead across the placenta to the developing fetus (36).

For the OSDH/ODEQ study's 36 children with blood lead levels of 10 /rg/dL and greater, effects such as slightly 
decreased IQ, impaired hearing and growth, and decreased Vitamin D metabolism were possible. Whether any of those 
effects occurred was dependent on the nutritional status and total body burden of lead for each child (25,37). Increased
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blood lead levels created the possibility of such health effects as decreased hemoglobin synthesis, colic, anemia, kidney 
damage, and encephalopathy for many of the children in the 1970s Bartlesville studies (25,37).

d. Possible Health Consequences from Exposure to Cadmium

Health effects were possible for those children in the two 1970s studies with blood cadmium levels of 1.0 /*g/dL and 
perhaps lower (24). Kidney dysfunction was identified among workers with blood cadmium levels of 1.0 //g/dL who 
had been exposed to cadmium for 20 years. Little is known about cadmium exposure's health consequences for 
children. There is a discussion of the toxicology of cadmium in the Toxicological Evaluation section of this public 
health assessment.

C. Community Health Concerns Evaluation

The community health concerns identified earlier are addressed as follows:

1. Is the cancer incidence (as the result of occupational and environmental exposures) in the Bartlesville area 
elevated?

RESPONSE

There was not appropriate cancer incidence data available for the Bartlesville area to allow an answer to this 
question. However, ATSDR did evaluate cancer mortality data for Washington County. As described in the 
Health Outcome Data Evaluation section, deaths from multiple myeloma and ovarian cancer were greater than 
would have been expected from state rates. There is no evidence that cadmium or lead can cause those two 
cancers.

2. Is the incidence of birth defects in the area elevated? If so, could the increased incidence be caused by the 
same causes producing birth defects in horses born near the smelter before the smelter used pollution 
control devices ("smelter colts")?

RESPONSE

This question could not be addressed because of a lack of information. Appropriate birth defect data for the 
Bartlesville area were not available. Birth record databases identify only those birth defects that can be 
recognized at birth (40). The developmental effects associated with lead exposure are not diagnosed until well 
after birth (25). Therefore, birth record data were not obtained.

3. Is the environmental contamination related to behavioral problems of children in the area?

RESPONSE

Lead exposure can cause behavioral problems in young children (25.37). To determine whether a specific child's 
behavioral problems are linked with lead, it would be necessary to test the child for exposure to lead and, if an 
elevated level were found, to investigate possible exposure sources, including soil, paint, etc. Through this 
process, an association between the environmental contamination and a child's behavioral problems could be 
established.

4. Is Multiple Sclerosis (MS) caused by lead and/or cadmium? 

RESPONSE

There is no indication that MS is caused by lead or cadmium (41). MS is a disease which causes the myelin 
coating around the nerves to disappear over time. This process usually results in a gradual loss of neural 
function. The average age of onset of MS is about 30 years. Viral agents are suspected as the causative agent for 
MS, but there is no strong evidence supporting a link with any specific virus. There is no good evidence for an 
association with any chemical or with radiation.

Next Section Table of Contents
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