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strategies for managing the transportation of concentrates set a precedent for which Doe 

Run Co. has subsequently been held accountable in all concentrate transportation 

throughout the Missouri lead belt. Lead concentrate haul routes to which this plan is 

applicable are mapped in Figure 6.4.   

The implementation of the Voluntary Property Purchase Plan (2002) and the 

Transportation and Materials Handling Plan (2002) represent only a portion of a larger 

scale regulatory response to the discovery of unaddressed lead contamination in 

Herculaneum. Additional clean up and remediation of local lead contamination was 

conducted through a variety of projects including: (1) clean up of contaminated soils by 

EPA under CERCLA, (2) procedures for regular testing and replacing contaminated soil 

in residential yards by EPA under RCRA, (3) new strategies for managing fugitive dust 

 
Figure 6.4: A map of southeast Missouri designating hauling routes used to 
transport lead concentrates by truck between Doe Run Co. facilities. Provided 
as a hand out at Herculaneum Community Advisory Group Meeting, 11/2010. 
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by EPA under CERCLA and RCRA, and  (4) heightened enforcement of the lead 

NAAQS implemented by MDNR with EPA oversight. Additionally, ongoing health 

assessments conducted by MDHSS and ATSDR in cooperation with the Jefferson County 

Health Department were initiated to assess the health implications of the newly 

recognized levels of lead contamination for Herculaneum residents. By extending 

existing regulatory tools to address the newly recognized multi-media contamination 

problems in Herculaneum, MDNR and EPA representatives expanded the regulatory 

framework for local lead contamination. 

Establishing a Successful Strategy for Managing Lead Contamination 

As the Voluntary Property Purchase Plan was implemented and families moved 

away from the historical core of Herculaneum, air standards were more strictly enforced, 

and measures were taken to clean and regulate street dust, the focus of regulatory efforts 

transitioned again. Regulators turned from interrogating the extent of community 

contamination to assessing the effectiveness of programs and interventions in managing 

contamination. In light of the extensive concern surrounding the local lead crisis, it was 

urgent that regulators provide evidence that the identified problems were being 

effectively addressed. The scientific practices with which they approached their work did 

not change, rather, the formulation of research questions and the design of studies moved 

from exploring the extent and source of local lead contamination, to examining the extent 

to which that contamination had been reduced by newly implemented programs. In order 

to transition from addressing a crisis of lead contamination to establishing effective 

management of local pollution, agencies had to once again redefine the problem of local 

lead contamination. In establishing the crisis, emphasis had been placed on the need to 
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eliminate all sources of lead exposure in the Herculaneum community; however, in 

attempting to establish conditions for ongoing management of an operating lead smelter, 

practical limits to exposure became the focus of regulatory efforts. 

Defining a manageable problem. Evidence of a shift in regulatory focus began 

to appear in the 2002 Settlement Agreement (Missouri Department of Natural Resources 

v. Doe Run Resources Corporation, 2002). Although the agreement prescribed all of the 

rather extreme actions described in the Voluntary Property Purchase Plan and 

transportation and materials handling plan, the approach was substantially softened 

compared to the staunch stance taken in the Order to Abate Cease and Desist Violations 

(2001). The charge in the Order to Abate Cease and Desist Violations (2001) to eliminate 

sources of human exposure to lead contamination morphed into the less ambitious aim of 

managing human exposures to lead to a level that would be reasonable for industry.  That 

this shift was already beginning as early as the Settlement Agreement is evident in 

provisions for plans to minimize contamination from transportation of lead concentrates: 

“include all actions necessary to minimize to the extent practicable [emphasis added] 

exposure of the citizens of Herculaneum, Missouri, resulting from the transportation and 

handling of materials containing lead” (Missouri Department of Natural Resources v. 

Doe Run Resources Corporation, 2002). Thus, the exacting language of MDNR’s 2001 

Order to Abate Cease and Desist Violations was tempered in the settlement to Doe Run 

Co.’s appeal of this order, Missouri Department of Natural Resources v. Doe Run 

Resources Corporation (2002), to prescribe a more practical level of lead management 

from the perspective of the lead industry. The use of the term “practicable” refers to 

procedures for establishing environmental policies and programs in the Herculaneum area 
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in accordance with reports from regulatory representatives. For instance, EPA 

representative Andrew Cole described the approach usually taken by the agencies in 

setting goals for reducing and remediating contamination: 

We’re trying to go middle of the road most of the time. I mean, it’s not realistic to clean 

everything up to zero, there’s a diminishing return there, so we take a look at what’s the 

most improved health effects that you can get and what are the most necessary health 

effects – health risk reductions that you need to get and go from there… There’s a lot of 

information out there about lead. People don’t understand that lead standards 30 years 

ago aren’t the lead standards today. (Interview, 2/27/2009) 

Industrial representatives made a complimentary argument when asked about how 

they balance business interests related to industrial profitability with interests in 

protecting the environment.  For example, Tyler Porter explained that through the process 

of limiting the release of lead waste in the form of fugitive dust from the plant, the 

efficiency of the smelting process had been improved. Restated, an unexpected result of 

the implementation of environmental protection strategies was improved efficiency in the 

industrial process. In this way he viewed environmental protection as largely 

complementary to industrial profitability. Both Mr. Cole and Mr. Porter’s comments were 

reflective of Christoff’s (1996) description of changing approaches to environmental 

regulation: 

Prescriptive regulatory approaches and ‘technological forcing’ – applied in the 

1970s as the sole or predominant strategy for achieving ongoing improvements in 

environmental conditions – are more often accompanied or displaced by co-

operative and voluntary arrangements between government and industry: 
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increasingly environment protection agencies seek to use industry’s existing 

investment patterns and its capacity and need for technological innovation to 

facilitate improvement in environmental outcomes. (p. 477) 

Where once environmental regulation was seen publically as a process that restricted the 

activities of polluting industries, it is now much more focused on cooperation and 

negotiation between government agencies and polluting companies in the interest of 

minimizing waste, and maximizing efficiency. MDNR’s initial approach of eliminating 

exposure sources reflected the more prescriptive, forceful methods Christoff associated 

with environmental regulation in earlier periods. This strategy served to advance 

MDNR’s efforts to extend the contamination crisis, however, the approach was short 

lived under contemporary regulatory conditions. The department was forced by court 

order into negotiation with Doe Run Co., which demanded a more cooperative approach 

to seeking a level of lead management that would be both protective of residents’ health 

and practical for industry. 

Researching effectiveness. In a similar manner, the focus of health reports were 

modified after the initial reactions to the 300,000 ppm lead dust finding from providing 

evidence linking plant activity with lead exposures (Agency for Toxic Substances and 

Disease Registry, 2005; Missouri Department of Health and Senior Services, 2001; 

Missouri Department of Health and Senior Services & Agency for Toxic Substances and 

Disease Registry, 2001) to determining the effectiveness of recently established lead 

management efforts (Missouri Department of Health and Senior Services & Agency for 

Toxic Substances and Disease Registry, Health Consultation: Determination if remedial 

actions are protective of public health - Herculaneum lead smelter site Herculaneum, 
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Jefferson County, Missouri, 2002, Health Consultation: Public health evaluation of 

Arsenic and Cadmium levels in air and residential soils - Herculaneum Lead Smelter 

Site, Herculaneum, Jefferson County, Missouri, 2002, Health consultation: Sulfer 

Dioxide monitors in Herculaneum - Herculaneum Lead Smelter Site, Jefferson County, 

Missouri, 2002, Health Consutation: Public health implications from attending or 

working at Herculaneum schools - Herculaneum Lead Smelter Site Herculaneum, 

Jefferson County, Missouri, 2002, 2003; Missouri Department of Health and Senior 

Services Office of Epidemiology, 2007). These later health studies focused on supporting 

and defending existing regulatory actions and providing assurance of safety in the face of 

lead-related health fears . The action plans included in each report moved from calling for 

stringent reductions in emissions and waste to promising to examine additional data and 

information as it became available.  However, health-concerned residents continued to 

demand research targeted at extending the boundaries of the contamination crisis. For 

example community requests inspired the following reports: Health Consultation: Public 

Health Evaluation of Arsenic and Cadmium levels in air and residential soils (2002), and 

Health Consultation: Sulfur Dioxide monitors in Herculaneum (2002).  

The changing focus of health research related to Herculaneum was most clearly 

demonstrated through the examination of two studies conducted by MDHSS in response 

to specific community health concerns: (1) Health Consultation: Public Health Evaluation 

of Arsenic and Cadmium Levels in Air and Residential Soils (2002), and (2) Health 

Consultation: Determination of Baseline Prevalence for Provider Diagnosed Multiple 

Sclerosis (MS) and Amyotrophic Lateral Sclerosis (ALS) in Herculaneum and Jefferson 

County, Missouri (2007). Both reports constitute responses to specific health concerns 
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associated with exposure to lead and other potentially toxic byproducts of lead smelting. 

An exception to the trend from research to expand understandings and management of 

local contamination to assessment of effectiveness of management strategies was the 

identification of local dust levels released in 2003. I will discuss each of these reports in 

the following sections. 

Health Consultation: Public health evaluation of arsenic and cadmium levels in 

air and residential soils – Herculaneum lead smelter site, Herculaneum, Jefferson 

County, Missouri (2002). The Arsenic, Cadmium, and Lead study completed in 2002 

documented known science about each of these byproducts of lead smelting. The study 

responded to an explicit concern voiced by Herculaneum residents: 

Specifically, the community is concerned about past and current arsenic and cadmium 

emissions from the smelter and if combined (past and continuing) exposures could result 

in adverse health effects. In particular, concerns have been raised about adverse effects 

on the kidney (As, Cd, Pb21) . 

The findings of the study are summarized in Table 6.1. For both arsenic and cadmium air 

and soil levels were above the appropriate guidelines for cancerous and non-cancerous  

health effects for at least some portion of the population. Accordingly further analysis 

was conducted for each form of each contaminant for both cancerous and non-cancerous 

health effects.  

  

                                                
21 As, Cd, and Pb are the chemical symbols for arsenic, cadmium, and lead respectively. 
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MDHSS concluded that non-cancer effects were unlikely to occur in 

Herculaneum. Estimates of the likelihood of a person developing cancer based on soil 

arsenic concentrations indicated no significant risk over 70 years of exposure to arsenic at 

the maximum levels identified in Herculaneum. Levels of cadmium in local air 

represented a very small fraction of the amount required to pose a non-cancerous risk to 

human health. MDHSS representatives’ review of literature regarding human exposure 

Table 6.1 
 
Summary of Findings from Health Consultation: Public Health Evaluation of 
Arsenic and Cadmium Levels in Air and Residential Soils – Herculaneum Lead 
Smelter Site, Herculaneum, Jefferson County, Missouri (2002). 
 
 Arsenic (As) Cadmium (Cd) 
 Local  Levels Guideline Local  Levels Guideline 
Soil ≤82 ppm EMEG* = 

200 ppm for 
adults,  
20 ppm for 
children 

≤240 ppm EMEG = 100 
ppm for adults, 
20 ppm for 
children 

Street Dust 138 ppm No Guideline 598 ppm No Guideline 
Air ≤0.64 µg/m3 CREG** = 

0.0002 µg/m3 
≤0.66 µg/m3 CREG = 0.0006 

µg/m3 
Post-
remediation 
Interior 
Dust 

≤39 ppm No Guideline ≤24.2 ppm No Guideline 

Maximum 
Estimated 
dose from 
Soil 

Adults – 
0.00006 
mg/kg/day 
Children – 
0.0005 
mg/kg/day 

Chronic 
MRL*** = 
0.0003 
mg/kg/day 
 

Theoretical risk indicated at 2001 
maximum levels 

Maximum 
estimated 
dose from 
air 

Adults – 
0.00009 
mg/kg/day 
Children – 
0.00075 
mg/kg/day 

MRL = 
0.0002 
mg/kg/day 

Theoretical risk indicated at 2001 
maximum levels 
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from cadmium in soil identified one study in which children in a smelter community were 

shown to have elevated cadmium levels associated with soil levels comparable to those in 

Herculaneum, suggesting a possible, but uncorroborated risk of exposure from area soil.  

Calculation of the maximum predicted local exposure to cadmium indicated an increased 

risk of cancer, however, since this level was not typical for the area, MDHSS 

representatives did not predict an increased risk of cancer. Accordingly, MDHSS 

representatives concluded that no known risk was posed to the health of the Herculaneum 

community based on arsenic and cadmium levels in the area. 

The report Public Health Evaluation of Arsenic and Cadmium Levels in Air and 

Residential Soils in Herculaneum (2002) acknowledged that the lack of information about 

both arsenic and cadmium levels in air and soil in the past made it impossible to 

determine the risk associated with cumulative exposure. The report also concluded that 

insufficient information existed to determine if increased health risks might be related to 

consumption of vegetables grown in the area. MDHSS representatives acknowledged that 

arsenic has been linked to kidney and bladder cancer, but at levels much higher than 

those measured in Herculaneum; however, since arsenic, cadmium, and lead all have 

impacts associated with the kidney it is thought that combined exposure to these metals 

may present a greater risk to the kidney. The study concluded: “Because some arsenic 

and cadmium exposure… is still possible, although at levels not expected to be harmful, 

this site is classified as a no apparent public health hazard for current exposure to arsenic 

and cadmium” (Missouri Department of Health and Senior Services & Agency for Toxic 

Substances and Disease Registry, Health Consultation: Public health evaluation of 

Arsenic and Cadmium levels in air and residential soils - Herculaneum Lead Smelter 
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Site, Herculaneum, Jefferson County, Missouri, 2002). Recommendations from the 

Public Health Evaluation of Arsenic and Cadmium Levels in Air and Residential Soils 

(2002) included the suggestion that an additional exposure investigation be conducted to 

explore past exposures and to determine the risk associated with locally grown 

vegetables.  

Determining Baseline Prevalence for Provider-diagnosed Multiple Sclerosis 

(MS) and Amyotrophic Lateral Sclerosis (ALS) in Herculaneum and Jefferson County, 

Missouri (2002). A report titled Determining baseline prevalence for provider-diagnosed 

multiple sclerosis (MS) and amyotrophic lateral sclerosis (ALS) in Herculaneum and 

Jefferson County, Missouri (hereafter referred to as the MS and ALS prevalence study), 

completed in 2007 by the MDHSS Office of Epidemiology, was generated in response to 

local concerns that anecdotally high numbers of these diseases in the area might be linked 

to long-term lead exposures (Findings summarized in Table 6.2). ATSDR representative, 

Lilly Fischer, explained the complexity of conducting this epidemiological study:  

When you’re looking at prevalence, there were some people who came forward that said 

we had it but they weren’t diagnosed in the period that we were looking at, cause there’s 

always a lag time between onset of symptoms, when you’re diagnosed, and when it gets 

reported. Plus there are different codes used as you look at medical charts so sometimes 

it’s hard to pull out of it. So we could have  

missed some. We always hoped to get more money to look more closely at MS and ALS. 

(Interview, 5/18/2009) 

According to Ms. Fischer, researchers remained uncertain that all cases of MS and ALS 

relevant to the study had been identified, and that more research on ALS and MS in the  
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Table 6.2: Summary of Findings from Health Consultation: Public health evaluation of 
arsenic and cadmium levels in air and residential soils – Herculaneum lead smelter site, 
Herculaneum, Jefferson County, Missouri (2002). 
 MS ALS 
Overall 105 cases / 100,000 residents 3.9 cases / 100,000 residents 
Gender Female 169 cases / 100,000 residents  

Male 41 cases / 100,000 residents Majority of Cases were Male 
Race The majority of cases were white, non-

Hispanic 
Majority of cases were white, non-
Hispanic 

Age The highest occurrence was between the 
ages of 50 and 59 years 

The highest occurrence was over the 
age of 75, with a mean age of 65 

Comparison to 
General Population 

Prevalence not unusual when compared to 
other areas. 

Prevalence not unusual when 
compared to other areas.  

Additional 
Information 

 An accumulation of three cases was 
identified around the lead smelter. 

 

area would have been useful. The following excerpt summarizes the research findings 

with regard to the identification of an ALS cluster around the Herculaneum lead smelter 

as reported in the Journal of Neurological Sciences: 

A number of recent studies have suggested that impaired detoxification mechanisms play 

a role in the development of ALS; therefore environmental toxicity in a susceptible 

individual may precipitate ALS…. Our study has lent some support for the findings of 

those studies…. In summary, in Jefferson County, Missouri, the prevalence of ALS 

appears to be comparable to that seen in Western European countries in recent years. A 

small cluster of ALS cases was found in the proximity of a lead smelter…. Well-designed 

etiologic studies are needed to assess whether living in close proximity to a lead smelter 

may be associated with the development of ALS. (Turabelidze et al., p. 85 - 86.) 

Thus, the conclusion in the main report indicated that a small but significant cluster of 

ALS cases identified near a heavy metals processing plant (Figure 6.5) was consistent  

with and supportive of the findings of similar studies conducted in Europe. The report 

called for extensive research to further investigate the relationship between residing near 

a lead smelter and developing ALS; however, the study was not limited to the 
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Herculaneum area, but considered Jefferson County as a whole since the county’s 

population size allowed for appropriate sampling.  

Residents’ awareness and interpretation of the results of this study further 

demonstrate the misalignment between the regulatory objectives and concerned resident 

interest in associations between living near the lead smelter and development of MS 

and/or ALS. In our interview Herculaneum resident, Sophia Turner, discussed this study 

as an example of the 

ways that the 

environmental and health 

regulatory science was 

often not applicable to 

informing local residents 

about the specific 

challenges of living in a 

lead contaminated 

community.  

There’s a high incidence 

of MS and ALS in this 

town.  They won’t come 

out and say – well and of 

course they did the study.  

When they did the study, 

instead of just doing Herculaneum, they did all of Jefferson County. So that kind of 

 
 38 

 
 
Figure 3. SaT Scan analysis of the geographic distribution of ALS cases: Jefferson County, 

Missouri, 1998-2002 
Figure 6.6: Maps Representing the Geographic 
Distribution of a Cluster of ALS Cases 
Surrounding the Herculaneum Facility Between 
1998 and 2002.  
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messed the numbers up, but yet they could not deny that there was a cluster of ALS here 

in town, and I know several people who have MS in town but were not included in the 

study. (12/4/2008) 

Ms. Turner displayed a great deal of knowledge and insight with regard to the scientific 

developments informing consideration of area health risks, as well as the environmental 

policy infrastructure shaping area lead management. Her statement illustrates that she 

weighed the procedures through which the study was conducted and her own experience 

of the Herculaneum community alongside the reported findings of the study. In so doing 

she questioned whether the actual risk of developing a neurodegenerative disorder based 

on living in close proximity to the smelter was reflected in the reported findings. The 

ALS and MS Study and the arsenic, cadmium and lead study are characteristic of other 

studies conducted at this time. Based on resident concerns, research was also conducted 

to determine health hazards associated with sulfur dioxide emissions, and the potential 

risks of living or working in Herculaneum schools, with each report concluding that 

although exposures were possible and community concern justified, no adverse effects 

were expected.  

Health Consultation: Determination if Site-Specific Interior Dust Clean-Up 

Levels are Protective of Public Health – Herculaneum Lead Smelter Site, Jefferson 

County, Missouri (2003). One health and regulatory document did not fit the trend of 

shifting focus of health studies. The evaluation of interior dust clean up levels was 

conducted by a cooperative working group that included both regulatory representatives 

from MDHSS and MDNR and concerned community members. Interior lead dust became 

a concern in Herculaneum almost immediately following the 300,000 ppm finding and a 
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focus group was quickly convened to determine the appropriate level of lead in dust that 

would trigger clean up specifically for this site, as well as appropriate screening 

procedures for interior dust. From 2001 to 2003 the group developed an extensive 

scientific background and carefully crafted model for the exposure pathway for interior 

dust with a particular emphasis on the source and contents of this dust in the local 

environment. Despite efforts to manage local contamination, the evaluation team’s  

concern over ongoing lead emissions in Herculaneum were steadfast: 

In developing a recommendation for site-specific interior dust lead clean-up level for 

Herculaneum, scientific evidence was evaluated which indicates that the current EPA 

lead dust standard, 40µg/ft2 for floors, may not be protective of public health at this 

site…. For over 100 years, the smelter has released lead in their stack emissions as well 

as in fugitive dust from activities throughout the smelter, which has built-up in soil and 

other media over time. Although lead emissions from the smelter are declining, the 

smelter is still allowed to release up to 858.8 pounds of lead per day into the atmosphere. 

This continuing deposition and the historical environmental burden that has accumulated 

must be taken into account in the development of any interior lead dust clean-up level. 

(Missouri Department of Health and Senior Services Office of Epidemiology, 2007, p. 

41-42) 

Ultimately, the interior dust clean-up level was set at 20 µg/ft2, half of the EPA’s national 

clean up level (study findings summarized in Table 6.3). This recommendation reflected 

consideration of both historic and ongoing contamination, as well as a finding that local 

lead in interior dust was more highly bioavailable than the more common source of lead-

based paint.  
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Table 6.3  
 
Summary of Considerations for Setting Site Specific Interior Dust Clean-Up Level. From 
Health Consultation: Determination if Site-Specific Interior Dust Clean-Up Levels are 
Protective of Public Health – Herculaneum Lead Smelter Site, Jefferson County, 
Missouri (2003). 
 
 Current EPA Lead 

Dust Standard 
Standard in a 
Community with 
Similar Conditions 

Relative 
Bioavailability 

Proposed Standard 
for Herculaneum 

Factors Considered 40 μg/ft2 24 μg/ft2 General U.S. value 
= 30%  
Herculaneum 
value = 36% 

20 μg/ft2 

 

This discussion of the policy cycle that redefined lead contamination in 

Herculaneum in the early 2000s described transitions in regulatory activity following the 

crisis associated with the 300,00 ppm lead dust finding. Initially research was conducted 

and presented in a way that it contributed to the development of a convincing case for 

extending local lead management. The better known health concerns surrounding 

childhood lead exposures were central to framing the contamination crisis, and agencies 

worked to quantify and examine the local situation with regard to these health effects. 

Additional concerns voiced by residents and holding potential warrant in scientific 

research, as well as local anecdotal observations, did not provide the groundwork for a 

convincing case that lead management should be expanded. Rather the MDHSS reports 

described in this section emphasized uncertainties and inadequacies in scientific 

understandings of the potential risks they explored. At the same time MDHSS attempted 

to assure community-members that additional health harms associated with industrial 

activity were unlikely. 

To be transparent, I am not arguing that this change in approach to regulation in 

Herculaneum was indicative of some sort of regulatory oversight or conspiracy. Rather I 


